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The
patient was a 41-yr-old male admitted to the
coronary care unit (March 1986) with a complaint of sharp
substernal chest pain lasting 3-4 hr. The patient had
experienced multiple episodes of chest pressure over the
previous 2 wk and there was radiation of the pain into
both arms. The pain occurred both at rest and with activity
and frequently lasted more than an hour. Diaphoresis and
dyspnea were also occasionally associated with this chest
pain but there were no complaints of nausea or vomiting.
The patient also recently complained of indigestion and
heart burn which was not associated with chest pain. There
was a history of hypertension, cigarette smoking (30 pack
years) and a positive family history of coronary disease.
He received three sublingual nitroglycerin tablets in the
emergency room and some nitropaste. The 12-lead electrocardiogram showed regular sinus rhythm with nonspecific ST-T wave changes and a Q-wave in lead III.
On physical exam in the coronary care unit, he was
afebrile with a blood pressure of 178/90 and a regular
heart rate of 92 bpm. The eye exam was normal except
for some arterial narrowing and the remaining head, ears,
nose and throat exam was unremarkable. The lungs were
clear and the cardiac exam showed only a fourth heart
sound abnormality. There was no jugular venous distension and the carotid arteries were normal and without
bruits. The abdomen was soft, nontender and without
organomegaly. The extremities showed normal and equal
peripheral pulses and bilateral femoral bruits were appreciated by some observers. The neurologic exam was normal.
After admission, the patient remained asymptomatic on
nitrates, his ECG remained unchanged and serial serum
enzymes determinations revealed no increase in serum CK
levels and 0% MB fraction. At about 36 hr after admission,
the patient was brought to the Nuclear Medicine Clinic
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for performance of an exercise thallium scan without
altering this medical regimen. The resting ECG was similar
to his admission reading (Fig. 1A) and showed some
nonspecific ST changes and a respiratory Q-wave in lead
III during hyperventilation (Fig. 1B). The patient exercised
9 rain, performed a standard Bruce protocol and achieved
a heart rate of t55 bpm (86% of maximal predicted heart
rate). This was a normal rate response but the blood
pressure response was excessive (I48/I 00 at rest to 190/
120 at peak). There were no symptoms indicative of cardiac distress or arrhythmia during the exercise or recovery
periods and the exercise was terminated due to generalized
fatigue. The exercise test showed an average-to-good physical working capacity for a man of his age. The immediate
postexercise 12-lead ECG (Fig. 1C) showed only j-point
depression with no abnormal ST changes.
The patient received 2.6 mCi 2°IT1 injected intravenously 1 min prior to the termination of the exercise and
initial and delayed (3 hr) myocardial imaging was performed in multiple views (Fig. 2). The scan was interpreted
as homogenous myocardial uptake of the tracer in the
myocardium in a horizontally rotated heart that also appeared to show hypertrophy. There was a prominent outflow tract noted in the LAO view but the overall summary
was a normal scan and ECG with no objective evidence
for ischemic myocardium.
The patient was discharged several hours after the thallium test on captopril and Maxzide therapy for hypertension with a follow-up appointment to see a primary care
internist at the first available time and a cardiologist in
one month. He was seen over the next few weeks by an
internist and a neurologist for persistent chest, back, neck
and arm pains with minimal improvement noted after
adding oral ibuprofen.
One month after discharge the patient had a sudden
unwitnessed death at home and an autopsy was performed.
A left anterior descending artery thrombosis was noted "1
cm distal to the origin of the vessel." There was "approxi-

mately 50% narrowing of the left main, left anterior descending, and left circumflex arteries and a 30% narrowing
of the right coronary. An old area offibrosis in the posterior
inferior aspect is noted. There are no other areas of hemorrhage or scarring." The left ventricle was 1.6 cm thick
and was mildly dilated. No pulmonary emboli were noted
and the rest of the organ exam was unremarkable. The
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FIGURE 1. Serial 12-lead electrocardiogram recordings collected in conjunction with the thallium stress test. Rest (A), hyperventUation (B) and immediate postexercise (C) recordings are shown. In lead Iit, small resting O-waves are quite variable during
hyperventilation and resolve with peak exercise. This suggests the presence of a respiratory O-wave.

