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BACKGROUND: Patients with COPD are at a high risk for pulmonary embolism (PE) because of
systemic inflammation and co-existing comorbidities. We aimed to determine the incidence, risk
factors, and impact of PE during COPD exacerbation requiring mechanical ventilation. METHODS:
This prospective cohort study was conducted between March 2013 and May 2017. Subjects with severe
COPD exacerbation requiring mechanical ventilation were included. A lower-limb ultrasonography or
a multidetector helical computed tomography scan (MDCT) was performed according to Wells score.
Subjects with ultrasonographic signs of phlebitis underwent MDCT to confirm PE. RESULTS: During
the study period, 131 COPD subjects were admitted to the ICU for severe COPD exacerbation. The
incidence of PE was 13.7%. Factors independently associated with PE were increased sputum volume
(odds ratio [OR] � 0.106, 95% CI 0.029–0.385, P � .001), recent immobilization > 7 d (OR � 5.024,
95% CI 1.470–17.170, P � .01), age > 70 y (OR � 5.483, 95% CI 1.269–23.688, P � .02), and invasive
mechanical ventilation at ICU admission (OR � 3.615, 95% CI 1.005–13.007, P � .049). ICU mortality
was higher in the PE group (44% vs 11%). Predictive factors of mortality were PE (OR � 7.135, 95% CI
2.042–24.931, P � .002), SAPS II score at admission OR � 1.040, 95% CI 1.005–1.077, P � .02), and
duration of mechanical ventilation (OR � 1.098, 95% CI 1.044–1.154, P < .001). CONCLUSION: PE
was found to be a common etiology of severe exacerbation of COPD, leading to high mortality. Age,
invasive mechanical ventilation, and immobilization were risk factors for PE. Key words: pulmonary
embolism; COPD; intensive care; mechanical ventilation; mortality; risk factors. [Respir Care
2019;64(12):1531–1536. © 2019 Daedalus Enterprises]

Introduction

COPD is the fourth leading cause of mortality and mor-
bidity worldwide1 and represents a large economic burden
for health care systems.2,3 COPD exacerbations are an ep-
isode of acute deterioration in respiratory symptoms ac-
companied by physiological changes and associated with
an increase in airway and systemic inflammation.4,5 COPD
exacerbation may require intensive care admission and
mechanical ventilation. Exacerbations are triggered by an

infection in 50–70% of cases and by air pollution in 10%
of cases, and up to 30% of cases6 are of unknown etiology.
COPD is considered a predictor of venous thromboembolism
because of immobilization, smoking, cardiac failure, and ve-
nous stasis.7-9 The incidence of pulmonary embolism (PE)
during COPD exacerbation ranges from 3–29%10-14 and is
even higher in postmortem reports.15,16 Although it is well
known that patients with COPD are highly predisposed to
developing PE,17 detailed information related to its develop-
ment has not been prospectively analyzed. Thus, our aim in
this study was to determine the incidence, risk factors, and
impact of PE during exacerbation of COPD requiring me-
chanical ventilation.

Methods

This prospective cohort study was performed in the ICU
of Taher Sfar University Hospital in Mahdia, Tunisia, be-
tween March 2013 and May 2017. The study protocol was
approved by the hospital’s ethics committee, and all in-

The authors are affiliated with the Intensive Care Unit, University Hos-
pital Taher Sfar, Mahdia, Tunisia, and with Research Laboratory
LR12SP15, University of Monastir, Tunisia.

The authors have disclosed no conflicts of interest.

Correspondence: Nejla Tilouche MD, Intensive Care Unit, University Hos-
pital Tahar Sfar, Mahdia, Tunisia 5100. E-mail: tilouche.nejla@gmail.com.

DOI: 10.4187/respcare.06661

RESPIRATORY CARE • DECEMBER 2019 VOL 64 NO 12 1531



cluded subjects’ or their relatives’ provided informed writ-
ten consent. Inclusion criteria were admission to the ICU
for severe COPD exacerbation according to the definition
of the Global Initiative for Chronic Obstructive Lung Dis-
ease18 with unknown etiology and necessitating mechanical
ventilation within the first 24 h. Subjects were mechanically
ventilated if they had acute respiratory failure associated with
respiratory acidosis: pH � 7.35 and PaCO2

� 45 mm Hg or
severe hypoxemia. The diagnosis of COPD was based on
medical history (previous diagnosis, hospitalizations, out-pa-
tient clinic visits) and the presence of air-flow limitation.
COPD exacerbation was defined by the presence of at least
2 of the following symptoms: change in baseline dyspnea,
cough, sputum production, or sputum purulence.19 Exclusion
criteria included all other causes of respiratory deterioration
(eg, pneumothorax, pneumonia, pleural effusion, pulmonary
edema, or iatrogenic factor), renal failure (ie, serum creati-
nine � 1.5 mg/dL), hypersensitivity to contrast material, or
taking anticoagulant therapy for any cause.

