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INTRODUCTION
Pulmonary Embolism (PE) represents the third cause of cardio-

vascular disease-related mortality in the United States aft er myocardial 
infarction and stroke [1]. Its incidence varies between 34 and 112.3 
per 100 000 and a signifi cant increment has been reported during the 
last decade 2-5. Several reasons can explain this trend including more 
availability of Computed Tomography Pulmonary Angiography 
(CTPA), better understanding of the physiopathology of the disease, 
establishment of pulmonary embolism rapid response team and 
adherence to well codifi ed algorithms [2-9]. Critically-ill patients have 
increased risk of thrombo-embolic events. In fact, they are gathering 
numerous risk factors such as immobilization due to sedation and 
mechanical ventilation, indwelling venous vascular catheters, 
infl ammatory conditions inducing endothelial injury, frequent 
contraindication for pharmacological prophylaxis… [7,10-12]. On 
the other hand, rising the suspicion of (PE) in this group of patients 
is always challenging, especially in sedated patient as the usual signs 
and symptoms suggesting the disease such as chest pain, tachypnea 
and cough are usually lacking [12-14]. Th ereaft er, pulmonary 
embolism is oft en suspected because of unexplained hypoxia or 
hemodynamic instability associated with deep vein thrombosis and/
or right ventricular strain on echocardiogram [15]. While clinical 
pre-test rules such as Wells score and revised Geneva score have been 
largely validated in patients admitted to the emergency department 
or primary care facilities, several studies reported that these scores are 
not useful in critically-ill patients [13,15-17]. Moreover, most of the 
diagnostic algorithms for PE include D-dimer dosage in case of low 
probability to exclude pulmonary embolism and avoid unnecessary 
(CTPA) [15,18,19]. Recent studies suggest that the yield of D-dimer 
can be improved by adjusting the threshold of signifi cance according 
to age [20,21]. Th ough the usefulness of D-dimer in critically-ill 
patients has been always deemed poorly contributive because of the 
multiple conditions interfering with the coagulation / fi brinolysis 
process, the value of age-adjusted D-dimer was not investigated yet. 
Th erefore, we conducted this study to determine the usefulness of 
pre-test clinical rules (Wells score and revised Geneva score) as well 
age-adjusted D-dimer to predict pulmonary embolism in critically-ill 
patients.

METHODS
Settings

We conducted a retrospective observational study in a 26-beded 

medical-surgical intensive care unit. Th e study was approved by 
King Hamad University Hospital review board. All patients admitted 
between 0.1.01.2016 and 28.02.2020 were screened for inclusion. 
Informed consent was waived. 

Patients

All adult patients (age > 18 years) admitted to our critical care 
department and underwent computed tomography pulmonary 
angiogram were included. We excluded patients who had an 
established diagnosis of PE before ICU admission as well as moribund 
patients. Patients for whom the diagnosis could not be confi rmed by 
(CTPA) were also excluded. In case of multiple imaging tests, only 
the fi ndings of the fi rst (CTPA) were considered. Th e decision of 
performing a (CTPA) was left  to the attending physician based on 
clinical assessment and baseline investigations. All imaging tests 
were reviewed simultaneously by two board certifi ed radiologists. 
Th e diagnosis of pulmonary embolism was confi rmed if the (CTPA) 
shows a new subsegmental or more proximal fi lling defect [22].

Data collection

Th e electronic fi les of all included patients were screened. Th e 
following data were collected: Demographic data (age, gender, 
comorbidities, cause of admission in the Intensive Care Unit (ICU), 
clinical fi ndings and laboratory test results on the day of suspicion of 
pulmonary embolism. Symptoms rising the suspicion of pulmonary 
embolism were the following: 1. Tachycardia: heart rate > 90 beats 
per minutes for at least one hour 2. Hypoxemia: PaO2 < 60 mmHg 
on room air or PaO2/FiO2 < 250 mmHg in patients on mechanical 
ventilation 3. Hemodynamic instability: Systolic Blood Pressure (SBP) 
< 90 mmHg or a decreased by more than 40 mmHg in hypertensive 
patients. Patients requiring vasopressor support or presenting with 
cardiac arrest were also considered as hemodynamically instable 4. 
Unexplained fever > 38 degrees Celsius. 5. Chest pain (pleuritic or 
non-pleuritic) 6. Unexplained diffi  cult weaning from mechanical 
ventilation in the presence of right ventricular dysfunction. 

Chest X-ray, electrocardiogram and lower limb Compression 
Sonography (CUS) fi ndings were also recorded. Th e chest X-ray 
was interpreted by two board certifi ed intensivists. Echocardiogram 
was performed for all patients with hemodynamic instability and 
whenever feasible for the other patients. Right ventricle dilation was 
defi ned as basal right ventricle / left  ventricle ratio > 1 [15]. Systolic 
pulmonary artery pressure and left  ventricular ejection fraction were 
also recorded.
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Th e site of the thrombus seen on (CTPA) was recorded (saddle, 
mainstem, lobar, segmental or subsegmental) in all patients 
diagnosed with (PE) [23]. For patients without pulmonary embolism, 
the alternative diagnosis suggested by the imaging tests were recorded 
(lung consolidation, atelectasis, pleural eff usion, lung mass or 
metastasis). 

According to the hemodynamic status, the echocardiography 
fi ndings and Pulmonary Embolism Severity Index (PESI) assessment, 
patients with pulmonary embolism were classifi ed as high, 
intermediate or low risk categories [15,24].

Th erapeutic interventions were recorded. Patients with high risk 
(PE) received thrombolysis unless contraindicated. All patients with 
pulmonary embolism received therapeutic anticoagulation unless 
contraindicated. Symptomatic treatment included fl uid resuscitation, 
vasopressors, oxygen supply and mechanical ventilation whenever 
needed.

