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7:30 - 8:00 Coffee and Pastries

7:30 —7:45 Case of the Day
Diane C. Strollo, MD

7:45 - 8:00 Case of the Day
Shuji Adachi, MD

STR/NASCI

Cardiovascular Symposium
Moderator. Curtis E. Green, MD

8:00 — 8:20 Normal Cardiac Anatomy
William Stanford, MD

8:20 — 8:40 How Does a Noncardiac Radiologist Approach Cardiac MRI?*
Lawrence M. Boxt, MD

8:40 —9:00 Problem-Solving Techniques for Cardiac Cases
Stephen W. Miller, MD

9:00 —9:20 Complications of Cardiothoracic Surgery
Jo-Anne O. Shepard, MD

9:20 — 9:40 Rheumatic Heart Disease
Curtis E. Green, MD

9:40-10:00 Questions

10:00 — 10:25 Break
Moderator. Robert M. Steiner, MD

10:25 —-10:45 Vascular Causes of an Abnormal Mediastinum
Rosita M. Shah, MD

10:45 - 11:05 Imaging of Acquired Aortic Disease
Gautham P. Reddy, MD, MPH

11:05-11:25 Traumatic Aortic Arch Injury: To Scan or To Squirt?
Joseph H. Tashjian, MD

11:25 - 11:45 The Multimodality Diagnosis of Pericardial Disease
Robert M. Steiner, MD

11:45 -12:05 Current Therapy for Cardiomyopathy: VADs, Myocardial Resection

and Cardiac Transplantation
Barbara L. Knisely, MD

12:05-12:15 Questions
12:15-1:15 Lunch

115-315  Issues and Controversies in Lung
Cancer Screening

Moderator. Gordon Gamsu, MD
*Abstract not available at time of publication.
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Normal Cardiac Anatomy

William Stanford, MD
University of lowa Hospitals and Clinics, lowa City, IA

Introduction can be obtained in 76 seconds. With the continuous
Computed tomographic (CT) images of the heart volume scanning upgrade 40 slices of 6 or 10 mm
differ from the normal longitudinally oriented views thickness can be obtained in 17 seconds.
one is accustomed to seeing in anatomy texts. In CT If contrast is administered it is given via a periph-
imaging the heart is often viewed in cross-sectional eral vein and, in order to eliminate the pertubations
and oblique planes that are more familiar to echocar-of heart rate, non-ionic contrast medium is generally
diographers than to diagnostic radiologists. How- recommended. In the flow mode imaging sequence
ever, since significant numbers of CT and magnetic 40 ml of contrast medium are administered at 10 ml/
resonance cardiac imaging examinations are being sec; in movie mode and volume mode sequences ap-
done, it becomes increasingly important to under-  proximately 60-150 ml of contrast are administered
stand and become familar with the axial, short and at 1.4 to 2.0 ml/sec.
long axis projections used in cardiac imaging. Itis
also important to recognize the limitations inherent in
these scanning projections. In the evaluation of ventricular function, short-axis
The electron beam computed tomography (EBT) projections are the more appropriate. In these projec-
scanner is unique in that it can generate both static andions the ventricle is sliced in cross section similar to
dynamic images and, therefore, provide an additional “slicing a cucumber”. This projection provides visual-
dimension to the conventional CT imaging of the ization of the superior, inferior, medial, and lateral
heart. In addition, the EBT scanner is capable of pro-walls of the atria and ventricles; it does not visualize
ducing images of ventricular contraction and valvular the left ventricular apex particularly well. Internal
motion in near realtime and can also provide informa- structures such as papillary muscles are prominently
tion as to circulation pathways and arrival times of  displayed; however, the mitral valve is less well visu-
contrast within the cardiac chambers and great vesselalized than on the long-axis images.
I . d Because the heart is oriented with the apex dis-
mag_ln_g Seguences and Contrast placed caudally and to the left, to obtain short-axis im-
Administration ages the table is rotated 25° to the patient’s right and
There are three imaging sequences that are used tifted downwards 15°. This brings the longitudinal
define cardiac anatomy and function. If multiple tar- axis of the left ventricle into the scanning circle and
get rings are sequentially imaged (flow mode), eight orients the ventricle almost perpendicular to the scan-
8-mm slice thicknesses of the heart can be obtained ner gantry. If necessary, an 18° wedge can be inserted
in 224 msec. These slices are contiguous except fornder the patients back and this would increase the tilt
4-mm separation between images from adjacent tar- of the heart to 20-25° and produce a truer cross-sec-
get rings. Triggering is from the R wave of the ECG tional image of the ventricle. The latter maneuver is
and all images are generated at about the same pointarely done.
in the cardiac cycle Another important imaging se- The long-axis or four-chamber view is the better
guence is the movie mode sequence. In this se- projection for evaluating the cardiac apex, mitral valve,
guence same level, cross-sectional images of the  and aortic outflow tract. This projection is also used to
heart can be obtained at a rate of 17 images per sec-<valuate medial and lateral left ventricular wall motion.
ond. This sequence produces images from which it igo obtain this view the scanner table is kept level but
possible to quantify cardiac function. The third se- moved 25° to the patient’s left. This brings the heart
guence (volume mode) produces sequential tomo- more in line with the scanner gantry and, because the
graphic slices of variable thickness as the patient  heart projects leftward and is tilted ventrally, the slices
moves through the scanner. This mode produces are oriented in a longitudinal configuration. The latter
100msec contiguous images of 1.5-, 3-, 6-, or 10mmyviews are similar to the four-chamber views of echocar-
slice thicknesses. Allowing for table movement eactdiography and the images are termed “horizontal long-
slice requires approximately 0.5 seconds and with  axis images” in keeping with the standard imaging
imaging and moving the table, 40 slice thicknesses planes used in angiography and nuclear medicine.

Positioning
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Positional Correlations

Neutral Axis

The neutral axis is an excellent imaging projection
to view the aorta, pericardium and cardiac chambers.
In this configuration the table remains perpendicular
to the scanner gantry. The pulmonary arteries and
atria are cut in cross section as are the aortic root,
aortic valve, both ventricles, pericardium, and adja-
cent mediastinal structures. Because the neutral axi
closely approximates the short-axis and because the
short-axis images are the more important from the
functional viewpoint, only the short-axis projections
will be illustrated.

*

of the heart descending and moving caudally during
systole. Aortic valvular leaflet motion is well visual-

ized in the short axis projection and usually all three
leaflets of the aortic valve can be identified.

Long Axis

The long-axis better defines the mitral valve and

left ventricular outflow tract. These images are also
Qelpful in visualizing ventricular chamber size, apical
and septal anatomy, and pericardial abnormalities.
(Disclosure Statement: William Stanford, MD, is a
member of the CT Advisory Board of Toshiba, Inc.)

BIBLIOGRAPHY

Short Axis

The short axis is the projection used in calculating
cardiac function. In this projection the orientation of
the short-axis images changes slightly during cardiac
contraction as the left ventricular outflow tract and
aortic root move from a more nearly cross-sectional
configuration to a more oblique configuratrion. This
change in image configuration is caused by the base
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Ultrafast Computed Tomography in Stanford W, and
Rumberger JA.(eds) Ultrafast Computed Tomography
in Cardiac Imaging: Principles and Practices. Mount
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How Does a Noncardiac Radiologist
Approach Cardiac MRI?

Lawrence M. Boxt, MD

Abstract not available at time of printing
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Problem-Solving Techniques for

Cardiac Cases

Stephen W. Miller, MD
Massachusetts General Hospital

Objectives Cardiac Tumors

Complex cardiac problems frequently require A frequent referral to the cardiac radiologist is a
multi-modality imaging with chest radiographs, CT, mass seen on echocardiography. MRl is requested for
MRI, and echocardiography. The objectivesto$ tissue characterization. Other cardiac problems arise
lectureare to (1) present an approach to the differ- when a known mediastinal or lung tumor is adjacent to
ential diagnosis of common cardiac problems, the heart, and there is concern that the pericardium
(2) describe the recent clinical and imaging ad- contains tumor. Both CT and MRI are used to assess

vances in selected cardiac problems, and (3) briefly these types of problems, while angiography is usually
summarize the currently imaging approach to some reserved for interventional therapy. The first step is to
cardiac problems that are yet to have sharply de- be certain that the mass is actually a cardiac tumor. An
fined answers. aneurysm in the aortic root may deform the right
. atrium and compress the superior vena cava. Imaging
Mitral Valve Prolapse with a blood flow technique as part of the imaging se-
First thought to be a leaflet abnormality, mitral  quence resolves this issue. Tumors and cysts of the
prolapse actually may have abnormalities in all heart can be recognized with most imaging modalities,
parts of the mitral apparatus. Primary mitral valve  but frequently both CT and MRI are necessary for full
prolapse has mitral regurgitation when the leaflets eyaluation.
are large and have multiple, redundant scallops, Metastatic tumors of the heart and pericardium are
mainly on the posterior leaflet. The chordae typi- 20 to 40 times more frequent than primary heart tu-
cally are elongated and together with the scalloped mors. Melanoma, leukemia, and lymphoma frequently
valve allow regurgitation because the valve edges are found in the heart at autopsy, and the adjacent lung
no longer coapt. With enlargement of the left ventri- and breast tumors also are common metastatic depos-
cle from mitral regurgitation, the mitral annulus di- jts. Primary tumors of the heart are rare. In children,
lates and the heads of the papillary muscles sepa- rhabdomyomas which constitute 40 percent of tumors
rate, contributing to the regurgitation. Mitral pro- in children are frequently seen in the ventricular sep-
lapse can also occur with an otherwise normal tum in patients with tuberous sclerosis. In adults,
mitral valve if the geometry of the left ventricle is myxomas constitute 25 percent of benign tumors. An-
distorted. A common example is in a patient with an giosarcoma is the most common malignant primary
atrial septal defect where the dilated right atrium  heart tumor with rhabdomyosarcoma and mesothe-
and ventricle distort the shape of the left ventricle, Jioma nearly as common. The MRI appearance of
allowing usually mild but occasionally severe pro- myxomas is performed to (1) assess the size, location,
lapse. and attachment of the tumor, and (2) characterize the
Initial estimates of the prevalence of mitral valve tissue as having a signal intensity similar to that of the
prolapse ranged from 5 to 35 percent, based mainlymyocardium. Lipomatous hypertrophy of the inter-
on screening echocardiographic studies. But recentatrial septum is a rather common tumor that presents
two- and three-dimensional analyses of the mitral  as a mass on echocardiography and needs to be distin-
valve have refined the geometric criteria for mitral guished from an atrial myxoma. On both CT and MR,
valve prolapse. Prolapse now is defined if the leaf- fatty tissue is identified in the interatrial septum with
lets have a left atrial displacement of more than 2 gccasional extension of large lobules of fat into both
mm in systole from the line connecting the hinge  right and left atria. These masses are benign and not
points, and also have a thickness of at least 5 mm imssociated with obesity, but can produce supraven-
diastole. With this new set of criteria, the prevalencericular arrhythmias. Arrhythmogenic right ventricular
of mitral valve prolapse ranges between 1 and 2 peidysplasia can also have fatty replacement in the right
cent and the rate of heart failure, atrial fibrillation ventricle adjacent to the tricuspid annulus, in the free
and cerebrovascular disease is no higher than wall, and near the pulmonary outflow tract, but this dis-
among patients without prolapse. ease is usually associated with an abnormally thin wall.
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Aortic Valve Stenosis and Sclerosis

Calcium is frequently seen in the heart, in the
valves, coronary arteries, mitral annulus, and peri-
cardium. Calcified cardiac structures usually signify
a pathologic condition, but in older individuals may

be a part of the aging process. In the aortic valve re-

*

invasively, namely, endovascular ultrasound, mag-
netic resonance angiography, and electron beam
CT. Ambrose et al showed that coronary lesions
with irregular borders, narrow necks, and clefts
were more common in unstable angina compared
with lesions that had concentric lumens. An impor-

gion, calcium may be either in the leaflets, the aortidant problem in cardiology is to identify patients

annulus, or the adjacent aorta. The imaging prob-
lems that arise are: Where is this calcium and what
is its clinical significance?