Study Intervention

The Wells score20 was determined for each subject upon
admission. A Wells score � 2 indicates an intermediate or
high clinical probability, in which case a multidetector
computed tomographic (MDCT) angiography was per-
formed. In all other cases, a lower-limb ultrasonography
was performed; in the event of incomplete compressibility
of the vein, an MDCT was used for final confirmation.

Angiography was performed with a 16-slice MDCT (tube
voltage, 120 kV; tube current, 240 mA) during a breath-
hold, with injection of 100 mL contrast material with a
power injector at 3.5 mL/s, using a slice thickness of 3 mm
and a reconstruction interval of 2 mm. PE was confirmed
if the contrast material outlined a partial or total filling
defect. We did not use plasma D-dimer because the D-
dimer assay in our hospital is not the quantitative enzyme-
linked sorbent assay, so it could not be used to rule out PE.
Cardiac function was evaluated with echocardiography in
case of shock at ICU admission or to help in diagnosing
cardiac dysfunction as the cause of COPD.

The following data were collected for all subjects: de-
mographic characteristics; comorbidities; baseline treat-
ment; severity of illness estimated with the Simplified Acute
Physiology Score (SAPS II); risk factors for PE; Anthonisen
classification; clinical, radiological, electrocardiographic,
and biochemical parameters on admission; all therapeutics
administered (eg, mechanical ventilation, anticoagulation)
duration of mechanical ventilation; ICU length of stay;
and ICU mortality.

Statistics

Analyses were performed using a statistical software
package (SPSS version 18.0, SPSS, Chicago, Illinois). Vari-

ables were expressed as mean � SD or as median (inter-
quartile range) depending on the type of distribution, and
categorical data were presented as a number and percent-
age. Baseline characteristics were compared using the
chi-square test or Fisher exact test as appropriate for
categorical variables. Continuous variables were com-
pared with the Student t test or Mann-Whitney test as
appropriate. A P value � .05 was considered statisti-
cally significant. A multiple logistic stepwise regression
analysis including variables with P � .20 in the uni-
variate analysis was conducted to determine predictive
factors of PE and of mortality.

Results

During the study period, 361 patients were screened for
inclusion. A total of 230 patients were excluded for dif-
ferent reasons (Fig. 1); 131 subjects with a mean age of
68 � 13 years were included. Seventy-five (57%) subjects
had noninvasive ventilation (Table 1). The algorithm for
PE diagnosis is shown in Figure 2.

According to the Wells criteria, 1 subject had high clin-
ical probability, 58 subjects had intermediate clinical prob-
ability, and 72 subjects had a low clinical probability.
Only 1 subject had a deep vein thrombosis on lower-limb
ultrasonography. Echocardiography performed in 20 sub-
jects with intermediate clinical probability ruled out left
cardiac dysfunction. When performed in 1 subject with
shock, the test showed acute cor pulmonale. The MDCT
scan, carried out in 60 subjects, showed PE in 18 subjects
(13.7%). PE was segmental in 44%.

One subject with shock had thrombolysis, and 2 sub-
jects with PE developed cardiogenic shock after 24 h but

QUICK LOOK

Current knowledge

About 30% of episodes of COPD exacerbation are un-
explained. COPD is a known risk factor for thrombo-
embolism, but the incidence and impact of pulmonary
embolism during severe exacerbations requiring me-
chanical ventilation have not been well investigated.

What this paper contributes to our knowledge

Pulmonary embolism was a frequent cause of unex-
plained COPD exacerbation requiring mechanical ven-
tilation. Pulmonary embolism was more frequent in older
subjects and those invasively ventilated at ICU admis-
sion. Systematic screening of patients with intermediate
clinical probability may enable clinicians to detect more
pulmonary embolism cases.
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did not receive thrombolysis because of hemostasis disor-
der. At baseline, subjects with PE were significantly older,
and more critically ill (SAPS II score: 35 (IQR, 21–42) vs
26 (IQR, 20–35), P � 0.036), (P � 0.22). Heart rate and
type 3 exacerbation of Anthonisen were significantly higher
in the PE group. Electrocardiographic findings were sim-
ilar in both groups, whereas chest radiograph findings
showed more atelectasis and pleural effusion in the PE
group (17% vs 3%, P � .034 and 38% vs 14%, P � .02,
respectively) (Table 2).

