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The diagnosis and management of congenital heart disease has evolved rapid-ly over the last 30 years. In the 1970s, invasive cardiac catheterization was a high-risk procedure for the infant and particularly the duct dependent neo-nate. The introduction of noninvasive 2-dimensional echocardiography revo-lutionized the diagnosis and management of individuals with congenital heart disease. No longer was the cardiologist limited to a handful of images and patient positions but could spend hours if necessary defining every detail of an individual child’s cardiac anomaly. The addition of Doppler and subse-quently color Doppler further increased the importance of echocardiography in the decision making for congenital cardiac surgical procedures. And now we are fortunate to have further additions to the imaging and diagnostic ar-mamentarium, namely cardiac CT and cardiac MRI.

In this most recent volume of the series entitled “Congenital Heart Defects:

Decision Making for Surgery” Dr. Antonio F. Corno provides an up-to-date and comprehensive presentation of the new role that cardiac CT and cardiac MRI will play in the management of congenital heart disease. He has been ably assisted by a cardiologist, Dr. Gigi P. Festa.

The book provides a dazzling array of images derived by both techniques

and covering the full range of congenital heart anomalies. Both the pre-opera-tive and postoperative usefulness of these techniques is presented.

There is no doubt that these techniques will be particularly helpful in the

older child and adult with congenital heart disease in assessing the late im-pact of a congenital heart anomaly and the surgical repair or palliation which may have been undertaken years previously.

The time is definitely right for a comprehensive presentation of these new

diagnostic modalities and the manner in which they will influence the field of congenital heart management.

Dr. Corno is to be congratulated on seizing this opportunity and producing

a beautifully illustrated textbook that will be the standard against which others will be measured.

Washington, DC                                   Richard Jonas, M.D. August 2008
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The first two volumes of this series on “Congenital Heart Defects – Decision making for surgery” have been dedicated to the “Most common defects (Vol-ume 1)” and to “Less common defects (Volume 2)”. The schema utilized for these two books was the same, with each chapter devoted to a single malfor-mation, with incidence, morphology, associated anomalies, pathophysiology, diagnosis (including clinical pattern, electrocardiogram, chest X-ray, echo-cardiogram, and cardiac catheterization with angiography), indications for surgical treatment, details of surgical techniques, potential complications and literature references.

During the last few years computed tomography (CT) scan and magnetic

resonance imaging (MRI) have emerged as valuable noninvasive cardiovascu-lar diagnostic tools. Both CT scan and MRI are capable of producing stunning 3-dimensional pictures independent of body size. In particular cardiac MRI can provide unique anatomic and functional information not available by any other diagnostic modality previously available. Because of the progressively increasing role of CT scan and MRI in the pre- and postoperative evaluation of patients with congenital heart defects, it seemed natural to continue this series of volumes preparing a third book entirely dedicated to these two diag-nostic techniques.

The sole author of the first two volumes (AFC) decided to involve Dr. Gigi

P. Festa, cardiologist with extensive expertise particularly in cardiac MRI, in the current task. The choice was due not only to his competence in the mat-ter, but to the fact that we worked together years ago, first in Milan, Italy, then in Paris, France, with Dr. Yves Lecompte. The mutual respect that devel-ops among colleagues is not enough to write a book, particularly when work-ing as nowadays in different departments and living in different countries, with different professional schedules and family commitments, despite the ad-vantages of the communication feasible through the internet. A deep friend-ship is indispensable to reach agreement on every single detail, including the entire text and the choice of illustrations.

We agreed to maintain the extremely schematic format of the book, follow-

ing the style of the first two volumes, in order to provide the essential infor-mation to the readers. Since our list of congenital heart defects is derived from the sum of malformations treated in the first two volumes in this series, most of the clinical data on conventional diagnostic techniques (electrocar-diography, X-ray, echocardiography, cardiac catheterization with angiogra-phy), indication for surgery and surgical techniques have been omitted to avoid duplication with the other volumes of the series. Only a selected num-VIII      z     Preface

ber of illustrations, as well as number of references, could be used because of space limitations. Finally, since the pre-operative and post-operative illustra-tions are coming from different departments and different periods, it is quite clear that the patients have been treated with either interventional cardiology or surgical techniques by different operators, not necessarily by the authors.

Liverpool and Massa, Summer 2008 Antonio F. Corno

Gigi P. Festa
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ntroduction to CT scan and MRI

 

z Introduction use is raised. The main differences as well as

advantages and disadvantages are highlight-

Transthoracic echocardiography is the first-    ed in Table 3.0.1. line imaging modality for diagnosis and fol- The easy of use and the short time re-

low-up of patients with congenital heart de- quired for the complete investigation make

fects due to its low cost, widespread avail- the CT very attractive, particularly in chil-

ability, portability, ease of use, and excellent dren. However, according to the recent lit-

temporal-spatial resolution, reducing the erature, its radiation exposure represents a

need for diagnostic cardiac catheterization major concern, mainly in children and its

and angiography in most patients. However, use should be limited whenever possible as

the diagnostic utility of echocardiography recommended by the FDA in 2001. While

markedly diminishes with the growth of the the CT scan still remains a very valuable tool

patients   and   after   surgical   procedures    to provide detailed information about extra-through median sternotomy because acoustic cardiac structures, the available clinical ex-

windows become progressively more limited. perience with MRI is becoming richer than

Moreover extracardiac structures, such as that with CT due its better capacity to assess

the great arteries and great veins, complex intracardiac morphology and cardiac func-

intracardiac connections or surgically im-    tion, and its better versatility. planted conduits or baffles deeply located in The choice between CT and MRI has to be

the chest or behind the sternum, may also based on the available institutional equip-

be difficult to resolve by ultrasound. Diag- ment and scheduling, the capability of the

nostic cardiac catheterization carries risk of

complications because it is invasive and is

associated with radiation exposure; further-    Table 3.0.1. CT scan and MRI more as a projection technique, it is limited                               MRI        CT

 

in providing accurate anatomical informa-      Examination time z            +          ++++ tion. In the last two decades, computed to-(long) (short) mography (CT) scan and magnetic reso-z Great vessels image resolution +++ ++++ nance imaging (MRI) have emerged as valu-z Tissue characterization +++ + able noninvasive cardiovascular diagnostic z Calcification analysis No Yes tools capable of producing informative pic-z Flow analysis Yes No tures, providing unique anatomic and func-z Coronary artery imaging ++ +++ tional information not available by any other z Ventricular function analysis ++++ + diagnostic modality currently available. For z Airway analysis ++ ++++ the assessment of the anatomy of the extra-z Ionizing radiation No Yes cardiac structures, the clinical indication for z User friendly + +++ CT scan and MRI are somewhat similar, and z Costs +++ + very often the question which is better to 2     z   Introduction to CT scan and MRI

patient to cooperate, and the need to tailor less than 5%. Despite this improvement, se-

the investigation to answer the specific ques- dation has not yet been eliminated, and

tion being asked. Cardiologists and radiolo- knowledge of safe and effective use of seda-

gists should be provided accurate estimates    tion remains of paramount importance. of CT radiation doses to allow for a balanced Oral administration of chloral hydrate is

and accurate assessment of the risk/benefits used as a sedative agent in children, while

ratio when considering indication for a CT deep sedation (propofol) or general anesthe-

scan. sia (isoflurane) is used in infants. In older

children adequate preparation with verbal

reassurance and explanation of the proce-

Computed tomography dure can generally obtain good cooperation.

z General principles                          z Methodology and technical aspects

Computed tomography (CT) is a medical   z Intravenous contrast material: The issues imaging method using tomography where in the administration of intravenous contrast

digital geometry processing generates a 3-di- material for CT angiography in pediatric pa-

mensional image from a large series of 2-di- tients include type and volume of contrast

mensional X-ray images. Although histori- material, method of administration (manual

cally the generated images were in the axial versus power injection), and delay between

or transverse plane, orthogonal to the long the start of injection and the initiation of

axis of the body, modern computational scanning. Intravenous contrast material is

techniques allow this volume data to be re- not required for routine investigation of the

formatted into various planes or even as 3- airways, but is essential in children with sus-

dimensional representations. CT has under- pected para-tracheal malformation such as

gone staged evolution leading to increased vascular rings or pulmonary artery slings.

spatial resolution and temporal resolution. Through an intravenous cannula placed in

Initial single slice CT has evolved into heli- the CT suite, the nonionic contrast material

cally scanning CT in which large volumes is administered at a dose of 2.0 mL/kg. The

could be included by the translation of the use of a nonionic agent minimizes the gas-

subject along the axis of scanner. By intro- trointestinal side effects such as nausea and

ducing multiple detectors (multislice CT) in- vomiting, the discomfort at the site of injec-

cluding arrays detectors, commonly 64 in tion, the patient reaction during the admin-

the current clinical practice, increased reso- istration of intravenous contrast material,

lution and/or volumes can be imaged on and potential complications from contrast

shorter time scales. This has led to the abil- material extravasations. With multidetector

ity to perform high-resolution scans gated to row CT volumes as small as 2 mL/kg allow

the cardiac cycle. successful contrast enhancement for CT an-

giography. Intravenous contrast material can

be administered by manual (hand) or power

z Patient preparation injection. The advantages of power over

manual injection are the ability to precisely

The need of sedation in infants and children determine the timing of delivery of the con-

less than 6 years of age has decreased as the trast material and the uniformity of en-

speed of CT scanning has increased. While hancement. The flow rates vary with the size

the sedation rate for single-detector row CT of the intravenous catheter, from 1.5 to 2.0

was at least 30%, the sedation rate for young mL/s for a 22-gauge catheter to 2 to 3 mL/s

children undergoing multidetector row CT is for a 20-gauge catheter. During the injection

Methodology and technical aspects    z       3

of contrast material, the site of injection    diation-induced malignancies is a real po-needs to be closely monitored to minimize    tential risk, particularly in younger children. the risk of extravasations. As a general rule    On average, the radiation exposure during a the contrast material is administered with a    CT scan reaches 2.0 to 2.5 rems, in compari-flow rate calculated to deliver the entire vol-    son with 1.5 to 2.0 rems during a diagnostic ume of contrast material in a period equiva-    cardiac catheterization with angiography. lent to, or slightly less than, the duration of    The radiation dose for a particular CT study the CT acquisition. There is a low but non-    depends   on   multiple   factors:   volume negligible level of risk associated with the    scanned, patient size, number and type of intravenous administration of the contrast    scan studies, and desired resolution and im-agent itself: severe and potentially life-threat-    age quality. In general, multidetector row CT ening allergic reaction and renal insuffi-    should be performed with techniques pro-ciency. Because of these risks, ionic contrast    viding adequate quality of images with the agents are generally avoided.                     lowest possible radiation exposure. These

techniques include the use of the lowest

z Scanning delay time: The time between the    milliamperage and kilovoltage settings, ap-start of the injection of contrast material and    propriate section thickness, and the fastest the start of the scan data acquisition is the de-    table speed. Adjustments of specific techni-lay time. Empirically the duration of the scan-    cal factors proved to minimize the radiation ning time should be set to obtain the maxi-    dose in children undergoing CT, particularly mum of contrast concentration in the region    in state-of-the-art multisection spiral CT: of interest, in order to provide excellent vas-    such adjustments include setting the lowest cular enhancement in children. An automated    diagnostic tube current according to the pa-tracking system, taking into account variable    tient’s weight and doubling the pitch, which factors such as cardiac output and circulation    reduces the radiation dose by half. The use time, allows customization of contrast en-    of ECG prospective gating in multislice CT hancement for each individual patient.          scan allows a further reduction of the radia-

tion exposure, thanks to the acquisition of

z Technical parameters: Before scanning is    images limited to 70–80% of the R-R inter-started, several technical parameters have to    val. In addition, multiphase studies should be selected, including collimator thickness,    be used for selected indications rather than table speed, tube current or milliamperage,    on a routine basis. kilovoltage, and anatomic coverage required.

Sections of 1 mm thickness are generally    z Anatomic coverage: A minimal coverage used in children, to maintain accurate defi-    for CT angiography should extend from the nition without increasing the radiation dose.    level of the diaphragm inferiorly to just be-The table speed is set as fast as possible to    low the thoracic inlet, in order to include increase the temporal resolution and to de-    the proximal aspects of the common carotid crease the radiation combined with detector    arteries and of the subclavian arteries in the array dimensions. Electrocardiographic gat-    CT scan. This inclusion allows visualization ing is able to reduce artifacts related to car-    of the position of the aortic arch, presence diac motion and arterial pulsation, but it    of aortic coarctation, presence and degree of does not affect the respiratory motion.          hypoplasia of the aortic arch, and anoma-

lous origin of the head and neck vessels.

z Radiation exposure: In children the issue    The selected field of view has to approximate of radiation exposure is extremely impor-    the cross-sectional size of the region being tant. Since children’s organs are more radio-    studied. A smaller field of view can reduce a sensitive than adults’ and they have a longer    waste of matrix space, a loss of resolution, life span than adults, the development of ra-    and incidence of poor quality images.

4     z   Introduction to CT scan and MRI

z Breath holding: CT scan investigations are    z Post-processing applications performed with breath holding at suspended

inspiration in cooperative grown-up children Various options are available for post-pro-

and during quiet respiration in children un-    cessing the volumetric data set. der sedation.

z Multiplanar reconstructions: Sections of

z Reconstruction algorithms: A standard re- multiplanar reformations can be displayed

construction algorithm is generally enough in any plane: coronal, sagittal, parasagittal

in routine CT angiography studies. A high or in curved isotropic datasets, such as along

resolution algorithm is used for 3-dimen- the axis of the mediastinal vessels or airways.

sional reconstructions involving the airways. This technique is fast and can be easily per-

formed at the CT scanner, but it provides only

a 2-dimensional display of data (Figs. 3.0.1

[image: ]

 

Fig. 3.0.1. CT scan of normal anatomy. a Axial section of a     Fig. 3.0.2. CT scan of normal coronary arteries. CT angiogra-2-dimensional study showing the relationship between the     phy with axial (a) and coronal (b) projection showing the great arteries. b Para-coronal plan of a 2-dimensional study normal origin and course of right and left coronary arteries,

[image: ]

showing the relationship between the great arteries, in the     respectively, from the right and left aortic sinus (LAD left presence of situs solitus, with the liver on the right side and     anterior descending coronary artery, LCA left coronary artery, the stomach on the left side (AAo ascending aorta,    LCX left circumflex coronary artery, RCA right coronary artery) DTAo descending thoracic aorta, LPA left pulmonary artery, (reproduced with permission from Goo HW, Park IS, Ko JK,

MPA main pulmonary artery, RPA right pulmonary artery, Kim YH, Seo DM, Yun TJ, Park JJ, Yoon CH (2003) CT of con-

LV left ventricle, PA pulmonary artery) genital heart disease: normal anatomy and typical pathologic

conditions. Radiographics 23:S147–165)

General principles     z       5

and 3.0.2), and information regarding the 3-

[image: ]

dimensional spatial relationship of anatomic

structures is absent. Curved planar recon-

structions are a variant of the routine multi-

planar reconstructions, allowing curved or

tortuous vessels such as the aorta and the pul-

monary artery to be visualized in a single to-

mography volume.

z Variable-thickness displays: With this tech-nique, CT images are acquired at their rou-

tine thickness section, and then combined in

multiples (“slabs”) to create a thicker image.

This allows better visualization of smaller

pulmonary vessels and airways.

z 3-Dimensional volume rendering: Volume rendering has largely replaced other 3-di-

mensional reformatting techniques, because

the use of a transfer function allows map-

ping of a CT number to brightness and col-

or. This provides valuable information re-

garding the spatial relationship of anatomic

structures, and it also allows the data to be

displayed from an external or internal per-

spective. The volume-rendering technique is

particularly useful for structures which are

3-dimensional and cannot be easily captured

in a planar image (Fig. 3.0.3). The creation

of volume-rendered images requires second-

ary processing, and the images can generally

be produced in a few minutes.

 

Magnetic resonance imaging

Fig. 3.0.3. CT scan of normal anatomy. a CT angiography     z General principles with 3-dimensional reconstruction, oblique right anterior

view of the normal cardiac anatomy. b CT angiography with 3-dimensional reconstruction, posterior view of the normal     Cardiac MRI in the pediatric population is cardiac anatomy (AAo ascending aorta, AoA aortic arch, DTA     accompanied by a unique series of technical descending thoracic aorta, IA innominate artery, IV innomi-     challenges superior to those encountered in nate vein, LA left atrium, LCA left carotid artery, LIJV left in-ternal jugular vein, LLPV left lower pulmonary vein, LPA left     imaging of adult patients: the anatomical pulmonary artery, LSA left subclavian artery, LUPV left upper     structures are smaller, thus, demanding pulmonary vein, MPA main pulmonary artery, RA right at-     greater spatial resolution; the heart rates are rium, RCA right carotid artery, RLPV right lower pulmonary     generally higher, requiring a greater temporal vein, RPA right pulmonary artery, RPV right pulmonary veins,     resolution; and the pediatric patients can be RSA right subclavian artery, RUPV right upper pulmonary vein, RV right ventricle, SVC superior vena cava)                   either noncooperative or may require full se-

dation. Despite these technical difficulties,

6     z   Introduction to CT scan and MRI

cardiac MRI offers several characteristics fa- MRI investigation, since it is now possible

vorable in comparison with the conventional to often answer anatomic and functional

imaging modalities, including soft tissue con- questions unresolved with other noninvasive

trast, capacity for true 3-dimensional imag-    investigations. ing, accurate flow measurements, freely se- Cardiac MRI techniques are generally

lectable imaging planes, and lack of ionizing more operator dependent than other MRI

radiation. These advantages, in addition to techniques; however, some points should be

continued advances in MRI hardware, soft- highlighted: for a reliable study, a thorough

ware, and imaging techniques, are progres- understanding of the anatomic and func-

sively increasing the widespread utilization tional principles, as well as the knowledge of

of cardiac MRI in pediatric cardiology. the available interventional and surgical

Through the use of several MRI tech- therapeutic options for congenital heart de-

niques, examiners can obtain high-quality 3- fects is nevertheless required. A comprehen-

dimensional images of the cardiovascular sive pathophysiological cardiac MRI evalua-

anatomy, accurately quantify volumes and tion, especially if dealing with complex con-

mass of cardiac chambers, ejection fraction, genital heart defects, requires a long time

stroke volumes, regurgitation volume and and may not be well tolerated by the patient.

fraction, as well as regional left and right Therefore, accurate and detailed preparatory

ventricular myocardial function. Therefore, steps are required in planning the cardiac

MRI is ideal for noninvasive pre-operative MRI investigation to precisely define the

evaluation of patients with complex intracar- specific questions to be answered as some

diac anatomy, anomalous connections of the lesions may have already been well charac-

systemic and pulmonary veins, anomalous terized by other diagnostic modalities.

pulmonary arteries, defects involving the Hence the complete knowledge of all the de-

aorta and its branches, single ventricles, tails of the anatomic and functional findings

systemic right ventricles and abnormally derived from prior clinical, echocardiogra-

shaped left ventricles. MRI has also acquired phy or cardiac catheterization and angio-

a precise role in the postoperative evaluation graphic studies, as well extensive communi-

of patients after complex surgery, such as, cation with the referring physician are es-

after repair of tetralogy of Fallot, univentric- sential. Frequently, a direct review of pre-

ular type of circulation, and in the presence vious echocardiography investigation is war-

of abnormal blood flow dynamics. ranted to check some details of the myocar-

The clinical indications for cardiac MRI dial function such as ventricular stroke vol-

are rapidly evolving due to recent consider- ume in case of atrioventricular valve regur-

able technical advances and potential bene- gitation. When dealing with patients with

fits. In 2004, MRI clinical indications were previous interventional and/or surgical pro-

published by a consensus panel composed of cedures, direct access to the previous reports

European and American cardiologists and is extremely helpful, as well as the knowl-

radiologists with major input from members edge of the presence of implanted devices as

with additional established expertise in pe- potential sources of artifacts. Furthermore,

diatric cardiology, nuclear cardiology, mag- excellent knowledge of the MRI techniques

netic resonance physics and spectroscopy, as and physics is warranted to reach high accu-

well as health economics (Table 3.0.2). Inter- racy both in terms of anatomical detail and,

estingly, cardiac MRI expertise is highly rec- more importantly, functional information,

ommended in centers dedicated to the treat- often heavily determinant in view of the sur-

ment of congenital heart defects. Moreover gical indication. Thus, every cardiac MRI

evaluation and follow-up of adults with con- laboratory should strictly test their own in-

genital heart disease is considered as a Class terobserver reproducibility as well as a rigor-

I indication for a comprehensive cardiac    ous quality control of instruments.

General principles     z       7

Table 3.0.2. Indication for cardiac MRI in congenital heart       Indication                                       Class defects (reproduced with permission from Pennell DJ, Sech-

tem UP, Higgins CB, Manning WJ, Pohost GM, Rademakers      7. Anomalies of the arteries

 

FE, van Rossum AC, Shaw LJ, Yucel EK (2004) Clinical indica-            Malpositions of the great arteries z              II tions for cardiovascular magnetic resonance (CMR): Consensus z Postoperative follow-up of shunts I Panel Report. Eur Heart J 25(21):1940–1965. By permission z of Oxford University Press) Aortic (sinus Valsalva) aneurysm I

z Aortic coarctation                               I

Indication                                       Class              Vascular rings z                                I

General indications                                               Patent ductus arteriosus z                     III

1. Initial evaluation and follow-up                     I                    Coronary artery anomalies in infants z          Inv of adult congenital heart disease z z Aortopulmonary window                    I Anomalous origin of coronary arteries           I in adults and children

Specific indications                                                z Pulmonary atresia                             I

1. Assessment of shunt size (Qp/Qs)                 I                  Central pulmonary stenosis z                     I

2. Anomalies of the viscero-atrial situs                                z Peripheral pulmonary stenosis                 Inv

z Isolated situs anomalies                        II                 z Systemic to pulmonary collaterals               I z Situs anomalies with complex                 I

congenital heart disease

3. Anomalies of the atria and venous return                        Methodology and technical aspects z

z Atrial septal defect (secundum and primum)   II

 

z Anomalous pulmonary venous return,          I           To discuss the MRI technique is not the especially in complex anomalies main aim of this chapter, however, we will and cor triatriatum give an overview on cardiac MRI methodol-z Anomalous systemic venous return I ogy and technical aspects in order to make z Systemic or pulmonary venous obstruction I the readers more familiar with the tech-following intra-atrial baffle repair or correction

of anomalous pulmonary venous return                   nique.

4. Anomalies of the atrioventricular valves                          The goals of a pre-operative cardiac MRI

z                                                   investigation in patients with congenital Anatomic anomalies of the mitral II

and tricuspid valves                                        heart defects are the following:

z Functional valvular anomaly                   II           z define the morphological characteristics z Ebstein’s anomaly                             II               and the location of the primary malforma-z Atrioventricular septal defect                    II                tion and the potential presence of asso-

5. Anomalies of the ventricles                                      ciated defects,

z                                                   z evaluate and quantify the functional con-Isolated ventricular septal defect III

z                                                      sequences of the primary malformation. VSD associated with complex anomalies I

z Ventricular aneurysms and diverticula          II

z Supracristal VSD                                I            z Morphological assessment: Although there z                                                   are several cardiac pulse sequences for MRI Evaluation of right and left ventricular I

volumes, mass and function                              morphologic imaging, many with manufac-

6. Anomalies of the semilunar valves                           turer-specific features, they can be grouped

z                                                   into three classes: Isolated valvular pulmonary stenosis III

and valvular dysplasia                                          Black-blood imaging: z black-blood images

z Supravalvular pulmonary stenosis              II               are images with high signal-to-noise ratio, z Pulmonary regurgitation                       I              resolution and contrast. Most techniques z Isolated valvular aortic stenosis                 III                use radiofrequency refocusing, making z Subaortic stenosis                             III               them robust to metal artifacts. This is im-z Supravalvular aortic stenosis                     I               portant in the evaluation of postoperative

patients where surgical clips would other-

8     z   Introduction to CT scan and MRI

wise cause local image voids and anatomic mentioned: the ultra-short TE produces

disruption. Black-blood techniques be- lower flow sensitivity for vascular or valv-

come very useful when the relationships ular obstructions. Even more important

between the airway and vessels must be steady-state free precession is troubled by

elucidated. They are also extremely useful flow artifacts near regions of rapid blood

in characterizing the abdominal situs, the acceleration. These artifacts can be even

presence of masses, thrombi, hematomas more crippling in infants and young chil-

or other soft tissue details as fatty infiltra- dren since they have significantly greater

tion as well as edema. blood acceleration than adult patients in

z White-blood cine imaging: static pictures the aorta and the great arteries. Local

as black blood images can answer many shimming improves but does not elimi-

questions in pediatric cardiology, but they nate these artifacts. Another limit of

incompletely characterize the details of steady-state free precession is that reduc-

the malformation. Any sonographer can ing the field of view and slice thickness

relate to the difficulty of interpreting still- can greatly prolong the echo and repeti-

frames removed from their dynamic con- tion times (this is done to reduce the ab-

text. Although cine images in MRI can be sorbed radiofrequency power and gradient

prospective and retrospectively-gated (not      switching rates).

real time), they offer the same physiologic    z 3D   gadolinium-enhanced   angiography:

context provided by echocardiography. In contrast-enhanced magnetic resonance an-

most instances the required spatial and giography (CEMRA) is the most impor-

temporal resolution makes it impossible tant 3-dimensional technique available for

to acquire a full series of images in a sin- routine cardiac assessment. Since voxels

gle heart beat. Instead, each image is as- are more isotropic than for 2-dimensional

sembled from data acquired during several acquisitions, images collected by 3-dimen-

heart beats (segmentation). Cine images sional sequences are ideally suited for

represent the backbone of congenital car- multiplanar reformatting and volume ren-

diac MRI even though they have lower dering. CEMRA acquisitions are un-gated,

resolution and contrast than black-blood so they are only useful for characteriza-

imaging. In recent years, steady-state free tion of extracardiac structures. Despite

precession (sequences also known as bal- short acquisition times, CEMRA has a

anced FFE, TrueFisp, and FIESTA) has high signal-to-noise ratio, allowing the

practically    replaced    previously    used       highest resolution of any of the cardiac

spoiled gradient sequences. The steady- imaging sequences. Although large vessel

state free precession is extremely useful disease may be well characterized by stan-

for imaging of the cardiac function be- dard 2-dimensional imaging, CEMRA is

cause of its specific properties. Strong T2/ absolutely essential to visualize small ves-

T1-weighted and homogeneous contrast sels such as in peripheral pulmonary ste-

shows cavitary blood bright and myocar- nosis or the presence of aortopulmonary

dium with lower signal intensity. Contrast collateral arteries. In fact, CEMRA offers

is virtually independent of inflow, imaging comparable diagnostic accuracy as cardiac

at consistent quality in all orientations, in- catheterization and angiography in evalu-

cluding horizontal and vertical long axes. ating the number and location of aorto-

The steady-state free precession sequences pulmonary collaterals in children and

are also fast, allowing acquisition of a sin-       adults with pulmonary atresia.

gle slice heart phases in a breath-hold of a

few seconds duration.                        z Functional   assessment:   MRI   provides

However, some disadvantages of the unique functional information of major val-

steady-state free precession have to be ue related to ventricular function, flow as-
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sessment, myocardial perfusion and viability.      these numbers the ejection fraction is cal-Information on function and flow is ob-      culated as ejection fraction = stroke vol-tained from time-resolved series of gradient      ume/end-diastolic volume. Cardiac index echo images (white blood), each time frame      is calculated as cardiac output per minute, corresponding to a phase of the cardiac      normalized by the body surface area. cycle.                                                z Velocity mapping: quantification of blood z Biventricular function: one of the advan-      flow is made using velocity-encoded cine

tages of MRI over echocardiography in      MRI sequence, also called phase contrast

the assessment of ventricular volumes,      velocity mapping (PVC-MRI), through

ejection fraction and mass is its ability to      planes transecting the targeted vessel (Fig.

reproducibly and accurately acquire paral-      3.0.4), which can provide information on

lel images in any orientation, eliminating      blood flow in the major vessels, such as

geometrical assumptions. This advantage

is especially important in congenital heart

disease where the intracardiac morphol-

[image: ]

ogy does not fit the usual shape assump-

tions. One example is the unique ability of

cardiac MRI to determine ventricular

function in patients with a single ventri-

cle, either of right or left ventricular mor-

phology. A single ventricle has an ex-

tremely variable and bizarre shape, diffi-

cult to mathematically model and which

does not allow the geometric assumptions

necessary to calculate mass, volume, or

cardiac performance from a single image

plane. Compared with other noninvasive

imaging tools, cardiac MRI provides a

precise assessment of the ventricular

mass, volumes and function necessary for

the early and late postoperative follow-up

in these complex patients. The use of MRI

has also been extensively validated for the

quantification of the right ventricular

function.

For measurement of ventricular vol-

umes, a number of adjacent slices are ac-

quired in the short-axis orientation cover-

ing them from apex to base. For each

short-axis slice, a region of interest is de-

fined by outlining the endocardial contour

of the left or right ventricle on the end-

systolic and end-diastolic images. For each

slice, the area of the region of interest is

multiplied by the slice thickness. Summa-

 

tion over all slices results in end-systolic    Fig. 3.0.4. MRI: measurement of blood flow. Coronal (a) and and end-diastolic volume, respectively. sagittal ( b ) projection to measure the aortic ( QS systemic) The difference between the two volumes and the pulmonary artery ( QP pulmonary) blood flow (see

corresponds to the stroke volume. From   Fig. 3.0.5)
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600                                                              z Myocardial tagging: myocardial tagging al-500        MPA                        QS = 5.01 L/min QP = 8.73 L/min                 lows a more thorough investigation of the

QP/QS = 1.74 cardiac motion, providing detailed infor-

400 mation on translation, rotation, and defor-

300       AAo                                                      mation, and allows calculation of mea-

w (ml/s)                                                                                                    200 o                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            sures, such as wall motion, regional wall

Fl thickening, and strain. This is obtained by

100 destroying coherent magnetization period-

0 ically over space and subsequently per-

-100 forming a cine acquisition using a gradi-

0          200          400          600          800               ent echo sequence. Among other research

Time (ms)

Fig. 3.0.5. applications, myocardial tagging has been  MRI: measurement of blood flow. Graphic repres- used to investigate function in children  entation of the measurement of systemic (QS) and pulmo-

nary (QP) blood flow, and calculation of the QP/QS and adult patients with single left ventri-

cle and after heart transplant.

z Myocardial perfusion and viability: in

aorta, pulmonary arteries, central veins, adults with coronary artery disease con-

and surgically implanted conduits. It rep- trast-enhanced MRI allows the identifica-

resents a unique and unrivaled strength of tion of myocardial perfusion, extent and

MRI. The main clinical applications of diffusion of myocardial ischemia, infarc-

PVC-MRI, very useful in the assessment of tion, and viability. In patients with com-

congenital heart defects before and after plex congenital heart disease, myocardial

surgery, are the assessment of the sys- ischemia and fibrosis can also complicate

temic and pulmonary blood flow, the pul- the early and particularly the late follow-

monary to systemic flow ratio (QP/QS)      up after intracardiac surgery.

(Fig. 3.0.5), valvular regurgitation, peak    z First pass perfusion: the currently available

velocity measurement in stenotic vessels MRI perfusion measurement techniques

and valves, lung perfusion and flow dy- are all based on the dynamic imaging of

namics. However, even when appropriate the first-pass through the myocardium of

methods of acquisition have been used, gadolinium-based T1-shortening contrast

there can be inaccuracies of flow measure- agents. Adenosine is used as a coronary

ment caused by background phase errors vasodilator to create a blood flow differ-

due to eddy current or uncorrected conco- ence between the myocardial regions per-

mitant gradients. Furthermore for accurate fused by normal coronary arteries and

measurements of aortic regurgitation or those supplied by arteries with stenosis.

mitral valve inflow, motion tracking and As the contrast agent passes through the

velocity correction with respect to the blood pool and myocardial tissue, the T1

cyclic displacements of the valves are is shortened, and the signal enhanced.

needed, but few if any commercial sys- Generally, 20 to 30 seconds are required

tems provide this facility. Regarding the for the first-pass of contrast agent through

jet velocity, its measurement poses differ- the myocardium from the time of injec-

ent challenges, mainly related to the voxel tion. This time defines the length of the

size and slice orientation relative to re- scan as images must be acquired through-

spectively a narrow jet and jet orientation. out the passage of contrast agent through

A recent application of MRI is to study the myocardium. Ischemic regions with

the compliance of the wall of the great ar- poor perfusion will not enhance at the

teries (aorta and pulmonary artery) sub- same rate as normally perfused tissue and

jected to a chronic increase of the intra- can be visualized as regions of transient

vascular blood pressure.                         dark signal.

Sedation and anesthesia    z      11

Preliminary results demonstrate that      between injection and imaging. The as-

MRI evaluation of myocardial perfusion      sessment of the transmural extent of via-

and viability is feasible in pediatric pa-      bility by cardiac MRI is not available from

tients with congenital and acquired heart      other noninvasive imaging techniques. In

disease, although so far there is a limited      adult patients with coronary artery dis-

application of MRI perfusion imaging in      ease, the late gadolinium-enhanced cardi-

the pediatric population. Cardiac MRI      ac MRI is able to predict whether regions

presents advantages in comparison with      of abnormal ventricular contraction will

nuclear scintigraphy, including the lack of      improve after myocardial revasculariza-

ionizing radiation, a very important factor      tion. At the moment, there is only limited

when considering stress imaging in young      experience with this technique in children,

patients who may require lifelong assess-      even if in infants with an anomalous left

ment of myocardial ischemia and func-      coronary artery from the pulmonary ar-

tion. In comparison with nuclear perfu-      tery syndrome and severe left ventricular

sion examination, which may require 2 to      dysfunction, the impact of myocardial via-

6 hours, the cardiac MRI examination is      bility, utilizing delayed enhancement to

generally completed in less than 1 hour.      detect ventricular infarct and myocardial

In addition the high spatial resolution of      fibrosis, has already been reported to di-

MRI is particularly helpful in pediatric      rect the surgical choice between the two

patients because it allows even smaller      options of coronary artery reimplantation

perfusion defects to be detected. One all-      versus cardiac transplantation.

inclusive study also provides complimen-      This technique of post-gadolinium myocar-

tary data, such as regional wall motion      dial-delayed enhancement is increasingly

abnormalities and delayed enhancement      used in patients after repair of congenital

to evaluate viability. The diagnostic utility       heart defects to assess the presence and ex-

and clinical benefit in the pediatric popu-      tent of area with myocardial fibrosis.

lation with congenital and acquired heart

disease will be further addressed by future

studies.                                          z Sedation and anesthesia z Delayed myocardial enhancement: gadolin-

ium-based MRI contrast agents in clinical    A comprehensive cardiac MRI investigation

use are all T1-shortening, extravascular,    requires approximately 30 to 60 minutes

extracellular agents, rapidly diffusing out    with the patient in a still position in an un-

of the capillaries into the interstitial space.    comfortable environment; therefore, children

In adult patients, the areas of acute or    under the age of 12 will commonly require

chronic myocardial infarction provide a    anesthesia. The use of conscious sedation

larger distribution volume for these agents    (such as pentobarbital or chloral hydrate),

when compared to viable tissue. T1-   deep sedation (propofol), or general anesthe-

weighted, inversion recovery imaging can    sia varies tremendously among different hos-

differentiate necrotic regions of delayed-    pitals depending upon local preferences and

enhancement from viable myocardium.   resources. Although general anesthesia with

The inversion time is set to null the signal    intubation and paralysis is frequently seen

from viable myocardium, to produce   as excessively invasive, it is probably safer

images in which necrotic tissue is bright    and more predictable than other strategies

by virtue of its shorter T1. In practice, the    in young children. However it becomes

optimal T1 is based on the dose of con-    highly preferable in patients with vulnerable

trast administered and the elapsed time    airways or in infants.
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Fig. 3.0.6. Cardiac MRI. Axial time of flight images (a, b,     30 8, trigger delay 400 ms; FOV 35× 35 cm, fold over direc-and c) at different levels of the thorax in a patient after an tion right-left in order to minimize respiratory artifacts, ma-

extracardiac Fontan procedure. Arrows indicate the cor-     trix: 256 × 160; slice thickness 3 mm; interpolated at 1.5 mm; responding level to the volume rendering reconstruction (d)     NEX 2; TE 2.4 ms, TR 6.9 ms (IVC inferior vena cava, PA pul-showing an unexpected narrowing of the extracardiac con-     monary artery, RPA right pulmonary artery, SVC superior vena duit between inferior vena cava and pulmonary artery (aste-     cava) risk). Acquisition parameters were set as follows: flip angle

Appendix: Cardiac MRI protocols for the evaluation of congenital heart defects     z      13

z Appendix: Cardiac MRI protocols           nearly all protocols a 2-dimensional axial

for the evaluation of congenital            “time of flight” acquisition prepared with a

heart defects                              stack of thin (3 mm) axial intersected slices,

covering the complete thorax from the aortic

Because the magnet performance changes de-    arch to the diaphragm, is prescribed. It is a pending on technical characteristics, manu-    quite long lasting, ECG-gated, free-breathing facturer and type of release, it is worth men-    sequence, very useful for further sequences tioning that the cardiac protocols discussed in    prescription, especially in the case of unusual the present book were developed in the MRI    heart anatomy, thanks to its possibility to be laboratory   of   CNR   (Massa-Pisa,   Italy)    post-processed and reformatted in each plane equipped with a GE CVi HD 1.5 T, release    of the space. Moreover, thanks to its high re-software 12.0, coil elements 8 RF channels,    solution and optimal visualization of medias-slew rate 150 T/m/s, gradient field strength    tinal vessels, it can be used as an alternative to 50 mT/m. Each cardiac MRI investigation    MR angiography without using contrast me-starts with a 3-plane localizer. This is a non-    dium and any venous line (Fig. 3.0.6), a non-gating, free-breathing, white blood, fast ac-    negligible advantage in children. After the quisition in order to obtain a “pilot” represen-    heart and great vessels have been “localized”, tation of the heart and the mediastinum in    in nearly each cardiac MRI investigation, a three orthogonal planes. Furthermore, in    series of cine acquisition from the axial view
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Fig. 3.0.7. Cardiac MRI. Steps to obtain the correct inclina-     view (d) is obtained. A true short-axis plane stack can now tion for imaging in the cardiac axes: from a transverse or ax-     be prescribed off the 4-chamber view perpendicular to the ial scout view at the level of the left ventricle (a), proceed-     interventricular septum. The short-axis stack should cover ing as shown, a 2-chamber view is obtained (b); from b is     the entirety of both ventricles from the atrioventricular valves obtained a “localized short axis” (c). From the last two     to the apex images (2-chamber and “localized short axis”) a 4-chamber
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are prescribed in order to obtain a stack of Chandran A, Fricker FJ, Schowengerdt KO, Cumming

ventricles short-axis slices ready to be post- WA, Saidi A, Spencer CT, Paolillo J, Samyn MM

processed and analyzed to assess both ventri- puted tomographic angiography in the diagnosis of  (2005) An institutional review of the value of com-

cles volumes, function and mass (Fig. 3.0.7). congenital cardiac malformations. Cardiol Young

15:47–51
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Chapter 3.1 A

nomalous systemic venous

connections

 

z Definition genital heart defects. The most frequent con-

genital anomaly of systemic venous return is

An anomalous systemic venous connection    the presence of a persistent left superior vena is present in 8 to 10% of patients with con-    cava (Figs. 3.1.1 and 3.1.2), in most of the

cases connected to the coronary sinus, but

sometimes draining into the left atrium. The

[image: ]

persistent left superior vena cava can be as-

sociated with the absence of the right superi-or vena cava (Fig. 3.1.3). The strategy of car-diopulmonary bypass can be completely dif-

ferent if the persistent left superior vena

cava is associated with the presence or the

absence of the innominate vein and/or right

superior vena cava.

[image: ]

 

Fig. 3.1.1. Persistent left superior vena cava. a CT scan, coronal      Fig. 3.1.2. Persistent left superior vena cava. MR angiogra-view, showing the presence of persistent left superior vena phy maximal intensity projection reconstruction in a patient
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cava draining into the coronary sinus, with absent innominate with aortic coarctation and persistent left superior vena

vein. b CT scan of the same patient, coronal view, showing the draining into a dilated coronary sinus and not communicated

drainage into the coronary sinus of the persistent left superior      with the right superior vena cava (Asc Ao ascending aorta, vena cava (CS coronary sinus, LA left atrium, PLSVC persistent     Coa aortic coarctation, CS coronary sinus, SVC superior vena left superior vena cava, RA right atrium, SVC superior vena     cava) cava) (photographs courtesy of Dr. Mohamed Tawil)

Definition     z      19

Another anomaly of the systemic venous    the venous cannulae, but also the strategy of return is the interruption of the inferior vena    cardiopulmonary bypass (continuous perfu-cava (Figs. 3.1.4 and 3.1.5) with the drainage    sion versus circulatory arrest). of the inferior part of the body occurring      Other more rare anomalous systemic ve-through an “azygos continuation”. If an open    nous connections (Figs. 3.1.6 and 3.1.7) heart procedure is required, the presence of    must be taken into account before planning one or more of the above malformations will    the surgical strategy. dictate not only the number and position of

[image: ]

 

Fig. 3.1.3. Persistent left superior vena cava with absent     Fig. 3.1.4. Inferior vena cava interruption with azygos con-right superior vena cava. Gadolinium-enhanced 3-dimensional     tinuation. CT scan, sagittal projection, showing the azygos MR angiography with subvolume maximal intensity projec-     continuation of the inferior vena cava and the connection of tion in the coronal plane demonstrating the absence of the     the azygos vein to the superior vena cava (arrow) (AV azygos right superior vena cava and persistent left superior vena     vein, IVC inferior vena cava, LV left ventricle, RV right ven-cava draining in a dilated coronary sinus (RA right atrium,     tricle, SVC superior vena cava) (photograph courtesy of Dr. RPA right pulmonary artery, SVC superior vena cava)              Mohamed Tawil)
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Fig. 3.1.5. Inferior vena cava interruption with azygos con-     cava azygos continuation in the left superior vena cava (RA tinuation. MRI with coronal localizer showing inferior vena     right atrium, SVC superior vena cava)
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Fig. 3.1.6. Anomalous venous connections. CT scan, 3-di-mensional reconstruction, right oblique projection showing

[image: ]

the anomalous venous connection with the inferior vena

cava, positioned on the left side of the descending thoracic

aorta, connected to the left atrium, while the hepatic veins

are connected to the right atrium (DTAo descending thoracic aorta, HV hepatic vein, IVC inferior vena cava, LA left atrium, RA right atrium, RPA right pulmonary artery) (photograph courtesy of Dr. Mohamed Tawil)

z Fig. 3.1.7. Anomalous venous connections. a CT scan, axial

Surgical options projection showing the presence of an anomalous retro-aor-

tic innominate vein, positioned posterior to the ascending

Once the problems related to the require- aorta, and connected to the superior vena cava. The des-

ments of the cardiopulmonary bypass have cending thoracic aorta is on the right side because of the

presence of the right aortic arch. b CT scan of the same pa-

been solved, with the choice of the most ap- tient, axial projection showing the presence of an anomalous

propriate venous cannulation and the meth- retro-aortic innominate vein in the presence of the right aor-

od of perfusion, the anomalous systemic ve-    tic arch (AAo ascending aorta, DTAo descending thoracic aor-nous connection has to be addressed. ta, IV innominate vein, RAA right aortic arch, SVC superior

vena cava) (photograph courtesy of Dr. Mohamed Tawil)

z Persistent left superior vena cava: The per-sistent left superior vena cava draining into two options: a) in the simultaneous presence

the coronary sinus is generally left intact, of innominate vein of adequate diameter,

unless the patient requires a superior vena simple ligation of the persistent superior

cava to pulmonary artery connection (= bi- vena cava is sufficient; b) in the absence of

directional Glenn), and the innominate vein innominate vein, the distal end of the persis-

is absent; in this case, a bilateral bidirec- tent left superior vena cava needs to be

tional Glenn is performed. On the other divided and the vein connected either direct-

hand, the presence of persistent left superior ly to the right auricular appendage or to the

vena cava draining into the left atrium, with    right superior vena cava. subsequent cyanosis, is different. In this

case, the superior vena cava needs to be dis-    z Interruption of the inferior vena cava: The connected from the left atrium. There are interruption of the inferior vena cava is im-
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Fig. 3.1.8. Iatrogenic occlusion of the superior vena cava,     the dilated azygos vein draining all the superior systemic ve-status post closure of ventricular septal defect. Time of flight      nous return. Respiratory symptoms were due to right bron-multiplanar reformatted MRI sagittal (a) and coronal (b) view     chial compression by the dilated azygos vein, as illustrated in of iatrogenic complete occlusion of the superior vena cava     the para-axial fast spin echo imaging (c) (LV left ventricle, after surgical closure of the ventricular septal defect. Note     RA right atrium, SVC superior vena cava)

 

portant whenever the patient requires a total    prescribed from the neck to the liver (see cavopulmonary connection (= modified Fon-    “Introduction chapter”) without using con-tan procedure). In these cases, the best sur-    trast agent provides a complete coverage of gical option is to perform a Kawashima pro-    the thoracic systemic veins. cedure: connecting the superior vena cava      Obviously the entire CT or MRI investiga-(draining the total systemic venous return    tions will be tailored to the potential pres-through the “azygos continuation”) to the    ence of associated congenital heart disease. right pulmonary artery, like in the bidirec-

tional Glenn, leaving the return of the hepat-    z Potential complications ic vein into the right (or left) atrium (see




chapter “Tricuspid atresia”).

Obstruction or total occlusion of the anoma-

lous systemic venous connection.

z Pre-operative information

z Post-operative follow-up

Echocardiography is generally limited in the

evaluation of systemic venous return, while    CT scan and MRI could be helpful to identi-both CT and MRI 3-dimensional volume-   fy or rule out potential obstructions or oc-rendered images give important insights for    clusions (Fig. 3.1.8) of the systemic venous the assessment and location of anomalous    connections after various procedures of car-systemic venous connections; CT and MRI    diac surgery. allow also detection of systemic veins rela-

tionship to the surroundings structures and    z References can evaluate potential associated congenital

heart defects.                                      Bret-Zurita M, Pinilla I, Cuesta-Lopez E, Burgueros M MRI can accurately evaluate systemic ve-(2008) Magnetic resonance imaging findings of per-nous connections by gradient and spin echo      sistent primitive hepatic venous plexus with com-and more recently by contrast-enhanced MR      plex congenital cardiac disease. Eur J Cardiothorac angiography. For the MRI assessment of the      Surg 33:119–120

Burri H, Vuille C, Sierra J, Didier D, Lerch R, Kalangos

systemic venous connections a 2-dimen-      A (2003) Drainage of the inferior vena cava to the sional axial Time of Flight (TOF) sequence      left atrium. Echocardiography 20:185–189
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Chapter 3.2 A

nomalous pulmonary venous

connections

 

z Definition
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z Partial anomalous pulmonary venous con-nection: One or more, but not all, of the pul-monary veins are connected to the right at-

rium or to one or more of its tributaries.

The commonest type of partial anomalous

pulmonary venous connection is the sinus

venosus defect: the right upper and middle

lobe pulmonary veins (right superior pulmo-

nary vein) attach to the low superior vena

cava or the superior vena cava-right atrium

junction (Figs. 3.2.1–3.2.3).

