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Abstract

Background: Infection with coronavirus disease 2019 (COVID-19) could be complicated with coagulopathy and high risk
of thromboembolic events.

Aims: The main aim of the present study was to find the coagulation profile of intensive care unit (ICU) admitted patients
with COVID-19 from Kermanshah, Islamic Republic of Iran.

Methods: Coagulation parameters were analyzed using appropriate methods in 74 patients (24 patients aged <60
years and 50 patients =60 years) and were compared with 35 survivors (severe COVID-19) and 39 non-survivors (severe
COVID-19) historically admitted to the ICU.

Results: Forty-two percent of patients had abnormal prothrombin time and international normalized ratio. The rates of
mortality and comorbidity in patients aged > 60 years were 73.7% and 78.4% compared to 26.3% and 21.6%, respectively, in
patients aged < 60 years.

Conclusion: We found an abnormal pattern of coagulation parameters and association of advanced age and comorbidi-
ties with a high rate of mortality in severe COVID-19 patients, which should be taken into consideration in their hospital

management.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) that is responsible for coronavirus dis-
ease 2019 (COVID-19) resulted in systemic inflammatory
response and imbalance between homeostatic mecha-
nisms of procoagulant and anticoagulant. Moreover, it
is complicated with thrombotic complications (1). In re-
sponse to COVID-19 infection, activation of T cells along
with massive production and release of cytokines occur
with subsequent damage to internal organs, and primari-
ly the lungs (2). Around 40% of hospitalized patients with
COVID-19 are at a high risk of development of venous
thromboembolism (VTE) (3). Among non-intensive care
unit (ICU) COVID-19 French patients receiving thrombo-
prophylaxis, the incidence of VTE and pulmonary embo-
lism were 22.5% and 10%, respectively (4). Abnormal coag-
ulation factors in Chinese patients with COVID-19 were
associated with poor prognosis (5). In a number of studies
(but not all) in-hospital death was associated with high
level of D-dimer (> 1pg/ml) on admission (6).

There is an association between age and clinical
severity of COVID-19 in patients aged > 60 years, who
demonstrate heavier clinical manifestations, higher
severity and longer disease courses compared to patients
aged < 60 years (7). The rate of mortality among ICU-

admitted patients with COVID-19 has been reported to be
from 10% to around 44%, varying according to age and the
presence of comorbidities that resulted in multi-organ
failure (8-11).

There is no available study related to the evaluation
of coagulation parameters in COVID-19 patients from
the Islamic Republic of Iran. Kermanshah Province in
the west of the country borders Iraq and has extensive
communication with the Iraqi Kurdistan region, which
could be a challenge in disease control. More comparison
of reports from various populations related to the clinical
course, outcome of COVID-19 and blood coagulation
profile in these patients are necessary to help the
management and treatment of the disease.

Aims

The aims of the present study were to find the coagula-
tion profile of 74 consecutive ICU-admitted patients with
COVID-19 from Kermanshah Province, Islamic Republic
of Iran, and to determine the influence of age and comor-
bidities on the level of these parameters. In addition, we
aimed to compare coagulation parameters between sur-
vivors and non-survivors to detect their effects on the
severity and outcome of the disease.
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Methods

We studied 74 consecutive patients with confirmed COV-
ID-19 admitted to the ICU of Farabi Hospital of Kerman-
shah University of Medical Sciences, being the second
referral centre of COVID-19 in Kermanshah Province,
from 7 March to 12 May 12, 2020. Patients consisted of 44
males and 30 females with a mean age of 65.1+17.1 years.
There were 50 patients (67.6%) aged 60 years or older and
24 patients (32.4%) aged less than 60 years. Diagnosis of
COVID-19 was made according to the chest CT scan and/
or real time PCR. The samples for coagulation tests were
collected at hospital admission. The prothrombin time
(PT), aPTT, fibrinogen, and international normalized ra-
tio (INR) were measured using Coatron M2 coagulation
analyzer (TECO Medical Instruments, Germany). D-dim-
er was measured by a Siemens device (Germany) using
chemiluminescence method. Although our research was an
observational study, verbal consent was obtained from
patients or from next-of-kin.

A two-tailed student’s t-test and ANOVA were used
to compare quantitative data between groups. Using
the x* test the categorical variables were compared
between groups. The quantitative data were expressed as
Mean+SD. P-value < 0.05 was considered as statistically
significant. SPSS statistical software package version
16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical
analysis.

