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Abstract
Isolated-subsegmental-pulmonary-embolism (SSPE) is increasingly diagnosed with the use of computed-tomography-pul-
monary-angiogram (CTPA). There remains clinical equipoise for management of SSPE with previous studies not accounting 
for frailty while determining clinical outcomes. Clinical outcomes among patients with isolated SSPE were compared with 
those with a more proximal PE after accounting for frailty and other risk-factors. This study included all patients with a 
positive CTPA for pulmonary embolism (PE) admitted between 2017 and 2021 to two Australian-tertiary-hospitals. Frailty 
was determined by use of the hospital-frailty-risk-score (HFRS). Competing-risk-analysis and Cox-proportional hazard 
models determined the cumulative-risk of VTE and mortality within 3 months and 1 year of index PE event after adjustment 
for frailty and other variables. Of 334 patients with positive CTPA for PE, 111 (33.2%) had isolated-SSPE. The mean (SD) 
age was 64.3 (17.7) years, 50.9% were males and 9.6% were frail. The risk of recurrent VTE within 3-months (0.9% vs. 
1.8%, P = 0.458) and within 1-year of follow-up (2.7% vs. 6.3%, P = 0.126) did not differ significantly between patients with 
isolated SSPE and those with more proximal PE. After adjusted analyses, the cumulative-incidence of recurrent VTE was 
not different among patients with isolated SSPE within 1 year of index event [subdistribution-hazard-ratio (HR) 0.84, 95% 
CI 0.19 to 3.60]. Similarly, mortality within 1 year of index event was also not different between the two groups (aHR 1.72, 
95% CI 0.92–3.23). The prevalence of SSPE was 33.2% and even after adjustment for frailty these patients had no different 
clinical outcomes than those with proximal PE.
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Highlights

• Clinical equipoise remains regarding the management of 
subsegmental pulmonary embolism (PE), and no previ-
ous study has accounted for frailty.

• Observational study involving two tertiary hospitals in 
Australia.

• Prevalence of SSPE was 33.1% and 9.6% of patients were 
frail.

• Clinical outcomes of patients with SSPE were no dif-
ferent from those with proximal PE after adjustment for 
frailty and other risk factors.
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Introduction

Each year 30,000 Australians develop venous thrombo-
embolism (VTE) (including deep vein thrombosis, DVT 
or PE), at a cost of $1.72 billion to the Australian Health 
Care System [1, 2]. In 2020, PE accounted for 368 deaths 
(standardised death rate 1.1%) with 3080 years of poten-
tial life lost in Australia [3]. PE can be classified as acute 
isolated subsegmental PE (SSPE) when it is localised 
only to one or more subsegmental pulmonary arteries but 
not in larger order vessels [4]. Previous evidence suggest 
that SSPE may account for 7–36% of PE diagnosed on 
computed tomography pulmonary angiogram (CTPA) and 
majority of these patients receive anticoagulation [5, 6]. 
The diagnosis and management of SSPE remains chal-
lenging because there is only a fair interobserver agree-
ment between radiologists (K = 0.38, 95% CI 0.0–0.89) in 
interpreting CTPAs for SSPE [7]. A study [8] reported that 
11% of CTPAs positive for SSPE, when reinterpreted by 
a thoracic radiologist were found to have no evidence of 
PE. Thus, many SSPEs detected on CTPA may represent 
false-positive results (artefacts) rather than true PE [9]. 
Many experts also feel that because lungs act as a natural 
filter for the systemic circulation, therefore, SSPE may 
represent a normal finding [10]. This hypothesis is further 
supported by studies suggesting that patients with SSPE 
have a less severe clinical presentation with a lower risk 
of VTE recurrence and PE related mortality compared to 
more proximal PE [6, 11]. This is in contrast to other stud-
ies which have indicated that SSPE poses similar risk in 
terms of VTE recurrence and PE-related mortality as more 
proximal PE [4, 12].

