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Abstract

Aim: Coagulopathy and thromboembolic complications are frequently seen in COVID-19. We aimed
to evaluate the relationship of coagulopathy with organ dysfunction and mortality in COVID-19.
Methods: COVID-19 patients requiring intensive care for treatment and follow-up were
retrospectively analyzed. In the definition of coagulopathy, the International Society on Thrombosis
and Hemostasis (ISTH) overt disseminated intravascular coagulation (DIC) scoring system was used.
Patients were divided into three groups according to the ISTH scores as follows; patients with no
coagulopathy (ISTH score <2), patients with non-evident abnormal coagulation (ISTH score = 2),
and patients with evident abnormal coagulation (ISTH score > 2) and mechanical ventilation
requirement, acute kidney injury (AKI), acute hepatic injury (AHI) and mortality rates were
compared between these groups.

Results: One hundred fifty-five critically ill adult patients with COVID-19 were included in the
study. An abnormal coagulation profile developed in 94 (60.6%) patients; of those, 56 (36.1%)
patients had non-evident abnormal coagulation, and 38 (24.5%) had evident abnormal coagulation.
While there was a significant difference between the groups regarding coagulopathy and
development of AKI, requirement for mechanical ventilation, and mortality, no significant difference
was found in AHI and length of stay in the intensive care unit. Both mortality and development of
AKI increased in correlation with the severity of coagulopathy. ISTH score and development of AKI
and AHI were risk factors for both mortality and mechanical ventilation requirement.

Conclusions: COVID-19-related coagulopathy, as determined by the ISTH overt DIC scoring
system, is a predictor of organ damage and mortality.
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I ntroduction

Coronavirus  disease-19 (COVID-19),
caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), is a
remaining global epidemic. The spectrum
of clinical manifestations is broad and var-
ies from asymptomatic to severe respiratory
failure in different individuals.! Although
most severe patients initially present with
single-organ failures, such as respiratory
failure, the disease later progresses to a sys-
temic involvement manner, and multi-organ
dysfunction may occur. Organ dysfunction
is a common and mortal complication in
COVID-19.2 Many mechanisms such as in-
flammatory response (cytokine storm),
shock, and disseminated intravascular coag-
ulation (DIC) may contribute to organ dys-
function in COVID-19. Coagulopathy is
one of the most important prognostic factors
for these patients' outcomes.® There is in-
creasing evidence that coagulopathy and
thrombosis are common complications, par-
ticularly in COVID-19 patients who do not
survive.>* Although the hypercoagulable
state associated with COVID-19 has been
termed by some as disseminated intravascu-
lar coagulation (DIC)-like state, it differs
from DIC in terms of some clinical and la-
boratory findings. COVID-19-associated
coagulopathy (CAC) usually exhibits coag-
ulation abnormalities with elevated fibrino-
gen and D-dimer levels, mild thrombocyto-
penia, and thrombosis in arterial and venous
systems.®> Unlike the classical DIC pattern
resulting from bacterial sepsis or trauma,
activated partial thromboplastin  time
(@aPTT) and/or prothrombin time (PT) pro-
longation is minimal in COVID-19.° There-
fore, finding effective hematology and co-
agulation parameters and predicting prog-
nosis in patients with COVID-19 is a prior-
ity. The International Society on Throm-
bosis and Hemostasis (ISTH) overt DIC
scoring systems’ can be used to establish a
risk classification and manage coagulopa-
thy in COVID-19 patients at admission. In
this study, we retrospectively analyzed the
effects of COVID-19 associated coagulopa-

thy on the requirement for mechanical ven-
tilation, acute kidney injury (AKI), acute
hepatic injury (AHI), and mortality in
COVID-19 patients treated in the intensive
care unit.