microscopic examination of the anterior ventricular wall
was normal.
The pathologist concluded that: "The immediate cause

of death was a thrombosis of the left anterior descending
coronary artery." The final anatomic diagnosis was recent
myocardial infarction "with moderate systemic and severe
coronary atherosclerosis."
Approximately 6 m e later the patient's widow and estate
filed a civil action of medical malpractice against the
attending cardiologist, nuclear medicine attending and
primary internist. Two affidavits from medical experts
were included with this suit and were found to offer
sufficient evidence by a medical tribunal to go forward
with the case. One affidavit by a board-certified nuclear
medicine physician concluded that the stress and delayed
thallium scan was abnormal. "There is a defect in the

interventricular septum on the LAO 60 stress image, that
partially fills in on the delayed image. On the same view,
there is diminished thallium in the apical inferior segment
of the left ventricle that appears normal on the delay picture
•.. The thallium stress test reveals ischemia in the patient
in the interventricular septum and apical inferior segment
of the left ventricle."
A second affidavit by a board-certified surgeon and

graduate of a university medical center cardiac surgery
program stated that "the electrocardiograms performed

during the thallium stress test were also abnormal, and
suggest exercise-induced ischemia ... These findings are
strongly suggestive of coronary disease."
When this civil action went to jury. trial (February 1990),
another board-certified nuclear medicine physician testified as an expert witness for the plaintiff. This expert said
that the thallium scan was not normal. The discussion
focused on the left anterior oblique view because it "is the

view that the two chambers of the heart are separated from
each other. In the anterior view, the right ventricle is lying
in front, for the most part, of the left ventricle, and in the
lateral view, while you're looking nicely at the left ventricle,
it doesn't clearly represent what's going on, as the left
anterior oblique view." This expert agreed that this was a
horizontal heart, but the LAO view should be a complete
circle with virtually equal intensity all the way around it.
This physician sees "'an interruption of the activity, corre-

sponding to the upper half of the septum. That represents
an abnormal finding. It wouM be interpreted as decreased
thallium activity in the septum, representing ischemia,
following stress. After two hours of rest, its improved and
you can see a difference. It's still not normal, even at two
hours, but I would expect that if it had been continued, it
would fill in." The witness also related that there was an
additional finding in the lateral view which was a reduction
of activity in the posterior, inferior segment. This may
represent an old, small infarction since it seemed to be
there at rest and should have been reported. When asked
if the interpretation deviated from a reasonable standard,
this witness replied: "I think the scan is so abnormal,

