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Unprovoked pulmonary embolism in older adults: 
incidence and prognosis
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A b s t r a c t

Introduction: Unprovoked pulmonary embolism (UPE) is not rare and it is 
associated with an unfavorable prognosis in adults. However, the incidence 
and the prognosis of UPE in older adults have never been studied.
Material and methods: This was a historical prospective study. We reviewed 
all the medical charts of all older adults (aged 70 years or more) with UPE, 
provoked pulmonary embolism (PPE), and malignancy-associated PE (MAPE), 
admitted to a tertiary medical center between 2010 and 2012. The all-cause 
3-year mortality rates and cumulative survival following admission were 
compared between the groups.
Results: The final cohort included 249 patients with PE: 161 (64.7%) were 
women; the mean age was 79.8 ±5.7 years. Overall, 36 (14.5%) patients 
had UPE, 81 (32.5%) patients had MAPE, and 132 (53.0%) patients had PPE. 
Overall, 39 (15.7%) patients died within 30 days, 76 (30.5%) patients died 
within 6 months, 101 (40.6%) patients died within 1 year, and 136 (54.6%) 
patients died within 3 years of admission. Relative to PPE and MAPE pa-
tients, the cumulative survival was significantly higher in UPE patients at 
each time point within 1 year of admission (p < 0.05 and p < 0.001, respec-
tively). However, 3 years after admission, the cumulative survival was com-
parable between PPE patients and UPE patients, and was significantly lower 
in MAPE patients (p < 0.001).
Conclusions: UPE is not rare in older adults with PE, and it is associated with 
a favorable prognosis within 1 year of admission in this population.

Key words: incidence, mortality, older adults, survival, unprovoked 
pulmonary embolism.

Introduction

In most patients with pulmonary embolism (PE), the cause or the trig-
ger for thrombosis is apparent and might be an inherited thrombophilia, 
a  recent hip fracture, a  recent major operation, hormonal replacement 
therapy, central lines, a pregnancy, etc. These patients have what is com-
monly called provoked PE (PPE). Patients with PE caused by an acquired 
thrombophilia associated with an active malignancy have what is com-
monly called malignancy-associated PE (MAPE). Idiopathic PE, also called 
unprovoked pulmonary embolism (UPE), is defined as PE without an ob-
vious cause or a trigger. The diagnosis of UPE in patients with PE is of 
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clinical importance since it often calls for an occult 
malignancy workup, an inherited thrombophilia 
workup, and longer anticoagulation treatment du-
ration compared with that of PPE patients [1].

The incidence of unprovoked venous thrombo-
embolism (VTE) in adults is 25–40% [2–4], and 
the incidence of UPE in adults with PE can be as 
high as 50% [1]. However, the incidence of UPE 
in older adults with PE has never been studied, 
to the best of our knowledge. Moreover, UPE in 
adults is associated with a higher mortality rate 
compared with PPE, and a  lower mortality rate 
compared with MAPE [5–7]. However, mortality 
rates and cumulative survival associated with 
UPE, and compared with those of PPE and MAPE, 
have never been studied in older adults. In view 
of the worldwide increase in the population of 
older adults, it is most important to study the in-
cidence of UPE in this population and its associ-
ated prognosis.

The aim of the study was to study the incidence 
of UPE in older adults with PE, and to study the 
3-year mortality rates and cumulative survival in 
this population.

Material and methods

Study design

This was a  historical prospective study con-
ducted in Sheba Medical Center – the largest ter-
tiary medical center in Israel, with the approval of 
the local ethics committee.

Study population

The medical records of all older adults (aged 
70 years or more) with PE who were admitted to 
Sheba Medical Center between 2010 and 2012 
were reviewed. PE was diagnosed in all patients 
by means of a  computed tomography scan with 
angiography (CTA) of the chest or a lung ventila-
tion-perfusion scan. Patients were divided into 
three groups according to the causes of PE or their 
absence: UPE, PPE, and MAPE.

