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The introduction of computed tomographic pulmonary angiography and its recent increasing availability has led to
a significant rise in its use to help clinicians diagnose acute pulmonary embolism (PE). This has led to a significant
increase in the incidence of PE diagnoses. Simultaneously, the case fatality rate of acute PE has been decreasing and no
significant change in its mortality has been noted, suggesting that the additional PE diagnoses are less severe and these
patients might not benefit from anticoagulation therapy. This also seems to be correlated with an increase in the di-
agnosis of PE localized in the subsegmental pulmonary arteries (subsegmental pulmonary embolism [SSPE]). The
clinical importance of SSPE is unclear. Whereas some studies have shown that it might be reasonable to manage
patients with SSPE without anticoagulation, others have not. Although the current medical literature is limited, it
suggests that a subgroup of patients with SSPE might be safely managed without the use of anticoagulant therapy.
Current clinical practice guidelines suggest that clinicians take an individualized approach after carefully assessing the
risk/benefit ratio for patients with SSPE and negative leg limb ultrasonography results. Prospective studies are ongoing
and results are eagerly awaited to help tailor the management of this patient population.

Learning Objectives

• Review the incidence and clinical relevance of subsegmental
pulmonary embolism (SSPE)

• Propose a management strategy for patients with symptomatic
SSPE

Introduction
Pulmonary embolism (PE) is a common disease that causes .100000
deaths and complicates .300000 hospitalizations every year in the
United States.1-3 The introduction of computed tomographic pulmonary
angiography (CTPA) and its recent increasing availability in hospital
emergency rooms around the world has led to a significant rise in its use
to help clinicians diagnose acute PE. Advances in technology (more
specifically, the implementation of multirow detector CTPA in clinical
practice) have led to an improvement in the sensitivity of PE diagnosis
by allowing better resolution of the 2- to 3-mm-diameter subsegmental
pulmonary arteries. This also seemed to led to a significant increase in
the overall incidence of PE diagnosis in the United States.4 A ran-
domized controlled trial previously showed that a management strategy
using multirow detector CTPA increases the rate of PE diagnosis
comparedwith a strategy including a ventilation-perfusion (VQ) scan.5

This increase in the incidence of PE diagnosis over time could be the
result of an improvement in the effectiveness of PE diagnosis using
multirow detector CTPA. On the other hand, it could also represent
overdiagnosis or misdiagnosis. A final but less likely possibility is an
increase in the “true” incidence of PE. Interestingly, as the incidence in

PE diagnoses has increased in the past years, its case fatality (fatal PE/
PE diagnosis) has decreased and no significant change in PE mortality
(fatal PE/US population) has been noted. Therefore, these findings
suggest that the additional subsegmental pulmonary embolism
(SSPE) diagnosed using modern, multirow detector CTPA might be
less severe.4 Following this reasoning and contemplating similar
management of patients with other types of less severe venous
thromboembolism (VTE) (eg, distal deep vein thrombosis [DVT]),
some patients diagnosed with these small PEs may not benefit from
anticoagulant therapy. Here, we review the incidence of SSPE di-
agnosis, discuss its clinical importance, and establish the risk/benefit
ratio of anticoagulant therapy in this specific patient population.

Increased incidence of SSPE
The reported increased incidence of PE diagnosis since the in-
troduction of multirow detector CTPA seems to be correlated with
an increase in the diagnosis of PE localized in the subsegmental
pulmonary arteries without involvement in larger-order vessels (eg,
segmental pulmonary arteries) (see Figure 1). A systematic review
and meta-analysis of the literature reported that the rate of SSPE
diagnosis among patients who underwent single-row detector CTPA
was 4.7% compared with 9.4% for those who underwent multirow
detector CTPA.6 Interestingly, the rate of SSPE diagnosis also seems
to be increasing with the number of detectors used for PE diagnosis.
These rates are reported to range from 7% to 15% in patients un-
dergoing 4-row to 64-row detector CTPA, respectively.6 Similarly,
a cohort study using 64-row detector CTPA reported a rate of SSPE
as high as 12% among patients with confirmed PE.7 With further
advancements in technology, reported rates of SSPE may increase,
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highlighting the importance of addressing this important knowledge
gap.

