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Sickle cell disease, a complex disorder with known pulmonary
complications, has the potential to confound the diagnosis of

pulmonary embolism. We hypothesized that when the choice of

imaging is guided by chest radiographic results, CT pulmonary

angiography (CTPA) and ventilation–perfusion (V/Q) scintigraphy
have comparable diagnostic performance in sickle cell disease.

Methods: A retrospective cohort of adults with sickle cell disease

who were imaged for suspected pulmonary embolism with either

CTPA or V/Q, from 2000 to 2016 at our institution, was established.
To reduce radiation exposure, our practice recommends V/Q for

stable patients with normal chest radiographs. Results of index pul-

monary embolism imaging, 90-d follow-up, and results of chest
radiography were recorded. Results: Two hundred forty-five adults

with sickle cell disease comprised the cohort. The mean age (±SD)
was 33 ± 10.5 y, and 58% (141) were men. Index imaging was V/Q in

62.9% (n 5 154) and CTPA in 37.1% (n 5 91). Chest radiographs,
performed in 96.3% (n 5 236), were normal in 72.9% (n 5 172).

Imaging results for pulmonary embolism were negative in 88.2%

(n 5 216), positive in 4.1% (n 5 10), and indeterminate in 7.8%

(n 5 19) with no difference between V/Q and CTPA (P 5 0.63).
Reimaging within 90 d occurred in 9.8% (n 5 24), 14.7% (20/136)

after initial V/Q, and 5% (4/109) after initial CTPA (P 5 0.08). Reim-

aging revealed a pulmonary embolism diagnosis after negative/

indeterminate results in 0.7% (1/149) of V/Qs and 1.2% of (1/86)
CTPAs (P 5 0.69). Over the 17-y study period, 47% (114/245) un-

derwent repeated imaging, and 11% (27/245) were diagnosed with

pulmonary embolism at least once. Conclusion: In sickle cell dis-
ease patients with suspected pulmonary embolism, positive imag-

ing rates were low for any given clinical presentation, but 11% of the

cohort was diagnosed with pulmonary embolism over the 17-y

study period. CTPA and V/Q performed comparably for pulmonary
embolism diagnosis when the choice of imaging was guided by

results of chest radiography. Hence, V/Q is a reasonable first choice

for sickle cell disease patients with normal chest radiographs.
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The differentiation of acute pulmonary embolism from pneu-
monia, fluid overload, and chronic pulmonary hypertension in

individuals with sickle cell disease is challenging. It can be even
more difficult to distinguish the clinical features of thromboembolic

pulmonary embolism from other complications such as bone mar-

row/fat embolism, in situ pulmonary artery thrombosis, and acute

chest syndrome. Indeed, upward of 90% of sickle cell disease adults
have abnormal pulmonary function tests (1), which may be related

to the increased rates of pulmonary fibrosis, pulmonary hyperten-

sion, pulmonary hemosiderosis, and asthma (2–4). These additional

pathologies have the potential to clinically mask the presence of
pulmonary embolism, delaying or obstructing management even

further. As sickle cell disease pulmonary complications often have

different treatments, therapeutic endpoints, and prognoses, their dis-

tinction is necessary for appropriate management.
In patients with sickle cell disease suspected of having a

pulmonary embolism, lung imaging is often the first test used

because D-dimer results may be elevated from other causes (5).

