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ABSTRACT

Aim: To determine whether the survival of patients with suspected acute
pulmonary embolism (PE) relates to radiological probability of acute PE assessed
using lung scintigraphy scans (LSS).

Methods: Lung scintigraphy scan results from a venous thromboembolism
database were categorised as high, indeterminate or low probability using the
modified PIOPED criteria and corresponding chest X-rays (CXRs) as normal or
abnormal. Mortality data on these cases were obtained from the General Register
Office for Scotland, and survival was analysed using the Kaplan-Meier method.
Results: Of the |,818 LSS analysed, 941 (51.8%) were normal, 532 (29.3%)
indeterminate and 345 (19.0%) high probability. After an adjustment for age and
gender, no significant survival difference was found between patients with normal
and high probability LSS (p=0.182). However, patients with indeterminate LSS had
significantly lower survival than patients in the other groups. This difference
persisted after adjustment for CXR result.

Conclusions: Indeterminate LSS results are associated with a poor prognosis.
Careful follow-up of patients with inderminate LSS would appear to be justified.
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INTRODUCTION

Although most centres now employ computed
tomography pulmonary angiography (CTPA) as the first-
line investigation for clinically suspected pulmonary
embolism (PE),' lung scintigraphy scans (LSS) remain a
useful imaging modality® which is still widely used.*” The
PIOPED study suggested that high probability LSS are
reliable in confirming PE (specificity 97%) and normal
scans can reliably exclude PE (sensitivity 98%).° However,
almost two-thirds of scans in the PIOPED study were of
intermediate or low probability and associated with a
25—40% risk of PE. All LSS can be categorised as either
high probability of PE, indeterminate probability of PE, or
normal. The aim of this study was to test the hypothesis
that survival would be inversely related to the radiological
probability of PE as assessed by LSS performed at the
time of presentation with clinically suspected PE.

METHODS

Results from 2,092 LSS performed at a single teaching
hospital between April 1994 and August 2000 were
prospectively entered onto a database and retrospectively

reviewed. During this period LSS were the first-line
diagnostic procedure used at this hospital for investigation
of suspected PE. Computed tomography pulmonary angio-
graphy was introduced towards the end of this period but
was initially used to problem-solve non-diagnostic LSS.
Radiologists reported LSS using modified PIOPED criteria
throughout this time period.® Scan results were recorded
on the database at the time of scanning as normal,
indeterminate or high probability. The indeterminate group
combined intermediate and low probability categories
described by the PIOPED investigators. Radiologists also
recorded whether the corresponding chest X-ray (CXR)
was normal or abnormal. All CXRs were performed
within 24 hours prior to the LSS, where possible using a
postero-anterior projection. An Ohio Nuclear Sigma
410 gamma camera was used for scintigraphy, with
80 MBq of technetium-labelled albumin macro-aggregates
administered intravenously for perfusion imaging and
inhalation of 80 MBq of Xenon-133 or Xenon-127 for
ventilation studies when required.

Mortality data were obtained, courtesy of Mr | Brown,
from the General Register Office for Scotland (GROS),
which registers all deaths in the country. If four personal
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FIGURE | Kaplan-Meier survival curves in patients with
normal, indeterminate or high probability scintigraphy scans
(p<0.001 overall, p=0.017 for the comparison between
patients with indeterminate and high probability scans,
p<0.0005 for the comparisons between patients with normal
scans and either of the other two scan groups; log-rank test).

identifiers (surname, date of birth, gender and postcode)
matched GROS data, the patient was considered
deceased and the date of death recorded. If three of four
identifiers matched, other identifiers were manually
checked to confirm or refute matching. If no match was
found, the patient was considered alive.

Survival time was defined as that between the date of
the index LSS and date of death. Surviving patients were
censored at five years after the LSS or at the date of
attempted matching at GROS if five years had not
elapsed (this applied for 67 patients — minimum follow-
up 4.36 years). Survival was analysed using the Kaplan-
Meier method on the Statistical Package for Social Sciences
(SPSS). Statistical significance was considered to be at the
level of p<0.05. Cox regression analysis was used to assess
the relative independent contributions of each factor
(age, gender, LSS result and CXR result) to survival.

The likelihood ratios (LR) backward stepwise method
was used to rank the individual factors.The rule assumed
here was a special instance of the Akaike Information
Criterion, that the higher the increase in the -2 log
likelihood statistic on removal of any one factor from
the full model, the more important the factor is in
predicting patient outcome.®

RESULTS

Data were excluded if the LSS was an individual’s second
or subsequent scan during the study period (n=129) or
if no Scottish postcode was found (n=145). Therefore
1,818 LSS remained in the final analysis, of which 941
(51.8%) were normal, 532 (29.3%) indeterminate and
345 (19.0%) high probability. Normal scans predicted for
significantly greater survival rates than high probability