Aortic valve calcification is best seen on the lat-
eral view of the chest because it projects this cal-
cium free from the spine. Locate the calcium by fol-
lowing the greater curvature of the ascending aorta
back to the aortic root. A line drawn from the
sternodiaphragmatic angle to the sternum will pass
through the aortic valve and distinguish it from a
posterior mitral valve calcification.

Calcification occurring only in the aortic valve
rarely occurs before the age of 35 unless there has
been a previous episode of endocarditis. Isolated
calcific aortic disease usually indicates a bicuspid
aortic valve. The distinctive bicuspid valve calcifi-
cation is a ring with a linear bar through it. The aor-
tic valve, unlike the other three valves, has a moder
ate correlation between the amount of the leaflet

that have plagues that are vulnerable to rupture.
The key variables appear to be the size of the
plaque and the consistency of its lipid core, the
thickness of the fibrous cap covering the core, and
the inflammatory repair within the cap that initiates
the formation of an intimal thrombus. Since lipid-
lowering therapy is designed to deplete the amount
of lipid core in the plaque, the ability to image the
location and size of the plaques is an important
problem and currently limits the analysis of much
of the therapy in coronary artery disease. Endo-
luminal ultrasound can image the thickness of the
fibrous cap over the atherosclerotic core. Eccentric
caps are often thinnest and probably are more
prone to rupture, thereby releasing the atherogenic
lipid contents and initiate a potentially occlusive
thrombus. Examples will be shown of the vulner-
able plaque imaged by standard coronary arteriog-

raphy as compared with endoluminal ultrasound

calcium and the grading across the valve. The dete@"d MRI.

tion of aortic valve calcification of more than a mi-
nor degree on the chest film usually indicates the
need for aortic valve replacement. Less correlation
exists between the quantification of the stenosis
when the calcium is seen on a CT scan because th

CT is too sensitive to separate out a minor degree of

calcification from severe disease.

Aortic valve sclerosis is calcification and thick-
ening of a trileaflet aortic valve without left ven-
tricular outflow obstruction. Aortic valve sclerosis

may progress to stenosis. This distinction is best as-

sessed with echocardiography where the thickened
leaflets have reduced systolic opening and an in-
creased velocity of greater than 2.5 meters per sec-
ond across the aortic valve. Although the sequelae
of valvular aortic stenosis are well known, including
ventricular hypertrophy, occasional coronary artery
disease, and rarely sudden death, the natural histor
of aortic sclerosis without valvular obstruction is
also associated with an 50 percent increase in the
risk of death from cardiovascular causes and myo-
cardial infarction.

Coronary Atherosclerosis

Coronary atherosclerosis has been imaged for
clinical diagnosis for 30 years and for angioplasty
for 20 years. Newer imaging modalities are on the
horizon to evaluate atherosclerotic plaques non-

151

Pericardial Calcification

Constrictive pericarditis, if correctly identified,
potentially is a curable disease, but the clinical as-

éessment and intracardiac pressure measurements

f pericardial constriction overlap considerably
with other types of heart disease, particularly re-
strictive cardiomyopathy and ischemic heart dis-
ease with multiple myocardial infarcts. The pericar-
dial calcification has two types of appearance. The
most common type is a shaggy and nodular sheet of
calcification around the heart, typically in the atrio-
ventricular grooves. The uncommon appearance is
a diffuse eggshell calcification involving most of
the cardiac silhouette except for the left atrium
which is not covered by pericardium. These calcific
deposits represent the endstage of any nonspecific
'&pflammatory process. In the past, infectious agents
such as tuberculosis and several viruses, particu-
larly Coxsackievirus, were ascribed to the calcified
pericardium, but many other processes such as
rheumatic fever, uremia and trauma may all cause
local or diffuse calcification. Pericardial stripping
may have a dramatic improvement in symptomatol-
ogy, but pericardectomy may not result in a good
long term result, particularly if the pericarditis was
caused by radiation. CT imaging is the method of
choice to look for the calcification.
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Complications of Cardiothoracic
sSurgery

Jo-Anne O. Shepard, MD

Introduction useful in distinguishing mediastinal from pericardial
The expected findings following cardiac surgery fluid and identifying pericardial hematomas.
include atelectasis, pulmonary edema, mediastinal
widening, extrapulmonary air collections, increased Pneumoperitoneum
cardiac size, pericardial changes and chest wall find-  Free peritoneal air usually results from inadvertent
ings. Unexpected complications include mediastini- entry into the peritoneum during opening of the lower
tis, osteomyelitis, post-pericardiotomy syndrome,  sternum. (Glanz, 1978)
constrictive pericarditis, aortic pseudoaneurysm and
aortic dissection.(Goodman, 1992) Chest Wall Lesions
. . . Acute fractures of thestland 2¢ribs are visible on
Acute Complications and Findings 2-4% of CXRs.(Curtis 1975) Bone scans demon-
Atelectasis strate a greater prevalence. (Greenwald, 1973) A lu-
Left lower lobe atelectasis and right lower lobe at- cent stripe up to 3mm can be seen in the sternal split
electasis is seen in 90% and 60% respectively of pa-under normal circumstances and is not considered to
tients following cardiopulmonary bypass surgery. It be a precursor to dehiscence. (Ziter, 1977) The occa-
generally causes little clinical disability. The atelecta- sional broken sternal wire is not associated with de-
sis generally progresses from day 1 to day 4 post op-hiscence without evidence for re-orientation or mi-
erative, and then starts to resolve. It is seen as a ho- gration of the sternal wire.
mogeneous opacity behind the heart often with air ] )
bronchograms. (Carter, 1983) D_ela_yed Complications and
The etiology of the atelectasis is obscur. Proposed-indings
mechanisms include adhesive atelectasis and intraoPost Pericardiotomy Syndrome
erative hypothermia leading to phrenic nerve paraly-  Post pericardiotomy syndrome presents days to
sis or paresis. Lower lobe atelectasis is more severemonths following the surgery as a febrile illness with
when a larger number or grafts are performed, when a combination of pericarditis, pleuritis, and/or pneu-
the pleural space is entered, when cardiac insulating monitis and is associated with elevation of the SED
pads are not used and with lower body temperature. rate, elevated WBC count, and EKG changes of peri-
carditis. (Ebert, 1990) The pathogenesis is obscur,
Mediastinal Bleeding but may represent an autoimmune reaction. Patients
Major postoperative bleeding following median  who have had a mediastinal or pericardial hematoma
sternotomy requiring re-exploration occurs in up to  are more likely to develop this complication. CXR
5% of patients. Predisposing factors include will demonstrate an enlarged cardiac silhouette, left
coagulopathy, anticoagulation, repeat sternotomy,  pleural effusion and possibly patchy basilar opacities.
and internal mammary artery grafting. The indica- (Kaminsky, 1982) Although the illness is generally
tions for re-exploration include hemodynamic dete-  self-limited, it may lead to cardiac tamponade or to

rioration or rapid acute widening of the constrictive pericarditis. Anti-inflammatory drugs
mediastinum.(Goodman, 1992) are used for treatment.
Cardiac Tamponade Constrictive Pericarditis

Cardiac tamponade occurs in 2-3% of patients due Constrictive pericarditis complicates 0.2% of me-
to mediastinal hemorrhage immediately following  djan sternotomies months to years following the sur-
surgery. The site of bleeding is usually at the graft gery. Approximately half of these patients have had
suture line, in the IMA bed or along the sternotomy. 3 history of prior pericardial bleeding, mediastinal
In 50% of patients with tamponade the CXR shows pleeding or post pericardiotomy syndrome. Common
an increase in the cardiac silhouette. Free pericardiadymptoms include dyspnea, chest pain, leg swelling,
fluid is best diagnosed by echocardiography. CTis pedal edema, acities, hepatomegaly and jugular
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venous distension. In half of the patients with con- following median sternotomy. The major risk fac-
strictive pericarditis the CXR will demonstrate car-  tors include prolonged ventilation, combined coro-
diac enlargement. Other findings include a dilated nary and valve surgery, re-exploration for bleeding,
SVC and rarely pericardial calcification. CT may low cardiac output and infection elsewhere. Clinical
demonstrate pericardial thickening in the range of 2-8nanifestations of sternal wound infection include
mm, ascities and pleural effusion in addition to dila- pain (40%), erythema and drainage (41%), sternal
tation of the IVC. (Killian, 1989, Kutcher, 1982) instability (75%), fever (70%), leukocytosis (48%)
.y and positive blood culture (58%). (Grossir, 1985)
Chest Wall Findings Osteomyeitis may occur as an isolated finding or
Median sternotomy is the primary approach to the in conjunction with mediastinitis. CT scan will show
heart and great vessels. The incidence of complicationgemineralization of the bone, frank destruction and
is less than 5%. Major complications include dehis-  adjacent inflammation and/or fluid collections.
cence of the sternum, osteomyelitis and mediastinitis. (Templeton, 1992) An early CT scan may not dem-
Normal findings following median sternotomy in-  onstrate convincing bony abnormalities, but followup
clude small mediastinal air bubbles, indistinctness of thescanning several days later will generally show bony
fat planes and small focal fluid or blood collections changes as described when osteomyelitis is present.
which tend to resolve by 3-4 weeks after surgery. Mini-A Gallium scan will often show increased uptake in

mal pericardial fluid and air bubbles are also seen whickddition to the expected linear uptake corresponding
tend to resolve within 1-2 weeks. (Goodman, 1983a) to the sternotomy site. (Salit, 1983)

Complications generally become apparent 1-2
weeks after surgery and assume 6 clinical presenta- Mediastinitis
tions: 1)serosanguineous discharge with stable ster-  Deep postoperative mediastinal infection involv-
num; 2)unstable sternum with or without discharge; ing the anterior mediastinal compartment has a re-
3)sternal dehiscence alone; 4)superficial wound in- ported incidence of 0.4-0.5% with a mortality of 7-
fection alone; 5)subcutaneous infection, retrosternal 80%. It is diagnosed on the average by tHet@0
infection and unstable sternum; 6)mediastinitis with 11" hospital day.

or without sternal separation. (Serry, 1980) Persistence or progression in indistinct fat planes,
medistinal air and fluid collections suggest infection.
Dehiscence In equivocal cases followup CT scans are helpful in

Sternal dehiscence is an uncommon but very seri- identifying resolution or ongoing changes of infec-
ous complication of median sternotomy. Isolated ster-tion. Carrol et al reported that superior mediastinal
nal wire fracture may be an incidental finding in pa-  widening is present in 63%, pleural effusion in 54%,
tients without postoperative complications. However, focal or diffuse mediastinal gas in 22% and focal me-
“wandering wires” describes the characteristic alter-  diastinal collection in 9%.
ation in the appearance of sternal wires on radio- The specificity of CT findings is time dependent.
graphs, ie sternal wires pull out or cut through the sterJolles et al reported that all patients with clinical me-
num rather than break. Displacement of sternal wires diastinitis had primary CT findings of mediastinal air,
is a highly specific sign of dehiscence. (Boiselle, 1999¥|uid or both. Through day 14, CT had a sensitivity

Boiselle reported that the mean time between the of 100% for clinical mediastinitis and a specificity of
date of surgery and date of sternal dehiscence was 9 33%. After day 14, the sensitivity was 100% and
days, (range 4-15d). The CXR demonstrated sternal specificity was 100%.
wire abnormalities in 17/19 (89%) with dehiscence; . .
displacement in 16/19 (85%), rotation in 10/19 (53%), Vascular Complications
disruption in 4/19 (21%). The mean number of dis- Pseudoaneurysm and Ascending Aortic Dissection
placed wires was 2.3 (1-5 range). The mean distance Ascending aortic complications following cardio-
of maximal displacement was 20 mm (range 6-45 pulmonary bypass occur in less than 1% of patients.
mm). Sternal wire abnormalities were present before (Goodman, 1983) Complications of the ascending
the date of diagnosis in 13/19 (68%). aorta usually occur at the site of cardiopulmonary by-