UPE patients were those without obvious 
causes or triggers for PE. PPE patients were those 
with obvious causes or triggers for PE including: 
immobility in the last month following an acute 
disease or minor surgery or a  long-haul flight; 
immobility in the last 3 months following a debil-
itating fracture or major surgery or a debilitating 
stroke; inherited thrombophilia (e.g., history of 
VTE, family history of VTE, factor V Leiden muta-
tion, Protein S deficiency, etc.); acquired throm-
bophilia (e.g., essential thrombocytosis, polycy-
themia vera, nephrotic syndrome, vasculitis, etc.); 
and use of pro-thrombotic agents (e.g., hormonal 
replacement therapy, androgens, tamoxifen) [8]. 
Obese patients, chronically immobile patients, 

and chronic obstructive lung disease patients, 
were not included in the PPE group – unless they 
had other obvious causes or triggers for PE. MAPE 
patients were those with an active malignancy ei-
ther treated with chemotherapy and/or metastat-
ic. Patients with an active malignancy diagnosed 
within 1 year following PE diagnosis were also in-
cluded in the MAPE group. PPE patients who also 
had an active malignancy were included in the 
MAPE group as well.

The preliminary cohort included 275 older 
adults with PE. We excluded patients in whom PE 
was highly suspected, but a chest CTA or lung ven-
tilation-perfusion scan was not performed (n = 11; 
4.0%). We also excluded patients in whom it was 
impossible to determine whether they had PPE or 
MAPE (n = 9; 3.3%) and patients with chronic PE 
(n = 6; 2.2%).

Study variables

The study variables included age, gender, 
chronic co-morbidities, mechanical ventilation, 
discontinuing anticoagulation during hospitaliza-
tion, all-cause mortality rates and cumulative sur-
vival within 30 days, 6 months, 1 year, and 3 years 
of admission.

Statistical analysis

The continuous variables were expressed as 
the mean ± standard deviation, median, and in-
ter-quartile range (IQR). The one-way Kolmogor-
ov-Smirnov test was used to assess the distribu-
tion of continuous variables. Student’s t-test was 
used to compare between the means of contin-
uous variables with parametric distributions. The 
Mann-Whitney test was used to compare between 
the means of continuous variables with non-para-
metric distributions. Fisher’s exact test was used 
to compare between the prevalence/incidence of 
categorical variables. Kaplan-Meier curves were 
used to compare cumulative survival between 
UPE, PPE, and MAPE patients. A stepwise logistic 
regression analysis was used to study which vari-
ables were independently associated with 1-year 
mortality. Two-tailed p < 0.05 was considered sta-
tistically significant. The statistical analyses were 
carried out using the 24th version of the SPSS sta-
tistical software (IBM, Chicago, IL, USA).

Results

Descriptive analysis of the whole cohort

The final cohort included 249 PE patients: 
most patients (n = 161, 64.7%) were women, and 
the mean age was 79.8 ±5.7 years (median: 80 
years; IQR: 75–84 years). The three most common 
chronic co-morbidities were hypertension, diabe-
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tes mellitus, and ischemic heart disease. Except 
for 1 (0.4%) patient who was initially treated by 
thrombolysis, all patients were initially treated 
with enoxaparin. Except for 10 (4.0%) patients in 
whom oral anticoagulation was stopped due to 
bleeding, 1 (0.4%) patient in whom anticoagula-
tion was stopped due to a  terminal cancer, and  
1 (0.4%) patient in whom anticoagulation was not 
started due to sub-segmental PE without a lower 
limb deep vein thrombosis (DVT), all of the pa-
tients were treated with anticoagulation agents 
upon their discharge. Overall, 18 (7.2%) patients 
were mechanically ventilated (Table I).

