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Abstract:

BACKGROUND: The purpose of this study was to determine the factors that increase the risk of fatal
thrombotic events in hospitalized coronavirus disease 2019 (COVID-19) patients receiving standard
therapy according to the National Clinical Practice Guidelines (National Guidelines).

MATERIALS AND METHODS: In this case—control study, cases included 83 adults with COVID-19
who had died from thrombosis and controls comprised 83 COVID-19 patients with comparable
criteria who survived. Data was abstracted by reviewing the medical records of selected patients
and analyzed using Statistica. Parametric and non-parametric tests, as appropriate, were used to
compare continuos variables between cases and controls, whereas Chi-square test was employed
to compare categorical variables. Odds ratio (OR) was also calculated to measure the strength of
association of case status and various independent variables.

RESULTS: Fatal outcomes were higher in patients with chronic tubulointerstitial nephritis, (OR = 2.4,
95% Cl 1.2-4.9); obesity, (OR = 2.1, 95% CI 0.5-8.6); and coronary heart disease (OR = 1.6, 95%
C10.8-3.2). In the group with a D-dimer level from 250 to 1000 ng/ml, a statistically significant moderate
positive correlation was found between the day of death and D-dimer level (P = 0.026). The lack of
use of the PADUA Prediction Score for the risk of venous thromboembolism scale (PADUA Scale)
and control of laboratory parameters (APTT and D-dimer) were associated with increased risk of
fatal outcome. Overall, 19.2% cases and 8.4% of controls had no coagulation control; (OR = 2.6,
95% Cl 1-6.7).

CONCLUSION: Chronic tubulointerstitial nephritis, obesity, and coronary heart disease were
associatied with fatal thrombosis. A slight elevation of D-dimer level, lack of the PADUA Scale and
laboratory monitoring in the management of hospitalized patients with COVID-19. was associated
with an increased risk of thromboembolism.
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From March 2020 to October 2022, 1,394,714
laboratory-confirmed cases of infection were

Introduction

he first case of coronavirus disease
2019 (COVID-19) was registered in the
Republic of Kazakhstan on March 13, 2020.

detected in the country; 1,380,159 people
recovered, and 13,692 people died. The
mortality level in Kazakhstan is comparable
with worldwide data.l'?
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The leading causes of death according to various studies
were thrombosis and coagulopathy.” The main factors
contributing to the poor outcomes in COVID-19 were
associated with a higher degree of lung parenchymal
lesions,*! male gender, and comorbidity with respiratory,
cardiology, and endocrinology diseases."!

Despite the development and implementation of the
National Guidelines for patients with COVID-19 that
unify evidence-based approaches to therapy, including
anticoagulants, the desired results of treatment in some
cases were still unreachable.

The aim of the research was, thus, to study the factors
that increased the risk of fatal thrombotic events in
hospitalized COVID-19 patients receiving standard
therapy according to the National Guidelines.

Materials and Methods

In a retrospective case—control study, we analyzed
16,898 electronic medical records of adult patients with a
positive polymerase chain reaction result for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2),
who were hospitalized in regional medical institutions
of the Karaganda region, Kazakhstan, from January to
May 2021. The materials for this study were taken from
the electronic Regional Integrated Health Information
System, access to which was provided for the study of
the quality of medical care for patients with COVID-19
in the Karaganda region. Ethical approval was obtained
from the Institutional Ethics Committee vide Letter No.
66 dated 30/05/2022, with a waiver of informed consent
since there was no direct involvement of human subjects
in this study.

In our study of 16,898 medical records of patients who
were treated according to the National Guidelines,
173 cases of patients with COVID-19 with a fatal outcome
from various causes were selected. Eighty-three cases of
these had fatal pulmonary embolism (verified through
clinical autopsy) and were distributed for the case group.
The remaining cases (90 cases) were not included because
other causes of death were specified, and/or clinical
autopsy results were not available; patients who died
within 24 h of admission were also not included. For
the control group, 83 cases of survived patients were
selected according to the following comparable criteria:
participants matching with cases on parameters of
age (+ 2 years), gender, hospital /medical institution, the
identical month of hospitalization, and the volume of lung
tissue damage on computed tomography (CT) [Figure 1].