J R Coll Physicians Edinb 2010; 40:196—200
© 2010 RCPE

1.0 4 TABLE | Results of Cox regression analysis, adjusting for
age and sex
p-value | Hazard | 95% confidence
0.9 1 __| Normal ratio interval
Scans (n =941)
Lower Upper
s 0.8 Indeterminate | 0.000 1.826 1.441 2314
T vs normal LSS
=5
ﬁ | High Probability High probability | 0.182 1.210 0915 1.601
.% 07 Scans (n, = 345) vs normal LSS
E | indeterminate High probability | 0.001 0.663 0.515 0.852
a Scans (n, = 532) vs indeterminate
T LSS
0 1 2 3 4 5 Sex 0.045 1.226 1.004 1.496
Time (years) (n, = Number at risk) (male vs female)
Age (diffence per | 0.000 1.069 1.060 1.078

year increase)

TABLE 2 Results of Cox regression analysis, with
adjustment for chest X-ray result, age and sex

p-value | Hazard | 95% confidence

ratio interval
Lower Upper
Indeterminate vs | 0.001 1.636 1.237 2.166
normal LSS
High probability | 0.332 1.174 0.849 1.622

vs normal LSS

High probability | 0.024 0.717 0.538 0.956
vs indeterminate

LSS

Chest X-ray 0.000 1.818 1.380 2.395
(abnormal vs
normal)

Age (difference 0.000 1.065 1.055 1.074
per year increase)

Sex (male vs 0.080 1.220 0.976 1.524
female)

and indeterminate scans (p<0.001), with indeterminate
scans predicting significantly lower survival rates than
high probability scans (p=0.017; log-rank test) (Figure I).
The percentage of males in the normal, indeterminate
and high probability groups were 42.2%, 45.1% and
45.8% respectively. The mean ages were 48.9 years, 61.1
years and 62.0 years for the normal, indeterminate and
high probability groups respectively.

After adjustment for influences of age and gender (using
Cox regression analysis), no significant difference in
survival was seen between patients with normal and
high probability LSS (p=0.182). However, the difference
in survival between patients with indeterminate and high
probability LSS was significant (p=0.001), with the
indeterminate scan predicting a lower survival (Table I).
Patients with indeterminate scans also had significantly
reduced survival when compared with patients who had
normal scans (Table 1).
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TABLE 3 The increase in the -2 log likelihood statistic on
removal of any of the factors — and the corresponding
p-value — from the LR backward stepwise regression. This
shows that the appropriate importance ranking for the
independent contribution of each factor to the regression
model is age > CXR result > LSS result > sex

Term removed -2 log likelihood | p-value
increase
Step | | Age 224.698 0.000
Sex 3.049 0.081
LSS result 13.262 0.001
CXR result 19.398 0.000

Chest X-ray data corresponding to 1,406 scans (77.3%)
were available. A total of 733 CXRs (52.1%) were
considered normal. The corresponding CXR was
abnormal in 26%, 78% and 58% of patients with a normal,
indeterminate and high probability scan respectively.
When including the CXR result as an additional variable
in the Cox regression analysis, the difference in survival
between patients with normal and high probability LSS
remained non-significant (p=0.332). However, there was
still a statistically significant difference in survival when
comparing patients with indeterminate scans and patients
in either of the other two groups (Table 2). When the
survival analysis in Figure | was repeated using only
patients with a normal CXR, no significant difference
was found between the (relatively small) subgroups with
indeterminate and high probability LSS.

Using the LR backward stepwise method (Table 3), the
relative importance of the CXR result on the overall sur-
vival was found to be greater than that of the LSS result.

DISCUSSION

Acute PE occurs most commonly in patients over the age
of 60 and has been associated with all-cause mortality
rates of around 15% at three months.’ It is suspected
clinically far more often than it is confirmed radiologically.
A study by Hyvitfeldt Poulsen et al. showed that among
patients with suspected PE the one-year all-cause mortality
for patients with PE confirmed by imaging was not
significantly different from that in patients for whom PE
was refuted by imaging (18% and 15% respectively).”
A separate study found a six-month all-cause mortality of
|8% for patients who had an intermediate probability lung
scan, very few of the deaths being attributable to PE."

A striking finding in this large outcome study is the
observation that patients who had PE excluded (normal
LSS) had no better long-term survival than those with
PE confirmed (high probability LSS) when correcting for
age and gender distribution. These data suggest that
among patients with symptoms suggestive of PE,
thromboembolism per se may not be the principal
prognostic determinant.

It is also intriguing that patients with an indeterminate
scan did significantly worse than those with a normal or
high probability LSS.This could be explained by the fact
that many underlying cardiopulmonary diseases can
predispose to an indeterminate LSS, resulting in a higher
proportion of co-morbidities in this group. This is
supported by the observation that patients with an
indeterminate LSS had the highest proportion of
abnormal CXRs.When including the CXR result in the
analysis, the survival difference between patients with
indeterminate and high probability LSS was still significant,
albeit less strongly.

The manner in which patients with indeterminate lung
scans are managed may also be important, and we
cannot exclude the possibility that untreated PE may
have contributed to mortality in our indeterminate LSS
group. Pulmonary embolism is present in 30% of patients
with intermediate probability interpretations and in 14%
with low probability interpretations,” and a non-
diagnostic lung scan should not be considered an
endpoint in itself. On evaluation of a subset of patients
with non-diagnostic lung scans, we found that no further
investigations were performed in 55%." It is likely that
some of these had undiagnosed and untreated PE, and
that others without PE may have been inappropriately
treated. In either case this might contribute to the poor
prognosis in the indeterminate LSS group.