Anomalous left-sided pulmonary veins

usually connect to the coronary sinus or left

innominate vein (Fig. 3.2.4), while anoma-    Fig. 3.2.1. Partial right anomalous pulmonary venous con-lous right pulmonary veins usually connect nection. CT scan, coronal projection, showing the anomalous

to the superior vena cava, inferior vena cava connection of the right upper pulmonary veins to the superi-

or right atrium. or vena cava (arrowheads) (IV innominate vein, MPA main

Scimitar syndrome: pulmonary artery, RA right atrium, RIJV right internal jugular  all the right pulmo-

vein, RLPV right lower pulmonary vein, RUPV right upper pul-

nary veins (occasionally the middle and low-    monary vein, RV right ventricle, SVC superior vena cava) er pulmonary veins) are connected to the in- (modified with permission from Goo HW, Park IS, Ko JK, Kim

ferior vena cava just above or below the dia- YH, Seo DM, Yun TJ, Park JJ, Yoon CH (2003) CT of congeni-

phragm (Fig. 3.2.5); the orifice of the right tal heart disease: normal anatomy and typical pathologic

pulmonary veins is usually very close to the    conditions. Radiographics 23:S147–165) orifices of the hepatic veins. Scimitar syn-

drome can also be associated with horseshoe

lung (Fig. 3.2.6). taches to the left innominate vein by way of

The left innominate vein is the usual site an anomalous vertical vein, and the right su-

of anomalous connection of the left pulmo- perior pulmonary vein attaches to the supe-

nary veins via a derivative of the left cardi-    rior vena cava-right atrial junction. nal system, called the anomalous vertical

vein.                                                z Total anomalous pulmonary venous con-

Bilateral partial anomalous pulmonary ve-    nection: All the pulmonary veins connect nous connection (= partial anomalous ve- anomalously to the right atrium, either di-

nous connection of both lungs) is very rare: rectly or via the coronary sinus, superior

the commonest variant is probably that in vena cava, or inferior vena cava; a patent

which the left superior pulmonary vein at- foramen ovale or atrial septal defect allows  24     z   Anomalous pulmonary venous connections
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a                                   b                                     c

Fig. 3.2.2. Partial right anomalous pulmonary venous con- junction superior vena cava-right atrium, with abnormal

nection. Gadolinium-enhanced 3-dimensional MR angiogra-     rightward course of the superior vena cava (Ao aorta, RA phy maximal intensity projection (a), fast spin echo (b) and     right atrium, RUPV right upper pulmonary vein, SVC superior cine steady-state free precession (c) in a patient with isolated      vena cava) anomalous connection of right upper pulmonary vein to the

 

mixed blood in the right atrium to enter the    z Surgical options left heart for systemic distribution; usually

the confluence of the pulmonary veins is    z Partial anomalous pulmonary venous posterior to the left atrium, but separate      connection:

from it.                                            z Anomalous right pulmonary vein(s) There are four basic types:                        connected to the superior vena cava z supracardiac: the anomalous connection is The right atrial incision depends on the po-

to an ascending vertical vein, usually on sition of the anomalous pulmonary vein(s).

the left and connected to the left innomi-      Standard oblique atriotomy: the upper

nate vein; pulmonary venous obstruction right pulmonary vein is deviated to the left

is possible, atrium by means of a patch (synthetic or

z cardiac: the pulmonary veins connect di- pericardial) sewn along the wall of the supe-

rectly to the right atrium or (more fre- rior caval vein so as to include the anoma-

quently) to the coronary sinus; pulmonary lously connected vein(s); suturing of the

venous obstruction is rare, patch is then carried down into the right at-

z infracardiac: (or infradiaphragmatic) the rium, and then sewn around an unrestricted

connection is to intraabdominal veins interatrial communication (already present

(more frequently to the portal vein); pul- or surgically created) in the upper part of

monary venous obstruction is very fre- the interatrial septum. In this way, the

quent, anomalously connected right pulmonary

z mixed: the entire pulmonary venous vein(s) can drain through a tunnel, whose

drainage is through two (or more) of the posterior wall is composed of the superior

above connections. caval vein and whose anterior wall is com-

posed of a patch through the atrial septal de-

fect into the left atrium.

Posterior incision: another surgical option

is the posterior incision of the right atrium,

prolonged on the superior vena cava; this

approach allows the plastic procedure of en-
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the left atrium trough an atrial septal defect
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(like for the anomalous connection to the

superior vena cava), or disconnection of the

anomalous venous channel from the inferior

vena cava and direct anastomosis to the left

atrium.

z Anomalous left pulmonary vein(s) Different techniques have been reported to

repair the anomalous left pulmonary vein(s),

all use an end-to-side or side-to-side anasto-

mosis between the left pulmonary vein(s)

and the left auricular appendage.

z Scimitar syndrome: correction of the scimi-

tar syndrome may be technically demand-

ing due to the infradiaphragmatic portion

of the anomalous venous connection. Expo-

sure of this portion of the vein is afforded

by splitting the diaphragm to the veno-ca-

val hiatus. In some patients, the repair

may only require removal of the inferior

vena cava cannula to expose the anomalous

venous ostium during a brief period of

deep hypothermic circulatory arrest. In this

instance, an intraatrial baffle is used in

much the same way as a partial anomalous

venous connection with a sinus venosus de-

fect. A final alternative technique consists

Fig. 3.2.3. Partial right anomalous pulmonary venous con-        of extracardiac reimplantation of the scimi-nection with sinus venosus atrial septal defect. Cardiac MR        tar vein into the posterior wall of the right angiography with para-coronal (a) and axial (b) reformatted        atrium followed by transposition of the at-time of flight showing a sinus venous atrial septal defect        rial septum anterior to the new ostium, (green arrow) with anomalous right upper pulmonary vein

connected to the superior vena cava-right atrial junction.        either directly or with a patch. Note a small additional right upper pulmonary vein con-

nected more distally to the superior vena cava (blue arrow)     z Total anomalous pulmonary venous (LA left atrium, LLPV lower left pulmonary vein, LRPV lower right pulmonary vein,                                               connection: RA right atrium, RUPV right upper pul-monary vein, SVC superior vena cava)                            z Supracardiac and infracardiac type: a large

anastomosis is created between the ante-

rior wall of the common pulmonary ve-

larging the superior vena cava by a synthetic      nous sinus and the posterior wall of the or pericardial gusset placed in the superior      left atrium, both opened wide to obtain vena cava-right atrial junction.                      an unrestrictive connection;

z                                             – the approach can be biatrial (right atrio-

Anomalous right pulmonary vein(s)             tomy, opening of the interatrial septum),

connected to the inferior vena cava               posterior or superior (between aorta, right Two surgical options are available: tunneling      pulmonary artery and the roof of the left the anomalous right pulmonary vein(s) to      atrium), 26     z   Anomalous pulmonary venous connections

z Cardiac type: the total pulmonary venous
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return is deviated to the left atrium

through an unrestricted (or surgically en-

larged) interatrial communication by a

patch; in the case of coronary sinus type,

the roof of the coronary sinus in incised

(or excised) to create an unrestricted con-

nection.

z Mixed type: surgical treatment must be in-

dividualized and based on the particular

morphology.

 

z Pre-operative information

a Partial anomalous pulmonary venous con- z

nection: If a clinical doubt in the presence of

600 partial anomalous venous connection cannot

MPA be solved with confidence by echocardiogra-

500                                    QP = 7 L/min                phy, CT scan and MRI are the most appro-

QS = 5.01 L/min

400                                    QP/QS = 1.4                 priate additional diagnostic imaging tests. 300       AAo                                                  The acoustic properties of lung tissue makes

w (ml/s)                                                                                                    200 o Fl                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           it difficult using echocardiography to trace potential anomalous veins back into the

100 lungs to confirm that they are pulmonary

0 rather than systemic veins. This limitation is

-100                                                                  not encountered with CT scan and MRI.

0          200          400          600          800               The goals of CT scan MRI evaluation of

b                    Time (ms)                     partial anomalous pulmonary venous con-Fig. 3.2.4. nection include precise delineation of the  Partial left anomalous pulmonary venous connec-

tion. Gadolinium-enhanced 3-dimensional MR angiography anatomy with location, size and connection

maximal intensity projection oblique plane (a) demonstrating site of the anomalous vein(s) by means of

the left upper pulmonary vein connected to the innominate CT angiography with contrast material as

vein with graphic pulmonary (QP) and aortic (QS) flows repre- well as gadolinium-enhanced 3-dimensional

sentations demonstrating a QP/QS = 1.4 (b) (LA left atrium, MR angiography (Figs. 3.2.1–3.2.5). The im-

LLPV left lower pulmonary vein, LUPV left upper pulmonary vein, SVC superior vena cava) age dataset can be reformatted into any

plane to illustrate spatial relationships and

has sufficient resolution to detect vessels

– the ascending (or descending) vertical < 1 mm. For added confidence, additional

vein may be left open (to allow heart de- MRI imaging of the vascular anatomy can be

compression), or ligated, or transected obtained using cine gradient echo or fast

and opened longitudinally to be utilized spin echo with blood signal nulling se-

to create a wider anastomosis, quences (Fig. 3.2.2). Several studies assessing

– the patent foramen ovale may be closed or the accuracy and utility of gadolinium-en-

left (partially) open to allow heart decom- hanced 3-dimensional MRI have demon-

pression, strated a high level of agreement between

– the left atrium may be enlarged with a findings on MR angiography compared with

single or double patch technique to im- surgical inspection and X-ray angiography.

prove left ventricular filling. MR angiography were uniformly more accu-
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rate than transthoracic and transesophageal
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echocardiography. MRI investigations often

diagnosed previously unknown presence of a

partial anomalous pulmonary venous con-

nection or added new clinically important

information regarding anatomical details of

the partial anomalous pulmonary venous

connection.

Patients with a partial anomalous pulmo-

nary venous connection should also have

their ventricular dimensions and function

measured using a stack of cine MRI oriented

in the ventricular short-axis plane. Particular

attention should be devoted to quantifying

right ventricular end-diastolic volume as this

should be related to the size of the left-to-

right shunt. The shunt should also be mea-

sured directly by obtaining PVC MRI flow

measurements in the main pulmonary artery

(QP) and the ascending aorta (QS) (Fig.

3.2.4). It is worth noting that, in patients

with partial anomalous pulmonary venous

connection, QP/QS ratio measurements by

oxymetric measurements in the catheteriza-

tion laboratory are inherently inaccurate be-

cause of the difficulty in obtaining a reliable,

representative mixed systemic venous satura-

tion. Because blood flow is measured direct-

ly, these concerns do not apply to MRI mea-

surements. In cases where there is a hypo-

plastic pulmonary artery or obstruction to

the pulmonary venous return, it is also use-

ful to calculate differential pulmonary blood

flow by means of MRI measurements in the

branch pulmonary arteries (Fig. 3.2.6 a ).

In the presence of scimitar syndrome, the

Fig. 3.2.5.                                                         pre-operative CT scan and MRI, in addition Cardiac MRI, Gadolinium-enhanced 3D MR angio-graphy maximal intensity projection anterior (a) and posteri-     to the visualization of the anomalous venous or (b) view showing the anomalous pulmonary venous con-     connection, are also useful to evaluate the nection to the inferior vena cava through “scimitar vein” (ar-     degree of hypoplasia of the right lung, pul-rows)                                                          monary artery and other associated anoma-(IVC inferior vena cava, LA left atrium, LPA left pulmonary ar-     lies (Figs. 3.2.5 and 3.2.6). tery, LPV left pulmonary vein, RA right atrium, RPA right pul-monary artery, RPV right pulmonary vein)                           In case of a suspected anomalous pulmo-

nary venous connection a comprehensive

cardiovascular MRI investigation considers

the following protocol:

28     z   Anomalous pulmonary venous connections
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Fig. 3.2.6. Scimitar syndrome associated with horseshoe lung. (a) Gadolinium-enhanced 3-dimensional MR angiogra-phy maximal intensity projection of the pulmonary branches

illustrating the mild hypoplasia and reduced flow of the right

pulmonary artery, calculated with PVC. 3-dimensional MR an-

giography volume rendering reconstruction (b) and maximal intensity projection (c) showing a crossing small right pulmo-nary artery branch (green arrow) = horseshoe lung (IVC inferi-or vena cava, LA left atrium, LPA left pulmonary artery, LV

c left ventricle, PA pulmonary artery, Pulm pulmonary, RA right

atrium, RPA right pulmonary artery, RV right ventricle)

 

z 3-plane localizing images, of both ventricular dimensions and func-

z 2-dimensional axial Time-of-flight Angio-      tion, and stroke volumes.

graphy mainly to evaluate the pulmonary    z ECG-gated phase velocity contrast MRI se-

veins (see chapter 3.0) (Fig. 3.2.3), quences perpendicular to the main pul-

z oblique axial and para-sagittal fast spin monary artery, ascending aorta, pulmo-

echo and segmented k-space cine steady- nary branches and pulmonary veins, to

state free precession pulse sequences at assess the QP/QS, the pulmonary arteries

the atrial level for anatomical detail of the blood flow and pulmonary veins blood

atrial septal defect and the pulmonary      flow when needed,

veins connections and their relationship    z gadolinium-enhanced 3-dimensional MR

(Fig. 3.2.2), angiography for the evaluation of pulmo-

z ECG-gated cine steady-state free preces- nary venous return (Figs. 3.2.2, 3.2.4 and

sion sequences for quantitative assessment      3.2.6).
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Fig. 3.2.7. Obstructed supracardiac total anomalous pulmo-nary venous connection. CT scan, subvolume maximum in-

tensity coronal projection, showing supracardiac total anoma-

lous pulmonary venous connection with obstruction (arrow-

heads) of the vertical vein (asterisks) connecting the pulmo-

nary venous connector to the innominate vein (IV innomi-nate vein, LLPV left lower pulmonary vein, LUPV left upper pulmonary vein, MPA main pulmonary artery, PVC pulmonary venous connector, RLPV right lower pulmonary vein, RPA main pulmonary artery, RUPV right upper pulmonary vein, SVC superior vena cava) (modified with permission from Goo HW, Park IS, Ko JK, Kim YH, Seo DM, Yun TJ, Park JJ, Yoon

CH (2003) CT of congenital heart disease: normal anatomy

and typical pathologic conditions. Radiographics 23:S147–

165)
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a                                       b
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Fig. 3.2.8. Infra-cardiac total anomalous pulmonary venous     (d) showing all pulmonary veins connected to the inferior connection. Gadolinium-enhanced 3-dimensional MR angio-     vena cava through an unobstructed pulmonary venous col-graphy showing unobstructed infracardiac total anomalous     lector (red arrow) (IVC inferior vena cava, LPA left pulmonary pulmonary venous connection. Maximal intensity projection     artery, PVs pulmonary veins, RA right atrium, RPA right pul-(a, b, c) and 3-dimensional volume rendering reconstruction     monary artery, SVC superior vena cava)
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Fig. 3.2.9. Mixed total anomalous pulmonary venous con-     monary venous collector (blue arrow) (a), draining also the nection. 3-dimensional MR angiography volume rendering     venous return from the left pulmonary veins (DA descending (a and c) and gadolinium-enhanced angiography (b) show-     aorta, LA left atrium, LLPV left lower pulmonary veins, LUPV ing a neonatal complex form of mixed total anomalous pul-     left upper pulmonary veins, LV left ventricle, RA right atrium, monary venous connection, with the right pulmonary veins     RLPV right lower pulmonary veins, RPA right pulmonary ar-connected to the azygos vein, and into an odd shape pul-     tery, RUPV right upper pulmonary veins)

 

z Total anomalous pulmonary venous con-nection: Total anomalous pulmonary venous connection is clinically suspected early in

[image: ]

life and echocardiography generally provides

adequate information on the presence and

location of anomalous pulmonary venous

connections. However, if any doubt persists,

mainly in cases with mixed or complex

forms of total anomalous pulmonary venous

connection, both 3-dimensional multi-planar

volume-rendered CT images and MRI con-

trast angiography can be extremely useful to

delineate the connection of each pulmonary

vein (Figs. 3.2.7–3.2.9).

 

Fig. 3.2.10.                                                      z Potential complications Status post repair of anomalous pulmonary ve-nous connection. CT scan angiogram showing 3-dimensional posterior multiplanar reconstruction of left atrium and left Residual or recurrent intraatrial shunt, air

pulmonary venous drainage through a common vein, the le- embolism (early), acute pulmonary edema,

gated levo-atrial cardinal vein (white arrow) (LA left atrium, pulmonary arterial hypertensive crisis, phre-

LO levo-atrial cardinal vein opening, LPV left pulmonary vein, nic nerve damage, supraventricular arrhyth-

LV left ventricle, RPV right pulmonary vein) mias, pulmonary venous obstruction, sys-

temic venous obstruction, anastomotic ob-

struction, systemic and pulmonary throm-

boembolism (late).

Post-operative follow-up     z      31
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Fig. 3.2.11. Status post repair of partial anomalous right pulmonary venous connection. MRI confirmed the severe ob-
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struction of the superior vena cava just above its junction to

the right atrium, as showed in the gadolinium-enhanced

main intensity projection coronal plane (a); MRI also high-lighted an unsuspected right upper pulmonary vein obstruc-

tion as illustrated in the fast spin echo axial plane (          Fig. 3.2.12. Status post repair of scimitar syndrome. MRI b ) as well, probably caused by the surgical baffle (                     with gadolinium-enhancement volume rendering anterior (a) RA right atrium, RUPV                                                 and posterior view (b) showing a significant obstruction of right upper pulmonary veins, SVC superior vena cava)

the proximal channel scimitar-to-left atrium (IVC inferior vena cava)

 

z Post-operative follow-up

In the postoperative setting, CT scan and      As for the pre-operative evaluation, in addi-MRI are very useful tools to rule out poten-    tion to the possibility of assessing the ventri-tial residual defects (Figs. 3.2.10–3.2.13)          cular volumes and quantifying the residual

MRI is particularly important when the   shunts, each pulmonary and systemic vein following residual complications are sus-    can be optimally visualized by 3-dimensional pected: intraatrial shunts, systemic and/or    MR angiography. Moreover in some cases it is pulmonary venous obstructions, leak and/or    possible to study the anomalous flow pattern obstruction of the intraatrial baffle.              of obstructed veins by means of PVC-MRI. 32     z   Anomalous pulmonary venous connections
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Fig 3.2.13. Status post repair of scimitar syndrome. MRI with gadolinium-enhance-ment volume rendering oblique plane (a = anterior view, b = posterior view) show-ing a significant narrowing of the inferior vena cava due to the intraatrial PTFE baffle, as later confirmed at re-operation to relieve the obstruction. The inferior sys-temic venous return drains principally into the superior vena cava through a di-lated azygos and hemiazygos veins as shown from maximal intensity projection (c = posterior view). In a, note that there are some suprahepatic veins draining into the PTFE scimitar-to-left atrium conduit, leading to mild systemic oxygen desatura-tion. In the volume rendering imaging (d= anterior view) note the “kinking” of the baffle-scimitar anastomosis (IVC inferior vena cava, LA left atrium, RA right at-rium, SVC superior vena cava)
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Chapter 3.3 A

trial septal defect

 

z Definition Atrial septal defects within the fossa ovalis

may coexist with nearly all varieties of con-

To understand the anatomy determining the genital heart disease, but such cases are not

presence of shunts between the atrial cham- considered the primary lesion unless the

bers, it is crucial to appreciate the difference left-to-right shunt at the atrial level is the

between a defect of the atrial septum and an    dominant   hemodynamic   lesion.   Partial interatrial communication. anomalous pulmonary venous connection

z True atrial septal defects: defects existing (virtually always present in patients with

within the floor of the fossa ovalis; they sinus venosus defect), mitral valvar prolapse,

can be produced by an insufficient or per- ventricular septal defect, patent ductus arteri-

forated flap valve; defects within the fossa osus, pulmonary valvar stenosis, peripheral

(so-called “ostium secundum” defects) pulmonary arterial stenosis, and persistence

must be distinguished from probe-patency of the left superior vena cava are the lesions

of the fossa, in which the flap valve over- which are more frequently found secondary

laps, but does not seal anatomically, the    to interatrial communications.

rim.

z Sinus venosus: interatrial communications

in the mouth of usually the superior, but    z Surgical options

sometimes the inferior, vena cava; they

are outside the floor of the fossa ovalis. The percutaneous closure with a device im-

Their anatomical feature is overriding of planted using an interventional cardiac pro-

the superior or posterior margin by the cedure is nowadays considered whenever

mouth of the superior or inferior vena   possible.

cava, respectively. In all other cases, the defect is surgically

z Coronary sinus: defects existing through approached through a right atriotomy on

the mouth of the sinus when there is a cardiopulmonary bypass. True atrial septal

wide fenestration between the wall of the defects are closed by direct suture or patch

sinus and the left atrium. Usually, but not closure of the defect (depending on the size

always, the left superior vena cava drains    and shape of the defect).

to the roof of the left atrium (see chapter Sinus venosus atrial septal defects are

“Unroofed coronary sinus”). treated by patch closure of the defect, leav-

z Ostium primum: defects between the lead- ing the right pulmonary veins on the left

ing edge of the atrial septum and the side of the patch, with unrestricted commu-

upper margin of the ventricular septum. nication with the left atrium, and avoiding

They are atrioventricular septal defects damage to the sinus node (and the sinus

and have a common atrioventricular junc- node artery) by the suture line (see chapter

tion (see chapter “Atrioventricular septal “Partial anomalous pulmonary venous con-

defects”).                                         nection”).

36     z   Atrial septal defect

z Pre-operative information not well tolerated and needs general anesthe-

sia in children.

Ostium secundum atrial septal defect is The anatomical evaluation of the atrial

usually sufficiently evaluated, mainly in chil- septum by MRI includes location, size and

dren, by transthoracic echocardiography for number of the atrial septal defects by both

diagnosis and indication to management, cine MRI sequences and “black blood” static

even if percutaneous transcatheter occlusion images performed with breath-holding and

of secundum atrial septal defects has in-    ECG-gating (Fig. 3.3.1). creased the need for accurate anatomic in- Optimal images are necessary to avoid

formation of the defect size, morphology, overestimation of the defect’s size. It has

and spatial relationships. been reported that the spin-echo measure-

However, a few recent reports proposed ments resulted in significantly larger defect

evaluating the ostium secundum atrial septal sizes compared with the reference standards,

defect by MRI prior to attempting percuta- and the discrepancy was attributed to “sig-

neous closure to correctly identify those nal dropout” in the thin portion of the sep-

patients not suitable for such a procedure tum. Therefore, in some studies defect size

due to anatomical problems. This approach and rim measurements were assessed using

can result in the avoidance of unneeded velocity encoded cine MRI oriented in the

invasive and radiologic ionizing procedures    plane of the atrial septum for en face visuali-or transesophageal echocardiography which, zation and in orthogonal planes for the dis-

although more accurate but semi-invasive, is    tance from adjacent structures.
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Fig. 3.3.1. Ostium secundum atrial septal defect. Cine MRI short-axis view of the atrial septum (a), 4-chamber view (b), and “black blood” (fast spin echo) oblique sagittal plan of

[image: ]

the atrial septum (c). Note the ostium secundum atrial defect

c                                                                    (asterisk) (LA left atrium, RA right atrium, asterisk = defect)
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In order to quantify the shunt, a commer-
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cially available gradient-echo phase velocity

mapping ECG-triggered sequence is used for

the blood flow determination at the pulmo-

nary and aortic levels (for calculation of the

pulmonary-to-systemic flow ratio = QP/QS).

QP/QS can also be derived from the right

and left ventricular stroke volumes calcu-

lated from the short-axis cine stack of

the ventricles, paying close attention to

consider the potential presence of atrioven-

tricular valve regurgitation. This image se-

ries can also help to obtain a qualitative esti-

mate of right ventricular systolic pressure    Fig. 3.3.2. Ostium primum atrial septal defect. Axial cine based on the configuration of the ventricular    MRI 4-chamber view showing a large ostium primum atrial septum.                                     septal defect (asterisk) (LA left atrium, RA right atrium, aster-

Cardiac MRI is particularly indicated in    isk = defect) patients with echocardiographic diagnosis of

suspected ostium primum atrial septal defect
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(Fig. 3.3.2) and sinus venous atrial septal de-

fect (Fig. 3.3.3), in order to visualize both

the defect and the pulmonary venous return

in detail as well as to correctly quantify the

left to right shunt and the volume overload

imposed to the right heart. Moreover as a

first-line diagnostic tool for the evaluation

of the pulmonary veins, MRI is particularly

useful in patients with right ventricular vol-

ume overload in whom transthoracic echo-

cardiography cannot clarify its cause.

In patients with atrial septal defect, a

comprehensive cardiovascular MRI investiga-

tion considers the following protocol:

z 3-plane localizing images,

z 2-dimensional axial Time-of-flight Angio-    Fig. 3.3.3. Sinus venosus atrial septal defect. Axial cine MRI graphy mainly to evaluate the pulmonary showing the sinus venous atrial septal defect (asterisk) as a

veins (see appendix in “Introduction”),        lack of septation between the superior vena cava and the z oblique axial and para-sagittal fast spin    pulmonary veins. Note the right upper pulmonary veins

echo and segmented k-space cine steady-    draining to the superior vena cava at the right atrium junc-

state free precession pulse sequences at    tion level (LA left atrium, RUPV right upper pulmonary veins,

SVC superior vena cava)

the atria level for anatomical detail of

atrial septal defect and pulmonary venous

connections and their relationship,

z ECG-gated phase contrast velocity map-      of both ventricular dimensions and func-

ping MRI sequence parallel to the atrial      tions, and stroke volumes,

septum plane in order to better delineate    z ECG-gated phase contrast velocity map-

the size, shape and rims of the defect,           ping MRI sequences perpendicular to the z ECG-gated cine steady-state free preces-      main pulmonary artery, ascending aorta,

sion sequences for quantitative assessment      pulmonary branches, to assess QP/QS, 38     z   Atrial septal defect
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Chapter 3.4 U

nroofed coronary sinus

 

z Definition
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Complete form: the common wall between the coronary sinus and the left atrium (roof

of the coronary sinus) is totally absent.

Partial form: an opening is present in the mid-portion of the wall between the coro-

nary sinus and the left atrium (also called

biatrial opening of coronary sinus or coro-

nary sinus to left atrial fenestration).

Associated cardiac anomalies: persistent left

superior vena cava (very frequent), atrial

septal defect, common atrium, partial or

complete atrioventricular septal defect, mi-

tral stenosis, mitral atresia, tricuspid atresia,

tetralogy of Fallot, atrial isomerism.

 

z Surgical options

Surgical repair can be accomplished with

two techniques:

z complete excision of the entire atrial sep-

tum except for a rim of the anterior lim-

bus, in order to preserve the conduction

system, followed by suture of a pericardial

or synthetic patch as a repositioned atrial

septum, leaving all three caval vein ori-

fices on the right site of the patch;

z re-routing the coronary sinus to the roof

of the left atrium, by using the incised

atrial septum, and then reconstructing an    Fig. 3.4.1. Unroofed coronary sinus. CT scan, contrast angiog-

atrial septum with a pericardial or syn- raphy, axial views showing the persistent left superior vena cava

thetic patch. (a) and the unroofed coronary sinus (b, arrow) (Ao aorta, LSVC

persistent left superior vena cava, LV left ventricle, RA right at-

Alternative surgical techniques consist of rium, RV right ventricle) (reproduced with permission from Bran-

caccio G, Miraldi F, Ventriglia F, Michielon G, di Donato RM, de

transection of the persistent left superior Santis M (2003) Multidetector-row helical computed tomography

vena cava and its anastomosis to the right imaging of unroofed coronary sinus. Int J Cardiol 91:251–253

Pre-operative information     z      41

superior vena cava, to the right auricular ap-       When the presence of persistent left supe-pendage, or directly to the left pulmonary    rior vena cava is diagnosed, especially if artery.                                               associated with situs abnormalities, an un-

roofed coronary sinus always has to be ruled

out and this could be a difficult task with

z Pre-operative information                 echocardiography. In these cases, CT scan

(Fig. 3.4.1) and MRI (Fig. 3.4.2) should be

The anatomy of the coronary sinus and its    considered as the first-line diagnostic tools tributary veins can be evaluated using CT.    due to the high resolution images, indepen-The most frequent observation (63% of the    dent of body size and the location of the tar-cases) is the separate insertion of the coro-    geted structure. A few reports have been nary sinus and the small cardiac vein in the    published regarding CT and MRI diagnosis right atrium. The second most frequent ap-    of unroofed coronary sinus, generally asso-pearance (29%) is the continuity of the ante-    ciated with complex congenital heart disease. rior and posterior venous system at the crux    However, unroofed coronary sinus is often cordis. Less frequent (8%) is the absence of    an intraoperative finding. a connection between the posterior interven-

tricular vein and the coronary sinus.
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Fig. 3.4.2. Unroofed coronary sinus (reproduced with permis-     roofed coronary sinus: three cases. Pediatr Cardiol 21:382– sion from Hahm JK, Park YW, Lee JK, Choi JY, Sul JH, Lee SK,     387) Cho BK, Choe KO (2000) Magnetic resonance imaging of un-

42     z   Unroofed coronary sinus
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Fig. 3.4.4. Unroofed coronary sinus, status post repair. MR angiography with maximal intensity projection reconstruction

[image: ]

showing the coronary sinus re-routing to the right atrium

(CS coronary sinus, LA left atrium, LV left ventricle, RA right atrium, SVC superior vena cava)

 

z Potential complications

Obstruction of the persistent left superior

Fig. 3.4.3. Status post repair of unroofed coronary sinus. a vena cava and/or of the left pulmonary veins,

CT scan, contrast angiography, coronal projection showing residual or recurrent atrial septal defect, air

the reconstruction of the unroofed coronary sinus with a

patch creating a tunnel inside the left atrial chamber (white embolism, supraventricular arrhythmias.

arrows) to deviate the venous return of the persistent left

superior vena cava to a new connection with the right at-

rium (black arrow). b CT scan in the same patient, with 3-di-         Post-operative follow-up z mensional reconstruction contrast angiography, posterior cor-onal projection showing the reconstruction of the unroofed

coronary sinus with a patch creating a tunnel inside the left CT scan (Fig. 3.4.3) and MRI (Fig. 3.4.4) can

atrial chamber (blue arrows) to deviate the venous return of be useful to visualize the surgical recon-

the persistent left superior vena cava to the right atrium struction with the deviation of the venous

(DTA descending thoracic aorta, IA innominate artery, LA left return from the persistent left superior vena

atrium, LCA left carotid artery, LPA left pulmonary artery, LSA cava to the right atrium, and to rule out the

left subclavian artery, PLSVC persistent left superior vena cava, RA right atrium, RPA right pulmonary artery, SVC supe- presence of residual obstructions and/or in-

rior vena cava) (photographs courtesy of Dr. Mohamed Tawil)     tracardiac shunts.
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trioventricular septal defect

 

z Definition                                   z Surgical options

Types of atrioventricular septal defect ac- In the presence of a complex anatomical sit-

cordingly with the Anderson classification: uation, like right or left ventricular domi-

z Separate atrioventricular orifices, shunting nance, or associated cardiac malformations

at the atrial level: ostium primum defect, (e.g., aortic coarctation or aortic arch inter-

three leaflet left atrioventricular valve (so- ruption) or in patients very ill because of re-

called mitral valve with cleft anterior leaf- peated infections and/or associated noncar-

let). diac malformations, the palliative approach

z Separate atrioventricular orifices, shunting with pulmonary artery banding can be con-

at the atrial and ventricular levels: ostium sidered as an alternative. Pulmonary artery

primum defect, space between superior banding can be accomplished with the con-

and inferior bridging leaflets of the left at- ventional technique of implanting a tape

rioventricular valve, inlet ventricular sep- around the main pulmonary artery or with a

tal defect partially or almost completely telemetrically adjustable device (FloWatch®,

closed by fibrous tissue of the atrioven-    EndoArt, Lausanne, Switzerland).

tricular valve. In all cases the surgical approach for re-

z Common atrioventricular orifice, shunting pair is from a right atriotomy. In the case of

at atrial and ventricular levels: ostium pri- the double patch technique, a prosthetic

mum defect, common atrioventricular patch (PTFE, Dacron, Teflon) is used for the

valve, unrestrictive inlet ventricular septal ventricular component and a biological

defect (Fig. 3.5.1). patch (autologous or heterologous pericar-

dium) for the atrial component. In the case

Associated anomalies of the single patch technique, either a pros-

Patent ductus arteriosus, tetralogy of Fallot or thetic or biological patch is used according

double outlet right ventricle with ventriculo-    to the surgical preferences. arterial concordance (more frequent in   z Separate atrioventricular orifices, shunting Down’s syndrome), left ventricular outflow      at the atrial level: patch closure of ostium tract obstruction (more frequent in patients primum ± suture of the space between the

with separate atrioventricular orifices and      bridging leaflets (“cleft”). those without Down’s syndrome), unbalanced    z Separate atrioventricular orifices, shunting ventricles (right ventricular dominance more      at atrial and ventricular levels: as above frequent in patients without Down’s syn- with patch closure of the ventricular sep-

drome), persistent left superior vena cava      tal defect. with or without unroofed coronary sinus, ad-

ditional muscular ventricular septal defects,

accessory left atrioventricular valve, single

papillary muscle in the left ventricle.

Pre-operative information     z      45

generally provides enough information for

[image: ]

the decision-making process without the re-

quirement for other investigations, unless as-

sociated cardiac malformations or the pres-

ence of elevated pulmonary vascular resis-

tance are suspected.

Cardiac MRI could be useful in case of

isomerism, not rare in such patients, in or-

der to delineate systemic and pulmonary ve-

nous connections, and whenever more ana-

tomical details are requested, such as in

other congenital heart defects. The goal of

Fig. 3.5.1. Atrioventricular septal defect. CT scan, 4-chamber     MRI, therefore, is to visualize the systemic view, showing the complete atrioventricular septal defect     and pulmonary venous connections, quantify (IVS inter-ventricular septum, LA left atrium, LV left ventricle,      the ventricular volumes and functions par-RA right atrium, RV right ventricle) (photograph courtesy of Dr. Mohamed Tawil)                                           ticularly in unbalanced ventricular cham-

bers, visualize the left ventricular outflow

tract, and determine the precise relationship

z Common atrioventricular orifice, shunting    between the ventricular septal defect and the

at atrial and ventricular levels:                 ventricular outflow tract.

single patch closure of atrial and ventricu-       To achieve these goals we propose the fol-

lar septal defects, division of the bridging    lowing cardiac MRI protocol:

leaflets and resuspension to the patch,    z 3-plane localizing images,

with or without suture of the so-called      2-dimensional axial Time-of-flight Angio-

“cleft”                                                  graphy (see the appendix in the “Introduc-

or:                                                 tion”),

double patch closure of atrial and ventri-    z ECG-gated cine steady-state free preces-

cular septal defects, bridging leaflets      sion sequences in the 2-chamber and 4-

“sandwiched” between atrial and ventricu-      chamber planes, and ventricular short axis

lar patches, with or without suture of the      for the quantitative assessment of both the

so-called “cleft”.                                     ventricular   dimensions,   function   and

In both techniques: test the competence      stroke volume (Fig. 3.5.2), as illustrated in

of the left atrioventricular valve with in-      the appendix of the “Introduction”,

jection of saline solution under pression    z ECG-gated cine steady-state free preces-

in the left ventricle; in case of significant       sion and static fast spin echo sequences

regurgitation, adjust the repair by shifting       on additional planes are often required to

the valvular leaflets with additional su-      better determine the anatomy of the os-

tures; caution should be used to avoid      tium primum defect (Figs. 3.5.2 and

creating left atrioventricular valvular ste-      3.5.3), the location of the coronary sinus,

nosis or subvalvular aortic stenosis.              the anatomy of the ventricular septal de-

fect (Fig. 3.5.4) and its relationship with

the great arteries,

z Pre-operative information                 z ECG-gated cine steady-state free preces-

sion double-oblique sequences on two

Pre-operative echocardiographic evaluation      perpendicular planes to visualize the left of patients with atrioventricular septal defect       ventricular outflow tract (Fig. 3.5.2), 46     z   Atrioventricular septal defect
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c
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Fig. 3.5.2. Atrioventricular septal defect with common atrio- steady-state free precession double-oblique sequences of left

ventricular orifice and hypoplastic left ventricle. MRI cine ventricular outflow tract showing the typical goose-neck ap-

steady-state free precession 4-chamber view (a) and ventric-     pearance of the left ventricular outflow tract (c) (Ao aorta, ular short-axis view (b) showing the ostium primum defect     LA left atrium, LV left ventricle, RA right atrium, RV right ven-(asterisk) and the presence of hypoplastic left ventricle; cine     tricle)

Post-operative follow-up     z      47
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Fig. 3.5.3. Atrioventricular septal defect with two separate     atrioventricular orifices without ventricular component, os-atrioventricular valves orifice. MRI cine steady-state free pre-      tium primum atrial septal defect (asterisk) and cleft of the cession 4-chamber view (a) and ventricular short-axis view     mitral valve (arrow) (LA left atrium, LV left ventricle, RV right (b) showing an atrioventricular septal defect with separate     ventricle)

 

z ECG-gated phase velocity contrast MRI se-

[image: ]

quences perpendicular to the main pul-

monary artery and ascending aorta to cal-

culate the QP/QS,

z Gadolinium-enhanced 3-dimensional MRA

for the evaluation of pulmonary and sys-

temic venous connections if required.

 

z Potential complications

Residual or recurrent atrial and/or ventricu-

lar septal defect, complete atrioventricular

block, left atrioventricular valvar regurgita-

tion and/or stenosis, left ventricular outflow

tract obstruction, pulmonary arterial hyper-

Fig. 3.5.4. Atrioventricular septal defect with single atrioven-      tensive crisis. tricular orifice. MRI fast spin echo 4-chamber view showing

the common atrioventricular valve, a large ostium primum

defect (asterisk) and a huge ventricular septal component (§)     z Post-operative follow-up (LV left ventricle, RV right ventricle)

Post-operative echocardiography after repair

of atrioventricular septal defect generally

provides all the required information on the

adequacy of the surgical procedure.

MRI could be useful in the presence of re-

sidual intracardiac defect to quantitate the

residual intracardiac shunt, to evaluate resid-

48     z   Atrioventricular septal defect

ual    atrioventricular    valve   regurgitation (Fig. 3.5.5), to visualize the left ventricular

[image: ]

outflow tract and to quantify the ventricular

volumes and functions particularly in unba-

lanced ventricular chambers.
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Chapter 3.6 V

entricular septal defect

 

z Definition                                   z Doubly committed juxtaarterial ventricular

septal defect: defect limited superiorly by

z Perimembranous ventricular septal defect: fibrous continuity between the leaflets of

the membranous septum is very small, the pulmonary and aortic valves, because

therefore, ventricular septal defects usually of absence of the outlet septum and the

extend into the surrounding muscle sep- septal component of the subpulmonary in-

tum, and this is called perimembranous fundibulum; can have a muscular posteri-

ventricular septal defect; or rim or can extend to become perimem-

this type of ventricular septal defect is the       branous.

most common after infancy, accounting    z Multiple ventricular septal defects: combi-

for 75% of all ventricular septal defects; nation of multiple muscular defects or of

defect surrounding the membranous sep- one or more muscular defect(s) co-exist-

tum, at the meeting point of the three ing with perimembranous or juxtaarterial

right ventricular components (inlet, apical       defects.

trabecular and outlet); the diagnostic fea-    z Inlet ventricular septal defects: (see chapter

ture is fibrous continuity between the leaf-      “Atrioventricular septal defects”)

lets of the aortic and tricuspid valves; can

extend to open mostly to the inlet or out-

let of the right ventricle, or can be conflu- A ventricular septal defect may coexist with

ent, nearly all varieties of congenital heart dis-

juxta-crux ventricular septal defect: partic- ease, but the interventricular communication

ular posterior perimembranous defect as- is only considered the primary lesion when

sociated with straddling and overriding of the left-to-right shunt at the ventricular level

the tricuspid valve; diagnostic feature is    is the dominant hemodynamic lesion.

malalignment between the atrial and ven- Atrial septal defect, partial (or total)

tricular septum. anomalous pulmonary venous connection,

z Muscular ventricular septal defect: infundibular or pulmonary valvular stenosis,

this is the second most common type of double-chambered right ventricle, mitral ste-

ventricular septal defect after infancy; in nosis, discrete (fibrous) subvalvar aortic ste-

infancy, muscular ventricular septal defect nosis, aortic valvular regurgitation (Laubry-

is the most frequent type, but most of Pezzi syndrome), aneurysm of the sinuses of

them, very small in size, undergo com- Valsalva (right coronary sinus is the most

plete spontaneous closure; a defect, which common), patent ductus arteriosus, aortic

has completely muscular rims, can be si- coarctation, aortic arch hypoplasia or inter-

tuated anywhere within the septum, but ruption are the commonest lesions which

can be subdivided into those opening to complicate ventricular septal defect seen as

the inlet, trabecular or outlet components    the primary lesion.

of the right ventricle.

50     z   Ventricular septal defect

z Surgical options ment, and with the size of the ascending

aorta.

In the presence of complex anatomical situa-    z Multiple ventricular septal defects: tions (e.g., like multiple ventricular septal – multiple or large single patch closure of

defects), associated cardiac malformations the defects through a right atriotomy,

(e.g., aortic coarctation or aortic arch inter- – more rarely through a right ventriculoto-

ruption) or in patients very ill because of re-         my, peated infections and/or associated non-car- – very rarely through an apical left ven-

diac malformations, the palliative approach        triculotomy. with pulmonary artery banding can be con-

sidered as an alternative. Pulmonary artery    z Preoperative information banding can be accomplished with the con-

ventional technique of implanting a tape

around the main pulmonary artery or with a Transthoracic echocardiography is the pri-

telemetrically adjustable device (FloWatch®, mary diagnostic imaging modality in pa-

EndoArt, Lausanne, Switzerland). tients with suspected or known ventricular

For the surgical repair, the defect is gener- septal defects, in order to provide informa-

ally closed with a patch (heterologous peri- tion on the location and extent of the defect,

cardium, PTFE, Dacron, Teflon) sutured with and on the potential presence of associated

interrupted or running sutures, according to cardiac malformations. Echocardiography is

the surgeon’s preferences. Direct closure with usually also sufficient for the decision-mak-

pledgeted interrupted sutures (reinforced) is ing process related to the patient’s manage-

used only for very small defects.                 ment. z MRI and CT scan can be useful in defin- Perimembranous ventricular septal defect:

– patch closure of the defect through a ing the location of the ventricular septal de-

right atriotomy with tricuspid valve re- fect in order to distinguish between peri-

traction (or rarely disinsertion), membranous ventricular septal defect (Fig.

– patch closure through right ventriculoto- 3.6.1), muscular (Fig. 3.6.2), doubly com-

my in case of associated infundibular ob- mitted juxtaarterial, and inlet type of ventri-

struction requiring right ventriculotomy    cular septal defect. for relief.

z Muscular ventricular septal defect:

– patch closure of the defect through a
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right atriotomy with tricuspid valve re-

traction,

– more rarely through a right ventriculoto-

my,

– very rarely through an apical left ven-

triculotomy.

z Doubly committed juxtaarterial ventricular

septal defect: patch closure of the defect

through a right atriotomy with tricuspid

retraction or through an aortotomy or

through an incision of the main pulmo-

nary artery, based on the position of

 

the defect and its relationship with the    Fig. 3.6.1. Ventricular septal defect. CT scan, axial view, semilunar valves, with the need for treat-showing a large perimembranous subaortic ventricular septal ment of prolapsed aortic leaflet or of a defect (arrow) ( Ao aorta, LA left atrium, LV left ventricle,

right ventricular outflow tract enlarge-    PVs pulmonary veins, RV right ventricle)
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Fig. 3.6.2. Ventricular septal defect. CT scan, axial 4-chamber view, showing a midmuscular ventricular septal defect
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(arrows) (LA left atrium, LV left ventricle, RA right atrium, RV right ventricle)

MRI is useful to noninvasively quantify

the intracardiac shunt, specially in the pres-

ence of small ventricular septal defects with

borderline indications for repair, as well as

in patients with a poor acoustic window for

echocardiography.

MRI in fact, thanks to its capability to 3-

dimensionally image the intracardiac anato-

my with high resolution, can also provide

useful anatomical details on the ventricular

septal defect, particularly related to its posi-

tion as well as its relationship to adjacent

key structures, such as atrioventricular or

semilunar valves, and the potential associa-

tion of intracardiac lesions, such as pro-

lapsed aortic valve leaflets. This can be par-

ticularly useful for the decision-making pro-

cess with respect to the choice of the tech-

nique to close the ventricular septal defect,

 

Fig. 3.6.3. Muscular ventricular septal defect. MRI fast spin echo 4-chamber view (a) showing a small muscular ventricu-lar septal defect (asterisk); the same defect viewed en face from the right ventricular aspect in fast spin echo (b) and cine steady-state free precession (c). The left-to-right shunt (QP/QS) evaluated by phase velocity mapping at the aortic

and pulmonary artery level was 1.4 : 1. This defect was

scheduled for percutaneous interventional closure (Ao aorta, LV left ventricle, RA right atrium, RV right ventricle)

52     z   Ventricular septal defect

percutaneous interventional or surgical tech- tion, and for calculation of stroke vol-

nique, or in case of complex anatomy. umes, following the steps as indicated in

To achieve these goals the cardiac MRI      the “Introduction”, protocol is the following:                         z ECG-gated cine steady-state free preces-z 3-plane localizing images, sion and fast spin echo sequences on ad-

z 2-dimensional axial Time-of-flight Angio- ditional planes are often required to better

graphy (see appendix in the “Introduc-

tion”),

z ECG-gated cine steady-state free preces-

sion sequences for quantitative assessment

of both ventricular dimensions and func-
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*

 

Fig. 3.6.6. Multiple ventricular septal defect, status post pul-monary artery banding. Cine steady-state free precession

right ventricular outflow tract MRI showing a narrow pulmo-

Fig. 3.6.4. Perimembranous ventricular septal defect. MRI     nary banding (asterisk) (RV right ventricle) fast spin echo 3-chamber view of perimembranous septal de-

fect (asterisk), partially closed by fibrous accessory tissue (ar-

row). The left-to-right shunt (QP/QS) evaluated by phase ve-

locity mapping was 1.2 : 1. The left ventricular volume was in

the normal range (Z-value in diastole = +1) (LA left atrium, LV left ventricle)
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Fig. 3.6.7. Small residual ventricular septal defect. Cine gra-dient MRI 3-chamber view showing a narrow jet (arrow)
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Fig. 3.6.5. Ventricular septal defect, status post pulmonary through a small residual leak around the patch used to close
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artery banding. CT scan, axial projection, showing the inden- the ventricular septal defect. The left-to-right shunt (QP/QS)

tation of the pulmonary artery banding on the main pulmo-     evaluated by phase velocity mapping was 1.45 : 1 (Ao aorta, nary artery (arrows)                                                LV left ventricle, RV right ventricle)
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a                                     b

Fig. 3.6.8. Ventricular septal necrosis, status post closure of     anterior part of the interventricular septum (arrows) corre-ventricular septal defect. Post gadolinium delayed enhance-     sponding to a dyskinetic area at the cine sequence (LV left ment MRI after surgical closure of a ventricular septal defect,     ventricle, RV right ventricle) showing a large area of transmural fibrosis (a, b) in the
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a                               b
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Fig. 3.6.9. Iatrogenic superior vena cava occlusion, status-post closure of ventricular septal defect. Time of Flight multi-planar
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reformatted MRI sagittal (a) and coronal (b) view of iatrogenic complete occlusion of the Superior Vena Cava after surgical clo-

sure of ventricular septal defect. Note the dilated azygos vein

draining all the superior systemic venous return. Respiratory

symptoms were due to the right bronchial compression by

the dilated azygos vein, as illustrated in the para-axial Fast Spin

Echo imaging (c).