Incidence of unprovoked PE

Overall, 36 (14.5%) patients had UPE, 81 
(32.5%) patients had MAPE, and 132 (53.0%) pa-
tients had PPE. Of note, only 5 (13.9%) UPE pa-
tients underwent a  genetic thrombophilia work-
up – which came back negative for all of them, 
and none of the UPE patients underwent an oc-
cult malignancy workup. Among the 81 MAPE pa-
tients, the four most common malignancies were: 

lung cancer (n = 17; 20.9%), breast cancer (n = 11;  
13.6%), metastatic disease of an unknown prima-
ry (n = 9; 11.1%), and pancreatic cancer (n = 7; 
8.6%). In 1 (1.2%) patient an active malignancy 
was diagnosed within 8 months following PE diag-
nosis. Except for age, which was significantly high-
er in UPE patients, and atrial fibrillation, which 
was significantly more prevalent in PPE patients, 
there were no statistically significant differences 
between the three groups in terms of the mean 
age and the prevalence of other chronic co-mor-
bidities (Table I).

Mortality rates and cumulative survival

Overall, 39 (15.7%) patients died within  
30 days, 76 (30.5%) patients died within 6 months, 
101 (40.6%) patients died within 1 year, and 136 
(54.6%) patients died within 3 years of admission. 
At each time point mortality rates were highest 
among MAPE patients and lowest among UPE pa-
tients. Moreover, none of the UPE patients died 
within 6 months of admission (Figure 1).

Table I. Clinical characteristics of the whole cohort, MAPE patients, PPE patients, and UPE patients

P-valueUPE
(n = 36)

PPE
(n = 132)

MAPE
(n = 81)

Whole cohort
(n = 249)

Variable

Demographics and chronic co-morbidities:

0.00182.6 ±6.180.1 ±5.778.3 ±5.179.8 ±5.7Age, mean ± standard 
deviation [years]

0.35927 (75.0)84 (63.6)50 (61.7)161 (64.7)Female, n (%)

0.12029 (80.6)101 (76.5)53 (65.4)183 (73.5)Hypertension, n (%) 

0.52512 (33.3)32 (24.2)20 (24.7)64 (25.7)Ischemic heart disease, 
n (%)

0.0013 (8.3)30 (22.7)4 (4.9)37 (14.9)Atrial fibrillation, n (%)

0.4495 (13.9)19 (14.4)7 (8.6)31 (12.4)Dementia, n (%)

0.9152 (5.6)10 (7.6)6 (7.4)18 (7.2)Congestive heart failure, 
n (%)

0.3098 (22.2)43 (32.6)20 (24.7)71 (28.5)Diabetes mellitus, n (%)

0.7404 (11.1)21 (15.9)13 (13.6)36 (14.5)Past stroke, n (%)

0.6205 (13.9)19 (14.4)8 (9.9)32 (12.9)Chronic renal failure, n (%)

0.6241 (2.8)5 (3.8)5 (6.2)11 (4.4)Parkinson’s disease, n (%)

0.4162 (5.6)18 (13.6)10 (12.3)30 (12.0)Chronic lung disease, n (%)

0.8281 (2.8)3 (2.3)3 (3.7)7 (2.8)Smoking, n (%)

0.6573 (8.3)6 (4.5)4 (4.9)13 (5.2)Peripheral vascular disease, 
n (%)

Treatment:

0.8943 (8.3)10 (7.6)5 (6.2)18 (7.2)Ventilated, n (%)

0.2992 (5.6)7 (5.3)1 (1.2)10 (4.0)No anticoagulation, n (%)

MAPE – malignancy-associated pulmonary embolism, PPE – provoked pulmonary embolism, UPE – unprovoked pulmonary embolism.
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Compared with survivors, patients who died 
within 1 year of admission had higher preva-
lence of dementia, congestive heart failure, dia-
betes mellitus, and active malignancy. They also 
had lower incidence of PPE and UPE (Table II).  
Regression analysis showed that UPE was inde-
pendently associated with reduced 1-year mor-
tality (Table III).