The clinical significance of SSPE thus remains unclear 
and whether the use of anticoagulation therapy in such 
patients carries a favourable risk benefit ratio is still con-
troversial [13–15]. Guidelines from the American College 
of Chest Physicians recommends surveillance over anti-
coagulation for patients with SSPE who have no evidence 
of proximal DVT and who are not at a higher risk for 
recurrent VTE [16]. On the other hand, a recent prospec-
tive study [17] suggests that patients with SSPE who were 
managed without anticoagulation had a higher risk of pro-
gression of their PE and were more likely to develop proxi-
mal DVT in the first 90 days of the index event than might 
be expected in patients without a history of VTE. Further-
more, that same study excluded patients who had active 
cancer and found that recurrent VTE within 90 days was 
much less frequent in younger patients when compared to 
older subjects. It is quite possible that apart from comor-
bidities such as cancer, frailty could have been associated 
with poorer clinical outcomes in patients who develop and 
receive treatment for SSPE. To our knowledge previous 

studies on SSPE have not taken into account the impact 
of frailty (and its attendant pro-thrombotic and mobility 
issues [18]) while determining risk of recurrent VTE or 
mortality. The aims of this study were, therefore, to deter-
mine the risk of recurrent VTE and mortality determined 
at different time points among patients with SSPE after 
taking into account their frailty status along with other 
risk factors. We also determined whether these clinical 
outcomes were any different among patients who were 
younger or older than 60 years of age. The hypothesis for 
this study was that the risk of recurrent VTE will be no 
different in patients with isolated SSPE when compared 
to those with a more proximal PE irrespective of their age 
and frailty status, thus supporting treatment rather than 
ongoing surveillance.

Methods

This study was designed as a retrospective observational 
study and included all patients who were diagnosed with 
PE at two tertiary hospitals Flinders Medical Centre (FMC) 
and Royal Adelaide Hospital (RAH) between 1 January 2017 
and 31 December 2021. The study protocol was reviewed 
by the Southern Adelaide Human Clinical Research Ethics 
Committee (SAHREC) and was determined to be exempt.

Identification of SSPE

We identified all consecutive patients who were admitted 
with a primary diagnosis of PE during the study period using 
the I26, I26.0 and I26.9 International Classification of Dis-
eases 10th Revision Australian Classification (ICD-AM) 
codes, as has been reported in a previous study [19]. The 
CTPAs of all patients with confirmed PE were examined 
to determine whether patients had isolated SSPE accord-
ing to the radiologist’s final conclusion. “Isolated SSPE” 
was defined as single or multiple filling defects localised at 
the level of subsegmental pulmonary arteries with no fill-
ing defects identified at the more proximal pulmonary arter-
ies level. Patients were therefore classified into two groups 
based on the location of PE as either isolated SSPE or proxi-
mal PE (the latter being diagnosed if filling defects were 
located at a more central location (segmental, pulmonary 
arteries, or pulmonary bifurcation). Patients were excluded 
from the study if they had inconclusive results, for example 
when the radiologist was uncertain about the diagnosis of 
PE due to it being a suboptimal study due to either patient 
related or technical factors such as incomplete visualisation 
of pulmonary arteries, were excluded from the study.

The frailty status of patients at the time of the index PE 
event was determined by use of the hospital frailty risk score, 
HFRS [20]. The HFRS is determined from the International 
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Disease Classification codes (ICD-10) and correlates with 
frailty risk and has been validated for use in hospitalised 
patients [20, 21]. Higher HFRS scores are associated with 
a greater risk of frailty, and the scores can be categorised 
into three levels as per original study: low risk (< 5 points), 
intermediate risk (5–15 points) and high-risk (> 15 points) 
[20]. For this study we classified patients as frail if HFRS 
was greater than 5 points as been reported in a previous 
study [21].

We also identified the following variables: any previous 
history of cancer or active cancer (defined as new or ongo-
ing cancer not in remission or receipt of any cancer related 
treatment in the previous 6 months of the diagnosis of PE), 
history of previous VTE, atrial fibrillation, the comorbidity 
burden as determined by the Charlson comorbidity index 
(CCI) [22], history of cardiovascular disease (CAD), heart 
failure, valvular heart disease, chronic lung disease, history 
of chronic kidney disease (CKD), use of anticoagulants 
prior to hospitalization—warfarin, direct oral anticoagulants 
(DOACs), heparin and enoxaparin, use of antithrombotic 
agents (aspirin, clopidogrel, ticagrelor), history of inherited 
thrombophilia, and presence of autoimmune diseases, and 
any previous hospitalisations or surgery within 3 months of 
index admission.

We determined the modified Wells score [23] to assess 
the pretest probability of PE and the short pulmonary embo-
lism severity index (sPESI) [24] was used to estimate the 
30-day mortality risk. Patients’ risk of bleeding was assessed 
by use of the VTE-bleed score [25]. We assessed patients’ 
treatment during the index PE event [unfractionated hepa-
rin, low molecular weight heparin (LMWH), warfarin, direct 
acting oral anticoagulants (DOACs), thrombolysis, inferior 
vena cava filter] and the duration of anticoagulation was 
recorded.

