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Abbreviations

COPD: Chronic Obstructive Pulmonary Disease; COVID-19:
Coronavirus Disease 2019; CRP: C-Reactive Protein;
Computed Tomography Pulmonary Angiography; ICU: Intensive
Care Unit; LDH: Lactate Deshydrogenase; LMWH: Low Molecular
Weight Heparin; PE: Pulmonary Embolism; RT-PCR: Real Time
Polymerase Chain Reaction; UsTnl: Ultra-Sensitive Troponin I.

Introduction

On January 30", 2020, the World Health Organization (WHO),

Abstract

SARS-CoV-2 infection may predispose to thrombotic complications. Most
frequently Pulmonary Embolism (PE). The aim of this study was to identify
predictive biomarkers for developing PE in patients with COVID-19.

Methods: This study analysed retrospectively the data of patients with
COVID-19 admitted to our institution that underwent CTPA scan due to
suspected PE. Relevant laboratory data and radiology images were collected
for each patient.

Results: 100 patients with COVID-19 were included. 75 (75%) were male
with a mean age of 65+15.3 years-old. Among 33 (33%) patients with confirmed
PE, 22 (67%) had peripheral PE (subsegmental or segmental PE). There were
no demographic or major clinical differences between patients with and without
PE. Only systemic arterial hypertension was more frequent among non-PE
patients. D-dimer levels were higher and ferritin levels were lower at the time of
CTPA in the PE group compared to the non-PE group (9400ng/ml vs 4000ng/
ml; P<0.001 and 680ng/mL vs 1027ng/mL; P=0.013, respectively). 13 (13%)
patients presented haemorrhagic complications without statistically significant
differences regarding the type of anticoagulation administered. Mortality rate
was 12% with no differences between PE and non-PE groups. On multivariable
analysis, the D-dimer/ferritin ratio 26 (OR 7.17, 95% CI 2.6-19.4; P<0.001)
emerged as independent variable associated to PE.

Conclusions: The D-dimer/ferritin ratio in patients with COVID-19 may help
identifying those at an increased risk of PE.

Keywords: COVID-19, SARS-CoV-2; Pulmonary embolism; Biomarkers;
Thromboembolic disease; Hemorrhage

CTPA:

of PE around 30% in patients with COVID-19 and clinical suspicion,
even those who received thromboprophylaxis [4,6,7]. In autopsy
series the incidence of thrombotic events has been even higher (58%),
the majority, in patients in whom venous thromboembolism was not
suspected (8). Accordingly, the International Society on Thrombosis
and Haemostasis (ISTH) developed an algorithm for managing this
coagulopathy stratifying the risk based on different parameters such
as D-dimer, prothrombin time, fibrinogen levels and platelet count,
recommending prophylactic treatment with Low Molecular Weight
Heparin (LMWH) to all patients requiring hospital admission for
COVID-19 [9].

following the recommendations of the Emergency Committee of the
International Health Regulations (IHR, 2005), declared the outbreak
of anew coronavirus SARS-CoV2 (responsible of COVID-19 disease).

Due to the rapid extension and progression of the pandemic,
clinicians have struggled to identify different complications in
these patients. One of the most relevant is Pulmonary Embolism
(PE). Almost 20% of patients with SARS-CoV2 pneumonia exhibit
abnormal coagulation parameters, which has been related to greater
mortality [1-3]. It has been hypothesized that arterial and venous
thromboembolisms are related to extreme inflammation and
intravascular coagulation, both triggered by the virus infection [4,5].
Series from China, Netherlands and France, have reported a prevalence

The D-dimer is a degradation product of fibrin that reflects blood
clot formation. Although it has a high sensitivity for thrombotic
disease, its specificity is poor. In COVID-19, several studies have
shown a strong association between increased D-dimer levels and
disease severity and prognosis [10-12]. Even though the current
standard for PE diagnosis is Computed Tomography (CT) Pulmonary
Angiography (CTPA), but in some circumstances it might be difficult
to perform or could pose the patient at risk. Therefore, there is a need
to increase the pre-test probability of PE in patients with COVID-19.
The aim of this study was to identify predictive factors for developing
PE in patients with COVID-19.
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Figure 1:
Methods that follow a normal distribution and as median and IQR otherwise.

