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Abstract

Purpose: to evaluate the current rate of pulmonary embolism (PE) in our medico-
surgical intensive care unit (ICU), to identify risk factors, and to determine the out-
come of PE in ICU.

Methods: We performed a prospective cohort study of consecutive patients requir-
ing intensive care admission during a one-year period. We included, in this prospec-
tive study, all the patients with confirmed PE admitted in ICU with more than 18
years of age, and expected to stay in ICU for more than 48 hours. Only the patients
who had a clinical suspicion (unexplained hypoxemia and/or shock) for PE under-
went diagnostic studies.

Results: During the study period, 842 patients were admitted in our ICU. One hun-
dred and two patients were excluded. The diagnosis of PE was confirmed in 75
patients (10.1%). In our study, all patients (100%) had received some forms of phar-
maceutical prophylaxis (PP) during ICU stay. The median time from ICU admission
to diagnosis of PE was 6 days. The diagnosis of PE was made by spiral CT in 74
patients (98.7%), and by echocardiography in 1 case (1.3%). The mean ICU stay
was 26.3 + 26.5 days (median: 20 days). During their ICU stay, 73 patients (97.3%)
developed one, or more, organ failure. Respiratory failure was the most observed
(97.3%). Moreover, 38 patients (50.6%) developed nosocomial infections and 29
(38.6%) died. The multivariate analysis showed that the risk factors associated with
mortality were the presence of shock the day of PE diagnosis and the presence of
right ventricular dilatation on echocardiography.

Conclusion: Our findings confirm that subjects in the ICU are at high risk of PE, due
to a high number of risk-factors. PE was associated with higher ICU mortality and a
significantly higher ICU LOS. Our results invite to revise the preventive strategies of

deep venous thrombosis and PE in patients requiring ICU admission.
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1 | INTRODUCTION
Venous thromboembolism (VTE), which includes pulmo-
nary embolism (PE) and deep venous thrombosis (DVT),
remains a major challenge and represents severe complica-
tions in the care of critically ill patients.l'5 Indeed, intensive
care unit (ICU) patients are at a high risk of VTE because
they are subject to several general risk factors for VTE (such
as immobilization, age, obesity, past history of neoplasm,
sepsis, recent surgery, trauma) and ICU-related risk factors
(such as sedation, central venous catheterization, respiratory
or heart failure and the use of vasoactive drugs). ' In fact, in
the ICU, most patients are severely ill requiring sedation and
mechanical ventilation (MV).4’5 However, despite recent ad-
vances in prophylactic, diagnostic and therapeutic modalities,
PE remains one of the important causes of in-hospital mor-
bidity and mortality."” In fact, PE is one of the three main
illnesses frequently identified during autopsies, but clinically
under—diagnosed.ﬁ’7 Indeed, autopsy studies report a high in-
cidence of PE (27%) in critically ill patients; of these, only
one-third were clinically suspected.é’7 In fact, in ICU, PE is
a difficult diagnosis, which may be missed because of a non-
specific clinical presentation, principally in patients requir-
ing MV. As a consequence, the prevalence of PE, although
well-documented in the general population, remains unclear
in ICU because systematic screening is not methodically per-
formed.'” Up to this day, little is known about the incidence
and prevalence of PE in ICU, with a reported rate ranging
from 0.5% to 18.7%.% However, the analysis of recent litera-
ture,>>> showed a higher incidence of PE in comparison with
the data published in the last decade.*™® Moreover, it was
well-established that the development of PE was associated
with a high mortality rate (7% to 27%), a high rate of nosoco-
mial infections and a prolonged ICU and in-hospital length of
stay (LOS).!? Eight years ago, we reported a low rate (1.9%)
of PE in our ICU.* Moreover, we are attentive of the small
number of published studies investigating the incidence and
prevalence of PE in ICUs."?

Based on these insufficient published data and the im-
provement of detection methods, we have concluded that fur-
ther researches need to be conducted about the incidence, risk
factors and outcome of PE in ICUs. Consequently, we have
carried out this prospective study. The primary objective was
to evaluate the current rate of PE in our medico-surgical ICU.
The secondary objectives were to identify the risk factors,
and to determine the outcome of PE in our ICU.