Materials and Methods

The study was registered at the Adana City
Training and Research Hospital Clinical
Research Ethics Committee on 27 January
2022 and approved with the approval num-
ber of 1758. In this study, COVID-19 pa-
tients requiring intensive care for treatment
and follow-up, who were hospitalized in the
Republic of Turkey Ministry of Health
Adana City Training and Research Hospital
between October 1, 2020 - October 1, 2021,
were retrospectively analyzed. Since the
study was retrospective, informed consent
was not obtained from the subjects. Exclu-
sion criteria included a history of liver dis-
ease or failure, chronic kidney disease or
failure, known hematological disease or co-
agulation disorder, glomerular filtration rate
(GFR) <90 mL min? at admission to the
hospital, missing data on hematological, bi-
ochemical, and coagulation parameters. Pa-
tients' data on COVID-19-related symp-
toms, signs, and laboratory parameters were
obtained from electronic medical records.
Demographic characteristics of patients
(age, gender, etc.), parameters of blood tests
(e.g., complete blood count, kidney and
liver function tests, coagulation parameters,
blood gas analysis), additional diseases in-
cluding hypertension, diabetes, cerebrovas-
cular disease, malignancy, coronary artery
disease (CAD), presence of chronic ob-
structive pulmonary disease (COPD), Acute
Physiology and Chronic Health Assessment
(APACHE) Il score calculated within the
first 24 h after hospital admission, Glasgow
Coma Scale (GCS) score were recorded for
all patients. ISTH overt DIC scoring sys-
tems were used to define coagulopathy.’
Coagulopathy was graded by dividing the
patients into three groups: patients with
ISTH score <2 with no coagulopathy
(Group non-coagulopathy), patients with
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ISTH score=2 with non-evident abnormal
coagulation (Group NEAC), and patients
with ISTH score>2 with evident abnormal
coagulation (Group EAC). The requirement
for mechanical ventilation, AKI, AHI, and
mortality rates were compared between
these three groups. Kidney Disease: Im-
proving Global Outcomes (KDIGO)® defi-
nition and staging system was used for AKI
diagnosis. Acute hepatic injury was defined
as the alanine aminotransferase (ALT) level
exceeding twice the upper limits of normal
(ALT > 80 U/L) according to Schiff's liver
diseases.® The primary outcomes were to
compare the requirement for mechanical
ventilation, the development of AKI and
AHI between the groups, and secondary
outcomes included length of stay in the in-
tensive care unit and mortality.

Statistical analysis

Statistical analysis of the study was per-
formed using SPSS version 23. Demo-
graphic data were given as mean, standard
deviation, and number and percentage. The
normal distribution for continuous variables
was checked with the Kolmogorov—
Smirnov test. Statistical differences be-
tween groups were evaluated using Fisher's
exact and ANOVA tests. Variables were ex-
pressed as mean + SD, and survival analysis
was performed using the Kaplan-Meier test.
Logistic regression analysis was applied for
the relationship of risk factors with mortal-
ity and mechanical ventilation. The statisti-
cal significance value was accepted as
p<0.05.

Table 1. Demographics and baseline characteristics of COVID-19 patients

Group non-coagulopathy Group NEAC Group EAC -value
(n=61) (n=56) (n = 38) P

Gender Male 39(%63.9) 34(%60.7) 16(%42.1)

Female 22(%36.1) 22(%39.2) 22(%57.9)
Age 56.13+£17.02 54.79+20.34 56.21+18.01 0.906
Comorbidities 30(%49.2) 22(%39.3) 21(%55.3) 0.291
GCS 14.26+2.02 13.30+3.31 12.84+3.60 0.050
APACHE Il score 13.02+4.75 15.39+3.07 14.89+6.56 0.126
Hospitalization Day 13.26+11.18 14.39+12.54 18.92+15.85 0.099
Mortality 12(%19.17) 22(%39.3) 20(%52.6) 0.002*
Total 10(%16.4) 17(%30.4) 17(%44.7) 0.009*
Acute Kidney  Stage 1 1(%1.6) 3(%5.4) 4(%10.5) 0.153
Injury Stage 2 6(%9.8) 7(%12.5) 10(%26.3) 0.067
Stage 3 3(%4.9) 7(%12.5) 3(%7.9) 0.337