The observations presented here are broadly in keeping
with prospective data from our own group, suggesting
that patients with no evidence of PE at CTPA have a
short-term prognosis no better than patients in whom
CTPA confirms PE.” The emerging picture suggests that
patients with clinically suspected PE in whom the
diagnosis is refuted represent a heterogeneous and ill-
defined group which collectively has a poor prognosis.
We believe this trend may be under-recognised,
emphasising the need for further investigation in
symptomatic patients with an indeterminate LSS and
suggesting that this particular cohort of patients deserves
further study. The PIOPED study states that an
indeterminate LSS should not be an endpoint and
advises that additional investigation for PE should be
performed in this group.’ These days, such additional
studies will usually take the form of a CTPA. Our data
suggest that co-morbidities already known about or
demonstrated by these additional studies may contribute
significantly to subsequent mortality.

A further implication of our findings relates to the
importance of the CXR in stratifying risk for patients who
have LSS for suspected PE.” Computed tomography
pulmonary angiography is now the primary investigative
tool in patients with suspected PE,and CTPA is particularly
recommended for patients with an abnormal CXR" or
with an indeterminate lung scan.Table 3 suggests that the
CXR result was more influential in assessing survival than
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the LSS result. However, some caveats must be kept in
mind. The retrospective nature of this study precludes
accurate delineation of the pathological abnormalities
underlying the CXR changes.The CXR abnormalities of a
subset of patients from the same database were
characterised in an earlier paper.'* Individual CXR
abnormalities (consolidation, pleural effusion, cardio-
megally, chronic obstructive pulmonary disease, left
ventricular failure, scarring and linear atalectasis) were all
shown to independently increase the probability of a
non-diagnostic LSS compared with a normal CXR."?
These abnormalities will often reflect the presence of
co-existing cardio-pulmonary disease.

Our study has the strength of including comprehensive
numbers of patients for whom key data (LSS result and
outcome) were available. However, we recognise that
this retrospective analysis has a number of limitations
that could have influenced our results and their
interpretation. In particular the inter- and intra-observer
variation in LSS reporting is not defined. In addition, we
cannot stratify the patient groups according to pre-test
probability of PE, and therefore cannot comment on
how clinically ‘appropriate’ scan requests were for each
group. Nor can we guarantee that co-morbidities likely
to impact significantly on survival were evenly distributed
among the groups studied. It might be anticipated that
co-morbidities which predispose to PE (e.g. extrathoracic
malignancy/cerebrovascular disease)” are likely to be
over-represented in the ‘high probability’ group, in which
the diagnosis of PE is most secure. However, there is also
likely to be a lower threshold for investigating such
patients for suspected PE simply because their increased
risk of PE is well recognised. This in turn will lead to
more patients without PE being investigated. The
co-morbidities present may result in an abnormal CXR
with more matched CXR/perfusion abnormalities and
more non-diagnostic LSSs.
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We also acknowledge that the method used for obtaining
mortality data has its limitations, as it would not detect a
patient’s death if he or she died after migrating out of
Scotland. However, according to the 2001 UK Annual
Census, the rate of migration out of Scotland is less than
[%,'¢ so the number of patients missed is likely to be
negligible. A further limitation of the study is that we
cannot accurately comment on causes of death. Data
from death certificates were available, with PE recorded
as the cause of death, in only 4% (approximately two-
thirds of these in the high probability LSS group). However,
as death certificates are so notoriously inaccurate we
could not depend on the reliability of these data.

Finally, it is important to recognise that our observation
of an indeterminate LSS predicting a poorer prognosis
than high probability LSS holds true for unselected
patients with suspected PE.When only patients with a
normal CXR were considered, this difference was no
longer statistically significant. The importance of this caveat
lies in the fact that currently, in many healthcare systems,
LSS is reserved for those patients with a normal CXR.

In conclusion, indeterminate scintigraphy scans are
associated with a poorer prognosis than normal or high
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This year, the Royal College of Physicians of Edinburgh is
organising its 50th St Andrew’s Day Symposium.To mark
the anniversary of the College’s annual flagship event, this
year’s symposium will be slightly different in nature.
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cell biology, and the College is delighted that Professor
David Porteous will give the Ballantyne Lecture on ‘Our
genetic inheritance: a decade on from sequencing the human
genome’. In addition, Baroness llora Finlay will give the Sir
James Cameron Lecture on ‘Palliative care — 2020 vision’.

Gastroenterology
Infectious diseases
Palliative care
Respiratory medicine

To view the full programme
and to book online please visit

http://events.rcpe.ac.uk or
contact:

Eileen Strawn

Symposium Co-ordinator
Royal College of Physicians of
Edinburgh

9 Queen Street

Edinburgh EH2 1)Q

Tel: 0131 247 3619
E-mail: e.strawn@rcpe.ac.uk
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