Ethics approval

The Ethics Committee of Kermanshah University of
Medical Sciences approved the study (Ethics code: IR.
KUMS.REC.1399.044) and the study was in accordance
with the principles of the Declaration of Helsinki II.

Results

Twenty-six out of 74 patients (35.1%) required tracheal
intubation (64.1% non-survivors and 2.9% survivors, P <
0.001). Fifty-one out of 74 patients (around 69%) had co-
morbidities (hypertension, diabetes mellitus, coronary

artery disease, cancer, renal transplantation, chronic
obstructive pulmonary disease, and osteomyelitis). The
overall rate of mortality was 52.7%. The mean days of
hospitalization were 10.8 days (1-39 days). Table 1 indi-
cates the levels of coagulation factors measured at ad-
mission in studied patients. Lower platelet (PLT) count
was detected among non-survivors compared to survi-
vors; in addition, patients with comorbidities had lower
PLT count than patients without comorbidities (Table 1).
Two (one male and one female, 70 and 68 years old, re-
spectively) out of three patients with PLT count <36 x103/
pL died. Twenty-two patients (around 30%), had throm-
bocytopenia (PLT<150x103/pL), of which 15 patients were
aged 60 years or older and 7 patients less than 60 years
old, including 16 patients with comorbidity (72.7%) and 6
patients without comorbidity (27.3%) (P = 0.16).

The PT =15.6+3.9 (12.5-35.4) sec in all patients and was
longer in non-survivors than survivors (Table 1). Forty-
two percent of the patients (31 individuals) had abnormal
PT and INR (> 14.5 sec, and > 1.2, respectively). There were
5 patients with a PT of 27-35 sec and an INR of 1.7-5.1 that
all died except one. The only case with critical value of
an INR of 5.1 was a 76-year-old female with a PT of 35.4
sec, and a D-dimer of 15 pg/ml who required tracheal
intubation but died after 6 days” hospitalization.

In addition, significantly higher PT and INR levels
were observed in patients with comorbidity compared
to those without (Table 1). Comparing patients
demonstrating the concomitant presence of two
comorbidities with those who lack comorbidity indicated
a PT of 17.5+6.1 vs.14.4+1.64 sec (P = 0.045) and an INR of
1.841.1 vs.1.22+0.21 (P = 0.03). The mean level of D-dimer
available from 16 patients was 5.17.3 (0.1-25) pg/ml, which
was higher in non-survivors than survivors (Table 1). The
aPTT and fibrinogen levels in all patients were 39.1£9.2
(25-68) sec and 3.37+1.80 (135-751) g/L, respectively (Table
1). The abnormal pattern of coagulation parameters
(higher PT, aPTT, INR, and D-dimer) observed in 30 out of
39 patients (77%) with comorbidities who died compared
to 9 non-survived patients without comorbidities.

Table 1 Coagulation parameters in patients with severe COVID-19.

Variable All patients (n=74) Survivors
MeanzSD (n=35)
Mean+SD
Age (years) 65.1+17.1 (23-90) 63.6+18.7
Sex (male/female) 44/30 21/14 (47.7/46.7%)
PLT counts (x103/pL) 207.8+111.5 (13.5-707) 223.9+124.1
PT (sec) 15.6+3.9 (12.5-35.4) 15.1+2.8
aPTT (sec) 39.1+9.2 (25-68) 39+10.5
INR 1.42+0.62 (1-5.1) 1.4+0.47
D-dimer (pug/ml) 5.1+7.3 (0.1-25) 4.8+9.9
n=16
Fibrinogen (g/L) 3.37+1.80 (135-751) 3.38+2.39
n=16

Patients with

comorbidities

Mean:SD, P (n=23) (n=51)
Mean+SD Mean+SD, P

Non-survivors Patients without

(n=39) comorbidities

66.5+15.5,0.48 55.2%16 69.4+15.8, 0.001
23/16 (52.3/53.3%) 17/6 (38.6/20%) 27/24 (61.4/80%)
193+9.8,0.24 218.7+117.7 186.9+97.3,0.22
16+4.6, 0.29 14.4+1.6 16.1+4.4, 0.024
39.1+8.2,0.98 38.2+11.2 39.4+8.5,0.68
1.5+0.72, 0.39 1.22£0.22 1.50+0.7, 0.02
5.3£5.9, 0.92 5.1+7 5.1+7.6,0.99
3.36+1.28,0.98 2.69 3.45+1.9, 0.71

