
particular, the study was designed to determine the sensi
tivity and specificity of V/Q lung scanning for diagnosing
acute PE. In addition, the relative contributions of the
clinical findings, chest radiograph and other routine studies
were assessed. The PIOPED study also provided an oppor
tunity to evaluate the validity of pulmonary angiography for
diagnosing acute PE and determine the incidence of com
plications related to this procedure. Finally, the study de
sign allowed monitoring of the clinical course and outcome
in patients with PE.

In this review, we describe the specific aims and design of
the PIOPED study, summarize the published data from the
study, present new data from the entire PIOPED popula
tion and, finally, provide comprehensive criteria for the
interpretation of V/Q lung scans.

STUDY DESIGN

Data were collected prospectively in six tertiary medical
centers (Duke University, Henry Ford Hospital, Massachu
setts General Hospital, University of Michigan, University
of Pennsylvania and Yale University) and coordinated by
the Maryland Medical Research Institute. The study pop
ulation consisted of patients 18 yr or older suspected of
suffering acute PE based on risk factors, symptoms, signs or
laboratory findings. The clinical findings suggestive of PE
were present within 24 hr of study entry. Patients were
excluded from the study if, in the judgment of the respon
sible clinician or angiographer, pulmonary angiography
could not be performed. Patients with hypersensitivity to
contrast, hemodynamic instability, pregnancy or known pul
monary hypertension were also excluded.

Following entry into the study, patients were followed for
1 yr. Events such as death, suspicion of recurrent PE and
complications of angiography or therapy were reviewed by
the Outcome Classification Committee. This committee
utilized all available clinical information, hospital records
and radiographic studies when reviewing outcome events.
The outcome data were used to determine the accuracy and
the implications of the findings in the various diagnostic
studies performed.

Of the eligible patients, 1493 patients consented to par
ticipate in the study and V/Q lung scans were completed in
1487 patients. Patients who completed V/Q lung scanning

The goals of this reviewwere to summarize the published data
from the National Heart, Lung and Blood Institute sponsored
Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED)study, present new data from the entire population
and provide a comprehensive criteria for ventilation-perfusion
Ã§%//Q)lungscaninterpretation.MethodsDatafromthePIOPED
frequent user tape and journal articles published between 1990
and 1994 and indexed on Medlinethat presented data fromthe
PIOPEDstudy were reviewed.Results AnormalWQlungscan
excludes the diagnosis of clinically significant PE. The useful
ness of the WQ lung scan was optimized when interpreted as
representing a very low, low or high probabilityof PE with a
concordant clinical likelihood of PE. Patients with a V/Q lung
scan interpreted as representing an intermediate probability of
PE or patients with discordant clinical likelihood of PE and lung
scan interpretation will often require further investigations
to diagnose or exclude acute venous thromboembolism.
Conclusion: The results ofthe PIOPED study support the use of
V/Qlung scanning in the diagnostic evaluationof patients with
suspected PE. Miendments to the original PIOPED interprets
tion criteria should reinforce the role of V/Q lung scanning in
patients with suspected PE

Key Words: pulmonary embolism; technetium-99m-aggre
gated albumin; venous thromboembobsm; thrombosis
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ntreated pulmonary embolism (PE) is a potentially
fatal condition and appropriate use of anticoagulant or
thrombolytic agents improves survival (1,2). Effective ther
apy, however, requires accurate diagnosis. In the mid 1970s
concerns were raised over the efficacy of diagnostic tests,
particularly ventilation-perfusion (V/Q) lung scans, in diag
nosing acute PE (3). The prospective investigation of the
pulmonary embolism diagnosis (PIOPED) study was a
multi-institutional study designed to evaluate the efficacy of
various conventional methods for diagnosing acute PE. In
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FiGURE1. PulmonaryangiographyandfinalPEstatusfor1487patientswhocompletedWQlungscanproceduresinthePIOPEDstudy.