FIGURE 2. Stress and 3-4-hr delay thallium scan in anterior
(ANT), left anterior oblique (LAO) and left lateral (LLAT) views.
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clearly abnormal, there's not room for controversy between
experts. I think it's misread." There was further testimony
that the thallium scan finding were "exact/y ,,hat would
have been expected from the autopsy report era 50% or
greater stenosis of the proximal left anterior coronao' artery."
On cross examination, this expert was asked if "'two
qualified physicians could look at the same images and
interpret them differently"? He replied "that ~ called interobserver variation and there's vet3, tittle interobserver var-
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iation in this technique." He also noted that in "a horizontal heart, in the left anterior oblique position, the outflow
tract would not show up." When asked about the areas of
the heart that are fed by the left anterior descending, this
physician noted that "for the purposes of thallium imaging,
1 relate it to the septum." He also remarked that the
anterior wall is also perfused by the left anterior descending
and this wall can be seen in the anterior view, "but it is
obscured, in part, by the right ventricle.'"
The next witness was the nuclear medicine attending,
who was the defendant in this case. The plaintiff's attorney
questioned the defendant about the interpretation of the
thallium scan, the exercise test and the electrocardiogram
interpretation. Questions about the scan centered on the
issue of whether or not the LAO view should look like a
donut and whether or not the upper septal (outflow track)
area showed any "fill-in" on the delayed scan. The defendant maintained that a normal thallium scan in the LAO
view can appear to have a horseshoe shape, especially if
the heart is rotated. There was some further discussion
between the attorney and the defendant concerning the
fact that the delayed LAO image showed, in the words of
the defendant, "no change in its uptake pattern as compared to the stress image." Therefore, this witness concluded that the serial imaging did not demonstrate any
"fill-in." Although there was an acknowledgement that
some ECG changes had occurred, the attorney did not
permit further comment on whether these changes were
abnormal or not.
On redirect questioning by the defendant's attorney, this
witness described in general terms the findings of the
exercise stress test. There was a specific description of the
electrocardiographic component of the test, which demonstrated (Fig. l) that there was a small respiratory Qwave that was most impressive in the supine position but
tended to decrease with standing and was further diminished by hyperventilation. During the actual stress test,
this particular component of the electrocardiogram disappeared altogether. Although there was some minor j
point depression noted near peak exercise, there were no
diagnostic ST-segment changes consistent with or suggestive of transient myocardial ischemia. The overall test
performance was quite adequate and the level of fitness
was reasonable. The patient noted no significant symptoms of chest pain or angina and, at the conclusion of the
test, proceeded to have planar imaging performed.
A review of the planar thallium images in three views
demonstrated a homogeneous uptake pattern of the tracer
in all three views, with a prominent outflow track noted
in the LAO view. This prominent outflow track remained
as a constant area of relative hypoperfusion on both the
stress and delayed scans. In addition, the defendant noted
that the left ventricle may be hypertrophic, based on the
ventricular wall thickness (small cavity).
Overall, the defendant maintained that the exercise
thallium study did not demonstrate any objective evidence
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for significant coronary artery disease and there was, specifically, no clear evidence of myocardial ischemia on
either the exercise or perfusion study. Furthermore, the
exercise level showed a good level of fitness and was
considered an adequate and diagnostic study.
The defendant's attorney called an expert witness for
the defense to comment on the scan results. When asked
if there was a standard shape for a thallium image of the
heart, this expert said: "Thallium would be taken up
throughout the muscle. And you can see that the left
ventricle is really V-shaped or U-shaped. At the top of the
ventricle itself, is really a connection between two chambers.
So it's made up of much less muscle, thin muscle, and also
is the outflow track for blood leaving the ventricle into the
aorta. So that most of the activity will be primarily in the
ventricle in the shape of a U or of a horseshoe, with less
uptake at what's called the base of the heart, which involves
a connection between the atrium and the ventricle and the
ventricle and the aorta. Also, the heart may lie in the thorax
asymmetrically. There's a great deal of variation in how
the heart lies in our chest: sometimes it may be more
upright, in which case the base of the heart is at the top;
sometimes it may be more horizontal in which case the
base of the heart and the outflow track really appears to be
at the side as opposed to the top.'"
When asked how one begins to interpret thallium scans,
the witness replied: "'The first thing that I did, was to
determine whether the uptake in the left ventricle, in the
heart, particularly the left ventricle, was uniform, whether
there were areas of reduced uptake, whether these areas of
decreased uptake were due to normal anatomy, or whether
they were due to defects due to coronary artery disease,
and then compared the image obtained on the delayed view
to determine whether there were signOqcant changes in the
appearance of the image, between the two."
In answer to a query about an area of "decreased uptake," this expert answered: "Yes. On the sixty degree LAO
projection, there was an area of decreased uptake in the
vicinity of the base of the heart and the outflow tract of the
aorta, which I attributed to normal anatomy. And saw no
evidence on the three views obtained immediately after
exercise of a defect due to coronary artery disease."
The attorney asked for a description, in as simple terms
as possible, of the reasons why the expert came to the
conclusion that what this scan reveals is normal uptake of
thallium. The witness stated: "From the appearance of the
images, the heart, the position of the heart in the thorax is
more horizontal than vertical. That means that the area of
the base of the heart and the outflow track, would appear
in an area that normally is occupied by the superior septum;
but, in fact, the superior septum is lying more horizontally
than in most hearts. This is a normal anatomic variant."
In response to a question about how an upper septal
"defect" relates to any cardiac anatomy, this witness noted:
"Yes, sir. I f the vessel feeding that area, the left anterior
descending artery, were blocked to produce a defect in the
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superior septum, it would be blocked very proximal, at the
very beginning of the artery. It would, in cases in which
defects are then present, the defects are invariably more
distal, that is, if you have a proximal stenosis, you're going
to affect blood flow all the way down the length of the
vessel, and the defect will extend into the remaining sept um. "
On a follow-up series of questions (Q) from the plaintiff's attorney, this expert witness gave the following answers (A).