PLT=platelet; PT=prothrombin time; aPTT=activated partial thromboplastin time;INR=international normalized ratio
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In Table 2 the coagulation parameters have been
compared between two age groups: patients aged > 60
years old (n=50) and those below 60 years old (n=24).
There were 50 patients (68%) aged 60-90 years (75.48.5
years) a PT of 16.1£4.4 sec and an INR of 1.51+0.71, which
compared to 24 patients (32%) aged below 60 years with a
mean age of 44.28.9 years and a PT level of 14.6+1.9 sec
(P = 0.059) and an INR of 1.26+0.29 (P = 0.056). Among
patients > 60 years 80% needed a ventilator and 78.4% had
comorbidities. The mortality rate was 73.7% compared
to patients aged <60 years of whom 20% required a
ventilator (P = 0.09), 21.6% (P = 0.002) had comorbidities,
and the death rate was 26.3% (P = 0.2) (Table 2).

Discussion

The overall rate of mortality in severely affected patients
in this study was 52.7%. Patients were mostly aged 60
years or older with a high rate of comorbidity (69%) and
a mortality rate of 73.7%. The high mortality rate among
ICU-admitted patients from the present study was due
increased age and a high rate of comorbidities. In a re-
ferral centre for COVID-19 in Tehran, the two-week mor-
tality rate was 25% among 72 ICU-admitted patients with
COVID-19. However, the age of these patients had not
been reported (12). Three studies from Italy reported a
difference in mortality rate; in one study the ICU and the
hospital mortality rate of COVID-19 patients with a mean
age of 61 years were 10% and 12.5%, respectively (8). In a
second study among patients with a mean age of 70 years
the tracheal intubation rate was 8.5% and the overall mor-
tality was 12.8%. All patients who died were on ventilation
and had multiple comorbidities. Alterations in coagula-
tion parameters were observed in 41% of cases (10). In a
third study 43.7% of ICU-admitted patients with a mean
age of 61 years did not recover and died due to hypoxia
and multi-organ failure (12).

However, in one study from the Netherlands the
mortality rate among ICU-admitted patients was 22% (9).
It was noted that in older adults immune senescence and
enhanced inflammatory responses associated with aging
might increase the risk of infection and dysregulation
of immune response to SARS-CoV-2 (13,14); in addition,
comorbidities increase with aging (13). In a study from
Mexico, higher age was found to be a predictor of

disease mortality, but comorbidities and determinants
of structural health had a greater role in the severity of
disease in older patents (13).

Thus, there is an age-based exponential increase in
the mortality rate. Around 80% and 9o% of deaths due to
COVID-19 occurred in patients aged > 70 years and > 60
years in Korea and Italy, respectively. In Korea the overall
case fatality rate was 2.37%, which was much higher in
older patients (15).

Thrombocytopenia was detected in around 30% of
mostly older patients with comorbidities and in non-
survivors. Thelonger PT and higher INR was found in 42%
of patients, especiallyin patients > 60 years with increased
comorbidities and mortality, compared to patients < 60
years, also the PT >27 sec was fatal. Thrombocytopenia
and abnormal coagulation parameters (PT, INR, D-dimer)
could be considered as important indicators of severe
COVID-19 associated with mortality. Using the cut-off
value of D-dimer 1.5pug/mL for prediction of VTE, 8 out of
16 (50%) our patients had VTE. In a report from 81 severe
COVID-19 ICU-admitted Chinese patients there were 20
(25%) with VTE (16).

Various reports have been published regarding the
levels of D-dimer and the severity of COVID-19. While in
some studies in-hospital mortality was associated with
a high level of D-dimer (> 1pug/ml) on admission, other
studies found no significant difference in D-dimer level
between severe and non-severe patients (4,5,6). It should
be considered that D-dimer assays are not necessarily
comparable due to different calibrators, detection
antibodies and methods (6). High levels of D-dimer have
been associated with 28-day mortality among patients
with infection or sepsis. The systemic pro-inflammatory
cytokines contribute to plaque rupture through local
inflammation, induced procoagulant pathway at multiple
levels, such as induction of coagulation activation by
proinflammatory cytokines of TNF, IL-1, IL-6 and IL-
12, and haemodynamic alterations are mechanisms
involved in predisposition to ischaemia and thrombosis
(17). The most haemostatic abnormalities in patients
with COVID-19 requiring greater mechanical ventilation,
ICU admission, or death, were mild thrombocytopenia
and increased levels of D-dimer, indicating the presence
of some forms of coagulopathy with increased risk of
thrombotic events (3).