D-dimer assessment

D-dimer results were collected in all included patients whenever 
available. To assess whether adjusting the D-dimer level according 
to age would have better sensitivity and specifi city for predicting 
pulmonary embolism in critically-ill patients with suspected (PE), a 
D-Dimer Age Index (DDAI) parameter was calculated according to 
the following formula: 

DDAI =  D-dimer / (D-dimer threshold according to age)

D-dimer threshold according to age was calculated as (age x 10) 
microgram/ml for patients with age ≥ 50 years as previously reported 
[20]. For patients with age below 50, the threshold was set at 0.5 
microgram/ml [20].  

Pre-test probability scores

Th e usefulness of two scores was tested to predict (PE) in 
critically-ill patients: Wells score [16,25] and revised Geneva score 
[26]. Wells score varies from 0 to 12.5 points. Pulmonary embolism 
was considered as unlikely if ≤ 4 and likely if > 4 [16]. Revised Geneva 
score varies between 0 and 22 points. Accordingly, patients were 
considered to have low (0 to 3 points), moderate (4 to 10 points) or 
high (≥ 11 points) probability of pulmonary embolism [26,27].

Outcome 

For all included patient, ICU survival or death was recorded. Th e 
duration of mechanical ventilation and the ICU length of stay was 
also collected.

Statistical analysis

Th e characteristics of all included patients were described. 
Qualitative variables were expressed as percentages and quantitative 
variables were expressed as mean ± Standard-Deviation (SD) or 
median [Quartiles] as appropriate. Two groups were identifi ed 
according to the (CTPA) fi ndings: Patients with pulmonary embolism 
(PE (+) group) and those without pulmonary embolism (PE (-) 
group). Qualitative variables were compared with Chi2 test or Exact 
Fisher test as appropriate. Th e normal distribution of quantitative 
variables was fi rst checked by Shapiro-Wilk test and then both groups 
were compared by using t-test or Mann-Whitney test as appropriate.

Receiver Operating Characteristic (ROC) curve were constructed 
to compare D-dimer and (DDAI). Th e optimum cut-off  was then 
established based on Youden index. Area Under Curves (AUC) were 

calculated and compared by using De Longue test. Similarly, ROC 
curves were constructed for Wells score and revised Geneva score. 
Specifi city and sensitivity of established threshold for each score were 
tested. All factors identifi ed by univariate analysis as predictive of 
pulmonary embolism were integrated in a binary stepwise logistic 
regression to identify independent factors predicting (PE). Odds-
Ratios (ORs) were calculated with the corresponding 95 % confi dence 
interval (CI95%.) A p value < 0.05 was considered as statistically 
signifi cant.

RESULTS
Baseline characteristics

During the study period, 67 patients underwent (CTPA) for 
suspected (PE) and were subsequently included. Mean age was 55.5 
± 18.3 years. Sex-ratio (M/F) was 0.97. Admission in the intensive 
care unit was required because of acute respiratory failure for 34 
patients (50.7 %), cardiac arrest for 12 patients (17.9 %), septic shock 
for 7 patients (10.5 %) and other medical reasons for 14 patients (20.9 
%). Common comorbidities were hypertension (28 patients (41.8 
%)), diabetes mellitus (24 patients (35.8 %)), chronic kidney disease 
(6 patients (9 %)) and ischemic heart disease (5 patients (7.5 %)). 
Twenty-eight patients (41 %) had malignancy and 14 patients (20.9 
%) were receiving chemotherapy. Mean SAPS(II) calculated following 
the fi rst 24 hours of ICU admission was 45.4 ± 25. Th e diagnosis of 
(PE) was confi rmed by (CTPA) in 27 patients (40.3 %). 

Predictive factors of Pulmonary embolism

Th e diagnosis of pulmonary embolism was suspected within 
2 [1-5] days of ICU admission. Main clinical symptoms rising the 
diagnosis were hypoxemia (38.8 %), hemodynamic instability (38.8 
%), chest pain (19.4 %), unexplained failed weaning off  mechanical 
ventilation (58.2 %) and hemoptysis (3 %). Baseline characteristics 
were similar between PE (+) and PE (-) groups (Table 1). Similarly, 
clinical fi ndings when the diagnosis of (PE) was suspected were 
comparable between both groups (Table 2). Laboratory investigations 
did not reveal any statistically signifi cant diff erence between both 
groups except for natremia which was signifi cantly higher in PE (+) 
group (Table 3).

ECG was performed to all our patients. Sinus tachycardia was the 
most common fi ndings (41 patients (61.2 %)). Right bundle brunch 
block was reported in 7 patients (10.4 %) and S1Q3T3 pattern was 
identifi ed in 2 patients only (3 %). 

Chest X-ray was done prior to (CTPA) in all our patients. It was 
reported as normal in 17 cases (25.4 %). Th e incidence of normal 
chest X-ray was signifi cantly higher in the PE (+) group than in the 
PE (-) group (40.7 % versus 15 %; p = 0.018). Lower limb compression 
sonography was done for 38 (56.7 %) of our patients and was positive 
in 12 cases (17.9 %). Th e deep vein thrombosis (DVT) was unilateral 
in 11 cases (16.4 %). Th e incidence of (DVT) was similar between 
PE (+) and PE (-) groups (8 patients (34.8 %) versus 4 patients (26.7 
%) respectively; p = 0.728). Echocardiogram was performed in 61 
patients (91 %). Median [IQR] Left  Ventricular Ejection Fraction 
(LVEF) was 60 [55-60] %. Median [IQR] Systolic Pulmonary Artery 
Pressure (SPAP) was 26 [18-36] mmHg. SPAP was signifi cantly 
higher in the PE (+) group (28 [24-49] versus 26 [17-33]; p = 0.042). 
Th e echocardiogram fi ndings are summarized in (Table 4).