LV = left ventricle, RA = right atrium, SVC = superior vena cava             c

 

define the anatomy of the ventricular sep-      cases, since turbulent high velocity flow is

tal defect along its axis and en face as well       always present, it can be useful to use gra-

as its relationship with the great arteries,       dient echo enhanced sequences (instead of

the atrioventricular valves and the adja-      steady-state free precession), provided that

cent structures; however very small de-      the echo time is long enough to allow for

fects may be difficult to resolve. In these      sufficient spin de-phasing, 54     z   Ventricular septal defect

z ECG-gated double-oblique cine steady- Bonnet D, Corno AF, Sidi D, Sekarski N, Beghetti M,

state free precession and fast spin echo se- Schulze-Neick I, Fasnacht M, Le Bret E, Kalangos A,

quences on two perpendicular planes can sults of telemetric adjustable pulmonary artery  Vouhé PR, von Segesser LK (2004) Early clinical re-
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and provide details of perimembranous Cicini MP, Giannico S, Marino B, Iorio FS, Corno AF,

ventricular septal defect (Figs. 3.6.3 and Marcelletti C (1992) “Acquired” subvalvular aortic

3.6.4),                                                  Chest 101:115–118 stenosis after repair of a ventricular septal defect. z ECG-gated phase velocity contrast MRI se- Corno AF, Sekarski N, Bernath MA, Payot M, Tozzi P,
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etralogy of Fallot

 

z Definition lus is typically small in tetralogy of Fallot

and the leaflets are deformed. In contrast to

In anatomic terms, the malformation is pulmonary valvular stenosis, the main pul-

characterized by four constant features: sub- monary artery and the branch pulmonary

pulmonary infundibular stenosis, ventricular arteries are small. There might be branch

septal defect, rightward deviation of the aor- pulmonary artery stenosis as well as periph-

tic valve with a biventricular origin of its eral pulmonary artery stenosis in addition to

leaflets, and right ventricular hypertrophy. the right ventricular outflow tract and pul-

Although all hearts have comparable fea- monary valvular stenosis. Bronchial arterial

tures, the malformation represents a morpho- collaterals which connect to the peripheral

logical spectrum, with one morphological pulmonary arteries are sometimes present.

hallmark which unifies the overall entity: The main pulmonary artery is occasionally

the anterocephalad deviation of the infundib- atretic and the pulmonary arteries are fed

ular septum, the muscular structure separat- either by patent ductus arteriosus or collateral

ing the subaortic and pulmonary outlets, rel- vessels. The aortic valve is typically large.

ative to the rest of the muscular septum. The most frequently associated anomalies

Although unified in the sense of the septal are atrial septal defect or patent foramen

malalignment, the patients with tetralogy of ovale (40% of the patients), right aortic arch

Fallot have significant variations in the pre- (25%), anomalous coronary arteries (10%),

cise anatomy of the ventricular septal defect, persistent left superior vena cava (8%), and

the nature of pulmonary infundibular and major aortopulmonary collateral arteries

valvular stenosis, and the degree of aortic with an extremely variable incidence, mostly

override, which account for the differences correlated with the degree and duration of

in hemodynamic consequences. the cyanosis. Other associated malforma-

The ventricular septal defect is located in tions rarely reported are anomalous pulmo-

the membranous septum; it is subaortic and nary venous connection, supravalvular mi-

sometimes extends to the subpulmonic valve tral stenosis, cor triatriatum, atrioventricular

area. The ventricular septal defect is large, at septal defect, multiple ventricular septal

least as large as the aortic valve, causing defects, restrictive ventricular septal defect,

equalization of left and right ventricular hypoplastic or absent infundibular septum,

pressures. The right ventricular outflow tract fibromuscular subaortic stenosis, valvular

is hypoplastic and almost always obstructive. aortic stenosis, valvular aortic regurgitation,

Occasionally at birth the right ventricular aortopulmonary window, patent ductus ar-

outflow tract shows no significant obstruc- teriosus, aortic coarctation, vascular ring,

tion and results in the so-called “pink” tet- non-confluent pulmonary arteries, and anom-

ralogy of Fallot. The pulmonary valve annu- alous origin of the left subclavian artery.
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z Surgical options                            z Pre-operative information

z Palliative treatment:   systemic-to-pulmo-    In addition to the demographic and clinical nary artery shunt, consisting in a classical    data, the following morphologic information (nowadays almost abandoned) or modified    is required in order to plan surgical repair: Blalock-Taussig anastomosis with interposi-    z size and morphology of entire right ven-tion of a PTFE tubular prosthesis between      tricular outflow tract, the pulmonary valve the subclavian artery and the ipsilateral pul-       and annulus, the main pulmonary artery monary artery.                                   and its branches (Figs. 3.7.1 and 3.7.2),

z the origin and course of the main coro-

z Repair: consists of two main steps: a)      nary arteries (Fig. 3.7.3), particularly the patch closure of the ventricular septal defect       presence of a major branch crossing the from a transatrial-transpulmonary or from      infundibulum, transventricular approach with longitudinal    z the end-diastolic volume of the left ventri-ventriculotomy; b) right ventricular outflow      cle. tract reconstruction. This can be performed

with different techniques:                        To better plan a palliative procedure, gener-z from the right atrium and/or from the   ally a modified Blalock-Taussig shunt, the

pulmonary artery (transatrial-transpulmo-    following information is required:

nary approach) or from the right ventricle    z the side of the aortic arch (Fig. 3.7.2 c),

(transventricular approach): incision with    z presence of an anomalous subclavian ar-

resection of the heavy trabeculations that      tery,

bind the infundibular septum to the ante-    z size and morphology of the pulmonary ar-

rior right ventricular wall,                        teries, and in particular the presence of ste-z infundibular (pericardial or synthetic) patch       notic origin of one of them (Figs. 3.7.2 c

enlargement (transventricular approach),        and 3.7.4). z transannular (pericardial or synthetic,

with or without monocusp) patch enlarge-
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ment   (transatrial-transpulmonary   and

transventricular approach) in case of in-

adequate size of the pulmonary valve an-

nulus, measured with Hegar dilators, after

pulmonary valvotomy performed from the

pulmonary artery (transatrial-transpulmo-

nary approach) or from the right ventricle

(transventricular approach),

z pulmonary arteries enlargement in case of

inadequate size (measured with Hegar di-

lators), with prolongation of the transan-

nular patch in case of an inadequate left

pulmonary artery, with a separate patch

in case of inadequate right pulmonary ar-

tery,

z valved conduit, generally biologic, inter-    Fig. 3.7.1. Tetralogy of Fallot. CT scan, sagittal projection,

posed between the right ventriculotomy    showing severe obstruction of the right ventricular outflow

and the pulmonary artery bifurcation, to    tract, with practically pulmonary atresia (arrow); the size of

bypass an anomalous coronary artery.        (diameter = 9.9 mm) by the presence of functioning modified the main pulmonary artery has been adequately maintained

Blalock-Taussig shunt (LV left ventricle, RV right ventricle) (photograph courtesy of Dr. Mohamed Tawil)

58     z   Tetralogy of Fallot

 

a                                   b                                   c

Fig. 3.7.2. Tetralogy of Fallot. Cardiac MRI with steady-state     monary artery, and the presence of right aortic arch (AO aor-free precession showing (a) oblique projection with the aorta     ta, DAo descending aorta, LPA left pulmonary artery, LV left overriding a malalignment ventricular septal defect (asterisk),     ventricle, MPA main pulmonary artery, PV pulmonary valve, (b) sagittal projection with severe infundibular and pulmo-     RPA right pulmonary artery, RV right ventricle, VSD ventricular nary valve stenosis, and (c) 3-dimensional MR angiography,     septal defect) axial view, with severe hypoplasia of the main and right pul-
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and cardiac MRI are useful in both pre-op-
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erative and post-operative assessment of tet-

[image: ]

ralogy of Fallot, with the focus of the inves-
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tigations being different.

The CT scan and MRI can provide full

visualization of the pulmonary arteries, par-

ticularly of the proximal segment of the left

pulmonary artery, a frequent blind spot for

both transthoracic and transesophageal echo-

cardiography.

In most patients with tetralogy of Fallot,

the central questions are to delineate all the

sources of pulmonary blood flow (pulmonary

arteries, aortopulmonary collaterals and duc-

tus arteriosus) and the origin and course of

Fig. 3.7.3. the main coronary arteries (Fig. 3.7.3). Spin  Tetralogy of Fallot with normal coronary arteries.

Cardiac MRI multiplanar reformatted time of flight acquisition echo and 2-dimensional gradient echo cine

showing normal origin and pattern of the coronary arteries MRI techniques provide excellent imaging of

in an infant with tetralogy of Fallot. Note the origin of the the central pulmonary arteries and major

right coronary artery with anterior and leftward rotation (CA aortopulmonary collaterals. However, these

coronary artery) MRI techniques require relatively long scan

times for complete anatomical coverage, and

While in infants echocardiography generally small arteries (diameter less than 2 mm)

provides all the necessary diagnostic infor- may not be identified. Furthermore, these 2-

mation for surgical palliation or repair, its dimensional techniques are suboptimal for

role is limited in children and adolescents imaging long and tortuous blood arteries,

with tetralogy of Fallot, in whom the acous- some of which arise from the brachiocephalic

tic windows are frequently limited; CT scan arteries or from the abdominal aorta. Con-
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quantitative assessment of both ventricu-
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lar dimensions, function and stroke vol-

ume, as illustrated in the appendix of the

“Introduction”,

z ECG-gated cine steady-state free preces-

sion and static fast spin echo sequences

on additional planes to better delineate

the morphology of the right ventricular

outflow tract,

z ECG-gated static isotropic 3-dimensional

steady-state free precession for the evalua-

tion of origin and proximal course of the

Fig. 3.7.4. Tetralogy of Fallot with stenotic origin of the left         coronary arteries, pulmonary artery. CT scan, axial projection, showing the     z Gadolinium-enhanced 3-dimensional MRI severe stenosis at the origin of the left pulmonary artery

(arrow) (AAo ascending aorta, LPA left pulmonary artery,        for the evaluation of the pulmonary ar-MPA main pulmonary artery, RPA right pulmonary artery)        teries, as well as the side of the aortic (photograph courtesy of Dr. Mohamed Tawil)                        arch and any abnormal source of pulmo-

nary blood flow.

trast CT scan and gadolinium-enhanced 3-di-

mensional MRI are ideally suited to image    z Potential complications these arteries as well as the aortic arch sided-

ness and the subclavian artery for the pre-pal-    z Palliation    (systemic-to-pulmonary   artery liation evaluation (Fig. 3.7.2 c). Compared    shunt): inadequate pulmonary blood flow with conventional angiography, MRI have    (insufficient, excessive or nonhomogeneous), proved to be highly accurate in depicting all    pulmonary artery distortion, inadequate sources of pulmonary blood flow in patients    growth of the pulmonary arteries, acquired with complex pulmonary stenosis or atresia,    pulmonary atresia.

 

including infants with multiple small aorto-      Repair: z residual or recurrent ventricular pulmonary collaterals. septal defect (patch dehiscence or separate When the origin and proximal course of defect), residual or recurrent right ventricu-the left and right coronary arteries are not lar outflow tract obstruction, complete atrio-known from other previous imaging studies, ventricular block, arrhythmias, aneurysm of they should be imaged either by a gradient right ventricular outflow patch, pulmonary echo sequence designed for coronary imag-valve insufficiency. ing or by a fast spin echo sequence. Particu-lar attention should be paid to rule out the    Late complications after repair: presence of a major coronary artery crossing    z pulmonary valve regurgitation: long stand-the right ventricular outflow tract.                  ing pulmonary valve regurgitation, partic-

The cardiac MRI protocol currently used      ularly after repair with transannular patch in patients with tetralogy of Fallot is the fol-       enlargement, can determine right ventric-lowing:                                           ular dilatation and failure, with or without z 3-plane localizing images,                       subsequent tricuspid valve regurgitation, z 2-dimensional axial Time-of-flight Angio-      requiring re-operation to insert a valve or

graphy (see the appendix in the “Intro-      a biological valve conduit in pulmonary

duction”),                                        valve position, z ECG-gated cine steady-state free preces-    z arrhythmias: supraventricular and ventric-

sion sequences in 2-chamber, 4-chamber      ular arrhythmias can occur years after re-

planes, and ventricular short axis for the      pair, requiring treatment.
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z Post-operative follow-up

z After palliation: Because the course of tor-tuous arteries of variable caliber can be seen

in a single image, multidetector row CT or

cardiac MRI with multiplanar and 3D vol-

ume rendering images are valuable to facili-

tate the identification of surgically created

systemic-to-pulmonary artery shunts and the

relationships of the shunts to the heart and

to the pulmonary arteries (Fig. 3.7.5), and

the presence of stenosis or kinking along the

tubular prosthesis (Figs. 3.7.6 and 3.7.7).

Post-operative CT or MRI can demonstrate

the presence of a false aneurysm at the level

of the subclavian artery origin of a modified

Blalock-Taussig shunt.

In the presence of a perigraft seroma

(sterile collection of fluid in a nonsecretory

wall surrounding the tubular prosthesis used

for a modified Blalock-Taussig shunt), the

conventional   radiographic    investigations show an opacification of the lung on the ip-

silateral side of the modified Blalock-Taussig

shunt, indistinguishable from lung atelectasis

or infection, and a widening of the superior

[image: ]

 

Fig. 3.7.6. a Modified Blalock-Taussig shunt. CT scan, 3-dimen-sional reconstruction, with right oblique view showing the

[image: ]

modified Blalock-Taussig shunt, with a narrowing of the tubu-

lar prosthesis (arrow) implanted between the right subclavian

and the right pulmonary artery. b CT scan, 3-dimensional re-construction, with left oblique projection showing the modified

Blalock-Taussig shunt, with a kinking of the tubular prosthesis

Fig. 3.7.5. Modified right Blalock-Taussig shunt. CT scan, (arrow) implanted between the right subclavian and the right

right oblique anterior projection, showing the modified right     pulmonary artery (AAo ascending aorta, DTAo descending tho-Blalock-Taussig shunt (arrow) (Ao aorta, RPA right pulmonary     racic aorta, IA innominate artery, LCA left carotid artery, RCA artery, RSA right subclavian artery) (photograph courtesy of     right carotid artery, RPA right pulmonary artery, RSA right sub-Dr. Mohamed Tawil) clavian artery) (photographs courtesy of Dr. Mohamed Tawil)
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mediastinum. CT investigation instead can    z After repair: CT scan in the post-operative show a fluid collection of intermediate inten-    period can investigate the presence, the loca-sity surrounding or adjacent to the tubular    tion and the extent of stenosis of the pulmo-prosthesis. After the administration of I.V.    nary arteries and also show the presence of contrast medium, the capsule of the peri-    an aneurysm of the right ventricular outflow graft seroma shows slight enhancement, and    tract, calcifications either in the right ventric-the tubular prosthesis itself can be seen as a    ular outflow tract or in the biological con-hyperdense structure adjacent to or trans-    duit used to reconstruct the continuity be-versing the perigraft seroma.                    tween the right ventricle and the pulmonary

artery (Fig. 3.7.8).

Cardiac MRI is extensively used to assess

patients of all ages after repair of tetralogy

[image: ]

of Fallot, but its greatest clinical utility is

in older children, adolescents and adults.

Quantitative assessment of right and left

ventricular dimensions and function is a key

element of cardiac MRI evaluation in these

patients. The presence and degree of right

ventricular dysfunction is an important de-

 

a
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b
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Fig. 3.7.7. Modified right Blalock-Taussig shunt. MRI oblique     Fig. 3.7.8. Tetralogy of Fallot, status post repair with valved fast spin echo (a) and volume rendering 3-dimensional gado-     conduit. CT scan, axial projection showing the right ventricle linium enhancement angiography (b) showing the modified     to pulmonary artery valved conduit, with evident calcification right Blalock-Taussig shunt with severe stenosis of the right     on the wall (blue arrows) and on the valve (red arrows) (AA pulmonary artery at the level of the distal anastomosis of     ascending aorta, DTA descending thoracic aorta, LPA left pul-the shunt, good size left pulmonary artery with a mild kink-     monary artery, RPA right pulmonary artery, SVC superior vena ing at its origin, and right aortic arch (Ao aorta, BT Blalock-      cava, VC valved conduit) Taussig, LA left atrium, LPA left pulmonary artery, LV left ven-tricle, RPA right pulmonary artery)
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terminant of clinical status late after repair

[image: ]

of tetralogy of Fallot, and right ventricular

dysfunction is also closely correlated with

left ventricular dysfunction, likely through

ventricular-ventricular interactions. The de-

gree of pulmonary valve regurgitation mea-

sured by PVC-MRI (Fig. 3.7.9) is closely cor-

related with the degree of right ventricular

dilation. Another factor affecting right ven-

tricular function is the presence and extent

of an aneurysm in the right ventricular out-

flow tract (Figs. 3.7.10–3.7.12).

Another technique increasingly used in

these patients is post-gadolinium myocardial

delayed enhancement for assessment of myo-

cardial fibrosis (Fig. 3.7.13). The clinical sig-

nificance of positive myocardial delayed en-

hancement in patients after repair of tetral-

ogy of Fallot still requires further studies.

The goals of the cardiac MRI examination,

therefore, include the following: quantitative

assessment of left and right ventricular vol-

umes, mass, stroke volumes, and ejection

fraction; imaging of the morphology of the     a right ventricular outflow tract, pulmonary

arteries, aorta, and aortopulmonary collater-                      Flow volume (ml/s) als; quantification of pulmonary valve regur- 0          20         40         60         80        100

600

gitation, tricuspid regurgitation, pulmonary-       500                   Antegrade Vol. = 138 cc 400 to-systemic flow ratio (QP/QS) if there is a                          Retrograde Vol. = 70 cc 300 Regurg. fr. = 51 % residual intracardiac shunt, and finally dis-       200

tribution of the pulmonary blood flow.             100 w (ml/s) o 0 Fl In patients after surgery for tetralogy of-100 Fallot, the following cardiac MRI protocol is      -200 used:                                             -300 z                                                -400 3-plane localizing images,

0         200        400        600        800        1000

z 2-dimensional axial Time-of-flight Angio-    b                 Trigger delay (ms)

graphy (see the appendix of the “Intro-    Fig. 3.7.9. Tetralogy of Fallot, status-post repair, pulmonary

duction”), valve regurgitation. MRI quantification of the pulmonary

z ECG-gated cine steady-state free preces-    valve regurgitation. a Sagittal projection, steady-state free

sion sequences in 2-chamber, 4-chamber precession of right outflow tract. A PVC MRI is prescribed

planes, and ventricular short axis for the perpendicular to the right outflow tract (white line). b Flow

quantitative assessment of both ventricu-    with pulmonary regurgitation fraction = 51% volume curve shows severe pulmonary valve regurgitation,

lar dimensions, function and stroke vol-

ume as illustrated in the appendix of the

“Introduction”,

z ECG-gated cine steady-state free preces-

sion sequence on both frontal and sagittal

view to evaluate the right ventricular out-

flow tract,
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a                                   b                                   c

Fig. 3.7.10. Tetralogy of Fallot, status post repair with a     tract and pulmonary arteries with adequate size and mor-transannular patch. MRI fast spin echo (black blood), para-     phology (LPA left pulmonary artery, LV left ventricle, MPA coronal (a) and para-sagittal (b) projections showing the     main pulmonary artery, RPA right pulmonary artery, RV right right ventricular outflow tract. c 3-dimensional volume ren-     ventricle) dering MR angiography showing right ventricular outflow
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a                                                      b
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Fig. 3.7.11. Tetralogy of Fallot, status post repair with trans-      projection MR angiography (b) showing a dilated infundibu-annular patch. MRI steady-state free precession para-coronal     lum (RV right ventricle) right ventricular outflow tract (a) and main intensity

[image: ]

 

z ECG-gated cine steady-state free preces-      (Fig. 3.7.14), as well as for the assessment

sion sequence along the long axis of both      of any aortopulmonary collateral artery,

pulmonary arteries,                          z ECG-gated PVC-MRI sequences perpendic-z ECG-gated cine steady-state free preces-      ular to the main, right and left pulmonary

sion sequence double oblique 3-chambers      arteries and ascending aorta, and atrioven-

for the evaluation of the left ventricle out-       tricular valves in order to assess flow pat-

flow tract and aortic root,                        terns, z Gadolinium-enhanced 3-dimensional MRI   z Post-gadolinium delayed myocardial en-

mainly for the right ventricular outflow      hancement may be used to evaluate the

tract and pulmonary arteries anatomy      presence of scar tissue (Fig. 3.7.13).

64     z   Tetralogy of Fallot
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a                                                      b
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Fig. 3.7.12. Tetralogy of Fallot, status post repair, infundibu-      volume rendering angiography (b) showing an aneurysm of lar aneurysm. MRI with fast spin echo (black blood) para-cor-     the infundibular patch (arrow) (Inf infundibular, RV right ven-onal right ventricular outflow tract (a) and 3-dimensional     tricle)
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a                            b                                        c
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Fig. 3.7.13. Tetralogy of Fallot, status post repair. MRI sagit- dibular patch (white arrow) and of the patch for ventricular

[image: ]

tal projection (a), 3-chamber view (b) and ventricular short septal defect closure (black arrow), demonstrating delayed

axis (c) showing the white strip appearance of the infun-     enhancement (AO aorta, LV left ventricle, RV right ventricle)

 

The timing of re-operation for reconstruc- Thanks to the use of cardiac MRI in a

tion of right ventricular outflow tract in pa- subset of patients, some cut-off points re-

tients with previous repair of tetralogy of lated to the indexed right ventricular vol-

Fallot is still a matter of debate: ideally the umes and ejection fractions are emerging

indication should be not too late because of for the indication to implant a pulmonary

the risk of irreversible right ventricular dys- valve in the right ventricular outflow tract.

function and fatal arrhythmias, but not too However, the end-points of these cut-offs are

early because of the limited durability of any generally based on the complete post-opera-

biological device used for right ventricular tive recovery of the right ventricular size to

outflow tract reconstruction, particularly in the normal value; this is not a suitable goal,

young children. when by dealing with patients who have un-
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dergone repair of tetralogy of Fallot, who had

[image: ]

patch closure of the ventricular septal defect

and another patch to enlarge the infundibu-

lum. Moreover many other variables should

be taken into consideration, such as right ven-

tricular outflow tract with transannular patch

extension with or without aneurysm, tricus-

pid valve regurgitation, elevated right ventri-

cular systolic and/or diastolic pressure, and

left ventricular function as well their evolu-

tion over time and other clinical and electro-

physiological variables.

Thus, due to the accuracy of parameters

and information obtained by cardiac MRI

(some of which are not available by any

other diagnostic investigation), nowadays it

is inconceivable to make any decision on pa-

tients operated on for repair of tetralogy of

a                                                      Fallot without a previous targeted cardiac

MRI investigation.
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Chapter 3.8 T

 

etralogy of Fallot

with absent pulmonary valve

 

z Definition                                   z Surgical options

This is an uncommon variation of tetralogy The surgical repair consists of the following

of Fallot with a ring-like and usually stenotic steps. Excision of the main pulmonary ar-

malformation (rather than absence) of the tery, with transection of its proximal end

pulmonary valve, with failure of the develop- just above the pulmonary valve annulus and

ment of valve cusps. The central pulmonary of its distal end at the level of the bifurca-

arteries are usually hugely dilated or aneu- tion. Resection and plication of the aneurys-

rysmal. The pulmonary artery dilatation mal pulmonary arteries, extended laterally

may extend beyond what is expected from to the hilum, with or without including the

severe pulmonary regurgitation to several plication of the posterior wall of both pul-

generations of pulmonary arteries causing monary arteries. Transannular longitudinal

tracheobronchial compression; this often re- right ventriculotomy. Patch closure of ven-

sults in either hyperexpansion from air trap- tricular septal defect from longitudinal right

ping or collapse of lobes, or even an entire ventriculotomy. Valved conduit (homograft

lung. The ductus arteriosus is generally or heterograft) interposition between the

absent. The intracardiac anatomy generally right ventricle and the reconstructed pulmo-

presents with the same characteristics of tet-    nary arteries bifurcation. ralogy of Fallot (see chapter “Tetralogy of

Fallot”) except that the right ventricular out-

flow tract is not excessively restrictive.           z Pre-operative information

Associated anomalies Pre-operative information in patients with

tetralogy of Fallot with absent pulmonary

Atrial septal defect, common atrioventricular valve is similar to that required in patients

valve (rare), tricuspid atresia (rare), intact with tetralogy of Fallot (see relative chapter),

ventricular septum (rare), transposition of with particular attention focused on poten-

the great arteries (rare), agenesis of the duc- tial airway obstruction due to dilated pulmo-

tus arteriosus, branch pulmonary arteries nary artery branches and the frequent asso-

anomalies (non-confluent pulmonary ar- ciation of the right aortic arch. Both CT

teries), right aortic arch (frequent), anoma- scan (Fig. 3.8.1) and MRI can provide clear

lous coronary arteries, dextrocardia and si- imaging of the dilated pulmonary arteries

tus inversus (very rare).                          and their relationship with the airways.

Post-operative follow-up     z      69
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Fig. 3.8.1. Tetralogy of Fallot with absent pulmonary valve. CT scan, contrast angiography, axial projection showing the
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huge dilatation of the main pulmonary artery and its

branches, and the right aortic arch (arrow) (AAo ascending aorta, LPA left pulmonary artery, MPA main pulmonary artery, RPA right pulmonary artery) (photograph courtesy of Dr. Mo-hamed Tawil)

 

z Potential complications

Residual or recurrent ventricular septal de-

fect (patch dehiscence or separate defect),

residual or recurrent right ventricular out-

flow tract obstruction, complete atrioventri-

cular block, arrhythmias, airway compres-

sion, respiratory insufficiency.

 

z Post-operative follow-up

As for the pre-operative information, in pa-

tients with tetralogy of Fallot with absent

pulmonary valve the goals of the post-opera-

tive investigations are similar to the ones re-

quired in patients with tetralogy of Fallot    Fig. 3.8.2. Tetralogy of Fallot with absent pulmonary valve, (see relative chapter), again with particular    status post repair. CT scan, contrast angiography, sagittal (a) attention focused on potential airway ob-    and axial projections (b, c), showing the tortuous right ven-struction due to the dilated pulmonary ar-    tricle to pulmonary artery conduit and the aneurismatic dila-teries branches and the surgical technique    tation of the pulmonary artery, not resected at the time of utilized. Again both CT scan (Fig. 3.8.2) and    surgery (Ao aorta, LPA left pulmonary artery, LV left ventricle,

PA pulmonary artery, RPA right pulmonary artery, RV right

MRI (Fig. 3.8.3) are able to evaluate the re-    ventricle, VC valved conduit) (photographs courtesy of Dr. sults of the different surgical techniques.         Mohamed Tawil)
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Chapter 3.9 P

ulmonary atresia

with intact ventricular septum

 

z Definition of repair, or one-and-half ventricular repair.

Surgical pulmonary valvotomy can be per-

The pulmonary valve annulus is generally formed with or without a systemic-to-pulmo-

small, rarely hypoplastic, and the pulmonary nary arterial shunt depending upon the right

valve leaflets are generally well formed but ventricular size and function. If the right ven-

fused. The main pulmonary artery is small tricle is small, a systemic-to-pulmonary arte-

but rarely is atretic as seen with pulmonary rial shunt is necessary to provide pulmonary

atresia and ventricular septal defect. The blood flow until antegrade flow through the

patent ductus arteriosus is usually small be- pulmonary valve becomes adequate. However,

cause it carries blood from the aorta to the if the pulmonary arteries are not small, then

pulmonary arteries in utero and not the pulmonary valvotomy alone may be adequate,

other way around as in normal fetuses; with or without a postoperative period with

therefore, much less blood travels through maintained prostaglandin E infusion. Decom-

the patent ductus arteriosus in utero. pression of the right ventricle by pulmonary

The right ventricle might present with one valvotomy may cause reversal of flow in the

of the following morphologies: coronary arteries to sinusoids, leading to poor

z Type I: tripartite, myocardial perfusion. This is especially true

z Type II: bipartite (atretic body), in the presence of right ventricular dependent

z Type III: unipartite (atretic body and in- coronary circulation, particularly in the pres-

fundibulum). ence of coronary artery stenosis. Therefore,

right ventricular decompression should not

The tricuspid valve might be malformed and be performed if coronary artery stenoses are

stenotic. Other congenital heart defects are demonstrated with sinusoids. In patients with

rarely associated. The origin and distribu- small pulmonary arteries treated with a sys-

tion of the coronary arteries may exhibit the temic-to-pulmonary artery shunt, if the right

same variability as the normal heart, includ- ventricle continues to be small and inade-

ing the presence of coronary artery stenosis. quate, then a cavopulmonary connection

Ventriculocoronary sinusoids are frequent may be required. Patients with severe right

from the right ventricular cavity to the myo- ventricle-to-coronary arteries sinusoids may

cardium and from the myocardium to the require cardiac transplantation. Sinusoids

coronary arteries. are typically not present in patients with se-

vere tricuspid insufficiency and a normal

right ventricular size. In patients with signifi-

z Surgical options cant tricuspid valve regurgitation and low

right ventricular pressure, pulmonary valvot-

The right ventricular size and function dictate omy may not result in effective forward flow

the possibility of surgical management with through the right ventricle because of tricus-

respect to biventricular or univentricular type    pid valve regurgitation.

72     z   Pulmonary atresia with intact ventricular septum

z Pre-operative information

The information required to make the deci-

sion about surgical treatment include the

size, morphology and function of the right

ventricular cavity, the tricuspid size and

function, the presence and extension of the

myocardial sinusoids, the size and shape of

the patent ductus arteriosus as the only

source of pulmonary blood flow, and the

morphology of the pulmonary arteries (Figs.

3.9.1–3.9.3). Transthoracic echocardiography

is generally exhaustive for preoperative eval-

uation of neonates with pulmonary atresia

with intact ventricular septum. Conventional

angiography could be indicated in case of

suspected myocardial sinusoids not seen

with echocardiography.
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Fig. 3.9.1. Pulmonary atresia with intact ventricular septum.      Fig. 3.9.2. Pulmonary atresia with intact ventricular septum. CT scan, sagittal oblique, showing the hypoplastic right ven-     a CT contrast angiography, axial view, showing a major myo-tricle and the confluent pulmonary arteries with long and cardial sinusoid (arrows) coming from the hypoplastic right
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tortuous patent ductus arteriosus (arrows) (AA aortic arch, ventricle and reaching the left anterior descending coronary
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AAo ascending aorta, LA left atrium, LPA left pulmonary ar-     artery. b CT scan of the same neonate with 3-dimensional tery, LV left ventricle, MPA main pulmonary artery, PV pulmo- reconstruction, showing the major myocardial sinusoid (ar-

nary veins, RPA right pulmonary artery, RV right ventricle) rows) coming from the hypoplastic right ventricle and reach-

(photograph courtesy of Dr. Mohamed Tawil)                     ing the left anterior descending coronary artery (AAo ascend-

ing aorta, DTAo descending thoracic aorta, LAD left anterior descending coronary artery, LPA left pulmonary artery, PDA patent ductus arteriosus, RPA right pulmonary artery) (photo-graphs courtesy of Dr. Mohamed Tawil)

Postoperative follow-up     z      73

z Potential complications
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Inadequate or inhomogeneous pulmonary

blood flow, poor myocardial perfusion, myo-

cardial infarction, residual tricuspid valve re-

gurgitation, right heart failure.

 

z Post-operative follow-up

Patients with pulmonary atresia with intact

ventricular septum after the first stage of

treatment (pulmonary valvotomy and/or sys-

temic-to-pulmonary shunt), depending on

the morphology and function of the right

heart (tricuspid valve, right ventricle, pul-

monary valve and arteries) are candidate for

univentricular or biventricular or one-and-

half ventricular repair. In borderline cases

MRI can be useful in the decision-making

process by evaluating the right ventricular

volume and function, pulmonary blood flow

and degree of residual pulmonary valve re-

gurgitation.

After one-and-half ventricular repair, in

addition to the previous goals and to the

evaluation of the cavopulmonary anastomo-

sis, MR angiography can identify potential

veno-venous collaterals between superior

and inferior vena cava and even quantify

them by means of phase contrast velocity

acquisition at both inferior and superior

Fig. 3.9.3.                                                         vena cava level (Fig. 3.9.6). Pulmonary atresia with intact ventricular septum. a MRI cine steady-state free precession 4-chamber view in a        The evaluation of univentricular repair patient after biventricular type of repair. Note the adequate     has already been described in the relative size of the right ventricular cavity. b MRI with cine steady-state      chapter (see “Single ventricle”). free precession 4-chamber view in a patient with after univen-         The following protocol is used for post-ventricle (                                                               operative evaluation in these patients: LV tricular type of repair due to the severe hypoplasia of the right

left ventricle, RV right ventricle)                         z   3-plane localizing images,

z 2-dimensional axial Time-of-flight Angio-

graphy (see the appendix of the “Intro-

duction”),

z ECG-gated cine steady-state free preces-

sion sequences in 2-chamber, 4-chamber

planes, and ventricular short axis for the

quantitative assessment of both ventricu-

lar dimensions, function and stroke vol-

ume as illustrated in the appendix of the

“Introduction” (Fig. 3.9.4),

74     z   Pulmonary atresia with intact ventricular septum
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LV

 

Fig. 3.9.4.                                                                                                              2 Pulmonary atresia with intact ventricular septum, a very trabeculated and mildly dilated (100 mL/m B.S.A.) status post one-and-half ventricular repair. MRI cine steady-     right ventricle (LV left ventricle, RV right ventricle) state free precession ventricular short-axis projection showing

Postoperative follow-up     z      75
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Fig. 3.9.5. Pulmonary atresia with intact ventricular septum, status post one-and-half ventricular repair. Cine MRI right
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ventricular outflow tract steady-state free precession showing

[image: ]

the pulmonary homograft

 

z ECG-gated cine steady-state free preces-

sion sequence for right ventricle 2-cham-

ber view,

z ECG-gated cine steady-state free preces-

sion sequence on sagittal view to evaluate

the right ventricular outflow tract (Fig.

3.9.5),

z ECG-gated cine steady-state free preces-    Fig. 3.9.6. Pulmonary atresia with intact ventricular septum,

sion and fast spin echo sequence to visua-    status post one-and-half ventricular type of repair. MR angio-

lize the cavopulmonary anastomosis,          graphy volume rendering posterior view (a); maximal inten-

 

z                                             sity projection reconstruction showing a good size of cavo-gadolinium-enhanced 3-dimensional MRA pulmonary anastomosis ( b ) ( RPA right pulmonary artery, RPVs of the right ventricular outflow tract and right pulmonary veins, SVC superior vena cava) pulmonary arteries morphology, as well

as for the assessment of veno-venous col-

lateral and cavopulmonary anastomosis

(Figs. 3.9.6 and 3.9.7),

z ECG-gated PVC-MRI sequences perpendi-

cular to the main pulmonary artery (also

to quantify the pulmonary valve regurgi-

tation), ascending aorta, superior and in-

ferior vena cava,

76     z   Pulmonary atresia with intact ventricular septum

shunt status with electron beam computed tomog-
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Chapter 3.10 E

 

bstein’s anomaly

 

z Definition Each heart with Ebstein’s malformation is

different, and there is an infinite variability

Ebstein’s anomaly is a congenital malforma- that can occur with the above mentioned

tion of the tricuspid valve and right ventricle    characteristics. characterized by several features, each of Carpentier classified four clinical variants

which can exhibit a spectrum of malforma-    with progressively increasing severity: tions relevant to the surgical management of    z Type A: the volume of the true right ven-the condition:                                      tricle is adequate, z displacement of the septal and posterior    z Type B: the volume of the right ventricle

leaflets of the tricuspid valve towards the is small, and there is a large atrialized

apex of the right ventricle, with adherence      portion of the right ventricle,

to the myocardium,                         z Type C: the volume of the right ventricle z anterior leaflet attached to the appropriate is small, with right ventricular outflow

level of the tricuspid valve annulus, how-      tract obstruction,

ever, redundant, larger than normal and    z Type D: there is almost complete atrializa-

with multiple fenestrations and chordal tion of the right ventricle with the excep-

attachments to the ventricular wall, tion of a small infundibular component,

z segment of the right ventricle from the and the only communication between the

level of true tricuspid annulus to the level atrialized ventricle and the infundibulum

of attachment of the septal and posterior is through the anteroseptal commissura of

leaflets unusually thin and dysplastic, and      the tricuspid valve.

described as “atrialized”; right atrio-ven-

tricular junction (being the true tricuspid The most common associated anomaly is at-

valvular annulus) and right atrium ex- rial septal defect, occurring in about 50% of

tremely dilated, cases, often causing cyanosis due to right-to-

z cavity of the right ventricle, beyond the left shunt at the atrial level. There is a vari-

atrialized portion, reduced in size, usually able degree of right ventricular outflow tract

with lack of an inlet chamber, and with a obstruction. A Wolff-Parkinson-White type

small trabecular component, of accessory pathway, often with associated

z infundibulum often obstructed by the re- pre-excitation, is present in about 10% of

dundant tissue of the anterior leaflet as cases. In symptomatic neonates, survival is

well as by the chordal attachments of the dependent on the presence of a patent duc-

anterior leaflet to the infundibulum, tus arteriosus. Rare associated anomalies are

z variable type and degree of ventricular abnormality of the ventriculoarterial connec-

dysfunction. tion or double discordance (atrioventricular

and ventriculoarterial), atrioventricular sep-

tal defect, ventricular septal defect, tetralogy

of Fallot, and aortic coarctation.

78     z   Ebstein’s anomaly

z Surgical options sion it will become the best tool in the se-

lection of patients for surgery and in

The surgical repair includes:                        planning the surgical approach. z closure of the atrial septal defect,               z both right and/or left myocardial dysfunc-z plication of the atrialized portion of the tion can be present; thus, assessment of

right ventricle, ventricular function by 2-dimensional

z repair or replacement of the tricuspid valve. echocardiography, albeit of crucial impor-

tance in some cases, can be inaccurate,

As tricuspid repair is based predominantly due to unusual right ventricular anatomy

on a satisfactory arrangement of the anterior and septal displacement. Therefore, as an

leaflet, its feasibility and result mainly de- alternative cardiac MRI is useful to esti-

pends on the presence of a mobile and free mate right and left ventricular volume,

leading edge of the anterior leaflet. In pa- function and potential myocardial thin-

tients with reduced size or function of the ning, in addition to visualizing the inter-

right ventricle, a one-and-half ventricular re- atrial septum and measuring the right at-

pair is performed, with end-to-side anasto-      rial volume. mosis of the superior vena cava to the right

pulmonary artery in addition to intracardiac The cardiovascular MRI protocol currently

repair, in order to reduce the volume over- used in Ebstein’s anomaly is the following:

load of the small/malfunctioning right ven-    z 3-plane localizing images, tricle. Exceptionally, a total cavopulmonary    z ECG-gated cine steady-state free preces-connection (univentricular repair) is re- sion sequences in 2-chamber, 4-chamber

quired for patients with an extremely small planes (Fig. 3.10.1), and ventricular short

or malfunctioning right ventricle. Pre-opera- axis for the quantitative assessment of

tive electrophysiology for bypass pathways is both ventricular dimensions, function,

necessary in order to perform intraoperative stroke volume (as illustrated in the appen-

ablation. When ventricular pacing is re- dix in the “Introduction”) and potential

quired, it should be done through epicardial      right ventricle myocardial thinning, leads rather intravenously, since the tricus-    z ECG-gated cine steady-state free preces-pid valve function is already compromised. sion and static fast spin echo sequences

on additional planes to better determine

the anatomy of the right ventricular out-

z Pre-operative information                    flow tract,

z ECG-gated cine steady-state free preces-

Echocardiography is generally sufficient for sion and fast spin echo in axial and coro-

diagnosis and evaluation of Ebstein’s anom- nal plane for the evaluation of the tricus-

aly. However, there are aspects that need to pid valve (Fig. 3.10.2), the posterior leaflet

be considered: being better imaged in a coronal or

z it is remarkably difficult to understand      oblique-coronal orientation,

from   2-dimensional   echocardiography    z ECG-gated cine steady-state free preces-

alone the arrangement of the tricuspid sion and fast spin echo in oblique-sagittal

leaflets    and   their   tension   apparatus       orientation at the fossa ovalis level to bet-

(mainly for the surgical implications). ter delineate the potential atrial communi-

However 3-dimensional echocardiography      cation,

offers new insight into the morphology    z ECG-gated phase velocity contrast MRI

and function of a malformed tricuspid sequences perpendicular to the main pul-

valve and allows elucidation of all the fea- monary artery, ascending aorta, to assess

tures mentioned above. In our opinion as QP/QP and particularly the right-to-left

this technique will gain widespread diffu-      shunt.

References    z      79
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Fig. 3.10.2. Ebstein’s anomaly. Cine steady-state free preces-sion short axis of the tricuspid valve in systole (a) and in diastole (b) showing a significant lack of coaptation (LV left ventricle, RV right ventricle)
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Fig. 3.10.1. Ebstein’s anomaly. Cine MRI 4-chamber view, in

tation (LV left ventricle, RA right atrium, RV right ventricle)         Post-operative follow-up z systole (a) and diastole (b) showing a severe right atrial dila-(reproduced with permission from Festa P (2004) Congenital

heart disease. In: Lombardi M (ed) MRI of the heart and ves-     Right and left ventricular end-diastolic and sels (chapter 7.7). Springer Italia, Milan)                             end-systolic volume indexes can be measured

and compared with the pre-operative values,

z                                             as well as the tricuspid valve function. Potential complications
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Chapter 3.11 P

atent ductus arteriosus

 

z Definition arteriosus is performed through a transme-

diastinal approach. In this case, the ductus

The ductus arteriosus connects the aortic is exposed by dissecting along the superior

arch opposite the left subclavian artery to aspect of the pulmonary artery bifurcation

the left pulmonary artery. Patent ductus ar- and is closed at the beginning of cardiopul-

teriosus, when it closes, usually does so be- monary bypass. After careful dissection

ginning from the pulmonary artery end, from the adjacent tissues, closure of the pa-

leaving a diverticulum on the aortic side tent ductus can be obtained by means of

(Kommerel diverticulum) which eventually ligature or surgical division between two

closes. The patent ductus arteriosus is con- vascular clamps and anastomosis of the two

nected to the left pulmonary artery even in    ductal stumps. the presence of a right aortic arch. Rarely, In premature neonates, due to the extreme

however, it connects to the right pulmonary friability of the ductal tissue, extensive dis-

artery. Bilateral patent ductus arteriosus has section in the area of the patent ductus is

very rarely been observed. avoided and closure is accomplished with a

metal clip.

Associated anomalies

Atrial septal defect, atrioventricular septal

defect, ventricular septal defect, aortic coarc-    z Pre-operative information tation, tetralogy of Fallot, transposition of

the great arteries and the group of ductus- Isolated patent ductus arteriosus is generally

dependent congenital heart defects: hypo- fully diagnosed by echocardiography and is

plastic left heart, aortic arch interruption, considered a Class III indication for CT scan

pulmonary atresia with intact ventricular or MRI, mainly in neonates and infants.

septum. However both CT and MRI can provide more

precise anatomical and morphologic details

of the patent ductus arteriosus (Figs. 3.11.1

z Surgical options                            and 3.11.2). Using multiplanar CT reforma-

tions, the location, caliber, length and mor-

The surgical procedure is performed through phology of the patent ductus arteriosus can

a left posterolateral thoracotomy without car- be assessed in isolated defects as well in

diopulmonary bypass; occasionally, in adults    complex malformations. with large hypertensive patent ductus arterio- In adult patients, the presence and degree

sus with calcification on the ductal wall, car- of calcifications of the wall of patent ductus

diopulmonary bypass may be utilized.          arteriosus can be shown.

In the case of repair of associated lesions MRI is useful particularly in the case of

with cardiopulmonary bypass from the medi- aneurysm formation (Fig. 3.11.3) or in asso-

an sternotomy, the repair of patent ductus ciation with a potential co-existing great ar- 82     z   Patent ductus arteriosus
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Fig. 3.11.1. Patent ductus arteriosus. CT scan in a patient with transposition of the great arteries, 3-dimensional
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oblique sagittal (a) and posterior (b) view showing the patent ductus arteriosus (AAo ascending aorta, LPA left pul-monary artery, PA pulmonary artery, PDA patent ductus arter-iosus, RPA right pulmonary artery) (photographs courtesy of Dr. Mohammed Tawil)

 

Fig. 3.11.2. Patent ductus arteriosus. MRI oblique sagittal fast spin echo (a) and gadolinium-enhanced 3-dimensional angiography (maximal intensity projection) (b) showing a small patent ductus arteriosus (*) (Ao aorta, LV left ventricle, PA pulmonary artery, RV right ventricle)

Pre-operative information     z      83
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Fig. 3.11.3. Patent ductus arteriosus aneurysm. Gadolinium-enhanced 3D MR angiography (a) maximal intensity projec-tion and (b) volume rendering showing an aneurysm (*) of patent ductus arteriosus (Desc. Ao descending aorta, PA pul-monary artery)
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Fig. 3.11.4. Patent ductus arteriosus and aortic coarctation.     MRI (c) showing a very small patent ductus arteriosus (*) as-Oblique sagittal fast spin echo (a), gadolinium-enhanced 3-     sociated with aortic coarctation (Ao aorta, LV left ventricle, dimensional MR angiography volume rendering (b) and cine     PA pulmonary artery)
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tery anomaly (Fig. 3.11.4). Cine MRI and    lesions, the systemic blood flow (QS) is MRI-PVC acquisitions can respectively vi-    equal to the main pulmonary artery flow, sualize the flow jet into the main pulmonary    and pulmonary blood flow (QP) is equal to artery (Fig. 3.11.4) and assess the amount of    the ascending aorta flow. shunt, knowing that in the presence of pat-      In the presence of patent ductus arterio-ent ductus arteriosus without other shunting    sus, we suggest the following MRI protocol: 84     z   Patent ductus arteriosus

z 3-plane localizing images,                     z References z 2-dimensional axial Time-of-flight Angio-

graphy (see the appendix in the “Intro- Beerbaum P, Korperich H, Barth P, Esdorn H, Gieseke

z duction”), J, Meyer H (2001) Noninvasive quantification of left- to-right shunt in pediatric patients: phase-contrast  ECG-gated cine steady-state free preces- cine magnetic resonance imaging compared with in-

sion and fast spin echo sequences in the      vasive oximetry. Circulation 103:2476–2482

para-sagittal oblique and axial view at the Goitein O, Fuhrman CR, Lacomis JM (2005) Incidental

level of the patent ductus arteriosus and finding on MDCT of patent ductus arteriosus: use of

great arteries (Fig. 3.11.2),                         Roentgenol 184:1924–1931 CT and MRI to assess clinical importance. Am J z ECG-gated phase velocity contrast MRI se- Goo HW, Park IS, Ko JK, Kim YH, Seo DM, Yun TJ,

quences perpendicular to the main pul- Park JJ, Yoon CH (2003) CT of congenital heart dis-

monary artery and ascending aorta, to as- ease: normal anatomy and typical pathologic condi-

sess the QP/QS, Lankipalli RS, Lax K, Keane MG, Toca FM, Bavaria JE,  tions. Radiographics 23:S147–165

z gadolinium-enhanced 3-dimensional MR Milas BL, Ferrari VA, Charagundla SR, Silvestry FE

angiography for the evaluation of the aor- (2005) Images in cardiovascular medicine. Infected

tic arch and patent ductus arteriosus (Fig. patent ductus arteriosus. Circulation 112:364–365

Lee TY, Ng SH, Liang CD, Hsieh MJ, Ko SF (2006) Dis-

3.11.3). section of Kommerell’s aneurysm mimicking aortic

arch dissection on echocardiography: multislice

computed tomographic diagnosis. J Thorac Cardio-

z Potential complications                       vasc Surg 132:1228–1230 Morgan-Hughes GJ, Marshall AJ, Roobottom C (2003)

Morphologic assessment of patent ductus arteriosus

Residual or recurrent patency (after ligature, in adults using retrospectively ECG-gated multide-

not after division), hemorrhage, paradoxical      tector CT. Am J Roentgenol 181:749–754 arterial hypertension (in neonates), chylo- Salvana EM (2006) Images in clinical medicine. Patent

thorax, recurrent laryngeal nerve lesion. A ductus arteriosus in an elderly man. N Engl J Med

354:2484

late complication, extremely rare, is the for- Tomaszewski A, Czekajska-Chehab E, Wojcik M, Drop

mation of an aneurysm. A (2004) Patent ductus arteriosus (PDA) in adults

evaluated in echocardiography and multi-slice com-

puted tomography (MSCT). Ann Univ Mariae Curie

z                                                Sklodowska 59:339–345 Post-operative follow-up Wald RM, Powell AJ (2006) Simple congenital heart

lesions. J Cardiovasc Magn Reson 8:619-631

CT scan and MRI are very rarely indicated Weber OM, Higgins CB (2006) MR evaluation of car-

in the post-operative evaluation, unless an flow and function. J Cardiovasc Magn Reson 8:607–  diovascular physiology in congenital heart disease:

aneurysm at the site of the ductus arteriosus      617 is suspected.