Sternal wire abnormalities on CXR preceded the pass, site of aortotomy for aortic valve replacement
clinical detection of dehiscence by a mean of 3 days iror at the site of aortic anastomosis for coronary artery
70%. Sternal wire abnormalities were frequently not bypass graft. Acute or chronic infection was found to

reported prospectively. weaken the suture lines in about half the patients
studied by Sullivan. The mean duration from surgery
Sternal Wound Infection/ Osteomyelitis to pseudoaneurysm presentation was 22 months (1-

Sternal wound infections occur in 1% of patients 84 months range). Contrast enhanced CT or MRl is
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indicated in evaluation of potential pseudoaneurysm Grossi EA, Culliiford AT, Krieger KH, et al. A survey of 77

or aortic dissection. (Moore, 1984, Thorsen, 1988)
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tions following cardiothoracic surgery and describe
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Rheumatic Heart Disease
Curtis E. Green, MD

Acute rheumatic fever (ARF) is thought to be a re-cium from the aortic valve stenosis have been known
sult of an autoimmune type reaction to infection with to impede mitral valve opening. There is also a low
group A streptococcus. This is fairly firmly estab-  incidence of congenital stenosis of the mitral valve.
lished, but based on indirect evidence such as the di-The incidence of all of these other causes is so low,
rect relationship between outbreaks of strep throat however, that from a practical perspective one can
and the occurrence of ARF and the fact that the at- equate mitral stenosis with rheumatic heart disease.
tack rate is directly proportional to the antibody re- ) .
sponse. Although the incidence of ARF has de- Mitral Valve Disease
creased dramatically in North America and Europe The mitral valve is the most commonly affected
over the past several decades, it remains a leading valve in rheumatic heart disease. There is usually a
cause of death in the 5 to 24 year old age group in  combination of stenosis and regurgitation with the ste-
many parts of the world. The decrease has been at- nosis dominant. The onset of clinical disease is indo-
tributed to a number of factors including widespread lent, usually occurring may years after the episode of
use of antibiotics, decreasing organism virulence andARF. Onset of MS at an early age suggests multiple
better living conditions. Interestingly, only about half episodes of ARF and is rarely seen in this country.
of all patients with proven rheumatic valve disease The normal mitral valve is composed of anterior
give a definite history of ARF. and posterior leaflets which are continuous across a

ARF occurs most frequently in children between 2fibrous anulus. They are supported by corresponding
and 6 years of age, mirroring the incidence of strep papillary muscles to which they are attached by
throat (40% of all cases) in that age group. It causeschordae tendineae. Both leaflets receive chordae
a pancarditis with cardiac (CHF, heart block, peri-  from each papillary muscle. Flow across the mitral
carditis) and non-cardiac (subcutaneous nodules, valve is through both the primary (valve) orifice and
erythema marginatum, chorea, fever, abdominal painthrough the secondary orifices between the chordae.
epistaxis, pneumonia) manifestations. The primary The pathologic changes described above result in
physiologic valvular abnormality is acute mitral significant anatomic changes in the heart. Left atrial
valve regurgitation. enlargement is the most common manifestation and

Rheumatic valvular disease is the long-term result can result from pressure overload, volume overload
of the initial (and any additional) insults to the valve  or a combination of the two. The left ventricle is
leaflets and support apparatus. The initial episode of typically normal to small in size unless there is con-
inflammatory endocarditis causes formation of granu- comitant mitral or aortic regurgitation. Calcium may
lation tissue which eventually leads to scarring. Ana- be present in the left atrial wall or appendage and the
tomically this results in fusion of the valve commi- mitral. Chronic pulmonary arterial hypertension can
sures, shortening and fusion of the chordae tendineaelead to right ventricular hypertrophy and eventual
and fibrosis of the valve leaflets. Functionally this can right ventricular failure and tricuspid regurgitation
cause stenosis, incompetence or both. It is not certairwhich in turn cause right heart enlargement.
whether the majority of the damage is caused by the Clinically there are four stages through which a pa-
initial episode or whether ongoing inflammation and/ tient with mitral stenosis (MS) may pass. Patients with
or secondary trauma to the damaged valve are the manild stenosis have normal left atrial pressures and are
jor culprits. The end result is that functionally signifi- usually asymptomatic. With moderate degrees of ste-
cant rheumatic valve disease is usually delayed in on-nosis increasing left atrial (LA) pressure causes pul-
set, but progressive. The mitral valve is most com- monary venous hypertension (PVH) and passive (nor-
monly affected, being clinically involved in about 90% mal pulmonary vascular resistance) pulmonary arterial
of patients. Aortic valve involvement is next most hypertension (PAH). The primary symptom is dysp-
common and can be present without clinical mitral dishea on exertion. With severe MS muscular hypertro-
ease. Primary tricuspid involvement is uncommon  phy causes active pulmonary arterial hypertension
and pulmonary valve involvement is extremely rare. with the PA diastolic pressure exceeding the LA pres-
Lupus and rheumatoid arthritis have have been re-  sure. These patients typically have dyspnea at rest. In
ported to cause mitral valve stenosis and, very rarely, the final stage of MS, PA hypertension becomes fixed,
heavy calcification of the mitral valve anulus and cal- the right heart fails, tricuspid regurgitation ensues and
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cardiac output decreases. lIronically, these patients aorta may be dilated, but that sign is both insensitive
may actually experience a decrease in dyspnea as theand nonspecific for aortic stenosis. Similarly there
lungs are unloaded. Operative mortality at this point isare not any diagnostic plain film findings in AR. Pre-
very high and pulmonary artery pressures may remainmature tortuousity of the descending aorta, the usual
elevated after valve replacement. There are two fac- sign of chronic AR, is even less reliable in the setting
tors which may increase symptoms at any stage of  of MS because the aorta may be displaced by an en-
MS: volume overload and tachycardia. The former islarged LA. Bottom line: rheumatic aortic valve dis-
one reason why patients may present initially during ease is not a plain film diagnosis.
pregnancy. Tachycardia can occur with exercise or . . .
from atrial fibrillation (a common complication of Tricuspid Valve Disease
MS) and causes increased LA pressure by decreasing Rheumatic endocarditis of the tricuspid valve oc-
the diastolic filling time of the ventricle. curs in only 5 to 10% of patients with rheumatic
The radiographic findings in MS are characteristic heart disease. Virtually all patients will have coexist-
enough so that the diagnosis can be made with a higihg mitral disease. Secondary tricuspid regurgitation,
degree of confidence in most cases. There is almoston the other hand, is very common in patients with
always some degree of pulmonary venous hyperten-SEvere MS and results from RV failure caused by
sion and the left atrium is almost always obviously ~ chronic pulmonary arterial hypertension.
enlarged. Enlargement of the pulmonary trunk is The radiographic findings in tricuspid stenosis
common and in the presence of PVH strongly sug- (TS) or regurgitation (TR) are right heart enlargement
gests MS since LV failure never and non-rheumatic and signs of systemic venous hypertension (dilated
chronic MR rarely cause it to be enlarged. The left azygous and venae cavae). Primary tricuspid in-
atrial appendage may be prominent and if so is a relazolvement should be suspected in a patient with MS
tively specific marker for rheumatic disease. Ab-  when the radiograph shows mild PVH, a normal pul-
sence of an enlarged appendage is not necessarily monary trunk and systemic venous hypertension and/
evidence against MS, however. Calcium in the left or right heart enlargement. This is, however, a rare
atrial wall and mitral valve leaflets is rarely visible on circumstance. Secondary TR will manifest as right
chest radiographs. Visible LA calcium indicates se- heart enlargement in the setting of moderate to severe
vere, long-standing MS. Interestingly, the correlationMS. If there is any indication of pulmonary arterial
between the PCWP and the radiographic appearancdypertension, secondary TR is almost certainly the
of the pulmonary vasculature is as not good as in pa-answer.
tients with LV failure. This may be because patients .
with MS become very efficient at removing fluid Pulmonary Valve Disease
from their interstitial space. Also keep in mind thata  Clinical rheumatic involvement of the pulmonary
normal size LA in a patient with PVH and an en- valve essentially never occurs. A rare patient will de-
larged pulmonary trunk should make the diagnosis ofvelop pulmonary regurgitation secondary to severe
MS suspect as the prominent trunk may be due to  chronic pulmonary arterial hypertension, but you will
PAH from another cause. In those few cases where probably go your entire career without seeing a case.
the LA is huge and the pulmonary trunk is normal, . .
one is likely dealing with either chronic non-rheu- Multivalvular Disease
matic MR or the unusual case of rheumatic disease The patient with rheumatic heart disease may pres-
where MR is the dominant lesion. In this case an en-€nt with any combination of aortic and mitral disease
larged atrial appendage will help distinguish the two. and secondary tricuspid regurgitation. MS plus TR is
. . the easiest combination to recognize and will usually
Aortic Valve Disease present with PVH, an enlarged pulmonary trunk, LA
The aortic valve is frequently affected, but usually enlargement and right heart enlargement. Elliott has
in conjunction with the mitral valve. Combined aor- described this as the “chicken roosting sign” of
tic stenosis (AS) and regurgitation (AR) is the most multivalvular rheumatic disease. Concomitant aortic
common combination when there is significant in-  valve disease will almost always be radiographically
volvement. Pure AS is rare, especially when com-  silent. One will also not be able to recognize signifi-
pared to the most common cause of AS, calcific de- cant MR since the right heart enlargement will pre-
generation. Mild AR, however, is quite common in clude evaluation of LV size and the patient might have
patients with MS. AR to account for it. Multivalve replacement is almost
Because the aortic valve does not tend to heavily always due to rheumatic heart disease with an occa-
calcify in rheumatic disease, one does not expect to sional case of multivalve endocarditis. The combina-
see calcium on the chest radiograph. The ascendingtion of mitral valve replacement and tricuspid valve
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anuloplasty is almost specific for rheumatic disease. Summary

One will occasionally see evidence of aortic valve re- | the patient with pulmonary venous hyperten-
placement and a left thoracotomy or thoracotomy  gjgn, enlargement of the pulmonary trunk is pre-
alone. These suggest open mitral commissurotomy. symptive evidence of mitral stenosis. This should be
Although sometimes entertaining, it is rarely useful  confirmed by the identification of left atrial enlarge-

for the radiologist to attempt to sort out all the le-  ment with prominence of the left atrial appendage as
sions: even the best cannot reliably do so! further evidence. Absent a prominent pulmonary
Caveats trunk, mitral valve disease (either stenosis or regurgi-

tation) should be suspected when the left atrium is
Although the diagnosis of rheumatic mitral valve significantly enlarged, but may not be rheumatic.
disease is usually straightforward, there are several\jith a normal or minimally enlarged LA and a nor-
factors which may complicate recognition and as-  mal pulmonary trunk, LV failure is the most likely
sessment, namely other causes of an enlargement @fxplanation for the PVH. Aortic valve involvement
the pulmonary trunk and left atrium. is in general not a radiographic diagnosis. Tricuspid
There are a number of non-rheumatic causes of regurgitation is very common in patients with moder-

left atrial enlargement. Patients with LV failure can zte to severe MS and is usually recognizable because
have secondary MR from papillary muscle dysfunc- of right heart enlargement.

tion or displacement. Endocarditis and mitral pro-
lapse can both cause MR. When LV compliance is REFERENCES
very poor LA pressure may rise and the atrium di- Olson LJ, Subramanian R, Ackermann DM, Orszulak TA,

late. A classic example is hypertrophic cardiomy- Edwards WD: Surgical pat_hology of the mitral va!ve:
opathy. Lastly, and rarely, there are other causes of 7 rsot::‘dlég%lzz_zcza_;f spanning 21 years. Mayo Clin
Ob'St!’ucuon to left Ve_m”CUIar mﬂow which Ca.n Selzer A, Cohn KE: Natural history of mitral stenosis: a
mimic MS, the classic example being left atrial review. Circulation 1972;45:878-890.

myxoma. Del Negro AA: Physiology of mitral stenosis. In Elliott LP,

ed., Cardiac Imaging in Infants, Children and Adults.
An enlarged pulmonary trunk can result from J. B. Lippincott, Philadelphia, 1991, pp. 513-515.