2 | MATERIALS AND METHODS
This study was approved by an internal review board. The
need for informed consent was waived because of the study
design.

This prospective observational study was conducted over
aone-year period, in a 22-bed medical-surgical-ICU in a uni-
versity hospital, between June 2015 and May of 2016. We
included, in this prospective study, all the patients with con-
firmed PE admitted in ICU with more than 18 years of age,
and expected to stay in ICU for more than 48 hours. Were
excluded all the patients with acute renal failure.

In our institution, the diagnosis of PE is usually suspected
by the presence of tachypnea, dyspnea, pleuritic chest pain
and hemoptysis. However, in our ICU, most of the patients
required sedation and MV, and the diagnosis of PE was usu-
ally suspected when unexplained hypoxemia and/or shock,
and arterial hypotension occurred. The diagnosis of PE was
made via spiral helical computed tomography (CT) scan
showing one or more filling defects or obstruction in the
pulmonary artery or its branches.'” The diagnosis could also
be confirmed when echocardiography showed a direct visu-
alization of a thrombus in the pulmonary artery. All patients
were examined clinically and radiological explorations were
performed (spiral helical CT scan, and echocardiography) if
PE and/or VTE was clinically suspected. Doppler for lower
limb DVT, was not systematically performed, because it was
not available in our ICU. As a consequence, for a doppler of
a lower limb DVT to be done, the patient had to be trans-
ferred to the radiological department. Only those patients
who had a clinical suspicion for PE underwent such diag-
nostic studies.

For each patient, we recorded age, sex, body mass index
(BMI), cause for ICU admission, medico-surgical status,
personal history of DVT/VTE and known thrombophilia
disorder. Moreover, risk factors (immobility, recent surgery,
congestive heart failure, chronic obstructive pulmonary dis-
ease (COPD), cancer etc.) were also collected.

The use and the delay of preventive anticoagulant agents,
the timing of development of PE and the clinical manifes-
tations associated with the PE were also recorded for each
patient.

Other independently recorded factors were vasoactive
drugs use, central venous catheter use and site of implanta-
tion and the presence of sepsis.

Moreover, for each patient, the severity of illness was es-
timated with simplified acute physiology score (SAPS II),!
SAPSIII score'” and according to the SOFA score.”® The
shock index'* was also calculated the day of ICU admission
and the day of PE diagnosis. The systemic inflammatory re-
sponse syndrome (SIRS)"® was also researched on admission
and during ICU stay.

In our study, the presence of arterial hypoxemia is de-
fined by arterial oxygen saturation in room air <92%. In
patients receiving MV, arterial hypoxemia is defined as a
Pa02/Fi02 ratio <300. For each patient, we have analyzed
the location of the most proximal thrombus in the cen-
tral, lobar, segmental, or subsegmental pulmonary artery.
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High-risk PE is defined as the presence of shock or persistent
hypotension. Whereas sub-massive PE is defined as stable
hemodynamics associated with the presence of echocardio-
graphic right ventricular (RV) dysfunction based on RV dil-
atation (end diastolic diameter >30 mm) or hypokinesia or
abnormal movement of the interventricular septum with or
without tricuspid regurgitation.'® Therapeutic agents given,
either unfractionated heparin alone or thrombolytic agent,
were noted. During the ICU stay, all complications were
recorded: nosocomial infections,14 pneumonia, thrombocy-
topenia, gastrointestinal bleeding, cerebral hemorrhage and
hematomas. For each patient, the number of organ failure'
was calculated on admission and on the day of diagnosis
of PE, ICU and hospital mortality rate and length of stay
(LOS) were also recorded.

The estimation of the rate of confirmed PE among consec-
utive ICU patients during the study period represents the pri-
mary objective of this study. The secondary objectives were
to identify risk factors, and to determine the outcome of PE
in our ICU.

