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Pleural Effusion and Ventilation/Perfusion Scan
Interpretation for Acute Pulmonary Embolus
S. Nahum Goldberg, David D. Richardson, Edwin L. Palmer and James A. Scott
Section of Nuclear Medicine, Department of Radiology, Massachusetts General Hospital, Boston, Massachusetts

This study was conducted to determine if pleural effusion size
affects ventilation/perfusion (V/Q) scan interpretation algorithms for
acute pulmonary embolus (PE). Methods: Retrospective analysis
identified 163 consecutive patients undergoing angiography for PE
with radiographie evidence for pleural effusion. V/Q scanning was
performed in 94 (58%) of cases and reported using original Pro
spective Investigation of Pulmonary Embolism Diagnosis (PIOPED)
criteria. Effusions were classified as small, large and/or bilateral.
Radiographie and scintigraphic results were correlated with regard
to size and location of abnormalities. Results: Of the 163 patients,
57 (35%) had angiographically-proven PE, 77 (47%) had at least one
large pleural effusion and 86 (53%) had a small effusion; 33 (43%)
with large effusions and 24 (28%) with small effusions had emboli at
angiography. Thirty-six of 119 patients (30%) with clear chest
radiographs (a control group) had PE. Thus, large effusions were
associated with a higher incidence of PE than those with small
effusions or clear lungs (p < 0.05). Of those with V/Q scanning, 26 of
94 (28%) had a solitary large effusion, with 12 (46%) positive for
emboli. V/Q-matched abnormalities limited to effusion size were
found in 16 with a solitary large effusion and 10 with a solitary small
effusion. In both groups, 50% were angiographically positive for
emboli. Twenty-three (66%) of 35 with bilateral effusions had corre
sponding V/Q-matched defects at one (n = 11) or both (n = 12) lung
bases, and 9 (39%) were positive for emboli. In total, 45% with a
V/Q-matched defect of equivalent size to the effusion were angio
graphically positive for PE. Conclusion: Pulmonary emboli are
associated with pleural effusions of all sizes. Matched V/Q defects
corresponding to radiographically-evident pleural effusions are of
intermediate probability for PE. Thus, revision of the traditional lung
scan interpretive criteria based upon pleural effusion size is not
warranted.

Key Words: pulmonary embolus; ventilation/perfusionscan; pleural
effusion
J NucÃMed 1996; 37:1310-1313

Ahe association between pulmonary emboli (PE) and pleural
effusions has long been known. In two large series, approxi
mately 50% of those with proven pulmonary emboli had a
pleural effusion (1,2). However, the role this radiographie
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finding plays in the interpretation scheme for the ventilation/
perfusion (V/Q) scan is less well defined. Traditionally, any
radiographie abnormality, including an effusion, that is compa
rable in size to matched perfusion and ventilation defects
renders the region (and in most cases the V/Q scan) indetermi
nate for pulmonary embolism (3). Bedont and Datz (4),
however, noted that only 2 of 53 (4%) patients with matched
V/Q defects in the region of a pleural effusion had documented
thromboembolic disease. They, therefore, concluded that such
defects should be considered of low probability for PE. Re
cently, based upon reanalysis of Prospective Investigation of
Pulmonary Embolism Diagnosis (PIOPED) trial data, several
authors have suggested that the size of the pleural effusion and
its associated matched defect can influence the interpretation of
the V/Q scan (5). In this new scheme, large effusions are
associated with a low probability of PE and small effusions
(defined as costophrenic angle blunting) are associated with an
intermediate chance of embolism. A pleural effusion is not
relevant if it does not cause an associated perfusion defect.
Preliminary data from our recent study on chest radiograph
findings and their effect on V/Q scan interpretation did not
support this revision (6). This study was conducted to deter
mine if pleural effusion size correlates with the presence of
emboli, and to verify if effusion size alters V/Q scan interpre
tation.