We recorded routine investigations performed during 
index hospitalisation such as haemoglobin, white cell count 
(WBC), D-dimer, C-reactive protein (CRP), creatinine, albu-
min, N terminal pro brain natriuretic peptide (NT-proBNP) 
and cardiac troponin T(TnT).

Patient follow‑up

We followed patients for any recurrence of VTE (DVT or 
PE) in the 12 months period following the index PE event. 
This was done through evaluation of our radiological data 
base for follow-up investigations such as venous ultrasound 
of legs, CTPA or ventilation perfusion scan as well as any 
future admissions due to VTE symptoms. All hospital visits 
and admissions for the next 12 months were reviewed for 
possible symptoms related to VTE and any new imaging 
studies relating to the diagnosis of DVT or PE. Medical 
records of patients who died were evaluated to determine 

the cause of death and whether VTE was a contributing fac-
tor to death.

Outcomes

The primary outcome was the cumulative incidence of recur-
rent VTE (defined as an objective evidence of new or recur-
rent, fatal or non-fatal, symptomatic PE or DVT on imaging, 
as previously described [26]) within 3 months and 1 year 
following the date of the index event. Secondary outcomes 
included overall mortality and PE-related mortality within 
3 months and 1 year, length of hospital stay (LOS), number 
of medical emergency response team (MET) calls during 
index hospitalisation, intensive care unit (ICU) admission, 
and the 30-day readmission rates following hospital dis-
charge from the index PE event. We also determined whether 
patients developed any major bleeding event during their 
index PE event. Major bleeding was defined as any bleeding 
which was fatal or resulted in ≥ 20 g/L drop in haemoglobin 
levels or requiring ≥ 2 units of blood transfusion or bleeding 
into any of the following critical anatomic areas (retroperi-
toneal, intraocular, intraarticular, intracranial or intraspinal). 
Two blinded clinical experts adjudicated all outcomes. They 
classified the cause of all deaths as definitely due to PE (if 
confirmed on autopsy or death following clinically severe 
PE) or possibly due to PE (when death was sudden and with-
out other explanation or due to other causes). We classified 
PE-related death as death definitely or possibly related to 
new/recurrent PE.

Statistics

We compared the baseline characteristics, Wells score, 
sPESI score and VTE-Bleed score according to the location 
of PE using t-tests/Wilcoxon’s rank sum test for continu-
ous variables and chi-squared tests for categorical variables, 
as appropriate. Recurrent VTE, overall mortality and PE-
related mortality were compared among patients with SSPE 
vs. those with more proximal PE within 3 months and 1 year 
following the index event. In addition, we determined and 
compared the PE-related deaths during index hospitalisa-
tion (case fatality rate). As death can be a competing risk 
for recurrent VTE, so we used Fine and Gray model [27], 
and explored associations between SSPE and recurrent VTE 
using competing risk regression. This method yields sub-
distribution hazard ratios (SHR) with corresponding 95% 
confidence intervals (CI) and cumulative incidence function 
(CIF) curve was plotted. We adjusted the models for risk fac-
tors known to be associated with recurrent VTE (age, sex, 
active cancer, prior history of VTE, HFRS, CCI, whether on 
anticoagulation, type of anticoagulant used and the duration 
of anticoagulation as a time-varying covariate. Mortality 
was compared using the Kaplan–Meier estimator and use 
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of the log-rank test. In addition, Cox regression with robust 
standard errors determined hazard ratios after adjustment for 
the above-mentioned co-variates. All tests were 2-sided and 
a P-value of < 0.05 was considered statistically significant. 
All analyses were performed using Stata software vs. 15.0 
(Stata Corporation, College Station, Texas).

Sensitivity analysis

Sensitivity analysis was performed by limiting analysis to 
patients who were older or younger than 60 years of age as 
well as those who were identified as frail according to the 
HFRS, to determine whether recurrent VTE or mortality 
within 1 year was significantly different in these groups.

Results

Of 340 patients who had a positive CTPA for PE between 
1 January 2017 and 31 December 2021, we excluded 6 
patients due to various reasons (Fig. 1). One hundred and 
eleven patients (33.2%) patients were found to have isolated 
SSPE, of whom, 60 (54.1%) had a solitary SSPE. The mean 
(SD) age was 64.3 (17.7) years, 50.9% were males and 9.6% 
were classified as frail according to the HFRS.