Twenty patients had (CTPA) upon admission to the (ICU) and 
therefore they were not on any deep vein thrombosis prophylaxis. 
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Table 1. Baseline characteristics of included patients.

Parameters PE (+) group
(N = 27)

PE (-) group
(N = 40) P

Age [IQR], years 55 [46-68] 57 [46-68] 0.428

Gender (M/F) 12/15 21/19 0.518

SAPS(II) [IQR] 39 [24-41] 44 [26-69] 0.300

Diabetes mellitus (n, %) 10 (37) 14 (35) 0.865

Hypertension (n, %) 12 (44.4) 16 (40) 0.718

Malignancy (n, %) 11 (40.7) 17 (42.5) 0.886

Surgery within 1 month (n, %) 9 (33.3) 8 (20) 0.219

Footnotes: SAPS(II) Simplifi ed Acute Physiology Score (II); IQR: Interquartile

Table 2: Clinical fi ndings on pulmonary embolism suspicion.

Parameters Total
(N = 67)

PE (+) group
(N = 27)

PE (-) group
(N = 40) p

Sy
m

pt
om

s

Pain (n/%) 13 (19.4) 6 (22.2) 7 (17.5) 0.632
Hypoxemia (n/%) 54 (80.6) 23 (92) 31 (93.9) 0.582

Shock (n/%) 35 (52.2) 15 (55.6) 20 (51.3) 0.732
Hemoptysis (n/%) 2 (3) 2 (5) 0 (0) 0.353

Failed weaning (n/%) 39 (58.2) 15 (55.6) 24 (60) 0.718
SBP [IQR], mmHg 109 [80-124] 109 [83-124] 108 [79-127] 0.879
DBP [IQR], mmHg 60 [47-70] 60 [50-70] 59 [46-73] 0.999

HR [IQR], beat per minute 110 [90-130] 114 [99-130] 110 [89-129] 0.462
RR [IQR] breath per minute 26 [20-32] 26 [22-33] 27 [20-32] 0.688

SpO2 [IQR], % 95 [92-99] 95 [89-98] 96 [92-100] 0.435
GCS [IQR] 15 [8-15] 15 [10-15] 14 [7-15] 0.119

Temperature [IQR], degrees Celsius 37 [36.7-37.3] 37 [36.8-37.6] 37 [36.6-37.2] 0.292
Footnotes: SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HR: Heart Rate; RR: Respiratory Rate; GCS: Glasgow Coma Scale; SpO2: Pulse Saturation in 
Oxygen; IQR: Interquartile

Table 3: Comparison of laboratory investigations between PE (+) group and PE (-) group.

Parameters PE (+) group
(N = 27)

PE (-) group
(N = 40) P

Leucocytes [IQR] (/mm3) 13000 [9510-15300] 10930 [6362-14415] 0.190

Hemoglobin [IQR] (g/dl) 10.1 [8.4-11.8] 11.3 [9.2-13.7] 0.106

Platelets count [IQR] (G/L) 190 [164-366] 221 [165-340] 0.873

Sodium [IQR] (mmol/l) 140 [137-145] 137 [134-141] 0.04

Potassium [IQR] (mmol/l) 4.1 [3.8-4.5] 3.9 [3.5-4.6] 0.612

Urea [IQR] (mmol/l) 7.3 [4.6-14] 7.1 [5-11.1] 0.853

Creatinine [IQR] (micromole/l) 70[56-153] 92 [63-133.5] 0.378

CRP [IQR] (mg/l) 73.7 [48.3-130.5] 63.5 [26-138] 0.721

PaO2/FiO2 ratio [IQR] (mmHg) 170 [102-248] 161 [121 – 220] 0.941

Lactate [IQR] (mmol/l0 2.8 [1.5-6] 2.3 [1.2-4] 0.202

Troponin [IQR] 0.13 [0.02-0.79] 0.04 [0.01-0.59] 0.110

BNP [IQR] 134 [49-274] 58 [27-129] 0.144

Footnote: CRP: C-Reactive Protein; FiO2: Inspiratory Fraction Of Oxygen; BNP: B-Type Natriuretic Peptide

Table 4: Echocardiogram fi ndings in PE (+) and PE (-) groups.

Parameters PE (+) group
(N = 26)

PE (-) group
(N = 35) p

LVEF [IQR], % 60 [55-60] 55 [55-60] 0.240

SPAP [IQR], mmHg 28 [24-49] 26 [17-33] 0.042

Core pulmonale (n/%) 4 (15.4) 3 (8.6) 0.409
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Pharmacological prophylaxis with unfractionated heparin or low 
molecular weight heparin was comparable between PE (+) and PE 
(-) groups (respectively 15 (55.6 %) patients and 18 (45 %) patients; 
p = 0.397). Th e remaining patients had mechanical prophylaxis with 
compression devices with no diff erence between the two groups 
(respectively 5 (18.5 %) patients and 9 (22.5 %) patients; p = 0.694). 

Characteristics of patients with pulmonary embolism

Th e thrombus was lobar in 12 cases (44.4 %), segmental in 11 cases 
(40.7 %) and sub-segmental in 4 cases (14.8 %). Pulmonary embolism 
was bilateral in 16 patients (59.3 %). Fift een (55.6 %) patients had 
acute circulatory failure requiring norepinephrine infusion. However, 
massive PE was considered in only 4 patients who subsequently 
received thrombolysis. No sub-massive PE was identifi ed. Eighteen 
patients (66.7 %) were on mechanical ventilation when the diagnosis 
of pulmonary embolism was suspected. Pulmonary Embolism 
Severity Index (PESI) was 124 [99 – 153]. Twenty-four patients (88.9 
%) received therapeutic anticoagulation with unfractionated heparin. 
Anticoagulation was contraindicated for 3 patients (11.1 %) who 
subsequently underwent inferior vena cava fi lter insertion. 