2.1 |

We considered the rate of PE as the number of patients with
confirmed PE divided by all patients admitted to our ICU
during their stay in the ICU. Categorical data are expressed
in proportion and subgroups (survival and death) and were
analyzed by the Chi-square test. Continuous variables are
expressed as means (+ SD), median and interquartile range
(IQR), and subgroups evaluated by Student t test. Risk fac-
tors were evaluated in univariate analysis and in multivariate
analysis by a multiple logistic stepwise regression procedure.
The independent effect of each variable on mortality was as-
sessed with the multivariate logistic regression analysis back-
ward conditional method. To build the model, a purposeful
selection method was used to select a subset of covariates
that were considered to be clinically important, adjusting for
confounders and statistical significance. Odds ratios are es-
timated from the beta coefficients obtained, with respective
95% confidence intervals (CI 95%). Final P values <0.05
were considered significant.

Statistical analysis

3 | RESULTS

During the study period, 842 patients were admitted in our
ICU. One hundred and two patients were excluded because
of an age less than 18 years, an ICU length of stay less than
48 hours, and/or acute renal failure (ARF). The diagnosis of
PE was confirmed in 75 patients (10.1%), who were all in-
cluded in this study (Figure 1). In 42 patients, the diagnosis
of PE was clinically suspected, but not confirmed by spiral
helical CT-Scan.

WILEY-L*

842 patients underwent ICU
admission

102 patients excluded because:
ICU stay less than 48 hours, age
less than 18 years and ARF.
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FIGURE 1

AREF: acute renal failure)

The study flow chart (PE: pulmonary embolism;

In our study, the most frequently identified causes of ICU
admission were: polytrauma in 40 patients (53%), respira-
tory distress in 14 (18.6%), shock in 12 (16%), coma in 4
(5.3%) and post-surgical admissions in 5 (6.6%). There were
63 (84%) males and 12 (16%) females. The mean age (+ SD)
was 53 + 18 years (median: 53). Mean SAPS II on ICU ad-
mission was 37.2 + 11.6 (median: 32). Mean SOFA Score
on ICU admission was 5 + 1.7 (median: 5). Moreover, 38
patients (50.6%) had an obesity with BMI > 30kg/m?, and 12
patients (16%) had a Disseminated intravascular coagulation
(DIC) on ICU admission. Table 1 reports the patients’ char-
acteristics on ICU admission.

Thirty-eight patients (50.7%) had one or more comorbid
conditions. The most common past medical diseases were
arterial hypertension in 21 (28%) patients, exacerbation of
chronic obstructive pulmonary disease in 8 (10.7%) patients,
chronic heart failure in 9 (12%) patients and diabetes melli-
tus in 5 (6.7%) patients. However, none of the patients had a
personal history of DVT/VTE or known thrombophilia disor-
der (Table 2). Additionally, all patients included in this study
have one or more risk factors of PE (Table 2).

In our study, all patients (100%) had received some forms
of pharmaceutical prophylaxis (PP) with equivalent of 40 mg
of enoxaparine, during ICU stay. Moreover, in 23 patients
(30.7%), mechanical prophylaxis was associated for the pre-
vention of DVT.

The mean delay of PE development was 7.2 days (range
1-30 days). The median time from ICU admission to diagno-
sis of PE was 6 days. As illustrated in Figure 2, almost 46.6%
of all patients developed PE within the first 5 days of ICU
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TABLE 1 Patients characteristics on ICU admission
Parameters Results [median] Percentage
Age (years) 53 + 18 [53]

Sex M/F 63/12

SAPS 11 372 +11.6 [32]

SAPS 111 434 +12.4 [43]

Shock index 0.85+0.26 [0.85] 0.85

SOFA score 5+ 1.7[5]

BMI > 30 kg/m> 38 50.6

Class “A” in the APACHE 38 50.6
system

Medical patients 30 40

Surgical patients 5 6.7

Poly-trauma-patients 40 533

HR (beats/min) 101 = 16

SBP (mm Hg) 123 +21

Shock 21 28

Use of catecholamine 20 26

Use of mechanical ventilation 68 90.6

Hypoxemia (PaO2/FiO2 < 300) 51 73.3

Body temperature (°C) 372+ 09

Glasgow Coma Scale score 11 +4[12]

Infection (sepsis) 51 68

Use of antibiotics (yes/No) 41 54.7

Disseminated intravascular 12 16
coagulation (DIC)