METHODS

Patients
A retrospective search identified all consecutive patients under

going pulmonary angiography for the indication of pulmonary
embolism between January 1, 1990 and December 31, 1992 at our
institution (n = 622). During this time period, 2,544 ventilation/
perfusion scans were performed for detection of pulmonary emboli.
In every case of pulmonary angiography, images were obtained of
both lungs separately in the anteroposterior projection. When these
views were initially negative, magnification views were obtained
of the lung bases in the oblique projection. The results of
angiography were used as the gold standard for the presence or
absence of emboli.

All patients had either posteroanterior or anteroposterior chest
radiographs within 24 hr of angiography. Based upon the written
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formal interpretation of these chest radiographs, 304 cases (49%)
were noted to have either clear lungs (n = 119) or pleural
effusion(s) (n = 185) as the sole radiographie abnormality. Of the

185 radiographs with reported pleural effusion, 22 cases (12%)
were not included in the study. Eleven were excluded for technical
reasons, most often for non-upright positioning of the chest
radiograph. In 5 cases superimposed air-space disease was noted;

and in 6 cases the radiograph could not be located. The remaining
163 upright, frontal radiographs were reinterpreted under blinded
conditions by one investigator (SNG) to assess the amount of fluid
present. Since it is well recognized that the size of a pleural
effusion cannot be measured accurately on a chest radiograph,
these radiographs were subdivided into only two groups: (a)
effusions limited to costophrenic angle blunting (no higher than the
1 cm below the dome of the diaphragm) and (b) larger effusions. If
the diaphragm was not seen secondary to pleural effusion, the
radiograph was placed in the latter category. This method is similar
to that used by the PIOPED investigators (7). In addition, the
location of the effusion was noted as left, right or bilateral. For
purposes of analysis, cases with both a small and a large effusion
(i.e., bilateral) were classified as having large pleural effusions.

Patients in each effusion category were further subdivided
according to the results of a ventilation/perfusion (V/Q) scan
performed within 48 hr of angiography (n = 94; 58%). At our

institution, all technically adequate V/Q scans are interpreted by a
staff nuclear physician with results reported as normal, low,
intermediate/indeterminate or high probability for pulmonary em-
bolus using the original PIOPED study group criteria (6). Venti
lation is assessed using mXe rebreathing techniques, and perfusion
is measured using 99mTc-labeled macroaggregated albumin with

images acquired in multiple projections. All V/Q scan reports were
reviewed to ensure adherence to the PIOPED classification based
upon radiographie, ventilation and perfusion findings. In six cases
(6%), V/Q scans were reviewed for objective findings (i.e., the site
or size of a perfusion defect) because these were not clearly
described in the report.

Radiographie and scintigraphic results were correlated with
regard to size and location of abnormalities. Angiographie results
demonstrated the presence or absence of pulmonary embolism in
each case. Standard parametric methods of statistical analysis were
used as appropriate to compare the groups.

RESULTS

Overall Study Population
Of the 163 patients with pleural effusions, 77 (47%) had at

least one large pleural effusion and 86 (53%) had a small
effusion. Of all patients with a pleural effusion, 57 (35%) had
angiographically-proven evidence for pulmonary embolism
anywhere in the lungs. Thirty-three (43%) of those with large

effusions and 24 (28%) with small effusions had demonstrable
emboli at angiography. Only 4 (3%) had an effusion that was
larger than one third of the hemithorax, with only 1 (25%)
positive for pulmonary embolism. By comparison, 36 of the 119
(30%) with clear chest radiographs had pulmonary embolism.
Thus, a significantly greater percentage of those patients with a
large pleural effusion had emboli than did those with either a
small effusion (p < 0.05) or a normal chest radiograph (p <
0.05). No statistical difference was achieved between the small
effusion and the clear chest radiograph groups. Similar differ
ences were noted between the large and small effusion groups
when patients with bilateral effusions were separated for anal
ysis (Table 1).

TABLE 1
Percentage with Pulmonary Emboli by Effusion Type and Size

Type N Positive for PE

SolitarylargeSolitary
smallBilateral
largeBilateral
smallAll
effusionsNormal

CXR5151263516311921161285736413146233530

CXR = chest x-ray.