Prediction of pulmonary embolism by pre-test probability 
scores

 Wells score was signifi cantly higher in patients with pulmonary 
embolism than in patient without pulmonary embolism (6 [5.5-8.5] 
versus 4.5 [3-6]; p < 0.001). Moreover, ‘’(PE) as the fi rst diagnosis 
or equally likely’’ as one of Wells score criteria was verifi ed in 62 
patients (92.5 %). Revi sed Geneva score was signifi cantly higher in 
PE (+) group than in PE (-) group (7 [5-13] versus 6 [5-8]; p = 0.034). 
Th e incidence of pulmonary embolism was signifi cantly higher in 
patients with likely (PE) according to Wells score and similarly, the 
incidence of PE was signifi cantly increasing according to the revised 
Geneva score probability classes (Table 5). However, 3 patients (8.5 
%) had (PE) while they were classifi ed as unlikely (PE) according to 
simplifi ed Wells score and 2 patients (7.4 %) had (PE) while they 
were considered at low probability according to revised Geneva 
criteria. Receiver Operating Characteristics (ROC) curves showed 
no signifi cant statistical diff erence between the area under curve 
for revised Geneva and Wells score (respectively 0.65 ± 0.07 CI95% 
[0.53-0.77] and 0.75 ± 0.06 CI95% [0.63-0.87]; p = 0.068) (Figure 1). 

Th e  analysis of the ROC curve for Wells score showed that a score 
> 4 predicts pulmonary embolism with a sensitivity of 88.9 % and a 
specifi city of 45 %. 

Th e analysis of the ROC curve for revised Geneva score showed 
that a score > 3 predicts pulmonary embolism with a sensitivity of 
92.6 % and a specifi city of 15 % whereas a score > 10 predicted (PE) 
with a sensitivity of 37 % and a specifi city of 92.5 %.

A statistically signifi cant correlation was found between Wells 
score and revised Geneva score (r = 0.736; p < 0.001) (Figure 2).

Prediction of pulmonary embolism by D-dimer dosage

D-d imer dosage was available in the records of 53 patients (79.1 
%). Only 4 (6%) patients had negative D-dimer based on the age 
predicted threshold. One of them (25 %) had pulmonary embolism 
confi rmed by (CTPA). D-d imer serum level was signifi cantly higher 
in patients with pulmonary embolism (7.34 [4.3-17.6] versus 3.9 
[1.3-6.2] mcg/ml; p = 0.007). Similarly, the D-dimer age index was 
signifi cantly higher in the PE (+) group (13.5 [8.6-27.1] versus 6.3 
[2.3-10.6]; p = 0.006). ROC curve analysis showed that the area under 
curve was similar between D-dimer and DDAI (respectively 0.70 
± 0.07 95% CI [0.57-0.82] and 0.71 ± 0.07 95%CI [0.57 – 0.83]; p = 
0.941) (Figure 3). 

Optimum cut-off  of D-dimer based on maximal Youden index 
was 4.4 mcg/ml (Youden index = 0.45). A D-dimer level > 4.4 mcg/
ml predicts pulmonary embolism with a sensitivity of 77.3 % and a 
specifi city of 67.7 %. Optimum cut-off  for D-dimer age index was 8.4 
(Youden index = 0.45). An index > 8.4 predicts pulmonary embolism 
with a sensitivity of 77.4 % and a specifi city of 77.2 %.

Combining D-dimer and clinical prediction rules to 
predict pulmonary embolism

Among the 53 patients with available D-Dimer, 37 (69.8 %) 
patients were considered to likely have (PE) according to Wells score. 
Th e frequency of patients with positive D-dimer according to age 
was comparable between patients with likely and those with unlikely 
(PE) (respectively 34 patients (91.9 %) and 15 patients (93.8%); p = 
0.814). Only one patient (1.9 %) was unlikely to have PE with negative 
D-dimer according to age and therefore (CTPA) could have been 
avoided. Th e D-dimer levels were comparable between patients with 
likely and unlikely (PE) diagnosis (respectively 4.9 [3-10.5] versus 3.9 
[1.5-11.3]; p = 0.462). Similarly, (DDAI) was similar between the two 
groups (respectively 9.7 [5.6-15.4] versus 7.8 [2.6-15.4]; p = 0.427).

According to revised Geneva score, 8 (15.1 %) patients were at 
low risk, 33 (62.3 %) patients were at moderate risk and 12 (22.6 %) 
patients were at high risk of PE. Among the 4 patients with negative 
D-dimer according to age, 2 patients (6.1 %) were at moderate risk 
and 2 other patients (16.7 %) were at high risk of pulmonary embolism 
according to revised Geneva score. All patients at low risk of PE had 
positive D-dimer and therefore, no (CTPA) could have been avoided.

Independent factors predicting pulmonary embolism

Multivariate analysis showed that independent factors predicting 
pulmonary embolism were normal chest X-ray, revised Geneva score, 
systolic pulmonary artery pressure and D-Dimer age index (Table 6).

Table 5: Pre-test probability scores in patients with and without pulmonary embolism.

Parameters PE (+) group
(N = 27)

PE (-) group
(N = 40) p

Re
vi

se
d 

G
en

ev
a 

sc
or

e Low (n/%) 2 (7.4) 7 (17.5)

0.004

Moderate (n/%) 14 (51.9) 30 (75)

High (n/%) 11 (40.7) 3 (7.5)

W
el

ls
 s

co
re Likely (n/%) 24 (88.9) 22 (55)

0.003Unlikely (n/%) 3 (8.5) 18 (45)

Revised Geneva score [IQR] 7 [5-13] 6 [5-8] 0.034
Wells score [IQR] 6 [5.5-8.5] 4.5 [3-6] < 0.001
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Figure 1: Receiver Operating Characteristics (ROC) curve assessing the yield of wells and revised geneva scores in predicting pulmonary embolism in critically-ill 
patients.
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Figure 2: Correlation between Wells score and Revised Geneva score.