Chapter 3.12 L

eft ventricular outflow

tract obstruction

 

Valvular ventricular septal defect, patent ductus arter-

iosus. In neonates, the association of left

ventricular hypoplasia or fibroelastosis is

z Definition                                   relatively frequent.

The commissurae of the aortic valve may be

fused, and the ring is occasionally small.

The orifice of the aortic valve can be ec-    z Surgical options centric. The valve is commonly bicuspid in

aortic stenosis and the leaflets are asym-    Surgical aortic valvotomy is performed ac-metric in 40% of cases. There is occasionally cordingly with the aortic valve morphology:

more than one level of obstruction in the the fused commissurae are opened by care-

left ventricular outflow tract together with ful incision, but without reaching the aortic

aortic valvular stenosis. About 10% of pa- wall. The obtained opening is controlled

tients with aortic valvular stenosis have sub- with Hegar dilators and compared with the

valvar aortic stenosis. Supravalvar aortic ste- normal size for the age and body weight.

nosis is rarely associated with aortic steno-      Aortic valve replacement, where required, sis. In 50% of valvular aortic stenosis can be performed using conventional surgical

patients, a certain degree of aortic insuffi- techniques, even if in infants and children the

ciency is associated. Aortic valvular stenosis    preferred surgical option is a Ross operation is not always the result of a bicuspid aortic (autotransplantation of the native pulmonary

valve, since bicuspid aortic valve is 10–20 valve in the aortic position and right ventricle

times as common as aortic stenosis. Thus, a to pulmonary artery continuity obtained with

small number of bicuspid valves leads to    a valved homograft or heterograft). aortic stenosis, but the majority will not de- If the size of the aortic annulus is small,

velop into aortic stenosis. Right-to-left com-    the enlargement of the aortic annulus can be missures have a worse prognosis in bicuspid performed with one of the following tech-

aortic than anteroposterior commissures in    niques: developing aortic stenosis. Also eccentric or-    z Posterior annular enlargement ifices have a worse prognosis than central      – Nicks: aortotomy extended through the orifices in developing aortic stenosis. noncoronary sinus and the anterior

leaflet of the mitral valve; enlargement

Associated anomalies                                obtained with prosthetic patch,

– Managouian:    aortotomy    extended

Subvalvular and/or supravalvular obstruc- through the left and noncoronary si-

tion, hypoplastic aortic annulus, hypoplastic nuses and the anterior leaflet of the mi-

aortic arch, aortic coarctation, mitral steno- tral valve; enlargement obtained with

sis, mitral regurgitation, atrial septal defect,          prosthetic patch.

86     z   Left ventricular outflow tract obstruction

z Aortoventriculoplasty The following is the cardiac MRI protocol

– Konno-Rastan:    aortotomy   extended    suggested to evaluate the left ventricular out-

through the right ventricular outflow    flow tract and aortic obstructions: tract, aortic annulus divided between    z 3-plane localizing images, the right and left cusps, interventricular    z 2-dimensional axial Time-of-flight Angio-septum incised; enlargement obtained graphy (see the appendix in the “Intro-

with one patch to enlarge interventricu-      duction”) lar septum, aortic annulus and aortic    z ECG-gated cine steady-state free preces-root, one to enlarge the right ventricu- sion sequences in 2-chamber, 4-chamber

lar outflow tract, planes, and ventricular short axis for the

– Clarke: aortoventriculoplasty performed quantitative assessment of ventricular di-

using an aortic homograft instead of an mensions, function, mass and stroke vol-

artificial valve; the septal leaflet of the ume, as illustrated in the appendix of the

mitral valve of the homograft is used as      “Introduction”, a patch for the incised interventricular

septum,

[image: ]

– Ross-Konno: aortoventriculoplasty per-

formed using a pulmonary autograft.

 

z Pre-operative information

The transthoracic and, when required, trans-

esophageal echocardiography are generally

able to accurately evaluate the anatomy and

functioning of the malformed aortic valve,

as well as to provide information useful for

the decision-making and the timing for in-

tervention.

According to the guidelines of the Society

of Cardiac MRI, cardiac MRI is not indicated

in case of isolated aortic valve stenosis.

However, aortic insufficiency, due to MRI’s

ability to accurately evaluate left ventricular

volume and function, to identify the poten-

tial presence of fibrosis, as well as to quanti-

fy the degree of aortic valve regurgitation, is

considered a class II indication. In adult pa-

tients with a bicuspid aortic valve, MRI and

CT are useful to assess the size of the as-

cending aorta and its progressive dilatation

over time. Moreover new insights on bicus-

pid aortic valves are coming from cardiac

MRI studies, mainly focused on the abnor-

mal mechanical proprieties of the aortic wall Fig. 3.12.1. Bicuspid aortic valve stenosis. Cine MRI steady-

in such subjects. CT scan can be also indi- state free precession of long axis (a) and short axis (b)

showing a bicuspid aortic valve. Note the reduced opening

cated for calcium detection and quantifica-    of the aortic leaflets (LV left ventricle, MPA main pulmonary tion.                                                artery)

Post-operative follow-up     z      87
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Fig. 3.12.2.                                                      imaging (a); cine MRI steady-state free precession (b, c) Bicuspid aortic valve stenosis. MRI showing the aneurysm of noncoronary sinus of Valsalva in a steno-insuffi-     (MPA main pulmonary artery) cient bicuspid aortic valve (headarrow): static fast spin echo

 

z ECG-gated cine steady-state free preces-    z Post-operative follow-up

sion para-sagittal sequence to visualize the

left ventricular outflow tract, ascending    Regardless of the type of surgery, echocar-

aorta, and the aortic arch,                     diography is obviously the first diagnostic z ECG-gated cine steady-state free preces-    tool for the post-operative evaluation. Cardi-

sion 3-chamber view, and others planes if    ac MRI could be required, mainly in adult

required to visualize the left ventricular    patients, when echocardiography is not ex-

outflow tract,                                   haustive or when it contradicts the clinical z ECG-gated cine steady-state free preces-    picture, or when more insight is required on

sion and, when needed, fast echo short   the status of the ascending aorta, degree of

axis of the aortic valve and ascending aor-    aortic valve regurgitation, left ventricular

ta to evaluate the morphology, and the   function, myocardial fibrosis or in case of

leaflet opening and coaptation (Figs.    associated anomalies.

3.12.1 and 3.12.2), and the wall of the      The MRI protocol in the post-operative

proximal ascending aorta,                    follow-up is the same as in the pre-operative z ECG-gated phase velocity contrast MRI se-    evaluation.

quences perpendicular to the aortic valve      Post-operative   investigations   after   the

and ascending aorta to estimate the de-    Ross operation are addressed to both the left

gree of aortic valve regurgitation and the    and the right ventricular outflow tracts

flow maximum velocity,                     (Fig. 3.12.3). With regard to the newly con-z gadolinium-enhanced 3-dimensional MRI   structed left ventricular outflow tract, the

if required for the evaluation of the aortic    following information is increasingly being

arch and the brachiocephalic vessels,          incorporated into the clinical imaging proto-z post-gadolinium delayed myocardial en-   col in patients after Ross operation:

hancement may be used to evaluate the   z the adequate reconstruction of the new

presence of fibrotic tissue.                         aortic root with the position of the pul-

monary autograft;

z                                             z the transplanted orifices of the coronary Potential complications arteries on the pulmonary autograft (if Residual or recurrent aortic valve stenosis,      the root replacement technique was used), aortic valve regurgitation, complete atrioven-       with absence of kinking, twisting, com-tricular block.                                        pression or distortion;

88     z   Left ventricular outflow tract obstruction

z the adequate reconstruction of the new
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right ventricular outflow tract without

narrowing at various levels: proximal ana-

stomosis on the right ventricle, biological

valved conduit itself or distal anastomosis

on the pulmonary artery;

z the absence of extrinsic compression,

kinking or twisting of the biological

valved conduit;

z the “new” pulmonary valve function at

late follow-up.

 

Subvalvular

z Definition The subaortic obstruction can be deter-

mined by the following different morpholog-

ical types:

z posterior malalignment of the outlet sep-

tum,

Fig. 3.12.3. Status post Ross operation. CT scan with con- asymmetric septal hypertrophy or hyper- z

trast angiography, volume rendering technique, showing the        trophic cardiomyopathy,

 

autotransplantation of the pulmonary valve in the aortic po- discrete fibromuscular diaphragm or ridge,  z  sition, the reimplanted right (blue arrow) and left (red arrow)  generally close to the aortic valve,  coronary artery, and the biological valve conduit used to  z  reconstruct the continuity right ventricle to the pulmonary  extensive fibromuscular tunnel with in-

artery (AAo ascending aorta, LPA main pulmonary artery,        volvement of the mitral valve, LV left ventricle, RA right atrium, RV right ventricle, VC valved         the combination of the above. z conduit)

The aortic annulus can be normal or hypo-

plastic.

z the size of the aortic root and ascending    Associated anomalies

 

tation over time, in the cases that required ruption, mitral stenosis, ventricular septal  size adaptation of the ascending aorta be- defect, atrioventricular septal defect, double  aorta, and their potential progressive dila- Coarctation of the aorta, aortic arch inter-

cause of the presence of pre-operative di- chamber right ventricle, univentricular heart.

latation, like for severe aortic valve regur-

gitation;

z the function of the “new” aortic valve;           Surgical options z z imaging of the coronary arteries for evalu-

ation of proximal stenosis of the coronary The discrete fibromuscular diaphragm is

arteries. treated by diaphragm dissection/resection

with septal myotomy/myectomy. In the pres-

With regard to the newly constructed right ence of malalignment between the left ventri-

ventricular outflow tract by means of either cular outflow tract and the ascending aorta,

a homograft or a heterograft, the following septal myectomy is needed in order to obtain

can be determined: a straight outflow and prevent recurrences.

Definition     z      89

An extensive fibromuscular tunnel is treated    hypertrophic cardiopulmonary, where MRI with one of two different techniques, depend-    can provide useful prognostic data, as re-ing on the size of the aortic annulus:             cently reported. z Small annulus: aortoventriculoplasty (see

z above for aortic valve replacement),           z Potential complications

Normal annulus: ventricular septoplasty,

generally called partial Konno-Rastan pro-

Residual or recurrent left ventricular outflow

cedure, despite it being described for the

tract obstruction, residual or recurrent aor-

first time by Cooley in 1986; the right

tic valve regurgitation, mitral valve lesion,

ventricular outflow tract and the interven-

creation of ventricular septal defect, com-

tricular septum are incised, without incis-

plete atrioventricular block.

ing the aortic annulus; relief of subaortic

obstruction is obtained with a prosthetic

patch to enlarge the interventricular sep-    z Post-operative follow-up

tum; a second patch is required to enlarge

the incised right ventricular outflow tract.     For the post-operative follow-up, echocardio-

graphy also provides sufficient information.

z Pre-operative information

Even more than for valvular obstruction, the       Supravalvular transthoracic and, when required, transeso-

phageal echocardiography, are generally ex-    z Definition haustive to accurately evaluate the morphol-

ogy of the left ventricular outflow tract and    Supravalvular aortic stenosis may be local-the degree of obstruction, as well as to pro-    ized or diffuse: vide information useful for the decision-    z Localized: usually there is an externally making and the timing for intervention.           apparent waisting of the supravalvular

Thus, CT scan and MRI (Fig. 3.12.4) are      area of aorta, just above or at the upper rarely used in the pre-operative evaluation of       level of attachments of the valve leaflets; subaortic obstruction, with the exception of      hourglass appearance in association with

some dilatation of the sinuses of Valsalva.

There is a variable amount of intimal

thickening with an internal shelf which
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substantially increases the obstruction

and may cause severe stenosis or even a

complete occlusion of the origin of the left

main coronary artery.

z Diffuse: less frequently the supravalvular

narrowing   is   diffuse   with   extension through the entire ascending aorta, even

beyond into the aortic arch and the origin

of the brachiocephalic arteries.

Associated anomalies

Fig. 3.12.4.                                                    One-third of all cases have Williams-Beuren Subvalvular aortic obstruction. MRI fast spin syndrome. echo 3-chamber view parallel to the left ventricular outflow tract showing a severe subaortic stenosis due to the posteri-         Thickened aortic valve leaflets but without or infundibular deviation (arrow) (Ao aorta, LV left ventricle)       a true valvular stenosis (30%), rarely hypo-90     z   Left ventricular outflow tract obstruction

plastic aortic annulus or subvalvular ob-
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struction, hypoplastic pulmonary arteries

(30%), coarctation of the aorta (15%), steno-

sis at the origin of the subclavian and caro-

tid arteries or renal artery stenosis (5%),

very rarely ventricular septal defect. Ob-

struction of the left main coronary artery

origin is more frequent, but it can occur

also in the right. In the absence of obstruc-

tion at the origin, the coronary arteries are

exposed to high pressure and as a conse-

quence they present with dilatations, tortu-

osities and medial hypertrophy.

 

z Surgical options

z Localized type

z Classical technique: the aorta is opened

above the valve and the incision is pro-

longed into the right coronary sinus or into

the noncoronary sinus or into both the

right and noncoronary sinuses. After in-

spection of the origin of the coronary ar-

teries, the intimal shelf is resected. Aortic

enlargement is then obtained with either a

diamond-shaped (in the case of a single in-

cision in one of the sinuses of Valsalva) or

with an inverted-Y (in the case of incision

extending into both the right and noncor-

onary sinuses) prosthetic patch.

z Brom technique: the aorta is completely
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transected just above the supravalvular

stenosis, all sinuses of Valsalva are incised

and enlarged with three separate prosthe-

tic patches; the ascending aorta is then re-

constructed with end-to-end anastomosis.

 

Fig. 3.12.5. Supravalvular aortic stenosis. MRI images: ante-roposterior (a) and lateral (b) projections showing moderate to severe degree of supravalvular aortic stenosis, with mild

to moderate degree of aortic arch hypoplasia; the aortic wall

appears thickened, and this extends around the arch and

into the neck vessels. c 3-dimensional contrast-enhanced MRI, lateral view, showing moderate to severe degree of su-

pravalvular aortic stenosis, with mild to moderate degree of

aortic arch hypoplasia (photographs courtesy of Dr. Philipp

Beerbaum and Dr. Rob Johnson) c

Pre-operative information     z      91
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Fig. 3.12.6. Supravalvular aortic stenosis. MRI fast spin echo imag-ing of a supravalvular aortic stenosis in long axis (a) and in differ-ent short-axis levels indicated by the arrows (b). Note the thickened aortic wall

 

z Diffuse type: Deep hypothermia and circu-    z Pre-operative information latory arrest are generally required. The inci-

sion corresponding to the supravalvular ob-    Especially in patients with Williams’s syn-struction is prolonged through the ascending    drome, CT scan (Fig. 3.12.5 a) and MRI aorta and aortic arch, until reaching a normal    (Figs. 3.12.5 b and 3.12.6) are very helpful to diameter of the aorta. Enlargement is ob-    visualize the entire aorta and the peripheral tained with a prosthetic patch or with an aor-    pulmonary arteries. In these cases, in addi-tic homograft.                                   tion to the MRI protocol described above,

MR angiography targeted to both the pul-

monary and systemic circulation is neces-

sary.

92     z   Left ventricular outflow tract obstruction
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Fig. 3.12.7. Supravalvular aortic stenosis, status post repair.     reconstruction; b fast spin echo imaging in the para-sagittal MRI post-operative imaging of the ascending aorta after sur-     plane (Asc. aorta ascending aorta, LV left ventricle) gical repair. a MR angiography maximal intensity projection
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Fig. 3.12.8. Supravalvular aortic stenosis, status-post repair.      coarctation. a MR angiography maximal intensity projection MRI with post-operative imaging of the ascending aorta after     reconstruction; b fast spin echo imaging in the para-sagittal surgical repair of supravalvular aortic stenosis and aortic     plane (Asc. aorta ascending aorta, LV left ventricle)
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Chapter 3.13 A

ortic coarctation

 

z Definition site of coarctation. The narrowing may con-

sist of an elongated and diffuse tract, proxi-

Aortic coarctation is a congenital narrowing mally to the ductus arteriosus (Fig. 3.13.1),

of the aortic lumen, usually situated between or of a sharp constriction in the area of aor-

the origin of the left subclavian artery proxi- tic insertion of the arterial duct, with a dia-

mally and the junction of the aorta and the phragmatic shelf of fibrous tissue protruding

ductus arteriosus distally. When the coarcta- into the lumen, often with a pin-hole orifice

tion is an isolated finding, the wall of the representing the only communication be-

aorta is pinched in a waist-like fashion, the tween the ascending and descending aortic

ascending and descending portions of the segments (Fig. 3.13.2). Aortic arch hypopla-

arch tending to expand above and below the sia of mild or severe degree may also be

present (Figs. 3.13.3–3.13.5). Collateral circu-

lation between the aorta proximal and distal

to the aortic coarctation increases in size

[image: ]

and extensiveness as the patient ages (Fig.

3.13.6).

Occasionally the aorta may be redundant

and severely kinked opposite the ligamen-

tum arteriosum, without any pressure gradi-

ent or with a mild gradient, so-called pseu-

do-coarctation (Fig. 3.13.7).

Associated anomalies

Patent ductus arteriosus, atrial septal defect,

atrioventricular septal defect, ventricular

septal defect, double inlet ventricle (with or

without actual or potential systemic outlet

obstruction), supravalvular or valvular mi-

tral stenosis, valvular or subvalvular aortic

stenosis (frequently with bicuspid aortic

valve), multiple stenotic lesions of the left

heart (= Shone’s syndrome), transposition of

the great arteries (usually with ventricular

septal defect, with or without actual or po-

Fig. 3.13.1. Aortic coarctation. MR angiography, sagittal tential systemic outlet obstruction), double-

view, showing severe aortic coarctation (arrow) (AAo ascend- outlet right ventricle (usually with ventricu-

ing aorta, AoA aortic arch, DTA descending thoracic aorta, IA innominate artery, LCA left carotid artery, LSA left sub- lar septal defect, with or without actual or

clavian artery, LV left ventricle) potential systemic outlet obstruction), trun-

Definition     z      95
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Fig. 3.13.2. Aortic coarctation. Fast spin echo MRI acquisi-     elongate type of aortic coarctation (arrow) (b) (Coa aortic tion showing different types of aortic coarctation: “discrete”     coarctation) shelf (arrow) clearly seen at the isthmus level (a) and an
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Fig. 3.13.3. Aortic coarctation with hypoplastic aortic arch. CT scan, sagittal projection, contrast angiography showing

the diffuse narrowing of the hypoplastic distal transverse

aortic arch with severe aortic coarctation (arrow), and the

distal systemic circulation perfused by a patent ductus arter-

iosus (AAo ascending aorta, AoA aortic arch, DTA descending thoracic aorta, PDA patent ductus arteriosus) (photograph courtesy of Dr. Mohamed Tawil)

96     z   Aortic coarctation
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Fig. 3.13.4. Aortic coarctation with hypoplastic aortic arch.      Fig. 3.13.5. Aortic coarctation with hypoplastic aortic arch. CT angiography in a neonate with 3-dimensional reconstruc- MR angiography maximal intensity projection reconstruction
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tion, sagittal projection, showing severe hypoplasia of the showing severe aortic coarctation with hypoplastic aortic

aortic arch and anomalous origin of the left subclavian artery     arch (Ao aorta, Asc Ao ascending aorta, Ao Coa aortic coarc-(AAo ascending aorta, AoA aortic arch, DTA descending tho-     tation) racic aorta, LPA left pulmonary artery, LSA left subclavian ar-tery, MPA main pulmonary artery, PDA patent ductus arterio-sus) (photograph courtesy of Dr. Mohamed Tawil)

 

cus arteriosus, double discordance, hypo- In the case of repair of associated lesions

plastic left heart, anomalous origin of coro- with cardiopulmonary bypass from median

nary arteries, anomalous right subclavian ar- sternotomy, the repair of aortic coarctation

tery, intracranial aneurysms, very rarely tet- is performed through a transmediastinal

ralogy of Fallot.                                    approach.

z Resection and end-to-end anastomosis:

– this is the standard procedure for dis-

z Surgical options                                crete aortic coarctation,

– in neonates and infants with aortic arch

All the following procedures are performed        hypoplasia this can be extended to the through a left posterolateral thoracotomy        aortic arch, without cardiopulmonary bypass. If present, – in adults, due to poor mobilization of

the patent ductus arteriosus is ligated and        the aortic stumps, conduit interposition divided. Occasionally, in adults with complex may (rarely) be necessary after aortic

anatomy or recurrent coarctation, a tempo- resection in order to avoid excessive

rary bypass (from the ascending aorta or        tension of the anastomosis. from the left atrium to the descending tho-

racic aorta) may be utilized.

Pre-operative information     z      97
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3.13.7. Aortic pseudo-coarctation. MR angiography maximal intensity projection reconstruction of the aortic arch showing
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the aorta stretched with mild “kinking”, but without obstruc-

tion (Ao Arch aortic arch, Asc Ao ascending aorta)

Fig. 3.13.6. Aortic coarctation with huge collateral circula-tion. MR angiography volume rendering reconstruction show-        tic patch. An acceptable alternative option, ing extensive collateral arteries (Ao Arch aortic arch, Ao Coa         particularly in infants, is aortoplasty using aortic coarctation, Coll= collateral arteries)                                the enlarged base of the transected left

subclavian artery.

z Aortic bypass:

z Subclavian flap aortoplasty:                      Rarely, in case of complex or recurrent

– the aortic enlargement is obtained by      coarctation or in case of pseudo-coarcta-

utilizing the left subclavian artery,      tion (aortic kinking, without collateral cir-opened   longitudinally   and   brought      culation), a synthetic tubular prosthesis down and sutured to enlarge the aortic      may be inserted between the ascending isthmus,                                     aorta (through an extended left or a right

– this can be modified in reverse subcla-      thoracotomy) or the left subclavian artery

vian flap to enlarge a hypoplastic aortic       (left thoracotomy) and the distal descend-arch.                                          ing thoracic aorta.

z Patch aortoplasty:

A biological (rarely) or synthetic (fre-

quently) patch is implanted to enlarge the    z Pre-operative information

narrow aortic isthmus, opened with a

longitudinal incision. However, this tech-    In infants, transthoracic echocardiography is

nique is nowadays virtually abandoned   generally sufficient to correctly diagnose

because of the frequent reports of aneu-    aortic coarctation. However, in children and

rysm formation in the area of the prosthe-    adults, as the anatomy of the arch can be 98     z   Aortic coarctation

difficult to assess by echocardiography (Fig. anomalous right subclavian artery (Fig.

3.13.8), CT scan and MRI can provide excel-      3.13.9), lent anatomic details of the aortic arch and    z severity of the obstruction and hemody-are very helpful for the decision-making      namics, process to decide between interventional and    z left ventricular volume, mass and func-surgical treatment. The advantages and dis-      tion. advantages of CT and MRI have already been

discussed in the “Introduction”. Classically, the severity of aortic coarctation

The preoperative informations required in is evaluated by measuring the pressure gra-

suspected aortic coarctation are the follow- dient as assessed by cardiac catheterization.

ing: Echo Doppler can assess the pressure gradi-

z anatomy of the aortic arch and isthmus, ent as well, even if some inaccuracies have

including cross-sectional diameters and been reported due to the fact that the uti-

relationship to brachiocephalic vessels. lized mathematical model (Bernoulli) cannot

The aortic arch diameter accepted as nor- equally fit depending upon the severity of

mal in neonates and infants is ≥ 1 mm/kg the stenosis. Recently a model using MRI to

of body weight; however some consider

the aortic arch as hypoplastic if the ratio

aortic arch/descending aorta diameter at

the level of the diaphragm is < 0.9,
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z potential associated anomalies: bicuspid

aortic valve, patent ductus arteriosus,
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Fig. 3.13.8. Complex aortic coarctation. MR angiography vol-     Fig. 3.13.9. Aortic coarctation with anomalous right subcla-ume rendering reconstruction in a young adult showing the vian artery. Fast spin echo MRI showing aortic coarctation

complex anatomy of native aortic coarctation (a and b) not     with anomalous right subclavian artery (Ao Arch aortic arch, fully delineate by echocardiography (Ao Arch aortic arch, Asc     Coa aortic coarctation, DA descending thoracic aorta, RSA Ao ascending aorta, Ao Coa aortic coarctation, LCA left caro-     right subclavian artery) tid artery, LSA left subclavian artery)

Pre-operative information     z      99

predict the probability of a hemodynamically    descending to ascending aorta flow ratio as significant aortic coarctation pressure gradi-    well as a smaller, more blunted descending ent (defined as ≥ 20 mmHg measured during    aortic flow profile. In aortic coarctation, se-cardiac catheterization) was developed at    vere obstruction is suggested by the pres-Boston Children’s Hospital. A combination of    ence of increased collateral flow; higher col-the smallest cross-sectional area of the aorta    lateral flow is expected to decrease the likeli-(measured from the gadolinium-enhanced   hood of spinal cord ischemic injury during 3-dimensional MR angiography) and the   surgical treatment involving interruption of heart rate-adjusted mean deceleration of    aortic blood flow during cross clamping. If flow in the descending aorta (measured by    little collateral flow is found, the surgeon PVC-MRI distal to the aortic coarctation)    may consider performing left heart bypass was able to predict a gradient ≥ 20 mmHg   to the descending aorta during the surgical with 95% sensitivity and 82% specificity,    repair. 90% positive and negative predictive values.      The following cardiac MRI protocol is Other investigators performed MRI flow   used in the evaluation of aortic coarctation: measurements in the ascending and des-   z 3-plane localizing images, cending aorta distal to the aortic coarcta-    z 2-dimensional axial Time-of-flight Angio-tion; compared to controls, patients with      graphy (see appendix in the “Introduc-aortic coarctation had a significantly lower      tion”),
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Fig. 3.13.10. Status post repair of aortic coarctation with     trast angiography, oblique sagittal projection, showing the hypoplastic aortic arch. a 3-dimensional reconstruction of a     reconstructed aortic arch and a pulmonary artery banding postoperative CT in the same patient of Fig. 3.13.4 with con-     (arrows) associated because of the presence of multiple ven-trast angiography, posterior coronal view, showing the recon-     tricular septal defects (AAo ascending aorta, AoA aortic arch, structed aortic arch; the anomalous left subclavian artery has     DTA descending thoracic aorta, LPA left pulmonary artery, been sacrificed. b 3-dimensional reconstruction of a post-     MPA main pulmonary artery, RPA right pulmonary artery, RV operative CT in the same patient of Fig. 3.13.4 with con-     right ventricle) (photographs courtesy of Dr. Mohamed Tawil) 100    z   Aortic coarctation
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z ECG-gated cine steady-state free precession    z ECG-gated cine steady-state free preces-

and static fast spin echo on the parasagittal sion sequence to visualize the left ventri-

plane to visualize the aortic arch and the cular outflow tract and the aortic valve,

aortic coarctation site. Quite often the arch    z ECG-gated phase velocity contrast MRI se-

is distorted in patients with aortic coarcta- quences perpendicular to the ascending

tion, so it does not lie on a single plane; aorta, aortic arch, isthmus, proximal and

thus, additional planes are required to fully distal descending aorta, to assess the aor-

delineate the aortic arch and isthmus, tic coarctation flow pattern and the collat-

z ECG-gated cine steady-state free precession       eral flow,

sequences in 2-chamber, 4-chamber planes,

and ventricular short axis for the quantita-

tive assessment of ventricular dimensions,

function, mass and stroke volume (as illu-

strated in appendix of the “Introduction”),
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Fig. 3.13.11. Complex aortic coarctation, status post repair with implantation of a tubular prosthesis. MR angiography     Fig. 3.13.12. Recurrent aortic coarctation. a MR angiography volume rendering reconstruction in the same patient of Fig. volume rendering reconstruction showing significant aortic

3.13.8 showing the tubular prosthesis interposed between     re-coarctation. b The flow pattern at the coarctation site the left subclavian artery and the descending thoracic aorta. shows the typical flow profile of significant aortic coarcta-

This technique was chosen to bypass the narrowing due to tion: prolonged deceleration with increased antegrade diasto-

the adult age and the complex anatomy of the native aortic     lic flow (Ao Coa aortic coarctation, LCA left carotid artery, coarctation (Ao aorta, LSA left subclavian artery)                    LSA left subclavian artery)

Post-operative follow-up     z     101

z gadolinium-enhanced 3-dimensional MRI
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for the evaluation of the aortic arch and bra-

chiocephalic vessels and collaterals (Fig.

3.13.6).

 

z Potential complications

Residual or recurrent aortic coarctation,

hemorrhage, paraplegia, paradoxical arterial

hypertension, abdominal pain, mesentery

(necrotising) vasculitis, chylothorax, aneu-

rysm (after patch aortoplasty), left upper

arm ischemia (after subclavian flap), recur-

rent nerve lesion.

 

z Post-operative follow-up

CT angiography and MRI with 3-dimen-

sional   reconstructions   represent   reliable noninvasive techniques to replace diagnostic

cardiac catheterization with angiography in

the postoperative follow-up for aortic coarc-

tation and provide valuable information con-    Fig. 3.13.13. Aortic arch aneurysm after repair of the aortic cerning the need for interventional proce-arch. MR angiography maximal intensity projection reconstruc-dures or re-operations without further inva-    tion showing a huge aortic arch aneurysm (Asc. Ao ascending sive investigations (Figs. 3.13.10 and 3.13.11).    aorta)
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Fig. 3.13.14. Different postoperative aortic arch morphology.     possible postoperative aspects of the aortic arch: a Romanes-MRI fast spin echo para-sagittal acquisition showing the three     que, b Crenel, c Gothic 102    z   Aortic coarctation
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Fig. 3.13.15. Aortic coarctation, status post balloon dilata-tion. CT scan in a neonate, contrast angiography, oblique

sagittal projection, showing the relatively hypoplastic aortic

arch with aortic coarctation (arrow), after successful balloon

dilatation of the aortic coarctation (AoA aortic arch, DTA des-cending thoracic aorta, ETT endotracheal tube, LCA left caro-tid artery, LSA left subclavian artery, NGT naso-gastric tube, RCA right carotid artery, RSA right subclavian artery) (photo-graph courtesy of Dr. Mohamed Tawil)
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Fig. 3.13.16. Aortic coarctation and anomalous right subcla- spin echo MRI showing the good position of the stent (a)

vian artery, status post stent implantation. Aortic coarctation      and the patent right subclavian artery (b) (Ao Arch aortic and aberrant subclavian artery in the same patient of Fig.     arch, RSA right subclavian artery) 3.13.9 successfully treated with a stent as illustrated by fast
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Chapter 3.14 A

ortic arch interruption

 

z Definition aortic valve, double outlet right ventricle,

univentricular heart with discordant ven-

The aortic arch is described as three seg- triculoarterial connection, aortopulmonary

ments: proximal, distal and isthmus. The window, truncus arteriosus, atrial isomer-

proximal component extends from the take- ism. Patent ductus arteriosus is always pres-

off of the innominate artery to the left com- ent. The ventricular septal defect is nearly

mon carotid artery. The distal component ex- always present, in the majority of cases of

tends from the left common carotid artery to malalignment-type, subpulmonic, because of

take-off of the left subclavian artery. The seg- posterior malalignment of the ventricular

ment of the aorta connecting the distal aortic septum. Subaortic stenosis is also generally

arch to the juxtaductal region of the descend- present, due to the posterior malalignment

ing aorta is termed the isthmus. This complex    of the ventricular septum. composite of segments introduces a risk of

developmental anomalies in the form of inter-    z Surgical options ruptions at the various junction points. Aortic

arch interruption is characterized by com-    Two surgical approaches are available: plete lack of anatomic continuity between    z two stages, with repair of the interrupted the aortic arch or isthmus and the descending aortic arch and pulmonary artery band-

thoracic aorta. In aortic arch atresia, with ing, followed by later closure of the ven-

identical pathophysiology and hemodynam-      tricular septal defect; ics, there is anatomic continuity between the    z single stage, with simultaneous repair of two segments, represented by an imperforate the interrupted aortic arch and a patch

fibrous strand of various lengths. Three ana- closure of the ventricular septal defect.

tomic types of aortic arch interruption have

been described: In the absence of associated lesions other

z Type A: the interruption is distal to the left than patent ductus arteriosus and ventricular

subclavian artery. septal defect, primary repair by direct ana-

z Type B: the interruption is between the left stomosis of the arch with closure of the ven-

common carotid artery and the left subcla- tricular septal defect is the preferred surgical

vian artery. approach. The main reason is that pulmo-

z Type C: the interruption is between the in- nary artery banding might promote or ag-

nominate artery and the left common car- gravate subaortic stenosis in patients with a

otid artery.                                       malalignment   ventricular   septal    defect.

Although the primary repair is physiologi-

Associated anomalies cally corrective, it should not be viewed as

Patent ductus arteriosus, ventricular septal fully curative due to the high incidence of

defect, actual or potential systemic left ven- significant late obstruction of the left ventri-

tricular outflow tract obstruction, bicuspid    cular outflow tract.

Pre-operative information     z     107

Left ventricular outflow tract obstruction:      The cardiac MRI protocol used for the The morphology of left ventricular outflow    evaluation of infants with aortic arch inter-tract obstruction with interrupted aortic    ruption is the following: arch varies, and therefore, surgical manage-    z 3-plane localizing images, ment also varies according to the specific    z 2-dimensional axial Time-of-flight Angio-circumstances.                                    graphy (see appendix in the “Introduc-

tion”),

z ECG-gated cine steady-state free preces-

z Pre-operative information                    sion sequences in 2-chamber, 4-chamber

planes, and ventricular short axis for the

CT and MRI investigations (Figs. 3.14.1 and      quantitative assessment of ventricular di-3.14.2) allow the precise identification of aor-       mensions, function, mass and stroke vol-tic arch interruption type, distance between      ume, as illustrated in the appendix of the proximal and distal segments, size of the pat-       “Introduction”, ent ductus arteriosus, narrowest dimension of    z ECG-gated cine steady-state free preces-the left ventricular outflow tract, and associa-       sion sequence to visualize the left ventri-tion of other malformations potentially inter-       cular outflow tract and the aortic valve, fering with the surgical planning, such as in-    z gadolinium-enhanced 3-dimensional MRI tracardiac defects, the presence of an anoma-      for the evaluation of the aortic arch, bra-lous retro-esophageal right subclavian artery,       chiocephalic arteries and patent ductus ar-the presence of a right aortic arch.                  teriosus.
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Fig. 3.14.1. Aortic arch interruption. CT scan posterior coro-     Fig. 3.14.2. Aortic arch interruption. MR angiography show-nal view, volume rendering imaging, showing type A aortic     ing the aortic arch interruption (arrow), with the distal sys-arch interruption, distal to the left subclavian artery, in a     temic circulation perfused through a patent ductus arteriosus neonate with anomalous origin of the right pulmonary artery     (AAo ascending aorta, AoA aortic arch, DTA descending from the right subclavian artery (AAo ascending aorta,     thoracic aorta, IA innominate artery, LCA left carotid artery, DTA descending thoracic aorta, LA left atrium, LCA left carotid     LSA left subclavian artery, LV left ventricle, PA pulmonary ar-artery, LSA left subclavian artery, RCA right carotid artery,     tery, PDA patent ductus arteriosus) RPA right pulmonary artery, RSA right subclavian artery) (photograph courtesy of Dr. Mohammed Tawil)
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108    z   Aortic arch interruption
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Fig. 3.14.3. Aortic arch interruption: status post repair. CT scan in the same patient of Fig. 3.14.1 with left oblique pos-

terior sagittal view, volume rendering imaging, showing the

end-to-side anastomosis (arrow) used to reconstruct the aor-

tic arch continuity one year after surgery (AAo ascending aor-ta, DTA descending thoracic aorta) (photograph courtesy of Dr. Mohammed Tawil)
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Fig. 3.14.5. Aortic arch interruption, status post surgery with direct anastomosis. MR angiography maximal intensity pro-
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jection reconstruction (a) and volume rendering reconstruc-tion (b) showing normal brachiocephalic arteries and signifi-cant aortic isthmus narrowing (Ao Arch aortic arch, Desc Ao descending thoracic aorta, LSA left subclavian artery)

Fig. 3.14.4. Aortic arch interruption with ventricular septal defect, status post repair. MRI fast spin echo 3-chamber view

parallel to the left ventricular outflow tract. Note the severe

subaortic stenosis due to posterior infundibular deviation (ar-

row) (Ao aorta, LV left ventricle)

Post-operative follow-up     z     109

z Potential complications                    z Post-operative follow-up

Residual pressure gradient at the level of the    The role of CT scan (Fig. 3.14.3) and MRI aortic arch anastomosis and/or at the left ven-    after surgery for aortic arch interruption is tricular outflow tract, residual ventricular    to evaluate residual or recurrent anatomic septal defect, complete atrioventricular block,    and hemodynamic problems, such as aortic left bronchial obstruction.                        arch obstruction or aneurysm formation.

However, other abnormalities (e.g., left ven-

Left bronchial obstruction: The left main    tricular outflow tract obstruction, aortic bronchus passes under the aortic arch. If a    valve stenosis or regurgitation, residual ven-direct anastomosis is performed without    tricular septal defect, left ventricular size adequate mobilization of the ascending and    and function) should be examined as well. descending aorta, a bowstring effect over the    CT scan and MRI are also useful in case of left main bronchus may result. This is mani-    suspected post-operative left bronchial com-fested by air trapping in the left lung with    pression. hyperexpansion, as seen on chest radiogra-      The following protocol is suggested in the phy and confirmed by bronchoscopy. Surgi-    post-operative evaluation of patients with cal management may require an ascending-    arch interruption: to-descending aortic conduit after division    z 3-plane localizing images, of the arch.                                       z 2-dimensional axial Time-of-flight Angio-

graphy (see appendix in the “Introduc-

tion”),

z ECG-gated cine steady-state free preces-

sion and fast spin echo para-sagittal,
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b
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Fig. 3.14.6. Truncus arteriosus and aortic arch interruption,     aortic isthmus obstruction (Asc Ao ascending aorta, Ao arch status post repair. MR angiography MIP reconstruction (a)     aortic arch, Ao root aortic root, Desc Ao descending thoracic and volume rendering reconstruction (b) showing an aortic     aorta, LA left atrium) arch aneurysm, mild ascending aorta stenosis and significant

110    z   Aortic arch interruption

coronal and additional oblique plane (if in a neonate: multidetector CT diagnosis. Pediatr

needed) to visualize the aortic arch,              Radiol 34:901–903 z Corno AF, Lam J, Becker AE, Marcelletti C (1981) Aor- ECG-gated cine steady-state free preces- tic arch interruption. G Ital Cardiol 11:679–685

sion sequences in 2-chamber, 4-chamber Davotoglu V, Soydinc S, Sirikci A, Dinckal H, Akdemir

planes, and ventricular short axis for the I (2004) Interrupted aortic arch in an adolescent

quantitative assessment of ventricular di-       male. Can J Cardiol 20:1367–1368

mensions, function, mass and stroke vol- ing evaluation of congenital heart disease: cono- Dorfman AL, Geva T (2006) Magnetic resonance imag-

ume as illustrated in the appendix of the truncal anomalies. J Cardiovasc Magn Reson 8:645–

“Introduction”,                                  659 z Goo HW, Park IS, Ko JK, Kim YH, Seo DM, Yun TJ,  ECG-gated cine steady-state free preces-

sion and fast spin echo sequence parallel ease: normal anatomy and typical pathologic condi- Park JJ, Yoon CH (2003) CT of congenital heart dis-

to the left ventricular outflow tract (Fig.       tions. Radiographics 23:S147–S165

3.14.4), Johnson TR, Goldmuntz E, McDonald-McGinn DM,

z Zackai EH, Fogel MA (2005) Cardiac magnetic reso- ECG-gated phase velocity contrast (PVC-

nance imaging for accurate diagnosis of aortic arch

MRI) sequences perpendicular to the as- anomalies in patients with 22q11.2 deletion. Am J

cending aorta, aortic arch, isthmus, proxi-       Cardiol 96:1726–1730

mal and distal descending aorta. Addi- Maier JM, Scheffold N, Cyran J (2005) Primary diagno-

tional flow measurements, based on clinical sis of an interrupted aortic arch in a 65-year old

woman with hypertension. Dtsch Med Wochenschr

relevance, such as assessment of potential      130:2893–2895

aortic valve regurgitation or to quantitate Morriss J, Moreland J, Burkhart H, Kao S (2007) Pre-

the intracardiac shunt in case of suspected surgical evaluation of interrupted aortic arch with

residual ventricular septal defect, are some- 3-dimensional reconstruction of CT images. Ann

Thorac Surg 84:299

time required as well, Taylor AM, Jones R, Derrick G (2006) Post-mortem

z gadolinium-enhanced 3-dimensional MRI magnetic resonance imaging provides the diagnosis

for the evaluation of the aortic arch and following aortic rupture in an infant with treated

brachiocephalic arteries (Figs. 3.14.5 and Vriend JW, Lam J, Mulder BJ (2004) Complete aortic  aortic interruption. Cardiol Young 16:81–83

3.14.6). arch obstruction: interruption or aortic coarctation?

Int J Cardiovasc Imaging 20:393–396

z Yoo SJ, Choi HY, Park IS, Hong MG, Kim SH (1991)
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Chapter 3.15 C

omplete transposition

of the great arteries

 

z Definition tract obstruction) in patients with trans-

position of the great arteries is due to the

Transposition of the great arteries is an ab- leftward bowing of the ventricular septum

normality of ventriculoarterial connection, due to the elevated (systemic) right ventri-

with the aorta originating from the morpho- cular pressure, and to the close proximity

logically right ventricle and the pulmonary of the mitral valve to the ventricular sep-

artery from the morphologically left ventri- tum, leading to dynamic obstruction. An-

cle. The aorta is anterior and slightly to the atomical valvular and subvalvular pulmo-

right of the main pulmonary artery. The aor- nary stenoses are more rare, and mainly

tic valve is to the right of the pulmonary due to tissue tags, aneurysm of the mem-

valve but still anterior to it. The main pul- branous septum, straddling of the atrio-

monary artery is in a position, with respect ventricular valve, pulmonary valve steno-

to the left ventricle, such that there is direct       sis. flow into the right pulmonary artery; as a    z Transposition of the great arteries with in-consequence the right pulmonary artery be- tact ventricular septum and left ventric-

comes larger, with more flow to the right      ular outflow tract obstruction (5%): most lung. infants with complete transposition of the

There are four major subgroups of com- great arteries have patent foramen ovale

plete transposition of the great arteries:             and a patent ductus arteriosus. z Transposition of the great arteries with in-

tact ventricular septum or with restrictive    Coronary arteries: In 60% of patients, the

ventricular septal defect (60% of the cases): right coronary artery originates from the

one-third of patients with complete trans- right coronary sinus and the left coronary

position of the great arteries and ventric- artery, whereby the circumflex and left ante-

ular septal defect will have closure of the rior descending arteries originate, from the

ventricular septal defect in the first year left coronary sinus. In 10% of patients, the

of life. right coronary artery and the circumflex ori-

z Transposition of the great arteries with un- ginate from the right coronary sinus with

restrictive ventricular septal defect (20%): the left anterior descending artery originat-

the most common position of ventricular ing from the left coronary sinus. In these

septal defects in transposition of the great cases the circumflex is located posterior to

arteries is the infundibular septum, with the pulmonary artery. In another 10% of pa-

or without malalignment, followed by de- tients, the circumflex originates from the

fects in the membranous septum. right coronary sinus, and the right coronary

z Transposition of the great arteries with artery and left anterior descending artery

ventricular septal defect and left ventric- originate from the left coronary sinus. In

ular outflow tract obstruction (15%): pul- these cases the right coronary artery is lo-

monary stenosis (left ventricular outflow cated rightwards anterior to the aorta. In an- 112    z   Complete transposition of the great arteries

other 10% of patients, the right coronary ar- nous returns is channeled towards the tri-

tery originates from the right coronary sinus cuspid valve, and therefore to the right ven-

and gives origin to the right coronary artery tricle and the aorta, while the desaturated

and the left coronary artery; in these cases blood of the systemic venous returns is

the left coronary artery is located between channeled towards the mitral valve, and

the aorta and the pulmonary artery and therefore to the left ventricle and the pulmo-

gives origin to the circumflex and the left    nary artery. anterior descending branches. In 5% of pa-

tients, there is a single origin of all the coro-    z Arterial switch (Jatene operation): The aor-nary arteries, either from the right or from ta and pulmonary artery are divided above

the left sinus, and this anomaly can compli- the sinuses. The coronary arteries are ex-

cate the surgical technique of arterial switch. cised from the aortic root with a button of

The most troublesome coronary anomaly in aorta and implanted in the new aortic root

view of arterial switch is an intramural coro- (old pulmonary artery). The pulmonary ar-

nary artery (3–5%): in this situation the first tery bifurcation is brought anterior to the

portion of a coronary artery, generally the aorta (Lecompte maneuver) and the ascend-

left, is located within the aortic wall, before ing aorta is anastomosed to the new aortic

assuming epicardial distribution. root. A portion of pericardium is utilized to

close the defects created in the neopulmon-

Associated anomalies ary root (old aorta) by the excision of the

coronary arteries, and the pulmonary artery

Right aortic arch is seen in 4% of patients bifurcation is anastomosed to the new pul-

with an intact ventricular septum and in 8%    monary artery root. of patients with a ventricular septal defect. A

right aortic arch is more common (10%) in    z Rastelli operation: After right ventriculot-patients with transposition of the great ar- omy, the ventricular septal defect is closed

teries with pulmonary stenosis or pulmonary with a prosthetic patch (generally PTFE) by

atresia. Other associated anomalies include creating a tunnel which connects the left

the following: aortic coarctation (5%), left ventricle to the aorta, and continuity be-

juxtaposition of the auricular appendages tween the right ventricle and the pulmonary

(2–4%), malformations of the tricuspid (in- artery is obtained with a biological valved

cluding Ebstein’s anomaly) or the mitral valve,    conduit. right or left ventricular hypoplasia, superoin-

ferior ventricles, subaortic stenosis.              z Lecompte procedure (or REV = Réparation à

l’Etage Ventriculaire): After right ventriculo-tomy and infundibular resection, the left

z Surgical options ventricle is connected to the aorta by closure

of the ventricular septal defect with a

z Atrioseptectomy: The original procedure of straight patch. After transection and short-

atrioseptectomy (Blalock-Hanlon) is nowa- ening of the ascending aorta and transfer of

days virtually abandoned, replaced by bal- the pulmonary artery bifurcation anterior to

loon atrioseptostomy (Rashkind) performed the aorta (Lecompte maneuver), the right

with venous access by the interventional car- ventricle-to-pulmonary artery continuity is

diologists. obtained with reimplantation of the trans-

ected pulmonary artery directly on the right

z Atrial rerouting: Mustard procedure and ventricle for its posterior wall, while the

Senning procedure: In these two different anterior aspect is connected to the rest of

surgical techniques of intraatrial rerouting, the right ventriculotomy with a monocusp

the oxygenated blood of the pulmonary ve-    pericardial patch.