0, 0, 0,

Mechanical Total_ 39(%63.9) 44(%78.6) 33(%86.8) 0.027*
Ventilation Invasive 16(%26.2) 26(%46.4) 23(%60.5) 0.002*
Noninvasive 23(%37.7) 18(%32.1) 10(%26.3) 0.502
Acute Hepatic Injury 24(%39.3) 24(%42.9) 21(%55.3) 0.291

Data are shown as the number and percentages of patients n(%) or mean+SD; *p<0.05 compared to groups; NEAC: non-
evident abnormal coagulation; EAC: evident abnormal coagulation; GCS: Glasgow coma scale; APACHE: Acute
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Table 2. Laboratory parameters of COVID-19 patients on admission.

non-coGar;LTIFc)Jpathy Gro(t;]p:l5\|6I§AC Gr((;ui) ,Eé? ¢ p-value
(n=61)

PCT (pg L-1) 0.78+3.27 1.72+7.89 1.83+3.87 0.552
CRP (mg L) 83.42+66.56 106.78+99.12 147.57+106.72 0.003*
WBC (10% uLY) 10.23+4.98 11.08+4.19 14.07+14.29 0.068
Hb (g dL?) 12.76+2.01 11.95+2.13 11.52+1.78 0.008*
Neutrophil (10° uL?) 9.00+4.50 9.87+4.02 10.70+6.48 0.241
Lymphocyte (103 uL?) 0.61+0.68 0.60+0.48 0.66+0.50 0.881
Monocyte (10%uL?) 0.58+0.70 0.51+0.45 0.49+0.35 0.686
PLT (103uL?) 233.39+85.72 244.30+94.36 256.82+127.35 0.526
Albumin (g L?) 31.36+4.30 29.52+4.61 28.32+3.43 0.002*
Bilirubin (mg dL?) 0.55+0.23 0.80+0.51 0.89+0.64 0.001*
ALT (U LY 36.79+22.94 34.79+28.97 37.53+29.46 0.871
AST (ULY 41.51£21.55 42.95+22.59 49.974+33.49 0.250
BUN (mg dL™?) 39.70+15.91 34.59+17.31 43.24+20.28 0.058
Creatinine (mg/dl) 0.63+0.18 0.54+0.18 0.64+0.18 0.009*
GFR (mL mint1.7%) 108.44+17.50 116.86+23.92 108.34+16.38 0.042
PT (sec) 13.92+10.39 12.87+2.68 14.42+2.96 0.525
aPTT (sec) 24.65+8.13 24.21+7.12 26.09+9.14 0.524
INR 1.03+0.10 1.41+2.70 1.20+0.27 0.464
D-Dimer (pug L) 572.00+231.59 1718.75+511.05 8913.42+13055.46 0.000*
Fibrinogen (mg dL1) 560.35+187.43 500.95+193.27 551.01+178.19 0.202
PH 7.44+0.06 7.43+0.07 7.42+0.07 0.159
PO2 (mmHg) 72.96+24.82 73.98+28.54 79.34+£39.71 0.574
PCO2 (mmHg) 38.88+9.73 39.70+13.58 39.46+15.66 0.939

Data are shown as mean+SD or number of patients (n); *p<0.05 compared to groups; PCT: procalcitonin, CRP: C-reaction
protein; WBC: white blood cell; Hb: Hemoglobin; PLT: Platelet; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; BUN: blood urea nitrogen; GFR: glomerular filtration rate; PT: prothrombin time; aPTT: activated

partial thromboplastin time; INR: International Normalized Ratio

Results

This retrospective study recruited two hun-
dred thirty-one COVID-19 patients requir-
ing intensive care for treatment and follow-
up. Seventy-six patients who did not fulfill
the inclusion criteria were excluded from
the study.