Q. "Now, Doctor, you agree, do you not, that there is
an area that shows reduced uptake of thallium in
the LAO view on Mr. X's stress test, do you not?
A. Yes, ma'am.
Q. And it's your position that that doesn't fill in on the
delayed view?
A. Yes, ma'am.
Q. And you agree that if it did not fill in on the delayed
view it would, more probably than not, mean that
it's ischemia as opposed to anatomical situations,
correct?
A. In general, I agreed with you that filling in would
represent transient ischemia. In this particular case,
along the superior septum in a horizontal heart, I
would be concerned that failure to fill in or partial
filling in, or something of that nature, in that particular region without extension to the remainder of
the septum, would indicate that the patient had not
been positioned in precisely the same way on the
delayed view.
Q. But it would make you wonder, right?
A. Yes, ma'am.
Q. Well, it would also make you wonder if that were
ischemia, wouldn't it?
A. If that's what I saw, but I did not see that, I see no
filling in or partial filling in.
Q. But I'm asking you, if there were partial filling in, it
would sure make you wonder, wouldn't it?
A. In a hypothetical case, different than this one, yes,
ma'am.
Q. If you're talking about reduced uptake in the septum
from the thallium scan, you're probably talking
about some obstruction on the LAD, right?
A. But this is not the area of the septum. The septum
has stopped-Q. Well, just my question.
A. Yes.
Q. If you're talking about it.
A. Yes, if we're talking about that.
THE COURT: But that's not the case, is it, Doctor?
THE WITNESS: That's not this case, correct, Your
Honor.
THE COURT: Well, let's stay away from it if it's not this
case, please.
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Q. Now, as a thallium scan expert, in the event thai
there were a question as to whether an area of
reduced uptake represented a deprivation of blood
to the septum versus something else, it would be
important to report that, wouldn't it?
A. Yes, ma'am, in the hypothetical case you're raising,
that is.
Q. And it would be important to report that because
it's something that would add some piece of evidence to the entire clinical picture of the patient,
right?
A. Yes, ma'am.
Q. And in fact, if it was, and I think the word you've
been using is an artifact, if there were an area of
reduced activity because it's an artifact, it would be
important to report that, also, wouldn't it?
A. No, ma'am. I have been particularly staying away
from the word "artifact" because this is a normal
variant. This is, the fact that the septum ends at nine
o'clock because it's a horizontal heart.
When further questioned by the plaintiffs attorney, this
expert witness was repeatedly asked to agree with the
concept that a left anterior oblique image or short-axis
view of the left ventricle should show the myocardium to
be a donut or vertically oriented so that the septal and
posterior lateral walls would be nearly symmetric in height
and intensity of thallium uptake. The witness basically
explained that this could be true in a vertically-positioned
heart but not in a horizontally-positioned one and other
thorax structures could also interfere with this type of
imaging. Further questions and answers dealt with why
preset angles for left anterior oblique views are used instead
of collecting an image that may appear in some hearts as
a donut.
There were several other witnesses involved in testimony
during the trial concerning the overall clinical care received
by the patient during his brief hospital stay and subsequent
evaluation as an outpatient with a new internist. All of the
plaintiff's experts concluded that there were enough significant clinical indications to proceed with coronary angiography and probably coronary, bypass surgery. Several
of these witnesses stated that the thallium scan and exercise
study were clearly and dramatically abnormal and should
have led the referring clinician to proceed with a further
aggressive diagnostic and therapeutic workup. An additional clinical expert witness was called by the defense who
concurred with the overall diagnosis and management of
the patient during his hospital course, as well as the subsequent follow-up. This expert also commented on the
fact that the thallium scan appeared to be normal. Finally,
the plaintiff's attorney called a number of experts who
presented information as to the economic impact of the
patient's death on the remaining family and reached a
conclusion that damages should be reimbursed at a level
of $10-12 million.
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In a final summation, the defense attorney concluded
that no malpractice had occurred because the thallium
scan had been correctly performed and interpreted in a
standard and reasonable way. The fact that an untoward
event subsequently occurred did not in any way negate
the fact that the test had been properly performed. In
contrast, the plaintiffs attorney gave a summation speech
standing behind the image of the stress thallium scan and
assured the jury that this was an abnormality that had
been glaringly missed by the defendant and the referring
physicians. Malpractice had indeed occurred because the
patient had come to the defendant's with a medical complaint and was told that his heart was functioning well.
Clearly, this opinion was proven wrong by his subsequent
sudden death and the fact that other experts would have
reached the "correct" diagnosis.
DISCUSSION