Relative to PPE and MAPE patients, the cu-
mulative survival was significantly higher in UPE 
patients at each time point within 1 year of ad-
mission. However, 3 years after admission, the 
cumulative survival was comparable between PPE 
patients and UPE patients, and was significantly 
lower in MAPE patients (Figure 2).

Figure 1. Mortality rates in older adults with pul-
monary embolism within 3 years of admission
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Table II. Clinical characteristics of dead patients and survivors within the first year of admission

P-valueHazard ratio
(95% CI)

Dead
(n = 101, 40.6%)

Survivals
(n = 148, 59.4%)

Parameter

0.718NA80.0±5.679.7±5.8Age, mean ± standard deviation [years]

0.0310.5 (0.3–0.9)57 (56.4)104 (70.3)Female, n (%)

0.8841.0 (0.6–1.8)75 (74.3)108 (73.0)Hypertension, n (%)

0.2411.4 (0.7–1.5)30 (29.7)34 (23.0)Ischemic heart disease, n (%)

0.5870.7 (0.3–1.5)13 (12.9)24 (16.2)Atrial fibrillation, n (%)

0.0492.2 (1.0–4.8)18 (17.8)13 (8.8)Dementia, n (%)

0.0064.2 (1.4–12.2)13 (12.9)5 (3.4)Congestive heart failure, n (%)

0.0221.9 (1.1–3.3)37 (36.6)34 (23.0)Diabetes mellitus, n (%)

0.2711.5 (0.7–3.1)18 (17.8)18 (12.2)Past stroke, n (%)

0.7041.1 (0.5–2.4)14 (13.9)18 (12.2)Chronic renal failure, n (%)

0.0544.1 (1.0–16.0)8 (7.9)3 (2.0)Parkinson’s disease, n (%)

0.5531.3 (0.6–2.8)14 (13.9)16 (10.8)Chronic lung disease, n (%)

0.4461.9 (0.4–9.1)4 (4.0)3 (2.0)Smoking, n (%)

0.3881.7 (0.5–5.4)7 (6.9)6 (4.1)Peripheral vascular disease, n (%)

< 0.00110.7 (5.7–20.1)62 (61.4)19 (12.8)Malignancy-associated PE, n (%)

< 0.0010.2 (0.1–0.4)35 (34.7)97 (65.5)Provoked PE, n (%)

< 0.0010.1 (0.0–0.4)4 (4.0)32 (21.6)Unprovoked PE, n (%)

Table III. Stepwise logistic regression analysis showing which variables were independently associated with mor-
tality 1 year following admission

P-value95% confidence intervalHazard ratioParameter

0.0301.0–1.11.1Age

0.0111.3–9.13.5Dementia

< 0.0012.8–36.19.9Congestive heart failure

0.0171.2–4.92.4Diabetes mellitus

< 0.0017.9–37.117.2Malignancy-associated PE

0.0560.1–1.00.3Unprovoked PE
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Figure 2. Cumulative survival in older adults with 
pulmonary embolism within 3 years of admission

*p < 0.05, **p < 0.001.
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Discussion

The incidence of UPE in adults with PE and its 
associated prognosis have already been studied 
before [1, 5–8]. However, to the best of our knowl-
edge, the incidence and the prognosis of UPE in 
older adults have never been studied until now. 
According to our findings, UPE is not rare (14.5%) 
in older adults with PE, and it is associated with 
a favorable prognosis within 1 year of admission 
in this population compared with PPE and MAPE. 
Moreover, UPE prognosis in older adults has been 
comparable to that of PPE towards the third year 
following admission.