Pre-operative information     z     113

z Damus-Kaye-Stansel procedure: The pulmo-nary artery is transected proximal to the bi-

[image: ]

furcation and end-to-side anastomosed to

the ascending aorta, diverting the left ven-

tricular outflow to the systemic circulation;

the ventricular septal defect is closed with a

prosthetic patch. The continuity between the

right ventricle and the pulmonary artery is

obtained with a biological valved conduit im-

planted between the right ventriculotomy and

the pulmonary artery bifurcation.

z Bex-Nikaidoh procedure (aortic transloca-tion):   The aortic root is completely har-vested, with or without excision of the coro-

nary arteries, as well as the pulmonary

valve. After the incision of the infundubular

septum and the transfer of the pulmonary    Fig. 3.15.1. Transposition of the great arteries. CT scan, sag-artery bifurcation anterior to the aorta (Le-    loarterial discordance ( ittal projection, contrast angiography showing the ventricu-AA ascending aorta, LV left ventricle,

compte maneuver), the aortic root is con-    PA pulmonary artery, PDA patent ductus arteriosus, RV right nected to the posterior left ventricle, with or    ventricle) (modified with permission from Goo HW, Park IS, without reimplantation of the buttons of the    Ko JK, Kim YH, Seo DM, Yun TJ, Park JJ, Yoon CH (2003) CT excised coronary arteries, closing the ventri-    of congenital heart disease: normal anatomy and typical cular septal defect at the same time. The    pathologic conditions. Radiographics 23:S147–165) pulmonary artery is then connected to the

anterior right ventricle.

cation for atrial re-routing (Mustard or Sen-

ning), it is also mandatory to assess the

z Pre-operative information                 morphology and position of the auricular

appendages (Fig. 3.15.2). In case of complete

The diagnostic criterion of complete trans-    transposition of the great arteries with intact position of the great arteries is the presence    ventricular septum, an arterial switch is fea-of a discordant ventriculoarterial connection    sible only in the first few weeks of life. For (Fig. 3.15.1). Detailed images of the spatial    later referral, it is crucial to estimate the left relationship between the two great arteries    ventricular mass in order to evaluate the and their size discrepancy, the presence of    possibility of the morphologic left ventricle associated malformations, in particular a    to function as the systemic ventricle after an ventricular septal defect and left ventricular    arterial switch operation. In patients with outflow tract obstruction, as well as origin    ventricular septal defect and left ventricular and course of the coronary arteries, are cru-    outflow tract obstruction, a detailed defini-cial insights for the decision-making process    tion of the intracardiac anatomy is useful to among the various available surgical op-    decide between the available options: Rastel-tions.                                                li, Lecompte (REV) or Bex-Nikaidoh proce-

In the presence of systemic obstructions,    dures. In all the above situations, echocar-particularly aortic coarctation with hypo-    diography and cardiac catheterization with plastic aortic arch or aortic arch interrup-    angiography can provide most of the re-tion, a more accurate representation of the    quired information. However, in some com-morphology of the great arteries is required    plex cases, more sophisticated imaging tools for better surgical planning. In case of indi-    could provide some anatomical details that 114    z   Complete transposition of the great arteries

In summary, CT scan and MRI are seldom
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required for pre-operative assessment of in-

fants with transposition of the great arteries.

However the development of new acquisition

and MRI techniques able to display high-re-

solution 3-dimensional heart images, ready

to be post-processed, could greatly help sur-

geons planning surgical repair particularly

in the case of intraventricular rerouting.

 

z Potential complications

z Atrioseptostomy/atrioseptectomy: supraven-

tricular arrhythmias, inadequate mixing at the atrial level,

z Atrial rerouting: arrhytmias, tricuspid valve

regurgitation, right (systemic) ventricular

dysfunction, residual or recurrent obstruc-

tion of the pulmonary or the systemic ve-

nous return because of stenosis of the

new caval or pulmonary venous channels,

z Arterial switch (Jatene operation): residual

or recurrent coronary arteries stenosis be-

cause of the coronary artery reimplanta-

tion, residual or recurrent obstruction of

the new right ventricular outflow tract

(more frequent) or the new left ventricu-

lar outflow tract (much more rare), aortic

Fig. 3.15.2. Transposition of the great arteries, left juxtaposi-         valve regurgitation,

 

tion of the auricular appendages. a CT scan, axial projection,         Rastelli operation: z   residual or recurrent contrast angiography showing dextrocardia and the right ventricular septal defect, residual or recur-auricular appendage on the left side. b CT scan of the same rent obstruction of the new left ventricu-patient, axial projection, contrast angiography showing dex-trocardia and the left auricular appendage on the left side lar outflow tract, obstruction of the right

(LAA left auricular appendage, LA left atrium, LV left ven- ventricle-to-pulmonary artery valved con-

tricle,   RV   right ventricle, RAA right auricular appendage,         duit, complete atrioventricular block, RA right atrium)                                                 z Lecompte procedure (or REV = Réparation

à l’Etage Ventriculaire): residual or recur-

are not available with traditional diagnostic rent ventricular septal defect, residual or

investigations. Particularly attractive is the recurrent obstruction of the new right

development of a stereolithographic model ventricle outflow tract, complete atrioven-

derived from a standard CT scan or MRI to tricular block, pulmonary artery stenosis

create accurate and realistic models of com-      due to pulmonary arteries stretching, plex congenital defects for pre-operative as-    z Damus-Kaye-Stansel procedure: residual or sessment and intraoperative orientation; a recurrent ventricular septal defect, residu-

virtual incision-making tool that allows arbi- al or recurrent obstruction of the new left

trary incisions to be made in a 3-dimen- ventricular outflow tract, late regurgita-

sional reconstruction of the MRI data has tion of the systemic (aortic or pulmonary)

been developed. valves, obstruction of the right ventricle-

Potential complications     z     115

to-pulmonary artery valved conduit, com-
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plete atrioventricular block,

z Bex-Nikaidoh procedure: residual or recur-

rent ventricular septal defect, residual or

recurrent obstruction of the new left ven-

tricular outflow tract, residual or recurrent

coronary arteries stenosis because of the

coronary artery reimplantation, regurgita-

tion of the aortic valve, obstruction of the

right ventricle-to-pulmonary artery con-

nection, complete atrioventricular block.
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Fig. 3.15.3. Transposition of the great arteries, status post     ing the hypertrophic systemic right ventricle. The ventricular atrial rerouting (Mustard). MRI cine steady-state free preces-     septum is shifted towards the left ventricle (LV left ventricle, sion 4-chamber view (a) and ventricular short axis (b) show-     RV right ventricle)

116    z   Complete transposition of the great arteries
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b                                             b
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Fig. 3.15.4. Transposition of the great arteries, status post      Fig. 3.15.5. Transposition of the great arteries, ventricular atrial rerouting (Mustard). MRI 2-dimensional time of flight septal defect and pulmonary stenosis, status post Rastelli

volume rendering reconstruction (a), and maximal intensity procedure. MR angiography maximal intensity projection

projection reconstruction (b) showing significant baffle ob-     reconstruction (a) and volume rendering reconstruction (b) struction of the superior vena cava (IVC inferior vena cava, showing a stenosis of the pulmonary homograft. Note the

LV left ventricle, SVC superior vena cava) anterior location of the pulmonary artery bifurcation because

of the Lecompte maneuver (Pulm pulmonary, RV right ven-tricle)

Post-operative follow-up     z     117

z Post-operative follow-up
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In the post-operative evaluation of patients

with transposition of the great arteries, car-

diac MRI is assuming an increasing role due

to its ability to noninvasively evaluate most

clinically relevant issues. The goals of evalu-

ation of post-operative atrial switch (Mus-

tard or Senning) include:

z quantitative evaluation of the size and

function of the systemic right ventricle

(Fig. 3.15.3),

z imaging of the systemic and pulmonary    a

venous pathways to rule out obstructions
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and/or baffle leaks (Fig. 3.15.4),

z assessment of tricuspid (systemic) valve

regurgitation,

z evaluation of the left and right ventricular

outflow tracts,

z detection of aortopulmonary collateral ar-

teries and other associated anomalies.

In patients with right (systemic) ventricular

dysfunction, post-gadolinium delayed myo-

cardial enhancement can be used to detect

myocardial fibrosis. The response of the sys-

temic right ventricle to pharmacological

stress (dobutamine) or to exercise can be

tested by cardiac MRI. However the clinical

utility of these informations requires further

studies.                                              b

The long-term follow-up of patients after
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arterial switch, Rastelli, Lecompte (REV) or

Bex-Nikaidoh procedures mainly focuses on

the technical challenges of each of the above

mentioned operations: transfer of the coro-

nary arteries from the native aortic root to

the neoaortic root (native pulmonary root);

transfer of the pulmonary arteries anterior

to the neoascending aorta; reconstruction of

the right and left ventricular outflow tracts.

Fig. 3.15.6. Transposition of the great arteries, status post arterial switch. MR angiography maximal intensity projec-

tion reconstruction (a) and volume rendering reconstruction (b and c) showing pulmonary stenosis due to the compres-sion between the aorta and the sternum (AO aorta, LPA left pulmonary artery, MPA main pulmonary artery, RPA right pul-monary artery,                                                    c RV right ventricle)

118    z   Complete transposition of the great arteries
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Fig. 3.15.7. Transposition of the great arteries, status post arterial switch. a MR angiography showing the post-opera-tive images after arterial switch. b Different projection with the main pulmonary artery and the origin of the two
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branches compressed and displaced by the new ascending
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aorta (                                                      d Ao aorta, LV left ventricle, PA pulmonary artery, RV right ventricle)                                                    Fig. 3.15.8. Transposition of the great arteries, status post

arterial switch. Left ventricular outflow tract steady-state free

precession cine MRI (a) and fast spin echo parasagittal view (b) showing a dilated aortic root leading to a significant aor-tic valve regurgitation (regurgitation fraction calculated by

PVC-MRI = 40%). Note in steady-state free precession (c) and FSE (d) aortic valve short-axis acquisition with the lack of coaptation of the leaflets (AO aorta, LCS left coronary sinus, LV left ventricle, MPA main pulmonary artery, RCS right coro-nary sinus)

Post-operative follow-up     z     119

Therefore the goals of the post-operative
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evaluation in these cases include:

z evaluation of global and regional left and

right ventricular size and function,

z evaluation of the left and right ventricular

outflow tracts (Fig. 3.15.5),

z qualitative estimation of the right systolic

pressure based on the configuration of the

interventricular septum,

z evaluation of the pulmonary arteries to

rule out the presence of stenosis (Figs.

3.15.6 and 3.15.7),

z evaluation of the aortic root and coron-

aries origin (Fig. 3.15.8 and 3.15.9),

z other associated anomalies.

a                                                      The role of myocardial perfusion and viability

imaging in this population deserves further
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studies.

The above objectives can be achieved by

the following cardiac MRI protocol:

z 3-plane localizing images, z 2-dimensional axial time of flight (see ap-

pendix in the “Introduction”),

z ECG-gated cine steady-state free preces-

sion sequences in 2-chamber, 4-chamber

planes, and ventricular short axis for the

quantitative assessment of both ventricu-

lar dimensions, function and stroke vol-

ume as illustrated in the appendix of the

b                                               “Introduction”,

z ECG-gated cine steady-state free preces-
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sion and fast spin echo (if needed) se-

quence to visualize the left ventricular

outflow tract and the aortic arch,

Fig. 3.15.9. Transposition of the great arteries, status post arterial switch. MRI 3-dimensional steady state free preces-

sion volume rendering reconstruction (a) and maximal inten-sity projection reconstruction (b) showing a suspected mild “kinking” at the origin of the left coronary artery; 3-dimen-

sional steady state free procession volume rendering recon-

struction (c) in another patient: no coronary artery stenosis is detected (AO aorta, LCA left coronary artery, LPA left pul-

c                                                                    monary artery, RCA right coronary artery)

120    z   Complete transposition of the great arteries
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sion and fast spin echo short axis (if Raman SV (2004) Usefulness of multislice computed
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plane, to visualize the right ventricular Corno AF, Laks H, George B, Williams RG (1987) Use
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z ECG-gated cine steady-state free preces-      tion. Ann Thorac Surg 43:443–444
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Chapter 3.16 H

 

ypoplastic

left heart syndrome

 

z Definition                                   Associated anomalies

The morphological features of the hypoplas- as well as juxtaposition of the auricular ap- tic left heart syndrome are:  Dextrocardia and isomerism are uncommon,

z pendages. Rare is the incidence of an asso-

z aortic atresia or severe stenosis connection. Aortic arch interruption is very  z  mitral atresia or severe stenosis ciated partial anomalous pulmonary venous

 

z interatrial communication outlet right ventricle or aortic-left ven- patent ductus arteriosus  tricular tunnel are possible. Morphological  z  aortic coarctation  anomalies of the tricuspid valve are unusual,  z  right atrial dilatation  despite a not infrequent presence of tricus- z left atrial hypoplasia form of atrioventricular septal defect, double  z  left ventricular hypoplasia or aplasia rare. Association with the dominant right

z right ventricular dilatation and hypertro- pid valve regurgitation. Extremely rare is the  phy  association with pulmonary valve stenosis.

Extremely rare is the presence of a ventricu-

The apex is formed by the right ventricle and    lar septal defect. the epicardial course of the left anterior des-

cending coronary artery defines a very small

or non-existent left ventricle. The ascending      Surgical options z aorta may be as small as 1 or 2 mm, but en-ough to supply blood to the coronary arteries Surgical management includes different op-

in a retrograde fashion from the patent ductus    tions: arteriosus. A patent foramen ovale is generally    z palliation: stent of the ductus arteriosus small, with herniation of the valve of the sep- and bilateral pulmonary artery banding,

tum primum from left-to-right, or even   z univentricular type of repair in three stages: closed. Premature closure of the patent fora- the first stage is the Norwood procedure,

men ovale is usually accompanied by severe followed by a bidirectional Glenn (end-to-

hypoplasia of the left heart cavities. Endocar- side anastomosis of the superior vena cava

dial fibroelastosis can be also present. Con- to the right pulmonary artery) and then by

nections of the left ventricle to the coronary a modified Fontan procedure (total cavo-

arteries have been described. The ductus ar- pulmonary connection by extracardiac or

teriosus is widely patent, serving as a down- intracardiac connection of the inferior vena

ward-directed conduit from the main pulmo-      cava to the pulmonary artery), nary artery to the descending thoracic aorta.    z heart transplantation The neonates are generally not born with aor-

tic coarctation, but it frequently develops

(80% of cases). Obstructions at the level of

the aortic arch are frequently present.

Potential complications     z     123

z Stent of the ductus arteriosus and bilateral    ing diastole from the systemic-to-pulmonary pulmonary artery banding: This palliative    shunt, difficult to manage after the classical approach, consisting of stenting the ductus    Norwood procedure. arteriosus to maintain the patency and sur-

gical (or intravascular) bilateral pulmonary    z Heart transplantation: Heart transplanta-artery banding to maintain adequate sys-    tion in a hypoplastic left heart is not different temic perfusion through the ductus arterio-    from routine heart transplantation, with two sus, has been recently proposed with two    exceptions: a) the need of a special technique potential targets:                                   for cardiopulmonary bypass, due to the pres-z to improve the clinical condition of the    ence of ductal dependency of the systemic

neonate, particularly if the clinical con-    perfusion; b) the need for reconstruction of

dition is very critical, to increase the    the aortic arch and aortic isthmus.

chances of tolerating a subsequent Nor-

wood type of procedure,

z to allow for a stabilization lasting a period    z Pre-operative information

long enough to allow for the availability

of a donor heart for heart transplantation.    Neonatal diagnosis and pre-operative assess-

ment of hypoplastic left heart syndrome is

z Norwood procedure: the Norwood proce-    classically performed by echocardiography. dure consists of an initial palliative proce-    CT scan (Fig. 3.16.1) and MRI (Fig. 3.16.2) dure (first stage) in view of a univentricular    are very rarely utilized in the preoperative type of repair. Palliation includes using the    screening. pulmonary valve and proximal main pulmo-

nary artery as the neoaorta, by transecting

the distal main pulmonary artery and con-    z Potential complications necting the proximal main pulmonary artery

to the aortic arch and ascending aorta. Then    z Norwood procedure: the immediate post-the pulmonary blood flow is provided by a    operative period is complicated by the very systemic-to-pulmonary artery shunt from    delicate balance between the systemic and the right subclavian artery or the innomi-

nate artery to the right pulmonary artery. In
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addition, the atrial septum is removed surgi-

cally to create an unrestricted interatrial

communication and the patent ductus arter-

iosus is divided. Even in the absence of evi-

dent aortic coarctation, the area of the aortic

isthmus can be bypassed by an aortic homo-

graft to avoid the risk of recurrent aortic

coarctation.

z Norwood procedure with the Sano variation: the modified Norwood operation, proposed

by Sano and nowadays widely adopted, in-

cluding Norwood himself, replaces the modi-    Fig. 3.16.1. Hypoplastic left heart syndrome. CT scan, axial fied Blalock-Taussig shunt with a tubular    projection, showing the very hypoplastic left ventricle, with prosthesis implanted between the anterior    small left atrium, dilated right atrium and right ventricle, aspect of the right ventricle and the pulmo-    and atrial septal defect (ASD atrial septal defect, LA left

atrium, LPV left pulmonary veins, LV left ventricle, RA right

nary artery bifurcation. The advantage is to    atrium, RPV right pulmonary veins, RV right ventricle) (photo-avoid the coronary artery steel of blood dur-    graph courtesy of Dr. Mohamed Tawil)

124    z   Hypoplastic left heart syndrome

pulmonary circulation, in parallel with a sin-    z Norwood procedure with the Sano varia-gle ventricle physiology. Tricuspid regurgita-    tion: the main problem reported after the tion may develop and become progressive, modified technique consists in hypoxia,

and this represents a major issue since the more evident than after the classic Norwood

right ventricle is functioning as the systemic procedure. Concern remains about long-term

ventricle. Recurrent aortic coarctation is effects on ventricular function, because of

possible in case of incomplete resection of the ventriculotomy performed on the sys-

residual ductal tissue. Rarely the pulmonary    temic ventricle (Fig. 3.16.3). veins may develop progressive stenosis, and

the ethiology is unclear.

z Post-operative follow-up

After the first stage of the Norwood proce-

dure and before the second stage (bidirec-

tional Glenn), the following targets need to

be investigated:
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z size of the interatrial septal defect, z systemic ventricular function and myocar-

dial viability,

z systemic atrioventricular (tricuspid) valve

function,

z left ventricular outflow tract and systemic

semilunar valve,

z morphology of the aortic arch,
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Fig. 3.16.2. Hypoplastic left heart syndrome. Steady state free 3-year-old patient with an indexed end-diastolic left ventricular

precession cine MRI 4-chamber (                                                     2 a ) and short-axis ( b ) view in a volume of 21 ml/m (LV left ventricle, RV right ventricle)

Postoperative follow-up     z     125

The above information was traditionally ob-
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tained by echocardiography and cardiac

catheterization with angiography. However if

pulmonary vascular resistance is not thought

to be elevated and CT (Fig. 3.16.4) and/or

MRI (Fig. 3.16.5) are able to address all the

issues mentioned above, cardiac catheteriza-

tion can even be avoided. Furthermore, due

to MRI’s capability to detect myocardial

scarring and some other important insights

(e.g., biventricular volume), MRI has be-

come a very useful tool in borderline cases

where conversion to a biventricular type of

repair could still be a suitable option.

The following cardiac MRI protocol is

proposed in the evaluation of hypoplastic

left heart syndrome after the first stage of

the Norwood procedure:

z 3-plane localizing images, z 2-dimensional axial Time-of-flight Angio-

graphy (see appendix in the “Introduc-

tion”),

z ECG-gated cine steady-state free preces-

sion sequences in 2-chamber, 4-chamber

planes, and ventricular short axis for the

quantitative assessment of ventricular di-

mensions, function, mass and stroke vol-

ume as illustrated in the appendix of the

Fig. 3.16.3. Status-post modified Glenn after a Norwood        “Introduction”, operation with the Sano variation. MRI ventricular short axis         ECG-gated cine steady-state free preces-z “delayed enhancement” showing a large area of fibrosis due        sion sequence to visualize the systemic to the previous ventriculotomy performed for right ventricle        ventricular outflow tract and the neo-aor-to pulmonary artery conduit insertion (arrow) (LV left ventri-cle, RV right ventricle)                                                     ta (Fig. 3.16.6),

z ECG-gated cine steady-state free preces-

z                                                sion and, if needed, fast spin echo se-systemic-to-pulmonary shunt (or right      quence to visualize the aortic arch and the

ventricle to pulmonary artery conduit in

native neoaorta anastomosis (Fig. 3.16.7),

z ation),                                               sion and, if needed, fast spin echo se-morphology, flow and resistance of the case of previous Norwood with Sano vari-    z ECG-gated cine steady-state free preces-

quence to visualize the right ventricle to

pulmonary arteries.

pulmonary artery conduit (in case of Nor-

wood with Sano variation) and the pul-

monary artery branches (Fig. 3.16.8),

z ECG-gated phase velocity contrast MRI se-

quences perpendicular to the main pul-

monary artery, ascending neo- and native

aorta, pulmonary arteries, superior vena

cava and inferior vena cava to assess the

flow pattern,

126    z   Hypoplastic left heart syndrome
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Fig. 3.16.4. Status/post Norwood/Sano modification stage I. sional reconstruction volume rendering image showing from

a CT scan, showing anterior view of the 3-dimensional recon- posterior view the adequate reconstruction of the aortic arch.

struction volume rendering image of the end-to-side anas-     d CT scan, 3-dimensional reconstruction volume rendering tomosis of the transacted pulmonary artery to the ascending top-view image showing the end-to-side anastomosis of the

aorta and the proximal side of the right ventricle to pulmo- divided pulmonary artery to the ascending aorta and the

nary artery conduit. b CT scan in the same patient, showing     right ventricle to pulmonary artery conduit (Ao aorta, AoA from lateral view the 3-dimensional reconstruction volume     aortic arch, C conduit, DTA descending thoracic aorta, LPA rendering image of the end-to-side anastomosis of the di-     left pulmonary artery, PA pulmonary artery, MPA main pul-vided pulmonary artery to the ascending aorta and right     monary artery, RA right atrium, RPA right pulmonary artery, ventricle to pulmonary artery conduit with a narrowing     RV right ventricle, SVC superior vena cava) (photographs (arrow) at the proximal anastomosis. c CT scan, 3-dimen-     courtesy of Dr. Mohamed Tawil)

Postoperative follow-up     z     127
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Fig. 3.16.6. Status post Norwood procedure with Sano varia-tion. Cine MRI of the right ventricular outflow tract showing

a hypertrophic right systemic ventricle connected to the

neoaorta (LV left ventricle, RV right ventricle)

 

Fig. 3.16.5 Status post Norwood/Sano for hypoplastic left heart syndrome. a Cardiac MR Angiography: 3-dimensional reconstruction, volume rendering anterior view, showing the

[image: ]

end-to-side anastomosis of the divided main pulmonary ar-
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tery to the ascending aorta (red arrows) to create an unob-

structed systemic outlet and the proximal anastomosis (blue

arrow) of the right ventricle to pulmonary artery conduit

(Sano modification). b Cardiac MR Angiography: 3-dimen-sional reconstruction, volume rendering lateral view, showing

the stenotic proximal (blue arrow) and distal (red arrow)

anastomosis of the right ventricle to pulmonary artery con-

duit (Sano modification). c Cardiac MR Angiography: 3-di-mensional reconstruction, volume rendering posterior view,

showing the good size of the aortic arch and of the distal

pulmonary arteries, but with a long narrowing of the origin

of the left pulmonary artery (AoA aortic arch, C conduit, DTA descending thoracic aorta, LPA pulmonary artery, PA pulmo-nary artery, RA right atrium, RPA right pulmonary artery, RV right ventricle) (photographs courtesy of Dr. Rob A. Johnson)
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Fig. 3.16.8. Status post Norwood/Sano. Cine MRI showing a stenosis of the right ventricle to pulmonary artery conduit

after first stage Norwood procedure with Sano variation

Fig. 3.16.7. Status post Norwood procedure. MRI fast spin     (LV left ventricle, PA pulmonary artery, RV right ventricle) echo showing the native aorta anastomosed (head arrow) to

the neoaorta (RA right atrium)
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Fig. 3.16.9. Status post first stage of Norwood procedure.     clavian artery (Ao arch aortic arch, LSCA left subclavian MR angiography volume rendering reconstruction showing     artery, RSCA right subclavian artery) the reconstructed aortic arch; note the anomalous right sub-
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References    z    129

z gadolinium-enhanced 3-dimensional MRI   Harris MA, Johnson TR, Weinberg PM, Fogel MA

for the evaluation of the pulmonary ar-      (2007) Delayed-enhancement cardiovascular mag-

teries, the systemic-to-pulmonary artery      after surgery for congenital heart disease. J Thorac netic resonance identifies fibrous tissue in children

shunt, the systemic and pulmonary venous      Cardiovasc Surg 133:676–681

returns, and the aortic arch (Fig. 3.16.9),      Lilje C, Habermann CR, Weil J (2005) Magnetic reso-z                                                nance imaging follow-up ot total cavopulmonary post-gadolinium delayed myocardial en-

hancement may be used to evaluate the   Marcelletti C, Corno AF, Giannico S, Marino B (1990) connection. Heart 91:395

presence of myocardial scar tissue in the      Inferior vena cava to pulmonary artery extracardiac

2-chamber and ventricular short-axis planes.      conduit: a new form of right heart bypass. J Thorac

Cardiovasc Surg 100:228–232

Mitani Y, Takabayashi S, Sawada H, Ohashi H, Hayaka-

wa H, Ikeyama Y, Imanaka-Yoshida K, Maruyama K,

z                                                Shimpo H, Komada Y (2007) Fate of the “opened” References

arterial duct: lessons learned from bilateral pulmo-

nary artery banding for hypoplastic left heart syn-

Akintuerk H, Michel-Behnke I, Valeske K, Mueller M,       drome under the continuous infusion of Prostaglan-

Thul J, Bauer J, Hagel KJ, Kreuder J, Vogt P, Schranz        din E1. J Thorac Cardiovasc Surg 133:1653–1654

D (2002) Stenting of the arterial duct and banding    Muthurangu V, Taylor AM, Hedge SR, Johnson R, Tul-

of the pulmonary arteries: basis for combined Nor-        loh R, Simpson JM, Qureshi S, Rosenthal E, Baker

wood stage I and II repair in hypoplastic left heart.        E, Anderson D, Razavi R (2005) Cardiac magnetic

Circulation 105:1099–1103                                 resonance imaging after stage I Norwood operation Corno AF (2000) Surgery for congenital heart disease.        for hypoplastic left heart syndrome. Circulation 112:

Curr Opinion Cardiol 15:238–243                          3256–3263 Dent CL, Spaeth JP, Jones BV, Schwartz SM, Glauser    Norwood WI, Lang P, Castaneda AR, Campbell DN

TA, Hallinan B, Pearl JM, Khoury PR, Kurth CD       (1981) Experience with operations for hypoplastic

(2005) Brain magnetic resonance imaging abnor-       left heart syndrome. J Thorac Cardiovasc Surg 82:

malities after the Norwood procedure using regional       511–519

cerebral perfusion. J Thorac Cardiovasc Surg 130:    Robinson A (2003) Air embolism following CAT scan

1523–1530                                            in a patient with hypoplastic left heart syndrome. Dos L, Pen V, Silversides C, Provost Y, Oechslin E, Hor-        Pediatr Cardiol 24:186

lick E, Paul N (2007) Images in cardiovascular med-     Sano S (2007) New era in management of hypoplastic

icine. Cardiac magnetic resonance imaging and       left heart syndrome. Asian Cardiovasc Thorac Ann

multidetector computed tomography scan illustrat-       15:83–85

ing Damus-Kaye-Stansel operation. Circulation 115:     Shiraishi I, Kajiyama Y, Yamagishi M, Hamaoka K

e440–442                                             (2006) Stereolithographic biomodeling of congenital Funabashi N, Rubin GD (2001) Direct identification of        heart disease by multislice computed tomography

patency achieved by a bi-directional Glenn shunt       imaging. Circulation 113:e733–734

procedure: images by volume rendering using elec-     Sundareswaran KS, Kanter KR, Kitajima HD, Krishnan-

tron-beam computed tomography. Jpn Circ J 65:       kutty R, Sabatier JF, Parks WJ, Sharma S, Yoga-

457–461                                              nathan AP, Fogel M (2006) Impaired power output Giannico S, Corno AF, Marino B, Cicini MP, Gagliardi       and cardiac index with hypoplastic left heart syn-

MG, Amodeo A, Picardo S, Marcelletti C (1992)       drome: a magnetic resonance imaging study. Ann

Total extracardiac right heart bypass. Circulation       Thorac Surg 82:1267–1275

86(Suppl 2):110–117                                    Yamagishi M, Fujiwara K, Yamada Y, Yoshida M, Shun-Greenberg SB, Drummond-Webb J (2005) Gadolinium-       toh K, Shiraishi I, Hayano T, Itoi T, Hamaoka K, Ki-

enhanced magnetic resonance angiography of right       tamura N (2001) Norwood operation for left iso-

ventricle to pulmonary artery shunts following Nor-        meric heart with aortic atresia: evaluation with

wood I palliation in infants. Pediatr Radiol 35:186–        three-dimensional computed tomography. J Thorac

190                                                    Cardiovasc Surg 121:1205–1207




Chapter 3.17 C

or triatriatrum

 

z Definition                                   Associated anomalies

Cor triatriatum is seen most frequently as

When used in isolation, the term cor tria- an isolated lesion but it can coexist with any

triatum almost always refers to division of other defect. Notable associations include

the left atrium. The divided right atrium is persistent left superior vena cava and un-

called cor triatriatum dexter. roofed coronary sinus. Other associated le-

Several patterns exist in which the left at- sions can be supravalvular mitral ring, atrial

rial chamber is divided, often in association septal defect, partial or total anomalous pul-

with anomalous venous connections or other monary venous connection, stenosis of the

lesions. In the great majority of cases, none- pulmonary veins, atrioventricular septal de-

theless, there is a pattern which can be con- fect, mitral valve regurgitation, ventricular

sidered as the “classic” lesion. In this vari- septal defect, tetralogy of Fallot, double out-

ant, the left atrium is divided by a dia- let right ventricle, double discordance, hypo-

phragm (membrane) into two components: plastic left heart syndrome, aortic valve ste-

1) the proximal (superior) left atrial cham- nosis, pulmonary stenosis, anomalous origin

ber, typically thick-walled, somewhat larger of the right pulmonary artery from the

than the distal chamber, above the subdivid- aorta, aortic coarctation; rarely asplenia or

ing diaphragm, receiving the four pulmo-    polysplenia. nary veins; 2) the distal (inferior) left atrial

opening of the fossa ovalis, the left auricular    z chamber, generally thin-walled, with the Surgical options

appendage and the mitral valve. The dia-

phragm between the two components, which Complete resection of the diaphragm, taking

may have one or more variably sized open- care not to injure the mitral valve or the in-

ings in it, is usually rather thick and fibro- teratrial septum, is approached from the left

muscular.   Typically,   the   foramen   ovale    atrium or from the right atrium (through an (which may be deficient, probe-patent or in- already present or a surgically created in-

tact) is in actual or potential communication teratrial communication), depending on the

with the distal chamber, and the left auricu- size of the proximal left atrial chamber and

lar appendage is located in the distal cham- on the presence of associated anomalies.

ber; these two features provide a means to In the classical form of cor triatriatum,

distinguish between cor triatriatum and su- the surgical approach through a right atrio-

pravalvular mitral ring (see the chapter “Mi- tomy is recommended, with enlargement of

tral valve disease”). The severity of the le- the patent foramen ovale (or interatrial sep-

sion depends upon the size of the orifice be- tal defect) to obtain better exposure of the

tween the divided components of the left at- left atrial diaphragm. After identification

rium. and complete resection of the diaphragm,

the remaining interatrial communication is

Pre-operative information     z     131

closed with an autologous (or heterologous)

[image: ]

pericardial patch.

In the left atrial approach, the common

pulmonary venous proximal chamber is

opened through a vertical incision anterior

to the pulmonary veins, and the diaphragm

is exposed by appropriate retraction; one or

two radial incisions from the opening of the

diaphragm outward to the atrial wall or in-

teratrial septum substantially enhance the ex-

posure; the diaphragm is excised only after

precise identification of the pulmonary veins.

 

z Pre-operative information

In addition to the information already ob-

tained with echocardiography, CT scan and

MRI can provide details useful to precisely

localize the fibromuscular diaphragm (mem-

brane), its relationship with the interatrial

septum, the position and the size of its

opening connecting the proximal (superior)

with the distal (inferior) left atrial chamber,

the pulmonary venous connections as well

as the presence of associated intracardiac de-

fects (Fig. 3.17.1).

MRI in particular axial and coronal fast

spin echo sequences can delineated very well

the morphology of the left atrial chamber

with the fibromuscular diaphragm (mem-

brane) and its relationship to the near    Fig. 3.17.1. Cor triatriatum. a MRI axial projection showing cardiovascular structures. Furthermore, the    the pulmonary veins (arrow) connected to the proximal (su-visualization of a normal left auricular ap-    perior) left atrial chamber, the distal (inferior) left atrial pendage, with a signal void indicating un-    chamber emptying through the mitral valve into the left obstructed flow, excludes other related intra-    ventricle, and the attachment to the interatrial septum (as-cardiac malformations, such as congenital    terisk) of the fibromuscular diaphragm (membrane) dividing mitral stenosis or supravalvular mitral ring.     fect. the left atrium. Note the presence of a ventricular septal de-b MRI axial projection in the same patient showing the

absence of atrial septal defect, the central opening of the fi-

bromuscular diaphragm (membrane) and its lateral insertion

(black arrow) (CI inferior chamber, CS superior chamber, DS ventricular septal defect, LV left ventricle, M mitral valve, RA right atrium, RV right ventricle) (modified with permission from Cabrera A, Angulo P, Martinez P, Romero C, Pastor E,

Galdeano JM (1997) Cor triatriatum with interventricular

communication: Doppler color ultrasonography and magnetic

resonance diagnosis. Repair in the first months. Rev Esp Car-

diol 50:290–292, © Elsevier)
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z Potential complications of a residual segment of unresected fibro-

muscular diaphragm (membrane) or even

Inadequate membrane resection, residual at-    other residual intracardiac defects. rial septal defect, mitral valve damage, air

neonates and infants post-operative crises of    z embolism, supraventricular arrhythmias; in References

pulmonary hypertension requiring treatment
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ricuspid atresia

 

z Definition                                   z Classification

Tricuspid atresia is characterized by the The classification of the various forms of tri-

complete absence of a direct communication cuspid atresia is based on the type of ventri-

between the right atrium and the right ven- culoarterial connection and on the amount

tricle (= absent right atrioventricular con-    of antegrade pulmonary blood flow. nection). Tricuspid atresia may range from

an imperforate membrane (rarely) to the to-    z Type of ventriculoarterial connection tal absence of the valve with the area re-    z type I: normally related great arteries placed by muscular tissue. The floor of the (= ventriculoarterial concordance) (2/3 of

right atrium is completely muscular, fre-      infants), quently with a tiny dimple (= localized fi-    z type II: transposition of the great arteries brous thickening) in the middle, and is to- (= ventriculoarterial discordance) (1/3 of

tally separated from the ventricular mass by      infants). the atrioventricular sulcus (= absent of any

potential right atrioventricular connection).    z Amount of antegrade pulmonary blood flow The right atrium is generally dilated, and its    z type A: absence or severe reduction of wall thickened, particularly in the rare (less antegrade pulmonary blood flow, because

than 5% of cases) presence of restrictive in- of pulmonary atresia or stenosis with ab-

teratrial communication (generally the in- sent ventricular septal defect (18% of in-

teratrial communication is unrestrictive). fants); the pulmonary circulation can be

The left atrium and the mitral valve are both      totally ductus-dependent, dilated, since they receive both the pulmo-    z type B:   balanced antegrade pulmonary nary and the systemic venous returns. The blood flow (52% of infants), resulting

right ventricle is generally poorly developed from a moderate degree of obstruction at

(sometimes so small that its detection is dif- the level of the ventricular septal defect,

ficult) and is characterized by total absence the right ventricular outflow tract and/or

of the inlet portion and varying degrees of the pulmonary valve, bicuspid in 20% of

underdevelopment of the trabecular and in-      patients, fundibular portions. A ventricular septal de-    z type C: unrestricted antegrade pulmonary fect, most frequently of muscular type, is blood flow (30% of infants), resulting

generally present between the hypoplastic from absence or minimal degree of ob-

right ventricle and the left ventricle, provid- struction at the level of the ventricular

ing access to the rudimentary right ventricle septal defect, the right ventricular outflow

and the pulmonary artery. The atrial situs is      tract and/or the pulmonary valve. almost invariably solitus, and the coronary

arteries are generally normal.

Surgical options     z     135

Associated anomalies                           z Modified Fontan procedure or total cavo-S                                             pulmonary connection: see chapter “Single ystemic and pulmonary venous connections are usually normal, with the exception of a    ventricle”.

persistent left superior vena cava (15% of    z One-and-half ventricular repair: this surgi-cases), and partially unroofed coronary sinus

with communication between the coronary    cal approach consists of the confection of a sinus and the left atrium (1–5% of cases).    bidirectional Glenn: end-to-side anastomosis An atrial septal defect or stretched patent    between the proximal stump of the superior foramen ovale is generally present (the pres-    vena cava divided at the level of the cavo-ence of an interatrial communication is nec-    atrial junction and the upper aspect of the essary for survival) and ventricular septal    right pulmonary artery. The atrial and ven-defect is very frequently present. Ventricu-    tricular septal defects approached through a loarterial discordance is present in 1/3 of    right atriotomy and a longitudinal incision the patients.                                       of the subpulmonary chamber, respectively,

Other associated cardiac anomalies are   are closed with separated patches (pericar-pulmonary stenosis, pulmonary atresia, pat-    dium, PTFE, Dacron or Teflon), and then the ent ductus arteriosus, juxtaposition of the    right atrium is connected with the sub-auricular appendages (10% of cases with    pulmonary chamber with interposition of a ventriculoarterial discordance), dextrocardia,    valved conduit. In the presence of associated right aortic arch, aortic coarctation (very    pulmonary valve stenosis, a pulmonary val-rare in patients with ventriculoarterial con-    votomy is required. In the presence of hypo-cordance, but present in up to 30% of pa-    plastic pulmonary valve annulus, the inci-tients with ventriculoarterial discordance    sion of the subpulmonary chamber is pro-and restrictive ventricular septal defect).         longed becoming a transannular opening,

In 5% of patients there is a very large promi-    and the distal end of the conduit is anasto-nent Eustachian valve, partitioning the right    mosed to both the subpulmonary chamber atrium, like in cor triatriatum dexter (see chap-    and the wall of the pulmonary artery.

ter “Cor triatriatum”). Anedoctical reports    z Subaortic resection: the technique consists exist of tricuspid atresia with anomalous

systemic or pulmonary venous connections,    of a longitudinal incision of the subaortic aortic atresia and truncus arteriosus. Situs    right ventricular outlet chamber in the direc-inversus with ventricular L-loop (mirror imag-    tion of the ascending aorta, of course avoid-ing pattern) is exceptional. The mitral valve,    ing major coronary artery branches. After generally normal, may have a double orifice,    careful identification of the ventricular sep-isolated anterior cleft or straddling and over-    tal defect (= bulboventricular foramen), a riding.                                              full-thickness of interventricular septum is

resected from the anterosuperior aspect of

the defect, on the opposite side of the con-

z                                             duction tissue, carefully avoiding lesions to Surgical options the adjacent aortic valve. Subaortic resection z                                             is completed with excision of obstructing Modified Blalock-Taussig shunt: see chapter “Tetralogy of Fallot”.                              muscle bundles, and the outlet chamber is

further enlarged by patch (autologous or

z                                             heterologous pericardium, PTFE) closure of Pulmonary artery banding: see chapter “Ventricular septal defect”.                       the incision.

z Bidirectional Glenn or Hemi-Fontan: see chapter “Single ventricle”.
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Fig. 3.18.1. Tricuspid atresia. CT scan axial projection show-ing absence of a direct connection (arrowheads) between

the right atrium and the right ventricle (RA right atrium, RV right ventricle)
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Fig. 3.18.3. Tricuspid atresia, restrictive ventricular septal de-fect and ventriculoarterial discordance. Cine MRI left ventricu-

[image: ]

Fig. 3.18.2. Tricuspid atresia. Typical MRI aspect of tricuspid the hypoplastic right ventricle with restrictive ventricular sep- lar outflow tract (a and b) showing the aorta arising from

atresia with nearly virtual accessory chamber (AC accessory     tal defect (*) (Ao aorta, LV left ventricle) chamber, LA left atrium, LV left ventricle)
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z Pre-operative information

The pre-operative information is the same as

acquired from CT scan (Fig. 3.18.1) and MRI

(Fig. 3.18.2) for the evaluation of single ven-

tricle (see chapter “Single ventricle”), paying

particular attention to the ventricular septal

defect and the left ventricular outflow tract

in patients with tricuspid atresia and trans-

position of the great arteries (= ventriculoar-

terial discordance) (Fig. 3.18.3), and to the

interatrial septum.

 

z Potential complications                    Fig. 3.18.5. Tricuspid atresia, restrictive ventricular septal

z                                             defect and ventriculoarterial discordance, status post bi-Modified Blalock-Taussig shunt: see chapter    directional Glenn. Same patient of Fig. 3.18.3 MR angiogra-“Tetralogy of Fallot”.                              phy (maximal intensity projection reconstruction) showing

z                                             the cavopulmonary anastomosis and normal sized pulmonary Pulmonary artery banding: see chapter    arteries (Ao aorta, LPA left pulmonary artery, RPA right pul-

“Ventricular septal defect”.                       monary artery, SVC superior vena cava)

z Bidirectional Glenn or hemi-Fontan: see chapter “Single ventricle”.                        z Subaortic resection: complete atrioventri-

z Modified Fontan procedure or total cavo-    for either residual or recurrent subaortic ob-cular block occurs very rarely, while the risk pulmonary connection: see chapter “Single    struction is higher. ventricle”.

z Post-operative follow-up
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Patients with tricuspid atresia are treated as

[image: ]

the patients with a single ventricle (see




chapter “Single ventricle”).

Postoperative CT and MRI investigations

can provide information on the bidirectional

Glenn and on the size and morphology of

the right and left pulmonary artery, particu-

larly with regard to the presence and ex-

tension of any narrowing (Figs. 3.18.4 and

3.18.5).
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Chapter 3.19 S

 

ingle ventricle

 

z Definition                                   z main ventricular chamber of right ventri-

cular morphology, with or without rudi-

Single ventricle (or univentricular heart) is mentary left ventricle (= single ventricle of

considered a congenital cardiac malforma-      right ventricular type), tion in which both atria connect to only one    z single ventricular chamber of indetermi-ventricular chamber by either two separate      nate morphology. atrioventricular valves (double inlet) or a

common atrioventricular valve (common in- The combination of the type of inlet (double

let). The ventricle to which both atrioventri- inlet or common inlet) with the type of ven-

cular valves or a common atrioventricular tricular morphology (left, right or indeter-

valve connects is generally well formed, minate) provide a variety of univentricular

whereas the ventricle not receiving the lar- atrioventricular connections. This variety is

gest amount of the venous return to the further complicated when other morphologi-

heart is often a rudimentary chamber. cal variables are taken in consideration, like

By definition, the term double inlet single the cardiac position (levocardia, mesocardia

ventricle is used only if more than 50% of or dextrocardia), the atrial situs (solitus, in-

the overriding valve lies over the main ven- versus, right or left isomerism), the ventri-

tricular chamber. When both atrioventricu- culoarterial connections, the spatial relation-

lar valves are present, they often cannot be ship between the main chamber and rudi-

designated as either mitral or tricuspid and mentary chamber, and the associated cardiac

are commonly straddling or stenotic. When anomalies. The most frequent arrangement

there is a common atrioventricular valve, it is the main chamber of left ventricular

presents frequently with regurgitation. morphology with a rudimentary chamber of

Most of the hearts described as “single right ventricular morphology (= single ven-

ventricle” or “univentricular heart” in reality tricle of left ventricular type). The rudimen-

possess two ventricular chambers, with one tary chamber is separated from the main

main (dominant) chamber and a second (in- chamber by a septum, which does not ex-

complete) rudimentary chamber which lacks tend to the crux of the heart, and is con-

of one or more of its components (generally nected to the main chamber via a ventricu-

the inlet, but occasionally also the outlet). lar septal defect, variously described with in-

There are three basic patterns of ventricu- terchangeable terms, such as outlet foramen,

lar morphology: interventricular foramen, or bulboventricular

z main ventricular chamber of left ventricu- foramen. Since these hearts do not have a

lar morphology, with rudimentary right membranous septum, the ventricular septal

ventricle (= single ventricle of left ventri- defect is generally of completely muscular

cular type), type, with the potential reduction in size

typical of the muscular ventricular septal de-

fect in biventricular hearts.

140    z   Single ventricle

In order to evaluate if the size of the ven- the atrioventricular node can be anywhere

tricular septal defect is restrictive or unre- around the perimeter of the right-sided

strictive, generally its dimensions are related (= draining the right-sided atrium) atrioven-

to the size of the corresponding aortic root.    tricular valve. The second chamber is always anterior, and

is located either to the left or the right. The    Associated anomalies size of the outlet chamber is related to the Associated cardiac anomalies occur in about

degree of development and straddling of the one-third of cases with double inlet ventricle.

tricuspid valve, in addition to the size of the Anomalous pulmonary and/or systemic ve-

ventricular septal defect. The ventriculoar- nous connections are relatively frequent, par-

terial connections are most commonly dis- ticularly in patients with atrial isomerism (see

cordant and more rarely concordant. Unusu- chapter “Isomerism”); the most frequent are

al forms of ventriculoarterial connections in persistent left superior vena cava, interrup-

double inlet ventricle include double outlet tion of the inferior vena cava, partial or total

or single outlet (= pulmonary atresia). anomalous pulmonary venous connection.

Outflow obstruction to the pulmonary ar-      Malformations   of   the   atrioventricular tery is common and is the most important valves are also quite common, including

determinant of the clinical course. The ob- straddling, leaflet dysplasia, leaflet cleft and

struction may be subvalvular and/or valvu- tags, and annular hypoplasia. Aortic arch

lar (hypoplastic annulus and/or thickened anomalies such as coarctation, interrupted

leaflets), or may be complete (= pulmonary aortic arch and hypoplastic aortic arch are

atresia). In the presence of ventriculoarterial strongly associated with a restrictive ventri-

concordance the obstruction, mostly dy- cular septal defect in cases in which the aor-

namic, due to infundibular narrowing, is ta arises from the rudimentary chamber

generally localized at the subvalvular level.    (= ventriculoarterial discordance). In hearts with ventriculoarterial concor-

dance, the obstruction to the pulmonary

blood flow is generally due to the presence    z Surgical options of a restrictive ventricular septal defect.