Multi organ failure 61 81

hospitalization. The diagnosis of PE was made by spiral CT
in 74 patients (98.7%), and by echocardiography in 1 case
(1.3%). According to the thrombus location, PE was inter-
preted as proximal in 58 patients (77%), distal in 16 (21.3%)
and bilateral in 7 (9.3%). In our study, ultrasonography of
the legs was performed in only 35 patients (46.6%). The
diagnosis of DVT was confirmed in only 8 patients (23%).
Moreover, Echocardiography was performed in only 70 pa-
tients (93%), showing a RV dilatation in 34 (48.5%), RV free
wall hypokinesis in 8 (11.4%) and a Paradoxical septal mo-
tion in 3 (4%). In one patient, echocardiography revealed a
direct visualization of thrombus in the pulmonary artery.

Table 3 summarizes patients’ characteristics on the day
of PE diagnosis. On thecontrary, the comparison between
Shock index (SI) the day of ICU admission and the day of
PE development showed a significant increase in SI the day
of PE development (0.85 + 0.26 vs. 0.95 + 0.26; P = .027)
(Figure 3). Moreover, we have found a significant correla-
tion between the Shock index and the PaO2/FiO2 ratio the
day of PE development (P = .02, R = —.25) (Figure 4).

In our study, 69 patients (92 %) received curative antico-
agulation. Intravenous unfractionated heparin was used in 64

TABLE 2 Risk factors in all study groups

Parameters Number of patients %
Infection (Yes) 51 68
Age > 60 (years) 29 38.6
Immobility (Bed rest) 75 100
Obesity 26 34.7
Chronic cardiovascular disease 9 12
Use of mechanical ventilation 68 90.6
General anesthesia in first 24 h 68 90.6
Chronic Respiratory disease 8 10.7
(COPD)

Diabetes 5 6.7
Stroke 7 9.2
Traumatic Brain injury 33 44
Chest Trauma 30 40
Pelvic fracture/abdomen injury 13 17.3
Fracture of Long Bones 17 22.7
History of genetic thrombophilia 0 0
History of DVT/VTE 0 0
Blood transfusion 23 30.7
Multi organ failure 73 97.3

patients (85.3%) and low molecular weight heparins were used
in 5 cases (6.7%). Moreover, an inferior vena cava filter was
implanted in two patients because the anticoagulant therapy
was contraindicated. Under anticoagulant therapy, 7 patients
(9.3%) developed a bleeding complication. Moreover, 4 pa-
tients (5.3%) developed Heparin-induced thrombocytopenia.

The mean ICU stay was 26.3 + 26.5 days (median: 20
days, IQR: 8 to 35). During their ICU stay, 73 patients
(97.3%) developed one or more organ failure. Respiratory
failure was the most observed (97.3%). Moreover, 38 patients
(50.6%) developed nosocomial infections. During their ICU
stay, 29 (38.6 %) died.

Compared with survivors, patients who died were not
found significantly older (P =.15). However, SAPSII (33.7 +
11 vs.42.7 +10.3; P = .001) and SAPSIII (39.8.7 + 12 vs.
49.1 + 11; P = .001) scores were significantly higher in
the patients who died. Other factors associated with poor
prognosis were: Shock (5/46 (10.8%) vs. 18/29 (62%);
P <.001), RV dilatation on echocardiography (30% vs. 76%;
P =.001) and elevated shock index on the day of PE devel-
opment (0.88 + 0.16 vs. 1 + 0.35 P = .004). Table 4 sum-
marizes all the factors associated with death in univariate
analysis.