were randomized into two groups: PIOPED angiographic
pursuit (PAP) or attending physicians angiographic deci
sion (APAD). The initial PIOPED publication included
only those patients who were assigned to the PAP group
(4). Patients enrolled in this arm of the study were required
to undergo pulmonary angiography if the V/Q lung scans
were interpreted as abnormal. For patients randomized to
the APAD group, the decision to undergo angiography was
made by the attending physician. A total of 931 patients
were assigned to the PAP group. In this group, 755 (81%)
patients underwent pulmonary angiography and 22 (2%)
patients did not undergo angiography; all patients in this
group had V/Q lung scans centrally interpreted as normal.
Pulmonary angiography was not performed in 154 (17%)
patients despite V/Q scans centrally interpreted as abnor
mal. The APAD group consisted of 556 patients. In this
cohort, 334 (60%) patients underwent pulmonary angiog
raphy. Pulmonary angiography was not performed in 10
(2%) patients who had VIQ lung scans centrally interpreted
as normal and in 212 (38%) patients with abnormal V/Q
lung scans.

DEFIN@ON AND EXCLUSIONOF PULMONARY
EMBOUSM

The diagnosis of PE was based on the final pulmonary
angiogram interpretation unless review by the Outcome
Classification Committee contradicted the final angiogram
interpretation. When there was disagreement between an
giogram interpretation and classification by the committee,
the latter was considered to represent the truth. In patients
who completed pulmonary angiography, PE was excluded
by a negative pulmonary angiogram and uneventful 1-yr
follow-up. For patients in whom the angiographic diagnosis
of PE was uncertain or no angiogram was performed, the
exclusion of PE was based on uneventful 1-yr follow-up in
patients who had anticoagulation withheld and low, very
low or normal V/Q scan interpretations. Patients who did
not meet the criteria for inclusion or exclusion of PE were
classified as uncertain for the presence or absence of PE.

Using the above criteria and the entire PIOPED population
(PAP and APAD groups) 27% (399 of 1487) of patients
had pulmonary angiographic or autopsy evidence of PE
(Fig. 1). Pulmonary embolism was excluded in 65% (960 of
1487) of patients and the diagnosis of PE was uncertain in
9% (128 of 1487) of patients.

CUNICALDIAGNOSISOF PULMONARYEMBOUSM

Risk factors, clinical signs and symptoms suggestive of
PE were similar in men and women (5). The clinical find
ings in patients with no pre-existing cardiac or pulmonary
disease were evaluated in a subset of PIOPED patients by
Stein et al. (6). A total of 117 patients with PE and 248
patients in whom PE was excluded were included in their
analysis. The prevalence of immobilization (strict bed rest
for >3 continuous days) and surgery (an incision under
regional or general anesthesia) within 3 mo prior to enroll
ment were more common in patients with PE compared to
those without PE (6). The frequency of other risk factors
that were recorded were approximately the same between
the two groups. The most common symptoms of patients
with PE and no pre-existing cardiac or pulmonary disease
were dyspnea, pleuritic chest pain and cough (6). The
prevalence of these symptoms, however, were not signifi
cantly different when compared with patients in whom PE
was excluded. Dyspnea, tachypnea or pleuritic chest pain
alone or in combination were present in 97% of patients
with PE (7). Based on this observation, it was concluded
that only a small percentage of patients do not have at least
one of the important clinical manifestations of PE. While
this statement is valid for the patient population examined,
there was a selection bias, which was forced by the study
design. Entry criteria into the PIOPED study required that
only patients with risk factors, signs, symptoms or labora
tory findings which were unexplained and suggestive of
acute PE could be enrolled in the study. Therefore, it is not
surprising that very few patients had no important manifes
tations of acute PE.

In the PIOPED study, the clinicians provided estimates
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of the clinical likelihood of PE, which were recorded using
a continuous scale from 0% to 100%. This estimate was
based on clinical findings before knowledge of the VIQ lung
scan results. The prevalence of PE in patients with low or
very low probability VIQ lung scan interpretations and a
low (<20%) clinical likelihood of PE was 7% (8). In pa
tients with low or very low probability V/Q scan interpre
tations and no history of immobilization, recent surgery,
trauma to the lower extremities or central venous instru
mentation, the prevalence of PE was only 4.5% (8,9).
Whereas in patients with low or very low probability VIQ
lung scan interpretations and one or more of the previously
mentioned risk factors, the prevalences of PE were 12%
and 21%, respectively. In these patients, further investiga
tions with peripheral venous studies or pulmonary angiog
raphy may be warranted.

