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Key Points

• Patients with subsegmental
PE appear to mimic those
with more proximally located
PE regarding their VTE risk
profile and clinical outcome.

• Patients with subsegmental
PE significantly differ from
patients without PE in terms
of both VTE risk profile and
clinical outcome.

The clinical significance of subsegmental pulmonary embolism (SSPE) remains to be

determined. This study aimed to investigate whether SSPE forms a distinct subset of

thromboembolic disease compared with more proximally located pulmonary embolism

(PE). We analyzed 3728 consecutive patients with clinically suspected PE. SSPE

patients were contrasted to patients with more proximal PE and to patients in whom

suspected PE was ruled out, in regards of the prevalence of thromboembolic risk

factors and the 3-month risks of recurrent venous thromboembolism (VTE) and

mortality. PEwas confirmed in 748 patients, of whom 116 (16%) had SSPE; PEwas ruled

out in 2980 patients. No differences were seen in the prevalence of VTE risk factors, the

3-month riskof recurrent VTE (3.6%vs 2.5%;P5 .42), andmortality (10.7%vs6.5%;P5 .17)

between patients with SSPE and those with more proximal PE. When compared with

patients without PE, aged >60 years, recent surgery, estrogen use, andmale gender were

found to be independent predictors for SSPE, and patients with SSPE were at an

increased risk of VTE during follow-up (hazard ratio: 3.8; 95% CI: 1.3-11.1). This study

indicates that patients with SSPE mimic those with more proximally located PE in regards to their risk profile and clinical outcome.

(Blood. 2013;122(7):1144-1149)
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Introduction

The introduction of multi-detector computed tomographic pulmo-
nary angiography (CTPA) has considerably advanced the radiolog-
ical visualization of pulmonary embolism (PE) and its diagnostic
accuracy has been demonstrated to be robust enough to serve as the
single imaging test in the diagnostic work-up of patients with
suspected PE.1 Compared with previously used imaging techniques
to detect PE, multi-detector CTPA allows better visualization of
peripheral pulmonary arteries.2 As a consequence of the widespread
use of these scanners as first-line imaging tools to establish or rule
out acute PE, small peripheral emboli limited to the subsegmental
pulmonary arteries are increasingly being detected. The proportion
of this so-called isolated subsegmental PE (SSPE) detected on
CTPA varies between 4% and 27%.3-5

With this increasing incidence of SSPE diagnoses that would
probably have gone undetected and thus left untreated with former
imaging techniques, physicians started to question the clinical
relevance of these findings.6 The prognostic implications of SSPE
are, however, uncertain, because the clinical outcome of these patients
has been investigated in few studies. It therefore remains unclear
whether a diagnosis of SSPE deserves the same therapeutic approach
as PE located in segmental or more proximal pulmonary arteries.7

Recently, some evidence suggested that patients with SSPEmay have
a favorable clinical outcome, even without prescribing anticoagulant
therapy.8,9

To investigate whether SSPE could be considered as a distinctive
subset of venous thromboembolic disease or even as a prognostically
insignificant finding, we compared patients with SSPE to patients
with PE located in more proximally located pulmonary arteries and
patients in whom PE was clinically suspected but ruled out regarding
their thromboembolic risk factors, clinical signs and symptoms, and
short-term clinical outcome in terms of recurrent venous thrombo-
embolism (VTE), bleeding complications, and mortality.

Methods

Study population

We used the combined data of 2 prospective outcome studies in which
consecutive patients with clinically suspected PE had been included. The first
study was a large, prospective, management study including 3306 consecutive
patients10with an aim to evaluate a diagnostic algorithm consisting of theWells
rule,11 D-dimer testing, and CTPA. The exclusion criteria for this study were:
treatment with therapeutic doses of unfractionated or low-molecular–weight
heparin for .24 hours; life expectancy ,3 months; pregnancy; geographic
inaccessibility for follow-up; age ,18 years; allergy to IV contrast agents; or
hemodynamic instability (defined as a systolic blood pressure ,90 mm Hg or
clinical signs and symptoms of shock). The institutional review boards of all
participating hospitals approved the study protocol, and informed consent was
obtained from all participants in accordance with the Declaration of Helsinki.