Specific Association of Pleural Effusions with Emboli
Thirty-three (58%) of the 57 patients with both pleural

effusion(s) and pulmonary emboli had emboli shown angio-
graphically to be limited to one lung; 12 (36%) had an effusion
limited to the side of the embolus; 9 (27%) had an effusion on
the opposite side only; and 12 (36%) had bilateral effusions. Of
the 24 cases in which angiography identified bilateral pulmo
nary emboli, 9 (37%) had left-sided effusions, 7 (29%) had
right-sided effusions and 8 (33%) had bilateral effusions.
Chi-square analysis failed to demonstrate a difference in distri
bution of pleural effusion between this group and that with no
angiographie evidence for pulmonary embolus (p > 0.25). Of
the latter group (n = 106), 42 (39%) had left-sided effusions, 23
(22%) had right-sided effusions and 41 (38%) had bilateral
effusions. Thus, the radiographie location of the pleural effu
sion could not predict the pattern or location of embolism with
any degree of certainty.

Correlation with V/Q Scanning
Ninety-four of the 163 patients (58%) with pleural effusion

had V/Q scans. Nine (10%) were interpreted as showing a high
probability, 69 (73%) an intermediate probability and 16 (17%)
a low probability for pulmonary embolus. Angiographie corre
lation revealed that among these patients 8 (89%) of high
probability, 30 (44%) of intermediate probability and 0 (0%) of
low probability V/Q scans had proven pulmonary emboli. Of all
94 patients, 26 (28%) had a large effusion on only one side and
12 (46%) of these were positive for emboli. Thirty-three (35%)
had a small effusion on only one side and 13 (39%) of these
were positive for PE. Of the 35 with bilateral effusions, 13
(37%) had pulmonary emboli. The percentage positive for
pulmonary emboli in those who underwent V/Q scanning was
only slightly higher than the total population, and this difference
did not approach statistical significance (p > 0.25). Regardless,
in this smaller sample, statistical significance was not achieved
for the difference in the rate of emboli among those with large,
small or bilateral effusions.

Of the 94 patients, 58 (62%) had a matched V/Q defect
corresponding to the radiographie size of at least one pleural
effusion. Sixteen (62%) of those with a solitary large pleural
effusion and 10 (30%) with a solitary small pleural effusion had
only one V/Q-matched defect limited to the size of the effusion.
In both the large and small effusion groups, 50% (8 and 5 cases,
respectively) were angiographically positive for emboli.
Twenty-three (66%) of 35 patients with bilateral effusions had
only corresponding V/Q-matched defects at one ( 11 patients) or
both ( 12 patients) lung bases. Nine (39%) of these were positive
for emboli. In total, 22 of 49 (45%) with a V/Q-matched defect
associated with a pleural effusion as the only radiographie
abnormality were positive for pulmonary embolism. For all
groups, 6 of 9 (67%) with the matched defect and a second
segmental unmatched defect, and 10 of 18 (53%) with a
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TABLE 2
Association of V/Q Findings, Pleural Effusions and Angiographically-Proven Pulmonary Emboli (n = 94)

Pulmonary embolus

Findings No. Positive Negative % Positive

Large solitaryeffusionSolitary
matched V/QdefectMatched

and other V/Qdefect(s)Unmatched
V/Q defect on samesideUnmatched
V/Q defect on oppositesideBilateral

unmatched V/QdefectsNo
moderate or large perfusiondefectsSmall

solitaryeffusionSolitary
matched V/QdefectMatched

and other V/Qdefect(s)Unmatched
V/Q defect on samesideUnmatched
V/Q defect on oppositesideBilateral

unmatched V/QdefectsNo
moderate or large perfusiondefectsBilateral

effusionsUnilateral
matched V/QdefectBilateral

matched V/QdefectsUnmatched
V/QdefectsNo

moderate or large perfusion defects261641203331052619351112662862154801235301561832737313417171283010013531400134540148111032052121922772646507505000395060506700373645670

solitary, unmatched segmental defect had pulmonary emboli at
angiography. None of the 18 patients with normal perfusion
studies had pulmonary emboli. Further breakdown of this
analysis is provided in Table 2.