More recently, neural networks have been developed to
aid in the clinical diagnosis of PE. In simplistic terms,
neural networks are computer programs capable of pro
cessing information similar to the way the human brain
processes data. A more detailed description of the applica
tion of neural networks in radiological diagnoses can be
found elsewhere (JO). A neural network for the clinical
diagnosis of PE has been developed utilizing 50 variables
which were available from patients enrolled in the PIOPED
study (11 ). These variables included information obtained
from history, physical examination, chest radiograph, elec
trocardiograph and room air arterial blood gas measure
ments. The likelihood of PE based on clinical findings as
predicted by the neural network was similar to that pre
dicted by experienced clinicians. Therefore, neural net
works can provide a reproducible assessment of the clinical
likelihood of PE and may aid in the diagnostic evaluation of
patients suspected of having acute PE. The clinical mani
festations of PE, however, were quite variable and lack the
specificity to reliably diagnose or exclude clinically signifi
cant PE.

CHEST RADIOGRAPHICFiNDINGS IN PULMONARY
EMBOLISM

In the PIOPED study, chest radiographs were obtained
within 24 hr of angiography. In the majority of cases (83%),
erect posterior-anterior chest radiographs using a 72-inch
source to image distance were obtained. Among patients
with angiographically documented PE, only 12% (45 of
383) of patients had chest radiographs interpreted as nor
mal (12). The positive and negative predictive values of a
normal chest radiograph were 18% and 74%, respectively.
In patients with PE and no pre-existing cardiac or pulmo
nary disease, only 16% had chest radiographs interpreted as
normal (6). The most common chest radiographic findings
in patients with PE were atelectasis and/or parenchymal
opacities in the affected lung zone (6,12). Atelectasis
and/or parenchymal opacities, however, were also the most
common finding in patients in whom PE was excluded.
Pleural effusions within the affected hemithorax occurred

in approximately 35% of patients with PE. The majority of
pleural effusions were small, causing only blunting of the
costophrenic angles (12). Therefore, chest radiographic
findings alone were nonspecific for PE, but they are essen
tial in the management of patients with suspected PE to
diagnose conditions that can clinically mimic PE and aid in
the interpretation of V/Q lung scans.

VENTILA11ON-PERFUSIONLUNG SCANNING IN
PULMONARYEMBOUSM

In the PIOPED study, ventilation imaging was per
formed with 15â€”30mCi of â€˜33Xe.A first breath image was
obtained for 100,000 counts in the posterior projection.
This was followed by two consecutive 120-sec equilibrium
images. Finally, serial 45-sec dynamic washout imaging was
performed in the posterior, right posterior oblique and left
posterior oblique projections. The diagnostic performance
of the V/Q lung scan was significantly better in patients who
had ventilation studies performed in the erect position
compared to the supine position (13). Perfusion imaging
was performed following the administration of 4 mCi of
99mTc..macroa@egated albumin. While lying supine, pa
tients were intravenously administered between 100,000
and 500,000 particles over 5â€”10respiratory cycles.Anterior,
posterior, anterior oblique and posterior oblique images
were acquired for 750,000 counts. For the lateral views, the
lung with the best perfusion was imaged from 500,000
counts. The contralateral view was obtained for the same
length of time. Ventilation-perfusion lung scans were inter
preted centrally by two readers who were not from the
institution where the image was obtained. The probability
of PE were interpreted using an ordinal scale according to
original PIOPED criteria (4). If both readers agreed in
their assessment of the probability of PE, the consensus was
considered as the final interpretation. If, however, there
was greater than one category step difference in probabil
ities assigned by the readers or if one reader reported
intermediate probability and the other did not, adjudication
by a third reader was required. If all three readers dis
agreed, adjudication by the Nuclear Medicine Working
Group Panel determined the final interpretation.