other causes c?f pU|monary art?”_al hyp.ertenS|on Elliott LP, Trammell LA: Use of the chest film in rheumatic
such as chronic lung disease, idiopathic pulmonary  mitral valve stenosis. In Elliott LP, ed., Cardiac Imag-
hypertension, vasculitis and recurrent pulmonary ing in Infants, Children and Adults. J. B. Lippincott,
embolism. With the exception of lung disease, Philadelphia, 1991, pp. 516-521. =

. . . . Green CE, Kelley MJ, Higgins CB: Etiologic significance of
these may be mpossﬂ_nle to d|agnose by Che_St radio- an enlarged left atrial appendage in adults. Radiology
graph. Other obstructions proximal to the mitral 1982;142:21-27.
valve such as LA myxoma cor triatriatum and pul- Stollerman GH: Connective tissue diseases of the cardio-

; : : lar system. In Braunwald E, ed., Heart Disease:
monary vein stenosis can al hronic pulmo- Y&s¢4 .
onary vein stenosis can also cause chronic puimo A Textbook of Cardiovascular Medicine. W. B.

nary hypertension. Saunders, Philadelphia, 1980, pp. 1724-1746.
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Vascular Causes of an Abnormal

Mediastinum

Rosita M. Shah, MD
Thomas Jefferson University Hospital

The radiographic diagnosis of vascular mediastinal Congenital Arterial Variants
pathology requires recognition of an abnormal contour

or a change in the size of a given vessel. Many em- Left Aortic Arch with Aberrant Right Subclavian
bryologic variants and acquired cardiovascular dis- ~ Artery

eases produce characteristic alterations of the mediasti- The aberrant vessel, always located on the side op-
nal contours, allowing for radiographic diagnosis. posite of the aortic arch, is recognized as an oblique
edge or tubular opacity seen through the trachea on

Normal Mediastinal Reflections frontal chest radiographs, and as a retrotracheal opac-

Right mediastinal contours are primarily deter- ity with anterior tracheal displacement on lateral ra-
mined by venous anatomy, including the right brachio-diographs.
cephalic vein, SVC, azygous arch and right atrium. Estimated incidence is 0.5-2.3%. Embryologic

Left mediastinal contours primarily reflect arterial basis reflects involution of R"4arch segment, nor-
anatomy, including the left subclavian artery, aortic mally forming the RSCA.
knob and descending aorta, and the main pulmonary Aneurysmal dilation of the diverticular origin is
artery. The left superior intercostal vein, recognized termed the Ductus of Kommerell.
as the aortic nipple, is border forming in 1.5% of nor-
mal frontal chest radiographs. The left atrial append- Right Aortic Arch with Aberrant Left Subclavian
age constitutes the third, borderforming cardiac mo- Artery
gul, when enlarged. The right aortic arch produces a soft tissue convex-
. . ity at the right tracheobronchial angle with mass effect
Essential Physiology on the adjacent trachea. The aberrant vessel on the

Vessel size can be considered a function of 2 fac- |ateral view produces anterior tracheal displacement.
tors; intraluminal pressure causing dilation and elastic  Estimated incidence is 0.05%. Embryologic ori-
recoil causing constriction. Inherent elasticity of the gin reflects persistence of the L dorsal aortic root, or
aorta is greater than the pulmonary arteries, which is ductus segment, with interruption of the ®_a¥ch
greater than that of the pulmonary veins. Increased proximal to the LSCA.
vessel size can be expected with increased pressure or This variant, with coexisten patent ductus, contrib-
decreased elasticity. Decreased elasticity is characterutes to a vascular ring.
istic of diseases producing structural mural changes,
such as atherosclerosis or cystic medial necrosis. Right Aortic Arch with Mirror Image Branching
Essential Arterial Embryology On'the Iatgral view, retrptracheal opacity is NOT

associated with tracheal displacement.

Early arterial circulation consists of a ventral aorta  Empbryologic origin reflects involution of the L4
and 2 dorsal aortas with 6 paired arches allowing comgch distal to LSCA.

munication between the anterior and posterior circula-  Congenital heart disease, most commonly

tion. The ventral aorta becomes the truncus arteriosusetrology of Fallot and truncus arteriosus, occurs with
which divides as the ascending aorta and MPA. The 3 989% incidence.

dorsal aortas fuse to become the descending aorta.

Portions of the % 5" and @' arches persist. Aortic Coarctation

E ial Vi Emb | The aortic arch contour is usually ill-defined. The
ssential Venous Embryology ‘3’ sign reflects dilation of the LSCA, proximal to the
Early venous circulation consists of paired ante-  stenosis, and the proximal descending aorta, distal to
rior and posterior cardinal veins, with the right ante- the stenosis. Rib notching and mediastinal widening
rior and posterior cardinal veins fusing to form the  due to arterial collaterals further support the diagnosis.
common cardinal vein, which subsequently contrib-  Embryologic origin reflects segmental aortic atre-
utes to the SVC. sia. Adult, or juxtaductal coarctation, is characterized
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by a short atretic segement at the ductus. Infantile, or Aorta:Pulmonary Artery Relation
preductal coarctation, is characterized by diffuse atresia. The main pulmonary artery normally projects me-
Associations include bicuspid aortic valve, Turner’s dial to a line drawn from the aortic knob to the left
syndrome and berry cerebral aneurysms. Preductal ventricle. Increases in pressure, volume or turbulent
coarctation is associated with a 30% incidence of flow can increase the size of the MPA.
CHD, most commonly, patent ductus arteriosus.
Vascular Pedicle
Hypoplastic Pulmonary Artery The vascular pedicle , referring the the vascular
The radiographic findings are dominated by an ip-components of the mediastinum between the thoracic
silateral reduction in lung volume, diminutive pulmo- inlet and the heart, varies in size with body habitus,
nary artery contour, and an irregular vascular patternnormally measuring between 4.3 and 5.3cm in the

representing bronchial collaterals. upright position. Within a given patient, changes in
Embryologic origin reflects involution of the R or pedicle width are a strong indicator of changes in cir-
L 6 arch. culatory volume.

Associations include partial anomalous venous re-
turn, including Scimitar syndrome, and truncus arte- Effects of Aging
riosus III. Age related structural changes in the elastic fibers
of vessel walls results in dilation and lengthening of

Congenital Venous Variants the effected vessels. Uncoiling of the ascending aorta

Azygous Continuation of IVC causes convexity of the right mediastinum and SVC
An enlarged azygous arch will be evident, without contour. Uncoiling of the descending aorta produces
associated tracheal mass effect. greater convexity of the left mediastinum and fre-

Embryologic origin reflects failure of R subcar-  quently displaces the left paraspinal line laterally. Tor-
dinal vein to anastomose with hepatic veins to form tuosity of the innominate and subclavian arteries can

the intrahepatic IVC. produce convexity of the paratracheal soft tissues.
Cardiosplenic syndromes and other IVC anoma-
lies may occur. BIBLIOGRAPHY
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Imaging of Acquired Aortic Disease

Gautham P. Reddy, MD, MPH

Introduction

Aortography is the conventional imaging technique
for assessment of the thoracic aorta. However, helical
computed tomography (CT) and magnetic resonance

5 mm — reconstruct at 5Smm
Enhanced

Injection 150 cc at 3.5 cc/sec
Scan Delay 30 sec

Pitch 6
2.5 mm — reconstruct at 2.5 mm

imaging (MRI) have developed into the primary tech-
niques for aortic evaluation. Their advantages over
conventional angiography include their non-invasive pNR] Techniques
nature. In addition, tomographic imaging modalities
can depict structures such as an intimal flap more
readily than a projectional imaging technique such as
aortography.

Helical CT angiography has been an important

clinical tool for almost ten years. With the advent of Spg‘;&g N:CR:] . | di hi
multi detector-row helical CT in the past two years, ofthe aorta requires electrocardiographic

this technique holds great promise for non-invasive (ECG) gating to overcome artifact of cardiac motion
vascular imaging and arterial pulsation. Respiratory compensation re-

The utility of MRI for evaluation of the thoracic duces artifact due to movement of the chest during

aorta was recognized early in the development of car- bre_lz_ir':hmg.l islice ECG d SE MRI techni )
diovascular MRI. In recent years gadolinium—enhanced,OI | fe mdu t'? ice : -gate . tecl hnlque IS
three-dimensional (3D) magnetic resonance angiogra—I eal for depiction of anatomy, intramural hematoma,

phy (MRA) has also proved useful for depiction of aor- and periaortic pathplogy. TR is equal to the length O_f
tic abnormalities. one heartbeat (typically 700 to 1100 msec) and TE is

Clinical applications of these techniques in the 20 msec, providing approximate T1 weighting. A sag-

thoracic aorta include the evaluation of aneurysm, ittal sequence is generally acquired first. Transverse
dissection, and pseudoaneurysm images from the aortic arch to the cardiac apex usually

provide the maximum diagnostic information.

The thoracic aorta is optimally evaluated with sev-
eral MRI techniques, including spin-echo (SE) MR,
gadolinium-enhanced 3D MRA, and cine MRI.

CT Techniques

When evaluating a patient with suspected aortic dis-Gadolinium-enhanced 3D MRA
section, it is helpful to obtain a sequence before admin- Gadolinium-enhanced 3D SGPR MRA yields ex-
istration of contrast agent, because this scan is more Cellent vascular contrast that does not depend on blood
sensitive for intramural hematoma. All patients should flow. Instead, 3D MRA relies on the T1-shortening ef-
have a scan after contrast administration. Volumetric fect of gadolinium, which increases the signal intensity
reconstruction of CT angiography can be important, est the blood. This technique is performed with bolus
pecially for evaluation of aortic aneurysm or pseudoaninjection of gadolinium chelate contrast agent. For
eurysm. These reconstructions are less important for simplicity, a standard dose of contrast media may be

the evaluation of dissection.
Sample Protocol for Helical CT
Unenhanced
Pitch 2
5 mm — reconstruct at 5 mm
Enhanced
Injection 150 cc at 2.5 cc/sec
Scan Delay 35 sec
Pitch 2
5 mm —reconstruct at 2.5 mm
Sample Protocol for Multi Detector-row
Helical CT
Unenhanced
Pitch 3

161

used in adults. Typically, 40 cc (20 mmol) of gado-
linium is administered intravenously at a rate of 2 cc /
second.

Scan delay after contrast material injection varies
from 5 to 7 seconds (for pulmonary arteries) to 25
seconds or more (for abdominal vessels). For the tho-
racic aorta, the delay is approximately 10 seconds
when using sequential K space acquisition, or 20 to
25 seconds for centric K space acquisition. Scan tim-
ing can be optimized with bolus-detection software
or by the use of a test bolus. Two or three sequential
scans are acquired in the sagittal plane for the tho-
racic aorta, each during a 20 to 30 second breath hold
(TR 4-7, TE 1-2, flip angle 45). Each acquisition
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consists of 28 to 40 slices with a slice thickness of 2 For evaluation of the thoracic aorta, CT and MRI
to 3 mm. can be more accurate than x-ray angiography. X-ray

After the examination, the MRA data can be angiography depicts only the opacified lumen of the
viewed on a 3D computer workstation. Maximum in- vessel, whereas CT and MRI demonstrate the entire
tensity projection (MIP) reconstructions in multiple ~ diameter of the aorta, including the mural plaque. In

planes can be invaluable for interpretation of the studyaddition, the relationships of branch vessels are more
readily defined on cross-sectional imaging, due to