D-dimer was analyzed in both groups for assessment of
the correlation between its level and fatal thrombosis.
The D-dimer parameters from medical records in the

case group were determined at the time of admission to
the hospital, at the time of transfer to the intensive care
unit (ICU), and at last measurement recorded before
death; in the control group — at admission, at the time
of transfer to the ICU, and at discharge from hospital.
Depending on the level of D-dimer, all patients were
divided into three groups: Group 1-D-dimer <250 ng/ml,
Group 2-250-1000 ng/ml, and Group 3 — 1000 and more
ng/ml.

Data statistical processing was carried out using the
descriptive statistics program Statistica 8.0 (StatSoft,
Russia). Data were described as frequency (%) for
categorical variables and mean (confidence interval [CI]
95%) for continuous variables. The parametric tests
were used (Student’s t-test and methods of correlation
analysis), the nonparametric Mann-Whitney U-test was
used to compare two independent samples, and the
Z—test was used to compare categorical variables. The
significance of differences in the compared parameters
was determined starting from P < 0.05.

Results

All patients from the case and control groups received
the standard therapy, including anticoagulants in
accordance with the National Guidelines.

In the case group, the mean age of patients was
69.2 years (C195% 66.7-71.7); in the control group, it was
68.2 years (CI 95% 66.0-70.4); no statistical differences
were observed (P = 0.566). The gender distribution
showed that men accounted for 43.3% and women for
56.6% of patients in both groups. The day of death of
the case group patients was compared with the day
of discharge of the control group patients. The mean
hospital stays of patients in the case group was 10.2 days,
and in the control group was 11.9 days [Table 1].

Multimorbidity was characteristic for many patients
infected with SARS-CoV-2, leading us to evaluate the
influence of comorbidity on an unfavorable outcome.
The results showed that all patients in the case group and
96.4% (n = 80) of the control group had comorbidities.
Moreover, the patients suffered from two or more
concomitant diseases in 95.2% (n = 79) of cases in the
group with fatal outcomes and in 80.7% (n = 67) in the
control group. The most common were cardiovascular
diseases: in the case group — 94% (n = 78), and in the
control group - 90.4% (n = 75).

In both groups, there was a high prevalence of arterial
hypertension (more than 60%) and coronary artery
disease (more than 20%). Furthermore, our study
revealed that a history of previous conditions associated
with a high risk of thrombosis (acute coronary syndrome,
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16 898 Medical records of adult patients with positive PCR for SARS-CoV-2, hospitalized in
regional hospitals of Karaganda region from January 2021 to May 2021 who were treated
according to National Guideline

Inclusion criteria:

¢ Died from pulmonary embolism
confirmed by autopsy;

Exclusion criteria:

] Died less than 24 hours after
hospitalization;

A 4 v

Case group: Control group:

83 medical cases 83 medical cases of survived patients

matched with cases on parameters of age (+2 years), gender,
hospital/medical institution, the identical month of
hospitalization, the volume of lung tissue damage on CT

A 4

Comparative analysis of two groups according to the following criteria:

o the presence of concomitant pathology;
¢ CT indicators in two groups;
e the level of D-dimer;
* management errors

Figure 1: Overview of the study

Table 1: Characteristics of COVID-19 patients with
fatal outcomes by pulmonary embolism case status,
Karaganda region, Kazakhstan 2021

In the second place in terms of frequency in both groups
was endocrine diseases, (more than 50%), particularly,
type 2 diabetes mellitus and obesity. The third in

Variables Pulr:;olr_nary P-value  frequency in both groups was chronic tubulointerstitial
embotism nephritis: 38.5% (n = 32) in the case group and
J :;/So) N'“(;) 20.5% (n = 17) in the control group (P = 0.011).
Al , 69.2 68.2 0.566 . . . TN
Miclae(syears) mean 36(43.3) 36 (43.3) On calculating the relationship between comorbidities
Females 47 (56. 6) 47 (56. 6) and the likelihood of a fatal outcome, it was found that
Average hospital stay (days) 10.2 119 00113 the probability of a fatal outcome was higher in patients
Concomitant diseases with chronic tubulointerstitial nephritis, OR = 2.4 (C1 95%
Arterial hypertension 51(61.4) 52(62.6) 0.873 1.2-4.9), obesity, OR = 2.1 (CI1 95% 0.5-8.6), and coronary
3 — 0,
Coronary artery disease 24 (28.9) 17(20.5) 0.208 heart disease, OR = 1.6 (CI 95% 0.8-3.2).
Diabetes mellitus 22 (26.5) 30(36.1) 0.181 o , , ,
Obesity 6(7.2) 3(36) 0304 The distribution of degrees of lung tissue lesion according
Chronic tubulointerstitial nephritis 32 (38.5) 17 (20.5)  0.011 to CT" in the case and control groups is shown in Figure 2.