Outcome

Th irt y-fi ve patients died in the ICU (52.2 %). Th e ICU mortality 
was similar between PE (+) and PE (-) groups (respectively 51.9 and 
52.5 %; p = 0.958). Th e median ICU Length of Stay (LOS) was 12 
[4-25] days. Th e LOS was comparable between PE (+) group and PE 
(-) group (15 [5-28] versus 9 [4-24] days respectively; p = 0.315). Th e 
median duration of mechanical ventilation was 8 [2-22] days. Th is 
duration was comparable between PE (+) and PE (-) groups (13 [2-
25] versus 6 [2-21] days respectively; p = 0.522).

DISCUSSION
Our study showed a signifi cant correlation between Wells 

and revised Geneva scores in critically-ill patients with suspected 
pulmonary embolism. Both were signifi cantly higher in patients with 
than those without (PE). However, 8.5 % had (PE) while considered 
unlikely according to Wells score and 7.4 % had (PE) while they were 
at low probability according to revised Geneva score. Th ese fi ndings 
are concordant with the initial studies that have assessed the usefulness 
of a dichotomized model of Wells score [25,28]. In fact, Wells et al. 
[25] reported in a validation study including 1260 patients that the 
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Figure 3: Receiver Operating Characteristics (ROC) curve assessing the yield of D-dimer and D-dimer age index in predicting pulmonary embolism in critically-ill 
patients..

Table 6. Multivariate analysis of predictive factors of pulmonary embolism.

Factors OR P
CI95%

Min Max

Revised Geneva score 1.5 0.007 1.1 2.1

Wells score 0.8 0.729 0.3 2.6

SPAP 1.1 0.018 1.1 1.2

D-dimer 0.8 0.268 0.6 1.2

DDAI 1.1 0.022 1.1 1.2

Normal chest X-ray 10.5 0.028 1.3 84.8

incidence of (PE) in the ‘’PE unlikely group’’ was 7.8 % while it was 
40.7 % if PE was deemed likely. Similarly, Wolf et al [28] reported that 
the incidence of PE was only 3 % if the simplifi ed Wells score was ≤ 
4 while it was 28 % in the other cases. Our fi ndings also corroborate 
previous results assessing the prevalence of pulmonary embolism 
according the revised Geneva score classes. In fact, Le Gal et al [27] 
reported that (PE) was seen in 8 %, 28 % and 74 % in patients with 
low, intermediate and high probability classes respectively. However, 
available data in the literature suggest that these scores are not reliable 
in critically-ill patients [13,29]. In a retrospective study including 
138 patients, Girardi et al [13] reported that 26.8 % of the patients 
considered unlikely for PE had proven fi lling defect in (CTPA) and 
30.6 % of patients with low probability according to revised Geneva 
score had confi rmed (PE). Th ese fi ndings contrasting our results can 
be explained by several factors. First, only 21 of our patients (31.3 %) 
were considered unlikely to have (PE) according to Wells score while 
this category represented 71 % of Girardi’s series. Th e analysis of the 
diff erent Wells score components in Girardi et al study revealed that 
the criteria ‘’ Pulmonary embolism as the fi rst diagnosis or equally 
likely’’ was considered in only 16.7 % of all cases which may refl ect 
that the score might be under estimated in the unlikely (PE) group. 
Second, 28 (41.8 %) of our patients had active malignancies which 
has led to increased number of patients with likely (PE) according to 

Wells score and moderate/high probability risk according to revised 
Geneva score. 

D-dimer is commonly requested to investigate thromboembolic 
events, especially in patients presenting to the emergency department 
with suspected diagnosis of deep vein thrombosis or pulmonary 
embolism [30,31]. It is a cross-linked fi brin degradation product that 
refl ects a local or a widespread activation of the coagulation cascade 
followed by an activation of the fi brinolysis [32]. Several conditions 
such as pregnancy, old age, malignancy and liver failure, are known 
to be associated with increased D-dimer [32-35]. In the ICU settings, 
other common conditions including ischemic stroke, acute bleeding, 
infection, disseminated intravascular coagulation, renal failure… are 
also associated with increased D-dimer with no associated (VTE) 
[34,36,37]. Recent data suggest that age adjustment of the D-dimer 
threshold increased the percentage of patients for whom (PE) can 
be safely excluded from 6.4 to 29.7 % 20. However, to the best of 
our knowledge, such strategy has not been tested yet in critically-
ill patients. Our results show that both D-dimer and (DDAI) were 
signifi cantly higher in PE (+) group than in PE (-) group. However, 
only DDAI was identifi ed as independent factor predicting 
pulmonary embolism in multivariate analysis. In fact, this index 
could have more benefi t than the usual age-adjustment as it allows 
adjusting the D-dimer threshold even for patients younger than 50 



SCIRES Literature - Volume 3 Issue 2 - www.scireslit.com Page - 066

American Journal of Emergency & Critical Care Medicine

years. While applying the strategy of assessing age-adjusted D-dimer 
in patients with low pre-test probability would lead to decreased 
number of unnecessary (CTPA) in critically-ill patients needs to be 
investigated by further studies. In fact, only 4 of our patients (6%) had 
D-dimer level below the age-adjusted threshold. Moreover, following 
such diagnostic strategy would have avoided one (CTPA) (1.9 %) if 
Wells score was applied and none if revised Geneva score was applied. 