Although SSPE diagnoses are increasing with advancements in
technology, the true incidence of SSPE remains unclear. It is unknown
whether these filling defects reported by radiologists are actual thrombus
or artifacts. Interobserver agreement between radiologists was shown
to be low for the diagnosis of SSPE in the emergency room (k5 0.38;
95% confidence intervals [95% CIs], 0.0 to 0.89).8,9 Previous studies
reported that up to 59% of SSPE diagnoses made clinically were
actually false positives upon reinterpretation by a thoracic or more
experienced radiologist.10,11 Another study including reinterpretations
by 5 radiologists showed that for SSPE diagnosis, at least 1 radiologist
disagreedwith the initial interpretation in 60% of the cases.12 Given this
variability in the certainty of SSPE diagnosis, it is important for cli-
nicians to review the CTPA results and confirm the diagnosis with
a thoracic or experienced radiologist to avoid exposing patients to
anticoagulant therapy for an artifactual finding.

Clinical relevance of SSPE
Indirect evidence
As discussed above, although the incidence of PE diagnosis is in-
creasing, no changes in the overall mortality rate of PE have been noted
and its case fatality rate has been decreasing.4 This suggests that
multirow CTPA seems to be diagnosing PEs with a lower severity of
illness or such little thrombus burden that patients might not benefit
from anticoagulation therapy.4 Similarly, a randomized controlled trial
comparing the utility ofmultirow detector CTPA to theV/Q scan for the
management of patients with suspected PE showed that more PEs were
diagnosed if patients had undergone a CTPA (19.2% vs 14.2%; ab-
solute difference of 5.5%; 95% CI, 1.1% to 8.9%)5; hence, more
patients diagnosed by CTPA were treated with anticoagulants. Despite
this, the rate of VTE during the 3-month follow-up period was similar
(0.4% vs 1.0%; absolute difference of 0.6; 95% CI,21.6% to 0.3%) in
untreated patients (ie, in whom PE was excluded), suggesting that the
additional cases of PE detected by CTPA were unlikely to be clinically
significant.5 Finally, a systematic review assessing the rates of SSPE
according to the number of CTPA detectors did not show a lower rate of
PE during the follow-up period in patients with a negative multirow
detector CTPA result, despite the increased proportion of patients
diagnosed with PE.6 The rate of PE diagnosed during the 3-month

follow-up period in patients left untreated who had PE ruled out based
on single-row detector CTPA was 0.9% (95% CI, 0.4 to 1.4) compared
with 1.1% (95% CI, 0.7% to 1.4%) for patients who underwent
multirow detector CTPA.6 Again, this finding suggests that the in-
cremental SSPE diagnoses identified by multirow detector CTPA are
unlikely to be clinically relevant and may not be worth diagnosing,
provided that there is no evidence of DVT. It was proposed previously
that one of the normal functions of the lung is to remove small emboli to
prevent them from entering into the arterial circulation.13,14 Therefore,
it is possible that SSPE may be part of normal physiology and may
remain unrecognized until defined by multirow detector CTPA.