The baseline characteristics of patients who had an iso-
lated SSPE were compared with the proximal PE group 
and are presented in Table 1. The characteristics of patients 
were similar between the two groups apart from a history 
of hypertension, which was more common among patients 
who had proximal PE when compared to those with isolated 

SSPE. There were no differences between the two groups in 
the mean frailty scores or the proportion of patients identi-
fied as frail according to the HFRS (P < 0.05). Patients who 
had isolated SSPE had a lesser clot burden [28], as was 
reflected by significantly lower d-Dimer levels (P = 0.018), 
and they were less likely to have pulmonary infarction and 
had lower TnT levels than patients who had a more proximal 
PE (P < 0.05). The clinical presentation of PE was similar 
between the two groups, apart from history of dyspnoea, 
which was less common among patients who had isolated 
SSPE when compared to those who had a more proximal 
PE (P = 0.026). However, the proportion of isolated SSPE 
patients who presented with dyspnoea was not significantly 
different from those with a more proximal PE, if they were 
frail (77.8% vs. 56.5%, P = 0.264). Fifteen (4.5%) patients 
with PE were asymptomatic, and the proportion of patients 
who had an asymptomatic PE was not significantly differ-
ent between isolated SSPE and more proximal PE group 
(5.4% vs. 4.0%, P = 0.569). The mean (SD) Wells score and 
the severity of PE as determined by the sPESI were simi-
lar between the two groups (P > 0.05). Similarly, the risk of 
bleeding as determined by the VTE-bleed score was also 
similar between the two groups (P > 0.05, Table 1).

All but 10 patients (4 with isolated SSPE, 6 with more 
proximal PE) were treated with anticoagulation and there 
was no difference in receipt of this treatment between the 
SSPE and the more proximal PE group [107 (96.4%) vs. 217 
(98.6%), P = 0.181]. The mean (SD) duration of anticoagu-
lation treatment was 257.8 (119.7) days and patients with 
SSPE were more likely to receive a shorter duration of treat-
ment than those with more proximal PE (P < 0.001, Table 2). 
Most patients (61.3%) received initial anticoagulation treat-
ment with enoxaparin overlapping with oral agents (DOACs 
or warfarin) and this initial treatment was more likely to be 
prescribed to patients who had proximal PE when compared 
to those who had isolated SSPE (P = 0.03). However, there 
was no difference in the prescription of individual oral anti-
coagulant agents upon discharge from hospital between the 
two groups (P > 0.05, Table 2).

Outcomes

Recurrent VTE

Overall, 5 (1.5%) patients developed recurrent VTE within 
3 months of the index event. Of these 3 (0.9%) developed 
DVT while 2 (0.6%) patients were diagnosed with PE. 
Within 12 months following the index event and including 
VTE events within 3 months, 17 (5.1%) of patients were 
diagnosed with recurrent VTE. Of these, 3 (0.9%) had DVT 
and 14 (4.2%) had PE. The risk of recurrent VTE within 
three months and within 1 year of follow-up did not differ Fig. 1  Study flow diagram
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Table 1  Characteristics 
of patients according to 
localisation of PE

Variable Isolated SSPE Proximal PE P value

N (%) 111 (33.2) 223 (66.8)
Baseline characteristics n (%)
Age mean (SD) 62.5 (17.8) 65.2 (17.5) 0.196
Age group
 < 40 12 (10.8) 20 (8.9) 0.448
 40–59 31 (27.9) 61 (27.4)
 60–79 49 (44.1) 87 (39.0)
 > 80 19 (17.1) 55 (24.7)

Sex male 57 (51.4) 113 (50.2) 0.907
Residential status home 101 (32.7) 208 (67.3) 0.220
Smoking history 58 (52.3) 119 (53.4) 0.848
HFRS mean (SD) 1.3 (2.3) 1.6 (2.8) 0.344
Frail n (%) 9 (8.1) 23 (10.3) 0.519
Comorbid conditions n (%)
 CAD 15 (13.5) 25 (11.3) 0.561
 CLD 35 (31.5) 64 (28.9) 0.629
 CKD 10 (9.0) 16 (7.3) 0.579
 Chronic liver disease 2 (1.8) 4 (1.8) 0.996
 Stroke 7 (6.3) 15 (6.8) 0.868
 Hypertension 28 (25.2) 83 (37.9) 0.021
 Diabetes 9 (8.1) 26 (11.9) 0.294
 Atrial fibrillation 10 (9.0) 16 (7.3) 0.587