Cine MRI overlap of structures on a projectional technique such
In most cases, 3D MRA should be supplemented as x-ray angiography.
by an axial sequence for optimal assessment of the ~ Helical CT angiography is useful for identifying
vessels. Patients with suspected aortic dissection  the size of the aorta and for assessing the extent of an
should undergo SE T1-weighted and / or GRE cine aneurysm. The CT angiography can be reconstructed
imaging for evaluation of intramural hematoma and using one of several techniques, such as multiplanar
periaortic abnormalities. reformations, maximum intensity projections, shaded
Cine MRI is composed of multiple GRE images ~ surface displays, or volume rendering. Although
obtained at different phases of the cardiac cycle. Cinghese reformations are not usually required for diag-
MRI can be used to evaluate ventricular contraction. Nosis, they can be invaluable when communicating
Breath hold (“segmented K space”) cine MRI (TR With the referring physician.
33, TE 5 to 6, flip angle 20) is an excellent technique  Conventional MRI has been shown to be accurate
for visualization of vessels. Slice thickness is typi-  for evaluation of thoracic aortic aneurysm; the aneu-
cally 10 mm. Because it is flow-sensitive, cine MRI  rysm location and extent can be depicted readily. The
does not require the use of contrast media. Howeveraddition of contrast-enhanced MRA to SE MRI can
when this technique is used in conjunction with 3D  improve the demonstration of the arch vessel mor-
MRA, it should be performed after the angiographic Phology and the relationship of the great vessels to the
sequence to take advantage of improved contrast ~ aneurysm. When the aneurysmal aorta is tortuous, ga-

resolution after gadolinium administration. dolinium-enhanced MRA may provide essential infor-
Sample MRI Protocol mation because the true dimensions may be difficult
—ECG gating, Respiratory compensation to ascertain by SE MRI. Cine MRI and 3D MRA can
—Phased-array surface coil be used to differentiate slow blood flow from throm-

1. Sagittal SE T1-weighted (TR = gated every bus. With use of 3D MRA, both atherosclerotic aneu-
beat, TE = 20); 256 x 192 rysms and annuloaortic ectasia can be defined with

8 mm skip 2; 2 excitations precision. In patients who have annuloaortic ectasia,

2. Axial SE T1-weighted (TR = gated every beat, aortic regurgitation can be evaluated with cine MRI.
TE = 20); 256 x 192

5 mm skip 1; 2 excitations Pseudoaneurysm
3. Sagittal or Oblique Sagittal 3D SPGR MRA Causes of pseudoaneurysm in the thoracic aorta
(TR=4to 7, TE = min (1 to 2), flip angle = include trauma, penetrating atherosclerotic ulcer, and
45); 256 x 160 or 512 x 192 infection such as endocarditis, which can result in a
2 to 3 mm, 28 to 40 slices (“partitions”); 0.5 to pseudoaneurysm of the aortic root. Pseudoaneurysm
1 excitation can also occur after aortic surgery, as mentioned pre-
40 cc (20 mmol) IV gadolinium chelate con- viously. The characteristic appearance of a pseudoan-
trast agent at 2 cc / second eurysm is a focal dilatation of the aorta with a con-
Scan delay 10 seconds nection to the aortic lumen via a narrow neck.
4. Axial breath hold GRE cine Both helical CT and MRA can be used to image
(TR = 33, TE = minimum (5 to 6), flip angle = patients with pseudoaneurysm. Although SE MRI
20); 256 x 128; Flow comp can identify a pseudoaneurysm, 3D MRA may pro-
10 mm skip 0; 1 excitation vide higher resolution and improved accuracy.
Clinical Applications Dissection
Aneurysm When imaging a patient with suspected dissection,
An aneurysm of the thoracic aorta is at increased it is crucial to identify the intimal flap and to deter-
risk for rupture if its diameter is 6 cm or greater. mine whether the dissection involves the ascending
Thoracic aortic aneurysms may be secondary to ath-aorta (Stanford type A) or if it is limited to the de-
erosclerosis, infection, or cystic medial necrosis scending aorta (Stanford type B). Most patients with
(annuloaortic ectasia). a type A dissection must undergo surgical repair,
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whereas most patients with a type B dissection can b€ onclusion

managed medically.

Helical CT and MRI both have sensitivities and
specificities of 95% or greater for evaluation of tho-
racic aortic dissection. Choice of imaging modality
depends on the availability of the scanner, the radiol-
ogist’s familiarity with the techniques, and the prefer-
ence of the referring physician. In our institution, CT
is usually performed when acute dissection is sus-
pected. MRI is reserved for patients who have a con-

Helical CT and MRI have proved their utility for a
number of applications in the thoracic aorta, includ-
ing evaluation of aneurysm, aortic dissection, and
pseudoaneurysm. Advantages of CT and MRI are
their noninvasiveness, and their tomographic nature,
which allows delineation of structures that can over-
lap on projectional techniques such as x-ray angio-
gra

phy.

traindication to iodinated contrast medium, patients in REFERENCES

whom the CT scan does not provide definitive assess-
ment of arch vessel involvement, and for patients with ™
chronic dissection. 2.

It should be noted that transesophageal echocardiog-
raphy (TEE) has high sensitivity for dissection, but
variable specificity, reported as low as 67-77%. For
this reason, it may be prudent to perform CT or MRI 3.
instead of TEE unless the patient is unable to be moved
out of the emergency room or intensive care unit.

Helical CT is well established as a means of evalu- ,
ating aortic dissection. However, intramural he-
matoma can be overlooked if a non-contrast scan is
not performed. Intramural hematoma can be recog-
nized as thickened aortic wall of relatively high at-
tenuation on unenhanced CT.

The accuracy of MRI for evaluation of thoracic 6.
aortic dissection is well established. However, at
least one paper has suggested that SE MRI may be
limited in assessment of the arch vessels. More re- 7.
cently, some studies have shown the efficacy of con-
trast-enhanced 3D MRA for depiction of aortic dis-
section. The use of 3D MRA appears to improve the
detection of involvement of the arch vessels. Anim-
portant limitation of gadolinium-enhanced MRA is its
relatively low sensitivity for intramural hematoma.
Thus, a SE and / or cine acquisition should be ob-
tained in conjunction with 3D MRA when evaluating

a patient with suspected aortic dissection. 10.

MRI and MRA can be used in the routine long-term
follow-up of patients who have undergone repair of a
type A aortic dissection. Complications in these pa-
tients, such as aortic aneurysm or pseudoaneurysm,
can be detected and surgically treated if necessary.
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Traumatic Aortic Arch Injury:

To Scan or to Squirt?
Joseph H. Tashjian, MD

Objectives and stretching forces may explain the transverse tear,

1) To describe a technique that will allow for the ~as well as the location at the aortic isthmus.
direct diagnosis of traumatic aortic injury in the ~ The third proposed mechanism is the “osseous
vast proportion of cases. pinch”, described by Cohen and Crass, refers to pinch-

2) To demonstrate the ability of CT to evaluate for ing of the aorta between the manubrium and thoracic
traumatic aortic injury, both with direct and indi- Spine. Cadaver work demonstrated that during com-
rect signs, allowing CT to become the first and ~ Pression, the manubrium frequently is directly in con-
possibly last method of diagnosis in this disease.tact with the thoracic spine, resulting in the aorta being

lacerated as it is compressed by these bony structures.
Background

Acute injury to the thoracic aorta has been, and Screening
continues to be a diagnostic dilemma. It accounts for  As the injury almost invariably leads to death, the
10-20% of fatalities in high-speed deceleration acci- purpose of screening is to identify those patients that
dents, with death at the scene of the accident in 80— need repair, while not subjecting those patients who
90%. The patients that arrive at the hospital have a do not have injury to further diagnostic work-up or
high mortality, with death occurring in 50% within 24 surgery. The four most common methods of screen-
hours, and 90% within 4 days. Posttraumatic chronic ing are history, portable chest radiography, conven-
aneurysms have been found to occur in 25 %. tional aortography, and computed tomography (CT).

Prompt diagnosis and surgical repair are necessary History, and mechanism of injury, are important
to properly treat these surviving individuals. Suc-  in identifying those patients that may be at risk.
cessful surgical repair is dependent on diagnosis, andlechanisms include fall from a height of 10 feet,
varies with the degree of instability, associated inju- high-speed deceleration >30 mph, unbelted driver or
ries, and degree of laceration. Postoperative paraplegpassenger, or struck pedestrian. Clinical signs in-
gia occurs in up to one quarter of patients, related to clude paresis or paralysis, hypotension, chest pain,
spinal cord ischemia. and decreased or absent extremity pulses.

Pathologically, the injury is manifest by transverse  The portable chest has been, and will continue to
laceration of the wall of the aorta, which may be as be, the first method for radiographic evaluation. Un-
small as one millimeter, or as large as to be com-  fortunately, it is a relatively poor method, both due to
pletely circumferential. It may involve only the in-  the technique of the exam, and a significant lack of
tima, or may extend through the media and adventi- specificity. Typical signs include widening of the
tia; however, the adventitia is intact in 60% of cases. mediastinum, indistinct aortic knob, deviated trachea
In a few cases, it will only involve the brachiocepha- or nasogastric tube, fractured first or second rib, and/
lic vessels. or apical pleural cap.

There have been several mechanisms proposed to Aortography remains the standard to which all
cause the injury. The most common one has been other modalities are compared. It is both sensitive
rapid deceleration, causing a shearing action at the and specific, with both approaching 98-100%. Al-
aortic isthmus, where the aorta changes from a rela- though cases of a false negative angiogram are rare,
tively fixed portion, to a more mobile portion. An they do exist, even in retrospect. In addition, in older
analogy for this mechanism would be similarto a individuals with plague formation, aortography may
cherry (the chest) being squeezed, and the pit (hearthave difficulty distinguishing plaque from intimal in-
being displaced. Because the aorta is fixed at the  jury. Aortography is invasive; however, its main
isthmus, the tear occurs in that location. drawback is that it takes 30—60 minutes to assemble a

A second hypothesis relates to hydrostatic forces team to perform the procedure, and time is critical in
and a “water-hammer” effect from direct compres- the management of these cases.
sion of the aorta. Intraluminal pressure may exceed CT was initially used as an indirect method to
2500 mm Hg, which when coupled with the shearing evaluate for mediastinal hemorrhage, as a means to
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determine which patients would need aortography. time (a total of 50 seconds), especially since we are
Although mediastinal hemorrhage is non-specific, injecting at 4 cc’'s/second.

and may be due to venous injury, sternal or vertebral

fracture, or injury to the thymus gland, the lack of a Pitch, Slice Thickness, and Slice Overlap

mediastinal hematoma essentially excludes the diag- One of the most misunderstood concepts in heli-
nosis of aortic injury. As more experience has been cal CT is pitch, and indirectly, slice thickness. Pitch
gained, and with improvement in technique and scanis defined as the number of slice thicknesses the

ner capabilities, the direct diagnosis of aortic injury table advances per tube rotation. A 1:1 pitch means
can frequently be made from the CT scan, obviating the table advances one slice thickness per tube rota-

the need for aortography. tion. A 2:1 pitch means the table advances two slice
] thicknesses per tube rotation. For example, ina 1:1
Technique of CT Aortography pitch, with a slice thickness of 10 mm, the table ad-

The technique of CT aortography is completely ~ vances 10 mm per tube rotation. For a 2:1 pitch,
dependent on the ability of the scanner available, anavith a slice thickness of 10 mm, the table advances
the radiologist. Helical CT has greatly aided in eval- 20 mm per tube rotation. The advantage of increas-
uation; however, many if not most, authors fail to ing pitch is that you can cover a larger area for the
take full advantage of the helical nature of the exami-same number of tube rotations. The disadvantage is
nation. Knowledge of contrast injection rates, pitch, that as you increase pitch, there is some decrease in
slice thickness and slice overlap are essential if one iggsolution, due to broadening of the slice.
to make a direct diagnosis. 2-D and 3-D reforma- It however, is almost always better to increase
tions are occasionally useful, especially to the sur-  pitch and decrease slice thicknebsr example, one
geon, but only if they can be rapidly performed. Oth-can use a 1:1 pitch, 5 mm slice thickness and cover
erwise they just make pretty pictures for presenta- an area of 20 mm with four tube rotations. The re-

tions or publications. sulting four slices are 5 mm thick. One can also use
a 1.67:1 pitch, 3 mm slice thickness and cover an
Contrast Injection area of 20 mm with four tube rotations. The time

In any type of angiography with CT, it is impor-  for each scan is the same. The resulting slice thick-
tant to inject at a rapid rate, and time the scan with ness, even including the slice broadening, is about
the peak of the contrast injection. Injection rates of 3.5 mm, and there are almost 7 slices. This results
1-2 cc’s/second are inadequate if one wishes to ob- in an improvement of almost 50 % in slice thickness
tain a CT aortogram and make a direct diagnosis of resolution, with more slices, for the same amount of
aortic injury. Injection rates need to be at least 3 cc’sfube rotations and time.
second, and preferably 4 cc's/second. Peripheral in-  Slice overlap is how you want your images to
jection sites in the hand or foot is inadequate as well.overlap. Since the data is continuous, the amount of
One needs a minimum of an 18 gauge IV either in th@verlap is merely a function of computing power. It
antecubital fossa, or groin. Central lines are pre-  does not cause any increase in radiation to the pa-
ferred if they are of adequate size. In these patients,tient, nor does it take any longer in terms of scan
this rarely is a problem, as at least two or three 18 totime. It does take longer in terms of reconstruction
16 gauge lines have already been placed in the Emetime, depending on how many images you want to
gency Department in the vast majority of cases. overlap.

