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Lung scintigraphy is used widely for diagnosis of pulmonary embolus
(PE). Technegas ventilation imaging has many advantages over
other methods, but litle outcome data exists on this technique. The
aims of this study were to better define the role of lung scintigraphy in
the management of patients with suspected PE and to evaluate
technegas ventilation imaging by following patient outcomes. Meth-
ods: A group of 717 out of 834 consecutive patients, referred to a
university teaching hospital for lung scintigraphy to confirm or refute
the diagnosis of PE, was followed for 18-30 mo to determine clinical
outcome. The follow-up endpoints were death as a result of PE, death
as a result of hemorrhage after treatment for PE, uncomplicated
survival, survival with subsequent PE, nonfatal hemorthage after
treatment for PE and recurrence of PE in treated patients. Ventilation
imaging was performed using technegas, and perfusion imaging was
performed using intravenous %™Tc macroaggregated albumin. The
modified PIOPED (Prospective Investigation of Puimonary Embolism
Diagnosis) diagnostic criterion was used for interpretation of lung
scintigraphy. Results: Diagnostic results included 3.5% nomal stud-
ies, 67.4% assessed as low probability for PE, 10% as moderate
probability for PE and 19.1% as high probability for PE. A total of 231
patients received therapy with heparin, followed by warfarin, including
those receiving anticoagulation therapy for other conditions. Ninety-
six percent of patients with normal and low probability studies (n =
508) had good outcomes, 6 patients died as a result of PE and 12
subsequently developed PE. The odds ratio for death by PE in this
group was 0.2. Of the 72 moderate probability studies, 39 patients
were untreated. In this group there was 1 death due to PE, and PE
subsequently developed in 2 patients. None of the remaining 33
treated patients died, but 4 patients experienced bleeding complica-
tions. The odds ratio for death by PE in the moderate probability group
was 0.7. In those patients with high-probability studies, there were 8
deaths by PE, 6 deaths by hemorrthage, 11 nonfatal hemorrhages
and 7 patients who experienced recurrences of PE. The odds ratios in
this group were 6 and 10 for death by PE, or death by PE and the
treatment of PE, respectively. Conclusion: The use of the modified
PIOPED diagnostic classification is valid for technegas lung scintigra-
phy. Using technegas, normallow-probability and high-probability
results are highly predictive of respective outcomes. Technegas lung
scintigraphy reduces the number of indeterminate studies.
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The diagnosis of life-threatening pulmonary embolus
(PE) remains an imperfect process using any of the tech-
niques currently available. A paucity of outcome data
prevents direct comparison of techniques, and even the de
facto “gold standard” of pulmonary angiography offers
limited outcome data to validate its status. Ventilation and
perfusion lung scintigraphy is a noninvasive and widely
used test for the diagnosis of PE. Although the technique for
perfusion lung scintigraphy is standardized, the techniques
available for ventilation imaging vary considerably. Ventila-
tion scintigraphy techniques commonly used in the U.S.
include the administration of !33Xe gas, 8!™Kr gas and
aerosolized ¥™Tc-diethylenetriamine pentaacetic acid. Tech-
negas ventilation imaging, using inhaled metallofullerenes
to deliver radiotracer to the alveoli, has been used widely in
Australia since 1986 and more recently in southeast Asia and
Europe. This technique has been proven safe and effective
and has the advantage of allowing a complete series of
ventilation images of the lung (for example, six projections)
to be matched to the same perfusion images (/-5). This
facilitates the detection of mismatched distribution of radio-
tracer on ventilation and perfusion imaging. A widely
adopted diagnostic criterion for the detection of PE by lung
scintigraphy is the modified Prospective Investigation of
Pulmonary Embolism Diagnosis (PIOPED) classification
(6,7). This, however, was devised for use with 133Xe gas
ventilation imaging and has not been validated by a large-
scale outcome study using other ventilation techniques.

The aims of this study were to better define the role of
lung scintigraphy in the management of patients with
suspected PE and to evaluate technegas ventilation imaging
by following patient outcome.