Among patients who completed V/Q lung scanning, cen
tral reader agreement for high probability and very low
probability or normal interpretations were 87% (179 of
205) and 89% (107 of 120), respectively. For low and
intermediate probability scan interpretations, reader agree
ment occurred in 75% (440 of 589) and 58% (333 of 573) of
cases. A greater than one step difference in the scan inter
pretation category was present in 4% (64 of 1487) of cases.

The sensitivity and specificity for V/Q scanning to detect
acute PE for patients assigned to the PAP group have been
previously published (4). The central V/Q scan interpreta
tions using the entire PIOPED data and information from
the Outcome Classification Committee yield similar find
ings for patients in both the PAP and APAD groups (Table
1). The diagnostic performance of the V/Q lung scan, as

2382 The Journal of NuclearMedicineâ€¢Vol.36 â€¢No. 12 â€¢December 1995



Sensitivity(%) Specfficfty(%)PPV(%)WQ

scan interpretation PAP APAD Both* @ftJD1@p1@fl@*pp,p@5,ppJ@Both*High

40% 40% 40% 98%97%98%88%85%87%High,
lntetmediate 81% 83% 82% 63%67%64%48%51%49%High,
Intermediate, Low 99% 100% 99% 12%12%12%32%32%32%*

lndudes patients from both the PAP and APAD groups in whom the diagnosis of PE wasconfirmed (n=1359).PAP
= PIOPEDangiographicpursuft APAD= attendingphyaician'sangiographicdedalon.

TABLE I
Sensitivity, Specificity and Posithie Predictive Value (PPV)of V/Q Lung Scanning in Detecting Acute PE

determined by the area under a maximum likelihood fitted
receiver operating characteristic (ROC) curve, measured
0.8437 Â±0.130. This value was significantly higher when
compared with the clinical likelihood of PE which mea
sured 0.7087 Â±0.0173 (Fig. 2). The distribution of patients
in each V/Q scan category and corresponding prevalences
of PE are shown in Table 2. A neural network generated
from V/Q lung scan and chest radiograph interpretations
obtained a maximum diagnostic performance of 0.9121 Â±
0.0160 (14). When the clinical likelihood of PE and V/Q
lung scan interpretation were concordant, the ability to
diagnose or exclude PE was optimized. The value of com
bining the V/Q scan interpretation with associated risk
factors are presented in Table 3. In patients with low or very
low probability V/Q scan interpretation and no history of
immobilization, trauma to the lower extremities, recent
surgery or central venous instrumentation, the prevalence
of PE was 4%. In patients with similar lung scan findings
and two or more of the above mentioned risk factors, the
prevalence of PE was 21%. Importantly, none of the pa
tients with V/Q scans interpreted as normal had evidence of
PE. Based on PIOPED data, patients in whom V/Q lung
scans are interpreted as intermediate or in whom the din
ical likelihood estimates of PE were discordant with the
V/Q scan interpretation,furtherinvestigations,with venous
studies of the lower extremities or pulmonary angiography,
are usually required to diagnose or exclude venous throm
boembolism.

The sensitivity and specificity, positive and negative pre
dictive values of V/Q scanning were not significantly differ
ent in women compared with men (5). Similarly, the overall
diagnostic performance of the V/Q scan was similar among
patients with varying ages (15,16). The diagnostic utility of
V/Q scanning to detect PE was similaramong patient with
pre-existing cardiac or pulmonary disease compared with
patients who had no underlying cardiac or pulmonary dis
ease (16,17). In a subset of patients with chronic obstructive
pulmonary disease, the sensitivity of a high probability V/Q
scan interpretation, was significantly lower compared to
patients with no pre-existing cardiopulmonary disease (18).
The positive predictive value of a high probability V/Q scan
interpretation, however, was 100% and the negative pre
dictive value of a low or very low probability V/Q scan
interpretation was 94%.

The evaluation of mismatched vascular defects (either
moderate or large segmental V/Q mismatch) has been sug
gested as an alternative to evaluating segmental equivalents
(19â€”21). Thirty-three percent (125 of 378) of patients with
PE had no mismatchedvasculardefects, as defined by Stein
et al. (19,20). The reason for the relatively high prevalence
of PE among patients with no mismatched vascular defects
may be explained in part by the failure to include perfusion
defects with substantially smaller chest radiographic or yen
tilation abnormalities as V/Q mismatches. Therefore, while
the presence of mismatched vascular defects can be helpful
in identifying patients with PE, the absence of the finding
does not exclude the diagnosis.