Obstruction to the systemic outflow can    z Pulmonary artery banding: In these pa-occur at the subvalvular level and/or the lev- tients, the achievement of an adequate pul-

el of the aortic arch and/or isthmus, or at monary artery banding is particularly diffi-

multiple levels. Usually it occurs at the level cult, considering several interrelated vari-

of the ventricular septal defect in hearts with ables that continue to evolve, particularly

discordant ventriculoarterial connections; in the need to obtain and maintain a low pul-

fact, in these patients, the presence of aortic monary artery pressure, an adequate balance

coarctation and/or aortic arch hypoplasia is between systemic and pulmonary circulation,

a strong marker for the presence of a re- at the same time avoiding excessive ventricu-

strictive ventricular septal defect. lar pressure overload. A solution to these re-

The conduction tissues, with respect to quirements is pulmonary artery banding with

the ventricular septal defect, have a directly a telemetrically adjustable device (FloWatch-

comparable arrangement to that seen in tri-    PAB®). cuspid atresia. This arrangement is seen ir-

respective of whether the rudimentary right    z Shunt: A modified Blalock-Taussig shunt ventricle is right or left sided. The position (see chapter “Tetralogy of Fallot”) is always

of the rudimentary ventricle affects only the the choice for a systemic-to-pulmonary ar-

relationship of the atrioventricular bundle to    tery shunt. the outflow tract from the dominant left

ventricle. From the surgical point of view,

Surgical options     z     141

z Bidirectional Glenn: The bidirectional Glenn    pulmonary artery with a patch (pericardium, procedure consists of end-to-side anastomosis    PTFE). The divided stump of the superior of the divided superior vena cava to the upper    vena cava requires augmentation (by a roof aspect of the right pulmonary artery.            of autologous or heterologous pericardium

In patients with persistent left superior    or PTFE) to accommodate the higher systemic vena cava, a bilateral bidirectional Glenn    venous return coming from the inferior vena procedure (= end-to-side anastomosis of the    cava. The coronary sinus is left in the lower right superior vena cava to the right pulmo-    pressure pulmonary venous atrium. An un-nary artery and of the persistent left superi-    restrictive interatrial communication is also or vena cava to the left pulmonary artery,    created, whenever necessary. respectively) is performed with the same      Extracardiac connection consisting of an surgical technique for both anastomoses.        extracardiac connection of the divided infe-

rior vena cava (the cardiac stump is over-

z Hemi-Fontan: The medial aspect of the su-    sewn) to the inferior aspect of the right pul-perior vena cava and the superior portion of    monary artery by interposition of a non-the right atrium are incised as well as the    valved conduit (PTFE, pericardium, in situ confluence of the right and left pulmonary    pedicled pericardial tunnel), or in excep-arteries. In the absence of pulmonary atre-    tional circumstances by direct anastomosis sia, the proximal stump of the pulmonary    of the transected inferior vena cava to the artery is divided and oversewn. The superior    divided main pulmonary artery. vena cava is side-to-side anastomosed to the

right pulmonary artery, and the same is    z Fenestration (= incomplete atrial partition-done in the presence of a persistent left su-    ing): Different types of fenestration exist to perior vena cava, which is side-to-side anas-    allow for an incomplete separation between tomosed to the ipsilateral pulmonary artery.    the caval and pulmonary venous pathways in A patch of biological (homograft, heterolo-    order to decompress the systemic venous re-gous pericardium) or prosthetic (PTFE) ma-    turn. In the lateral tunnel technique, an in-terial is used to augment the pulmonary ar-    teratrial communication (generally 4–5 mm teries anteriorly to create a roof over the    diameter) is created in the central part of anastomosis of the vena cava and the pul-    the prosthetic (PTFE) patch (= fixed fenes-monary artery and a dam occluding the in-    tration), or is left on the lateral aspect of the flow of the superior vena cava into the right    suture of the patch. In the extracardiac con-atrium, leaving a potential connection for    nection, the extracardiac conduit and the the entire systemic venous return larger than    morphologically right atrium (now function-the size of the inferior vena cava. An un-    ing as the pulmonary venous atrium = col-restrictive interatrial communication is also    lecting chamber for the pulmonary veins created, whenever necessary.                    and the coronary sinus) are off-bypass con-

nected (= fenestration) either by a tubular

z Modified Fontan: The completion of the    prosthesis (PTFE, 6–8 mm diameter) or by Fontan circulation, rerouting the systemic    side-to-side direct anastomosis. All these venous return from the inferior vena cava to    types of fenestration will either sponta-the pulmonary arteries, can be accomplished    neously close in the late postoperative peri-with several different surgical techniques,    od, or they can be electively closed by a per-but nowadays the most used remain the fol-    cutaneous intervention. lowing:

Intracardiac lateral tunnel consisting of    z Ventricular septation: This procedure can baffling the inferior vena cava, the superior    be performed as a single stage with a large vena cava and the upper portion of the right    patch dividing the two atrioventricular atrium with the inferior aspect of the right    valves and the ventricular cavity, taking 142    z   Single ventricle

great care to avoid obstruction to the sys-

[image: ]

temic and pulmonary outflow tracts.

Staged ventricular septation consists of placing an apical patch and a second patch

at the superior portion between the atrio-

ventricular valves, using widely spaced inter-

rupted sutures, with the addition of pulmo-

nary artery banding. Ventricular septation

(with debanding) is completed 6–18 months

later with a third patch.

z Pre-operative information

Classically single ventricle is fully diagnosed

and evaluated by echocardiography and car- Fig. 3.19.1. Double inlet left ventricle. CT scan, axial projec-

diac catheterization. The following pre-op- tion, showing the double inlet of the left and right atrium

erative information is required at all stages: into a single ventricle of left ventricular type (DILV double in-

z let left ventricle, LA left atrium, RA right atrium) (photograph

situs and position of the heart,                courtesy of Dr. Mohamed Tawil) z systemic and pulmonary venous connec-

tions,

z rately detect volume and mass of such bizarre

interatrial communication,

z shaped ventricles makes it capable of provid-

ventricular septal defect,

z ing us anatomical and functional information

atrioventricular valves (morphology and

not available by any other diagnostic tool.

function),

z The following MRI protocol is used in the

ventricular anatomy, function, mass and

evaluation of functionally single ventricle:

z myocardial viability,                            z 3-plane localizing images,

ventricular outflow tract (level of potential    z 2-dimensional axial Time-of-flight Angio-

obstruction),

z graphy (see appendix in the “Introduction”);

ventriculoarterial connections,

z the two previous types of imaging, mainly

aortic arch (morphology and potential ob-

the latter, can greatly help in defining the

struction),

z bronchial anatomy, hence allowing poten-

sources of pulmonary blood flow,

z tial sidedness anomalies to be confirmed

pulmonary arteries morphology, pressures

(Fig. 3.19.2 a–c),

and resistance.                                 z ECG-gated cine steady-state free precession Due to the high potential diagnostic value al- sequences in straight axial, sagittal, coronal

ready discussed in the “Introduction”, cardiac and additional oblique planes in order to

CT (Fig. 3.19.1) and MRI (Fig. 3.19.2) are show the whole heart on three orthogonal

gaining widespread interest in such patients planes; even if it is of long duration, it bet-

as they could provide, in conjunction with ter visualizes the intracardiac anatomy, its

echocardiography, all the required informa- connections and spatial disposition inside

tion with exception of the pulmonary pres-      the thorax (Fig. 3.19.2 f–h), sure and resistance. There is general agree-    z ECG-gated cine steady-state free precession ment that, in selected patients without sus- sequences on the ventricular long and short

pected high pulmonary artery pressure, cardi- axis plane, for the quantitative assessment

ac MRI could be used to avoid cardiac cathe- of ventricular dimensions, function, mass

terization in many instances as patients pro-      and stroke volume, gress through staged Fontan circulation.    z ECG-gated cine steady-state free preces-Furthermore, MRI’s unique ability to accu- sion and fast spin echo sequences to vi-

Potential complications     z     143
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Fig. 3.19.2 a–e
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Fig. 3.19.2. Single ventricle. Cardiac MRI in a patient with     phology of the right atrioventricular valve. Sagittal ventricular functionally single ventricle. Angiography (a, c) and coronal lo-      outflow tract cine steady-state free precession (l) and fast spin calizer (b) showing bronchial and atrial situs solitus. Time of     echo (k) clearly shows the anterior positioned aorta arising flight maximal intensity projection reconstruction (d, e) illus-      from the right ventricle with severe subvalular and valvular trating normal systemic and pulmonary venous connections     pulmonary stenosis. MR angiography maximal intensity projec-and double interatrial communication (asterisk). Stack of axial     tion reconstruction illustrates mild pulmonary arteries hypopla-(f), sagittal (g) and coronal (h) cine steady-state free preces-      sia (m) and small aortopulmonary collaterals (n) (AO aorta, IVC sion acquisitions showing atrioventricular discordance with left      inferior vena cava, LA left atrium, LAA left auricular appendage, atrioventricular valve atresia (^), hypoplastic left ventricle,     LPA left pulmonary artery, PA pulmonary artery, PV pulmonary large ventricular septal defect, double outlet right ventricle,     veins, RA right atrium, RV right ventricle, RPA right pulmonary malposition of the great arteries and subvalvular and valvular     artery, SVC superior vena cava, TV tricuspid valve, VSD ventri-pulmonary stenosis. Para-coronal cine steady-state free preces-     cular septal defect) sion in diastole (i) and systole (j) confirms the tricuspid mor-

 

sualize the ventricular outflow tract, the    z Potential complications

ventricular septal defect and their rela-

tionship (Fig. 3.19.2 k and l)),                   z Pulmonary artery banding: potential for z ECG-gated phase velocity contrast MRI se-    pulmonary artery distortion, development of

quences perpendicular to the main pul-   pulmonary valvular regurgitation or damage

monary artery, ascending aorta, and pul-    to the pulmonary valve, progressive ventri-

monary arteries, to assess the flow pattern    cular hypertrophy, decreased ventricular

in the great arteries,                             compliance, and development of subvalvular z gadolinium-enhanced MR angiography for   aortic stenosis. Subaortic stenosis often fol-

the evaluation of the pulmonary arteries    lows palliative pulmonary artery banding, in

and veins, systemic venous connections,    which the resultant hypertrophy of muscle

aortic arch and any aortopulmonary collat-    around the ventricular septal defect may

erals (Fig. 3.19.2 m and n).                      play a contributing role (Fig. 3.19.3).

144    z   Single ventricle
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Fig. 3.19.2 f

 

z Bidirectional Glenn: prolonged pleural and/    z Hemi-Fontan operation: distortion or de-or pericardial effusions, chylothorax, phrenic generation of the biological or prosthetic

nerve lesion. A persistently high pulmonary materials used for the central pulmonary ar-

vascular resistance results in insufficient pul- teries augmentation and early or late supra-

monary blood flow and severe cyanosis, ventricular arrhythmias are potential com-

manifested by high superior vena cava pres- plications in addition to those listed for the

sure (over 18–20 mmHg). An elevated supe-    bidirectional Glenn procedure. rior vena cava pressure may significantly de-

crease cerebral perfusion by decreasing the    z Modified Fontan procedure: in the pres-pressure gradient across the cerebral bed. ence of a failing Fontan procedure, the po-

This may be clinically manifested as fullness tential obstruction at any level of the cavo-

and pulsatility of the fontanelle, persistently pulmonary connections, as well as the per-

irritability, systemic hypertension and rela- sistence of intracardiac shunts (other than

tive bradycardia. Following the bidirectional the surgically created fenestration), must al-

Glenn procedure, potential late development ways be ruled out. The most frequent early

of pulmonary arteriovenous malformations complications are prolonged pleural effusion

or venovenous collaterals may cause severe and chylothorax; chronic venous stasis, re-

cyanosis. The latter results in right-to-left current pericardial effusion, ascites, fluid re-

shunt, and, if severe, precludes successful tention, renal failure, hepatic failure and gas-

conversion to Fontan operation. trointestinal dysfunction are more frequent

Potential complications     z     145
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Fig. 3.19.2 g
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Fig. 3.19.2 h

146    z   Single ventricle
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Fig. 3.19.2 i–n

 

in higher risk patients. While sinus node quent late complications. Exercise intoler-

dysfunction, atrial fibrillation or flutter is ance (or reduced exercise capacity) is ob-

more frequent, ventricular arrhythmias are served in a certain percentage of patients as

less frequent, and complete atrioventricular well as progression of atrioventricular valve

block is very rare. Thromboembolism can regurgitation. Persistent and/or progressive

occur in about 10% of patients, particularly hypoxemia can occur after the Fontan proce-

in the presence of a low-output state with dure, further increased with exercise, even

low velocity flow through the venous path- in the absence of evident intracardiac right-

way. to-left shunt. The reason is probably the

Protein-losing enteropathy (reduced serum presence of a mild intrapulmonary shunt

albumin concentration accompanied by diar- and the drainage of the coronary sinus into

rhea, poor appetite, failure to grow), pulmo- the pulmonary venous atrium. Plastic bron-

nary arteriovenous malformations and veno- chitis is very rare but mostly accompanied

venous collateral formation (between bra-    by dramatic consequences. chiocephalic angles and pericardial veins, Either a fenestration (when absent or in-

azygos and hemiazygos system, Thebesian adequate) or the early or late take-down of

veins and epidiaphragmatic veins) with sys- the total cavopulmonary connection is some-

temic arterial desaturation are the most fre- times necessary, with or without associated

Potential complications     z     147

treatment for the supraventricular arrhyth-
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mias. Heart transplant is sometimes the only

available solution, when pulmonary vascular

resistance is still within the normal range.

z Ventricular septation:   the incidence of complications with ventricular septation, ex-

cept for a very well selected cases, remains

elevated. Potential complications are ob-

struction to the systemic and/or pulmonary

inflow and/or outflow tracts, distortion of

the atrioventricular valve(s) with resulting

regurgitation, lesion of the coronary arteries,

residual interventricular shunt, complete at-

rioventricular block.

Fig. 3.19.3. Double inlet ventricle, status-post pulmonary artery banding. MRI para-coronal cine steady-state free precession dou-

ble inlet ventricle and transposition of the great arteries after pul-

monary banding with subaortic turbulent flow (head arrow) (Asc Ao ascending aorta, LV left ventricle, PAB pulmonary banding)
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Fig. 3.19.4. Single ventricle with restrictive ventricular septal      of the trabecular septum with a restrictive inlet type of ven-defect, status post Fontan procedure. MRI fast spin echo     tricular septal defect extended to the outlet septum, leading para-coronal scan showing a restrictive ventricular septal defect      to subaortic stenosis in a patient after Fontan procedure. Note the malalignment

148    z   Single ventricle
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Fig. 3.19.5. Single ventricle, status post extracardiac Fontan reformatted time of flight on the left) are shown on the

with conduit stenosis. MRI volume rendering reconstruction sides. The conduit stenosis (*) was an unexpected finding,

from time of flight acquisition. Axial images at the level indi-      not suspected by echocardiography (FSE fast spin echo, cated by the arrows (fast spin echo images on the right and     SVC superior vena cava, TOF time of flight)

 

z Post-operative follow-up Echo-Doppler, as the first line diagnostic

tool, is very useful. However, previous surgi-

The following targets have to guide the post- cal scars, growing body mass, baffles and

operative evaluation: conduits deeply located inside the thorax

z anatomy, size and flow pattern of the bi- and bizarre ventricular geometry make

directional cavopulmonary anastomosis or this type of echocardiographic investigation

of the total cavopulmonary anastomosis, technically challenging and sometimes is not

z ventricular volume, mass and function, exhaustive enough to accurately cover all the

z atrioventricular valve (or valves) evaluation, previously mentioned targets, like ventricu-

z anatomy of the ventricular septal defect, lar function and flow pattern assessment.

particularly in case of aorta arising from On the other hand, cardiac MRI is gaining

the accessory chamber (Fig. 3.19.4), an increasingly important role in the evalua-

z detection of thrombi, particularly at atrial tion of such patients by overcoming some

level, in case of “old fashion” Fontan pro- of the echocardiography drawbacks (Fig.

cedure, consisting in direct atriopulmo- 3.19.5). By means of steady-state free preces-

nary anastomosis leading to huge right sion and phase velocity contrast acquisition,

atrial enlargement. today MRI is the best way to assess ventri-

Post-operative follow-up     z     149
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Fig. 3.19.7. Single ventricle, status post atriopulmonary con-
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a                                                      nection. MRI axial fast spin echo imaging after direct atrio-

pulmonary connection with a huge right atrium prone to

Flow volume (ml/s)                         thrombi formation due to slow flow (arrowhead) (LV left ven-

0         20        40        60        80        100          tricle, RA right atrium)

0

-20

-40

-60                                                                    evaluation, can avoid the need of cardiac

w (ml/s)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              catheterization before Fontan completion. o

Fl                                                                                          -80

The post-operative protocols used are the

-100                                                                   same as in the pre-operative evaluation, with

-120                                                                   the addition of the evaluation of the bidirec-

0     100    200    300    400    500    600    700    800      tional Glenn or Fontan pathways:

b                 Trigger delay (ms)                     z ECG-gated cine steady-state free preces-Fig. 3.19.6. Single ventricle, status post extracardiac Fontan.         sion and fast spin echo sequence targeted by means of phase velocity contrast MRI (                          at the cavopulmonary anastomosis and a Flow pattern assessment after extracardiac Fontan procedure ). Volumetric flow

graph at the conduit level showing a typical venous profile        the fenestration, (b) (IVC inferior vena cava, LPA left pulmonary artery, LPVs         ECG-gated phase velocity contrast MRI se-z left pulmonary veins, RPA right pulmonary artery, RPVs right         quences perpendicular to the ascending pulmonary veins, SVC superior vena cava)                           aorta, pulmonary arteries, superior and

inferior vena cava, Fontan conduit, and

pulmonary veins to assess the Fontan

pathway flow (Fig. 3.19.6),

cular volume, mass and function, and flow    z ECG-gated axial double inversion fast spin pattern, respectively, in patients with single       echo at the atrial level to check for clots ventricle after bidirectional Glenn or Fontan      or masses, mainly in case of direct atrio-procedures. Moreover, by means of the     pulmonary anastomosis (Fig. 3.19.7), “delay enhancement” technique, myocardial    z gadolinium-enhanced 3-dimensional MR fibrosis can also be detected. Myocardial      angiography for the evaluation of the “tagging” is performed in some MRI labora-      Fontan pathway including systemic venous tories to further evaluate ventricular func-      return, conduit, pulmonary arteries and tion and mechanics. In selected patients with      pulmonary veins, and the aortic arch normal pulmonary artery pressure and re-      (Fig. 3.19.8). Because of the particular sistance, a comprehensive cardiac MRI, in      Glenn or Fontan “physiology”, the tech-addition to clinical and echocardiography      nique of the contrast medium injection 150    z   Single ventricle
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Fig. 3.19.8. MR angiography after different types of Fontan     mal intensity projection reconstruction (c); volume rendering procedures. Volume rendering reconstruction of classic atrio-     selected to the Fontan pathways (d) and (e) (IVC inferior pulmonary connection in a patient with a huge right atrium     vena cava, LPA left pulmonary artery, PA pulmonary artery, (a). Maximal intensity projection reconstruction of intra-extra-      RA right atrium, RPA right pulmonary artery, RPVs right pul-cardiac Fontan procedure (b). Different post-processing of     monary veins, SVC superior vena cava) the same patient after extracardiac Fontan procedure: maxi-

 

(site of injection, bolus velocity and tissue in 2-chamber and ventricular short-

amount contrast) is challenging; some-      axis plane (Fig. 3.19.9).

times it is useful to inject the contrast me-

dium through an inferior limb vein in- Adequate information from the CT scan can

stead of using a superior limb vein as nor- be obtained using the early phase acquisi-

mally done to better visualize the inferior tion protocol with injection of contrast ma-

vena cava-pulmonary artery conduit, terial into the right cubital vein and using

z post-gadolinium delayed myocardial en- the step volume scan mode of electron-beam

hancement to evaluate the presence of scar CT. With 3-dimensional image reconstruc-

Post-operative follow-up     z     151
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Fig. 3.19.9. Myocardial viability after Fontan procedure.     different areas of extended scar (*) at the anterior and pos-Negative delay enhancement ventricular long-axis (a) and     terior ventricular wall (d) corresponding in short-axis cine short-axis (b) view. Positive delay enhancement in double     steady-state free precession (c) to thin and discynetic areas inlet ventricle with impaired ventricular function with two     (*) (LV left ventricle, RV right ventricle)

 

tion, the blood flow through the bidirec-    the size and morphology of the right and tional Glenn anastomosis and the complex    left pulmonary arteries, particularly with re-morphology and relationship between adja-    gard to the presence and extent of any nar-cent structures can be directly demonstrated    rowing. (Fig. 3.19.10). Information is provided on
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Chapter 3.20 P

ulmonary atresia

with ventricular septal defect

 

z Definition and communicate freely (confluent pulmo-

nary arteries) or may not communicate

Hearts with pulmonary atresia with ventri- (nonconfluent pulmonary arteries, 20–30%

cular septal defect have a biventricular ar- of patients) or may be absent. Stenosis at

rangement, concordant atrioventricular con- the origin of the right pulmonary artery is

nections, unrestrictive ventricular septal de- present in 10% of the cases, while there is

fect, single aortic outlet and absent luminal stenosis of the left pulmonary artery in 20%

continuity between the right ventricle and of cases, probably because of the process of

the pulmonary arterial circulation. closure of the ductus arteriosus. The size of

The ventricular septal defect, usually un- the prebranching pulmonary arteries is ex-

restrictive, is generally of the malalignment tremely variable, and it can be quantitated

type, resulting from extreme anterior devia-    with two different indexes: the McGoon ratio tion of the infundibular septum. The aorta (see reference: Piehler JM), consisting of the

can be entirely connected to the left ventricle ratio between the sum of the diameters of

or may override the interventricular septum the right plus the left pulmonary artery di-

(26–50% of cases). Pulmonary atresia result- vided by the diameter of the descending

ing from anterior deviation of the infundib- thoracic aorta at the level of the diaphragm,

ular septum (like in tetralogy of Fallot) with    and the Nakata index (see reference: Nakata underdevelopment of the right infundibular S), consisting of the ratio between the sum

outflow tract and atretic infundibulum is the of the crosssectional areas of the right plus

most common type (70% of the cases). More left pulmonary artery divided by the body

rarely, pulmonary atresia can involve the    surface area of the patient. pulmonary valve alone or the pulmonary The pulmonary circulation is highly vari-

valve and the proximal portion of the main able and it may be supplied by a patent duc-

pulmonary artery, or it may involve a longer tus arteriosus, major aortopulmonary col-

segment of the main pulmonary artery. In lateral arteries (in 60–70% of cases), or

any case, there is absence of luminal conti- plexuses of bronchial and pleural arteries

nuity between the right ventricle and the (5%). Only about half (53%) of patients with

main pulmonary artery or both the right confluent pulmonary arteries present with

and left pulmonary arteries. The main pul- pulmonary arteries reaching all 20 pulmo-

monary artery can be present and be of rea- nary segments, while less than 20% of pa-

sonable size but in most of cases is severely tients with nonconfluent and/or hypoplastic

hypoplastic; more rarely, it consists of only a pulmonary arteries have complete distribu-

fibrous cord without lumen and in 5% of the tion of pulmonary arteries to all pulmonary

patients is completely absent. segments. The major aortopulmonary collat-

The morphology of the central pulmonary eral arteries may anastomose at any site in

arteries is highly variable. The central right the pulmonary vascular tree: extrapulmo-

and left pulmonary arteries may be present nary, hilar, lobar and segmental levels. Rare

Surgical options     z     155

complex cases have been reported with si-    z Surgical options multaneous presence of patent ductus arteri-

osus and major aortopulmonary collateral    z Unifocalization with central shunt or right arteries, and exceptionally with the presence    ventricular outflow tract reconstruction with-of bilateral (right and left) ductus arteriosus.    out closure of the ventricular septal defect. Major collateral arteries typically arise from    Through a median sternotomy all the major the descending thoracic aorta, less com-    aortopulmonary collateral arteries are sepa-monly from the subclavian arteries, and    rated from their systemic origin and joined rarely from the internal mammary (thoracic)    together to construct a pulmonary artery arteries, intercostal arteries, carotid arteries    confluence, either with direct anastomoses or abdominal aorta; extremely rare cases    or with the interposition of an autologous or have been reported with collateral arteries    heterologous pericardial roll; the pulmonary arising from coronary arteries. After a com-    blood flow is obtained either with a central plex course in the posterior mediastinum,    shunt (PTFE tubular prosthesis) or a valve-collaterals provide pulmonary blood flow    less conduit (PTFE or pericardial) or a bio-either terminally or communicating with na-    logical valved conduit interposed between a tive proximal or distal pulmonary arterial    right ventriculotomy and the pulmonary ar-branches. They may feed one side of the    tery reconstructed confluence. The ventricu-lungs, both sides or cross to the opposite    lar septal defect is left open, or it may be side. Because of processes of intimal prolif-    closed with a fenestrated PTFE patch to al-eration, major collaterals can develop steno-    low right ventricular decompression, with sis in up to 60% of the patients. They may    later closure by interventional cardiology. evolve quite variably and unpredictably, and

may have a protective effect on pulmonary    z Single-stage unifocalization and complete microvasculature. However, they may also    repair. The unifocalization of the major aor-complicate the surgical treatment of the dis-    topulmonary collateral arteries is performed ease.                                              as for the two-stage repair (see above); the

Associated anomalies                           longitudinal right ventriculotomy with a ventricular septal defect is closed from a Like tetralogy of Fallot with pulmonary ste-    prosthetic patch, leaving the aortic valve in nosis, 25–30% of these patients have a di-    communication with the left ventricle; the lated right aortic arch. Other anomalies in-    right ventricle to pulmonary artery continu-clude dextrocardia, heterotaxia, anomalous    ity is obtained with a biological valved con-pulmonary or systemic venous connections,    duit (rarely a monocusp valve patch or a val-atrial septal defect or patent foramen ovale    veless conduit is used) interposed between (50%), atrioventricular septal defect, tricus-    the same right ventriculotomy used for clo-pid atresia, double inlet single left ventricle,    sure of the ventricular septal defect and the aortic valve stenosis, complete transposition    pulmonary artery reconstructed confluence. of the great arteries, double discordance      In the presence of favorable anatomy with (= congenitally corrected transposition of the    adequate right ventricular outflow tract and great arteries), anomalous coronary arteries    confluent pulmonary arteries, the first step or coronary artery-to-pulmonary artery fis-    consists of right ventricular outflow tract re-tulas.                                                  construction with pericardial patch and clo-

sure of the ventricular septal defect.

156    z   Pulmonary atresia with ventricular septal defect

z Alternative surgical approach. The segment monary collateral arteries) and the morphol-

of descending thoracic aorta containing the ogy of the pulmonary arteries is mandatory

origin of all the collaterals is transected and for the decision-making process (either uni-

replaced with a PTFE conduit. The distal focalization of the sources of pulmonary

end of the above segment is closed by run- blood flow or shunt or even interventional

ning suture, while the proximal end is end- embolization). This is particularly true in

to-side anastomosed to the native pulmonary neonates with pulmonary atresia, ventricular

artery confluence. At this point, the conven- septal defect and nonconfluent pulmonary

tional intracardiac repair is performed, with arteries and/or high suspicion of the pres-

patch closure of the ventricular septal defect ence of major aortopulmonary collateral ar-

and interposition of a biological valved con- teries. In these cases, CT scan and/or MRI,

duit between the right ventricle and the con- each one with its own advantages and disad-

fluence between the native pulmonary ar- vantages already discussed in the “Introduc-

teries and the transected aortic segment. tion”, are very useful (Figs. 3.20.1–3.20.4).

 

z Pre-operative information                  z Potential complications

Pulmonary atresia with ventricular septal de- Inadequate and/or dishomogeneous distribu-

fect requires a pre-operative approach simi- tion of pulmonary blood flow; congestive

lar to tetralogy of Fallot (see chapter), with heart failure, due to the persistence of un-

the only difference being that antegrade pul- controlled major aortopulmonary collateral

monary blood flow, by definition, is lacking. arteries; residual or recurrent ventricular

Therefore, the pre-operative identification of    septal    defect;    complete   atrioventricular any pulmonary blood flow source (patent block, ventricular or supraventricular ar-

ductus arteriosus and/or major aortopul- rhythmias; persistent airway hyperrespon-

siveness with or without bronchomalacia;

bronchospasm   due   to   tracheobronchial epithelial necrosis or ischemia due to airway

[image: ]

ischemia resulting from interruption of the

tracheobronchial blood supply during dis-

section and mobilization of major aortopul-

monary collaterals; pulmonary artery aneu-

rysm; development of pulmonary vascular

obstructive disease; development or progres-

sive increase of aortic valve regurgitation;

need for biological conduit replacement be-

cause of conduit calcification and/or valve

degeneration (= pulmonary valve regurgita-

tion) or because patient outgrew the conduit

size (= right ventricular outflow tract ob-

struction).

Fig. 3.20.1. Pulmonary atresia with ventricular septal defect.

CT contrast angiography, maximal intensity projection recon-        Post-operative follow-up z struction, showing a long and tortuous patent ductus arterio-sus (arrow) providing pulmonary blood flow to confluent pul- Targets of the postoperative evaluation are

monary arteries (AAo ascending aorta, DTAo descending tho-racic aorta, LPA left pulmonary artery, RPA right pulmonary the same as for patients with tetralogy of

artery) (photograph courtesy of Dr. Mohamed Tawil) Fallot, with the addition of the unifocaliza-
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Fig. 3.20.2. Pulmonary atresia with ventricular septal defect.     laterals (red arrows) originating from the left subclavian ar-a CT contrast angiography, anterior projection, showing a     tery (X1) and from the descending thoracic aorta (X2) (DTAo single great artery (aorta) coming from the heart, right aortic     descending thoracic aorta, LPA left pulmonary artery, LV left arch, and a long patent ductus arteriosus originating from     ventricle, RAA right aortic arch). c CT contrast angiography, the left innominate artery with a stenotic connection to the     in the same neonate, showing the patent ductus arteriosus left pulmonary artery (arrow) (AAo ascending aorta, IA inno-     with a stenotic connection to the left pulmonary artery minate artery, LV left ventricle, RAA right aortic arch, RV right      (white arrow), and several major aorto-pulmonary artery col-ventricle). b CT contrast angiography, posterior projection in     laterals mostly perfusing the right lung (LPA left pulmonary the same neonate, showing the right aortic arch, the patent     artery, LPVs left pulmonary veins, LV left ventricle, RPVs right ductus arteriosus originating from the left innominate artery     pulmonary veins) (photographs courtesy of Dr. Mohamed with a stenotic connection to the left pulmonary artery     Tawil) (white arrow), and several major aorto-pulmonary artery col-
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Fig. 3.20.3. Pulmonary atresia with ventricular septal defect.     Fig. 3.20.4. Pulmonary atresia with ventricular septal defect, MRI sagittal fast spin echo (a) and cine steady-state free pre- major aortopulmonary collateral arteries and absent main pul-
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cession (b) showing a malalignment ventricular septal defect monary artery. MR angiography (maximal intensity projection

(asterisk) and a overriding and dilated aorta with trivial re- reconstruction) showing several major aortopulmonary collat-

gurgitation (Ao aorta, LV left ventricle, RV right ventricle            eral arteries at different aortic levels (a and b) (DAo descending

aorta, MAPCA major aortopulmonary collateral artery)
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Fig. 3.20.5. Pulmonary atresia with ventricular septal defect,     d Axial projection. e MR angiography volume rendering re-status post right modified Blalock-Taussig shunt and huge     construction: note the unusual anatomy of the pulmonary ar-left and right pulmonary aneurysm. Maximal intensity projec-     teries and the right and left pulmonary aneurysm (Ao aorta, tion reconstruction from MR angiography: anterior (a) and     DAo descending aorta, LPA left pulmonary artery, MAPCAs posterior (b) view showing a left major aortopumonary col-     major aortopulmonary collaterals,   MPA   main pulmonary lateral arteries. Fast spin echo in the oblique frontal plane     artery, mBT modified Blalock-Taussig shunt, RPA right pulmo-(c) illustrating a patent right modified Blalock-Taussig shunt     nary artery) and left pulmonary aneurysm with thrombi stratification.

 

tion of the major aortopulmonary collateral    After repair, MRI is particularly useful to arteries. After palliative procedures, CT and    evaluate biventricular function, pulmonary MR angiography are valuable tools to show    vascularization, potential residual lesions the surgically created systemic-to-pulmonary    like residual ventricular septal defect, pul-artery shunts, the relationship between the    monary valve regurgitation, right ventricular surgical shunts and the pulmonary arteries,    outflow tract obstruction, and finally as-the presence of pulmonary artery aneurysm    cending aortic dilatation and aortic valve re-(Fig. 3.20.5) and particularly the results of    gurgitation (Figs. 3.20.6 and 3.20.7). There-surgical procedures of unifocalization of the    fore, the MRI protocol of postoperative pul-major aortopulmonary collateral arteries.    monary atresia with ventricular septal defect 160    z   Pulmonary atresia with ventricular septal defect

is similar to the postoperative Fallot (see




chapter “Tetralogy of Fallot”). In case of

multiple previous interventional procedures

of embolization, MRI can be nondiagnostic

due to major artifacts coming from coils

positioned during the embolization proce-

dures.

 

z References Boechat MI, Ratib O, Williams PL, Gomes AS, Child JS,

Allada V (2005) Cardiac MR imaging and MR an-

giography for assessment of complex tetralogy of

Fallot and pulmonary atresia. Radiographics 25:

Fig. 3.20.6.                                                           1535–1546 Pulmonary atresia with ventricular septal defect. Post-operative CT scan, axial projection, after repair with Carotti A, Albanese SB, Minniti G, Guccione P, di Do-

homograft between the right ventricle and the pulmonary grated approach to pulmonary atresia with ventric- ular septal defect and major aortopulmonary col- artery showing an obstructed conduit at the proximal ana- closure of the ventricular septal defect and implantation of a nato RM (2003) Increasing experience with inte-

stomosis with the right ventricle and in association with the Choi BW, Park YH, Lee JK, Kim MJ, Kim DJ, Ryu SJ,  lateral arteries. Eur J Cardiothorac Surg 23:719–727

conduit valve (arrow) (AAo ascending aorta, DTA descending thoracic aorta, LPA left pulmonary artery, RPA right pulmo- shunt status with electron beam computed tomog- Cho BK, Choe KO (2003) Evaluation of the post-

nary artery, RV right ventricle, VC valved conduit) raphy in cyanotic congenital heart disease. Yonsei

Med J 44:249–258

Corno AF, Giamberti A, Giannico S, Marino B, Rossi E,

Marcelletti C, Kirklin JK (1990) Airway obstruction

associated with congenital heart disease in infancy. J

Thorac Cardiovasc Surg 99:1091–1098

Corno AF, Hurni M, Tozzi P, von Segesser LK (2003)

[image: ]

Accordion-like prosthesis for modified Blalock-Taus-

[image: ]

sig shunt. Asian Cardiovasc Thorac Ann 11:229–232

Corno AF, Qanadli SD, Sekarski N, Artemisia S, Hurni

M, Tozzi P, von Segesser LK (2004) Bovine valved

xenograft in pulmonary position: medium-term fol-

low-up with excellent hemodynamics and freedom

from calcifications. Ann Thorac Surg 78:1382–1388

Dorfman AL, Geva T (2006) Magnetic resonance imag-

ing evaluation of congenital heart disease: conotrun-

cal anomalies. J Cardiovasc Magn Reson 8:645–659

Eichhorn J, Schoenberg S, Ulmer HE (2003) Cardiac-

gated multislice computerised tomographic angio-

graphy in the preoperative evaluation of an infant

with tetralogy of Fallot and pulmonary atresia. Car-

Fig. 3.20.7. Pulmonary atresia with ventricular septal defect. Geva T, Greil GF, Marshall AC, Landzberg M, Powell AJ  diol Young 13:466–468

Post-operative CT scan, axial projection, after repair with        (2002)    Gadolinium-enhanced    three-dimensional closure of the ventricular septal defect and implantation of a magnetic resonance angiography of pulmonary

biological conduit between the right ventricle and the pul- blood supply in patients with complex pulmonary

monary artery showing a stenosis at the origin of both the stenosis or atresia: comparison with X-ray angiogra-

pulmonary arteries (measured diameter 5.2 mm at the left        phy. Circulation 106:473–478 pulmonary artery and arrow at the left pulmonary artery) Goo HW, Park IS, Ko JK, Kim YH, Seo DM, Yun TJ,

and a dilatation of the proximal part of the conduit (LPA left Park JJ, Yoon CH (2003) CT of congenital heart dis-

pulmonary artery, RPA right pulmonary artery, RV right ven- ease: normal anatomy and typical pathologic condi-

tricle) (photograph courtesy of Dr. Mohamed Tawil)                   tions. Radiographics 23:S147–165

References    z    161

Holmqvist C, Hochbergs P, Bjorkhem G, Brockstedt S,    Oosterhof T, Mulder BJ (2005) Visualization of aorto-

Laurin S (2001) Preoperative evaluation with MR in       pulmonary connections in tetralogy of Fallot. Int J

tetralogy of Fallot and pulmonary atresia with ven-       Cardiovasc Imaging 21:373–374

tricular septal defect. Acta Radiol 42:63–69               Paul JF, Lambert V, Losay J, Petit J, Macé L, Belli E, Horisberger J, Jegger D, Boone Y, Seigneul I, Pierrel N,        Serraf A, Planché C, Angel C (2002) Three-dimen-

Hurni M, Corno AF, von Segesser LK (1999) Impact       sional multislice CT scanner: value in patients with

of a remote pump head on neonatal priming vol-       pulmonary atresia with septal defect. Arch Mal

umes. Perfusion 14:351–356                               Coeur Vaiss 95:427–432 Lee HS, Park YH, Cho BK (2001) External compression    Piehler JM, Danielson GK, McGoon DC, Wallace RB, Ful-

of bronchus by aneurysm from divided major aorto-       ton RE, Mair DD (1980) Management of pulmonary

pulmonary collateral artery after unifocalization.       atresia with ventricular septal defect and hypoplastic

Eur J Cardiothorac Surg 19:221–222                        pulmonary arteries by right ventricular outflow con-Livolsi A, Kastler B (1990) Pre- and postoperative MRI        struction. J Thorac Cardiovasc Surg 80:552–567

study of 3 newborn infants with pulmonary atresia    Powell AJ, Chung T, Landzberg MJ, Geva T (2000) Ac-

and interventricular communication. Ann Cardiol       curacy of MRI evaluation of pulmonary blood sup-

Angiol 39:301–304                                        ply in patients with complex pulmonary stenosis or Marino B, Corno AF, Pasquini L, Guccione P, Carta       atresia. Int J Card Imaging 16:169–174

MG, Ballerini L, De Simone G, Marcelletti C (1987)     Prasad SK, Soukias N, Hornung T, Khan M, Pennell DJ,

Indication for systemic-pulmonary artery shunts       Gatzoulis MA, Mohiaddin RH (2004) Role of mag-

guided by two-dimensional and Doppler echocar-       netic resonance angiography in the diagnosis of ma-

diography: criteria for patient selection. Ann Thorac        jor aortopulmonary collateral arteries and partial

Surg 44:495–498                                         anomalous pulmonary venous drainage. Circulation Marino B, Digilio MC, Toscano A, Anaclerio S, Giannotti        109:207–214

A, Feltri C, de Ioris MA, Angioni A, Dallapiccola B     Reddy VM, McElhinney DB, Amin Z, Moore P, Parry

(2001) Anatomic patterns of conotruncal defects       AJ, Teitel DF, Hanley FL (2000) Early and intermedi-

associated with deletion 22q11. Genet Med 3:45–48         ate outcomes after repair of pulmonary atresia with Murai S, Hamada S, Yamamoto S, Khankan AA, Sumi-       ventricular septal defect and major aortopulmonary

kawa H, Inoue A, Tsubamoto M, Honda O, Tomiya-       collateral arteries: experience with 85 patients. Cir-

ma N, Johkoh T, Nakamura H (2004) Evaluation of       culation 101:1826–1832

major aortopulmonary collateral arteries (MAPCAs)     Schoen P, Poerner M, Hausleiter J, Wacker A, Martinoff

using three-dimensional CT angiography: two case       S, Kaemmerer H, Redington A, Hess J (2004) Images

report. Radiat Med 22:186–189                            in cardiovascular medicine. Multislice computed to-Nakata S, Imai Y, Takanashi Y, Kurosawa H, Tezuka M,       mography in complex pulmonary atresia after stent

Nakazawa M, Ando M, Takao A (1984) A new meth-       implantation. Circulation 110:e299–300

od for the quantitative standardization of cross sec-     Shiraishi I, Kajiyama Y, Yamagishi M, Hamaoka K

tional areas of the pulmonary arteries in congenital        (2006) Stereolithographic biomodeling of congenital

heart diseases with decreased pulmonary blood       heart disease by multislice computed tomography

flow. J Thorac Cardiovasc Surg 88:610–619                  imaging. Circulation 113:e733–734 Ngan EM, Rebeyka IM, Ross DB, Hirji M, Wolfaardt JF,     Vick GW, 3rd, Wendt RE, 3rd, Rokey R (1994) Compar-

Seelaus R, Grosvenor A, Noga M (2006) The rapid       ison of gradient echo with spin echo magnetic reso-

prototyping of anatomic models in pulmonary atre-       nance imaging and echocardiography in the evalua-

sia. J Thorac Cardiovasc Surg 132:264–269                  tion of major aortopulmonary collateral arteries.

Am Heart J 127:1341–1347




Chapter 3.21 T

runcus arteriosus

 

z Definition septal defect”). Stenosis at the origin of one

or both branches of the pulmonary arteries

There is only one great artery (truncus arter- is reported in 2 to 10% of patients. The origin

iosus) originating from the base of the heart of the coronary arteries presents with variable

providing both pulmonary and systemic cir- pattern, independent of the number of truncal

culation. The truncal valve is obviously larger    valve leaflets. than a normal semilunar valve, with a variable

number of leaflets from only one up to five    Associated anomalies and even six leaflets (extremely rare); most Ventricular septal defect is almost always

frequently the truncal valve has three (42– present, right aortic arch is frequent (18–

61% of cases) or four leaflets (24–31% of 36%), as well as truncal valve regurgitation

cases); a truncal valve with two leaflets is rare (23%) or stenosis and coronary arteries ab-

(5% of cases). The valve is generally located normalities (18%), including single coronary

above the ventricular septal defect, almost al- artery and intramural course; aortic arch in-

ways present, and the leaflets can be dysplas- terruption, usually of type B (11–14%), and

tic and/or thickened with resulting stenosis, aortic coarctation are accompanied by patent

regurgitation (in at least 20% of cases), or ductus arteriosus; more rare (5%) is the as-

both. The ventricular septal defect results sociation with nonconfluent pulmonary ar-

from the absence of the infundibular septum, teries, the so-called “absent” pulmonary ar-

and is generally high, anterior and unrestric- tery, where one of the pulmonary arteries

tive. Absence of the ventricular septal defect is originates either from a patent ductus arte-

anecdotal. riosus or from a major aortopulmonary col-

The pulmonary arteries can originate as a lateral; persistent left superior vena cava,

single main pulmonary artery from the lateral total anomalous pulmonary venous connec-

aspect of the truncus arteriosus (type I of the tion, tricuspid atresia, complete atrioventri-

Collett and Edwards classification, the most cular septal defect, single ventricle, double

frequent), or with two very close but separate aortic arch, anomalous origin of circumflex

origins from the posterolateral aspect of the coronary artery from right pulmonary ar-

truncus arteriosus (type II, the second fre- tery, situs inversus, dextrocardia have been

quent), or with the two pulmonary arteries in-    exceptionally reported. dependently originating from a lateral aspect

of the truncus arteriosus (type III). The trun-    z Surgical options cus arteriosus with neither pulmonary arteri-al branch arising from the truncus arteriosus Palliative approaches with bilateral pulmo-

(so called type IV) is considered as a variant nary artery banding or plication of the ori-

of pulmonary atresia and ventricular septal gin of the pulmonary artery component have

defect with absent pulmonary arteries (see been practically abandoned in favor of surgi-
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The surgical technique consists of three    homograft or mechanical valve) needs to be major components:                           taken into consideration in case reconstruc-z separation of the pulmonary artery compo-    tive valvular surgery fails.

nent from the truncus; at this point the

truncus becomes the new aorta; the re-

maining opening in the lateral aspect of    z Pre-operative information

the truncus can be closed either directly

or with a patch (pericardium or PTFE),    Truncus arteriosus can be sufficiently evalu-

based on the size and particularly on the    ated, mainly in neonates, by transthoracic

presence of a coronary artery originating    echocardiography. Nevertheless in older pa-

in the proximity of the opening itself; either    tients or if more anatomical details about

technique to close the residual opening (di-    the pulmonary arteries and venous connec-

rect or patch) needs to avoid traction or    tions as well as aortic arch are needed, CT

tension of the coronary arteries, and in this    scan and MRI can give more valuable insight.

regard patch closure is the preferable tech-    The role of CT scan and cardiac MRI is to de-

nique,                                       lineate the precise morphology of the arterial z closure of the ventricular septal defect    trunk, with identification of the origin of the

with a patch from a longitudinal right   pulmonary arteries accordingly with the type

ventriculotomy, leaving the remaining sys-    of truncus arteriosus (type I, II or III), the

temic artery (becoming the aorta) in con-    distance between the origin of the pulmonary

nection only with the left ventricle, and    component and the origin of the left main

avoiding damage to the truncal valve (be-    coronary artery, and potential anomalies of

coming the aortic valve),                      the coronary arteries (Fig. 3.21.1). z connection of the pulmonary artery com-      CT scan and MRI are particularly useful

ponent with the right ventricle by interpo-    in case of associated anomalies, in particular

sition of a biological valved conduit; valve-    of disconnected pulmonary arteries or a so-

less conduits are more rarely used; alterna-    called absent pulmonary artery, where the

tively it is possible to perform direct anas-    left or the right pulmonary artery originates

tomosis of the posterior wall of the pulmo-

nary component to the posterior edge of

the right ventriculotomy, completing the
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connection with a pericardial or PTFE roof,

with or without a monocusp pulmonary

valve (technique rarely utilized).

 

Associated lesions, particularly the presence

of aortic coarctation or aortic arch interrup-

tion, need to be treated during the same

procedure.

In the presence of moderate to severe

truncal valve regurgitation, particularly with

a quadrileaflet valve, a plasty by reduction

to three leaflets with leaflet excision and an-

nular remodeling can substantially reduce    Fig. 3.21.1. Truncus arteriosus. CT scan, axial projection, the degree of valvular regurgitation. More    showing a quadricuspid truncal valve with single origin of difficult to perform is the surgical opening    the coronary arteries with association with the posterior

commissura (arrow) (LCA left coronary artery, RCA right coro-

of a stenotic truncal valve with adequate re-    nary artery, TV truncal valve) (photograph courtesy of Dr. sults. Truncal valve replacement (with a    Mohamed Tawil)
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from a ductus arteriosus or from a major
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aortopulmonary collateral artery. In these

cases, even angiography can fail to reveal the

presence and location of the absent pulmo-

nary artery, well visualized by CT scan or

MRI.

CT scan and MRI play the same important

role in the presence of aortic coarctation or

aortic arch interruption, where the precise

identification of the aortic arch morphology

can allow better surgical planning (Fig. 3.21.2).

Finally, in the presence of airway compres-

sion, particularly frequent with right aortic

arch, where tracheal and left bronchial com-

pression are often associated, the simulta-

a neous visualization of the great arteries and

the airways provides vital information for

the decision-making process when planning

surgical repair of the truncus arteriosus as-

sociated with surgical relief of airway com-

pression.

Due to radiation exposure considerations

already highlighted in the introduction, MRI

is considered the second choice diagnostic

tool after echocardiography for the evalua-

tion of truncus arteriosus with complex

anatomy.