MATERIALS AND METHODS

A total of 834 patients were investigated by lung scintigraphy
between July 1994 and June 1995 at the John Hunter Hospital,
Newcastle, New South Wales (NSW), Australia. This institution is
a tertiary referral university teaching hospital, serving a population
of more than a million. Patients were referred consecutively by a
wide range of general practitioners and specialists for diagnosis of
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suspected PE after full clinical evaluation. Institution approval was
obtained for data collection. Approval was also obtained from
referring physicians and the NSW Department of Births, Deaths
and Marriages. Median patient age was 67 y, with an age range of
16-96 y. Fifty-seven percent of patients were female and 43% were
male. All patients were followed up, and outcome was assessed in
December 1996 by contact with the patient or the patient’s
physician, review of hospital or clinical case records and, when
appropriate, postmortem data and death certificate information
obtained through the Department of Births, Deaths and Marriages.
All investigations for pulmonary embolus or deep-vein thrombosis
and hospital admissions were noted during the follow-up period.
During the follow-up period, a patient was considered to show no
PE only if he or she was (a) not hospitalized with suspected
thromboembolism, (b) not worked up for subsequent PE and (c) did
not die. The study outcome endpoints were: death as a result of PE,
survival with subsequent PE, uncomplicated survival, recurrence of
PE after treatment, death as a result of hemorrhage after treatment
of PE and nonfatal hemorrhage after treatment of PE. The decision
to initiate anticoagulation therapy in each patient was made by the
referring physician on the basis of the lung scintigraphy result,
clinical assessment and, in the case of 7 patients, the results of
pulmonary angiography. Pulmonary angiography was not per-
formed more widely because of funding constraints and nonuni-
form expertise among the radiologists interpreting these studies.
The standard anticoagulation therapy consisted of intravenous
heparin monitored by activated partial thromboplastin time daily,
followed by oral warfarin therapy, monitored by the international
normalized ratio. Oral anticoagulation therapy was continued for a
minimum of 3 mo. A false-negative lung scintigraphy study was
defined by high clinical suspicion or repeat lung scintigraphy
within 28 d of the original study showing change from normal, low
or moderate probability for PE to high probability, or change from
normal or low probability for PE to moderate probability. Recur-
rent PE was defined by a pattern of new or significantly altered
perfusion defects seen on a repeat study performed within the
follow-up period.

The generation of technegas (Tetley Manufacturing, Sydney,
Australia) required 370-740 MBq %™ Tc-sodium pertechnetate in a
volume of 0.1 mL to be instilled into a small carbon crucible placed
between electrodes and heated to 2500°C for 15 s in the presence of
argon gas. The radiolabeled metallofullerenes gas mixture was then
administered to the patients through closed, single-use circuit
breathing tubes until a counting rate of 2000 counts/s was attained.

Ventilation imaging was performed with inhaled technegas, and
six standard views (anterior, posterior, left and right anterior
oblique and left and right posterior oblique) were obtained with up
to 200,000 counts per view acquired in 256 X 256 matrix size. The
same six views were obtained for perfusion imaging after 170-190
MBq #™Tc macroaggregated albumin were intravenously adminis-
tered. All perfusion images had more than 500,000 counts per view,
acquired in 256 X 256 matrix size. The ventilation-to-perfusion
count ratio was always greater than 4. This ratio was never reduced
as a result of deposition of particles in the central airways. Imaging
was performed using Elscint-SP4 and SP6WB gamma cameras,
each with a dedicated computer (Elscint, Haifa, Israel). Low-
energy, medium-resolution collimation was used for all image
acquisitions.