We conducted a retrospective, single center study at Hospital
Clinic of Barcelona, Spain. We analyzed the first 100 consecutive
patients with COVID-19 that underwent CTPA examination to rule
out PE from March 9™ to April 6%, 2020. The Institutional Ethics
Committee of the Hospital Clinic of Barcelona approved the study.

Interstitial-alveolar ~pattern, alveolar consolidation and/or
peripheral ground glass opacities were considered as COVID-19
pneumonia. The majority of patients (85/100) had been diagnosed by
Real Time Polymerase Chain Reaction (RT-PCR) for SARS-CoV-2
obtained by nasopharyngeal swab. In the remaining 15 patients,
COVID-19 was diagnosed based on typical CT features in the current

epidemiological context [13].

CTPA was requested by the treating physician if PE was suspected
in patients with persistently elevated D-dimer levels and/or impaired
gas exchange not justified by radiological findings.

Epidemiological data, clinical characteristics and anticoagulant
treatment were recorded. Thromboprophylaxis with Low Molecular
Weight Heparin (LMWH) was classified as: a) standard dose
(Subcutaneous (sc) enoxaparin 40mg/24h or equivalent) or b)
higher/extended dose (sc enoxaparin 60mg/24 h or 1mg/kg/24 h or
equivalent), which was indicated by protocol in patients weighing
over 80Kg, and/or additional risk factors for thromboembolic disease,
and/or persistently high D-dimer values. Hemorrhagic complications
were classified as major bleeding episodes according to the definition
of the Control of Anticoagulation Subcommittee of the ISTH [14].

D-dimer, C-Reactive Protein (CRP), Lactate Dehydrogenase
(LDH), ferritin levels and platelet count, were evaluated on admission
and at time of CTPA. Ultrasensitive-troponin and serum creatinine
levels were recorded when CTPA was performed.

Results were expressed as mean and SD for quantitative variables

Qualitative variables are expressed as total number and percentages.
Fisher exact test was used to compare qualitative variables. The
univariable analysis was included in the corresponding multivariable
logistic regression backward stepwise model. Strongly correlated
variables were excluded from the analyses. All tests were performed
with a bilateral significance level of P 0.05. Statistical analysis was
done with SPSS statistical software (version 25.0; Chicago, Illinois,
USA).

Results

During the study period 1391 patients with COVID-19 were
admitted in the hospital, CTPA was performed in 100 (7.2%) of
them. Most of the patients were male (75%), with a mean age of 65
years-old. Eighty-five patients (85%) presented some comorbidity.
No significant differences were found regarding smoking history.
Only one patient had previous history of Venous Thromboembolism
(VTE). There were no demographic or major clinical differences
between patients with and without PE. Only systemic arterial
hypertension was more frequent among non-PE patients (Table 1).

Most of the cases were treated with a combination of Lopinavir/
Ritonavir (94%) and hydroxychloroquine (97%). Immunomodulatory
treatment that included tocilizumab, siltuximab and anakinra were
administered in 56 patients. A higher proportion of patients in the
non-PE group received immunodulatory treatment, even though the
differences did not reach statistical significance (P=0.086).

Four patients were receiving anticoagulation for atrial fibrillation
before admission. In sixteen patients the CTPA was performed at
admission. Eighty-two patients received thromboprophylaxis with
LMWH since admission, 48 at standard dose and 34 at extended dose.
In 3 patients, intermittent pneumatic compression was additionally
used.

The median time from admission to CTPA examination was
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Table 1: Main characteristics in COVID-19 patients with suspected PE.