The decision regarding the presence or absence of PEwasmade by trained
attending radiologists who were blinded to any specific patient clinical in-
formation. The pulmonary arteries were evaluated down to and including
the subsegmental arteries. Embolus localization was classified as central,
segmental, or subsegmental. Isolated SSPE was defined as a PE that occurred
in a subsegmental branch but no larger order of vessels.12 The SSPE could
involve one or more than one subsegmental artery. All patients with confirmed
PE were initially treated with subcutaneous body weight-adjusted therapeutic
doses of LMWH for a minimum of 5 days or IV unfractionated heparin aimed
at an activated partial thromboplastin time between 1.5 and 2 times the
baseline value, followed by vitamin K antagonists aimed at an international
normalized ratio of 2.0 to 3.0 for a period of 6 months.

The second cohort included 463 consecutive patients with suspected PE,
with an aim to identify predictors for the outcome of patients with PE.13 All
patients provided written informed consent. The exclusion criteria for this
study were: impossibility for follow-up, age,18 years, pregnancy, allergy to
IV contrast agents, or hemodynamic instability at initial presentation. All
patients with a likely clinical probability by the Wells rule (.4 points total)
and/or an abnormal D-dimer test (.500 ng/mL) underwent multi-detector
row CTPA during breath-hold inspiration. The presence of PE was defined as
at least one filling defect in the pulmonary artery tree. The method of Qanadli
et al14 was used to quantify the degree of pulmonary arterial obstruction, and
the largest pulmonary artery involved, ie, central, segmental, or subsegmental,
was recorded. Isolated SSPE was defined as PE that occurred in a sub-
segmental branch but no larger order of vessels. All patients in whom PE was
confirmed were treated similarly to patients with PE in the first cohort.

Risk factors

We investigated the influence of the following thromboembolic risk factors
that were recorded in both studies at baseline: age; sex; hospitalization
status; immobilization for at least 3 days within the past four weeks;
paralysis, pareses, or leg plaster within the past month; major surgery
within the past month; a history of VTE; estrogen use; heart failure (defined
as New York Heart Association functional class II-IV for which specific
therapy was administered); chronic obstructive pulmonary disease (COPD);
and active malignancy, defined as any malignancy with ongoing treatment
or treatment within the past 6 months, or malignancies in palliative stages.

Outcome

For this comparative analysis, the cohort was stratified into 3 groups: 1)
patients with isolated SSPE; 2) patients with segmental or more proximal PE;
and 3) patients in whom clinically suspected PEwas ruled out. These 3 groups
were compared for the incidence of symptomatic (recurrent) VTE, incidence
of major bleeding complications, and incidence of all-cause mortality during
3 months of follow-up. VTE during follow-up was defined as an objective
diagnosis of recurrent PE or deep vein thrombosis (DVT), or death in which
PE could not be ruled out as a contributing cause. The objective criterion for
the diagnosis of recurrent PEwas a new intraluminal filling defect on CTPA or
pulmonary angiography; a new high-probability perfusion defect on ventilation-
perfusion scan; a new nondiagnostic lung scan accompanied by documentation
of DVT by ultrasonography or venography; or confirmation of a new PE at
autopsy. A diagnosis of (recurrent) DVT had to be confirmed by compression
ultrasonography or contrast venography.15

Major bleeding was defined as fatal bleeding, symptomatic bleeding in
a critical area or organ, clinically overt bleeding causing a fall in hemoglobin
level of at least 20 g L21 (1.24 mmol L21) or more, or leading to transfusion
of 2 or more units of whole blood or red cells.16 An independent adjudication
committee reviewed and classified all suspected outcome events. Mortality
was classified as caused by PE in case of confirmation at autopsy, in case of
an objective test demonstrating PE prior to death, or if PE could not be
confidently ruled out as the cause of death.

Statistical analysis

Differences in patient characteristics between strata were tested for statistical
significance using the x-square test for categorical data and the Student t test for
continuous variables. P values , .05 were considered statistically significant.