Interpretation of lung scintigraphy was undertaken by four
experienced nuclear medicine physicians, who were blinded to
detailed clinical information. When matched ventilation and perfu-
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FIGURE 1. Comparison of lung scintigraphy results for total
number of patients enrolled (n = 834) and total patients with
documented outcome data (n = 717). All P values and 95%
confidence intervals calculated by relative deviate test.

sion defects were seen on lung scintigraphy, a recent chest
radiograph was used to aid interpretation. The modified PIOPED
diagnostic criterion was used for all lung scintigraphy reports (8).
Interobserver reporting reproducibility was performed using two
teams, each unaware of the other’s reports. When two reporting
physicians could not agree, a third physician provided majority
agreement without clinical information resulting in bias. Intraob-
server reporting reproducibility was performed 3 mo after the
initial lung scintigraphy interpretation, by repeat random-sequence
reporting by one physician. All reporting was performed using a
computer with a 250-gray-scale register.

Comparative statistical analysis was performed using the rela-
tive deviate test (9). Odds ratios and diagnostic reproducibility
were calculated according to previously reported methods (10-13).

RESULTS

Of the 834 patients, 117 were lost during follow-up as the
result of unknown addresses, refusal to consent to follow-up
or inadequate case notes. For each diagnostic category, no
significant difference was found (P > 0.8, relative deviate
test) between the lung scintigraphy results of the total
patients studied (n = 834) and the total cohort (n = 717),
indicating that the outcome data were obtained on a represen-
tative patient sample (Fig. 1). Of the 717 patients, 231
received anticoagulation therapy (Table 1). There were 183

TABLE 1
Lung Scintigraphy Results as Probabilities
for Pulmonary Embolus
Normal Low Moderate High
(%) (%) (%) (%)
Overall (n =717) 25(3.5) 483(67.4) 72(10) 137 (19.1)
Therapy (n = 231)* 2(8) 90 (19) 33(46) 106 (77)

*Including anticoagulation therapy for reasons other than pulmo-
nary embolus.

Results classified as normal, low, moderate or high probability for
pulmonary embolus on lung scintigraphy.
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TABLE 2
Cause of Death in Patients Investigated for Puimonary
Embolus by Lung Scintigraphy

Cause of death (n=183) No. of patients

Pulmonary embolus 15
Hemorrhage (due to anticoagulation) 6
Cancer 31
Sepsis 22
Myocardial infarction 28
End-stage cardiac failure 31
End-stage respiratory failure 33
Acute/chronic renal failure 8
Cerebrovascular accident 3
Ruptured abdominal aortic aneurysm 5
Bowel infarction 1

deaths among the 717 patients who were followed up.
Included among the deaths were 15 patients who died of PE
and 6 patients treated for PE who died of hemorrhage. The
remaining causes of deaths were representative of patients in
a tertiary referral hospital (Table 2).

Diagnostic reproducibility assessed by intraobserver agree-
ment was 97% (k = 93%) and between 82% and 99% (k =
83%) for each diagnostic classification (Table 3). Interob-
server agreement was highest for normal (99%) and low
probability results (96%), and lowest for moderate probabil-
ity (84%) and high probability (82%).

Normal and Low-Probability Studies

Because of the complete ventilation data provided by
technegas, lung scintigraphy reporting varied slightly from
the modified PIOPED classification, in that a study was
considered to be normal only when both perfusion and
ventilation were normal. This interpretation of lung scintig-
raphy prevented a potentially confusing report, with normal
perfusion but abnormal ventilation. Consequently, only 25
patients in this study were classified as normal, and 483 were
classified as low probability for PE. Ninety-two of these
patients received anticoagulation therapy for reasons other
than PE, including chronic arrhythmia (5.4%), valvular heart
disease (8.7%), left ventricular thrombus (13%), peripheral
vascular disease (6.5%), cerebrovascular disease (3.3%),
recent prolonged immobilization or surgery (37%) or previ-

TABLE 3
Diagnostic Reproducibility of Lung Scintigraphy Reporting

Interobserver agreement

Normal study 99%

Low probability 96%

Moderate probability 84%

High probability 82%

Kappa 83%
Intraobserver agreement 97%

Kappa 93%

Results are shown for normal, low, moderate and high probability
for pulmonary embolus.

DiaGNosis OUTCOMES IN PULMONARY EMBoLUS ¢ Howarth et al.