The injection delay is also important. Fortunately, When looking for direct signs of aortic injury,
timing in the ascending and descending aorta in thesethe thinner the slice, the more likely you are going
patients is relatively constant. Most of them are to be able to see intimal tears. In addition, the more
tachycardic, and have a high cardiac output. When inslices you reconstruct, the more likely you are to be
jecting at 4 cc's/second, a 20 second delay is appropri:centered” on the tear, and more likely you are to
ate, as 80 cc's will have already been injected, and wilvisualize it. Currently we are using a 3 mm slice
allow for continuous contrast injection while scanning. thickness, reconstructed every 1.5 mm, with a 1.6:1

The amount of contrast is important to allow for or 1.8:1 pitch, depending on the patient’s size. We
continuous scanning while the contrast is being in- begin at the top of the lung apices, to include the
jected. Typically, these patients will also need ex- great vessels, and continue to the aortic root. We
amination of the abdomen and pelvis. We inject  then switch to 7mm images to the diaphragm. Usu-
150 cc’s of contrast that has been diluted with 50 ally we need to program in a delay, to allow the
cc’s of saline. The saline dilution is to help prevent contrast to properly enhance the liver and spleen,
artifact from straight contrast from the superior before proceeding through the abdomen and pelvis
vena cava, and allow for a little longer injection to look for major organ injury.
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To Scan or to Squirt? branch vessel injuries. Atherosclerosis in the region
of the ductus arteriosus presents difficulty for both

tion of aortic injury has focused on whether CT is aortography and CT. The ability to evaluate for a

100% sensitive for detecting aortic injury, as a missed 'pe.riaortic hematoma can be, helpful in distinction from
diagnosis usually results in death. In addition, delay iHnt'mal tea_r. Branch vessel injuries have not been for-
diagnosis may also lead to death. These two factors mally St'“'d'e(,j; hovyever, we hqve seen tgars of the sub-
have lead some to believe that CT is not appropriate clavian arteries with the technique described.

for evaluation. Conclusions:

An initial study by McLean et al. demonstrated
two false-negative examinations; however, these
studies were performed at outside institutions with no
mention of technique or criteria for interpretation. In
another study by Miller et. al., there were five false-
negative examinations. In this study the amount of
contrast was only 75 cc's, and the slice thickness was
10 mm. In addition, one study was performed with-
out contrast, and another was significantly degraded
by motion, and a third was misinterpreted. These
studies were not performed by radiologists.

A more recent study has shown CT to be quite ef-
fective in evaluation of this injury. Dyer et al. have
demonstrated that over a 41/2 year period of time, in- REFERENCES
volving 802 patients examined with CT, there were 10
true-positive cases, and no false-negative cases. This Crasrf] eJ ;‘aﬁ;}:ﬁgﬁgﬁzﬁi Qgiicetrjgtﬁrs-r?ﬁ:ii : ;\:\é
resulted in a 100% sensitivity, and 100% negative pre-  pinch. Radiology 1990; 176:645-649. '
dictive value. Their specificity was 62%, and positive Dyer DS, Moore EE, Mestek MF, et al. Can chest CT be

The diagnostic dilemma regarding CT for evalua-

1) CT is able to exclude aortic injury if no medi-
astinal hematoma surrounding the aorta is pres-
ent, and no intimal tear is identified.

2) If a periaortic hematoma is identified, or if
there are equivocal signs of intimal tear, aor-
tography is indicated.

3) If an intimal tear is identified, aortography or
surgery should be performed, depending on the
institution, depiction of the injury, and confi-
dence in the diagnosis. The ability to make a
direct diagnosis and proceed to surgery is an
important advance.

% predictive value of 7%. In this study they looked for i;gdzt(‘)’zexc"*de aortic injury? Radiology 1999; 213: %
direct signs of aortic wyury, SUCh_ as '_mlmal dls_rup.tlon, Lundeval J. The mechanism of traumatic rupture of the
rather than solely relying on periaortic or mediastinal aorta. Acta Pathol Microbiol Scand 1964; 62:34-46.

hematoma. After the completion of the study, they didMcLean TR, Olinger GN, Thorsten MK. Computed tomog-

have one case that did not have a demonstrable intimal "aphy in the evaluation of the aorta in patients sustain-
. . . ing blunt chest trauma. J Trauma 1991; 31:254-256.

tea_r on CT, but did have a periaortic hematoma. Itersier FB. Richardson O, Thomas HA. et al. Role of CT in

estingly, on aortogram, a small pseudoaneurysm was  giagnosis of major arterial injury after blunt thoracic

present without an intimal tear. A saggital oblique re- trauma. Surgery 1989; 106:596-603.

construction of the CT scan probably would have Parmley LF, Mattingly TW, Manion WC, Jahnke EJ. Non-

demonstrated the same findin penetrating injury of the aorta. Circulation 1958; 17:

1 me g 1086-1101.
Areas of difficulty in interpretation include older  patel NH, Stephens Jr. KE, Mirvis SE, et al. Imaging of

patients with atherosclerosis, and evaluation of acute thoracic aortic injury due to blunt trauma: a re-
view. Radiology 1998; 209:335-348.
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The Multimodality Diagnhosis of

Pericardial Disease
Robert M. Steiner, MD

Objectives of the Lecture vena cava enters the pericardium through the central

At the completion of this lecture those in attendancet€ndon of the diaphragm and is not covered by a fi-
will be able to describe the normal and pathologic anatProus pericardial layérThe visceral pericardium is
omy of the pericardium utilizing multimodality imag- fused to the heart, and forms a complex network of
ing. The value of echocardiology, plain film radiology, Sinuses and recesséamiliarity with this complex
CT and MR for the diagnosis of pericardial disease, ~anatomy is important when interpreting CT or MRI
will be discussed. The limited manifestations of dis- ~ Studies**since the fluid within the pericardial can
ease affecting the pericardium including pericardial ef- Stimulate soft tissue masses such as the the thymus,
fusion, pericardial thickening, hemopericardium and ~ @0rtic aneurysm or lymphadenopattiyappears that

pneumopericardium will be characterized. the pericardial sac that covers the heart and vessels is
] organized in the form of two (2) tubes. The aorta and
Introduction main pulmonary artery are enclosed within an ante-

The importance and frequency of pericardial dis- rior-superior pericardial tube and the vena cava and
ease closely parallels the frequency of cardiac and the pulmonary veins are enclosed within an inferior-
non-cardiac thoracic surgery, irradiation and the use posterior tube. The communicating passageway be-
of a wide variety of therapeutic agents which effect tween these tubal structures is the transverse %ifius.
the pericardium. The diagnosis of acute and chronic Diverticula extending outward from the transverse si-
pericardial disease has increased significantly in tan-nus lie between great vessels and the &tiThese
dem with the increasing sophistication of diagnostic include the right and left pulmonary recesses and su-
imaging technology. perior-inferior aortic recesseghe oblique sinus lies

) posterior to the left atrium and medial to the superior
Physiology vena cava. lItis separated from the transverse sinus

The pericardium aids in maintaining ventricular by a double layer of serous pericardium containing
compliance when end-diastolic ventricular pressures the left and right superior pulmonary veins. Other re-
are elevated and it prevents sudden chamber dilata-cesses include the posterior caval recess and the pul-
tion due to hypervolemia. The pericardium also as- monary venous recess which lie between the superior
sists atrial filling during ventricular systole as nega- and inferior pulmonary veirfs.
tive pressure develops within the pericardium during . . .
ventricular ejectio? Twenty-25 ml of lymphoid Imaging the Normal Pericardium
fluid is normally found in the pericardial space. The Plain Chest Radiograph
presence of the fluid helps to diminish friction be- In the frontal projection, the normal pericardium is
tween the heart and adjoining structures. only occasionally seen as a distinct structure because it

lies close to the heart and is of similar attenuation
Anatomy value to the heart. Sometimes a normal pericardial

The pericardium is a double layered fibroserosal stripe is seen along the left heart border because of
envelope which surrounds the heart, great vessels arabundant fat surrounding the pericardityrim the lat-
the pulmonary veins. The pericardium consists of aneral view, fat in front of the pericardium [anterior-me-
outer fibrous layer, consisting of a dense collagen diastinal fat] and fat behind the pericardium [subepi-
network and an inner serous layer. The inner serouscardial fat] allows one to see the normal pericardial
layer is referred to as the epicardium and is a glisten-stripe as a curvilinear opacity 1-2mm in thickn&$s.
ing membrane attached to the surface of the heart. The thickness of the pericardial stripe consists of the
The adventitia of the great vessels blend seamlessly width of the fibrous sac together with the 25-50 ml of
with the serous pericardium to become the parietal fluid in the normal pericardial space.
pericardium. The parietal pericardium attaches ante-
riorly to the pericardial sternal ligament, inferiorly to Computed Tomography
the central tendon of the diaphragm and posteriorly ~ The normal pericardium is invariably identified on
to the esophagus and descending a@drfde inferior ~ CT imaging because of the superior contrast resolution
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of CT in the cross-sectional imaging format. The tensity structure surrounding the pericardium on T
preventricular pericardium is most often visualized be-weighted images. The difference between the high
cause of the abundant retrosternal epicardial fat at thamtensity fat and the lower intensity pericardium is
level**2Laterally the pericardium may not be visible the source for the high contrast resolution between
on CT because of motion blurring and pixel misregis- the two structure¥:6
tration! On cross-sectional imaging recesses of the With MR, pericardial effusion can be detected with
pericardium may be normally seen containing small high sensitivity and fluid collections as small as 30
amounts of fluid. The transverse sinus is invariably mm can be visualized. Loculated effusion, pericardial
identified as a half moon-shaped structure behind the thickening and separation of myocardium from peri-
ascending aorta. cardial tissue because of pericardial fat is particularly

CT can detect small amounts of pericardial effu- well-seen with MRI. MRI has the capability of char-
sion because of the differential X-ray absorption co- acterizing the nature of pericardial effusion and has
efficients of pericardial fluid and the pericardium it- been known to distinguish hemorrhagic from exuda-
self. In fact, CT has a lower false positive rate than tive effusions as well as exudative from transudative
ECHO because of the better resolution of boundariesffusions in at least one experimental canine mddel.
bgtwgen the heart, pleura, pericardium and other meSpecific Pericardial Disorders
diastinal structures.

It is possible that CT will identify and differentiate e - ‘ )
exudate, chylous and transudative fluid because of ~Fuid in the pericardium space is regulated by the
differences in attenuation coefficients of these three relative differences in osmotic and hydrostatic pressure

densities. Conversely, hemopericardium is often dif- Petween the pericardial space and the pericardial capil-
ficult to characterize because of its similar density ~ |2ries related to the degree of permeability of the se-

Pericardial Effusion (Table I)

with the myocardium. rous pericardium and the clearance of fluid by lym-
phatics and venous drainage. The ability to absorb
Echocardiography pericardial fluid may be compromised by epicardial

The diagnosis of pericardial disease is most com- lymphatic occlusion and blockage of the venous drain-
monly made by echocardiography, the imaging mo- 29¢€ pathways of inflammation, fibrosis or neoplasm.