The 2 most commonly used pulmonary embolism imaging tests
are the CT pulmonary angiogram (CTPA) and ventilation–perfu-

sion (V/Q) scintigraphy. Over the past several decades, CTPA has

become the most commonly used imaging test for pulmonary

embolism. Although less commonly performed than CTPA, the
V/Q scan is a reasonable, and currently a lower radiation dose

imaging modality, for suspected pulmonary embolism (6–9). Re-

ducing radiation exposure is particularly relevant to sickle cell
disease patients who are younger and thus more biologically sus-

ceptible to the ill effects of radiation exposure, and whose lifelong

chronic illness makes them both more likely to develop significant

kidney disease and to undergo repeated imaging (5). The V/Q scan
also has the advantage of not requiring the administration of in-

travenous contrast.
Although studies have compared the performance characteris-

tics of CTPA and the V/Q scan for pulmonary embolism in the
general population, to our knowledge, no studies to date have

compared their diagnostic performance in individuals with sickle

cell disease. There has been clinical concern that other sickle cell

disease–related pulmonary pathologies could affect the diagnostic
performance of V/Q. On the other hand, the physiologic informa-

tion provided by V/Q may provide added value.
Our institution’s practice is to use the chest radiograph to triage

stable patients with normal chest radiographs to V/Q scan and
those with abnormal radiographs to CPTA; patients with contra-

indications to either examination had the alternative examination

recommended. Final imaging decision remains in the hands of the
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requesting physician (10). We hypothesized that CTPA and V/Q
scintigraphy would have comparable diagnostic performance, with
this practice algorithm, for individuals with sickle cell disease
imaged for pulmonary embolism.

MATERIALS AND METHODS

Patient and Imaging Selection

The population for this 17-y single-center retrospective cohort
study was derived from a combination of databases and patient-level

chart review. A database of sickle cell disease adults aged 18 y or
older seen at Montefiore Medical Center, Bronx, New York, between

2000 and 2016 established the cohort. Sickle cell disease patients
could be HgSS, HgSC, HgSbo, HgSD, HgSE, or HgSO, or HgSb1

Thalassemia. Sickle cell disease was confirmed by hemoglobin elec-
trophoresis results. Patients were excluded if the hemoglobin electro-

phoresis was absent or inconsistent with the disease or the clinical

notes did not support the diagnosis. Patients with confirmed sickle cell
disease who were imaged with V/Q scan or CTPA between 2000 and

2016 were identified with Montage Health Care Solution system and
Looking Glass Clinical Analytics (Streamline Health), which inte-

grates clinical and administrative datasets. The date of first imaging
with either V/Q scan or CTPA during the study period was considered

the index date. Follow-up V/Q scans and CTPAs performed after the
index date were noted. In the 3 cases for which individuals received

bone marrow transplantations during this period, only those studies
performed before the bone marrow transplantation were included.

This study was approved by the Einstein Montefiore Institutional
Review Board (#2016-6115), which waived informed consent.

Data Collection

Demographics including age at the index scan, sex, and sickle cell

hemoglobinopathy type were recorded as was patient location, when
available.

During the study period, CTPAs were performed on a variety of
helical scanners ranging from single-detector to 64-detector row CT

technology. Radiation dosimetry data for the present study cohort
were not collected. However, institutional dosimetry data for CTPA at

our institution, available from 2007 to 2015 (11,12), demonstrated
decreased radiation exposure from CTPA from 11 to 5.3 mSv, more

recently. The V/Q scan technique was stable during the study period,
with an estimated radiation exposure of 2.6 mSv (13). The ventilation

portion routinely used 1.48 GBq (40 mCi) of aerosolized 99mTc-
labeled DTPA followed by the perfusion scan performed after intra-

venous administration of 1.11–1.48 GBq (3–4 mCi) of 99mTc-labeled
macroaggregated albumin.

For each scan, the relevant information was ascertained from the
chart and official imaging report including the type and date of the

study, the imaging result with regard to pulmonary embolism, and the
interpretation of the preceding radiograph, when available. Chest

radiographs were classified as normal or abnormal based on whether
the report described pulmonary or pleural findings such as effusions,

infiltrates, or opacities. Each V/Q or CTPA study was characterized
on the basis of the clinical report as being negative, positive, or

indeterminate for pulmonary embolism. CTPAs indicating central,
segmental, or subsegmental pulmonary embolism were considered

positive. A study was considered indeterminate if it was explicitly
interpreted as indeterminate or nondiagnostic or the report impression

was uncertain with regard to pulmonary embolism. Those images
positive for pulmonary embolism were further divided by whether the

result indicated acute or chronic pulmonary embolism. For V/Q scans,
probability interpretation was used until mid-2009 when we adopted

the trinary interpretation scheme. Probability interpretations were

reclassified into trinary interpretation as we previously described (14).