AMENDMENTS OF ORIGINAL PIOPED CRifERIA

Several revisions of the original PIOPED criteria have
been made based on the observations from the PIOPED
study (Fig. 3). Multiple matched V/Q defects involving
greater than 50% of one lung or greater than 75% of one
lung zone were classified as intermediate probability for
acute PE according to the original PIOPED criteria.
Matching V/Q defects of lesser extent were classified as low
probability for acute PE. The prevalence of PE in patients

FIGURE 2@ FItted recen,er operating characteristic curves dem
onstrate the superior d@gnosticperformance ofWQ scanning corn
pared with the clinicalassessment of the likelihoodof PE.
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WQscan
interpretationPE+

(No.of patients)PE (No.ofpatients)(%)PAPAPADTotalPAPAPADTotalHigh1055516014102487.0Intermediate1086116921610231834.7Low45236831119050112.0Very

low2025028782.5Normal0002613390.0Total26013939961734396029.4PAP

= PIOPED angiographic pursuft APAD = attendingphyelcian'sangiographic dedelon.

V/Qscan0
Riskf@@*

PE+/No.of patients1 PE+/No.Risk
factor*
of patients2

Riskfactors*
PE+/No. ofpatientsInterpretation(%)(%)(%)

*Riskfactors includeimmobilizationfor >3 days priorto presentation,surgery,trauma to the lowerextremitiesor centralvenous instrumentation
within 3 mo of presentation.

TABLE 2
Distribution of Patients and Prevalence of PE for Each V/Q Lung Scan Interpretation Category

with extensive matched V/Q defects and no chest radio
graphic evidence of a pleural effusion or parenchymal ab
normality was 14% (22). In patients with a single matched
V/Q defect, the prevalenceof PE was 26% (22). Therefore,
multiple matched V/Q abnormalities (regardless of size)
may be categorized as low probability of acute PE in the
absence of pleural effusion or parenchymal abnormality.
Patients with single, matched V/Q defects and a normal
chest radiograph have a 26% prevalence of PE and there
fore should be classified as intermediate probability of
acute PE.

A single moderate sized V/Q mismatchwas classified as
representing a low probability of PE using the original
PIOPED criteria.Thirty-sixpercent of patientswith a mod
erate sized V/Q mismatch, however had PE. Therefore, this
finding represents intermediate probability for acute PE
(22).

The overall prevalence of PE in a zone with matching
V/Q defects and chest radiographic opacities (triple
matches) was 26% (23). Triple matches within the upper
and middle lung zones have a lower prevalence of PE
compared to triple matches in the lower lung zones. When
triple matches were present within the upper and middle
lung zones, the prevalences of PE were 11% and 12%,
respectively, whereas PE was present in 33% of lower lung
zones demonstrating triple matches (23). Therefore, pa
tients with matching V/Q defects and chest radiographic
opacities isolated to the upper or middle lung zones repre

High

Intermediate
LowNeryLow
Normal

sent a low probability for acute PE. Similar findings within
the lower lung zones are evidence for intermediate proba
bility for acute PE.

Among patients with no previous cardiopulmonary dis
ease, no patient with PE had radiographic evidence of
pleural effusions occupying more than one-third of the
hemithorax (6). Therefore, V/Q defects with large pleural
effusions represent low probability of acute PE. In contrast,
the majority of patients with PE and pleural effusions had
small effusions which caused blunting of the costophrenic
angles. The prevalence of PE within the lower lung zones in
patients with small pleural effusions was 32% in the right
hemithorax and 25% in the left hemithorax (12). There
fore, matching V/Q defects with a small effusion represent
intermediate probability of acute PE.