@ dality of choice for detecting pericardial effusion Plain Film Findings @

W'th g'gh ts en5|t|vf|té g:((i)spemfg;y. (d)nl\iRolf thz mlaf The radiographic appearance of the cardiac silhou-
jor advantages o over an and piain oe in a patient with pericardial effusion may be nor-

film rgdpgraphy 1S 'Fs ab'!lty to be performed at the mal with small effusions but with larger effusions the
bedside in critically ill patients. On M-mode echo-
cardiography an echo-free space between the parietalaBLE 1

and visceral pericardium is identified throughout the Causes of Acute and Chronic Pericarditis Resulting in
cardiac cycle is the most valuable diagnostic feature,Pericardial Effusion

Transesophageal echocardiography has the advantage 1. Myocardial infarction with left ventricular failure.
of showing the distribution of the effusion and has 2. Right-sided heart failure

the ability to distinguish other causes of echo-free 3. Pulmonary hypertension

space such as pleural effusion, the coronary sinus and 4 ﬁg:t'cple)r'?:;‘;t(':t’gmy syndrome

the descending thoracic aoftan ec_ho-free spac_e . Viral infection (including Coxsackie virus, echo
located posteriorly less than 1 cm in greatest width is

virus)
considered a small effusion while pleural effusion in 7. Tuberculous pericarditis, especially in patients with

both the anterior and posterior echo-free space but acquired immune deficiency syndrome (AIDS)
less than 1 cm in width is considered moderate. A 8. Bacterial infection (including staphylococcal infec-
large pericardial effusion is a echo-free space that tion, hemophilus influenza

surrounds the heart for a distance of at least 1 cm. 9. Infective endocarditis with extension to the myo-

Loculated pericardial effusions occurring after cardium
p' it ; 9 10. Tumor of the Pericardium: Primary and
surgery or pericarditis or diffuse neoplasm may not metastatic

be easily appreciated with conventional echocardiog- 11.  pericardial-esophageal or bronchial fistula from

raphy and transesophageal echocardiography may be carcinoma of the lung and esophagus
necessary to adequately image the effusion. CT and 12. Collagen Vascular Disease (including Lupus
MRI are also helpful in such circumstanées. erythromotosus and scleroderma)

13.  Uremia

14. Blunt Thoracic Trauma

Magnetic Resonance Imaging

. . . . . Surger
The pericardium is clearly seen as a low signal in- gery
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cardiac silhouette is triangular, globular of flask shapedspace. If the fluid accumulates slowly several liters of
in configuration with effacement of the normal indenta-fluid may be present without tamponade occurring clini-
tions of the heart bordéiThere is encroachment the cally.
retrosternal clear space on the lateral projection and Cardiac tamponade does not only occur with fluid
overlay of the hila in the frontal projection by the en- accumulation. Air within the pericardial space can
larged pericardial sac. Cardiomyopathy may also causaso result in tamponade due to tension pneumoperi-
diffuse dilatation but the hilar shadows are displaced cardium?® This phenomenon may occur in children
away from the midline and there is no hilum overlay. through assisted ventilation or in patients who have
With pericardial effusion a wide pericardial stripe  undergone penetrating chest trauma or fistulas from an
or “positive pericardial fat pad sign” may be seen on adjacent bronchus, esophagus or storffeéh.
the lateral projection if the pericardium thickened be- If the accumulation in the pericardial cavity is rapid,
yond 2 mm between the epicardial and anterior medi- cardiac tamponade may occur in face of a normal heart
astinal fat. Although this sign is reliable it is present insize. In patients with pericardial tamponade the lungs
less than half of patients with significant pericardial ef-are generally normal without pulmonary edema. Clues
fusion® A retrosternal extrapericardial hematoma or to the diagnosis of tamponade by cross-sectional imag-
other sub-sternal collection may mimic pericardial ef- ing include dilation of the azygous vein, reflux of con-
fusion leading to a false positive diagndsis. trast into the coronary sinus because of high right-sided
Echocardiography is the preferred screening study pressures, pronounced changes of the size and shape of
for the presence or absence of pericardial effusion. A the superior vena cava in systole in diastole and straight-
small effusion may appear as an echo- free space be-ened or uneven concavity of the right heart border. The
tween the left lung and the posterior left ventricular  right ventricle will be depressed and concave and there
free wall. A larger effusion may be found between the may also be tapered narrowing of the left ventti¢ié>
anterior wall of the right ventricle and the chest wall.
Sometimes, a false positive diagnosis of pericardial ef-Constrictive Pericarditis
fusion is due to hypoechoic mediastinal fat which may Due to viral and tuberculous pericarditis, uremic

simulate a loculated effusiéhPleural effusion, pericarditis, hemopericardium and following surgery or
atelectesis and pneumonia may also be mistaken for drauma. The pericardial space is obliteredense fi-
@ posterior pericardial effusionf a loculated or com- brous tissue. Calcification of the pericardium is a se- @
plex pericardial effusion is inaccessible to the ultra-  quella of pericardial fibrosis. Pericardial effusion and
sound beam it may not be identified at'all. pericardial thickening may coexist. Calcification when
CT will resolve many of the false positive or present is most commonly found in the region of the

negative diagnoses made with ECHO because of its atrioventricular groove where abundant normal fat is
superior contrast resolution and cross-sectional for- usually found. This fat provides the additional contrast
mat. For example, anterior mediastinal fat is easily allowing for the calcium to be clearly sé€f® On oc-
distinguished from pericardial fluid often not pos- casion the focal pericardial fibrosis will obstruct the
sible with echocardiograph$?® Pericardial calcifica-  atrioventricular valves, the superior and inferior vena
tions are also clearly visible with CT but not with cava or even the right ventricular outflow tract. Ascites,
echocardiography. hepatomegaly, with evidence of “cardiac cirrhosis” may
MRI, particularly with T weighted images, will be found.
show a low signal intensity around the cardiac cham- On plain film radiographs, the silhouette is usually
bers. Pericardial fluid will appear as a bright signal normally or slightly enlarged when coexistent pericar-
intensity zone on Jweighted spin ECHO and gradi- dial effusion is present. Pericardial calcification may
ent refocused echo pulse sequences. The multiplanabe thin or thick, patchy or continuous and are most of-
ability of MRI also makes it possible to see small ten found in the atrioventricular groove and along the
loculated and other obscure pericardial effusions.  diaphragmatic surface of the right ventricle. It is pres-
The high signal found in pericardial fluid will help to ent in 30-50% of patient with constriction and is best
distinguish edema fluid from pericardial thickenifig. seen on lateral radiographs. If constriction is primarily
Cardiac tamponadeis defined as hemodynamically right sided, azygous vein dilatation and widening of the
significant compression of the heart causing equaliza- cavae may be observed. If constriction predominantly
tion of intrapericardial and ventricular diastolic pres-  effects the left heart, left atria enlargement and pulmo-
sures resulting in impaired diastolic ventricular filling  nary venous hypertension may be present.
and increased atrial pressueglargement of the car-
diac silhouette as seen with chest radiography in pa- Echocardiography
tients with cardiac tamponade is usually not apparent ~ With echocardiography pericardial thickening may
until about 250 cc fluid is present in the pericardial ~ be difficult to separate from adjacent pericardium.
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However, associated pericardial effusion and the size surgery. When sternal separation occurs the pericardial
and function of the surrounding ventricles can be es- communication may remain open or even reopen. Pri-

tablished. Mitral stenosis can be differentiated from mary pericardial procedures include pericardioscentesis,
constriction when the plain film findings are consistentpericardiotomy for abcess drainage and relief of cardiac

with pulmonary venous hypertension. tamponade. Pericardial pneumonectomy is infrequently
performed but is the procedure of choice for radical
Computed Tomography treatment for diffuse mesothelioma.
The normal thickness of the pericardium is 1-2 Complications of cardiac surgery includemo-
mm. Patchy areas of thickening also may normally pericardium. Occuring within the first 48 hours af-
be found in 1/3 of patient(s). In constrictive peri- e syrgery anticipated by the cardiac silhouette en-

carditis the thickness of the pericardium may be as  |3rgement. Pericardial postoperative effusion usually
great as 20 mm. With CT, abnormal left ventricular 5ptains maximum size by the tenth day but some ef-
filling, pericardial calcification, loculated diffusion,  fsion is present between days 1-5.

deviation of the interventricular septum and inferior Postpericardotomy Syndromeis usually related
vena cava dilation are common findings. to excision of the pericardium but may also occur fol-
lowing trauma or minor surgical procedures. It oc-

i ’ | ] . ) curs in 10-40% of patients undergoing bypass or
There is superior delineation of intercardiac and | 5y surgery. Symptoms begin approximately one
pericardial structures with MRI. Thickening of the 5 gjx months following the procedure and include fe-

pericardium greater than 4 mm has been found in MoSfer chest pains, friction rub, pleural and pericardial
patients with confirmed constrictive pericarditis effusions and parenchymal consolidations. This syn-
small tubular shaped ventricle is an additional sign of 4.4 is thought to be related to an immune reaction
pericarditis. involving necrotic visceral pericardium.

Pericardial tamponadeoccurs in less than 5% of
patients who undergo bypass surgery. The diagnosis

Magnetic Resonance Imaging

Comparison with Restrictive Cardiomyopathy

(Table 2) S o o is expected when excessive blood loss through the
Constrictive pericarditis may be difficult to distin- - yainage tubes is accompanied by increase in central
@ guish from restrictive cardiomyopathy based simply venous pressure, absence of pulmonary interstitial @

on hemodynamics. Calcification of the pericardium is
present in many patients with constrictive pericarditis
but does not occur in restrictive cardiomyopathy. With ponade may result from long-term anti-coagulant
constriction coronary artery motion is decreased in therapy or from perforation of the pericardium by a
constrictive pericarditis but not in restrictive cardiomy- .- <\ anous catheter. Chylopericardium following
opathy and the location of the coronary artery in rela- bypass surgery has been described.

tion to the mediastinal silhouette shows a degree of Acute cardiac herniation may follow surgery par-

separation with constriction but not with restriction. ticularly when a defect has been created as part of a
Pericardial S pericardial pneumonectomy. Herniation of the heart
egca_r '6;. lurger_y | _ ﬁ . may also occur through the heart with increased nega-
ericardial surgica transection most often occurs in tive pleural pressure following thoracoscentesis. When
conjunction with a coronary artery bypass graft or ValVeherniation occurs following development of a right-

Surgery. I':’amal resection or fenestration 'S usually per- gjqe g pericardial defect, the cardiac apex usually rotates
formed with these procedures. Fenestrations are usual% the right. The cardiac apex remains left-sided in a
small retrosternal incisions that heal quickly following | _sided hernia and the defect may be difficult to ap-
TABLE 2 o o preciate Separation of the cardiac apex from the dia-
gg?jﬂﬁ%ﬁ;ﬁgf arditis and Restrictive phram by air in the pleural space is a clue to cardiac her-
niation in the presence of a pneumothorax. Impending

edema, decrease in systemic arterial pressure, tachy-
cardia and decreased urinary output. Delayed tam-

Constrictive Restrictive herniation through a small pericardial defect may result
Radiologic Finding Pericarditis  Cardiomyopathy 4 «3 snowcone” appearance characterized by a mound
Pericardial calcification  Present Absent of soft tissue extending away from the heart border.
(30-50%)
Right atrial wall motion Normal Restricted Pericardial Trauma
Right atrial wall border Straight or Convex Blunt abdominal thoracic trauma is a well recog-
Concave nized cause of pericardial disease. A intrapericardial
Coronary artery motion  Decreased Normal hernia of abdominal contents may occur when a de-
“Modified from reference 1 fect is present in the transverse septum of the
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diaphram providing a passageway between the peri-BIBLIOGRAPHY
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Current Therapy for Cardiomyop-
athy: VADs, Myocardial Resection,

and Cardiac Transplantation
Barbara L. Knisely, MD

Objectives ette decreases in size over several months. On post-
operative chest radiographs, the overlap of donor and

infarctions and other heart problems has steadily in- "€CiPient right atria may cause a double right atria
creased with advances in medicine. As a result, an contour. Mediastinal widening is seen in the first and
increasing number of patients are left with a damaged€cond post-operative weeks in all cases, related to
heart requiring treatment with medications, surgical Pl€eding. Delayed mediastinal widening may be
procedures, pumps to assist the heart, and heart trars€€n in cases of steroid-induced mediastinal lipoma-
plantation. In this presentation, the normal radio- ~ (©SiS- In the first 20 days following median sterno-

graphic and CT findings of cardiac transplantation tomy, mediastinal fluid collections and substernal air
and two commonly implanted ventricular assist de- POCkets are normally seen. Subcutaneous emphy-

vices will be presented. Radiographic and CT find- S€Ma, pneumothorax, pneumomediastinum, and
ings of complications related to these surgical proce-Pneumopericardium are frequently present immedi-
dures will also be presented. ately following sternotomy and usually resolve in

) several days.
Introduction On chest CT, a high redundant main pulmonary

Cardiac transplantation is the currently accepted artery may be present as a normal post-operative ap-
treatment for end-stage cardiomyopathy and has 1- Pearance. Alarge space may be present between the
and 5-year survival rates of 79% and 63%, respec- donor ascending aorta and main pulmonary artery
tively. In light of the severe shortage of organ do- ~ @nd between the recipient superior vena cava and do-
nors, the implantable left ventricular assist device ~ nor ascending aorta. The recipient and donor ascend-
(LVAD) is being considered as a permanent device ing aortas may differ in size. A radiosynthetic patch
for heart failure. Currently, LVADs perform the work May surround either the pulmonic or aortic anasto-
of the left ventricle as a bridge to cardiac transplanta/nosis. The remnant donor superior vena cava may
tion. A controversial operation, left ventricular par- Pe positioned medial to the recipient superior vena
tial ventriculectomy, has been proposed for treatmengava and posterior to the donor ascending aorta. The
of refractory heart failure due to idiopathic dilated ~ Native inferior vena cava may be larger than the do-
cardiomyopathy. The partial ventriculectomy re- nor inferior vena cava. An indentation, or waist, in
duces the size of the left ventricle thereby improving the atria may be caused by the atrial anastomosis.
cardiac function.