DISCUSSION
This study demonstrates that larger pleural effusions are

associated with at least an equal incidence of pulmonary
embolism than those with smaller effusions. The comparison
group of patients with unremarkable chest radiographs had a
rate of embolism similar to that of the small effusion group.
Although pulmonary emboli were found in a substantial frac
tion of those with pleural effusion who underwent pulmonary
angiography (36%), this study is based on a select population in
which clinical suspicion for embolism was high, based upon
other objective clinical findings. Hence, this study should not be
interpreted as supporting a diagnostic evaluation for pulmonary
embolism when pleural effusion is the only objective finding.

In the recent PIOPED trial, the sensitivity and specificity for
a pleural effusion associated with pulmonary emboli were 34%
and 70%, respectively (#). In our study, the pleural effusion did
not occur on the same side as the pulmonary emboli in one-third
of the cases. It is therefore likely that the finding of embolism
in the presence of effusion is often unrelated to a common
pathophysiology. Although pulmonary emboli and infarcts have
been shown to cause pleural effusions, they may not be the
primary cause of this finding in most patients undergoing V/Q
scanning.

Several previous reports have shown that pleural effusions
associated with emboli are usually, but not always, unilateral
and small (1.2). However, in this study, bilateral effusions were
present in 25% of patients who were positive for pulmonary
emboli and the larger effusion group was associated with a
greater incidence of thromboembolic disease than those with a
small pleural effusion. Differences in experimental design and
terminology such as "costophrenic angle blunting" (which is

both imprecise and not standardized) may limit the ability to
compare individual studies. It is also well known that effusion
volume correlates poorly with the apparent effusion size on the
frontal chest radiograph (9). Despite this multitude of conflict
ing reports, it remains clear that pulmonary emboli can be seen

with all types of effusions. From the diagnostic perspective, the
cause and size of the pleural effusion is a secondary consider
ation. Of greater importance is that the pleural effusion, by altering
both ventilation and perfusion scans, can interfere with scinti-
graphic diagnosis of pulmonary embolism. Thus, emphasis should
be placed on creating a reproducible and accurate interpretive
scheme for V/Q defects seen in the presence of effusion.

In this study, the presence of a pleural effusion was not
invariably associated with V/Q scan abnormalities. A V/Q-

matched defect corresponding to the effusion was seen only
61% of the time. These defects can be caused by loculated fluid,
compressive atelectasis or emboli. It is not surprising that no
emboli were seen on angiography in many (55%) of these
patients. In 19%, usually in the small pleural effusion category,
no perfusion defect was noted in the region of the effusion. In
these cases, it is likely that the effusion was free flowing and
layered posteriorly during the recumbent perfusion scan. As a
result, no perfusion defect was detected and the study was
interpreted as low probability for embolism.

Our findings are not in accord with the observation of the
PIOPED study groupâ€”that 11% of solitary V/Q-matched

defects associated with a large effusion and 25% associated
with costophrenic angle blunting were associated with pulmo
nary embolism (7). Based upon these results, several authors
have independently recommended reclassifying matched de
fects associated with large effusions as low probability for
embolism and those associated with small pleural effusions as
intermediate probability (5). In our study, 50% of matched V/Q
defects corresponding to a solitary pleural effusion were positive
for pulmonary embolism, regardless of effusion size. Further,
45% of cases with a matched V/Q defect associated with pleural
effusions as the only radiographie abnormality were positive for
pulmonary emboli. Our findings support the traditional ap
proach of classifying matched defects associated with a pleural
effusion as intermediate probability for pulmonary embolism,
as originally postulated by the PIOPED investigators, and as
had been standard in earlier interpretive schemes (3).