Charlson index mean (SD) 1.1 (2.1) 1.1 (2.2) 0.860
VTE risk factors n (%)
 Cancer 38 (34.2) 80 (36.2) 0.724
 Thrombophilia 6 (5.4) 17 (7.7) 0.439
 Current oestrogen treatment 8 (7.6) 11 (5.0) 0.358
 Previous VTE 17 (15.3) 49 (22.3) 0.135
 Immobilisation 32 (28.8) 61 (27.40 0.777
 Major surgery 19 (17.1) 27 (12.3) 0.229

Clinical symptoms and signs n (%)
 Chest pain 72 (64.8) 126 (57.0) 0.169
 Dyspnoea 61 (54.9) 149 (67.4) 0.026
 Syncope 5 (4.5) 13 (5.9) 0.588
 Haemoptysis 4 (3.7) 8 (3.6) 0.963
 Asymptomatic 6 (5.4) 9 (4.0) 0.569
 DVT symptoms 13 (11.7) 40 (18.1) 0.134
 Pulse ≥ 110/min 11 (9.9) 22 (9.9) 0.990
 Systolic BP < 100 mmHg 4 (3.6) 7 (3.1) 0.823
 Arterial  O2 saturation < 90% 12 (10.9) 23 (10.3) 0.868
 Wells score mean (SD) 3.0 (1.3) 3.2 (1.6) 0.358
 sPESI score mean (SD) 1.1 (1.2) 1.2 (1.1) 0.826
 High risk sPESI n (%) 71 (64.5) 148 (66.4) 0.742
 VTE-Bleed score mean (SD) 2.3 (1.5) 2.3 (1.6) 0.885

Echocardiogram findings
 Ejection fraction mean (SD) 55.2 (11.7) 58.1 (8.8) 0.139
 PAP mean (SD) 32.6 (13.8) 31.1 (12.2) 0.593

CTPA findings
 RV strain n (%) 3 (2.7) 49 (21.9)  < 0.001
 Pulmonary infarction n (%) 11 (9.9) 49 (21.9) 0.007

Laboratory findings mean (SD)
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significantly between patients with isolated SSPE and those 
with more proximal PE (Table 3).

The cumulative incidence of recurrent VTE within 
1 year was not significantly different between isolated SSPE 
and more proximal PE (SHR 0.84, 95% CI 0.22 to 3.19, 
P = 0.785, Fig. 2). After adjusted analysis, there was no 
statistically significant difference in recurrent VTE during 
follow-up between the two groups (SHR 0.84, 95% CI 0.19 
to 3.60, P = 0.864, Table 4).

Mortality

Of the 24 patients with isolated SSPE who died within the 
12 months of follow-up period, 2 died of recurrent confirmed 
PE during index hospitalisation while 1 patient died of pos-
sible PE on day 21 of follow-up. Of the 33 patients with 
proximal PE who died during follow-up, 6 patients died from 

definite PE (n = 2) or possible PE (n = 4). Of these patients, 
1 patient died from PE during the hospitalisation for index 
PE. Overall mortality and PE related mortality during the 
index hospitalisation, within 3 months, and over 1 year of 
follow-up period (Table 3; Fig. 3) did not differ significantly 
between patients with isolated SSPE and those with a more 
proximal PE. After adjusted analysis, the risk of overall mor-
tality did not differ between the two groups within 1 year of 
follow-up period. (HR 1.72, 95% CI 0.92–3.23, P = 0.115, 
Table 4).

Other clinical outcomes

The index admission median (IQR) LOS was significantly 
prolonged among patients who had more proximal PE com-
pared to those with SSPE [3.1 (1.7, 4.8) vs. 1.8 (0.8, 3.8) 
days, P = 0.0001]. Similarly, patients with proximal PE had 

Table 1  (continued) Variable Isolated SSPE Proximal PE P value

 d-Dimer (ng/L) 2.4 (5.5) 4.9 (6.3) 0.018
 TnT mean (ng/L) 32.9 (25.7) 59.4 (91.7) 0.006
 NT-proBNP (ng/L) 836.5 (1288.7) 1925 (5071.4) 0.136
 Creatinine (μmol/L) 83.6 (56.6) 83.9 (25.2) 0.939
 Haemoglobin (g/L) 128.3 (21.7) 130.7 (24.2) 0.378
 WBC (×  109/L) 10.6 (6.5) 9.5 (3.6) 0.060
 Albumin (g/L) 33.0 (6.9) 33.4 (7.6) 0.662
 CRP (mg/L) 46.7 (62.4) 41.4 (51.0) 0.470