So, the data of 155 adult patients admitted
to the intensive care unit with the diagnosis
of COVID-19 were analyzed. 61 (39.8%)
patients had no abnormal coagulation pro-
file (group non-coagulopathy), while 94
(60.6%) had coagulopathy according to the
ISTH overt DIC scoring system. Of the pa-

tients with coagulopathy, 56 (36.1%) had
non-evident abnormal coagulation (group
NEAC), and 38 (24.5%) had evident abnor-
mal coagulation (group EAC).

The mean age of the patients was
55.66+18.41 years. The number of males
was higher in both groups with non-coag-
ulopathy and non-evident abnormal coagu-
lation [39 (63.9%) and 34 (60.7%), respec-
tively].

Approximately half of the patients (47%)
had at least one comorbidity (Table 1).
While there was a significant difference be-
tween the groups regarding the develop-
ment of AKI, requirement for mechanical
ventilation, and mortality, there was no sig-
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nificant difference in AHI and length of stay
in the intensive care unit. The death oc-
curred in the intensive care unit in 54 pa-
tients; 12 (19.7%) of those were in the group
non-coagulopathy, 22 (39.3%) were in the
group NEAC, and 20 (52.6%) were in the
group EAC (Figure 1). The development of
AKI and mechanical ventilation require-
ments were statistically significantly higher
in subjects with abnormal coagulation than
in subjects with non-coagulopathy (p<0.009
and p<0.027, respectively). AKI developed
in 44 patients; 10 (16.4%) of them were in
the group non-coagulopathy, 17 (30.4%)
were in the group NEAC, and 17 (44.7%)
were in the group EAC. Mechanical venti-
lation was required in 116 patients; 39 of
them (63.9%) were in the group non-coag-
ulopathy, 44 (78.6%) were in the group
NEAC, and 33 (86.8%) were in the group
EAC. It was observed that the development
of AKI, the requirement for mechanical
ventilation, and mortality increased in cor-
relation with the severity of coagulopathy.
Although there was no significant differ-
ence in the length of stay in the intensive
care unit (p<0.099), it was observed that the
length of hospital stay was longer in patients

with  evident abnormal
(18.92+15.85) (Table 1).
There were significant differences between
the groups in the laboratory findings of the
patients in the levels of CRP, hemoglobin,
albumin, total bilirubin, and D-dimer. CRP
was significantly higher in groups with ab-
normal coagulation than in patients with
non-coagulopathy (p<0.003). Hemoglobin
and albumin were significantly lower in the
group EAC than in the other groups
(p<0.008 and p<0.002, respectively). D-di-
mer was significantly higher in patients
with abnormal coagulation than with non-
coagulopathy (p<0.000). It was also ob-
served that D-dimer increased in correlation
with the severity of coagulopathy (Table 2).
ISTH score and development of AKI and
AHI were risk factors associated with mor-
tality and mechanical ventilation require-
ment.

At the same time, the APACHE score
(p<0.000) was a risk factor associated with
mortality, and the elevation of AST
(p<0.001) and ALT (p<0.022) were risk
factors significantly associated with the re-
quirement for mechanical ventilation (Table
3).

coagulation

Table 3. Risk factors associated with mortality and mechanical ventilation

Mortality Mechanical Ventilation
Variable OR (%95 CI) p-value OR (%95 CI) p-value
Age 1.03 (1.01, 1.05) 0.020* 0.99 (0.97, 1.01) 0.462
ISTH Score 1.54 (1.18, 2.01) 0.001* 1.51(1.12, 2.04) 0.006*
AKI 23.25(9.29, 58.18) 0.000* 22.38 (2.96, 168.90) 0.003*
AHI 5.36 (2.60, 11.03) 0.000* 8.36 (3.05, 22.92) 0.000*
Comorbidity 1.89 (0.97, 3.69) 0.061 0.60 (0.29, 1.26) 0.180
AST 1.01 (0.99, 1.02) 0.302 1.03 (1.01, 1.05) 0.001*
ALT 0.99 (0.98, 1.07) 0.290 1.02 (1.00, 1.04) 0.022*
Creatinine 1.18 (0.20, 6.96) 0.851 0.48 (0.07, 3.35) 0.462
APACHE Il score 1.11 (1.05, 1.18) 0.000* 1.01 (0.95, 1.06) 0.734