Logistic regression analyses were performed to analyze the association
between potential risk factors for VTE and the presence and location of the
PE (ie, odds ratios [ORs] were calculated for “no PE” vs SSPE and SSPE vs
“more proximally localized PE”). Any variable achieving a P value , .10
was included in a multivariate logistic regression model.

The method of Kaplan and Meier was used to estimate the cumulative
probability of recurrent VTE and mortality, and the log-rank test was used to
compare the groups for statistical differences. The patients were censored at
time of event, time of death, or time of the end of follow-up, whichever came
first. A Cox proportional hazard model was used to derive hazard ratios
(HRs). HRs for recurrent VTE were adjusted for age, sex, malignant disease,
and previous VTE. HRs for mortality were adjusted for age, gender, active
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malignancy, COPD, and heart failure. SPSS, version 20 (SPSS Inc., Chicago,
IL), was used for all analyses.

Results

Patient characteristics

The combined cohort consisted of a total of 3769 patients with
suspected PE. A total of 2688 patients underwent CTPA at baseline,
based on either a likely clinical decision rule or abnormal D-dimer
test. PE was confirmed in 789 of the 3769 patients (21%).
Localization of PE was not determined in 41 (5.2%) patients, and
those were excluded from further analysis. Of the remaining 748
patients with PE, 116 (15.5%) had a diagnosis of isolated SSPE,
leaving 632 patients who had PE localized in a segmental or more
proximal pulmonary artery. In 2980 patients, PE was ruled out
either at the basis of an unlikely clinical probability and a normal
D-dimer test result or on the basis of CTPA.

The mean age of patients with SSPE was 56 years, compared
with 57 years for patients with PE localized in segmental or more
proximal arteries and 52 years for patients in whom PEwas ruled out

(Table 1). In these 3 groups, 55%, 49%, and 41% of the patients,
respectively, were male. The prevalence of a likely clinical prob-
ability (Wells score .411) was lower for SSPE patients than for
segmental or more proximal PE patients (50% vs 61%; P5 .02). On
the other hand, when compared with patients without PE, patients
with SSPE were more frequently classified as having a likely clinical
probability (50% vs 27%; P , .001).

Thromboembolic risk factors

No significant differences were found in the prevalence of throm-
boembolic risk factors between patients with SSPE and patients with
segmental or more proximal PE (Tables 1 and 2). When compared
with patients without PE, the proportions of patients with malignancy
(18% vs 12%), immobility (17% vs 9%), recent surgery 13% vs 5%),
and estrogen use (30% vs 20%) were higher among patients with
SSPE. On multivariate analysis, age .60 years (OR 1.6; 95% CI:
1.07-2.42), recent surgery (OR 2.3; 1.23-4.20), estrogen use (OR 2.5;
1.34-4.81), andmale gender (OR 2.1; 1.38-3.32) remained significantly
associated with SSPE (Table 2).

Risk of VTE during follow-up

Follow-up was completed in 747 (99.9%) of the patients diagnosed
with PE at baseline and in 2974 (99.8%) of the patients in whom PE
was ruled out. During 3 months of follow-up, symptomatic recurrent
VTE occurred in 4 patients with SSPE (3 patients developed PE, of
which 1 case was fatal and 1 patient had DVT) and in 14 patients
with segmental or more proximal PE (10 patients developed PE and
4 patients DVT; in 9 patients, PE was adjudicated either as a direct
cause of death or PE could not confidently ruled out as cause of
death). The respective cumulative risks for recurrent VTE were
3.6% for SSPE and 2.5% for more proximal PE, respectively
(Figure 1; P 5 .42 from the log-rank test). The HR for recurrent
VTE was not significantly different for SSPE patients vs patients
with more proximal PE (HR: 1.6; 95% CI: 0.5-4.8). Adjustment for