SSPE subsegmental pulmonary embolism, SD standard deviation, CAD coronary artery disease, HFRS hos-
pital frailty risk score, CLD chronic lung disease, CKD chronic kidney disease, VTE venous thromboem-
bolism, DVT deep vein thrombosis, sPESI simplified pulmonary embolism severity index, PAP pulmonary 
artery pressure, CTPA computed tomography pulmonary angiogram, RV right ventricle, TnT troponin T, 
BNP brain natriuretic peptide, WBC white cell count, CRP C-reactive protein

Table 2  Anticoagulation 
treatment of isolated SSPE 
compared to proximal PE

SSPE subsegmental pulmonary embolism, PE pulmonary embolism, SD standard deviation, DOAC direct-
acting oral anticoagulant

Isolated SSPE Proximal PE P value

Anticoagulation n (%) 107 (96.4) 217 (98.6) 0.181
Duration of anticoagulation in days mean (SD) 221.6 (121.9) 276.4 (114.5) 0.0001
Duration of anticoagulation n (%)  < 0.001
 < 3 months 4 (3.7) 1 (0.5)
 3–6 months 58 (54.2) 76 (37.4)
 > 6 months 41 (38.3) 125 (61.6)

Unfractionated heparin n (%) 0 6 (2.7) 0.079
Enoxaparin overlapping oral agents n (%) 59 (53.2) 144 (65.5) 0.03
Enoxaparin alone without oral agents n (%) 27 (24.3) 60 (26.9) 0.613
DOACs n (%) 79 (68.6) 153 (71.2) 0.632
 Apixaban 70 (63.1) 143 (64.3) 0.849
 Rivaroxaban 9 (8.1) 10 (4.5) 0.178

Fondaparinux n (%) 0 1 (0.5) 0.480
Warfarin n (%) 7 (6.3) 23 (10.5) 0.215
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a significantly higher number of MET calls during their 
index hospitalisation when compared to those with SSPE 
(P < 0.05), however, the risk of admission to ICU was similar 
between the two groups (P > 0.05). Risk of major bleeding 
episodes were also similar between the two groups (P > 0.05, 
Table 3).

Sensitivity analysis

There was no significant difference in the risk of recurrent 
VTE within 1 year of follow-up whether the analysis was lim-
ited to patients who were 60 years of age or over and patients 
who had isolated SSPE when compared to those with proximal 
PE (SHR 0.36, 95% CI 0.07–1.79, P = 0.465) or whether we 
compared patients with differing PEs who were younger than 
60 years (SHR 0.57, 95% CI 0.05–5.95, P = 0.644, Table 4). 
Similarly, overall mortality was not significantly different 
between the two PE groups within 1 year of follow up when 
the analysis was limited to patients ≥ 60 years (HR 1.41, 
95% CI 0.71–2.82, P = 0.196) nor when limited to patients 
who were < 60 years of age (HR 8.12, 95% CI 0.52–125.26, 
P = 0.133, Table 4). The risk of recurrent VTE and mortality 
within 1 year was also found to be not significantly higher 
among SSPE patients who were identified as frail when com-
pared to frail patients with a more proximal PE (Table 4).

Table 3  Outcomes among 
patients with Isolated SSPE 
compared to Proximal PE

SSPE subsegmental pulmonary embolism, PE pulmonary embolism, VTE venous thromboembolism, DVT 
deep vein thrombosis, LOS length of hospital stay (adjusted for inhospital deaths), ICU intensive care unit, 
MET medical emergency response team
* Defined as fatal bleeding or resulted in ≥ 20  g/L drop in haemoglobin levels or requiring ≥ 2 units of 
blood transfusion or bleeding into any of the following critical anatomic areas (retroperitoneal, intraocular, 
intraarticular, intracranial or intraspinal)

Outcome Isolated SSPE Proximal PE P value

111 (33.4) 221 (66.6)
Recurrent VTE at 3 months n (%) 1 (0.9) 4 (1.8) 0.458
 DVT at 3 months n (%) 1 (0.9) 2 (0.9) 0.758
 PE at 3 months n (%) 0 2 (0.9) 0.442