The pre-operative MRI protocol includes:

z 3-plane localizing images, z 2-dimensional axial Time-of-flight Angio-

graphy (see appendix in the “Introduc-

tion”),

b                                             z ECG-gated cine steady-state free preces-

sion sequences in 2-chamber, 4-chamber

planes, and ventricular short axis for the

quantitative assessment of both ventricu-

lar dimensions, function and stroke vol-

ume (as illustrated in appendix in the in-

troduction chapter),

 

Fig. 3.21.2. Truncus arteriosus. MR Angiography volume ren-dering reconstruction, posterior (a) and lateral (b) view, showing the truncus arteriosus type III with separate origin

from its lateral and posterior aspect of relatively small pul-

monary arteries and severe kinking of the transverse aortic

arch. (c) MRI fast spin echo imaging showing the tracheal compression due to the transverse aortic arch (photographs

c courtesy of Dr. Philipp Beerbaum and Dr. Robert A. Johnson)
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z ECG-gated steady-state free precession left
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ventricular outflow tract,

z ECG-gated steady-state free precession

short axis of the truncal valve,

z ECG-gated fast speed echo to visualize

potential airway obstruction,

z ECG-gated phase velocity contrast MRI se-

quences perpendicular to the main trunk

for the quantification of truncal valve re-

gurgitation,

z gadolinium-enhanced 3-dimensional MRI

for the evaluation of the aortic arch, pul-

monary arteries and ductus arteriosus if

patent.

 

z Potential complications

Residual ventricular septal defect, complete

atrioventricular block, arrhythmias, residual

or progressive truncal valve stenosis or re-

gurgitation, residual right ventricular out-

flow tract obstruction, pulmonary hyperten-

sion, airways compression (particularly in

the presence of right aortic arch and aortic

coarctation or aortic arch interruption). Late                          LA complications are progressive truncal valve

dysfunction and obstruction of the right

ventricle to pulmonary artery conduit.

 

z Post-operative follow-up

The role of CT scan and MRI in patients

after repair of truncus arteriosus increases    Fig. 3.21.3. Truncus arteriosus, status post-repair. a CT scan,

 

with their age. The anatomic and functional    sagittal projection, showing the valved conduit with calcifica-tions (arrows) on the free wall. b CT scan in the same issues in these patients are similar to those patient, axial projection, showing the truncal valve ( Ao aorta, encountered in patients after repair of tetral-LA left atrium, LPA left pulmonary artery, LV left ventricle, ogy of Fallot with pulmonary atresia and    MP main pulmonary artery, RPA right pulmonary artery, pulmonary atresia with ventricular septal    RV right ventricle, TV truncal valve, VC valved conduit) defect (Fig. 3.21.3). In addition, neoaortic    (photographs courtesy of Dr. Mohamed Tawil) valve dysfunction, aortic arch obstruction

and potential airway compression are addi-

tional issues that may require further inves-

tigation.
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Fig. 3.21.4. Truncus arteriosus Type I, status post repair with     I.V. injection of gadolinium (delayed enhancement) (f) dem-a homograft. Cardiac MRI late after repair of truncus arterio- onstrate a 3 cm long subendocardial fibrosis (arrow) in asso-

sus, with severe aortic regurgitation. Steady-state free preces- ciation with the left side of the lower portion of the inter-

sion cine imaging of the left ventricular outflow tract (a) ventricular septum. Cine imaging (steady-state free preces-

showing the aortic regurgitation jet (40% regurgitant fraction     sion) of the right ventricular outflow tract (g) and 3-dimen-calculated by phase velocity contrast-MRI). Short-axis cine sional MR angiography (volume rendering reconstruction) (h)

imaging steady-state free precession of the aortic valve in showing mild stenosis of the pulmonary homograft and pul-

diastole (b) and systole (c) and fast spin echo in diastole (d):      monary arteries (AO aorta, LA left atrium, LC left coronary ar-note the defect of coaptation (blue arrow) secondary to     tery, LPA left pulmonary artery, LV left ventricle, NC noncor-hypoplastic left coronary leaflet. The left ventricle, shown in     onary, PA pulmonary artery, RA right atrium, RC right coro-the steady-state free precession 4-chamber view (e), is     nary, RPA right pulmonary artery, RV right ventricle) dilated (Z-score = + 4 in diastole). The acquisition late after
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Fig. 3.21.5. Truncus arteriosus Type IV, status post repair with a pericardial patch for right ventricular outflow tract re-
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construction and end-to-end anastomosis for the interrupted

aortic arch. Cardiac MRI maximal intensity projection (a) and volume rendering reconstruction (b) showing the stamped ascending aorta and aortic isthmus stenosis. Volume render-

ing reconstruction (c) showing the pulmonary bifurcation shifted anterior to the ascending aorta during the Lecompte

maneuver (Ao Arch aortic arch, Ao root aortic root, Asc Ao as-cending aorta, Disc Ao descending aorta, LA left atrium, LPA left pulmonary artery, Pulm pulmonary, RPA right pulmo-

b                                             nary artery, RVOT right ventricular outflow tract)
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Chapter 3.22 A

ortopulmonary window

 

z Definition                                   z Surgical options

Aortopulmonary window is a communica-   z Ligature: nowadays, this surgical approach tion, usually nonrestrictive, between the as- is limited to exceptional cases with aortopul-

cending aorta and the main pulmonary ar- monary window with “ductus-like” morphol-

tery, in the presence of two semilunar valves. ogy, with relatively small diameter and long

In most patients, there is little or no length    shape. to the communication, as the term window

implies, while a ductus-like type of commu-    z Closure on cardiopulmonary bypass: the sur-nication is rare. The aortopulmonary win- gical approach can be transaortic, transpul-

dow is generally located in the left lateral monary, transdefect or combined transaortic

wall of the ascending aorta, usually close to and transpulmonary, according to the mor-

the orifice of the left coronary artery (Fig. phology of the defect and the personal experi-

3.22.3); therefore it is not infrequent to find ence of the surgeon. In any case, after initial

an anomalous origin of the coronary artery opening of the aortic side or of the anterior

from the pulmonary artery, close to the edge wall of the defect, the origin of the coronary

of the defect. arteries and the origin of the right pulmonary

artery must be very carefully identified. Thus,

Associated anomalies the transpulmonary approach is not ideal, be-

Associated defects are present in 30–50% of cause it does not allow adequate visualization

patients, the most frequent being aortic arch    of the origin of the coronary arteries. interruption type A, tetralogy of Fallot with Patch closure with a prosthetic or pericar-

or without pulmonary atresia, ventricular dial patch is always preferred to direct clo-

septal defect, anomalous origin of a coro- sure to avoid distortion of the surrounding

nary artery and anomalous origin of a pul- structures, particularly the origin of the cor-

monary artery; occasional an association onary arteries. In the presence of anomalous

with atrial septal defect, cor triatriatum, origin of a coronary artery, tunnel or coro-

complete   atrioventricular   septal   defect,    nary artery reimplantation is required in or-transposition of the great arteries, subaortic der to leave the origin of the anomalous cor-

obstruction (extremely rare), bicuspid aortic onary artery connected with the aortic side

valve, aortic atresia, critical pulmonary valve    of the circulation. stenosis, aortic arch hypoplasia, aortic co-

arctation, double aortic arch, and patent

ductus arteriosus.
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Fig. 3.22.1. Aortopulmonary window. CT scan, axial projec-tion, showing a distal type of aortopulmonary window (ar-

row), with a diameter of 1.1 cm (Ao aorta, PA pulmonary artery) (modified with permission from Zhang X, Wu ZK, Yao

JP, Sun PW (2004) Aortopulmonary window: a case diag-

nosed and surgery confirmed by ultra-fast computed tomo-

graphy. Chin Med J 117:1750–1752)
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Fig. 3.22.3. Aortopulmonary window. a MRI, fast spin echo, showing a large communication between the ascending aor-
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ta and the main pulmonary artery, immediately above the

origin of the left main coronary artery (arrow). b MR angio-graphy maximal intensity projection reconstruction in the

same patient, showing the large aortopulmonary window

(AAo ascending aorta, APW aortopulmonary window, LV left ventricle, MPA main pulmonary artery)

 

z Pre-operative information

Fig. 3.22.2. Aortopulmonary window. CT scan, volume ren-dering imaging showing a distal aortopulmonary window The clinical data and the echocardiographic

(asterisk) (aA ascending aorta, PT pulmonary trunk) (repro- investigation generally provide enough infor-

duced with permission from Goo HW, Park IS, Ko JK, Kim YH,

Seo DM, Yun TJ, Park JJ, Yoon CH (2003) CT of congenital mation for the diagnosis of aortopulmonary

heart disease: normal anatomy and typical pathologic condi- window. Other noninvasive investigations,

tions. Radiographics 23:S147–165) such as CT scan (Figs. 3.22.1 and 3.22.2)

and/or MRI (Figs. 3.22.3 and 3.22.4), allow

clear visualization of the location of the aor-

topulmonary window and can precisely show

its relationship with the origin of the coro-

nary arteries. CT scan and MRI become ex-

tremely important in order to better plan

the surgical approach in the presence of asso-
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Fig. 3.22.5. Aortopulmonary window, status post repair. Post-operative CT scan in the same patient of Fig. 3.22.1, ax-
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ial projection, showing absence of any residual shunt or ste-

nosis in the ascending aorta and main pulmonary artery (Ao aorta, PA pulmonary artery) (modified with permission from Zhang X, Wu ZK, Yao JP, Sun PW (2004) Aortopulmonary

window: a case diagnosed and surgery confirmed by ultra-

fast computed tomography. Chin Med J 117:1750–1752)

 

ciated anomalies, e.g., aortic arch interrup-

tion, aortic arch hypoplasia with or without

aortic coarctation, anomalous origin of a pul-

monary artery, and anomalous origin of a

coronary artery from the pulmonary artery.

The cardiac MRI protocol used in the
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presence of aortopulmonary window is the

following:

z 3-plane localizing images, z 2-dimensional axial Time-of-flight Angio-

graphy (see the appendix in the “Intro-

duction”),

 

Fig. 3.22.4. Aortopulmonary window. a MR angiography axial maximal intensity projection reconstruction in a neo-

nate showing the aortopulmonary window (arrow). b MR an-giography maximal intensity projection reconstruction in the

same neonate showing the aortopulmonary window (arrow).

c MR angiography maximal intensity projection reconstruc-tion in the same neonate, showing the aortopulmonary

window (arrow) (AAo ascending aorta, AoA aortic aortic arch,

c                                                                   MPA main pulmonary artery)
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repair of aortopulmonary window, CT scan

and/or MRI are indicated to rule out residual

aortopulmonary distortion (Fig. 3.22.5). Mean-

while MRI by means of cine MR and phase

velocity contrast acquisitions can respectively

visualize and measure residual shunts at the

aortopulmonary window, or to rule out re-

sidual defects after the repair of associated

malformations.
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nomalous pulmonary arteries

 

z Definition                                   Associated anomalies

Left (rarely right) patent ductus arteriosus is

The anomalous origin of the pulmonary ar- present in 50–75% of patients. Other asso-

tery (also called “hemitruncus”) is a rare con- ciated anomalies are atrial or ventricular sep-

genital malformation in which only one pul- tal defect (8–10% of patients), tetralogy of

monary artery branch, usually the right (op- Fallot with or without absent pulmonary

posite to the laterality of the aortic arch), ori- valve, pulmonary stenosis or atresia with ven-

ginates from the posterior aspect of the as- tricular septal defect, aortopulmonary win-

cending aorta just above the aortic sinotubu- dow, right aortic arch (50–75% of cases with

lar junction, without any defect between the anomalous left pulmonary artery), aortic

ascending aorta and the main pulmonary ar-    coarctation, aortic arch interruption. tery, whereas the main pulmonary artery

and the other pulmonary artery branch arise

in their normal position and, therefore, are    z Surgical options connected with the morphological right ven-

tricle. The other main difference with persis- The surgical repair can be performed either

tent truncus arteriosus is the presence of with or without cardiopulmonary bypass.

two well-separated semilunar valves, aortic The use of cardiopulmonary bypass, particu-

and pulmonary valves, and the usual absence larly in infants, allows adequate mobilization

of ventricular septal defect. Therefore, hemi- of the anomalous pulmonary artery, safe

truncus defines only the anomalous origin separation from the ascending aorta and re-

of one pulmonary artery. The anomalous pul- implantation on the main pulmonary artery.

monary artery, most frequently the right, has Various surgical techniques have been re-

unrestricted origin, and normal structure, ported for reimplantation of the anomalous

course and distribution. The anomalous ori- pulmonary artery to the main pulmonary ar-

gin of the left pulmonary artery (isolated le- tery, posterior to the ascending aorta, in-

sion in 40% of patients) usually occurs in cluding the direct anastomosis (definitely

the presence of a right aortic arch. Very rarely, the preferred technique), an extension with

the anomalous pulmonary artery can origi- either an aortic flap or an autologous peri-

nate from the descending thoracic aorta or cardial patch, or the interposition of a syn-

from either the right or the left coronary ar- thetic tubular prosthesis, now practically

tery. Extremely rare cases have been reported    abandoned. of anomalous origin of one pulmonary artery

from the innominate artery, the right pulmo-

nary artery with normal left aortic arch, and

the left pulmonary artery in the presence of

right aortic arch.

174    z   Anomalous pulmonary arteries

z Pre-operative information
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The CT scan (Fig. 3.23.1) and MRI can pro-

vide full visualization of the pulmonary ar-

teries and their origins, particularly of the

proximal segment of the left pulmonary ar-

tery, a frequent blind spot for transthoracic

and transesophageal echocardiography. The

side of the aortic arch and the presence of

other associated anomalies can also be visu-

alized.

 

z Potential complications

In the immediate post-operative period, epi-    a sodes of pulmonary hypertension have been

[image: ]

reported, while in the later follow-up residu-

al or recurrent stenosis at the site of the

anastomosis with the main pulmonary ar-

tery, and inhomogeneous lung perfusion

have been observe with the nuclear scan.

 

z Post-operative follow-up

CT scan and/or MRI can be helpful in the

post-operative evaluation of surgery for hemi-

truncus especially if a pulmonary artery

branch stenosis is suspected. In addition to

information on the morphology of the pulmo-

nary arteries, cardiac MRI can provide infor-

mation on the lung perfusion.

For post-operative evaluation of hemitrun-    b cus, the following cardiac MRI protocol is

used:                                           Fig. 3.23.1. Anomalous pulmonary artery. a CT Angiography z 3-plane localizing images, volume rendering reconstruction, anterior view, coronal pro-

z 2-dimensional axial Time-of-flight Angio- jection, showing the anomalous right pulmonary artery origi-

graphy (see the appendix of the “Intro- nating from the right subclavian artery, in a neonate with

duction”), associated type A aortic arch interruption. b CT in the same

z neonate with postero-lateral view, showing the anomalous  ECG-gated cine steady-state free preces- right pulmonary artery originating from the right subclavian

sion and fast spin echo sequence along    artery and the type A aortic arch interruption (AAo ascending

the long axis of both pulmonary arteries    aorta, DTA descending thoracic aorta, LA left atrium, MPA

(Fig. 3.23.2 b),                                      pulmonary artery, RPA right pulmonary artery, RSA right sub-z clavian artery) (photographs courtesy of Dr. Mohamed Tawil)  ECG-gated cine steady-state free preces-

sion and fast spin echo sequence on the

axial plane to evaluate the pulmonary ar-

teries (Fig. 3.23.2 a),
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Fig. 3.23.2. Post-operative evaluation of anomalous origin of     technique demonstrates a mild reduction of the right lung the right pulmonary artery from the ascending aorta. MRI     perfusion compared to the left (36 versus 64% of the total fast spin echo axial (a) and coronal (b) view showing a mild     pulmonary flow) stenosis at the origin of the right pulmonary artery. The PVC
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nomalous coronary arteries

 

z Definition known to be malignant (= at risk of sudden

death) due to compression of the vessel dur-

Regardless of the position of the heart with- ing or immediately after exercise. An “inter-

in the chest and the position and origin of arterial” course between the aortic root and

the great arteries, aortic and pulmonary the main pulmonary artery is also malig-

valves normally have a single point of con- nant, mainly if associated with intramural

tact, with commissural apposition; coronary course of the coronary artery. On the other

arteries almost always originate normally hand, a retroaortic course of the left coro-

from the facing sinuses of Valsalva on either nary artery is most frequently (but not al-

side of this point of commissural contact;    ways) extramural and clinically benign. coronary arteries do not normally originate      From another coronary artery: there might from the nonfacing or most distant sinus. be a single origin for the coronary arteries

Various types of coronary artery anomalies from the aortic root or even a double orifice

exist, sometime isolated or with more than for the coronary artery, but with an anoma-

one abnormal component. lous left anterior descending coronary artery

originating from the right coronary artery

z Isolated anomalous origin of a coronary ar- and the left facing sinus giving only origin

tery. From the pulmonary artery (historically    to the circumflex coronary artery. called Bland-White-Garland syndrome): the From an additional coronary ostium:

anomalous coronary artery is most often the sometimes there are three coronary artery

left coronary artery. Two clinical forms, in- ostia, because either the conal branch of the

fantile and adult, are recognized, represent- right coronary artery originates separately

ing two ends of a morphologic and patho- from the right sinus of Valsalva, or because

physiologic spectrum, which may reflect the the left anterior descending and circumflex

degree of retrograde flow from the right cor- coronary arteries arise separately from the

onary system to the anomalous left coronary left sinus instead of from the main common

artery via collateral channels; a myocardial    coronary trunk. steel-like syndrome may develop with isch-

emia and infarction if collateral development    z Anomalous course of a coronary artery. is not adequate. These patients may develop      Intramural course: defined as the coronary cardiomegaly and mitral valve regurgitation artery running in the wall of the aorta, shar-

due to papillary muscle infarction.               ing an adventitial origin.

From the wrong sinus of Valsalva (with or Intramyocardial course (myocardial brid-

without intramural course): the presence of    ging): defined as an epicardial segment of a origin of the left main coronary artery or coronary artery that courses through the

the left anterior descending coronary artery myocardium. The fact that such bridges are

from the right sinus of Valsalva and intra- reported in > 1% of the general population

mural course (inside the aortic wall) is suggests that they may be a normal benign

Surgical options     z     177

variant. Therefore, only “severe” myocardial    pulmonary window, transposition of the bridges (whose criteria are not well defined)    great arteries, congenitally corrected trans-leading to angina pectoris, myocardial isch-    position of the great arteries (= double dis-emia or infarction are counted as pathologi-    cordance), double-chambered right ventricle, cal entities.                                           aortic valve disease, supravalvular aortic ste-

nosis (with Williams syndrome), hypoplastic

z Atresia of a coronary artery orifice: several    left heart syndrome, aortic coarctation. variations are possible, although very rare:         Particularly important is the potential as-z atresia of the origin of the main trunk of    sociation of an anomalous origin of the left

the left coronary artery,                        coronary artery from the pulmonary artery z atresia or the origin of the left anterior    with patent ductus arteriosus or aortopul-

descending coronary artery,                  monary window: even if this combination is z atresia of the origin of the circumflex ar-    extremely rare, there are reports of death

tery,                                                  after closure of the ductus arteriosus or aor-z atresia of the origin of the right coronary    topulmonary window. Atresia of a coronary

artery.                                            artery orifice is more frequently associated

with   supravalvular   aortic   stenosis   and

z Coronary artery fistula: a coronary artery    anomalies of the aortic or truncal valve, fistula consists of single or multiple commu-    where excess tissue can obstruct the coro-nication(s) between a normally distributed    nary orifice, or where the angle of origin of coronary artery or its branches, and either a    the coronary artery produces a valve-like ob-cardiac cavity (= coronary-cameral fistula)    struction. Quadricuspid aortic valves can be or any segment of the systemic or pulmo-    associated with single coronary ostium, and nary circulation (= coronary arteriovenous    displacement of the left or right coronary or-fistula); coronary artery fistula from either    ifice. the right (60% of the cases) or left coronary

artery (35%) or both coronary arteries (5%)

is in 90–92% of patients connected to the    z Surgical options right side of the heart, but it may be con-

nected to one of the following: pulmonary

artery, right ventricle, right atrium, coronary    z Anomalous origin of the left coronary artery sinus, superior vena cava, pulmonary vein,      from the pulmonary artery: left atrium, left ventricle, multiple sites. Con-    z ligation, genital coronary artery fistulas may be asso-    z end-to-side anastomosis of the left subcla-ciated (20 to 45% of cases) with a congenital      vian artery or the internal mammary ar-heart defect.                                         tery (= thoracic artery) to the anomalous

coronary artery,

z Anomalous coronary artery associated with    z Takeuchi procedure (= intrapulmonary baf-a congenital heart defect: coronary anoma-      fling technique), lies may be associated with several other    z reimplantation, congenital heart defects, most notably trans-    z heart transplant. position of the great arteries, tetralogy of

Fallot and pulmonary atresia.                    z Anomalous origin of a coronary artery

from the wrong aortic sinus: the coronary ar-tery with anomalous origin from a wrong si-

z Associated anomalies                     nus, frequently with an intramural segment,

is moved to the appropriate sinus without

Ventricular septal defect, tetralogy of Fallot,    unroofing. An alternative technique consists pulmonary atresia, truncus arteriosus, aorto-    of a coronary artery bypass graft, preferably 178    z   Anomalous coronary arteries

with implantation of the internal mammary angiography) are considered more reliable;

artery (= thoracic artery) to the anomalous the favored modalities are transthoracic

coronary artery. In the presence of compres- echocardiography in children and multide-

sion of the anomalous coronary artery be- tector CT in teenagers and adults. The recent

tween the aorta and pulmonary artery, a fea- improvements of multidetector row CT for

sible surgical technique consists of transec- cardiac imaging, particularly with regard to

tion of the main pulmonary artery at the spatial and temporal resolution and sophisti-

level of its bifurcation, patch closure of the cated ECG gating, allow motion-free, fast,

distal opening and reimplantation of the accurate, detailed, contrast-enhanced cardiac

main pulmonary artery to the left pulmo- imaging, offering a noninvasive alternative

nary artery branch. This technique allows diagnostic tool, useful also to delineate ab-

for separation of the main pulmonary artery normal origin and branching of the coro-

from the aorta with elimination (or at least nary arteries. However, the elevated heart

reduction) of coronary artery compression. rate in small children still represents a major

technical limit.

z Coronary artery fistula: through a median The presence of a “malignant” right coro-

sternotomy, the feeding artery of the coro- nary artery can be simulated by motion arti-

nary artery fistula, its course and site of in- facts in front of the aortic root imitating an

sertion are identified. In rare cases where anomalous right coronary artery originating

the fistula is a terminal coronary artery, sur- from the left posterior sinus of Valsalva.

gical occlusion by means of a direct ligature These artifacts can be avoided by using ret-

can be performed without cardiopulmonary rospective ECG gating (Fig. 3.24.1). However,

bypass. In the vast majority of patients, the the use of ionizing radiation and potentially

surgical procedure requires cardiopulmonary nephrotoxic agents may limit its use particu-

bypass and includes opening of the chamber    larly in small children. where the anomalous fistula is draining,

identification of the fistula, and suture of
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the anomalous coronary connection; large

aneurysms may require surgical resection.

z Atresia of a coronary artery orifice: angio-plasty of the origin of a coronary artery is

the surgical technique used to treat the atre-

sia of a coronary artery orifice, or to enlarge

the coronary artery main stem in the pres-

ence of left main coronary artery atresia. En-

largement can be obtained on cardiopul-

monary bypass with an autologous saphe-

nous vein or pericardium patch, or with a

PTFE patch.

 

z Pre-operative information                  Fig. 3.24.1. Anomalous right coronary artery. CT scan oblique

axial view showing the anomalous origin of the right coronary

Since in children with anomalous coronary artery from the left aortic sinus, with course between the great

arteries, the incidence of wrong diagnosis arteries (arrow) (aA ascending aorta, PT pulmonary trunk) (re-

with conventional coronary angiography is produced with permission from Goo HW, Park IS, Ko JK, Kim YH,

Seo DM, Yun TJ, Park JJ, Yoon CH (2003) CT of congenital heart

reported to be as high as 50%, noninvasive disease: normal anatomy and typical pathologic conditions.

techniques (echocardiography, CT and MR    Radiographics 23:S147–165)

Pre-operative information     z     179

Coronary MR angiography places particu-    hancement, fibrotic areas can be detected as larly high demands on planning, spatial reso-    well. lution, high signal-to-noise ratio, and precise       The MRI protocol proposed for detection of cardiac and respiratory motion correction.    coronary artery anomalies is the following: However, recent advances in hardware, MRI    z 3-plane localizing images, sequences, and motion detection techniques    z 2-dimensional axial Time-of-flight Angio-allow coronary MR angiography that includes      graphy (see appendix in the “Introduc-volumetric acquisition of the entire heart as      tion”), well as imaging of the arterial walls within a    z axial fast spin echo and oblique sequences clinically acceptable scan time to be per-      at the level of aortic root followed by a se-formed. As a tomographic imaging technique,      ries of oblique images perpendicular to MR angiography allows 3-dimensional recon-      the axial plane, with slice thickness 3– struction and omni-directional visualization      4 mm (Fig. 3.24.2), of an anomalous coronary artery origin and    z ECG-gated cine steady-state free preces-course, thereby eliminating some problems      sion sequences in 2-chamber, 4-chamber of selective traditional coronarography. In      planes, and ventricular short axis for the particular, MR angiography facilitates the dif-       quantitative assessment of both ventricu-ferential diagnosis of “interarterial” and “in-       lar dimensions, function and stroke vol-traseptal” coronary artery courses, which are      ume as illustrated in the appendix of the very important for prognostic evaluation.          “Introduction”,

The spatial resolution of MR angiography    z fat suppressed 3-dimensional steady-state is satisfactory in defining the course of the      free precession pulse sequence, (breath coronary arteries but remains limited in de-      hold for small slab, or free breathing with fining the detailed anatomy of the critically      Navigator to allow a larger slab) parallel important proximal ectopic arteries, particu-      to the plain of each main coronary artery larly in small children, where the intramural      (Fig. 3.24.3), course and degree of compression inside the    z gadolinium-enhanced 3-dimensional MR aortic wall can only be guessed at. Nonethe-      angiography, less, because of its 3-dimensional visualiza-    z ECG-gated phase velocity contrast MRI se-tion abilities, MRI can clarify the acuity of      quences perpendicular to the main pul-the proximal coronary artery origin (tangen-      monary artery, ascending aorta and coro-tial take-off), its location at the level of the       nary fistula (when required), sinotubular junction or above it, and the si-

nus of origin. By itself, the presence of a

coronary artery with tangential origin does                           F not necessarily mean a stenotic effect. How-
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ever, it is usually associated with an intra-                            AO mural course, which is clearly correlated with obstruction.

Furthermore, in addition to anatomical

data, cardiac MRI allows the functional con-

sequences of coronary artery anomalies to

be evaluated: the amount of shunt and flow

in the case of a coronary artery fistula, and

the global and regional function of the left

ventricle. Myocardial ischemia can be de-

tected by means pharmacological stress test-    Fig. 3.24.2. Intramural left coronary artery. MRI axial fast ing either with adenosine or dobutamine. Fi-    spin echo showing intramural course of the left coronary ar-nally by means of gadolinium delayed en-    tery (arrowhead) (AO aorta)

180    z   Anomalous coronary arteries

 

c

 

a                               b

Fig. 3.24.3. Myocardial bridging. MRI 3-dimensional steady- in a patient with symptomatic hypertrophic cardiomyopathy

state free precession (a, b and c) showing myocardial bridg-     (LV left ventricle) ing of the left anterior descending coronary artery (arrow)
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Fig. 3.24.4. MRI with sensitivity encoding (SENSE) technique. was employed for optimal contrast. To maintain a clinically ac-
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Whole heart coronary magnetic resonance angiography ceptable scan time, sensitivity encoding (SENSE) in concert
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(CMRA) in healthy volunteers. a The angiograms of the left with partial Fourier encoding was employed, resulting in a total
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coronary artery system (LM/LAD/LCX, upper row) and b the scan time of 4 min during free breathing. A nearly isotropic re-

right coronary artery (RCA, lower row) were reformatted                             3 solution (1.3 × 1.3 × 1.5 mm) was obtained (reproduced with retrospectively from a volumetric whole heart data set. A vol- permission from Stehning C, Boernert P, Nehrke K (2007) Ad-

ume rendered view is shown in c. A steady-state free preces- vances in coronary MR angiography from vessel wall to whole

sion (SSFP) sequence with an additional T 2 preparation pulse     heart imaging. Magn Reson Med Sci 6:157–170)
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z post-gadolinium delayed myocardial en-   onary artery bypass graft accomplished with

hancement may be used to evaluate poten-    the internal thoracic (= mammary) artery.

tial presence of fibrotic tissue,

z more recently, the use of 32-channel coil    z Anomalous origin of a coronary artery

sensitivity   encoding   (SENSE)   permits    from the wrong aortic sinus: inadequate

whole heart MR angiography to be per-    coronary artery perfusion can persist after

formed (Fig. 3.24.4).                            surgery, as well as malfunctioning of the

aortic valve, damaged by the coronary artery

Pharmacological stress testing either with    reimplantation. adenosine or dobutamine is increasingly

being incorporated into the MRI protocol in    z Coronary artery fistulas: myocardial isch-patients with suspected myocardial ischemia.    emia or infarction, recurrence of the coro-

nary artery fistula.

z Potential complications                    z Atresia of a coronary artery orifice: myo-

cardial ischemia or infarction.

z Anomalous origin of the left coronary ar-tery from the pulmonary artery.

Takeuchi procedure: potential complica-    z Post-operative follow-up tions include residual or recurrent stenosis

of the new coronary artery channel, with    The aim and information requested for the subsequent myocardial ischemia, as well as    post-operative evaluation of anomalous coro-baffle leaks, residual or recurrent supravalv-    nary artery are similar that seen in the ular pulmonary stenosis, due to the obstruc-    pre-operative setting, paying attention to in-tion created by the space occupied by the    dividualize each investigation to the pre-new coronary artery channel constructed in-    viously performed operative procedure and side the main pulmonary artery. Another    to the current clinical condition of the pa-potential complication is injury to the aortic    tient. valve when creating the aortopulmonary

window.
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Chapter 3.25 D

ouble outlet right ventricle

 

z Definition ferred to the presence of a subaortic or sub-

pulmonary conus, respectively.

Double outlet right ventricle defines a het- The relationship between the great arteries

erogeneous group of cardiac malformations may vary and many relative positions have

unified by an abnormal ventriculoarterial been reported; more frequently they are side

connection. General agreement about the de- by side and parallel, with the aortic valve po-

finition of double outlet right ventricle is sitioned to the right of the pulmonary valve.

when both great arteries, or one great artery Patients with double outlet right ventricle

and more than half of the other originates    have been categorized accordingly to: from the right ventricle. However, as clearly

demonstrated with noninvasive investiga- The type of the ventriculoarterial connection:

tions, this definition could be misleading    z concordant (85%): the pulmonary artery due to the fact that the ventriculoarterial originates entirely from the right ventri-

connections, lying on different planes, could      cle, be visualized in different ways, leading to    z discordant (15%): the aorta originates en-different results, depending upon the orien-      tirely from the right ventricle. tation plan of the examination, independent

of whether echocardiography, CT scan or The position of the associated ventricular

MRI is used (Fig. 3.25.2). According to Yves    septal defect: Lecompte, the classification and terminology    z subaortic ventricular septal defect (50%), of this complex group of patients with   z subpulmonary ventricular septal defect anomalous ventriculoarterial connection is      (30%), less important than the precise pre-operative    z doubly-committed ventricular septal de-definition of the anatomic criteria useful to fect (immediately underneath the semilu-

determine the best surgical approach. The      nar valves) (10%), most general definition of “malposition of    z noncommitted (remote) ventricular septal the great arteries with ventricular septal de- defect (far from both the semilunar valves)

fect” should be used. Nevertheless the cate-      (10%). gorization of patients with double outlet

right ventricle is necessary to compare the    The type of pulmonary blood flow: results of different surgical treatments.           z restricted (= with pulmonary stenosis),

A morphological feature characteristic of    z unrestricted (= without pulmonary steno-the double outlet right ventricle is absence      sis). of the normal fibrous continuity between the

mitral and semilunar valves (either aortic    The most frequent combination is double valve in the presence of ventriculoarterial outlet right ventricle with concordant ventri-

concordance, or pulmonary valve in the pres- culoarterial connection, subaortic ventricular

ence of ventriculoarterial discordance), re- septal defect and obstruction to the pulmo-

Surgical options     z     185

nary outflow tract (so-called tetralogy of Fal-    arch interruption, absent pulmonary valve, lot-type). Typical cardiac anomalies asso-    absent left pulmonary artery, and ectopia ciated with this type of double outlet right    cordis have all been reported in association ventricle are mitral stenosis and subaortic    with double outlet right ventricle. obstruction, as well as anomalous attach-      The origin and course of the coronary ar-ments (straddling) of the anterior and septal    teries are associated with the relationship leaflets of the tricuspid valve.                      between the aorta and pulmonary artery.

The second most frequent type is double    Several variations are described, including outlet right ventricle with discordant ventri-    anomalous origin of the right coronary ar-culoarterial connection and subpulmonary    tery from the left main coronary artery, du-ventricular septal defect, without obstruction    plication of the left anterior descending cor-to the pulmonary outflow tract (so-called    onary artery, anomalous origin of the left Taussig-Bing malformation). Typical cardiac    anterior descending coronary artery from anomalies associated to this type of double    the right coronary artery, anomalous origin outlet right ventricle are straddling mitral    of the left circumflex artery from the right valve, subaortic obstruction and aortic    coronary artery, and single right or single coarctation.                                      left coronary artery as the most frequent

Another combination is double outlet right    anomalies. ventricle with concordant ventriculoarterial

connection and subaortic ventricular septal

defect, without obstruction to the pulmonary

outflow tract. Typical cardiac anomalies as-    z Surgical options sociated with this type of double outlet right

ventricle are straddling mitral valve and aor-    z Palliation: tic coarctation.                                        Modified Blalock-Taussig shunt can be

More rare are the combinations of double    considered in neonates with double outlet outlet right ventricle with doubly committed    right ventricle with concordant ventriculoar-or with noncommitted (remote) ventricular    terial connection, subaortic ventricular septal septal defect. In patients with noncommitted    defect and obstruction to the pulmonary out-(remote) ventricular septal defect, the defect    flow tract (so-called tetralogy of Fallot-type). is frequently of muscular or inlet (atrioven-      Pulmonary artery banding can be consid-tricular) type, therefore distant from both    ered for double outlet right ventricle with the semilunar valves. There is ventriculoar-    concordant ventriculoarterial connection and terial concordance, and pulmonary stenosis    subaortic ventricular septal defect, without is very rare.                                        obstruction to the pulmonary outflow tract.

Associated anomalies                           z Repair: according to each different type of Dextrocardia, juxtaposition of left auricular    morphology, several surgical techniques have appendages, total anomalous pulmonary   been reported, referring to one of the fol-venous   connection,   anomalous   systemic    lowing principles: venous connections, cor triatriatum, mitral    z intraventricular repair connecting the left stenosis, cleft of the mitral valve, common      ventricle to the aorta and the right ventri-atrioventricular valve, straddling mitral and/       cle to the pulmonary artery, or tricuspid valve, superoinferior ventricles    z arterial switch operation with closure of with or without criss-crossing atrioventricu-      the ventricular septal defect by a prosthe-lar connections, multiple ventricular septal      tic patch connecting the left ventricle to defects, hypoplastic left ventricle, left ventri-       the neoaorta, cular outflow tract obstruction, discrete sub-    z univentricular type of repair, with end-to-aortic stenosis, aortic coarctation, aortic      side superior vena cava to pulmonary ar-186    z   Double outlet right ventricle

tery anastomosis (= bidirectional Glenn)      In the presence of severe obstruction to

followed by total cavopulmonary connec-    the pulmonary outflow tract, a transannular

tion (= modified Fontan procedure). patch or a biological valved conduit im-

planted between the right ventriculotomy

Because the large variability of intracardiac and the pulmonary artery are used to relieve

morphologies, with various associated cardi- the obstruction. An alternative option is the

ac lesions, and the different surgical experi- Lecompte procedure (see below for details).

ences, several alternative surgical options are       In double outlet right ventricle with discor-available for each single patient, depending dant ventriculoarterial connection and sub-

on the match of the individual patient with pulmonary ventricular septal defect, without

the individual surgeon. obstruction to the pulmonary outflow tract

(so-called Taussig-Bing malformation), the

z Intraventricular repair: there are different intraventricular tunnel is more complicated

types of intraventricular repair. In all of    to design and accomplished. In the Kawashi-them the left ventricle is connected to the    ma technique, the intraventricular tunnel is aorta and the right ventricle to the pulmo- positioned posterior to the orifice of the pul-

nary artery, either directly or with the inter- monary valve, if there is enough distance be-

position of a conduit. tween the tricuspid and pulmonary valves. If

Intraventricular tunnel repair, suitable for the distance between the tricuspid and pul-

the more simple type of double outlet right monary valves is inadequate, the intraventri-

ventricle with concordant ventriculoarterial cular tunnel has to remain anterior to the

connection and subaortic ventricular septal orifice of the pulmonary valve. In both

defect , can be performed either through cases, the ventricular septal defect needs to

right atriotomy (rarely) or right ventriculo- be enlarged by anterior resection of the in-

tomy. Right ventriculotomy allows easier    fundibular septum. evaluation of the adequate shape and posi-      In patients with double outlet right ventri-tioning of the prosthetic patch needed to cle with discordant ventriculoarterial connec-

connect the left ventricle with the aorta. The tion and obstruction to the pulmonary out-

ventricular size and position, combined with    flow tract, the best surgical option is the Le-the relationship between the diameter of the compte procedure (or REV = Réparation à

aortic valve and the distance between the    l’Etage Ventriculaire). After right ventriculo-tricuspid and pulmonary valve, dictate the tomy and infundibular resection, the left

need for enlargement of the tunnel between ventricle is connected to the aorta by closure

the left ventricle and the aorta. When of ventricular septal defect with a straight

needed, the ventricular septal defect is en- patch; after transection and shortening of

larged by an anterior incision, with muscu- the ascending aorta and transfer of the pul-

lar resection. The prosthetic material used to monary artery bifurcation anterior to the

create the intraventricular tunnel is generally    aorta (Lecompte maneuver), the right ventri-a prosthetic tubular prosthesis (PTFE, Da- cle-to-pulmonary artery continuity is ob-

cron) about 20% larger than the aortic di- tained with reimplantation of the transected

ameter, cut at a length equal to the distance pulmonary artery directly on the right ven-

between the anterior edge of the ventricular tricle to its posterior wall, while the anterior

septal defect and the aortic annulus. Two- aspect is connected to the rest of the right

thirds of the entire circumference of the tu- ventriculotomy with a monocusp pericardial

bular prosthesis are used, in a manner leav-    patch. ing an unobstructed left ventricle to aorta

tunnel, but at the same time avoiding the    z Arterial switch operation: the crucial point potential bulging of the patch to obstruct is the surgical approach for closure of the

the right ventricular outflow tract. ventricular septal defect. The possibilities

Pre-operative information     z     187

are through right atriotomy (ideal for peri-    ventricular type of repair is the preferred membranous and inlet defects), through the    surgical option. aortic valve (neopulmonary valve) after re-      In these cases the first step is a bidirec-section of the aortic buttons with the ori-    tional Glenn, followed by the modified Fon-fices of the coronary arteries (ideal for outlet    tan procedure, preceded or not by a pulmo-types of subaortic defects), or through the    nary artery banding, depending upon the pulmonary valve (neoaortic valve) (ideal for    presence or absence of obstruction to the the subpulmonary type of defects). The rest    pulmonary blood flow. of the procedure is like that for the conven-

tional arterial switch.

An alternative surgical technique is the    z Pre-operative information Bex-Nikaidoh aortic translocation, where the aortic root, including aortic valve and coro-    As already described above, the so-called nary arteries, is isolated from the right ven-    double outlet right ventricle includes a spec-tricle. The pulmonary artery is transected    trum of different types of morphology, and the area between the ventricular septal    where, in the presence of normal ventricular defect and the proximal stump of the tran-    size, the pathophysiology and the subsequent sected pulmonary artery is widely incised;    surgical treatment depend upon the spatial the left ventricle is connected to the aorta    relationship between the ventricular septal with a patch roofing the opened ventricular    defect and the great arteries, the morphol-septal defect, while the right ventricle is con-    ogy and length of the ventricular outlets, nected to the transected pulmonary artery    and the orientation of the infundibular sep-like in the Lecompte procedure.                 tum. All combinations are possible, making

In the Taussig-Bing type of double outlet

right ventricle with aortic arch obstruction,
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a surgical technique recently proposed (Dr.

Sano) consists of the transection of the great

arteries, ductus arteriosus, descending tho-

racic aorta, and aortic arch with aortotomy

incision from the aortic arch to the distal as-

cending aorta, followed by creation of an

aortopulmonary window, anastomosis of the

descending thoracic aorta to the posterior

wall of the aortic arch, anastomosis of the

neoaorta to the aortic arch with rerouting of

the coronary arteries (without need for coro-

nary arteries reimplantation), and recon-

struction of the neo-right ventricular out-

flow tract after the Lecompte maneuver.

z Univentricular type of repair: in the pres-ence of complicated intracardiac anatomy

(e.g., the presence of inlet type of noncom-

mitted ventricular septal defect with strad-

dling tricuspid valve, or common atrioven-    Fig. 3.25.1. Double outlet right ventricle. CT scan showing tricular valve, or hypoplasia of the right ven-    the double outlet right ventricle, ventriculoarterial discor-tricular chamber), the biventricular type of    dance, ventricular septal defect (far from the aortic valve)

and pulmonary stenosis (Ao aorta, LV left ventricle, PA pul-

repair is either not feasible or the associated    monary artery, RV right ventricle) (photograph courtesy of Dr. risk is too high. In these patients, the uni-    Mohamed Tawil)

188    z   Double outlet right ventricle

any classification useless and even mislead-
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ing with regard to the decision-making pro-

cess among the available surgical options.

Echocardiography is certainly the first

and the best tool to define the anatomy in

children with double outlet right ventricle,

and it is fundamental in planning the surgi-

cal repair; CT scan (Fig. 3.25.1) and/or MRI

(Fig. 3.25.2) are rarely required. Exceptions

include patients with complex anomalies of

the aortic arch and/or pulmonary arteries,

aortopulmonary collaterals, anomalous sys-

temic or pulmonary venous connections not

completely defined by echocardiography.

However, as echocardiography is limited

in the assessment of all the cardiac struc-

tures from a single approach, sometimes it

might be difficult to determine the 3-dimen-

sional reconstruction of the complex ven-

tricular septal defect/outlets/great arteries.

Cardiac MRI is particularly attractive for the

development of stereolithographic models

able to create accurate and realistic 3-dimen-

sional models for the pre-operative assess-

ment of such complex congenital heart de-

fects. A virtual incision-making tool allowing

arbitrary incisions to be made on 3-dimen-

sional MRI reconstructions has already been

experimentally developed, but is not yet

commercially available.

When MRI is indicated to better delineate

the spatial relationship between the ventricu-

lar septal defect and the ventricular outlets

and, in some instances the aortic arch and

pulmonary arteries, the MRI protocol pro-

posed has already been described in the

chapters on “Tetralogy of Fallot” and “Trans-

position of the great arteries”, respectively. In

particular cases with complex ventriculoar-    Fig. 3.25.2. Double outlet right ventricle. MR Angiography terial connection, it can be useful to represent maximal intensity projection in the same patient delineating

the heart and great arteries on the 3 main apparently different ventriculoarterial connections: a) the aor-

orthogonal planes to better delineate the in- ta seems to originate from the anterior right ventricle and

traventricular morphology (Fig. 3.25.3). plane is slightly rotated and both great arteries seem to be  the pulmonary artery from the posterior left ventricle, b) the

connected to the anterior right ventricle (AO aorta, LV left ventricle, PA pulmonary artery, RV right ventricle)

Pre-operative information     z     189
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Fig. 3.25.3. Double outlet right ventricle. Cine MRI of heart     (lower right). The great arteries are side-by-side; the left ven-and great arteries on the 3 orthogonal main planes: a coro-     tricle is hypoplastic, with left and posterior position; the left nal plane from posterior (upper left) to anterior (lower right),      atrium is superior and left sided (AO aorta, LV left ventricle, b sagittal plane from left (upper left) to right (lower right),     PA pulmonary artery, RV right ventricle) and c axial plane from inferior (upper left) to superior
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Fig. 3.25.3 c

 

z Potential complications                     z Post-operative follow-up

z Intraventricular repair: potential complica- The role of cardiac CT scan and MRI after

tions after intraventricular repair include re- surgery for double outlet right ventricle in-

sidual or recurrent ventricular septal defect, creases in adult patients when their acoustic

residual or recurrent right and/or left ventri- window for echocardiography becomes more

cular outflow tract obstruction, arrhythmias, limited. The examination strategy is tailored

complete atrioventricular block, atrioventri- to the underlying morphology and the type

cular valve regurgitation. of surgery performed. Patients with a “tet-

ralogy of Fallot type” of double outlet right

z Arterial switch operation: the most fre- ventricle repair have similar long-term

quent complications are residual or recurrent course as those after repair for tetralogy of

right ventricular outflow tract obstruction, Fallot, and the CT scan and MRI protocols

and residual or recurrent neoaortic valve re- have already been highlighted in the related

gurgitation. chapter. Similarly, in those with “Transposi-

tion of the great arteries or Taussig-Bing

z Univentricular type of repair: see chapter type” (see the relative chapter) of double

“Single ventricle”. outlet right ventricle, the post-operative is-

Post-operative follow-up     z     191
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Fig. 3.25.5. Status post repair of double outlet right ventri-cle. CT scan 3-dimensional reconstruction of contrast angio-
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graphy, lateral view, showing the valved conduit implanted

between the right ventricle and the pulmonary artery

(AoA aortic arch, DTA descending thoracic aorta, RV right ventricle, VC valved conduit) (photograph courtesy of Dr. Mohamed Tawil)

 

Fig. 3.25.4. Status post repair of double outlet right ventri-     sues are similar to those encountered after cle. a CT scan contrast angiography, axial projection, showing     the Rastelli procedure (Figs. 3.25.4–3.25.6) the valved conduit implanted between the right ventricle     or REV procedure (Figs. 3.25.7 and 3.25.8), and the pulmonary artery, with a narrowing near the distal     respectively. Of course in these cases, it is anastomosis (arrow). b CT scan in the same patient contrast angiography, sagittal projection, showing the valved conduit     very important to adapt and modify, if nec-implanted end-to-side to pulmonary artery leaving open the     essary, the investigation protocol to address native right ventricular outflow tract, with the measurement     morphologic and functional abnormalities of the narrowing near the distal anastomosis (diameter     specific to the individual patient; this re-= 5.9 mm) (AAo ascending aorta, DTA descending thoracic     quires on-line evaluation of the imaging data aorta, LPA left pulmonary artery, nRVOT native right ventricu-lar outflow tract, RPA right pulmonary artery, RV right ventri-     since previously unsuspected abnormalities cle, SVC superior vena cava, VC valved conduit) (photographs     may only be detected during the scan. courtesy of Dr. Mohamed Tawil)
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Fig. 3.25.6. Status post repair of double outlet right ven-tricle. MR angiography maximal intensity projection recon-

struction after Rastelli procedure showing a good sized right

ventricle-to-pulmonary artery conduit (a), and the left ventri-cle-aorta tunnel (b) as illustrated in cine MRI left ventricular outflow tract (c) (AO aorta, LV left ventricle, PA pulmonary ar-

c                                                                    tery, RV right ventricle)

[image: ]

 

t e                                                t

[image: ]

t        "

 

Fig. 3.25.7. Status post repair of double outlet right ventri- tract with anterior compression by the sternum and posterior

cle. Para-sagittal fast spin echo (a) and MR angiography vol-     by the aorta (LPA left pulmonary artery, RPA right pulmonary ume rendering reconstruction (b and c) after REV procedure     artery, RV right ventricle) showing a severe stenosis of the right ventricular outflow
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Chapter 3.26 D

ouble discordance

 

z Definition                                   Associated anomalies

In double discordance, probably less than 1%

In this fascinating cardiac malformation, the of individuals have no associated malforma-

morphologically left atrium (= pulmonary tions. The most frequent and important asso-

venous atrium) is connected via a tricuspid ciated lesions are ventricular septal defect (up

valve with the morphologically right ventri- to 80% of cases), tricuspid valve anomalies

cle, from which originates the aorta, while (= Ebstein-like malformation), corresponding

the morphologically right atrium (= systemic to abnormalities of the systemic atrioventri-

venous atrium) is connected via a mitral cular valve (in up to 60% of cases), pulmonary

valve with the morphologically left ventricle, stenosis or atresia (30–50%), dextrocardia

from which originates the pulmonary artery.