Table 1. Baseline characteristics

SSPE Proximal PE* PE ruled out P value P value

(n 5 116) (n 5 632) (n 5 2980) SSPE vs proximal PE SSPE vs PE ruled out

Age, mean 6 SD 56 6 17 57 6 18 52 6 18 .46 .02

Age .60, n (%) 50 (43.1) 301 (47.6) 1004 (33.7) .37 .04

Male sex, n (%) 64 (55.2) 309 (48.9) 1212 (40.7) .23 .002

Outpatients, n (%) 87 (75) 496 (78.5) 2431 (81.6) .41 .07

VTE risk factors

Immobilization, n (%) 20 (17.2) 108 (17.1) 273 (9.2) .97 .004

Paralysis, pareses, or recent leg plaster, n (%) 5 (4.3%) 37 (5.9%) 63 (2.1) .51 .11

Previous VTE, n (%) 17 (14.7) 128 (20.3) 395 (13.3) .16 .66

Recent surgery, n (%) 15 (12.9) 72 (11.4) 155 (5.2) .64 ,.001

Active malignancy, n (%) 21 (18.1) 113 (17.9) 347 (11.6) .95 .04

Estrogen use, women, n (%) 15 (30.0) 93 (29.2) 360 (20.7) .91 ,.001

Clinical signs and symptoms

Duration of complaints, d (median, range) 2 (0-90) 3 (0-90) 2 (0-120) NA NA

Suspected DVT, n (%) 10 (8.6) 81 (12.8) 90 (3.0) .08 .002

Hemoptysis, n (%) 10 (8.6) 41 (6.5) 100 (3.4) .65 .03

Clinical probability (Wells score11)

Unlikely, n (%) 58 (50) 244 (38.6) 2179 (73.1) .02 ,.001

Likely, n (%) 58 (50) 388 (61.4) 800 (26.9)

Comorbidities

COPD, n (%) 11 (9.5) 55 (8.7) 337 (11.3) .78 .55

Heart failure, n (%) 10 (8.6) 30 (4.7) 234 (7.9) .09 .75

SD, standard deviation.

*Defined as PE localized in a segmental or central pulmonary artery.

Table 2. Risk factors for SSPE on multivariate analysis

SSPE vs PE excluded SSPE vs proximal PE

OR (95% CI)

Age .60 y 1.6 (1.1-2.4)* 0.9 (0.6-1.4)

Male sex 2.1 (1.4-3.2)* 0.8 (0.5-1.2)

Immobilization 1.6 (0.9-2.7) 0.9 (0.5-1.6)

Previous VTE 1.4 (0.8-2.4) 0.7 (0.4-1.3)

Recent surgery 2.3 (1.2-4.2)* 1.1 (0.6-2.0)

Active malignancy 1.5 (0.9-2.4) 1.0 (0.6-1.8)

Estrogen use 2.5 (1.3-4.8)* 1.0 (0.5-2.0)

*P , .05.
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age, gender, malignant disease, and history of VTE did not materially
influence this HR.

One of the patients with SSPE (25%) and 3 of the patients with
more proximal PE (21%) had signs or symptoms suggestive of
DVT of baseline.

In the group of patients in whom PE was ruled out at baseline, 25
patients (0.8%) developed VTE during follow-up (10 developed DVT,
7 developed PE, and in 8 patients PE was adjudicated either as a direct
cause of death or PE could not confidently ruled out as cause of death).
The cumulative risk for VTE in this group was 1.1% (Figure 2). The
unadjusted HR for the risk of VTE during follow-up for patients with
SSPE vs patients with no PE was 4.3 (95% CI: 1.5-12.3). After
adjustment for age, gender, malignant disease, and history of VTE,
the HR remained statistically significant (3.8 [95% CI: 1.3-11.1]).
Malignant disease was independently associated with the occur-
rence of VTE during follow-up (HR: 3.7; 95% CI: 1.6-8.4).

Bleeding complications in patients with PE

Two patients (1.7%) with SSPE and 10 patients (1.6%) with segmental
or more proximal PE experienced major bleeding during follow-up.
The age- and sex-adjusted OR for major bleeding in patients with
SSPE vs those with larger PE was 1.15 (95% CI: 0.25-5.34; P5 .86).
Two of these bleeding events were adjudicated as fatal; both events
occurred in the group of patients with segmental or central PE.