Recurrent VTE at 12 months n (%) 3 (2.7) 14 (6.3) 0.126
 DVT at 12 months n (%) 1 (0.9) 2 (0.9) 0.704
 PE at 12 months n (%) 2 (1.8) 12 (5.4) 0.102

Overall mortality
 During index hospitalisation n (%) 2 (1.8) 2 (0.9) 0.406
  At 3 months n (%) 11 (9.9) 22 (9.8) 0.990
  At 12 months n (%) 24 (21.6) 33 (14.8) 0.118

 PE-related death
  During index hospitalisation n (%) 2 (1.8) 1 (0.4) 0.217
  At 3 months n (%) 3 (2.7) 4 (1.8) 0.545
  At 12 months n (%) 3 (2.7) 6 (2.7) 0.990

LOS median IQR 1.8 (3.0) 3.1 (3.1) 0.0001
30-Day readmissions n (%) 17 (15.3) 30 (13.5) 0.380
ICU admission n (%) 1 (0.9) 9 (4.0) 0.102
MET calls mean (SD) 4 (1.8) 7 (6.3) 0.036
Major bleeding* n (%) 3 (2.7) 6 (2.7) 0.649

Fig. 2  Cumulative incidence curve comparing VTE recurrence 
between isolated SSPE and proximal PE
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Discussion

The results of this study suggest that isolated SSPE 
accounted for 33.2% of all CTPAs which were positive 
for PE over the 5-year study period. Almost all patients 
(96.2%) received anticoagulation and there was no differ-
ence in receipt of treatment between isolated SSPE and the 
more proximal PE group. The risk of recurrent VTE, over-
all mortality and PE-related mortality was not significantly 

different within 3 months and 1 year of follow up between 
the two groups and was also not different in patients who 
were younger or older than 60 years of age, irrespective 
of their frailty status.

The clinical characteristics of patients with isolated 
SSPE were similar to those with more proximal PE in 
terms of VTE risk factors, CCI and frailty status. These 
results are similar to previous studies [4, 29] which have 
found similar prevalence of VTE risk factors and comorbid 
conditions between isolated SSPE and more proximal PE, 
although, no previous study has previously determined and 
compared frailty status of patients according to the loca-
tion of PE. Our study also found that there was no differ-
ence in the prevalence of cancer between the two groups, 
although, a previous study which included 54 patients with 
SSPE found a significantly higher risk of active cancer 
among patients with isolated SSPE when compared to 
proximal PE. This could be related to the higher median 
age (76 vs. 63 years) of patients with SSPE in that study 
when compared to our study. Whether clinical presenta-
tion of patients who have isolated SSPE is more benign as 
compared to more proximal PE is controversial. Similar to 
other studies [5, 13], our study indicate that patients with 
isolated SSPE were less likely to present with dyspnoea, 
had lower levels of biomarkers (D-dimer and TnT), and 
were less likely to have a CT evidence of RV dysfunction 
than patients with more proximal PE.

Table 4  Association between location of PE and recurrence of venous thromboembolism and overall mortality within 1  year of follow-up 
according to age and frailty status

PE pulmonary embolism, CI confidence interval, VTE venous thromboembolism, SSPE subsegmental pulmonary embolism
* Adjusted for age, sex, active cancer, prior VTE, Charlson index, Frailty status, whether on anticoagulation, type of anticoagulant and period of 
anticoagulation as a time-varying covariate

All patients with 
PE (N = 334)

Analysis limited to 
patients ≥ 60 years of 
age

Analysis limited to 
patients < 60 years of 
age

Analysis limited to patients 
who were identified as frail 
(HFRS > 5)

Unadjusted sub-distribution hazard ratio 
(95% CI)

 VTE recurrence
  Proximal PE Reference Reference Reference Reference
  Isolated SSPE 0.84 (0.22–3.19) 0.52 (0.05–4.68) 1.23 (0.21–7.03) 2.21 (0.15–32.57)

 Adjusted sub-distribution hazard ratio 
(95% CI)*

  Proximal PE Reference Reference Reference Reference
  Isolated SSPE 0.84 (0.19–3.60) 0.36 (0.07–1.78) 0.57 (0.05–5.95) 2.87 (0.10–16.32)

Unadjusted hazard ratio (95% CI)
 Proximal PE Reference Reference Reference Reference
 Isolated SSPE 1.45 (0.84–2.52) 1.42 (0.78–2.59) 1.93 (0.48–7.75) 1.19 (0.28–5.01)