Therefore two discordant connections, atrio-

ventricular and ventriculoarterial (= double

[image: ]

discordance), occur in sequence in each side

of the heart. The classical definition of “con-

genitally corrected transposition of the great

arteries” derived from the observation that

the effects of transposition of the great ar-

teries are “corrected” by the congenital in-

version of the two ventricles, with the two

circulatory pathways “physiologically” in se-

ries, despite the anatomic derangements.

In these hearts an atrial situs solitus or

inversus can be present, as well as superoin-

ferior disposition of the ventricular cham-

bers can occur, with a more or less horizon-

tal interventricular septum. Dextrocardia is

present in 25% of the cases. The ascending

 

aorta is typically located anterior and to the Fig. 3.26.1. Double discordance. CT scan contrast angiogra- phy, axial projection, showing the aorta with anterior-left po- left of the pulmonary artery (Figs. 3.26.1  sition in relationship with the pulmonary artery, and the  and 3.26.2). The coronary arteries originate  presence of bilateral superior vena cava (arrows). The left su-

from the facing sinuses of the aortic valve, perior vena cava is more faintly opacified because contrast

generally with a mirror-image distribution,    material was injected in a vein of the right arm (A aorta, following the appropriate ventricle. LPA left pulmonary artery, P pulmonary artery, RPA right pul-

monary artery) (reproduced with permission from Choi BW,

Park YH, Choi JY, Choi BI, Kim MJ, Ryu SJ, Lee JK, Sul JH, Lee

SK, Cho BK, Choe KO (2001) Using electron beam CT to eval-

uate conotruncal anomalies in pediatric and adult patients.

Am J Roentgenol 177:1045–1049)

Surgical options     z     195

ruption, aortic atresia, pulmonary atresia
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with intact ventricular septum, coarctation

of the left pulmonary artery. The isolated

atrioventricular discordance, without ven-

triculoarterial discordance (also called iso-

lated ventricular inversion), has rarely been

observed, generally with associated ventricu-

lar septal defect.

 

z Surgical options

The surgical management of even the simple

associated defects, such as ventricular septal

defect or pulmonary stenosis, has been re-

ported to be associated with much higher

mortality and morbidity rates in these pa-

tients than in patients with an otherwise

Fig. 3.26.2. Double discordance. Fast spin echo ventricular     normal heart. From the technical point of outflow tract showing the ventriculoarterial discordance     view, the surgical approach to address the (Ao aorta, LV ventricle, PA pulmonary artery, RA right atrium,     ventricular septal defect or pulmonary ste-RV right ventricle)

nosis is difficult, and the risk of inducing a

complete atrioventricular block is high.

Furthermore, despite technical success, the

(25%) and complete atrioventricular block    above procedures may not result in func-(12–33% of cases). Mitral valve anomalies    tional improvement. are also quite frequent (up to 55% of cases).

Straddling of an atrioventricular valve can    z Palliations: the initial surgical approach in be associated with hypoplasia of the ipsilat-    infancy can be a palliative procedure, includ-eral ventricle.                                        ing pulmonary artery banding in the pres-

Coronary artery anomalies potentially    ence of a large ventricular septal defect with complicating anatomical repair have been re-    pulmonary hypertension, or a modified Bla-ported in 45% of patients, including single    lock-Taussig shunt in the presence of severe coronary artery orifice (the most frequent    cyanosis due to pulmonary stenosis. coronary artery anomaly), left anterior coro-

nary artery originating from the right coro-    z Conventional repair: depending on the age nary artery, and eccentric coronary orifices.    at presentation and on the specific combina-Hypoplasia of one of the two ventricles gen-    tion of the associated lesions, conventional erally occurs in the presence of a straddling    surgical repair of double discordance may atrioventricular valve (ipsilateral to the hy-    involve tricuspid valve repair or replacement, poplastic ventricle).                                closure of the ventricular septal defect, im-

Less frequently have been reported situs    plantation of a biological valved conduit be-inversus (with mirror-image relation), supra-    tween the left ventricle and the pulmonary valvular left atrial ring, atrial septal defect,    artery and pacemaker implantation. complete   atrioventricular   septal   defect,       With the conventional repair the morpho-straddling mitral valve, double outlet right    logically right ventricle remains the systemic ventricle, discrete subvalvular or valvular    ventricle, while the morphologically right at-aortic stenosis (Fig. 3.26.3), patent ductus ar-    rioventricular valve (tricuspid valve) remains teriosus, aortic coarctation, aortic arch inter-    the systemic valve.

196    z   Double discordance

z Double (= atrial and arterial) switch proce- volume overload of the small/malfunctioning

dure: because of the disappointing medium right ventricle) is the procedure of choice.

and long-term results of the conventional

approach, surgical treatment in the last few

years has been directed toward repair where    z Pre-operative information the morphologically left ventricle and the

morphologically left atrioventricular valve Sequential chamber localization is the fun-

(mitral valve) are restored to the systemic cir- damental first step in the diagnosis of dou-

culation. ble discordance. Accurate morphological

The following conditions are required for characterization of the cardiac chambers and

a double switch procedure: the great arteries is essential for the diagno-

z absence of major atrioventricular valve sis of double discordance. The criteria to

straddling, distinguish the morphologic right ventricle

z balanced ventricular chambers,               (functionally   systemic ventricle)   include z adequate left ventricular function and course trabeculation, typical papillary mus-

pressure (at least 75% of the systemic cles pattern with a septal origin as well as a

right ventricle), either because of the pres- vascular conus, presence of a moderator

ence of an unrestrictive ventricular septal band, and more apical insertion of the atrio-

defect or because of a previous pulmonary ventricular valve (in this case the tricuspid

artery banding, valve) in the body of the right ventricle.

z coronary arteries not precluding transfer On the other hand, the morphologic left

and reimplantation. ventricle is recognized by its fine trabecula-

tion and less apical insertion of the atrio-

With the double switch procedure, the pa- ventricular valve (in this case the mitral

tients without pulmonary stenosis or atresia valve) to the septum than to the contralateral

undergo atrial switch (Mustard or Senning side. The aortic arch with its branches and

procedure) and arterial switch (Jatene proce- the take-off of the coronary arteries allow re-

dure), with closure of ventricular septal de- cognition of the aorta, with the atypical cor-

fect when present. onary artery pattern. Identification of the

Patients with left ventricular outflow tract short trunk and the immediate bifurcation is

obstruction (= pulmonary stenosis or atre- key for identifying the main pulmonary ar-

sia) undergo atrial switch (Mustard or Sen-    tery. ning procedure), closure of ventricular septal Echocardiographic investigation generally

defect and implantation of an extracardiac provides all the information required for

biological valved conduit between the right correct diagnosis and decision making for

ventricle and the pulmonary artery (Rastelli surgery, particularly in infants and children.

operation) or the direct implantation of the However, cardiac MRI assumes an increas-

transected pulmonary artery on the right ing role in several important pre-operative

ventriculotomy (Lecompte procedure). issues, mainly in older children, such as ven-

In the presence of severe heart failure, tricular volumes and functions, morphology

particularly biventricular failure, heart trans- of the outflow tracts, relationship between

plant has to be taken into consideration. ventricular septal defect and intracardiac

structures, morphology of the pulmonary ar-

z One-and-half ventricular repair:   in the    teries, origin and course of the coronary ar-presence of a relatively hypoplastic ventricle, teries, and morphology and location of the

the one-and-half ventricular repair (end-to- auricular appendages as well, to rule out

side anastomosis of the superior vena cava juxtaposition of the auricular appendages as

to the right pulmonary artery in addition to well, in case anatomical correction is taken

intracardiac repair, in order to reduce the    into consideration.

Pre-operative information     z     197

To achieve these goals the following cardi-
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ac MRI protocol is suggested:

z 3-plane localizing images,

z 2-dimensional axial Time-of-flight Angio-

graphy (see the appendix in the “Intro-

duction”),

z ECG-gated cine steady-state free preces-

sion sequences in the 2-chamber, 4-cham-

ber planes, and ventricular short axis for

the quantitative assessment of both ventri-

cular dimensions, function and stroke vol-

ume (Fig. 3.5.3) as illustrated in the ap-

pendix of the “Introduction”; 4-chamber

acquisition is very informative to confirm

the diagnosis of double discordance, high-

lighting the attachment of the atrioventri-

cular valve septal leaflets to the septum

and the different trabeculation pattern of

both ventricles (Fig. 3.26.4),

z ECG-gated cine steady-state free preces-

sion sequence to visualize the left ventri-

cular outflow tract and pulmonary valve

to rule out any obstruction on the pulmo-

nary pathway,

z ECG-gated cine steady-state free preces-

sion sequence, generally on the sagittal

plane, to visualize the right ventricular

outflow tract and the aorta located ante-

rior and to the left,

z ECG-gated static 3-dimensional steady-

state free precession for the evaluation of

the origin and proximal course of the

coronary arteries,

z ECG-gated cine steady-state free preces-

sion sequence on different oblique planes

to evaluate the presence of a ventricular

septal defect and its relationship to both    Fig. 3.26.3. Double discordance and aortic stenosis. Cardiac

outflow tracts (Fig. 3.26.5),                     MRI steady-state free precession right ventricular outflow tract z                                             (a) and aortic valve short axis (b) of an unusual case of double gadolinium-enhanced 3-dimensional MR

angiography for the evaluation of the   monary artery, discordance and aortic stenosis (AO aorta, LV ventricle, PA pul-RA right atrium, RV right ventricle)

great arteries, the aortic arch, and the pul-

monary and systemic veins,

z ECG-gated phase velocity contrast MRI se-      presence of systemic pressure in the right

quences perpendicular to the main pulmo-      ventricle and may be due to the ventricular

nary artery, ascending aorta, and pulmo-      septal shift as well, leading to a tricuspid

nary arteries, to assess flow pattern in the      valve regurgitation due to malfunction of

great vessels, mainly to quantify shunts if      the tricuspid chordae attached to the sep-

present. Tricuspid valve regurgitation in      tum. This is confirmed by the observation

these patients is very common due to the      that in patients with double discordance 198    z   Double discordance

with large ventricular septal defect, where
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the ventricular septum is straight and not

shifted to the left, tricuspid valve regurgita-

tion is generally less progressive than in the

case of low subpulmonary ventricle pres-

sure. This hypothesis is confirmed in pa-

tients with double discordance and large

ventricular septal defect after pulmonary

artery banding (see section “Post-operative

follow-up”, Fig. 3.26.6). Tricuspid regurgi-

tation can be quantified by subtracting

the right ventricular stroke volume from

the aorta stroke volume, if the accuracy of

both measurements is good.

z post-gadolinium delayed myocardial en-

hancement may be used to evaluate the

presence of scar tissue. In case of double

discordance, one major concern is the ca-

pacity of the morphologic right ventricle

Fig. 3.26.4. Double discordance. Cardiac MRI steady-state to sustain (lifelong) the systemic circulation

free precession 4-chamber view showing the coarse right

ventricular muscular trabeculations and the apical displace- due to both the characteristics of the myo-

ment of the septal leaflet of the left atrioventricular valve cardial fibers disposition and the possibility

(arrowhead), confirming atrioventricular discordance (LA left of progressive tricuspid valve regurgitation.

atrium, LV ventricle, RA right atrium, RV right ventricle) To address this issue, in addition to assess-

ment of right ventricular volumes and ejec-

tion fraction, it is possible to assess the con-

tractile reserve of the systemic right ventri-
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cle during and after beta-adrenergic stimu-

lation, taking advantage of the high accu-

racy of MRI compared to echocardiography

because of the bizarre shape of the right

ventricle. The clinical significance of such

studies, even in the preoperative setting,

requires more extended investigations.

In patients with double discordance, when the

descending thoracic aorta is located on the

contralateral side of the ascending aorta, the

ascending aorta is positioned more laterally

and the aortic arch is located more posterior,

and as a consequence tracheal compression

can be caused by the elongated aortic arch.

In these cases, CT or MRI show a transversely

Fig. 3.26.5. Double discordance. Cine cardiac MRI showing oriented aortic arch and severe tracheal com-

the ventriculoarterial discordance, the ventricular septal de- pression in the anteroposterior direction by

fect and the outflow tracts relationship (Ao aorta, LV mor- the aortic arch. Aortic size (larger than nor-

phologically left ventricle, functionally right (pulmonary) ven- mal), posterior position, elongation, and

tricle, PA pulmonary artery, RA right atrium, RV morphologi-cally right ventricle, functionally left (systemic) ventricle, SVC end-on appearance of the aortic arch are use-

superior vena cava, VSD ventricular septal defect)                  ful predictors of tracheal compression.

Pre-operative information     z     199
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a                                                     b
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c                                                                  d

[image: ]

Fig. 3.26.6. Double discordance, status post pulmonary     septum (asterisk) where the tricuspid valve chordae are at-banding. Cardiac MRI steady-state free precession 4-chamber     tached, is shifted toward the right ventricle due to the high view in proto-systole (a) and in tele-systole (b), left ventricu-      pressure in the left subpulmonary ventricle (AO aorta, LA left lar outflow tract (c) and right ventricular outflow tract (d).     atrium, LV ventricle, PA pulmonary artery, PAB pulmonary ar-Note in a the tricuspid lack of coaptation (headarrow) disap-     tery banding, RA right atrium, RV right ventricle) pearing at the end of the systole (b), probably because the
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200    z   Double discordance
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a                                   b                                c
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d                               e
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Fig. 3.26.7. Double discordance with ventricular septal de-     nary (e) and systemic veins (c, d) baffle stenosis (AO aorta, fect, status post atrial (Senning) and arterial switch. Cine     IVC inferior vena cava, LV left ventricle, PA pulmonary artery, steady-state free precession (a, c, d, e) and volume rendering     PVs pulmonary veins, RV right ventricle, SVC superior vena MR angiography reconstruction (b). No evidence of pulmo-     cava)
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z Potential complications                    presence of double discordance, cardiac MRI

can beautifully show the tricuspid (systemic)

z Conventional repair: early potential com-    leaflet coaptation throughout the systole plications are arrhythmias, complete atrio-    demonstrating its variation depending upon ventricular block, residual ventricular septal    the ventricular septal shifting (Fig. 3.26.6). defect, residual tricuspid valve regurgitation       Cardiac MRI is also able to rule out any and residual right ventricular outflow tract    baffle obstruction or leak after atrial rerout-obstruction.                                     ing (Mustard or Senning procedures) as well

In the follow-up, a substantial percentage    as to visualize the outflow tracts (Fig. (up to 67%) of patients treated with con-    3.26.7). ventional repair develops congestive heart      After arterial switch (Jatene procedure), failure and dysfunction with morphological    because of the potential complication of right ventricular failure. These complications    neoaortic valve regurgitation, cine MRI is are strongly associated with regurgitation of    useful to visualize the aortic root and leaflets the morphologically right atrioventricular    and to detect the mechanisms of aortic valve valve (tricuspid valve), and particularly with    regurgitation, as well as to monitor its pro-tricuspid valve repair or replacement.            gression by means of serial assessment of

the aortic flow and regurgitation fraction.
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Chapter 3.27 I

somerism

 

z Definition differentiations, leading to situs inversus or

ambiguity in the visceroatrial situs, along

In patients with incomplete lateralization of with anomalies of systemic and/or pulmo-

thoracic and visceral organs, the atrial appen-    nary venous connections (Fig. 3.27.2). dages are also not lateralized. Thus, in the vast       In patients with left atrial isomerism the in-majority of these patients both atrial appen- frahepatic portion of the inferior vena cava is

dages present with similar internal and exter- frequently (75% of the cases) absent (= inferi-

nal morphology, characteristic of either the or vena cava interruption), and the venous re-

right or the left atrial appendage. Atrial iso- turn from the lower part of the body reaches

merism is the designation for hearts with bi- the superior vena cava via the azygos vein

laterally right atrial appendages (Fig. 3.27.1) (= azygos continuation) (Fig. 3.27.3) or via

or bilaterally left atrial appendages. the hemiazygos vein (= hemiazygos continua-

Anomalous systemic venous connections tion) emptying into either a right-sided supe-

are generally associated with atrial isomer- rior vena cava or into a persistent left superi-

ism. or vena cava. Inferior vena cava interruption

These so-called heterotaxic syndromes are    has never been observed in right atrial iso-characterized by failure of many “right-left”    merism.
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Fig. 3.27.2. Situs inversus. Cine MRI showing situs inversus with dextrocardia, right atrial isomerism, atrioventricular sep-

[image: ]

Fig. 3.27.1. Right atrial isomerism. Cardiac MRI time of tal defect, total anomalous pulmonary venous connection.

flight, maximal intensity projection reconstruction showing Note the common atrium and the common atrioventricular

two morphologic right atria with two symmetrical right     valve auricular appendages (asterisk) and wide interatrial com-

munication (arrows) (mRA morphologic right atrium)
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Fig. 3.27.3. Inferior vena cava interruption with azygos con-tinuation. CT scan, sagittal projection, showing the azygos

[image: ]

continuation of the inferior vena cava and the connection of     Fig. 3.27.4. Right isomerism. CT scan sagittal reformatted the azygos vein to the superior vena cava (arrow) (AV azygos image showing the inferior vena cava and the abdominal

vein, IVC inferior vena cava, LV left ventricle, RV right ventri- aorta running along the same side of the spine (= juxtaposi-

cle, SVC superior vena cava) (photograph courtesy of Dr. Mo- tion of the inferior vena cava and abdominal aorta) with the

hamed Tawil)                                                vena cava in anterolateral position (dA descending thoracic

aorta, IVC inferior vena cava) (reproduced with permission from Goo HW, Park IS, Ko JK, Kim YH, Seo DM, Yun TJ, Park

In patients with JJ, Yoon CH (2003) CT of congenital heart disease: normal  right atrial isomerism  the

inferior vena cava and the abdominal aorta    S147–165) anatomy and typical pathologic conditions. Radiographics 23: may run along the same side of the spine

(Fig. 3.27.4); the right and the left hepatic

veins may enter the ipsilateral sides of the

common atrium, remaining separate from

the connection of the inferior vena cava. the systemic venous drainage is more fre-

Persistent left superior vena cava is pres-    quent in left atrial isomerism (generally un-ent in 50% of patients with right atrial iso-    obstructed). merism and in 70% of patients with left at- The atrial septum and ventricular septum

rial isomerism, and in both situations, par- are very rarely normal in patients with atrial

ticularly in right atrial isomerism, it can be isomerism; a common atrium is present in

connected to the upper left side of the left about 50% of the cases, atrioventricular sep-

atrium instead of the coronary sinus. tal defect in about 80% of cases, with most

The coronary sinus orifice can often be patients having a common atrioventricular

absent, more frequently in right atrial iso- orifice, and various types of ventricular sep-

merism than in left atrial isomerism. tal defect can be present, in the vast major-

Abnormalities of the pulmonary veins are    ity of cases of atrioventricular type. also common in both left and right atrial Frequently, there is outflow obstruction to

isomerism; total anomalous pulmonary ve- pulmonary arterial blood flow at the valvular

nous connection to the superior or inferior and/or subvalvular level. Pulmonary atresia is

vena cava is more frequent in right atrial    slightly more common in right atrial isomer-isomerism (in 40% of these patients with ob-    ism, whereas pulmonary stenosis is more struction to the pulmonary venous return),    common in left atrial isomerism. whereas anomalous pulmonary venous con- Ventriculoarterial discordance is very fre-

nection into the same side of the atrium as    quent (75–90% of cases).
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Fig. 3.27.5. Right isomerism. CT scan, oblique coronal projec-     Fig. 3.27.6. Left isomerism. CT scan, coronal projection, tion, showing right bronchial isomerism: both upper lobe     showing the right and left bronchus (arrows) below the ipsi-bronchi, symmetrically short, are located above the descend-     lateral pulmonary artery at the hilum (hypoarterial bronchus), ing lower pulmonary arteries (PA pulmonary artery, UL upper     as is the case for a morphologically left pulmonary artery bronchus) (reproduced with permission from Goo HW, Park     (= two left pulmonary arteries) (LPA left pulmonary artery, IS, Ko JK, Kim YH, Seo DM, Yun TJ, Park JJ, Yoon CH (2003)     RPA right pulmonary artery) (photograph courtesy of Dr. Mo-CT of congenital heart disease: normal anatomy and typical     hamed Tawil) pathologic conditions. Radiographics 23:S147–165)
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Pulmonary artery anomalies are not rare,    merism both lungs tend to be bilobed (= two particularly when there is pulmonary atresia    left lungs). with the ductus arteriosus as the only source      Finally, asplenia is more commonly pres-of pulmonary blood flow. After closure of    ent in right atrial isomerism, whereas poly-the ductus arteriosus, a “coarctation” com-    splenia is more frequently associated with monly develops at the origin of the left pul-    left atrial isomerism . monary artery, at the insertion of the ductus      These features have contributed to the gen-arteriosus.                                         eral rule (with several exceptions) that pa-

The branching pattern of the pulmonary    tients with right atrial isomerism tend to have arteries generally assumes one of two forms,    bilateral “right-sidedness” (asplenia), whereas depending on whether left or right atrial iso-    those with left atrial isomerism tend to have merism is present. In right atrial isomerism,    bilateral “left-sidedness” (polysplenia). both right and left pulmonary arteries tend      Because of the extreme morphological to look like a normal right pulmonary artery    variability within the cases with atrial isomer-(= two right pulmonary arteries), with the    ism, the term “heterotaxy” has been suggested bronchus for the upper lobe being above the    to define the presence of any of the numerous first segmental artery for the right upper lobe    possible anomalies of lateralization. (epiarterial bronchus) (Fig. 3.27.5). In con-

trast, in left atrial isomerism, the bronchus    Associated anomalies is below the pulmonary artery at the hilum

(hypoarterial bronchus), as is the case for a    z Left isomerism: polysplenia, anomalous sys-normal left pulmonary artery (= two left pul-    temic and/or pulmonary venous connection monary arteries) (Fig. 3.27.6).                    are very frequent, with interruption of the

Atrial isomerism generally corresponds to    inferior vena cava and azygos continuation thoracic isomerism; therefore, in right atrial    as the most frequent (56–92% of cases), fol-isomerism both lungs tend to be trilobed    lowed by anomalous pulmonary venous con-(= two right lungs), whereas in left atrial iso-    nection (56%) that in a certain percentage of 206    z   Isomerism

patients is potentially obstructive, common    z In the presence of interruption of the infe-atrioventricular valve (46–49%), common at- rior vena cava and azygos continuation,

rium (38%), cor triatriatum (30%), pulmo-      the preferred surgical option is the Kawa-nary atresia or stenosis (28%), aortic coarc-      shima operation, consisting of the end-to-tation (16%), congenital atrioventricular side anastomosis between the transected

block (7%). superior vena cava and the right pulmo-

nary artery, like in the bidirectional

z Right isomerism: asplenia, valvular and Glenn, but without dividing the azygos

subvalvular pulmonary stenosis or pulmo- vein. In this way, the entire systemic ve-

nary atresia are predominant (89% of cases), nous return, excluding the splanchnic

followed by discordant ventriculoarterial veins and the coronary sinus, is deviated

connection (72–75%) either with transposi- directly into the pulmonary circulation.

tion of the great arteries or double outlet The Kawashima operation, therefore, rep-

right ventricle, atrioventricular septal defect resents an almost complete univentricular

(72%) with or without a common atrium, type of repair, like the total cavopulmo-

single ventricle (55%), extracardiac total      nary connection. anomalous pulmonary venous connection

(50%), persistent left superior vena cava, bi-

lateral right auricular appendages (20%).        z Pre-operative information

CT and MRI investigations can show the

z Surgical options presence of multiple abnormally positioned

spleens (polysplenia), right-sided stomach,

z Palliation: pulmonary artery banding or left-sided liver, short pancreas and dextro-

modified Blalock-Taussig shunt in the pres-    cardia. ence of increased or reduced pulmonary CT and MRI studies are particularly help-

blood flow, respectively. ful in defining the presence and location of

anomalous hepatic, pulmonary and/or sys-

z Biventricular repair: in the presence of temic venous connections. Important for

anomalous systemic and/or pulmonary ve- surgical decision making and the manage-

nous connection(s) a complex interatrial baf- ment of cardiopulmonary bypass is the iden-

fle (pericardium, Teflon, PTFE) is very fre- tification of the connections between the he-

quently required to obtain adequate re-rout- patic and pulmonary veins and the atria,

ing of the systemic and pulmonary venous re- and the association of other anomalous sys-

turns. In the presence of persistent left superi- temic venous connections such as the inter-

or vena cava, particularly when it is con- rupted left-sided inferior vena cava with azy-

nected to the left atrium, the extracardiac    gos continuation. connection of the left superior vena cava To achieve these goals in such patients, a

either to the right superior vena cava or to MRI 2-dimensional axial time of flight se-

the right auricular appendage can simplify quence from below the diaphragm up to the

the partitioning of the atrial chambers. The neck (see the appendix in the “Introduc-

techniques to repair a atrioventricular or ven- tion”) is particular useful in order to define

tricular septal defect have been described in with high spatial resolution both the pulmo-

the relative chapters. nary and systemic venous connections and

the cardiac and great arteries complex ar-

z Univentricular repair rangement, without using contrast medium,

z Bidirectional Glenn or hemi-Fontan.          ready to be post-processed (Fig. 3.27.1). z Modified Fontan or total cavopulmonary Airway morphology is better demonstrated

connection. by CT scan (Figs. 3.27.5 and 3.27.6); however a

References    z    207

chapters “Single ventricle” and “Anomalous
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systemic venous connections”).

 

z Potential complications

The main differences with regard to the

complications compared to the patients with

functionally univentricular hearts without

isomerism are the following:

z after bidirectional Glenn (see chapter

“Single ventricle”), there is a higher inci-

dence of prolonged pleural effusions and

chylothorax,

z after modified Fontan or total cavopul-

monary connection (see chapter “Single

ventricle”), there is a higher incidence of

prolonged pleural effusions, supraventri-

[image: ]

cular arrhythmias, pulmonary arteriove-

nous malformations and venovenous col-

laterals (particularly after Kawashima op-eration).

 

z Post-operative follow-up

For the post-operative follow-up after uni-

ventricular type of surgery see the relative




chapter (“Single ventricle”), paying particu-

lar attention to the associated anomalies.
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Chapter 3.28 S

lings and rings

 

This chapter considers the two most fre- area where the sling passes around the tra-

quent anatomical situations with slings and/ chea, there is likely to be tracheal compres-

or rings: pulmonary artery sling and vascu- sion resulting in important functional steno-

lar ring. sis. With prolonged duration of airway com-

pression, tracheomalacia and/or bronchoma-

lacia can be a severe consequence.

Pulmonary artery sling Bronchus suis (= “pig bronchus”), consist-

ing of separate high origin of the epiarterial

bronchus to the right upper lobe from the

trachea, is also relatively frequently asso-

z Definition                                   ciated with pulmonary artery sling.

Congenital heart defects are present in 50%

In pulmonary artery sling (= anomalous left of patients with pulmonary artery sling, most

pulmonary artery), the left pulmonary artery commonly atrial septal defect, ventricular

originates extrapericardial from the posteri- septal defect, patent ductus arteriosus, persis-

or aspect of the right pulmonary artery, en- tent left superior vena cava, scimitar syn-

circles the right main bronchus and courses drome (see chapter “Partial anomalous pul-

right-to-left, posterior to the distal tracheal monary venous connection”). Extremely rare

bifurcation and anterior to the esophagus, is the association with tricuspid atresia, single

before entering the hilum of the left lung. ventricle, tetralogy of Fallot, transposition of

The ligamentum arteriosum is posterior the great arteries, aortic arch anomalies.

to the aorta from the origin of the right pul- Other anomalies in the arterial supply to

monary artery, superior to the left main one or both lungs are also associated with

bronchus, effectively creating a vascular ring this malformation, e.g. the anomalous left

(or sling) around the trachea but not around pulmonary artery only supplying the left

the esophagus. upper lobe with normal pulmonary artery

Approximately 50% of patients with pulmo- supply to the left lower lobe, or partial

nary artery sling have complete cartilaginous anomalous supply to the right upper lobe

tracheal rings: the posterior membranous from an anomalous left pulmonary artery.

component of the trachea is absent, and the

tracheal cartilages, rather than being U

shaped, are O shaped. As a consequence, the    z Surgical options trachea is often narrower than normal. The

complete rings may be localized to the region    Reimplantation of the anomalous left pulmo-where the sling passes around the trachea, nary artery is the treatment of choice, with

although often they extend the entire length or without tracheal reconstruction according

of the trachea, creating a long-segment tra- to the degree, extent and duration of the air-

cheal stenosis (= sling-ring complex). In the    way involvement.
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In the presence of associated malforma- arch, while angiography fails to show the

tions of the upper airway, its surgical treat-    esophagus and airways. ment must be absolutely performed during In contrast to echocardiography and an-

the same operation for the vascular lesion. giography, both CT scan and MRI can simul-

Division of the anomalous left pulmonary taneously define the anatomical details of

artery at the origin and its mobilization and both the airway and the vascular structures,

subsequent reimplantation into the main facilitating diagnosis and surgical planning.

pulmonary artery anterior to the trachea can While CT and MRI seem to be equivalent

be accomplished either with or without car- to conventional cardiac catheterization and

diopulmonary bypass. The mobilization of angiographic techniques for detecting vascu-

the pulmonary artery is enhanced by the di- lar abnormalities, CT scan is more accurate

vision of the ligamentum arteriosum. The than MRI in assessing the morphology of

procedure of reimplantation of the anoma- the airway (complete tracheal rings and ex-

lous left pulmonary artery has been reported tent of tracheal stenosis) and for the diagno-

via left or (very rarely) or right thoracotomy, sis of potentially life-threatening complica-

but the preferred approach is through a tions, such as tracheal, bronchial or esopha-

median sternotomy to allow better mobiliza-    geal compression. tion of the pulmonary artery and the choice CT scan can delineate the position of the

between the reimplantation with or without left pulmonary artery arising from the right

cardiopulmonary bypass, and also for simul- pulmonary artery, encircling the trachea,

taneous tracheal reconstruction (of course and reaching the hilum of the left lung cour-

with cardiopulmonary bypass) in the pres- sing anteriorly to the esophagus and the

ence of complete tracheal rings with or with- aorta (Fig. 3.28.1); furthermore, it shows the

out long-segment tracheal stenosis. presence of complete tracheal rings and the

With regard to tracheal reconstruction, level and extent of tracheal stenosis (Fig.

several techniques have been adopted for cir-    3.28.2). cular ring stenosis. In patients with congenital heart defects,

z Resection is the procedure of choice for the posterior displaced ascending aorta may

short stenosis (< 1/3 of the tracheal compress the main bronchus on the side of

length) without involvement of the carina the aortic arch and right pulmonary artery

or the main bronchi. against the descending thoracic aorta or

z For long segment tracheal stenosis, the spine. Even if the bronchial compression is

technique of slide tracheoplasty, feasible mild with tolerable airway symptoms, these

even in infants in the presence of very    patients must be observed closely.

long segment tracheal stenosis, has been In these cases, the CT shows on the axial

demonstrated to provide the most reliable image a significantly larger retrosternal space,

and consistent early and long-term results. smaller interaortic distance, smaller aorto-

z Tracheoplasty   with   pericardial   patch,    spinal distance, and bronchial stenosis quan-

homograft, prosthetic patch or costal car- tifiable on reformatted images perpendicular

tilage has been reported in a few cases to the mainstem bronchi. However, the use

with very inconsistent results. of ionizing radiation limits the utilization of

CT scan in children.

On the other hand, MRI can provide in-

z Pre-operative information formation on the relationship between the

aorta and its branches and trachea and

Artifacts introduced by the lungs and airway bronchi (Fig. 3.28.3), and phase velocity con-

negatively affect the ability of ultrasound to trast acquisition of both pulmonary arteries

accurately assess the relationship between can also provide information on the pulmo-

the airways and great vessels and aortic    nary blood flow distribution.

Post-operative follow-up     z     211

z Potential complications
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Residual or recurrent stenosis (also with re-

ported occlusion) at the origin of the reim-

planted left pulmonary artery, residual or re-

current airway obstruction, tracheomalacia,

recurrent respiratory infections.

 

z Post-operative follow-up

Both CT scan and MRI can evaluate the sur-

gical results and detect the presence of po-

tential complications with the same consid-

erations followed for the pre-operative inves-

tigation.

 

Fig. 3.28.1. Pulmonary artery sling. a CT scan, axial projec-tion, showing the left pulmonary artery arising from the

right pulmonary artery, encircling the trachea, and reaching

the hilum of the left lung coursing anteriorly to the esopha-

gus and the aorta. b Contrast MRI, axial projection, in the same child showing the left pulmonary artery arising from

the right pulmonary artery, encircling the trachea, and reach-

ing the hilum of the left lung coursing anteriorly to the eso-

phagus and the aorta. c Lateral view of the 3-dimensional reconstruction of the CT angiography in the same patient

showing the absence of origin of the left pulmonary artery

from the main pulmonary artery, and its origin (arrow) from

the right pulmonary artery (star) (AAo ascending aorta, DTAo descending thoracic aorta, Es esophagus, LPA left pulmonary artery, MPA main pulmonary artery, RPA right pulmonary ar-tery, Sp spine) (reproduced with permission from Corno AF (2004) Congenital Heart Defects. Decision making for surgery.

Volume 2, Springer)
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Vascular ring

 

z Definition

Various congenital vascular anomalies can re-

sult in airway compression at the level of the

trachea or of the main bronchi (mostly the

left), and esophageal compression, because

of the presence of a complete or incomplete vascular ring constituted by the aortic arch and its branches. Generally a vascular ring

is due to the presence of a double aortic arch

or a right aortic arch. However a right aortic

arch may occur without forming a vascular

ring depending upon branching of brachioce-

phalic vessels and location of the ductus ar-

teriosus.

z Frequent forms: z Double aortic arch: one of the two most

common forms of complete vascular rings;

the trachea and esophagus are completely

encircled by connected segments of the

aortic arch and its branches. Various

forms of double aortic arch exist: both

arches may be patent, or an atretic seg-

ment may exist at one of several locations

in either arch. The right arch, generally

dominant (in 50–75% of patients), gives

origin to the right common carotid and

right subclavian arteries either as an inno-

minate artery or as two separate vessels.

The left arch, which gives origin to the

left common carotid and left subclavian

arteries, is patent in the majority of pa-

Fig. 3.28.2. Pulmonary artery sling. a Coronal projection of tients, but it may be hypoplastic or atretic

the CT scan in the same patient showing the associated beyond the origin of either the left com-

long-segment tracheal stenosis with severe distal deviation mon carotid (rarely) or the left subclavian

and obstruction (arrow). b Coronal projection of CT scan in artery (more frequently) (Figs. 3.28.4 and

the same patient showing the associated long-segment tra-

cheal stenosis with severe distal deviation and obstruction 3.28.5). In 15–25% of patients the left arch

(arrow) (T trachea) (reproduced with permission from Corno is dominant, and in these cases the right

AF (2004) Congenital Heart Defects. Decision making for sur- arch is almost always patent, while in 15–

gery. Volume 2, Springer) 25% of patients the right and left aortic

arch present with almost equal size.

z Right aortic arch with anomalous origin of

the left subclavian artery and left ductus

arteriosus or ligamentum arteriosum: a
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Fig 3.28.3. Pulmonary artery sling. Fast spin echo MRI supero-     monary arteries (d). Note its different caliber corresponding inferior axial scan (a) and para-axial scan, fast spin echo MRI     to different lung perfusion assessed by phase velocity con-(b), and 3-dimensional volume rendering reconstruction (c)     trast acquisition (68% of pulmonary perfusion to the right of anomalous origin of the left pulmonary artery encircling     and 32% to the left pulmonary artery) (AO aorta, LPA left the right bronchus. The left pulmonary artery presents an ante-     pulmonary artery, RPA right pulmonary artery, RVOT right rior compression by the distal trachea and proximal bronchi,     ventricular outflow tract) posterior by the spine. Axial time of flight image of both pul-
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Fig. 3.28.5. Double aortic arch, with atretic left arch. MR an-giography volume rendering reconstruction, posterior view,

[image: ]

showing the hypoplastic left arch with atretic end segment

(arrow) (DTA descending thoracic aorta, LAA left aortic arch, LCA left carotid artery, LSA left subclavian artery, RAA right aortic arch, RCA right carotid artery, RSA right subclavian ar-tery) (photograph courtesy of Dr. Mohamed Tawil)

 

Fig. 3.28.4. Double aortic arch. CT scan, contrast angiogra-phy volume rendering reconstruction, viewed from above (a) and posterior coronal view (b), showing the double aortic arch, with the dominant right arch giving origin to the right

carotid and right subclavian arteries and the left arch, from

which the left carotid and left subclavian arteries originate

and which is hypoplastic (arrow) beyond the origin of the

left subclavian artery (AAo ascending aorta, DTA descending thoracic aorta, LAoA left aortic arch, LCA left carotid artery, LSA left subclavian artery, RAoA right aortic arch, RCA right carotid artery, RSA right subclavian artery) (photographs courtesy of Dr. Mohamed Tawil and Dr. Cinzia Crawley)
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right aortic arch gives origin, in sequence,
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to the left common carotid, the right com-

mon carotid, the right subclavian, and the

left subclavian arteries. The left subclavian

artery, last branch originating from the

aortic arch, passes behind the esophagus

and then gives origin to the ductus arte-

riosus or ligamentum arteriosum, which

passes anteriorly to connect to the proxi-

mal left pulmonary artery, thereby com-

pleting the vascular ring.

z Right   aortic   arch with   mirror-image

branching and left retroesophageal ductus

arteriosus or ligamentum arteriosum: a

right aortic arch gives origin, in sequence,

to the left innominate artery (left common

carotid with left subclavian), the right

common carotid, and the right subclavian

artery. The final branch, often arising

from a prominent ductus diverticulum, is

a patent ductus arteriosus or ligamentum

arteriosum that passes leftward behind

the esophagus and then anteriorly to

reach the left pulmonary artery.

z Anomalous innominate artery: the inno-

minate artery originates more posterior

than usual from the left aortic arch and

crosses posteriorly the trachea, compres-

sing the anterior tracheal wall (innomi-

nate artery compression syndrome).

z Pulmonary artery sling: see above.

z Rare forms:

z Right or left retroesophageal aortic arch. z Right aortic arch with anomalous left sub-

clavian artery with or without aortic   Fig. 3.28.6. Right aortic arch with diverticulum of Kommerell

 

coarctation:                                     and anomalous origin of the left subclavian artery. a CT an-this combination is technically giography volume rendering reconstruction viewed from not a complete vascular ring, but it may above showing the right aortic arch and the anomalous left cause symptoms similar to a ring because subclavian artery originating from the Kommerell diverticu-

of the presence of a right-sided patent    lum. b CT angiography in the same patient volume rendering

ductus arteriosus or ligamentum arterio-    reconstruction anterior view showing the right aortic arch

sum, contributing to the formation of an    and the anomalous left subclavian artery originating from

incomplete vascular ring. The esophageal    the Kommerell diverticulum (AAo ascending aorta, DTAo des-

compression can be more severe in the   carotid artery, cending thoracic aorta, KD Kommerell diverticulum, LCA left LSA left subclavian artery, RAA right aortic

presence of aneurysmal dilatation of the    arch, RCA right carotid artery, RSA right subclavian artery)

anomalous left subclavian artery origin    (photographs courtesy of Dr. Mohamed Tawil)

(= Kommerel diverticulum) (Figs. 3.28.6

and 3.28.7).
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a                                 b

 

c                                            d                             e

Fig. 3.28.7. Right aortic arch with aortic coarctation and di- diverticulum of Kommerell. The descending aorta is on the

verticulum of Kommerell. MR angiography volume rendering left. CT scan transversal projection showing mild tracheal

reconstruction (a and b), fast spin echo (c) maximal intensity      compression (arrow) of a different patient (f) and the 3-di-projection (d) and axial time of flight (e) image at the level mensional reconstruction showing the aneurysmal dilatation

of the distal stenotic aortic arch: the right aortic arch after near the origin of the left subclavian artery from the Kom-

the origin of the right subclavian artery shifts to the left     merel diverticulum (g) (AO Coa aortic coarctation, DOK diver-posterior to the trachea with a significant narrowing at this     ticulum of Kommerell, LSCA left subclavian artery, RSCA right level (arrow). The left subclavian artery originates from the     subclavian artery)

 

z Situs inversus with left aortic arch and    z Left aortic arch, right descending aorta,

right ligamentum arteriosum. and right-sided ligamentum arteriosum to

z Dominant left aortic arch, mirror-image      right pulmonary artery:   the reported

branching, right descending aorta, and branching sequence from the left aortic

atretic right aortic arch: a dominant left arch is the right common carotid, left

aortic arch is extremely rare: the arch ves- common carotid, left subclavian, and, fi-

sels arise normally from the normal-sized nally, right subclavian as a fourth branch

left aortic arch, while the right arch is      from the proximal descending aorta.

atretic.

Definition     z     217

[image: ]

 

f

[image: ]

 

Fig. 3.28.8. Left aortic arch with diverticulum of Kommerell and anomalous origin of the right subclavian artery. a CT scan with axial projection showing the left aortic arch with Kom-

merell diverticulum and complete compression of the esopha-

gus behind the trachea (arrow). b CT scan in the same patient

g                                                      showing the left aortic arch with Kommerell diverticulum and

anomalous origin of the right subclavian artery (AoA aortic

Fig. 3.28.7 (continued)                                           arch, KD Kommerell diverticulum, LB left bronchus, RSA right

subclavian artery, T trachea) (photographs courtesy of Dr. Mohamed Tawil)

z Left aortic arch, anomalous right subcla-    ductus arteriosus, aortic coarctation, univen-

vian artery originating from a Kommerell    tricular heart, pulmonary atresia with ven-

diverticulum: this combination can present    tricular septal defect (unusual), double outlet

with esophageal compression due to the   right ventricle, truncus arteriosus, or trans-

anomalous position of the right subcla-    position of the great arteries.

vian artery (Fig. 3.28.8).                           Since the major clinical impact of the pres-

ence of a vascular ring in children is tracheal

A vascular ring is generally an isolated car-    compression, altered tracheal geometry, e.g., diac malformation, with ventricular septal    smaller dimensions (area, shorter and longest defect and tetralogy of Fallot probably the    diameters), has been demonstrated in all most common associated anomalies. Very   symptomatic children with vascular rings rarely it can be associated with anomalous    compared with asymptomatic children. left subclavian artery, left or right patent
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Esophageal compression can be associated In the presence of associated intracardiac

with airway compression, while esophageal anomalies requiring simultaneous repair

atresia is sometimes found in association with cardiopulmonary bypass through a

with double aortic arch. median sternotomy, the division of the vas-

cular ring is performed during the same

procedure from a frontal approach, also ad-

z Surgical options visable in the presence of associated tracheal

or esophageal lesions requiring simultaneous

The vascular ring is divided through a left    surgical treatment. thoracotomy. After division, the two stumps

generally retract briskly, indicating the ten-

sion with which the ring had been surround-    z Pre-operative information ing the esophagus and trachea. In all cases

the ligamentum arteriosum or the patent While barium esophagography and echocar-

ductus arteriosus must also be divided. Fre- diography can accurately determine side of

quently, there are additional fibrous strands the aortic arch and presence of a vascular

passing across the esophagus and/or the tra- ring in the majority of cases, neither modali-

chea, and all these have to be divided to ty can reliably delineate the optimal site for

completely relieve compression. In the rare division of a ring, particularly in those cases

case requiring an approach through a right with atretic or hypoplastic segments. There-

thoracotomy, the same principles are ap- fore, the surgeon is required to do more ex-

plied. The technique of video-assisted thora- tensive dissection to obtain a complete in-

coscopic division has recently been devel- traoperative diagnosis and to find the best

oped as an alternative approach for dividing location for division. It is also noteworthy

the vascular ring. that errors in determining arch sidedness

In the case of persistent compression of from barium swallow or echocardiography

trachea and/or main bronchus by the aorta are not that rare. Precise definition of arch

or a pulmonary artery branch, “arteriopexy” anatomy, such as that provided by CT scan

is performed by suturing the retroesopha- and MRI, is superior to the aforementioned

geal aortic segment to the prevertebral fascia techniques as well as to the more invasive

or through the sternum; “extension” of the    angiographic methods. aorta or the pulmonary artery by a tubular As for the pulmonary artery sling, CT

prosthesis may be necessary. scan and MRI can simultaneously define the

In the presence of innominate artery com- anatomical details of both the airway and

pression syndrome, the approach is through the vascular structures, facilitating the diag-

a right anterior thoracotomy with suspen- nosis and the surgical planning. In patients

sion of the innominate artery to the posteri- with congenital heart defects, the posterior

or aspect of the sternum; an alternative tech- displaced ascending aorta may compress the

nique is the transection of the innominate main bronchus on the side of the aortic arch

artery at the origin and its reimplantation and right pulmonary artery against the des-

on the aorta in a more proximal position. cending thoracic aorta or spine. In these

In the presence of right aortic arch with cases, the CT shows on the axial image a sig-

anomalous left subclavian artery originating nificantly larger retrosternal space, smaller

from a Kommerell diverticulum, the liga- interaortic distance, smaller aortospinal dis-

mentum arteriosum is divided and the tance, and bronchial stenosis quantifiable on

anomalous origin of the left subclavian ar- reformatted images perpendicular to the

tery is disconnected from the aneurysmal    mainstem bronchi. origin and reimplanted end-to-side of the The aims of the protocol for MRI imaging

left carotid artery. the aortic arch or pulmonary arteries and
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related structures are: 1) rapid identification    ser blood flow and therefore would be the of the basic arch anatomy or pulmonary ar-    better one to divide. teries; 2) determination of tracheobronchial

compression and its relationship to vascular

structures; 3) optimal imaging of the aortic    z Potential complications arch to determine the ideal site for division

in the presence of a vascular ring.                Since in infants with severe respiratory symp-

toms, there is likely to be an element of tra-

z 2-Dimensional imaging: simple transverse/    cheo/bronchomalacia associated with long-axial imaging from a level in the neck just    standing compression by the vascular ring below the larynx, down to the level of the    during in utero development, it should be an-diaphragm, allows identification of the tra-    ticipated that all respiratory symptoms will chea and esophagus. Any area of narrowing    not be immediately relieved, even after com-or distortion of the nearly circular trachea is    plete relief of the external airway compres-noted by fast spin echo static images thanks    sion. Nevertheless, residual or recurrent air-to their better contrast and resolution. Each    ways obstruction is possible, as well as recur-arch vessel is followed from its respective    rent respiratory infections, chylothorax (le-termination down to the level of the aortic    sion to the thoracic duct), diaphragmatic par-arch. If time permits, simple coronal imag-    esis/paralysis (injury to the phrenic nerve) or ing affords rapid cross-sectional imaging of    vocal cord paresis/paralysis (injury to the re-the aortic arch(es) on either side of the tra-    current laryngeal nerve). chea, which is helpful in deciding which

arch is larger in case of double aortic arch.

This view is also useful in recognizing a di-    z Post-operative follow-up verticulum in vessels running more verti-

cally than horizontally. A series of simple    As for the pulmonary artery sling, both CT sagittal images is particularly useful for as-    scan and MRI can evaluate the surgical re-sessing the linear extent and degree of tra-    sults and detect the presence of potential cheal narrowing.                               complications with the same considerations

followed for the pre-operative investigation.

z 3-Dimensional   imaging:   after 2-dimen-sional imaging in one or more standard

planes, gadolinium injection is performed to    z References provide a 3-dimensional shaded surface dis-
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