The stripe sign is defined as a rim of perfused lung tissue
between the perfusion defect and the adjacent pleural sur
face. The presence of the sign excluded the diagnosis of PE
within the effected zone in 93% of patients (24). Therefore,
perfusion defects demonstrating a stripe sign are unlikely to
be due to PE, and, in the absence of perfusion defects
elsewhere, should be interpreted as low probability for PE.

By utilizing a number of the above revisions to the orig
inal PIOPED criteria, it should be possible to decrease the
number of intermediate V/Q scan interpretations and cor
rectly read them as low probability of acute PE. The use of
revised PIOPED criteria has already been shown to provide

41/49(84)

40/107(37)

19/155(12)
0/7(0)

TABLE 3
Valueof Combining the V/Q Scan Interpretationwith SelectedAssociated Risk Factors

63177(82)
52/207(25)

14/315(4)
0/28(0)

56/58(97)
77/173(45)
37/179(21)

0/39(0)
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r=0.993

High Probability
- 2 large (> 75% of a segment) segmental perfusion defects without corresponding ventilation or CXR

abnormalities.
- 1 large segmental perfusion defect and 2 moderate (25-75% of a segment) segmental perfusion defects without

corresponding ventilation or CXR abnormalities.
- 4 moderate segmental perfusion defects without corresponding ventilation or CXR abnormalities.

Intermediate Probability
- 1 moderate to < 2 large segmental perfusion defects without corresponding ventilation or CXR abnormalities.

- Corresponding V/Q defects and CXR parenchymal opacity in lower lung zone.

- Single moderate matched VIQ defects with normal CXR fmdings.

- Corresponding V/Q defects and small pleural effusion.

- Difficult to categorize as normal, low or high probability.

Low Probability
- Multiple matched V/Q defects, regardless of size, with normal CXR findings.

- Corresponding V/Q defects and CXR parenchymal opacity in upper or middle lung zone.

- Corresponding V/Q defects and large pleural effusion.

- Any perfusion defects with substantially larger CXR abnormality.

- Defects surrounded by normally perfused lung (stripe sign).

- >3 small (< 25% of a segment) segmental perfusion defects with a normal CXR.

- Nonsegmental perfusion defects (cardiomegaly, aortic impression, enlarged hila).

Very Low
- 3 small (< 25% of a segment) segmental perfusion defects with a normal CXR.

Normal
No perfusiondefectsandperfusionoutlinestheshapeof the lungseenonCXR.

V/Q = Ventilation-perfusion
CXR = Chestradiograph

FiGURE3. M@endedPIOPEDWQlungscan interpretationcriteria.

a more accurate assessment of angiographically proven PE
compared with the original criteria (25,26).

The nuclear medicine physician's subjective estimate of
the likelihood of PE (without using specific interpretation
criteria) correlated well with the fraction of patients with
angiographic evidence of PE (Fig. 4). Thus, experienced
readers (such as the PIOPED investigators) can provide an
accurate estimate on the probability of PE based on radio
graphic and scintigraphic findings.

PULMONARY ANGIOGRAPHY IN PULMONARY
EMBOLISM

All angiograms were obtained within 24 hr of the V/Q
lung scan. Both the chest radiograph and V/Q lung scan
were available at the time of angiography. The procedure
was carried out utilizing femoral venous access and a
Seldinger technique. Patency of the inferior vena cava was
checked with hand injections of small amounts of contrast.
A guide wire was used to deflect the catheter into the
pulmonary artery supplying the side with the largest V/Q
abnormality. Low magnification or nonmagnified anterior
posterior images were then obtained. Magnified oblique
views were obtained if PE was not seen on the anterior
posterior projections. At three of the participating centers,
both lungs were routinely examined, while, at the remaining
three centers, the procedure was terminated when PE was
identified in the first lung examined.

Angiographic diagnosis of acute PE was strictly based on

the identification of an intraluminal filling defect or the
trailing edge of a thrombus obstructing a vessel. All pulmo
nary angiograms were interpreted by two readers who were
not from the institutions where the study was performed.
The angiograms were interpreted as to the presence, ab
sence or uncertainty of acute PE. If both readers agreed,
the interpretation was considered final. If the first two
readers disagreed, the interpretation was adjudicated by a
third reader. If all three readers disagreed, the final inter

1.@.