Immobilization for � 7 d prior to ICU admission was
more frequently reported in the PE group (56% vs 15%,
P � .001). In the multivariate analysis, factors indepen-
dently associated with the presence of PE were increased
sputum volume (odds ratio [OR] � 0.106, 95% CI 0.029–
0.385, P � .001), immobilization � 7 d before ICU ad-
mission (OR � 5.024, 95% CI 1.470–17.170, P � .01),
age � 70 y (OR � 5.483, 95% CI 1.269–23.688, P � .02),
and the need for invasive mechanical ventilation at ICU
admission (OR � 3.615, 95% CI 1.005–13.007, P � .049)
(Table 3).

In the PE group, 8 subjects died; death was related to
septic shock in 5 cases and cardiogenic shock in 3 cases.
In subjects without PE, 12 subjects died; death was
related to septic shock in 10 cases and hypoxemia in
2 cases.

Mortality was significantly higher in the PE group
(44% vs 11%, P � .001). (Table 1). After adjusting for
age, SAPS II score, and pH, the independent predictors
of mortality were PE (OR � 7.135, 95% CI 2.042–
24.931, P � .002), duration of mechanical ventilation
(OR � 1.098, 95% CI 1.044 –1.154, P � .001), and
SAPS II score (OR � 1.040, 95% CI 1.005–1.077,
P � .02) (Table 4).

Discussion

In our study, 13.7% of subjects admitted to the ICU for
severe COPD exacerbation had acute PE. Predisposing
factors to PE included an age � 70 years, immobilization,
and invasive mechanical ventilation. PE was associated
with significantly higher mortality.

The incidence of symptomatic PE in COPD patients
ranges between 3% and 29%.10-14 Variations in reported
incidence may be explained by differences in study de-
signs and modalities of PE investigation. Indeed, in the
study by Ristic et al,13 subjects with chronic hypoxemia
admitted to the ICU were investigated with a protocol
using D-dimer to refer subjects to lower-limb Doppler ul-
trasonography or MDCT. In a retrospective study, Bahloul
et al10 determined the presence of PE using MDCT results
in 51 COPD subjects. Akpinar et al12 and Tillie-Leblond
et al14 included COPD subjects with mild to moderate
exacerbation. Subjects in both studies underwent MDCT
within 24 h of admission, and the prevalence of PE was
29.1% and 24.9%, respectively. For Tillie-Leblond et al,14

the diagnosis of PE was confirmed with contrast-enhanced
CT angiogram or a positive lower-leg ultrasound, while in
2 other studies, PE was excluded if the D-dimer test was
negative.21,22 A systematic MDCT during COPD exacer-
bation could assist in finding more unsuspected PE cases,
thus raising the incidence of PE. In addition, variations in
the incidence of PE may be caused by whether subseg-
mental defects on MDCT are considered clinically rele-
vant in the inclusion of subjects with known risk factors
for PE. The incidence of PE in subjects with interme-
diate probability was 29%. In clinical practice, PE is
actively sought in cases of high clinical probability; in
other cases, D-dimer is used. Our results show that a
more active screening for PE with MDCT is justified in
subjects with COPD. PE is frequently described as
asymptomatic23 because its symptoms are nonspecific,
especially in COPD subjects, where even the most typ-
ical presentation (eg, dyspnea, cough, chest pain) merges
with the usual presentation of severe exacerbations of
other origins.

In our study, the absence of cardinal signs of bronchial
infection and tachycardia were more frequent in subjects
with PE, which matches the findings of Rutschmann et al.21

Other blood gas or electrocardiographic data were com-
parable between the 2 groups, and only the chest radio-
graph showed more abnormalities for the PE group.

Age and immobilization are known risk factors for PE
in the general population.24 COPD itself is a known risk
factor for PE, and in these patients venous thromboembo-
lism may be missing.24-26 Accordingly, COPD may induce
pulmonary vascular alterations27,28 and pulmonary hyper-
tension, which increases vascular resistance and stagnation
of blood flow.9,29 These disturbances mimic the hemody-

Screened for inclusion
361

Pulmonary embolism
18

No pulmonary embolism
113

Included after initial
screening

131

Excluded after initial screening
230

Pneumonia: 83
Pneumothorax: 21
Pulmonary edema: 72
Allergy to contrast material: 10
Anticoagulation treatment: 17
Serum creatinine >150 µmol/L: 27

Fig. 1. Flow chart.
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namic disturbances caused by PE, which explains this pre-
disposition. In addition, local and systemic inflammation
can contribute to worsening comorbidities like diabetes
mellitus and cardiovascular disease.18,30 Fibrinogen and
C-reactive protein increase systemically during exacerba-
tion and contribute to thrombotic events.31-33

In our study, mortality was significantly higher in the
PE group, and PE was an independent risk factor for mor-
tality. This finding matches those of other studies.10,34

Bahloul et al10 found higher mortality in the PE group
(69.5% vs 44%, P � .02), which can be explained by the
presence of more organ failure in their subjects.