Although our study is one of the rare studies assessing the 
usefulness of pre-clinical rules along with age-adjusted D-dimer in 
critically-ill patients, several limitations need to be highlighted. First, 
our study has a limited sample size as only 67 patients were included. 
Th is could be explained by the low incidence of pulmonary embolism 
in intensive care units. In fact, available data in the literature suggest 
that the incidence ranges between 0.5 and 1.9 % only [12,38]. Second, 
we included only patients with PE confi rmed by (CTPA). Other 
diagnostic modalities were not included given the retrospective 
methodology and the lack of registry for pulmonary embolism. 
Finally, 41.8 % of our patients had malignancy. Th is group of patient 
is at high risk of thromboembolic events with frequently signifi cant 
increase of D-dimer level even in the absence of any thromboembolic 
event 35. Th erefore, further studies are warranted to investigate the 
usefulness of D-dimer and clinical pre-test rules in critically-ill 
patients with malignancies.

CONCLUSION
Our study showed that Wells  score and revised Geneva score 

can be used to predict pulmonary embolism if critically-ill patients. 
D-dimer and D-dimer age index are both signifi cantly higher in 
patients with (PE). Combining clinical pre-test rules to age adjusted 
D-dimer would not have decreased the number of referrals for 
(CTPA).

AUTHOR CONTRIBUTION
 All the authors equally contributed in the design, data collection, 

data analysis and draft ing the manuscript. Th e submitted manuscript 
was approved by all authors.

REFERENCES
1. Goldhaber SZ, Bounameaux H. Pulmonary embolism and deep vein 

thrombosis. Lancet. 2012 May 12;379(9828):1835-46. doi: 10.1016/S0140-
6736(11)61904-1. Epub 2012 Apr 10. PMID: 22494827.

2. Wiener RS, Schwartz LM, Woloshin S. Time trends in pulmonary embolism 
in the United States: evidence of overdiagnosis. Arch Intern Med. 2011 May 
9;171(9):831-7. doi: 10.1001/archinternmed.2011.178. PMID: 21555660; 
PMCID: PMC3140219.

3. Swan D, Hitchen S, Klok FA, Thachil J. The problem of under-diagnosis and 
over-diagnosis of pulmonary embolism. Thromb Res. 2019 May;177:122-129. 
doi: 10.1016/j.thromres.2019.03.012. Epub 2019 Mar 14. PMID: 30889517.

4. Spencer FA, Emery C, Joffe SW, Pacifi co L, Lessard D, Reed G, Gore JM, 
Goldberg RJ. Incidence rates, clinical profi le, and outcomes of patients 
with venous thromboembolism. The Worcester VTE study. J Thromb 
Thrombolysis. 2009 Nov;28(4):401-9. doi: 10.1007/s11239-009-0378-3. 
PMID: 19629642; PMCID: PMC3248815.

5. Heit JA, Ashrani A, Crusan DJ, McBane RD, Petterson TM, Bailey KR. Reasons 
for the persistent incidence of venous thromboembolism. Thromb Haemost. 
2017 Jan 26;117(2):390-400. doi: 10.1160/TH16-07-0509. Epub 2016 Dec 
15. Erratum in: Thromb Haemost. 2017 Feb 28;117(3):643. PMID: 27975103; 
PMCID: PMC5597250.

6. Witkin  AS, Harshbarger S, Kabrhel C. Pulmonary Embolism Response Teams. 
Semin Thromb Hemost. 2016 Nov;42(8):857-864. doi: 10.1055/s-0036-
1593541. Epub 2016 Oct 21. PMID: 27769084.

7. Bahloul M, Regaieg K, Dlela M, Turki O, Nouri H, Bradaii S, Ben Hamida C, 
Bouaziz NK, Chabchoub I, Haddar S, Chelly H, Bouaziz M. Pulmonary 
embolism in intensive care units: More frequent or more Known? Prospective 
study of 75 cases. Clin Respir J. 2019 Aug;13(8):513-520. doi: 10.1111/
crj.13053. Epub 2019 Jul 31. PMID: 31287237.

8. van der Hulle T, Cheung WY, Kooij S, Beenen LFM, van Bemmel T, van Es J, 
Faber LM, Hazelaar GM, Heringhaus C, Hofstee H, Hovens MMC, Kaasjager 
KAH, van Klink RCJ, Kruip MJHA, Loeffen RF, Mairuhu ATA, Middeldorp S, 
Nijkeuter M, van der Pol LM, Schol-Gelok S, Ten Wolde M, Klok FA, Huisman 
MV; YEARS study group. Simplifi ed diagnostic management of suspected 
pulmonary embolism (the YEARS study): a prospective, multicentre, 
cohort study. Lancet. 2017 Jul 15;390(10091):289-297. doi: 10.1016/
S0140-6736(17)30885-1. Epub 2017 May 23. Erratum in: Lancet. 2017 Jul 
15;390(10091):230. PMID: 28549662.

9. van der Pol LM, Dronkers CEA, van der Hulle T, den Exter PL, Tromeur C, 
Heringhaus C, Mairuhu ATA, Huisman MV, van den Hout WB, Klok FA. The 
YEARS algorithm for suspected pulmonary embolism: shorter visit time 
and reduced costs at the emergency department. J Thromb Haemost. 
2018 Apr;16(4):725-733. doi: 10.1111/jth.13972. Epub 2018 Mar 13. PMID: 
29431911.

10. Faustino EVS. Central Venous Catheter-Associated Deep Venous Thrombosis 
in Critically Ill Children. Semin Thromb Hemost. 2018 Feb;44(1):52-56. doi: 
10.1055/s-0037-1603938. Epub 2017 Aug 4. PMID: 28778103.

11. Bahloul M, Chaari A, Dammak H, Medhioub F, Abid L, Ksibi H, Haddar S, Kallel 
H, Chelly H, Hamida CB, Bouaziz M. Post-traumatic pulmonary embolism 
in the intensive care unit. Ann Thorac Med. 2011 Oct;6(4):199-206. doi: 
10.4103/1817-1737.84773. PMID: 21977064; PMCID: PMC3183636.