The courts have long maintained that expert testimony
by the plaintiff must be introduced to a jury in cases
requiring scientific or expert knowledge for their solution
which would be above the level of an average juror.
Therefore, most malpractice cases must provide evidence
of physician negligence by the testimony of the "expert
witness." In a recent editorial (1), the President of the
American College of Cardiology reviewed some points
concerning expert witness testimony. It was suggested that
an expert should be truly objective, licensed to practice,
board-certified in the appropriate field, knowledgeable and
actively involved in the specialty. The expert should also
be fair, impartial, and make certain not to exclude any
pertinent data, appropriately admit that alternative methods can "correctly" address the issue in question, as well
as be wilting to submit testimony to external peer review.
Other points included reasonable compensation that was
independent of judicial outcome and a firm legal understanding of causality as a key issue in any malpractice suit.
The difference between presenting expert evidence in
court and discussion at a clinical pathology conference as
a guest lecturer should be quite apparent from the court
record in this case. In front of a jury, physicians do not
carefully point out all the inconsistencies and problems
with making a diagnosis as they would with their peers in
a nonjudgemental setting. The very fact that a judgement
is being made by a jury of average people necessitates that
a different form of communication be made. Rules of
evidence apply while conjecture and educated clinical
hunches are viewed as a dangerous ground to defend. Any
reference or article must be subjected to review and challenge prior to inclusion as evidence in a trial. Ultimately,
what is written in the medical record often becomes larger
than life and can occasionally be used as a club by the
plaintiff. Although much is made of practicing "defensive
medicine," there is also much to be said for keeping records
that will sustain judicial review.
The concept of peer review that supports all of the
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scholarly work in medicine has very little, if any, application in court proceedings. Perhaps as some suggest (1),
expert testimony should be able to pass standard external
peer review which to us (as physicians) represents a familiar
process. However, as long as the economics of medicine
and malpractice continue as presently configured, there is
little chance for such a change.
It would be very important to point out the differences
between peer review or academic dialogue and medical
malpractice. A legal concept of malpractice has four elements: (1) a physician-patient relationship exists which
results in a duty for the physician, (2) the physician's
action was negligent in that the duty to the patient was
broken, (3) this negligence was the proximate cause of the
patient's injury and (4) there was compensable injury or
damage suffered by the patient (2).
In this case description, the interpretation of the thallium scan is seen by the plaintiffs attorney as one of the
prime errors in the medical care of the patient that lead to
his sudden cardiac death. The disagreement between the
expert witnesses and the defendant is not unexpected when
one i ealizes that interobserver agreement in planar thallium scintigraphy is 30% (3). However, to acknowledge a
difference in opinion is not the same as testifying that this
difference is grounds for negligence. If a peer-reviewed
publication concluded that a particular computer program
is statistically superior to other methods in detecting coronary disease, does that mean that interpretations that fail
to employ such analysis are committing malpractice? Does
every disagreement in a published clinical pathology co~ference provide grounds for civil court actions? In this
presentation, all the nuclear medicine "experts" and the
defendant are well published members of the Society of
Nuclear Medicine and practice at major university hospital
centers. Their official differences in court can be seen as a
clear example of how academic disputes take on nonacademic attributes in the court room.
Clearly, it would be a professional nightmare if every
patient with a "negative" cardiac scan who had a future
event had grounds for malpractice if another physician felt
that the scan was, in fact, "positive." Imagine every low
risk lung scan that turns out to have a pulmonary embolus
being reread as higher probability and forming the basis
for malpractice. Nuclear medicine physicians realize that
differences of opinion commonly exist in the interpretation of all types of seintigraphic studies and it is extremely
dangerous to settle these differences of opinion in court.
The fact that a subsequent clinical event "proves" one
interpretation to be more "correct" than an equally reasonable a priori interpretation should not be viewed as
proof of medical negligence.
THE VERDICT