Variable Less than 60 years (n=24)

Mean+SD

PLT counts (x103/uL) 220+144.2
PT (sec) 14.6+1.9
aPTT (sec) 37.8+7.4
INR 1.26+0.29
D-dimer (ug/ml) 7.65%9.5
n=7
Fibrinogen (g/L) 4.9%1.90
n=6

Table 2 Coagulation parameters in patients with severe COVID-19 according to age

60 years or more (n=50) Pvalue

Mean+SD

196.9+92.2 0.32
16.1+4.4 0.059
39.6+10 0.42
1.5+0.71 0.056
3.2+4.7 0.28

n=9
2.4%0.6 0.08
n=10
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No prolonged aPTT (more than 70 sec) was observed
in patients for this study, which might explain the
absence of disseminated intravascular coagulation (DIC)
bleeding in patients. In some patients with COVID-19
there was an associated coagulopathy, but even in those
patients with DIC, bleeding was not manifested since
these abnormalities could be the result of a profound
inflammatory response that did not result in bleeding
(18).

In Caucasian patients with COVID-19 and extended
thrombo-prophylaxis with low molecular weight
heparins, overt DIC rarely developed. However, in
those patients with COVID-19 who developed DIC,
this complication appeared during a late stage of the
disease. A term of pulmonary intravascular coagulopathy
was suggested for bilateral pulmonary inflammation
observed in COVID-19 patients to discern from DIC (19).

Based on recommendations from the International
Society on Thrombosis and Haemostasis, patients with
markedly increased D-dimer (three to four-fold increase),
should be considered for hospital admission even in the
absence of other symptoms. In addition, all hospitalized
COVID-19 patients with this elevation should receive
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thromboprophylaxis or full therapeutic-intensity antico-
agulation (20).

Conclusion

The overall mortality rate in patients with severe COV-
ID-19 was 52.7%. However, the rate of mortality was 73.7%
in patients = 60 years compared to 26.3% in patients aged
<60 years. This study indicated that ages > 60 years were
associated with high rate of comorbidities, abnormal lev-
el of coagulation parameters and poor prognosis. In ad-
dition, we detected a high rate of coagulopathy (42%) in
severely affected patients with COVID-19. Furthermore,
severe COVID-19 patients had low levels of PLT, high PT
and INR that were associated with poor prognosis. The
abnormal pattern of coagulation parameters was highly
associated with comorbidities and mortality. Coagula-
tion tests such as PLT, PT, PTT, D-dimer, and fibrinogen
should be performed at hospital admission stage in pa-
tients suspected or confirmed to have COVID-19 infec-
tion in order to provide useful prognostic information.
These patients should be treated with pharmacologic
VTE prophylaxis unless there were specific contra-indi-
cations.

Parameétres de coagulation sanguine chez des patients atteints de COVID-19 sévére
dans la province de Kermanshah (République islamique d’'Iran)

Résume

Contexte : L'infection par la COVID-19 peut étre compliquée par une coagulopathie et un risque élevé d’événements
thromboemboliques.

Objectifs : L'objectif principal de la présente étude était de déterminer le profil de coagulation des patients atteints de
COVID-19 admis en soins intensifs a Kermanshah (République islamique d'Iran).

Méthodes : Les paramétres de coagulation ont été analysés chez 74 patients (24 patients dgés de moins de 60 ans
et 50 patients agés de 60 ans et plus) a 'aide de méthodes appropriées et ont été comparés aux parameétres de
35 survivants (COVID-19 sévére) et 39 non-survivants (COVID-19 sévére) qui avaient été admis en soins intensifs.

Résultats: Pour quarante-deux pour cent (42 %) des patients, le temps de prothrombine et le rapport normalisé
international étaient anormaux. Les taux de mortalité et de comorbidité chez les patients agés de 60 ans et plus étaient de
73,7 % et 78,4 %, contre a 26,3 % et 21,6 %, respectivement, chez les patients agés de moins de 60 ans.

Conclusions : Nous avons trouvé un schéma anormal des paramétres de coagulation et une association entre un age
avancé et des comorbidités avec un taux de mortalité élevé chez les patients atteints de COVID-19 sévére, qui devraient
étre pris en compte dans leur prise en charge a I'hopital.
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