Adjusted hazard ratio (95% CI)*
 Proximal PE Reference Reference Reference Reference
 Isolated SSPE 1.72 (0.92–3.23) 1.41 (0.71–2.82) 8.12 (0.52–125.26) 3.34 (0.41–26.96)

Fig. 3  Kaplan–Meier survival curve comparing survival between Iso-
lated SSPE and Proximal PE
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Our study suggests that the vast majority of patients 
with isolated SSPE are managed with anticoagulation 
treatment which is consistent with the results of previous 
studies [30, 31]. We, however, found that patients with 
isolated SSPE received a significantly shorter duration of 
anticoagulation treatment than those with a more proxi-
mal PE. This might indicate that physicians also consider 
the localisation of PE, in addition to other factors while 
determining the duration of anticoagulation. Our study 
also indicates that patients with isolated SSPE are sig-
nificantly less likely to receive initial overlapping treat-
ment with LMWH (53.2% vs. 65.5%) when compared to 
those with more proximal PE. This might indicate that 
physicians perceive the risk of adverse outcomes related 
to isolated SSPE to be lower than those with proximal PE 
with a focus on outpatient management of such patients, 
as has been found in a previous study [4].

This study did not find any statistically significant dif-
ferences in recurrent VTE, overall mortality and PE related 
mortality between patients with isolated SSPE and proximal 
PE irrespective of the age and frailty status, while acknowl-
edging that the number of recurrent VTE events was low 
in our study (1.5%; five VTE events within 3 months). Our 
results are consistent with a previous study which found 
that the risk of recurrent VTE at 3 months follow up among 
patients with isolated SSPE who were older than 65 years 
was 2% and was not significantly different (HR 0.64, 95% 
CI 0.25–1.62) from patients with a more proximal PE. In 
our study, overall mortality within 1 year of follow up was, 
if anything, higher among patients with isolated SSPE when 
compared to patients with proximal PE (21.6% vs. 14.8%). 
After adjustment for potential confounders including frailty, 
isolated SSPE was associated with an equivalent risk of 
death at 1 year (HR 1.64, 95% 0.88–3.05) to the risk for 
those with more proximal PEs. This presents a startling con-
trast to earlier cited studies [6, 11], where isolated SSPE was 
associated with a lower risk of adverse clinical outcomes 
than proximal PE. Our results match a study by den Exter 
et al. [12], which also found that overall mortality between 
anticoagulated patients with isolated SSPE and proximal PE 
was not significantly different (HR 1.5, 95% CI 0.8–2.8). It is 
however important to note that because almost all patients in 
our study and the above-mentioned studies received antico-
agulation, so outcome comparisons between isolated SSPE 
and proximal PE may have been blurred. Interestingly, in our 
study the case fatality rate during the index PE event was 
1.8% for isolated SSPE compared to 0.4% for more proximal 
PE and all patients who died were receiving anticoagula-
tion treatment at the time of death. However, isolated SSPE 
patients who died during their index admission were more 
likely to have a history of active cancer [2 (5.6%) vs. 0, 
P = 0.04] than patients who died during their index admis-
sion with a more proximal PE. Our data indicate that isolated 

SSPE is not necessarily a benign event, especially among 
patients with active cancer.

This study has several limitations. This study was limited 
to hospitalised patients with PE, and thus relatively healthier 
patients who were diagnosed with a clinically more benign 
PE and managed in the outpatient service may have been 
underrepresented. We cannot exclude the possibility that 
some patients without a PE were misclassified as having an 
isolated SSPE because interobserver agreement for detection 
of SSPE based upon CTPA is only fair (K = 0.38). There 
were only a small number of patients who developed recur-
rent VTE which could potentially limit the power to detect 
potential outcome differences between SSPE and proximal 
PE.

In conclusion, isolated SSPE represent a significant pro-
portion of positive CTPAs and not many clinical character-
istics differentiate the hospitalised patient with SSPE from 
one with more proximal PE. Multimorbidity and frailty risk 
were similar between patients with these two types of PE 
and the incidences of adverse outcomes in terms of VTE 
recurrence and death were not different between patients 
with SSPE and those with more proximal PE irrespective of 
frailty status and age. The patient with an SSPE may derive 
the same benefits from anticoagulation as are enjoyed by 
those with a more proximal PE. There is a need for a future 
RCT to determine whether withholding anticoagulation is 
safe in all or in certain select low-risk patients with SSPE.
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