12. Bahloul M, Chaari A, Kallel H, Abid L, Hamida CB, Dammak H, Rekik N, Mnif 
J, Chelly H, Bouaziz M. Pulmonary embolism in intensive care unit: Predictive 
factors, clinical manifestations and outcome. Ann Thorac Med. 2010 
Apr;5(2):97-103. doi: 10.4103/1817-1737.62473. PMID: 20582175; PMCID: 
PMC2883205.

13. Girardi AM, Bettiol RS, Garcia TS, Ribeiro GLH, Rodrigues ÉM, Gazzana MB, 
Rech TH. Wells and Geneva Scores Are Not Reliable Predictors of Pulmonary 
Embolism in Critically Ill Patients: A Retrospective Study. J Intensive Care 
Med. 2020 Oct;35(10):1112-1117. doi: 10.1177/0885066618816280. Epub 
2018 Dec 16. PMID: 30556446.

14. Minet C, Lugosi M, Savoye PY, Menez C, Ruckly S, Bonadona A, Schwebel 
C, Hamidfar-Roy R, Dumanoir P, Ara-Somohano C, Ferretti GR, Timsit JF. 
Pulmonary embolism in mechanically ventilated patients requiring computed 
tomography: Prevalence, risk factors, and outcome. Crit Care Med. 2012 
Dec;40(12):3202-8. doi: 10.1097/CCM.0b013e318265e461. PMID: 23164766.

15. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola 
VP, Huisman MV, Humbert M, Jennings CS, Jiménez D, Kucher N, Lang 
IM, Lankeit M, Lorusso R, Mazzolai L, Meneveau N, Ní Áinle F, Prandoni P, 
Pruszczyk P, Righini M, Torbicki A, Van Belle E, Zamorano JL; ESC Scientifi c 
Document Group. 2019 ESC Guidelines for the diagnosis and management 
of acute pulmonary embolism developed in collaboration with the European 
Respiratory Society (ERS). Eur Heart J. 2020 Jan 21;41(4):543-603. doi: 
10.1093/eurheartj/ehz405. PMID: 31504429.

16. Ma Y, Wang Y, Liu D, Ning Z, An M, Wu Q, Lin Y. A safe strategy to rule out 
pulmonary embolism: The combination of the Wells score and D-dimer test: 
One prospective study. Thromb Res. 2017 Aug;156:160-162. doi: 10.1016/j.
thromres.2017.06.018. Epub 2017 Jun 15. PMID: 28647676.

17. Lucassen W, Geersing GJ, Erkens PM, Reitsma JB, Moons KG, Büller H, van 
Weert HC. Clinical decision rules for excluding pulmonary embolism: a meta-
analysis. Ann Intern Med. 2011 Oct 4;155(7):448-60. doi: 10.7326/0003-
4819-155-7-201110040-00007. PMID: 21969343.

18. Huisman MV, Klok FA. How I diagnose acute pulmonary embolism. Blood. 
2013 May 30;121(22):4443-8. doi: 10.1182/blood-2013-03-453050. Epub 
2013 Apr 16. PMID: 23591793.

19. Pasha SM, Klok FA, Snoep JD, Mos IC, Goekoop RJ, Rodger MA, Huisman 
MV. Safety of excluding acute pulmonary embolism based on an unlikely 
clinical probability by the Wells rule and normal D-dimer concentration: 
a meta-analysis. Thromb Res. 2010 Apr;125(4):e123-7. doi: 10.1016/j.
thromres.2009.11.009. Epub 2009 Nov 26. PMID: 19942258.

20. Righini M, Van Es J, Den Exter PL, Roy PM, Verschuren F, Ghuysen A, 
Rutschmann OT, Sanchez O, Jaffrelot M, Trinh-Duc A, Le Gall C, Moustafa 
F, Principe A, Van Houten AA, Ten Wolde M, Douma RA, Hazelaar G, Erkens 



SCIRES Literature - Volume 3 Issue 2 - www.scireslit.com Page - 067

American Journal of Emergency & Critical Care Medicine

PM, Van Kralingen KW, Grootenboers MJ, Durian MF, Cheung YW, Meyer 
G, Bounameaux H, Huisman MV, Kamphuisen PW, Le Gal G. Age-adjusted 
D-dimer cutoff levels to rule out pulmonary embolism: the ADJUST-PE study. 
JAMA. 2014 Mar 19;311(11):1117-24. doi: 10.1001/jama.2014.2135. Erratum 
in: JAMA. 2014 Apr 23-30;311(16):1694. PMID: 24643601.

21. van Es N, Kraaijpoel N, Klok FA, Huisman MV, Den Exter PL, Mos IC, Galipienzo 
J, Büller HR, Bossuyt PM. The original and simplifi ed Wells rules and age-
adjusted D-dimer testing to rule out pulmonary embolism: an individual 
patient data meta-analysis. J Thromb Haemost. 2017 Apr;15(4):678-684. doi: 
10.1111/jth.13630. Epub 2017 Feb 16. PMID: 28106338.

22. Huisman MV, Klok FA. Diagnostic management of acute deep vein thrombosis 
and pulmonary embolism. J Thromb Haemost. 2013 Mar;11(3):412-22. doi: 
10.1111/jth.12124. PMID: 23294863.

23. Dresden S, Mitchell P, Rahimi L, Leo M, Rubin-Smith J, Bibi S, White L, 
Langlois B, Sullivan A, Carmody K. Right ventricular dilatation on bedside 
echocardiography performed by emergency physicians aids in the diagnosis 
of pulmonary embolism. Ann Emerg Med. 2014 Jan;63(2):16-24. doi: 
10.1016/j.annemergmed.2013.08.016. Epub 2013 Sep 27. PMID: 24075286.

24. Zhou XY, Ben SQ, Chen HL, Ni SS. The prognostic value of pulmonary 
embolism severity index in acute pulmonary embolism: a meta-analysis. 
Respir Res. 2012 Dec 4;13(2):111. doi: 10.1186/1465-9921-13-111. PMID: 
23210843; PMCID: PMC3571977.