The discrepancy in results between this study and PIOPED
may lie in the small number of cases with solitary matched
defects associated with pleural effusions in the PIOPED trial. In
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the PIOPED trial, only 27 cases of V/Q-matched defects
associated with pleural effusion as the sole radiographie and
scintigraphic abnormalities were identified. Data from patients
where bilateral effusions were seen on the chest radiograph and
where perfusion defects were visualized away from the costo-
phrenic angles when effusions were present are not discussed
per se in the reports of the PIOPED investigators. Given these
limitations, the PIOPED investigators initially warned that their
findings concerning the modification of traditional interpretive
schemes based upon effusion size required verification (7). Our
slightly larger series does not confirm the initial findings.

A distinction must be drawn between the nature of the
PIOPED study and our own. The current study is retrospective
in nature and incurs all of the biases such studies entail.
However, although the PIOPED trial was prospective in design,
significant institutional variation in patient recruitment (33-
70%) and obtaining of angiograms (64-92%) was reported

(10). Thus, during the PIOPED study time frame, less than 50%
of those eligible for enrollment actually underwent pulmonary
angiography. While 39% of those in the PIOPED study had
intermediate probability lung scans, those who refused or were
ineligible for the study had intermediate probability scans in
22% of cases. This difference was significant (p < 0.01), and
suggests some bias in the PIOPED trial as well.

In the present series, 45% of those with a solitary V/Q-matched
defect accompanied by a pleural effusion had evidence for embo
lism. This represents a significantly greater percentage of throm-
boembolic disease than reported by Bedont and Datz (4 ). Yet, in
their series, less than one-third of patients underwent pulmonary
angiography, with diagnosis based in a majority of cases upon
thoracentesis results or other clinical findings. Brown et al.
(//), however, has strongly questioned the value of thoracen
tesis in the diagnosis of pulmonary embolism. Biello et al. (3) and
Worsley et al. (12) have reported, in two large studies, that
matched V/Q defects that correspond in size to all types of

radiographie abnormalities are associated with a 26% chance of
pulmonary embolism. Perhaps our higher incidence is due to
selection bias, limiting the population to only those with effusions,
different techniques of pulmonary angiography or sample size.

CONCLUSION
Pulmonary emboli are associated with pleural effusions of all

sizes. Matched V/Q defects corresponding to radiographically
evident pleural effusions are of intermediate probability for PE.
Our data suggest that revision of the PIOPED criteria based
upon pleural effusion size is not warranted.
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Small Perfusion Defects in Suspected
Pulmonary Embolism
Paul D. Stein, Jerald W. Henry and Alexander Gottschalk
Henry Ford Heart and Vascular Institute, Detroit and Michigan State University, East Lansing, Michigan

The purpose of this investigation was to assess the diagnostic value
of 1 to 3 versus >3 small subsegmentai defects on perfusion lung
scans of patients with suspected acute pulmonary embolism (PE).
Methods: Data from the Prospective Investigation of Pulmonary
Embolism Diagnosis (PIOPED) were evaluated from patients with
suspected acute PE. Angiograms, follow-up data and outcome
classifications were used to determine PE status. The perfusion
scan of included patients showed only small subsegmentai defects
(<25% of a segment) in the presence of a regionally normal chest
radiograph. Findings on the ventilation scan were irrelevant.
Results: The positivepredictivevalue for PE of perfusion lungscans
with 1-3 small subsegmentai defects was 1% to 3%, depending on
the group analyzed. The positive predictive value for PE of perfusion
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lung scans with >3 small subsegmentai defects was 11% to 17%
depending on the group analyzed. Conclusion: Perfusion lung
scans with 1-3 small subsegmentai defects satisfy the criterion for a

very low probability (<10% positive predictive value) for PE and
perfusion lung scans with >3 small subsegmentai defects satisfy
the criteria for a low probability (<20% positive predictive value) for
PE.

Key Words: pulmonary embolism; ventilation/perfusionlung scan;
thromboembolic disease
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l_xriteria for a low-probability interpretation of ventilation/

perfusion (V/Q) lung scans in the Prospective Investigation of
Pulmonary Embolism Diagnosis (PIOPED) included small
segmentai perfusion defects (<25% of a segment) with a
normal regional chest radiograph ( / ). If the only scintigraphic
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