. PE patients Non-PE patients
Characteristics N= 33 N= 67 P-value

Age, yrs, mean (SD) 61.6 (15.3) 66.3 (11.9) 0.091
Male sex, n (%) 23 (70) 52 (78) 0.39
Weight, mean (SD) 79 (18.8) 81 (14.9) 0.519
Current smoker, n (%) 5(15.2) 11 (16.4) 0.871
Former/never smoker, n (%) 28 (84.8) 56 (83.6) )
COPD, n (%) 3(9) 5(7.5) 0.528
Diabetes, n (%) 5 (15) 11(16.4) 0.56
Arterial Hypertension, n (%) 13 (39.4) 42 (63) 0.034
Cardiovascular disease, n (%) 6 (18) 9 (13) 0.56
Chronic renal failure, n (%) 2 (6) 6 (9) 0.472
Cancer history, n (%) 2 (6) 5(6.5) 0.579
SpO,/FIO, on admission, mean (SD) 299 (112.2) 379 (105.3) 0.015
Days from admission to CTPA, median (range) 6 (0-21) 8 (0-26) 0.076
Days from symptoms to CTPA, median (range) 16.5 (4-27) 17 (4-38) 0.662
General condition at the time of CTPA
Immunomodulatory treatment, n (%) 14(42) 42(63) 0.086
ICU admission, n (%) 18 (54.6) 36 (53.7) 0.833
Mechanical Ventilation, n (%) 7(21) 20(30) 0.252
Type of prophylaxis*, n (%)

Standard 16 (48) 38 (57)

High/Extended 10 (30) 27 (70) 0.475
Blood test analysis
CRP (mg/dl) at the time of CTPA 3.61[0.76-7.4] 1.84[0.4-4.96] 0.125
ACRP (mg/ml)’ 8.4 [4.8-13.5] 5.5[1.7-16.6] 0.378
D-dimer (ng/ml) at the time of CTPA 9400 [4800-10000] 4000 [1500-9900] <0.001
A D-dimer (ng/ml)* 4850 [800-8800] 1750 [300-5125] 0.08
Ferritin (ng/ml) at the time of CTPA 680 [346-1272)] 1027 [670-1704] 0.013
A Ferritine (ng/ml)* 72 [-206-466] 25 [-348-336] 0.525
LDH [U/L) at the time of CTPA 362 [261-459] 347 [300-422] 0.458
A LDH (mg/mly 68.5 [-18.8-155.3] 14 [-57-76.5] 0.035
Platelets (x10°L) at the time of CTPA 283 [234-354] 259 [191-358] 0.416
A Platelets (x10%/L)" -59 [-143- -17.5] -66.5 [-193 — -19.8] 0.653
D-dimer/ferritin ratio at the time of CTPA 9.6 [6.7-20] 3.5[1.7-7.3] <0.001
A D-dimer/ferritin ratio” 6.3 [2.4-12.5] 1.8 [0.5-4.6] 0.038
Creatinine (mg/dl) at the time of CTPA 0.84 [0.58-1.14] 0.99 [0.86-1.25] 0.304
UsTnl (ng/ml) at the time of CTPA 8.3[4.2-108] 14.3[7.3-21.8] 0.145
Outcomes
Hemorrhagic complications, n (%) 6 (18) 7 (10) 0.219
Severity of hemorrhagic complications, n (%)

Major 4/13 (31) 3(23)

Non-Major 2/13 (15) 4 (31) 0.383
Mortality, n (%) 2 (6) 10 (15) 0.2

“Excluding patients diagnosed with PE on admission.

COPD: Chronic Obstructive Pulmonary Disease; COVID-19: Coronavirus Disease 2019; CRP: C-Reactive Protein; CTPA: Computed Tomography Pulmonary
Angiography; ICU: Intensive Care Unit; LDH: Lactate Dehydrogenase; PE: Pulmonary Embolism; UsTnl: Ultra-Sensitive Troponin 1.

7.5 days. PE was diagnosed in 33 patients (33%). Four patients had Among confirmed PE, 11 (33%) patients had central and 22 (67%)
concomitant Deep Vein Thrombosis (DVT). Only one patient had  peripheral PE. Six patients (18%) had pulmonary infarction and 2
DVT without PE. (6%) showed right ventricular enlargement. All patients diagnosed
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with PE received full dose anticoagulation, 30 with sc LMWH, and 3
with intravenous Unfractionated Heparin (UFH).