Data are shown as odds ratio(range of values); *p<0.05 for risk factors of mortality or indication of mechanical ventilation;
OR: odds ratio; ClI: confidence interval; ISTH: International Society on Thrombosis and Hemostasis; AKI: Acute Kidney
Injury; AHI: Acute Hepatic Injury; AST: aspartate aminotransferase; ALT: alanine aminotransferase; APACHE: Acute
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Length of stay

Discussion

Our study showed that as the severity of co-
agulopathy increased in critically ill
COVID-19 patients, AKI and mortality
rates gradually raised. It was also shown
that the ISTH score was significantly asso-
ciated with the requirement for mechanical
ventilation (OR 1.51, 95% CI 1.12-2.04
P=0.006) and mortality (OR 1.54, 95% CI
1.18-2.01 P=0.001). All results suggested
that ISTH overt DIC scoring systems may
be used to establish a risk stratification and
manage coagulopathy in COVID-19 pa-
tients.

COVID-19 is a disease caused by SARS-
CoV-2 and may affect multiple organ sys-
tems. SARS-CoV-2 causes lung inflamma-
tion that progresses to a cytokine storm in
severe cases. Alveolar and interstitial in-
flammation is observed in the lungs of
COVID-19 patients.!® In COVID-19 pa-
tients, the immune system is overactivated,
numerous inflammatory mediators are re-
leased, and activation of platelets occurs.!
Severe pulmonary inflammation can dam-
age pulmonary vascularity and trigger pul-
monary thrombosis in the early stages of the
disease.'? Processes of inflammation and
coagulation are the primary defense mecha-
nisms of the body. Both increase in correla-

non-coagulopathy patients, non-evident
abnormal coagulation patients, and
evident abnormal coagulation patients
during hospitalization.

Group 1: non-coagulopathy;

Group 2: non-evident abnormal
coagulation;

Group 3: evident abnormal coagulation.

tion with disease severity and harm the pa-
tient.13

Unlike classical DIC and sepsis-induced co-
agulopathy (SIC), patients with COVID-19
have some different abnormal coagulation
characteristics. Fibrinolysis is generally
suppressed in DIC and SIC, leading to fibrin
deposition in the microcirculation and ulti-
mately to organ damage.!* In these coagula-
tion disorders, the two most helpful labora-
tory parameters used in estimating SIC are
a decrease in platelet count and a prolonga-
tion of PT. Additionally, abnormal in-
creases in D-dimer are not expected because
fibrinolysis is suppressed in DIC. Patients
with COVID-19 pneumonia usually have
abnormal coagulation parameters, elevated
fibrinogen and D-dimer levels, and mild
thrombocytopenia. In COVID-19, D-dimer
levels are disproportionately elevated com-
pared to abnormalities seen in other coagu-
lation parameters. This process may be ex-
plained by the up-regulation of local fibri-
nolysis in the alveoli by urokinase-type
plasminogen activator (u-PA) released from
alveolar macrophages.® Tang et al.%, in a
study examining abnormal coagulation pa-
rameters, identified markedly elevated D-
dimers as one of the predictors of mortality.
In an analysis of laboratory-confirmed clin-
ical cases with COVID-19 from more than
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550 hospitals in China, which includes data
on 1099 patients, D-dimer > 0.5 mg L™ was
recorded in 260/560 (46.4%) patients, dis-
ease in patients tested if not severe, only
43% had D-dimer elevated, and approxi-
mately 60% had severe disease.® Similarly,
in a large epidemiological study conducted
in China, it was observed that D-dimer in-
creased during disease progression in ap-
proximately 50% of patients with COVID-
19, and this rate increased to approximately
100% in patients who died.® Huang et al.'’
reported that in patients who needed inten-
sive care support, D-dimer levels [median
D-dimer level of 2.4 mg L™ (0.6-14.4)] at
admission were higher compared with those
who did not require intensive care support
[median D-dimer level of 0.5 mg L (0.3—-
0.8), p = 0.0042]. Our study shows that D-
dimer levels reach abnormal levels as the
severity of coagulopathy increases. Transi-
ently increased D-dimer levels may be used
as an indication of the need for more aggres-
sive treatment and intensive care.
Consumptive coagulopathy seen in SIC and
DIC is not seen in the early stage of
COVID-19. Spiezia et al.8 affirmed that pa-
tients with COVID-19 and acute respiratory
failure present with severe hypercoagula-
tion rather than hypocoagulation (i.e., con-
sumptive coagulopathy). The same study
identified that PT and APTT were within
the normal range in most patients at presen-
tation, as hypercoagulation occurs in the
early stages of COVID-19. Several studies
have reported that patients with COVID-19
are in a hypercoagulable state, manifested
by decreased PT and aPTT and elevated D-
dimer levels.>° In our study, PT was lower
in patients with non-evident and evident ab-
normal coagulation than in patients with
non-coagulopathy, which was interpreted in
favor of hypercoagulation.