HIGH PROBABILITY*

HIGH PROBABILITY

MOD PROBABILITY

B —
NORM / LOW PROBABILITY

& "
T T

0 05 1 5 10 15 20 25 30

ODDS RATIO FOR DEATH BY PULMONARY EMBOLUS

FIGURE 2. Comparative odds ratios for death by PE in patients
classified as normal (norm)/low, moderate (mod) or high probabil-
ity for PE by lung scintigraphy. 95% confidence intervals are
shown. Asterisk indicates odds ratio for death by PE or treatment
with anticoagulation therapy.

ous venous thrombosis (26.1%). Apart from some patients
with valvular heart disease, anticoagulation therapy was
generally kept within the lower therapeutic range for these
patients.

Most of the 508 patients with normal and low-probability
diagnoses experienced uncomplicated survival (490 or 96%).
Six patients died of PE, and in 12 patients PE developed
within 28 d of the original lung scintigraphy. Pulmonary
angiography was performed within 48 h of lung scintigraphy
in 4 patients who were classified as low probability for PE.
In 1 patient, angiography showed pulmonary vein thrombus
(false-negative lung scintigraphy), and the remaining 3
patients had negative angiography results. The odds ratio for
death by PE in patients with a normal or low-probability
study was 0.2 (Fig. 2).

Moderate-Probability Studies

Seventy-two patients (10%) were classified in the moder-
ate probability for PE group. The decision to initiate
anticoagulation therapy was based on the pretest probability
of PE, and on this basis 33 patients were treated. In this
treated group, there were no deaths by PE, but 4 patients had
serious bleeding complications related to treatment. Of the
remaining 39 untreated patients, 1 died as a result of PE, and
2 patients were subsequently found to have PE on repeat
imaging. The odds ratio for death by PE, for those classified
as moderate probability, was 0.7 (Fig. 2). Two patients
underwent pulmonary angiographies that were negative
for PE.

High-Probability Studies

Of the 717 patients, 137 (19.1%) were classified as high
probability for PE. Of these patients 106 (77%) received
long-term anticoagulation therapy. One patient underwent
angiography, which was negative (false-positive lung scintig-
raphy), and therefore received no anticoagulation medica-
tion. There were 8 deaths as a result of PE. These patients
died before therapeutic anticoagulation was achieved. The
remaining 22 patients were considered unsuitable for long-
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TABLE 4
Serious but Nonfatal Complications of Anticoagulation
Therapy in Patients Treated for Pulmonary Embolus

TABLE 5
Lung Scintigraphy Results of Patients with
Subsequent Poor Outcomes

Gastrointestinal

Severe hematoma

HITTS

Pericardial hemorrhage

Wound hemorrhage

Severe hemoptysis

Total 1

Q=== W

HITTS = heparin-induced thrombocytopenia thrombosis syndrome.

term anticoagulation therapy and were treated with inferior
vena cava filters, subcutaneous calcium heparin or aspirin
therapy. Six patients who received long-term anticoagula-
tion therapy died of hemorrhage, and an additional 11
patients experienced serious nonfatal hemorrhages (Table
4). Seven patients had recurrences of PE, including 4 who
did not receive long-term anticoagulation therapy. The odds
ratio for deaths by PE was 6, and the odds ratio for death by
PE or its treatment was 10 (Fig. 2).

Comparative Outcome

All patients with normal lung scintigraphy survived
without complications. Complication-free survival was also
noted in 96% of patients classified as low probability for PE,
94% of patients classified as moderate probability for PE
and 77% of patients classified as high probability for PE
(Fig. 3). Clinically significant PE was missed in 2.9% of
patients who underwent lung scintigraphy and were initially
classified as low or moderate probability for PE. These
included 7 patients who died as a result of PE and 14 patients
who developed PE after scintigraphy (Table 5). Of those
patients who received anticoagulation therapy, 21 had
serious bleeding complications (9%). Comparison of pa-

survival
* & Warfarin Trested P<0.003
T D Untreated
90
80 - P=0.575 P=0.004

26/39
280/393
2323

MOD LOW* NORMAL*

HIGH*

FIGURE 3. Comparison of complication-free survival (n = 486)
among patients untreated and patients treated with warfarin.
Patients are classified as normal, or as low, moderate (mod) or
high probability for PE by lung scintigraphy. All P values calcu-
lated by relative deviate test.
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Normal Low Moderate High
Death by PE (n=15) 0 6 1 8
Death by hemorrhage (n=6) - - - 6
Subsequent PE (n=14) 0 12 2 0
Recurrent PE (n=7) - — — 7
Hemorrhage (n=15) — - 4 1