On admission, patients with PE had worse oxygenation, showed
by lower oxygen saturation to fraction of inspired oxygen (SpO,/
FiO,) ratio. No statistically significant differences in ICU admission
or mechanical ventilation was found between PE and non-PE groups.

Significant reduction in CRP and LDH levels and increasing of
D-dimer levels and platelet count at the time of CTPA were found.
Additionally, we analysed the A-value between admission and CTPA
for this variables. No significant differences in A-value was found
between PE and non-PE groups.

At the time of CTPA study, D-dimer levels were significantly
higher in the PE group compared with the non-PE group, whereas
ferritin was lower in the PE-group. Accordingly, the D-dimer/ferritin
ratio was higher in patients with PE (9.6 vs 3.5; P<0.001). There were
no differences among platelet count, troponin or creatinine levels
(Figure 1A&1B).

PE predicting values of D-dimer and ferritin were assessed by the
area under the curve ROC (AUC). The AUC of D-dimer for predicting
PE was 0.733 and that of ferritin for excluding PE was 0.654. The ratio
between D-dimer and ferritin had an AUC of 0.79 for predicting PE.

Several variables such as a previous history of systemic
hypertension, age, D-dimer/ferritin ratio and immunomodulatory
treatment were included in a multivariable logistic regression
analysis. A D-dimer/ferritin ratio >6 emerged as an independent
variable associated with PE (OR 7.17, 95% CI 2.6-19.4; p<0.001).

Hemorrhagic complications were found in 13 patients in the
whole cohort, without differences among patients with and without
PE (18 and 10%, respectively (p=0.219). Most of the hemorrhagic
complications were major (54%). No statistically significant
differences among patients receiving full dose anticoagulation and
prophylaxis treatment was found (P=0.191). Although mortality was
numerically different in PE and non-PE patients this difference was
not statistically significant (6% vs 15%; P=0.2).

Discussion

The present study shows a PE prevalence of 33% in patients with
COVID-19 who underwent assessment with CTPA. We showed
lower ferritin and higher D-dimer levels in the group with PE than in
those without PE, and that the D-dimer/ferritin ratio clearly differed
between groups. Cui et al. [6] have previously proposed a D-dimer
cut-off 23000 ng/dl for predicting PE in patients with COVID-19,
but in our series this cut-off had high sensitivity but low specificity.
Sensitivity and specificity were increased when analysing the D-dimer/
ferritin ratio, which also had greater AUC in the ROC analysis.
Furthermore, multivariate analysis showed that the D-dimer/ferritin
ratio 26 was independently associated with PE.

In our cohort patients with COVID-19 in general had an intense
acute phase response as evidenced by elevated levels of ferritin and
D-dimer. Even though the mechanisms leading to thrombotic events
in these patients are unclear, and probably inflammation is involved
[15], our data suggests that a disproportional increase of D-dimer,
probably due to a marked thrombi formation, should raise awareness

of thromboembolic complications in COVID-19. The misbalance
between acute phase reaction and thrombus formation in this clinical
scenario remains a hypothesis and further studies are needed for
evaluating these biomarkers and other coagulation proteins like
fibrinogen and Von Willebrand with a potentially dual function [16].
Remarkably, in contrast with previous publications [17], hemorrhagic
complications occurred in 13% of the patients regardless of type of
anticoagulant treatment.

Conclusion

Our study suggests an out-of-proportion procoagulant state in
patients with COVID-19 assessed by an increased D-dimer/ferritin
ratio should raise awareness on the presence of PE. In patients with
COVID-19, hemorrhagic complications are frequent, reinforcing the
recommendation to rule out VTE before full dose anticoagulation.

Ethics approval and consent to participate

The Institutional Ethics Committee of the Hospital Clinic of
Barcelona approved the study and due to the nature of retrospective
chart review, waived the need for inform consent from individual
patients (Comite Etic d’Investigacio Clinica; HCB/2020/0273).
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available from the corresponding author on reasonable request.
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