More direct evidence
A number of retrospective cohort studies and post hoc analyses
assessing the efficacy and safety of anticoagulation therapy for patients
with isolated SSPE have been published.1,14-16 Whereas some studies
have shown that it might be reasonable to manage patients with
isolated SSPE14-16 without anticoagulation, others have not.1 A post
hoc analysis combining 2 cohort studies showed that the risks of
recurrent VTE were similar for patients with isolated SSPE compared
with those with more proximal thrombus, suggesting that patients with
SSPE should potentially receive anticoagulant therapy.1 Interestingly,
the rate of recurrent VTE reported for these anticoagulated patients
with SSPE (3.6%) was higher than previously published. The reasons
for this higher risk of recurrent events in this particular study are
unclear, but they might be attributable to the absence of lower limb
ultrasonography in patients with leg symptoms resulting in a poten-
tially higher risk of undetected DVT. In addition, 18% of patients
with SSPE had active cancer, a condition known to be associated with
a high risk of recurrent VTE.1 A more recently published cohort study
suggested that some patients with isolated SSPE might have a low risk
of recurrent events and may not require anticoagulation therapy.15 Of
the 550 patients with confirmed PE included in this study, 82 (15%)
had SSPE. A total of 52% of the patients with SSPE did not receive
anticoagulation therapy. None of the patients had recurrent VTE
during the follow-up period and 2 of the anticoagulated patients had
major bleeding episodes.15 Although the study findings are likely
limited by treatment bias, they suggest that a subgroup of patients
with isolated SSPE can be safely managed without the use of anti-
coagulant therapy. Other studies have also suggested that the risks
of anticoagulation therapy may exceed the benefits in patients with
SSPE.14,16 Therefore, although the clinical impact of SSPE remains
unknown, current data suggest that some patients with SSPE might be
managed without the use of anticoagulation therapy. However, con-
current DVT is a strong indication for anticoagulation because it is an
important risk factor for recurrent PE. Lower-extremity ultrasonog-
raphy to rule out DVT is therefore an important component in the
decision on the type of management for the individual patient with
isolated SSPE.3

In addition to the risk of recurrent VTE, the risks of anticoagulant
therapy are also important to consider when deciding on the optimal
management of patients with SSPE. Major bleeding episodes are
shown to be associated with high case fatality rates (11.3%; 95% CI,
7.5% to 15.9%),17 although the risk of fatal recurrent PE in patients
with SSPE who remain untreated is unknown. A retrospective cohort
study reported that 5.3% of patients with isolated SSPE receiving
anticoagulation experienced a bleeding episode during follow-up.16

A systematic review of the literature assessing the risks and benefits of
anticoagulation in patients with SSPE reported a low rate of recurrent
VTE (0%) in patients left untreated, but there was a relatively high rate
of major bleeding episodes that affected 7% of patients managed with

Figure 1. Subsegmental pulmonary embolism on computed tomographic
pulmonary angiography.
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anticoagulant therapy.14 Admittedly, these rates of major bleeding
episodes are reflective of the underlying risk associated with vitamin K
antagonists. It is unclear whether these same risks are applicable for
patients managed using direct oral anticoagulants, which have a sig-
nificantly better safety profile.18 These findings suggest that the risk/
benefit ratio of anticoagulant therapy for patients with SSPE should be
made on a case-by-case basis.

Management strategy for SSPE
Although the clinical importance of SSPE remains debatable, it is
important to establish a safe management strategy on a case-by-case
basis that accounts for the risk of recurrent VTE and bleeding ep-
isodes and patient preference (see Figure 2). If a decision is made to
not initiate anticoagulant therapy in patients with isolated SSPE,
clinicians must have a standardized approach to manage these pa-
tients safely (Figure 2).

A recently published Cochrane review failed to identify any ran-
domized controlled trials to guide clinicians on the management of

patients with SSPE.19 Therefore, physicians have to rely on clinical
data from other patient populations, including those with suspected PE
or a larger PE burden. SSPEs were previously shown to be frequent
among patients with suspected PE and nondiagnostic V/Q scans. In the
Prospective Evaluation of Pulmonary Embolism Diagnosis (PIOPED)
study, 17% of patients with a low probability V/Q scan had SSPE
on pulmonary angiography.20 Therefore, it is probably reasonable
to presume that many patients with SSPE on multirow CTPA would
have had a nondiagnostic VQ scan. Over the last decades, many
prospective management studies have shown that patients with
suspected PE and nondiagnostic V/Q scans can be safely managed
without the use of anticoagulant therapy, provided that there is no
DVT in the lower extremities.21-23 Similarly to patients with non-
diagnostic VQ scans, patients with SSPEwithout DVT on lower limb
ultrasonography might be managed conservatively without antico-
agulant therapy. It is particularly important to rule out DVT in
patients with SSPE, given that rates of concomitant proximal lower
limb DVT have been reported at 7.1% (95% CI, 1.2% to 31.5%) in
this patient population.24