The number of people surviving myocardial

Heterotopic Cardiac Transplantation

Cardiac Transplantation In heterotopic cardiac transplantation, the donor
Orthotopic Cardiac Transplantation heart is put into the right thorax and joined to the re-

In orthotopic cardiac transplantation, the donor cipient heart. The donor left ventricle provides the
heart is joined to the recipient’s atria, aorta, and pul- majority of left side cardiac output and the native right
monary artery. The donor inferior vena cava is sewnVentricle supplies the bulk of right side cardiac output.
into the right atrial anastomosis and the donor superiPatients who have potentially reversible or acute myo-
or vena cava shunt is tied off just superior to the rightcardial dysfunction, who have high pulmonary vascu-
atrium. lar resistance or who receive a small donor heart are

The normal post-operative chest radiograph typi- candidates for a heterotopic cardiac transplantation.
cally reveals an enlarged cardiac silhouette related to\hythmias, angina, and thromboembolism risk from
the discrepant sizes of the transplanted heart and theN€ recipient's native heart are disadvantages of this
native pericardium. Occasionally a pericardial effu- OPeration. Long-term anticoagulation therapy is nec-
sion is present as a result of immunotherapy with ~ €SSary to inhibit potential systemic embolization.
cyclosporine or after placing a small donor heartinto O chest radiographs, the heterotopic donor heart
a larger pericardial sac. The enlarged cardiac silhou/S Positioned in the right chest, lateral to the native
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heart. Significant right lower lobe atelectasis may and connects the device to an external portable con-
occur as a result of the heterotopic heart positioned isole. Either pneumatic or electric power from the

the right hemithorax. If the heterotopic nature of the portable console drives the device. On CT, the pump
transplanted heart is unknown, the patient will appeamay be accurately localized either within a

to have a significantly enlarged heart. preperitoneal pocket or an intraabdominal location.
The preperitoneal pocket provides improved control
Cardiac Transplantation Complications of pocket infection and bleeding and prevents the de-

Common complications of cardiac transplantation velopment of intraabdominal adhesions. The intraab-
are rejection, infection, malignancy, and accelerated dominal position is the choice procedure for patients
graft atherosclerosis. Within the first year post trans-with small body size.
plantation, infection and rejection are common
causes of death. Accelerated graft atherosclerosis isPierce-Donachy Thoratec VAD (Thoratec Medical)
the most common cause of death after the first year  Unlike the Heartmate LVAD, the Thoratec device
post transplantation. Non-lymphoid malignancies arenay be used as either a right or a left LVAD. The
the second most common causes of death between pump and parts of the outflow and inflow cannulas of
the fourth and fifth years post transplantation and  the Thoratec VAD are external to the patient. The
they approach the incidence of accelerated graft ath-outlet and inlet valves are mechanical Bjork-Shiley
erosclerosis (18.6% versus 25%). Lymphoma, in-  valves, allowing unidirectional flow. Biventricular
cluding lymphoproliferative disease, causes 3-4% of support is needed when signs of acute right ventricu-
deaths in the first year following transplantation. lar failure develop intraoperatively following inser-

Chest radiography and CT play a prominent role in tion of a LVAD. The inflow cannula of a RVAD con-
diagnosis of infection and malignancy. Specific diag- nects with the right atrium or ventricle, and the
noses that can be suggested or made are bronchogeriracron graft outflow cannula connects with the pul-
carcinoma, lymphoproliferative disordéspergillus monary artery.
pneumonia, mediastinitis, pneumomediastinum, pneu- . .
mothorax, hemothorax, aortic dissection, aortic pseu- Myocardial Resection
doaneurysm, and pulmonary embolism. Standard mo- Left ventricular partial ventriculectomy is an un-
dalities for diagnosing acute rejection and acceleratedconventional operation designed to reverse some as-
atherosclerosis are endomyocardial biopsy and coro-pects of cardiac remodeling, as a treatment of con-
nary angiography. Potential alternative tests for diaggestive heart failure. The concept of ventriculectomy
nosing rejection and accelerated atherosclerosis are is that reduction of left ventricular chamber diameter
ultrafast CT and Ga-67 cardiac scintigraphy, cur- may improve cardiac function in heart failure. The

rently being evaluated as less invasive examinationsOperation was developed two years ago in Brazil by
Dr. Batista. The operation involves a wide resection

Ventricular Assist Devices (VAD) of the lateral wall of the left ventricle, starting from
By the year 2010, 70,000 patients a year may be the apex, extending between the papillary muscles,

eligible for VAD placement. Currently, left ventricu- and ending proximal to the mitral annulus. The par-

lar assist devices are surgically implanted mechanicalial ventriculectomy may be isolated or may be asso-

devices costing $17,000 to $50,000 a unit. The ciated with valve annuloplasty. The left ventricular
LVAD is being considered as an alternative to cardiagdartial ventriculectomy improved left and right ven-
transplantation, in light of the shortage of donor tricular function, cardiac output, and functional class

hearts. Complications of VADs are thromboembo- in early studies. Initial results were associated with a

lism, infection, mechanical failure, pneumothorax,  high prevalence of sustained ventricular tachycardia

hemothorax, and bowel obstruction. following the procedure. American surgeons have
lost their enthusiasm for the operation as the majority

TCI Heartmate LVAD (Thermocardiosystems) of their patients relapsed into heart failure and were

The Heartmate LVAD is implanted in the left up- returned to the transplant list.

per quadrant of the abdomen. The inflow cannula

(directed at the mitral valve) inserts into the left ven- The Future

tricular apex and draws blood into the pump. The In the United States, approximately 40,000 patients

12-15 cm in length Dacron graft (Meadox Medicals, die from congestive heart failure each year. Cardiac

Oakland, NJ) carries the blood from the pump to the transplantation would benefit about 25,000 of these

ascending aorta. Porcine biosynthetic valves are in patients, however there were only approximately

the inflow and outflow conduits, located outside the 3,000 heart transplants performed in 1998. New alter-

pump. Adrive line travels through a fascial tunnel  native innovations to transplantation are in progress.
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Researchers are currently working on implantable

9.

pumps that do not need wires passing through the skin,
reducing the risk of infection. A device to replace the ,

entire heart and a process to transform marrow cells
into healthy myocardial cells are other developments
that are currently being studied. Hopefully, research

will yield alternative therapies to treat the growing
number of patients with cardiomyopathies.

REFERENCES

1.

174

‘ Tuesday.p65

Adey CK, Schwartz M, Nath PH, et al. Heterotopic heart
transplantation: a radiographic review. RadioGraphics
1987;7:151-160.

. Baldwin JC, Wolfgang TC, Lower RR. Cardiac trans-

plantation. In: Flye MW, ed. Principles of organ trans-

plantation. Philadelphia: W.B. Saunders, 1989; 385-402.
. Batista RJV, Santos JLV, Cunha MA, et al. Ventri-

culectomia parcial: um novo conceito no tratamento
cirurgico de cardiopetias em fase final. Anais do XXII
Congresso Nacional de Circurgia Cardiaca, SBCC.
1995;1500-1501.

. Bocchi EA, Bellotti G, deMoraes AV, et al. Clinical out-

come after left ventricular surgical remodeling in pa-
tients with idiopathic dilated cardiomyopathy referred
for heart transplantation. Circulation 1997;96 [suppl I1]:
165-172.

. Florence SH, Hutton LC, McKenzie FN, Kostuk WJ.

Cardiac transplantation: postoperative chest radio-
graphs. Can Assoc Radiol J 1988; 39:115-117.

. Frazier OH, Rose EA, Macmanus Q, et al. Multicenter

clinical evaluation of the Heartmate 1000 IP left ventricu-
lar assist device. Ann Thorac Surg 1992;53:1080-1090.

. Guthaner DF, Schnittger I, Wright A, Wexler L. Diag-

nostic challenges following cardiac transplantation.
Radiol Clin North Am 1987; 25:367-376.

. Hastillo A, Thompson J, Szentpetery S, Lower R, Hess

M. Cyclosporine-induced pericardial effusions in pa-
tients who have undergone heart transplantation. Am J
Cardiol 1987; 59:1220-1222.

174 $

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Henry DA, Corcoran HL, Lewis TD, et al. Orthotopic
cardiac transplantation: evaluation with CT. Radiology
1989b; 170:343-350.

. Hogness JR, VanAntwerp M, eds. The artificial heart:

prototypes, policies, and patients. Washington DC: In-
stitute of Medicine and National Academy Press,
1991;ch.4:1-18.

Hosenpud JD, Bennett LE, Keck BM, Fiol B, Boucek
MM, Novick RJ. The registry of the International Soci-
ety for Heart and Lung Transplantation: Sixteenth offi-
cial report-1999. J Heart Lung Transplant 1999;18(7):
611-626.

Knisely BL, Collins J, Jahonia SA, Kuhiman JE. Imag-
ing of ventricular assist devices and their complica-
tions. AJR 1997;169:385-391.

Knisely BL, Mastey LA, Collins J, Kuhiman JE. Imaging
of cardiac transplantation complications. RadioGraphics
1999;19:321-339.

Korfer R, ElI-Banayosy A, Posival H, et al. Mechanical
circulatory support: the bad Oeynhausen experience.
Ann Thorac Surg 1995;59[suppl]:S56-S63.

McCarthy PH. Heartmate implantable left ventricular
assist device: bridge to transplantation and future ap-
plications. Ann Thorac Surg 1995;59[suppl]:S46-S51.
Oz MC, Goldstein DJ, Rose EA. Preperitoneal place-
ment of ventricular assist devices: an illustrated
stepwise approach. J Card Surg 1995;10:288-294.

Oz MC, Rose EA, Levin HR. Selection criteria for place-
ment of left ventricular assist devices. Am Heart J
1995;129:173-177.

Pennington DG, McBride LR, Kanter KR, et al. Bridging
of heart transplantation and circulatory support de-
vices. J Heart Transplant 1989;8:116-123.

Shirazi KK, Amendola MA, Tisnado J, et al. Radio-
graphic findings in the chest of patients following car-
diac transplantation. Cardiovasc Intervent 1983; 6:1-6.
Starnes VA, Oyer PE, Portner PM, et al. Isolated left
ventricular assist as bridge to cardiac transplantation. J
Thorac Cardiovasc Surg 1988;96:62-71.

Thorsen MK, Goodman LR. Extracardiac complications
of cardiac surgery. Semin Roentgenol 1988; 23:32-48.

3/10/00, 2:40 PM