Risk of mortality

Twelve (10.3%) patients diagnosed with SSPE and 40 (6.3%)
patients with segmental or central PE died during follow-up. The
respective cumulative mortality risks were 10.7% and 6.5% (ad-
justed HR: 1.5, 95% CI: 0.8-2.8; P 5 .17 from the log-rank test).

In the patients in whom PE was excluded, 156 (5.2%) patients
died during follow-up. Their cumulative mortality risk (5.4%) was
significantly lower compared with patients with SSPE (P5 .01 from
the log-rank test). Multivariate analysis identified malignancy (HR:
5.6; 95% CI: 4.2-7.6), male gender (HR: 1.5; 95% CI: 1.1-2.1), age
(HR: 1.04/y; 95% CI: 1.03-1.05), COPD (HR: 1.5; 95% CI: 1.1-
2.2), and heart failure (HR: 1.9; 95%: 1.3-2.7) as independent
predictors for mortality. After adjustment for these covariates, the
HR for mortality was 1.4 (95% CI: 0.8-2.6) for patients with SSPE
compared with those in whom PE was ruled out.

Discussion

To our knowledge, the present study is the largest in patients with
SSPE and is the first where patients with more proximally located
PE as well as patients without PE as reference groups served for
comparison. Two important conclusions can be drawn from our
findings. First, with regard to the clinical outcome in terms of
recurrent VTE, bleeding complications, and mortality, patients with
SSPE appear to mimic those with PE localized in more proximal
pulmonary arteries. This is supported by the observation of a similar
VTE risk profile in both groups. Second, patients with SSPE
significantly differ from patients in whom PE was ruled out both in
terms of thromboembolic risk profile and incidences of VTE and
mortality during follow-up. The latter appeared to be driven by the
presence of older age and comorbidities, including malignancy,
COPD, and heart failure.

These findings challenge the hypothesis that a diagnosis of SSPE
might be clinically insignificant. Evidence for this latter hypothesis
was derived from a recent systematic review assessing the rates of
SSPE diagnoses on multi-detector and single-detector CTPA exami-
nations.8 Although the proportion of detected SSPE increased from
4.7% to 9.4% for single- comparedwithmulti-detector CTPA, the rate
of recurrent VTE in patients in whom PE was ruled out and who were
thus left untreated did not differ between the groups (0.9% vs 1.1%).
Based on these results, the authors concluded that the additional SSPE
cases detected by multi-detector CTPA may be clinically irrelevant.
This, however, should be regarded as indirect evidence given that the
outcome of patients with SSPE was not directly assessed. More
indirect evidence supporting the concept that the increased proportion
of SSPE detected by CTPA might be clinically insignificant comes
from a large population-based study.17 Based on discharge-level data,
Wiener et al17 noticed an increased incidence of PE diagnosis fol-
lowing the introduction of CTPA,whereas themortality risk remained
unchanged and the case-fatality rate decreased. The authors referred to
these findings as evidence of overdiagnosis, defined as the detection
of an abnormality, specifically small pulmonary emboli, that will
never cause symptoms or death. Again, this study does not provide us
with direct evidence that the additional PE cases detected by CTPA
are harmless. Furthermore, the study does not inform us on the risk
of recurrent VTE. Although the decreasing case-fatality rate does
suggest that isolated, small pulmonary emboli are less likely to be
a direct cause of death, their presence may still reflect a patients’

Figure 1. Cumulative recurrence risk SSPE vs proximal PE. Cumulative risk of

recurrent VTE for patients with SSPE vs patients with proximal (defined as segmental

or central) PE (P 5 .42 from the log-rank test).

Figure 2. Cumulative VTE risk SSPE vs no PE. Cumulative risk of VTE during

follow-up for patients with SSPE vs patients with no PE (P5 .03 from the log-rank test).
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prothrombotic state and therefore be associated with an increased risk
of thrombus extension or VTE recurrence in the future.