The multivariate analysis showed that the factors associ-
ated with a poor prognosis were the presence of Shock the
day of PE diagnosis (P = .009; OR: 94; 95% CI = 3.08-287)
and the presence of RV dilatation on echocardiography
(P =.026; OR =42.3;95% CI = 1.56-114).
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TABLE 3 Patient-characteristics the day of PE diagnosis

Parameters Results % [median]
Tachycardia (>90 beats/min) 60 80
Shock 23 30.6
Use of catecholamine 23 30.6
SHOCK Index 095 +0.26 [0.89]
Use of mechanical ventilation 67 89.3
Hypoxemia (PaO2/FiO2 < 300) 73 97.3
PaO2/FiO2 ratio 182 + 50 [180]
Serum lactate (mmol/L) 2.08 +0.52 [2]
Troponine (ng/mL) 049 + 1.6 [0.03]
Normal pulmonary auscultation 41 54.4
SIRS 36 48
Fever (>38°C) 31 413
RV dilatation on echocardiography 34 45.3
Paradoxical septal motion 3 4%
Normal Chest X-ray 41 54.4
Ultrasonography of the legs 35 46.6
Confirmed deep vein thrombosis 8 22.8
Multi organ failure 73 97.3

4 | DISCUSSION
Our findings confirm that subjects in the ICU are at high risk
for both DVT and PE, due to the high number of risk-factors.
Moreover, our study confirms the results of a few studies re-
cently published, showing a high incidence of PE (ranging
from 6 to 20%) in patients requiring ICU admission, despite
prophylactic measures. I-5.17.18

In addition, we have established—in the current study—
that PE is associated with poor outcome. In fact, the
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FIGURE 3 Comparison between Shock index (SI) the day of
ICU admission and the day of PE development

development of this complication is associated with a high
mortality rate, a high rate of nosocomial infections, and a
prolonged ICU and in-hospital length of stay (LOS). Finally,
we reveal more than a 5-fold increase in PE incidence in
comparison with another study published eight-years ago.4
In fact, in a previous prospective study conducted in our ICU,
the incidence of PE was only 1.9%.4

According to the literature, the frequency of PE in ICU
patients varied significantly depending on investigation pro-
tocols.'® The apparent increase in PE in our current study
(10.1%) and in comparison with our previous study4 and
other published studjes®®1920 reporting an incidence rang-
ing from 0.4% to 3%, can be explained by a number of mul-
tiple significant factors. First, the severity of the condition of
our studied population presenting with high severity scores
on ICU admission and requiring invasive MV in 91% of
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cases. Indeed, 61 patients (81%) had multi-organ failure on
ICU admission. Second, the failure of prophylactic measures,
despite the fact that all patients (100%) had received some
forms of pharmaceutical prophylaxis (PP) during ICU stay
and the use of mechanical prophylaxis were applied in 23 pa-
tients (30.7%). Our results invite to revise the preventive dose
of unfractionated heparin used (equivalent of 40mg of enoxa-
parine) in our ICU. Third, the increase in prevalence of PE in
our study can be due to the improvement of detection methods
and the good experience of our medical team. In our study, all
included patients had one or more risk factors of PE (immo-
bility, use of MV, congestive heart failure, chronic obstruc-
tive pulmonary disease (COPD), cancer etc.). Furthermore,
51 patients (68%) had a sepsis on ICU admission and 68
(91%) required invasive MV, and 61 (81%) had multi-organ
failure (MOF) on ICU admission. In fact, in addition to risk
factors for hypercoagulability, incorporating the 3 original
Virchow’s triad (stasis; endothelial injury and hypercoagu-
lability), severe inflammation observed in patient with sepsis
and/or MOF represents a fourth factor for thrombo-embolic
complications.21 In fact, Inflammation increases pro-coagu-
lant factors, and also inhibits natural anticoagulant pathways
and fibrinolytic activity, leading to DVT and PE.** Indeed,
inflammatory process initiated by sepsis may be strained by
coexisting tissue hypoxia and systemic inflammation leading
to endothelial damages and DVT complications.

In our study, the most frequent cause of ICU admission
was polytrauma in 40 patients (53%) with high risk of VTE
complications and elevated delay of preventive anticoagu-
lation, due to the possible hemorrhagic events, that can be
life-threatening, particularly in patients with head injuries.
However, in our ICU, we initiate preventive anticoagulation

(with low molecular weight heparin) within 24 hours after
ICU admission if the initial injuries did not worsen on a con-
trol brain CT-scan (performed within 24 hours, and at vari-
able intervals thereafter based on clinical manifestations).

