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Abstract Computed tomographic pulmonary angiogra-
phy (CTPA) has a high sensitivity for diagnosing filling
defects in subsegmental pulmonary arteries. The adoption
of CTPA as the prefered diagnostic modality for the di-
agnosis of pulmonary embolism (PE) has led to an in-
creased rate of PE diagnosis. However, the case fatality
rate is lower and the mortality rate of PE has remained
unchanged despite this rise in PE diagnosis suggesting that
the disease is of lesser severity. There continues to be
clinical equipoise on whether patients diagnosed with iso-
lated subsegmental PE (SSPE) require anticoagulation or
can be managed conservatively if the presence of deep vein
thrombosis (DVT) has been excluded. Recent recommen-
dations from the European Society of Cardiology suggest
an individualized approach for the management of patients
with newly diagnosed SSPE based on the risk/benefit ratio
of anticoagulation and the presence of lower limb DVT.
Prospective data evaluating the safety and efficacy of
management strategies for SSPE is needed in order to de-
termine the optimal management of these patients.
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Introduction

Pulmonary embolism (PE) is a common disease causing
significant morbidity and mortality in the United States [1].
For decades clinicians have been taught that untreated PE
has a high mortality rate and is associated with a high risk
of recurrent venous thromboembolism (VTE) [2, 3]. The
recent increasing availability of computed tomography has
led to a significant increase of its use to diagnose many
medical conditions including PE. The increasing adoption
of multi-detector computed tomographic pulmonary an-
giography (CTPA) as the dominant test of PE diagnosis has
improved the sensitivity of diagnosis of PE by allowing
better imaging of smaller subsegmental vessels of the lung.
This has led to a rise in the overall incidence of PE diag-
nosis (including PE isolated to the subsegmental pul-
monary arteries) without an associated increase in
mortality suggesting that the current diagnoses of PE may
represent a more heterogeneous or less severe disease with
a lower case fatality rate [4, 5]. Therefore, the clinical
significance of PE’s isolated to the subsegmental pul-
monary arteries (SSPE) is unclear and continues to be an
area of debate.

Increasing use of CTPA leads to rising rates of SSPE

Ventilation-perfusion (V/Q) lung scanning was the non-
invasive imaging procedure of choice in patients with
suspected PE for decades. However, the majority of pa-
tients with suspected PE undergoing a V/Q scan have a
non-diagnostic examination (low or intermediate prob-
ability V/Q scan results). More recently, advancements in
CTPA have allowed this modality to become the modality
of choice for the diagnosis of PE. The ease in
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interpretation with fewer non diagnostic scans, the ability
to detect other diagnoses explaining the symptoms that
prompted the investigation and their often easier avail-
ability than V/Q imaging has led to CTPA being increas-
ingly used for PE diagnosis over time [6, 7]. Surveys of
emergency physicians have demonstrated that CTPA is the
preferred first line modality for the diagnosis of PE [§].
This increase in the use of CTPA for PE diagnosis coin-
cides with increased reported rates of SSPE diagnosis. A
recent cohort study of post-operative cancer patients has
reported that the increased use of CTPA led to an rise in
the rates of SSPE diagnosis (5.4 %; 95 % CI 4.1-6.7)
without a change in the rates of central or fatal PE over
time [6]. Furthermore, as advances in CTPA technology
improve, the rates of SSPE diagnosis are likely to rise even
further. Earlier studies used primarily 4-detector CTPA
and had an isolated SSPE diagnosis rate of 5 %. Newer
studies with more detectors CTPA has led to a progressive
increase in the diagnosis of SSPE from this prior rate to a
rate closer to 9 % of all PE [4]. A cohort study using
64-detector CTPA reported a rate of SSPE among patients
with confirmed PE as high as 12 % [9]. A concern is that
with increasing advancements in technology, reported
rates of SSPE will become an increasing proportion of PE
diagnoses increasing the importance of addressing this
important knowledge gap and determining whether these
isolated SSPE are clinically important and relevant. Fi-
nally, this rise in PE diagnosis has occurred despite a push
towards higher in-hospital deep vein thrombosis (DVT)
thromboprophylaxis compliance and a lack of evidence
that the risk factors for VTE have increased concurrent to
the rate of diagnosis which makes it seem improbable that
the increase in diagnosis of PE is related to a change in the
population and points more toward the role of CTPA
imaging [10].