A prior V/Q scan indicating a mismatched defect in the same location

was used to diagnose chronic pulmonary embolism.
For positive imaging studies, additional information was ascertained,

if available, including results of venous ultrasounds for deep vein
thrombosis, presence of vascular access devices, and therapeutic

anticoagulation during the hospitalization and a discharge prescription.

Statistical Analysis

Descriptive statistics were used for patient characteristics, rates of
pulmonary embolism detection in relationship to the index scan, and

characteristics of positive pulmonary embolism imaging. The x2 or
Fisher exact test was used, as appropriate, with significance at a

P value of less than 0.05. x2 statistics were used for bivariate analyses
of the differences between CTPA and V/Q scan results and their

relations with preceding results of chest radiography. Statistical sig-
nificance was defined as a P value of less than 0.05.

RESULTS

Patient Characteristics and Index Imaging

The cohort comprised 245 adults with sickle cell disease. Mean
age was 33 6 10.5 y and 58% (141) were men (Table 1). Index
imaging was V/Q scan in 62.9% (154/245) and CTPA in 37.1%
(91/245). As shown in Table 2, 96.3% (236/245) of the cohort
underwent a chest radiograph before their index scan and the
results were normal in 72.9% (172/236). Overall, the scans were
negative for pulmonary embolism in 88.2% (216/245), positive for
pulmonary embolism in 4.1% (10/245), and indeterminate in 7.8%
(19/245). Indeterminate results were significantly less common in
the more recent era, from 2010 to 2016, compared with the earlier
era (2000–2009) (4.8% [8/165] vs. 12.7% [10/79], respectively,
P 5 0.04). This decrease in indeterminate results in the recent era
occurred for both modalities, statistically significantly for CTPA
(CTPA: 1.6% [1/64] vs. 18.5% [5/27], P 5 0.008; V/Q: 6.9% [7/
101] vs. 9.6% [5/52], P 5 0.54). There was overall no difference
between V/Q scan and CTPAwith regards to pulmonary embolism
negative, positive, or indeterminate results (P 5 0.63), when the
chest radiograph was normal (P 5 84), or abnormal (P 5 0.57).
Among the 10 patients with acute pulmonary embolism on

index imaging, all were anticoagulated as inpatients, and 90%
(9/10) were discharged on anticoagulation. One patient, who left

TABLE 1
Study Cohort Characteristics

Characteristic n 5 245

Mean age ± SD (y) 33 ± 10.5

Male 141/245 (57.5%)

Hemoglobin type

Sickle S 182 (74.3%)

Sickle C 40 (16.3%)

S-β-Thalassemia 21 (8.6%)

Sickle, other* 2 (0.8%)

Patient location

Emergency department 60/245 (24.5%)

Inpatient 104/245 (42.4%)

Unknown 81/245 (33%)

*1 patient with HgSE, 1 patient with HgS-O Arab.
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against medical advice, did not accept anticoagulation at discharge.
A potential source for the pulmonary embolism was evident in 50%
(5/10): 3 of 5 had deep vein thrombosis on ultrasound, and 2 of 5
had a vascular access device in situ.