25. Wells PS, Anderson DR, Rodger M, Ginsberg JS, Kearon C, Gent M, Turpie AG, 
Bormanis J, Weitz J, Chamberlain M, Bowie D, Barnes D, Hirsh J. Derivation 
of a simple clinical model to categorize patients probability of pulmonary 
embolism: increasing the models utility with the SimpliRED D-dimer. Thromb 
Haemost. 2000 Mar;83(3):416-20. PMID: 10744147.

26. Shen JH, Chen HL, Chen JR, Xing JL, Gu P, Zhu BF. Comparison of the Wells 
score with the revised Geneva score for assessing suspected pulmonary 
embolism: a systematic review and meta-analysis. J Thromb Thrombolysis. 
2016 Apr;41(3):482-92. doi: 10.1007/s11239-015-1250-2. PMID: 26178041.

27. Le Gal G, Righini M, Roy PM, Sanchez O, Aujesky D, Bounameaux H, Perrier A. 
Prediction of pulmonary embolism in the emergency department: the revised 
Geneva score. Ann Intern Med. 2006 Feb 7;144(3):165-71. doi: 10.7326/0003-
4819-144-3-200602070-00004. PMID: 16461960.

28. Wolf SJ, McCubbin TR, Feldhaus KM, Faragher JP, Adcock DM. Prospective 
validation of Wells Criteria in the evaluation of patients with suspected 
pulmonary embolism. Ann Emerg Med. 2004 Nov;44(5):503-10. doi: 
10.1016/j.annemergmed.2004.04.002. PMID: 15520710.

29. Katsios C, Donadini M, Meade M, Mehta S, Hall R, Granton J, Kutsogiannis 
J, Dodek P, Heels-Ansdell D, McIntyre L, Vlahakis N, Muscedere J, Friedrich 
J, Fowler R, Skrobik Y, Albert M, Cox M, Klinger J, Nates J, Bersten A, Doig 
C, Zytaruk N, Crowther M, Cook DJ. Prediction scores do not correlate with 

clinically adjudicated categories of pulmonary embolism in critically ill 
patients. Can Respir J. 2014 Jan-Feb;21(1):36-42. doi: 10.1155/2014/296161. 
Epub 2013 Sep 30. PMID: 24083302; PMCID: PMC3938238.

30. Glober N, Tainter CR, Brennan J, Darocki M, Klingfus M, Choi M, Derksen 
B, Rudolf F, Wardi G, Castillo E, Chan T. Use of the d-dimer for Detecting 
Pulmonary Embolism in the Emergency Department. J Emerg Med. 2018 
May;54(5):585-592. doi: 10.1016/j.jemermed.2018.01.032. Epub 2018 Mar 2. 
PMID: 29502865.

31. Lyngholm LE, Nickel CH, Kellett J, Chang S, Cooksley T, Brabrand M. A 
negative D-dimer identifi es patients at low risk of death within 30 days: a 
prospective observational emergency department cohort study. QJM. 2019 
Sep 1;112(9):675-680. doi: 10.1093/qjmed/hcz140. PMID: 31179506.

32. Johnson ED, Schell JC, Rodgers GM. The D-dimer assay. Am J Hematol. 
2019 Jul;94(7):833-839. doi: 10.1002/ajh.25482. Epub 2019 Apr 19. PMID: 
30945756.

33. Tritschler T, Kraaijpoel N, Le Gal G, Wells PS. Venous Thromboembolism: 
Advances in Diagnosis and Treatment. JAMA. 2018 Oct 16;320(15):1583-
1594. doi: 10.1001/jama.2018.14346. Erratum in: JAMA. 2018 Dec 
18;320(23):2486. PMID: 30326130.

34. Schefold JC, Gerber JL, Angehrn MC, Müller M, Messmer AS, Leichtle AB, 
Fiedler GM, Exadaktylos AK, Pfortmueller CA. Renal Function-Adjusted D-Dimer 
Levels in Critically Ill Patients With Suspected Thromboembolism. Crit Care 
Med. 2020 Apr;48(4):e270-e276. doi: 10.1097/CCM.0000000000004204. 
PMID: 32205616.

35. Schutte T, Thijs A, Smulders YM. Never ignore extremely elevated D-dimer 
levels: they are specifi c for serious illness. Neth J Med. 2016 Dec;74(10):443-
448. PMID: 27966438.

36. Ryu JA, Bang OY, Lee GH. D-dimer levels and cerebral infarction in critically ill 
cancer patients. BMC Cancer. 2017 Aug 30;17(1):591. doi: 10.1186/s12885-
017-3588-7. PMID: 28854911; PMCID: PMC5576032.

37. Delabranche X, Quenot JP, Lavigne T, Mercier E, François B, Severac F, 
Grunebaum L, Mehdi M, Zobairi F, Toti F, Meziani F, Boisramé-Helms J; on 
behalf to the Clinical Research in Intensive Care and Sepsis Network. Early 
Detection of Disseminated Intravascular Coagulation During Septic Shock: A 
Multicenter Prospective Study. Crit Care Med. 2016 Oct;44(10):e930-9. doi: 
10.1097/CCM.0000000000001836. PMID: 27322364.

38. Patel R, Cook DJ, Meade MO, Griffi  th LE, Mehta G, Rocker GM, Marshall JC, 
Hodder R, Martin CM, Heyland DK, Peters S, Muscedere J, Soth M, Campbell 
N, Guyatt GH; Burden of Illness in venous ThromboEmbolism in Critical 
care (BITEC) Study Investigators; Canadian Critical Care Trials Group. 
Burden of illness in venous thromboembolism in critical care: a multicenter 
observational study. J Crit Care. 2005 Dec;20(4):341-7. doi: 10.1016/j.
jcrc.2005.09.014. PMID: 16310605.