The court charged the jury to consider the case based
on whether or not the plaintiff had established that the
defendants had been negligent in their medical care. It was
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not sufficient to establish that a bad event (death) or injury
had occurred; rather, the jury needed to decide that the
defendant's actions had caused this event. The requirement to find a causality between the physician's action
and the outcome for the patient was paramount in the
court's instruction and, if the jury concluded that there
was causation, then compensation could be awarded.
After a 2-wk court trial, the jury deliberated for about 1
hr and reached a verdict in favor of the defendants. The
case was not appealed and was thus settled without any
finding of malpractice.
THE REAL CPC

The legal implication of this case, which stressed the
need to predict sudden cardiac death or else face the legal
consequences, raises great medical challenges and controversy. Recently, a survey of referring physicians noted that
there is more reliance on scintigraphic findings than the
clinical impression of coronary artery disease (4). A prior
study had already demonstrated that thallium scan results
have significant prognostic value above that of clinical
factors alone in detecting disease and future events (5).
Clearly, there is ample evidence that exercise thallium
imaging has an important clinical impact, but no test
should be used as a guarantee because some patients with
negative test results will have cardiac events and many
positive patients will remain event-free. Therefore, appropriate caution in the interpretation of thallium exercise
testing should be utilized by all nuclear medicine physicians.
If this court room case was replayed in an academic
"CPC," the fact that a case of sudden death occurred with
an intracoronary thrombosis would have involved a discussion of several important papers on this topic (6-8).
Clearly, these initial reports of sudden cardiac death established a firm correlation between intracoronary plaque
rupture, thrombosis, infarction and death. The pathologist
in this court case noted the presence of an intracoronary
thrombus in the left anterior descending vessel with a 50%
stenosis. There were other 50% stenoses present, which
prompted the report of "severe" coronary disease. Despite
the fact that accurate postmortem analysis of stenosis
severity is difficult (9), a more academic review would
suggest that this is not "severe" disease but, rather, a typical
anatomic picture in sudden death cases. Specifically, patients having sudden death tend to be younger and their
coronary vessels have less severe average narrowing and
more "normal" appearing segments than patients without
a thrombus (10). Overall, the process of plaque fissure and
sudden death is well established (9), even without the
presence of a postmortem intracoronary thrombus.
If one accepts that the patient in this report completed
a 9-min standard Bruce protocol without objective evidence for ischemia, then the final outcome (event) can be
easily explained by several prior studies in sudden death
cases (7,9,10). Sudden death may be seen as a natural

A Thallium Scan Goes to Court • Leppo

consequence of coronary artery disease that cannot be
detected by a functional evaluation of myocardial perfusion. However, it is interesting to speculate on the consequences if the scan had been interpreted as abnormal (as
argued by the Plaintiff's experts) and coronary angiography
was recommended. The finding of an approximate 50%
left anterior descending stenosis would not have necessitated immediate revascularization in a patient with his
level of activity performance. Therefore, the final outcome
could have been the same. Several reports (11,12) have
clearly documented that coronary angiography cannot
predict the "culprit" lesion and up to 66% of acute infarcts
have been associated with stenoses of less than 50% in
patients with a prior (recent) positive angiogram (12). The
patient in this case really had mild-to-moderate coronary
disease but, unfortunately, his small statistical risk of sudden death reached 100%. The only statistically significant
risk that could have been noted at angiography was the
proximal nature of the arterial stenosis (I 1 ). However, the
overall ability of the invasive cardiologist or coronary
surgeon to intervene acutely would have been limited,
given the information available in i986. This actual case
occurred before these catheterization studies (11,12) were
published, but the fatal event may have been unavoidable,
despite the difference of opinion concerning the scan interpretation. In fact, a more recent review (8) would suggest
that some form of anticoagulation would be the best form
of primary prevention.