PE = pulmonary embolus.

tients on anticoagulation medication with untreated patients
showed that for patients with a high-probability classifica-
tion, significantly more patients on anticoagulation medica-
tion had complication-free survival compared with untreated
patients (P < 0.003). Conversely, for patients with lung
scintigraphy classified as normal or low probability, signifi-
cantly more untreated patients had complication-free sur-
vival compared with patients on anticoagulation medication
(P < 0.003 and P = 0.004, respectively) (Fig. 3, Table 6).
For patients classified as moderate probability for PE, no
significant difference of outcome was found between un-
treated patients and patients on anticoagulation medication
(P = 0.575).

DISCUSSION

Interpretation of ventilation/perfusion lung scintigraphy
for the diagnosis of PE has been described as confusing and
as having the propensity to result in incorrect clinical
decisions (/4). The use of !33Xe for ventilation imaging,
which may not always readily permit direct comparison of

TABLE 6
Patient Outcomes
No.of % of total
Outcome patients (n=717)

Patients treated for PE (n=139)

Death by PE 8 5.8%

Recurrent PE 7 5.0%

Death by hemorrhage 6 4.3%

Life-threatening hemorrhage 15 10.8%

Death by other causes 6 4.3%

Complication-free survival 97 69.8%
Patients not treated for PE (n=486)

Death by PE 7 1.4%

Subsequent PE 14 2.8%

Death by other causes 127 26.2%

Complication-free survival 338 69.6%
Patients anticoagulated for other reason

(n=92)

Death by hemorrhage 3 3.3%

Life-threatening hemorrhage 12 13.0%

Death by other causes 26 28.3%

Complication-free survival 51 55.4%

PE = pulmonary embolus.
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all ventilation images with perfusion images, may contribute
to this perception. !33Xe washes out of the lung quickly,
making multiple views difficult to obtain and, in many
instances, impractical. The advantage of technegas over
133Xe for ventilation imaging is that technegas is retained
within the alveoli long enough to obtain multiple images,
enabling complete image matching to the perfusion study
(15). When ready comparison can be made between ventila-
tion and perfusion images for all views obtained, true
mismatches of ventilation and perfusion can be judged more
accurately.

When PE is diagnosed using lung scintigraphy and
pulmonary angiography, death is uncommon, provided there
is both proper diagnosis and appropriate treatment (/6). The
outcome data presented in this study indicate that lung
scintigraphy using technegas ventilation imaging is highly
predictive of outcomes in patients classified as at normal,
low or high probability for PE. The PIOPED study classified
39% of patients as indeterminate for PE using '33Xe
ventilation and perfusion imaging, whereas our data indi-
cated only 10% of patients as indeterminate (classified
moderate probability for PE) using technegas ventilation
and perfusion imaging (6). Review of the PIOPED data
showed that by using a definition of PE based on unequivo-
cal angiographic findings or autopsy data, 399 of 1487
patients (27%) had PE confirmed. PE was excluded in 960
patients (64%) who had negative pulmonary angiography
and were uneventful at 1-y follow-up. The remaining 128
(9%) were classified as indeterminate (/7). It is of interest
that these results resemble our outcome results of 157 of 717
(22%) for confirmed clinically significant PE, and 560 of
717 (78%) for excluded clinically significant PE. Further-
more, using our lung scintigraphy data, the indeterminate
groups are closely matched (9% versus 10%). Similar results
have been reported elsewhere. A prospective outcome study
of 175 patients investigated by technegas ventilation and
perfusion imaging resulted in: 22% high probability for PE,
14% indeterminate and 64% as low probability, very low
probability or normal (/8). A 1-mo outcome study of 100
patients who underwent technegas ventilation and perfusion
scintigraphy and were classified as low probability showed
that none had clinically significant PE (/9). The original
PIOPED study stated that lung scintigraphy failed to detect
12% of patients with PE and misclassified these as low
probability for PE, when pulmonary angiography was used
as the ““gold standard” for detection of PE. This compares
with the 2.9% of our patients misclassified as low probabil-
ity or moderate probability for PE with poor outcomes,
defined as recurrent PE or death by PE. This discrepancy
reflects both the difference in diagnostic accuracy of lung
scintigraphy techniques used, the different outcome markers
and, possibly, different study populations. Another large-
scale prospective study, albeit with limited outcome data,
demonstrated the value of perfusion imaging (20). The
authors of that study, however, argued that, with the use of a
simplified diagnostic classification, perfusion imaging alone