FractIon of
patlsnte
wIthPE

0.8

0.0

0.4

0.2

nfl
0-20 20-39 40-59 60-79 80-100

Readers estImate of PE (%)

FIGURE 4. Correlationof the nuclearmedicine physician'sesti
mate of the likelihoodof PE and the fraction of patients with PE on
angiography.
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pretation was rendered by the Angiography Working
Group Panel.

In patients who had angiographic evidence of PE, reader
agreement was 86% (331 of 383). In patients with angio
grams interpreted as negative or uncertain for PE, reader
agreement was 80% (544 of 681) and 40% (14 of 35),
respectively.

Pulmonary angiography was completed in 99% (1099 of
1111) of patients who consented to undergo the procedure
(27). The distribution of the final angiogram interpreta
tions is presented in Figure 1. In the majority of patients in
whom angiography was not completed, a complication was
encountered during the procedure. Nondiagnostic pulmo
nary angiograms were obtained in only 3% (35 of 1111) of
patients.

The validity of pulmonary angiography was assessed by
the Outcome Classification Committee (Fig. 1). In 681
patients whose angiograms were interpreted as being neg
ative for PE, only 4 patients had their diagnosis reversed by
the committee. Thus, a negative pulmonary angiogram ex
cluded the diagnosis of acute PE in 99% (667 of 681) of
patients. Since angiography was considered the gold stan
dard in the PIOPED study, the validity of a positive angio
gram representing PE could not be assessed. In one patient
with angiographic diagnosis of PE, however, the committee
failed to document PE at autopsy.

An analysisof the regional distributionof PE on angiog
raphy demonstrated that PE occurred more frequently on
the right, compared with the left, and more frequently in
the lower lung zones compared with the middle or upper
lung zones (28).

The complications related to pulmonary angiography
have been well documented by Stein et al. (27). Death
attributed to pulmonary angiography occurred in 0.5% (5
of 1111) of patients. Nonfatal major complications, includ
ing respiratory distress, severe renal failure or hematoma
requiring transfusion, occurred in 1% (14 of 1111) of pa
tients. The frequency of major complications was higher in
patients from the medical intensive care unit compared
with patients from other wards. Minor complications, which
were not life-threatening and responded promptly to phar
maceutical therapy, occurred in 5% (60 of 1111)of patients.
The most common minor complications were urticaria or
pruritus and mild renal dysfunction. The frequency of corn
plications was not related to patient age, the presence of PE
or pulmonary artery pressure.

Pulmonary angiography provided a reliable method for
excluding PE in 99% of patients. The low morbidity (6%)
and mortality (0.5%) associated with pulmonary angiogra
phy justifies its use in selected patients with suspected PE.

OUTCOMEOF PA11ENTSWITHPULMONARY
EMBOLISM

Of the 399 patients in whom PE was confirmed, treat
ment was initiated for 94% (375 of 399). Of the 24 patients
who were not treated, 19 had negative angiogram interpre

tations at the local hospital, which were in disagreement
with the final angiogram interpretation. Death attributed to
pulmonary embolism occurred in only 2.5% (10 of 399) of
patients with PE (29). Of the patients who died of PE, only
one was untreated. Nine of the deaths were due to clinically
suspected recurrent PE. Therefore, when properly diag
nosed and treated, death attributed to PE was relatively
uncommon.

CONCLUSION

The V/Q lung scan is an effective, noninvasive method to
diagnose or exclude the presence of acute PE. Based in part
on the data from the PIOPED study, diagnostic strategies
have been developed and V/Q scanning remains a pivotal
tool in the diagnostic evaluation of patients with suspected
PE (30â€”32).The utility of the V/Q lung scan is optimized
when interpreted as representing a low or high probability
of PE with a concordant clinical likelihood of PE. A normal
V/Q lung scan interpretationexcludes clinically significant
PE. Revisions to the original PIOPED interpretationcrite
na should strengthen the role of V/Q lung scanning in
patients with suspected PE. Many patients, however, will
require further investigation with peripheral venous studies
or pulmonary angiography to confirm the presence or ab
sence of clinically significant thromboembolism.
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