Are SSPE clinically important?

The clinical impact of a SSPE diagnosis is unknown [4, 5,
11]. The increased incidence of SSPE with CTPA has been
associated with a lower severity of illness and lower
mortality of acute PE in the CTPA era [6, 12]. Similarly, a
recent time trend analysis using the US Nationwide Inpa-
tient Sample and Multiple Cause-of-Death databases
showed that the introduction of CTPA to diagnose PE has
led to an increased incidence of PE diagnosis but also to
lower mortality and case fatality rates [13]. This improved
outcome in PE patients diagnosed with CTPA might be due
to an increased proportion of patients with isolated SSPE
with unknown clinical significance. Furthermore, these
intra-luminal filling defects in subsegmental pulmonary
arteries may not represent true thrombus but could be
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imaging artifacts or other non-thrombotic material with
uncertain clinical significance [11, 13]. The positive pre-
dictive value for SSPE detected by multi-detector CTPA
has been previously reported to be only 25 % with a low
inter-observer variability between radiologists (K: 0.38;
95 % CI 0.0-0.89) [14, 15]. Furthermore, a prior study also
suggested that 11 % of SSPE diagnoses were deemed false
positive when re-read by an experienced thoracic radi-
ologist, reinforcing that all SSPE diagnosis should be re-
viewed by an experienced chest radiologist [16].

The clinical importance of SSPE remains debatable.
SSPE were shown to be prevalent among patients with
non-diagnostic V/Q scans. In the PIOPED study, 17 % of
patients with a low probability V/Q scan had an isolated
SSPE on pulmonary angiography [17]. Many prospective
management cohort studies have demonstrated that patients
with suspected PE and non-diagnostic V/Q scans can be
safely managed without the use of anticoagulation pro-
vided there is negative compression ultrasonography of the
lower extremities [16, 18, 19]. The rate of recurrent VTE in
this group left untreated and managed with the above di-
agnostic strategy was 0.5 % (95 % CI 0.1-2.9 %) which is
similar to the risk of recurrent VTE in patients with a
negative pulmonary angiography (1.7 %; 95 % CI
1.0-2.7 %) [19, 20]. Therefore, many patients with sus-
pected PE and non-diagnostic V/Q scans would presum-
ably have been diagnosed with isolated SSPE if multi-
detector CTPA were conducted and presumably these
isolated SSPE don’t require anticoagulant treatment.

A randomized controlled trial comparing CTPA to V/Q
scan for the management of patients with suspected PE has
shown similar results [21]. CTPA resulted in a significantly
greater number of PE diagnoses than did V/Q scans; hence,
more patients diagnosed by CTPA were treated with anti-
coagulants. Despite this, the rate of VTE during the three-
month follow-up period was similar in untreated patients
(i.e. in whom PE was excluded) who were randomized to
either diagnostic strategy suggesting that the additional
cases of PE detected by CTPA were clinically unimportant.

A recent post hoc analysis combining data from two
cohort studies showed that the risks of recurrent VTE were
similar for patients with SSPE or more proximal PE re-
ceiving anticoagulation suggesting that SSPE might be
clinically important [22]. However, the patients did not
undergo lower limb ultrasonography so the number of
patients studied that had undetected DVT and thus a higher
risk of recurrent VTE is unknown [22]. This high risk of
recurrent VTE is also discriptant with lower rates reported
(1 %) in other studies suggesting that the risk of antico-
agulation may exceed the benefits [23, 24]. A recent sys-
tematic review of the literature assessing the risk/benefit of
anticoagulation in patients with SSPE reported a low rate
of recurrent VTE (0 %) in patients left untreated while the



Clinical significance and management of SSPE

313

risk of major bleeding episodes was 7 % when antico-
agulated [24]. Concurrent DVT is an important predictor of
recurrent VTE and therefore, imaging for DVT is an im-
portant component of the management of SSPE left un-
treated [25].