EPILOGUE

Unfortunately, an academic discussion of opinions has
little place in a court of law, since hearsay or controversial
opinions are rejected as insufficeint evidence. While we as
physicians can discuss all the gray areas among ourselves
and learn from each other, the courts have no way to
"judge" these opinions. We should be very careful in how
we use our expertise in court so as not to legalize opinions
or interpretations with which other competent physicians
could have reasonable disagreements. As a profession, we
need to avoid legalizing any interpretation based on subsequent events lest we one day find ourselves in a glass
house.
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SELF-STUDY

TEST

Gastrointestinal Nuclear Medicine Questions
True statements concerning the effects of distal gastrectomy
and vagotomy for the treatment of duodenal ulcer disease include which of the following?
10. The combination of decreased accommodation of the prox~mal stomach and decreased resistance to emptying
often leads to rapid emptying of gastric contents.

11. Larger size solid particles enter the bowel than would occur normally.
12. In some patients, the proximal stomach loses its ability to
move solids, and solid particle retention will occur,
13. Symptoms of abdominal cramping and fullness are related
to the distention of the small remaining gastric pouch.

SELF-STUDY

TEST

Gastrointestinal Nuclear Medicine
ANSWERS
ITEMS 1-4: Analysis of Solid Phase Gastric Emptying
ANSWERS: 1, T.- 2. F; 3, F, 4, T
Although the gastric emptying curve (Fig. 2) generated by the indwldual
who processed the data in this case appears normal, visual inspection
of the ~mages (Fig. 1) shows an obwousty abnormal gastric emptying
pattern. This case stresses the need for correlating the subjectively
assessed pattern of gastric emptyfng with the calculated quantitative
results. The ~mages show stasis of the solid meal in the proximal stomach
for at least the first 60 mJn. Normally, the fundus undergoes Jnitia! "receptwe retaxabon" to accept the volume of the meal During this early phase,
sotlds are primarily located in the fundus and w~thin 30 min begin to move
into the distal stomach. Both the fundal and antral mechanism contribute
to the gastric emptying of solids. As Camilleri and other investigators
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ITEMS 5 - 9 : Clinical Disorders Associated with Gastroparesis

FIGURE 1. This gastric-emptying curve reflects application
of the proper decay correction to the data shown in Test Figure
2. The prolonged lag phase and delayed rate of emptying are
evident.
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have shown, the distal stomach appears to control the emptying of solids.
The distal stomach provides continence for and tnturation of solids until
they reach a particle size of less than 1 mm. The "lag phase" of gastric
emptying (the delay in onset to the gastric emptying of solids), therefore, reflects both fundal and distal stomach emptying mechanisms. In
th~s case, the solids do not reach the distal stomach until after 1 hr. A
"lag phase" abnormality can be discerned, therefore, even though only
anterior data have been obtained. Furthermore, while the gastric emptying curve shows a Tv2 value of about 100 min, it is readiry apparent from
the images that much less than 50% emptying has occurred by 120
min, which is at the upper limits of normal (i.e., mean + 2 SD) for this meal.
The explanation for this is that the curve, which appears to show normal emptying, was constructed incorrectly. The individual who processed
this study multiplied the gastric counts at each time by the corresponding decay factor for 99rnTC, rather than dividing by the decay factors
(to scale the counts upward in order to correct for physical decay of the
tracer). The properly corrected decay curve is shown in Figure I
Although the images in this case do demonstrate some of the diffrcuPties
that can be encountered with overlap of small bowel and the distal
stomach, the degree of overlap is not significant compared with the
marked gastric stasis, Small bowel overlap is not primarily responsible
for the abnormal increase in the calculated emptying half-time.
Although StegeF has shown that liquids and solids empty at the same
rate after trituration, the apparent emptying of solids seen in the original
curve again was an artifact secondary to the incorrect method of decay
correction. Siegel has shown that, following tnturation, liquids and solids both demonstrate monoexponential emptying, which would appear
linear when graphed on semilogarithmic paper, but not on the Pinear
plot shown in Figure 2.

ANSWERS: 5, ~ 6, T; 71 F; 8, F; 9, F
Gastroparesis can develop in otherwise healthy individuals without
evidence of either systemic d~seases, such as diabetes, or underlying
gastrointestinal disease. Such symptoms may develop acutely after an
influenza-like illness, Development of gastroparesis has been related to
(continued on page 134)
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