DiAGNoOsIS OUTCOMES IN PULMONARY EMBOLUS ¢ Howarth et al.

increases diagnostic accuracy for the detection of PE.
Incomplete data relevant to clinical outcomes and reliance
on pulmonary angiography tend to weaken this argument.
The concept of ventilation and perfusion mismatch resulting
from PE remains one of the most useful diagnostic clues for
the presence of PE (21). It is difficult to imagine that when
an optimal standard of ventilation imaging is available,
perfusion imaging alone would offer any true diagnostic
advantage.

Pulmonary angiography or CT methods are yet to be
proven as universally optimal outcome markers. Outcome
data for 167 untreated patients who had negative pulmonary
angiography studies indicate that this test has a good
negative predictive value (22). The detection of pulmonary
emboli by angiographic or CT methods, however, may be of
limited use in determining which patients should be treated
with long-term anticoagulation therapy. Further refinement
of the diagnostic classification of high probability on lung
scintigraphy may also be required to ensure a reliable
diagnosis of clinically significant PE. Our finding of a 9%
bleeding complication rate after anticoagulation is not
trivial. Therefore, although it remains important, the detec-
tion of PE must be balanced by the correct selection of
patients to be treated by anticoagulation therapy. The
detection of small or clinically insignificant PE may place
the patient on anticoagulation medication at greater risk of
bleeding than the benefits of therapy would justify.

Although these results indicate that the modified PIOPED
diagnostic classification is appropriate for use with techne-
gas ventilation and perfusion imaging, they do not imply that
this is the best diagnostic classification for PE. The interob-
server agreement for the high and moderate probability
criteria was relatively low compared with the normal and
low probability criteria. This indicates that estimation of
what represents two or more segments of ventilation/
perfusion mismatch may vary from one observer to the next.
This may make it difficult to classify a study decisively as
high probability or moderate probability for PE. Other
authors also have suggested that for technegas ventilation
imaging, further modification of the PIOPED classification
may be required (/8).

CONCLUSION

The data from the PIOPED study have provided an
important basis for the diagnostic classification of PE, on
which further refinement and modification should be made.
These data confirm that the modified PIOPED diagnostic
classification is appropriate for use with technegas ventila-
tion imaging and standard lung perfusion scintigraphy. In
addition, these data indicate that when using technegas
ventilation imaging, a normal or low-probability lung scin-
tigraphy result is highly predictive of a good clinical
outcome in cases in which the patient is given anticoagula-
tion medication. It is also likely that a high-probability lung
scintigraphy result is highly predictive of a good clinical
outcome in cases in which the patient receives anticoagula-
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tion therapy. However, relatively high morbidity and mortal-
ity related to anticoagulation therapy in this group indicates
that further refinement of this diagnostic classification may
be warranted. Using technegas ventilation for lung scintigra-
phy reduces the number of indeterminate studies and has the
potential to reduce the number of patients requiring pulmo-
nary angiography for the diagnosis of PE.
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