The current ACCP Chest guidelines from 2012 do not
differentiate between isolated SSPE versus more proximal
PE [26]. More recent guidelines such as those by the
European Society of Cardiology take a more individualized
stance regarding patients with SSPE and suggests that there
may be a role for lower limb ultrasonography to rule out a
DVT (which requires treatment) and that in a patient with
isolated SSPE and negative leg ultrasonography, an indi-
vidualized decision about anticoagulant therapy needs to be
taken after careful assessment of the risk/benefit ratio [27].
Therefore, serial ultrasonography of the lower extremities
might be a reasonable alternative to anticoagulation in low
risk patients.

Incidental cancer-associated SSPE

Incidental diagnosis of isolated SSPE in cancer patients
is another area of controversy. Malignancy is a well
documented risk factor for PE [28]. SSPE is a common
finding on staging scans and will be reported in up to
4 9% of scans done for staging among cancer patients
[29, 30].

While again there is a paucity of data as to the optimal
management, unlike isolated symptomatic SSPE in non-
cancer patients, the clinical practice has been to treat the
incidental cancer-associated SSPE due to the underlying
heightened risk or recurrent VTE. A recent survey
demonstrated that 84 % of the oncologists surveyed would
treat a single incidental SSPE but with significant variation
in clinical practice between oncologists, palliative care
physicians and chest physicians [31]. Similarly, a recent
systematic review of the literature pooling patient-level
data reported that the risk of recurrent VTE in patients with
incidental cancer-associated SSPE despite anticoagulation
was similar to those with more proximal PE [32]. In this
analysis, the risk of recurrent VTE was 55 % in inciden-
tally diagnosed cancer-associated SSPE left untreated.
However, other prior studies have reported no statistical
significant difference in outcome in patients with symp-
tomatic or incidental PE, more of which were SSPE [33].
Similarly, a cohort study has showed no overall survival
difference in patients with incidental cancer-associated
SSPE compared to those without PE [34]. Given the as-
sociated increased risk of major bleeding in this population,
prospective research studies in this patient population are
desperately needed to address this important knowledge

gap.

SSPE: advancing the field

With conflicting studies and guidelines, there remains
considerable clinical equipoise on the management of
isolated symptomatic or incidental cancer-associated
SSPE. Prospective studies providing safety data would be
potentially practice changing if it could be shown that a
group of patients being diagnosed with PE could be man-
aged more conservatively without anticoagulation. This
would allow these patients to avoid the inconvenience and
known risks and complications of systematic anticoagula-
tion [35]. The lack of good quality prospective evidence in
this area can be demonstrated by the recent attempt by the
Cochrane Collaboration Peripheral Vascular Disease
Group to review the topic of SSPE treatment. They found
no RCT data and therefore were unable to include any data
in their study or make any meaningful practice suggestions
[36]. Only one known prospective management cohort
study is currently recruiting patients with isolated symp-
tomatic SSPE and withholding anticoagulation in patients
with no DVT on lower extremity ultrasonography
(NCT01455818).

In conclusion, there is still considerable clinical con-
troversy with regards to the management of patients with
isolated SSPE (symptomatic or incidental) associated with
significant clinical practice variation. The practice of
withholding anticoagulation in SSPE with serial negative
leg dopplers is currently being assessed with a prospective
trial and can be considered in low risk non-cancer patients
with no deep vein thrombosis on serial ultrasonography of
the lower limbs, especially if the patient is at high risk of
major bleeding episodes.
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