This is consistent with the 2016 American College of Chest Phy-
sicians (ACCP) clinical practice guideline, which suggests using
clinical surveillance instead of anticoagulation for patients with
SSPE and no proximal DVT in the legs who have a low risk of
recurrent VTE (grade 2C).25 Clinical surveillance should be sup-
plemented by serial ultrasonography of the lower extremities within
5 to 7 days. Clinicians might want to favor this treatment option if
the patient has good cardiopulmonary reserve or has a high risk
of bleeding. However, if patients have a high risk of recurrent VTE,
the latest version of the ACCP guidelines suggests anticoagulation
therapy over clinical surveillance (grade 2C). Numerous risk factors
for recurrent VTE have been proposed to help guide clinicians on
stratifying the underlying risk of recurrent VTE. These risk fac-
tors include hospitalization, immobility, active cancer (especially
metastatic disease or ongoing chemotherapy), or an unprovoked
event.25 Similarly, the European Society of Cardiology clinical practice
guideline suggests that an individualized approach be taken after
careful assessment of the risk/benefit ratio for patients with isolated
SSPE and negative leg ultrasonography results.26 Therefore, serial
ultrasonography of the lower extremities might be a reasonable al-
ternative to anticoagulation in low-risk patients.

The ACCP and the European Society of Cardiology recommenda-
tions seem to be reflective of clinical practice in certain settings and
countries. In 2011, a Thrombosis Canada cross-sectional survey of
Canadian thrombosis experts assessed the current diagnostic and
therapeutic management of patients with isolated SSPE, and the
survey results demonstrated considerable variability in clinical
practices.27 More than 76% of clinicians responded that they manage
low-risk patients with SSPE without anticoagulant therapy.27

Incidental SSPE
The term “incidental PE” is used for unsuspected filling defects of the
pulmonary artery, corresponding to PE detected on routine computed
tomography (CT) scans of the chest, with an incidence frequency of
1.1% in coronary CT and 3.6% in oncological CT. This prevalence
and, in particular, the incidence of SSPE has also increased over
the past years with advancing CT technology.28 In contrast with the
patients with low-risk SSPE discussed above, the majority of patients
with cancer-associated incidental SSPE should be considered for
anticoagulant therapy. The higher risk of recurrent VTE in patients
with cancer supports a decision to initiate anticoagulation, especially

Figure 2. Management strategy for symptomatic subsegmental
pulmonary embolism. DVT, deep vein thrombosis; SSPE, subsegmental
pulmonary embolism; VTE, venous thromboembolism.
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for patients with multiple SSPE, although large outcome studies in
these latter patients are lacking. Nonetheless, one study that com-
pared patients with cancer with incidental SSPE to those with more
proximally located PE showed that the VTE recurrence risk was not
different between the 2 groups (hazard ratio, 1.1; 95% CI, 0.50 to
2.4).29 A recently published guidance document from the Interna-
tional Society on Thrombosis and Haemostasis put forward some
suggestions to help clinicians with these challenging clinical
situations.30

Next steps
With conflicting studies, prospective studies providing safety data
would be potentially practice changing if it could be shown that
a group of patients with SSPE could be managed more conserva-
tively without anticoagulation. This would allow these patients
to avoid the inconvenience and known risks and complications
of systematic anticoagulation. One ongoing international (Canada,
Netherlands, France, and Switzerland) prospective management
cohort study (ClinicalTrials.gov NCT01455818) is enrolling patients
with SSPE andwithholding anticoagulation in patients without DVT.
The study has recruited.50% of the targeted sample size (n5 300)
and its final results will shed more light on the optimal care of
patients with symptomatic SSPE.

In conclusion, there is still considerable clinical controversy with
regard to the management of patients with SSPE (symptomatic or
incidental cancer associated) associated with significant clinical
practice variation. The practice of withholding anticoagulation in
patients with SSPE with serial negative leg Doppler imaging results
is currently being assessed with a prospective management cohort
study and can be considered in low-risk patients without cancer and
DVT on serial ultrasonography of the lower limbs, especially if the
patient is at high risk of major bleeding.
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