Acute kidney injury (AKI) occurs in 0.5-9%
of patients with COVID-19 and is a major
complication of COVID-19. AKI develops
in 10-30% of critically ill patients.?’ SARS-
CoV-2 binds to the ACE2 receptor in the
kidney and causes deregulation of the angi-
otensin mechanism. In COVID-19, this re-

sults in hypoxia and hypotension via hyper-
coagulation and microangiopathy, leading
to acute kidney injury.?! Although AKI de-
velopment is considered a predictor of dis-
ease severity and an unfavorable prognostic
factor for survival, few studies have re-
ported a significant relationship between
AKI and mortality during the COVID-19
pandemic.?? In our study, the development
of AKI was seen as a risk factor associated
with mortality (OR 23,25, %95 CI 9,29-
58,18 P=0.000).

Liver dysfunction is more common in se-
vere COVID-19 patients, and patients with
liver dysfunction are also at risk of develop-
ing severe illness.22* In some studies, the
simultaneous increase in ALT and D-dimer
was noted in most patients indicating that
liver injury may be induced, at least in part,
by potential intrahepatic microvascular
thrombosis.?> Although there was no signif-
icant difference in our study, it is seen that
the development of AHI is higher, espe-
cially in patients with evident abnormal co-
agulopathy.

Conclusion

COVID-19 associated abnormal coagula-
tion is initially localized in the lung, but
later systemic involvement may progress to
CAC and SIC/DIC. Although the abnormal
coagulation state associated with COVID-
19 has some similarities to DIC, including a
marked increase in D-dimer and mild
thrombocytopenia, and meets the criteria
for probable DIC in the ISTH scoring sys-
tem, coagulation parameters like high fi-
brinogen and factor VIII activity are unlike
from DIC.% Therefore, just like in DIC, the
diagnosis of coagulopathy is made clini-
cally in COVID-19 patients. There is no sin-
gle test or combination of pathognomonic
tests for DIC and CAC. However, the ISTH
scoring system, which has high sensitivity
and specificity based on expert opinion,
may be used in COVID-19 as a guide in pre-
venting, diagnosing, and treating coag-
ulopathy.
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In our study, the primary determinant of
ISTH was a significant increase in D-dimer
levels. In the light of these data, we suggest
that patients with a 2 to 5-fold increase in
D-dimer levels for COVID-19 associated
coagulopathy should be evaluated for inten-
sive care and aggressive treatment, already
in the lack of other severe symptoms.
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