Repeated Imaging

Of the study population, 9.8% (24/245) underwent a second
imaging study within 90 d of the index examination (Table 3);
results were concordant in 54.2% (13/24). Patients with index
V/Q underwent more second imaging examinations than those with
index CTPA, 52.6% versus 36.2% (P 5 0.01). Among the 7.8%
(19/245) patients with initial indeterminate results, 47% (9/19) un-
derwent reimaging within 90 d. Of the indeterminate V/Q scans, 7
of 9 were reimaged within 3 d by CTPA; 6 were negative and 1 was

diagnosed as a chronic pulmonary embolism. One patient with in-
dex CTPAwas reimaged by V/Q on day 7, with results positive for
pulmonary embolism; this patient was discharged on new antico-
agulation. For 1 patient with a history of deep vein thrombosis and
pulmonary embolism, the initial indeterminate V/Q scan was fol-
lowed but a subsequent V/Q scan that demonstrated chronic pulmo-
nary embolism and the patient was maintained on anticoagulation.
Among the 10 patients with indeterminate scans who were not
reimaged within 90 d, 2 were maintained on anticoagulation for
prior known thromboembolic disease, 4 with low clinical suspicion
were discharged without anticoagulation, 1 was started on new anti-
coagulation, and 3 had documentation that was unclear.
Although additional imaging was more likely when the index

examination was positive or indeterminate for both CTPA and

TABLE 2
Results of Index Imaging for Pulmonary Embolism

Index scan Imaging test PE− (216 [88.2%]) PE1 (10 [4.1%])

Indeterminate

(19 [7.8%]) P

All (n 5 245)* CTPA (n 5 91) 80 (87.9%) 5 (5.5%) 6 (6.6%) 0.63

V/Q (n 5 154) 136 (88.3%) 5 (3.2%) 13 (8.4%)

Normal (n 5 172) chest radiograph CTPA (n 5 40) 37 (92.5%) 1 (2.5%) 2 (5.0%) 0.84

V/Q (n 5 132) 118 (89.4%) 4 (3.0%) 10 (7.6%)

Abnormal (n 5 64) chest radiograph CTPA (n 5 47) 39 (80.8%) 4 (8.8%) 4 (8.5%) 0.57

V/Q (n 5 17) 13 (76.5%) 1 (5.9%) 3 (17.7%)

*Nine patients did not undergo chest radiographs.

PE 5 pulmonary embolism.

TABLE 3
90-Day V/Q and CTPA Comparison (n 5 24)

First scan result (n) Result of repeated scan CTPA V/Q

V/Q negative (8) Negative 4 2

Positive 0 1*

Other 1 (chronic PE) 0

V/Q indeterminate (8) Negative 6 0

Positive 0 0

Other 1 (indeterminate) 1 (chronic PE)†

V/Q positive (4) Negative 1 0

Positive 3 0

Other 0 0

CTPA negative (3) Negative 2 1

Positive 0 0

Other 0 0

CTPA indeterminate (1) Negative 0 0

Positive 0 1‡

Other 0 0

*V/Q repeated 57 d after initial V/Q on another hospitalization. Subsequent CTPA performed during that hospitalization was reported as

negative for pulmonary embolism; patient was discharged without anticoagulation.
†Patient already on anticoagulation for prior deep vein thrombosis.
‡V/Q performed on day 7, and patient discharged on anticoagulation.

PE 5 pulmonary embolism.
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V/Q scan (P , 0.01, both), 4.6% (10/216) with negative index
imaging also underwent repeated imaging within 90 d. These
results were again negative for acute pulmonary embolism in
90% (9/10).
Over the 17-y study period, repeated imaging was common. Of

the 245 patients, 36.7% (90/245) underwent at least 1 additional
imaging study for pulmonary embolism more than 90 d after the
index scan, during a different clinical presentation. Among patients
with an index CTPA, 36.2% (33/91) underwent a second imaging
examination at any point within the study period versus 52.6% (81/
154) for those with index V/Q (P 5 0.01). Among the 47% (114/
245) of the study population who underwent imaging for pulmonary
embolism more than once, 32% (78/245) had 2 studies, 7.8% (19/
245) had 3 studies, and 7% (17/245) had 4 or more studies, with 1
patient undergoing 21 scans (18 V/Q scans and 3 CTPA) (Table 4).
Of the study population, 11% (27/245) had imaging positive for
pulmonary embolism at least once over the 17-y study period.