Table 1. Baseline Characteristics of Subjects With and Without Pulmonary Embolism

All Subjects (N � 131) PE (n � 18) No PE (n � 113) P

Age, y 68 � 13 75 � 7 67 � 14 .005
Sex, males 104 (79) 13 (72) 91 (81) .52
SAPS II 27 (21–38) 35 (21–42) 26 (20–35) .036
Comorbid conditions

Hypertension 48 (37) 9 (50) 39 (35) .20
Diabetes mellitus 21 (16) 1 (6) 20 (17) .30
Cardiac failure 29 (22) 7 (39) 22 (20) .07

ABCD classification .75
A 5 (4) 0 5 (4)
B 91 (69) 13 (72) 78 (69)
C 2 (1) 0 2 (2)
D 33 (25) 5 (28) 28 (25)

Dyspnea
At rest 46 (35) 12 (67) 34 (30) .01
At daily activities 85 (65) 6 (38) 79 (70) .005

Home oxygen therapy 47 (36) 3 (17) 44 (39) .067
Clinical presentation

Chest pain 16 (12) 3 (17) 13 (12) .22
Cough 110 (84) 9 (50) 101 (89) � .001
Sputum

Increased volume 90 (69) 5 (28) 85 (75) � .001
Purulence 65 (50) 7 (39) 58 (51) .32

Syncope 4 (3) 1 (6) 3 (3) .45
Anthonisen classification

Type 1 50 (38) 5 (28) 45 (40) .32
Type 2 39 (30) 3 (17) 36 (32) .19
Type 3 42 (32) 10 (59) 28 (27) .02

Physical examination
Frequency, breaths/min 31 � 11 30 � 4 31 � 13 .89
Heart rate, beats/min 101 � 18 109 � 16 100 � 18 .042
Systolic blood pressure, mm Hg 138 � 27 134 � 36 139 � 26 .68
Shock on ICU admission 3 (2) 1 (6) 2 (2) .37

Blood gas analyses
pH 7.29 � 0.08 7.3 � 0.1 7.29 � 0.07 .59
PaO2

, mm Hg 51 � 12 51 � 11 51 � 12 .86
PaCO2

, mm Hg 76 � 13 72 � 14 79 � 13 .54
Mechanical ventilation .049

Invasive 58 (44) 11 (65) 40 (39)
Noninvasive 75 (57) 6 (35) 62 (61)

Duration of mechanical ventilation, d 5 (3–10) 6 (2.7–15.7) 5 (3–10) .69
Length of stay, d 8 (5–13) 9 (4–20) 8 (6–12) .86
Mortality 20 (15) 8 (44) 12 (11) � .001

Data are presented as n (%), mean � SD, or median (interquartile range).
PE � pulmonary embolism
SAPS II � Simplified Acute Physiology Score II
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Mortality in our subjects was attributed to PE in only
3 cases. The other causes of mortality were nosocomial
infection, septic shock, iatrogenic pneumothorax, and the
severity at admission (65% of our subjects with PE re-
quired invasive ventilation and had a median SAPS II
score of 35). Our study has some limitations worth noting.
First, we used lower-limb ultrasonography to rule out PE
in subjects with low probability, which lacks sensitivity.
Our choice was dictated by the absence of valid D-dimer
testing in our hospital. Therefore, we may have missed
some cases of PE. Second, we cannot exclude possible
cases of undiagnosed subsegmental emboli on the MDCT,

which could underestimate the incidence. Finally, echo-
cardiography was performed in only 21 subjects, but this
exam is not recommended during PE without shock or
hypotension because it is difficult to perform during the
acute phase of severe exacerbation and because signs of
right ventricular dysfunction are also found in COPD sub-
jects without PE.

Conclusions

PE in COPD exacerbation was frequent and was asso-
ciated with higher mortality. The diagnosis of PE should
be considered in elderly and sedentary patients with COPD,
especially those requiring invasive mechanical ventilation
for a severe exacerbation.
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