If SSPE would represent a distinctive subset of thromboembolic
disease or even a physiological finding, we postulated that this
would translate to a distinct thromboembolic risk profile and clinical
outcome, or that the clinical characteristics of these patients would
be more comparable with those of patients without PE. However,
we found that both the risk profile and outcome of patients with
SSPE largely overlapped with those with more proximal PE, sug-
gesting a similar underlying pathophysiology.

Supporting evidence for our findings comes from the recently
published EINSTEIN-PE study18 in which the efficacy and safety of
the novel oral anticoagulant rivaroxaban was compared with vitamin
K antagonists for the treatment of PE. From that study, separate
analyses were performed with respect to the anatomic location of PE.
In both treatment arms, similar rates of recurrent VTE were observed
for patients with anatomically limited PE (defined as <25% of
vasculature of a single lobe) vs those with extensive PE (defined as
multiple lobes and.25% of entire pulmonary vasculature): 1.6% vs
1.7%, respectively, in the rivaroxaban group and 1.3% vs 1.4% in the
standard-treatment group. Although the definition used for anatom-
ically limited PE may also include segmental PE, one would have
expected a lower rate of recurrent VTE in these patients in case SSPE
would have had no clinical significance. In line with our findings,
these data suggest that the risk of recurrent VTE is not influenced by
the anatomic location of PE. It seems more likely that persistent
risk factors for recurrent VTE are better risk predictors than the
location of the PE. A recent population-based study demonstrated
that active malignancy is by far the strongest predictor for recur-
rent VTE.19 Indeed, in the present study, active malignancy was
independently associated with the occurrence of VTE during
follow-up.

A potential limitation of our study is that an independent radiol-
ogist did not confirm the diagnosis of SSPE in the majority of cases. It
has recently been demonstrated that significant differences in the
interpretation of SSPE among radiologists could occur.20 Although
all CTPAs were assessed according to a prespecified protocol, it
cannot be ruled out that some of our patients were misclassified as
having SSPE; this, however, reflects the diagnostic process of SSPE
in daily clinical practice. Second, our definition used for SSPE
included both single and multiple SSPE. We were therefore unable to
investigate whether the number of emboli and amount of branches
affected influence the prognosis of SSPE patients. Third, the absolute
incidences of recurrent VTE, bleeding complications, and mortality
were small. Although we did not detect a difference in outcome
between SSPE patients and those with proximal PE, our study might
be underpowered to detect small differences. Our findings should thus
be considered hypothesis generating and need to be confirmed in larger
studies. Fourth, the presence of DVT at baseline was not systematically
assessed; this has recently been identified as an independent predictor
for mortality in patients with acute PE.21 However, the proportions of
patients who had signs and symptoms suggestive of DVT did not

significantly differ between patients with SSPE and those with more
proximal PE. Finally, it should be noted that this studywas not designed
to answer questions about the benefit of anticoagulant treatment in
patients with SSPE; all patients included in this analysis were treated.
There is a need for prospective studies assessing the outcome and
management of SSPE before considering distinct management guide-
lines for this specific group of PE patients. Indeed, a prospective
management study assessing the safety of withholding anticoagu-
lation in patients with isolated symptomatic SSPE, without DVT on
bilateral lower extremity compression ultrasonography, is currently
being conducted (NCT01455818).

In conclusion, in contrast to the common belief that SSPE rep-
resents a benign subset of VTE, this study shows that patients with
symptomatic SSPE appear to mimic those with segmental or more
proximal PE as regards their risk profile and short-term clinical
course. Risk factors for VTE were shown to be associated with
SSPE, and the incidences of recurrent VTE and mortality were
higher among SSPE patients, compared with those without PE.
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21. Jiménez D, Aujesky D, Dı́az G, et al; RIETE
Investigators. Prognostic significance of deep
vein thrombosis in patients presenting with
acute symptomatic pulmonary embolism. Am
J Respir Crit Care Med. 2010;181(9):
983-991.

BLOOD, 15 AUGUST 2013 x VOLUME 122, NUMBER 7 OUTCOME OF SSPE 1149

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/122/7/1144/1373699/1144.pdf by guest on 02 June 2024