DISCUSSION

This is the first study, to our knowledge, that has addressed the
performance of CTPA and V/Q scan for suspected pulmonary
embolism in patients with sickle cell disease. We found compa-
rable diagnostic performance for the 2 modalities in our practice.
We observed a low prevalence of pulmonary embolism: only 4%
for a given clinical presentation, lower than previously reported
(15–17). However, over the 17-y study period, 11% of our sickle
cell disease cohort who presented with symptoms that warranted
imaging had a diagnosis of pulmonary embolism.
Our clinical practice recommends V/Q scans for stable patients

with normal chest radiographs and for those with contraindications
to CTPA and CTPA for those with abnormal chest radiograph or
unstable patients. This practice has been validated in the general
emergency department population (10) and is designed to refer
suitable patients for V/Q scans, which typically performs well in
those with normal chest radiograph and currently confers a lower
radiation exposure than CTPA (7,13). However, V/Q scans may
have diagnostic limitations in the presence of lung disease; the
practice of referring patients with abnormal chest radiographs to

CTPA mitigates these limitations and provides diagnostic alterna-
tives demonstrated on CT.
An important hypothetical concern regarding the performance of

V/Q scans in patients with sickle cell disease, in particular, relates to
the common pulmonary vascular complications including vaso-
occlusive crisis, in situ pulmonary artery thrombosis, and fat/bone
marrow embolism due to bone infarction (18). We were unsure
whether these complications of sickle cell disease might result in
high false-positive and indeterminate rates for V/Q scans compared
with CTPA. Our results, however, do not substantiate this concern;
most of both V/Q scans and CTPAs were negative for pulmonary
embolism and the positivity rate of V/Q scans and CTPA were
comparable. Although the indeterminate rate for V/Q was higher
than for CTPA, this difference did not reach statistical significance
and was most notable for patients with abnormal chest radiographic
results who likely underwent evaluation with a V/Q scan, in excep-
tion to our clinical algorithm, due to contraindications to CTPA. In
addition, imaging results were significantly less frequently indeter-
minate in the recent era, 2010–2016, compared with 2000–2009,
statistically significantly so for CTPA. During this time, we adopted
the trinary interpretation scheme for V/Q (14) and began to question
the clinical implications of limited negative CTPA results (19).
Among the 19 patients with indeterminate results, anticoagulation
was initiated in only 2 patients after indeterminate CTPAs. Hence,
clinical outcomes were indistinguishable between patients who un-
derwent index CTPA and index V/Q scan.
Sickle cell disease is often described as causing a hypercoag-

ulable state due to several mechanisms including decreased levels
of anticoagulation factors, upregulation of endothelial procoagu-
lant activity, coagulation factor and platelet activation, increased
cytokine expression, decreased nitric oxide, and chronic damage
from sickling (20,21). Previous reports have suggested that this
prothrombotic diathesis has resulted in an increased rate of large
vessel stroke, increased venous thromboembolism during preg-
nancy, and pulmonary embolism (22,23). Stein et al. and Novelli
et al. both noted a significantly increased rate of pulmonary embo-
lism in admitted sickle cell disease patients compared with hemoglo-
bin A controls based on diagnosis at discharge (15,17). Another study
by Mekontso et al. evaluated the rates of pulmonary embolism in
individuals with sickle cell disease who were hospitalized for acute
chest syndrome and found pulmonary embolism in 17% (16).
In contrast, we have previously reported pulmonary embolism