The shock index (SI), defined as heart rate (HR) divided
by systolic blood pressure (SBP), should be more than 0.8-1.0
in patients with shock, with higher values indicating more se-
vere shock than lower values."**® A shock index (SI) of 1 or
more is associated with high mortality.l“’m’24 Currently, the
shock index is not included in the standard risk assessment
of PE. However, in a retrospective study including 489 nor-
motensive-patients with acute PE between 2006 and 2014,
Ozsu S et al** showed that shock index and cardiac troponin
levels can be safely used together to determine intermediate or
high risk in patients with PE. In addition, these investigators
postulated that a shock index <1 alone is not a reliable indi-
cator for the treatment of patients in outpatient settings. These
authors®* concluded that an external validation of the present
study results in a multicenter cohort is advised to confirm the
usefulness of the risk model before using it in clinical prac-
tice. In our study, the comparison between SI the day of ICU
admission and the day of PE development showed a signifi-
cant increase of SI the day of PE development (0.85 + 0.26 vs.
0.95 +0.26; P =.027). Moreover, we have found a significant
association between the Shock index and the PaO2/FiO2 ratio
the day of PE development (P = .02, R = —.25). As a conse-
quence, we think that the usefulness of SI as a reliable indica-
tor for diagnosis and/or the treatment of patients with PE need
to be confirmed by large multicenter studies.

In previous studies, PE was associated with higher ICU mor-
tality and a significantly higher ICU LOS.** Moreover, PE was
identified as an independent factor predicting poor outcome.’
In our study, 38 patients (50.6%) developed nosocomial-infec-
tions and 29 (38.6%) died during their ICU stay. Moreover, the
multivariate analysis showed that factors associated with a poor
prognosis were the presence of Shock the day of PE diagnosis
and the presence of RV dilatation on echocardiography. The
high mortality rate in our study can be explained by the severity
of the patients (91% requiring MV on ICU admission, high se-
verity score on ICU admission, and 61 patients (81%) had one
or more organ failure on ICU admission).

There are some limitations to this study that need to be
mentioned. Our study suffers from an absence of system-
atic screening in clinically asymptomatic patients (false
negative). Equally, false negative cases of PE and those
who died from PE before a CT scan could be performed
would have been excluded. In addition, most of our patients
were selected on the basis of a positive spiral CT result.
Obviously, this excluded patients with PE who did not have
a CT scan performed in our ICU, either because PE was not
suspected (biased against atypical cases) or where spiral
CT-scan was contraindicated (like in cases of acute renal
failure). Moreover, despite the fact that positive diagnosis
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TABLE 4 Factors associated with a poor outcome in ICU on univariate analysis

Parameters

On ICU admission Age (Years)
Sex M/F
SAPS II Score
SAPSII Score
Shock index
Use of catecholamine
Body temperature (°C)
The day of diagnosis of Body temperature (°C)
pulmonary embolism Heart rate (beats/min)
Shock (Yes)
Shock index
Use of catecholamine
Pa02/FiO2 ratio
pH
RV dilatation on echocardiography
Mean Prothrombinaemia (%)
Platelets counts (cells/mm3)
Blood Urea (mmol/L)
Blood creatinine (umol/L)
Serum lactate (mmol/L)
Troponine (ng/mL)
Duration of MV (days)
Nosocomial infections

ICU stay (days)

of PE was made within 48 hours after ICU admission in
15 patients, no patient was admitted in our ICU for PE.
However, we cannot exclude that someone had developed
this complication before ICU admission. In fact, PE was
not screened for on ICU admission. As a consequence, the
late PE may only be a delayed diagnosis.

In conclusion, our findings confirm that subjects in the
ICU are at high risk for both DVT and PE, due to a high
number of risk-factors. The apparent increase in PE in our
current study (10.1%) and a few recent studies in comparison
with previous studies can be explained by multiple signifi-
cant factors, such as the failure of prophylactic measures, the
improvement of detection methods and the level of experi-
ence of medical teams on this subject. PE was associated with
higher ICU mortality and a significantly higher ICU LOS.
Our results invite to revise the preventive strategies of DVT
and PE in patients requiring ICU admission.
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