According to our findings, the incidence of UPE 
in older adults with PE is lower than the incidence 
of UPE in adults with PE – 14.5% in older adults 
with PE compared with up to 50% in adults with 
PE [1, 7] – but it is not rare in older adults. Of note, 
the incidence of UPE in older adults with PE may 
be even lower; our findings may be an overesti-
mation of the true incidence of UPE in older adults 
with PE, since only a  few of the UPE patients in 
our study have undergone a genetic thrombophil-
ia workup, and since according to Siguret et al. [9], 
14.4% of older adults with venous thromboem-
bolism have at least one inherited thrombophilia. 
The low incidence of UPE in older adults with PE 
may be explained by the high prevalence of ma-
lignancies, immobility, surgery, and osteoporotic 
fractures in this population.

At each time point within 3 years of admission 
mortality rates were highest and cumulative sur-
vival was lowest in older adults with MAPE com-
pared with older adults with PPE and UPE. This 
finding is comparable with the long-term prog-
nosis of adults with PE [7]. But contrary to adults 
with PE [7], UPE in older adults is associated with 
a better prognosis than PPE in older adults within 
the first year of admission. Moreover, these find-
ings may be an underestimation, since patients 
with UPE in the current cohort were older than pa-
tients with PPE. In our opinion, UPE in older adults 
is probably provoked by minor triggers, such as 
mild dehydration or short immobility, which may 
have a small effect on the general prognosis. On 
the other hand, we assume that UPE in adults is 
probably provoked by more major triggers, such 
as an undiagnosed inherited thrombophilia, which 
might have a more substantial effect on the gen-
eral prognosis [2]. Another explanation may be 
the devastating impact of the PPE trigger on the 
general prognosis of older adults compared with 
adults; for example, hip fracture might be associ-
ated with PPE in both older adults and adults, but 
in older adults it might also be associated with 
decubitus ulcers, delirium, urinary retention, and 
other complications which might affect prognosis, 
and are less frequent in adults [10].

According to our findings, compared with PPE, 
UPE in older adults is associated with a  better 
prognosis in terms of a higher cumulative survival 
within the first year of admission, but cumulative 
survival of UPE patients decreases and becomes 
equal to the cumulative survival of PPE patients 
during the next 2 years. We assume that the el-
evated mortality rates in PPE patients within the 
first year of admission are attributed to the PE, 
while the comparable mortality rates later in UPE 
patients and in PPE patients are attributed to 
co-morbidities other than the PE. Since data con-
cerning anticoagulation therapy duration follow-
ing discharge are missing in the current analysis, 
it is impossible to estimate the impact of the an-
ticoagulation therapy duration on the long-term 
prognosis.

These findings may have significant clinical 
consequences: since UPE in older adults with PE 
is less common than in adults, but still not rare, 
and since the prognosis of PPE and MAPE is much 
worse in older adults than in other adults, physi-
cians should look for a  cause and especially for 
malignancy in older adults with PE. Paradoxically, 
many physicians pursue the diagnosis of malig-
nancy only in younger PE patients, while actually 
they should pursue the diagnosis of malignancy 
in older adults with PE as well, since almost one-
third of them have active malignancies according 
to the current analysis.

Except for the small sample size and the obser-
vational nature of the study, the main limitations 
of the current analysis are: a  lack of information 
concerning the anticoagulation therapy duration 
following discharge; a lack of an inherited throm-
bophilia workup in most UPE patients; a  lack of 
an occult malignancy workup in all UPE patients; 
a lack of information concerning how massive the 
PE was in terms of right heart failure; and a lack of 
information concerning the actual cause of death 
and PE-related deaths rather than an all-cause 
mortality. A  lack of inherited thrombophilia and 
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occult malignancy workup in older adults with 
UPE represents “real-life” medicine; physicians of-
ten do not perform these workups in older adults 
since the prevalence of hereditary thrombophilia 
declines in older age [11], and since there are no 
guidelines to look for an occult malignancy in old-
er adults with UPE. Still, these limitations should 
be addressed in future large interventional pro-
spective studies.

In conclusion, UPE incidence in older adults 
with PE is less common than in adults with PE, 
but it is not rare. UPE in older adults is associated 
with a better prognosis in terms of a higher cumu-
lative survival – especially within the first year of 
admission.
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