rates of 13.5% for CTPA and 3.5% for V/Q scan in our general
emergency department population (10). Although cohort charac-
teristics differ between the 2 groups, the rate of pulmonary embo-
lism in sickle cell disease did not exceed the population for whom
a diagnosis of pulmonary embolism is considered. One feature that
is consistent in the studies evaluating pulmonary embolism in
sickle cell disease is the failure to demonstrate an increased rate
of deep vein thrombosis in the population. This suggests that the
excess diagnosis of pulmonary embolism in sickle cell disease
may not be related to typical thromboembolic disease but perhaps
due to other pulmonary vascular complications such as fat emboli
or local nonembolic vasoocclusion. In contrast to our study, which
included emergency department as well as inpatients, prior studies
solely included inpatients—a population with a greater illness
burden and with increased exposure to vascular access devices/
intravenous lines; these may represent secondary prothrombotic
risks that are not unique to the sickle cell disease population.
Radiation exposure from medical imaging has grown sub-

stantially in the United States over the past several decades. This

TABLE 4
17-Year Pulmonary Embolism Imaging of Cohort (n 5 245)

Imaging test Number (5)

V/Q scans 318

CTPA 187

Patients with only V/Q 107 (43.7%)

Mean number of V/Q 1.5

Maximum number V/Q 5

Patients with only CTPA 65 (26.5%)

Mean number of CTPA 1.2

Maximum number CTPA 4

Patients with both CTPA and V/Q scans 73 (29.8%)

Mean number CTPA 1.5

Maximum number CTPA 5

Mean number V/Q 2.0

Maximum number V/Q 18
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issue is especially important for young people who are partic-
ularly vulnerable to the biologic hazards of radiation exposure
and for patients with chronic conditions (24). Because of ad-
vances in medical therapy, sickle cell disease individuals are
enjoying longer life expectancies and better health (25,26) but
still require a high level of ongoing care for the many potential
complications, including renal dysfunction. Appropriate diag-
nostic evaluation for these complications will often involve im-
aging. The good diagnostic performance of the V/Q scan in
sickle cell disease patients in our practice confers a radiation
reduction advantage and obviates the need for iodinated intrave-
nous contrast. Even with aggressive radiation reduction strate-
gies, the radiation exposure for 64-detector row CTPA scanners
we—and many other institutions—currently use is double to tri-
ple that of V/Q scans (11–13). When more advanced CT tech-
nologies become widespread, this difference may be mitigated
and then a further reassessment of risk–benefit recommendations
will be necessary.
When evaluating pulmonary embolism imaging, nearly half of

our study population was imaged more than once and one of our
patients underwent 21 separate pulmonary embolism imaging
studies over the 17-y period. Although not addressed in the present
study, many of the study patients also underwent imaging for
multiple other indications. Therefore, clinically appropriate radi-
ation reduction strategies should continue to be factored into
clinical decision making for this vulnerable population.
The main limitation in this study is its retrospective design,

resulting in the inherent limitations related to data available in the
documented records. Because this study spanned 17 y, there was
more information available in the medical record for recent cases.
However, this is unlikely to bias our results toward a particular
imaging modality. We did not study the relationship between
choice of imaging modality and alternative diagnoses in our sickle
cell disease cohort nor did we gather data regarding adverse
outcomes related to use of iodinated contrast agents. Moreover,
the clinical algorithm using chest radiographs to direct patients
with suspected pulmonary embolism to be imaged with V/Q scan
or CTPA limits the generalizability of these results to other
populations. In addition, we were unable to account for the com-
plexity related to ongoing changes in technology, new insights in
radiation biology, and our increasing understanding of the unique
data conveyed by physiologic versus anatomic imaging.

CONCLUSION

Sickle cell disease patients with suspected pulmonary embolism
demonstrated low positive imaging rates for a given clinical
presentation, but 11% of the cohort was diagnosed with pulmo-
nary embolism over the 17-y study period. CTPA and V/Q per-
formed comparably for pulmonary embolism diagnosis when the
choice of imaging was guided by results of chest radiography.
Hence, V/Q is a reasonable first choice for sickle cell disease
patients with normal chest radiographs.
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