In the case group, 25.9% of patients had CT3, and 54.3%
had CT4, while in the control group, 40.2% of patients had

ischemic stroke, and stenting) in the year before
hospitalization was a predictor of lethal outcome in
patients with COVID-19 (OR = 7.4, CI 95% 2-26). Thus,
in the case group, previous thrombosis was detected in
21.7% (n = 18) of patients, and in the control group only
in 3.7% (n =3, P = 0.001).

CT2 and 37.8% had CT3. The OR between the case group
and the control group clearly showed that the risk of death
was 4.88 times higher in patients with extensive lesions of
the lung tissue according to CT (P < 0.05).

We analyzed the relationship between D-dimer and
the development of thromboembolism since there was
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evidence of the significance of this indicator in assessing
the risk of death.®!”l Determination of the D-dimer level
was carried out in 79 patients of the case group and
80 patients of the control group [Table 2].

Analysis of the D-dimer values showed that 88.6% (1 =70)
of the case group and 66.2% (n = 53) of the control had
an abnormal D-dimer level at the time of hospitalization.
D-dimer over 1000 ng/ml was detected in 49.8% (1 = 39)
of patients of the case group versus 17.5% (n = 14) of
the control group; D-dimer level from 250 to 1000 ng/
ml in 39.2% of patients (n = 31) in the case group versus
48.8% (n = 39) in the control group; and D-dimer
of level less than 250 ng/ml was detected in 11.4%
of patients (n = 9) in the case group and 33.8% of
patients (1 = 27) in the control group.

A correlation analysis was done between the D-dimer
level and the day of death for the case group and
the average hospital stay for the control group. On
evaluating the relationship between the day of death of
the patients in the case group and the level of D-dimer
on admission to the ICU, it was found that in the group
with a D-dimer level of 250-1000 ng/ml, a statistically
significant moderate positive correlation was found
between the day of death and D-dimer level (P = 0.026);
in the remaining groups, no relationship was found
between the day of death and the level of D-dimer.

The next stage of the analysis was an assessment of
management errors of patients according to the medical
records. As aresult of a retrospective clinical assessment,

Table 2: D-dimer levels in COVID-19 patients with
fatal outcomes by pulmonary embolism case status,
Karaganda region, Kazakhstan 2021

D-dimer value Pulmonary embolism P-value
(ng/mL) Yes No
N (%) N (%)

<250 9(11.4) 27 (33.8) 0.001
250-1000 31(39.2) 39 (48.7) 0.209
>1000 39 (49.4) 14 (17.5) <0.001

60% u case m control 54.3%

50% -

a0 | 40.2% 37.8%

30% - 25.9

20% -

o 8.5% 123 5%
10% - 2":_>0/4.‘.:3% 4.99
0% —J T T T .
CTO CT1 CT2 CT3 CT4

the following differences were revealed in the patients’
management [Figure 3].

The most significant proportion of management errors
was associated with the lack of use of thrombosis risk
assessment with the PADUA Scale and the monitoring
of laboratory parameters, late patients transfer to the
ICU, and absence of CT control.

According to the International Recommendations
and the National Guidelines,!®! the routine use of the
PADUA Scale is recommended to define the appropriate
tactics of anticoagulant therapy. In our study, the most
commonly found error in patient management was
the omission of the PADUA Score by doctors; in the
case group, this error was noted in 80.7% (n = 67)
of cases, and in the control group in 81.9% (n = 68).
Table 3 presents data on the assessment of the use of
the PADUA Scale in groups.

The PADUA Scale was used for 19.3% (n = 16) of
patients in the case group and for 18.1% (n = 15) in the
control group. It should be noted that in the case group,
14.5% (n =12) of the situations were assessed incorrectly
by the doctors, while in the control group, this problem
was confirmed for 2.4% (n = 2) of cases.

The second most commonly detected error was the
lack of thrombosis risk control with laboratory tests:
coagulogram, in general, as well as APTT and D-dimer.
Figure 4 presents a frequency analysis of defects
associated with the absence of laboratory parameters
monitoring in COVID-19 patients.

Thus, the lack of APTT control during anticoagulant
therapy was recorded in 31.3% (n = 26) in the case
group versus 8.4% (n = 7) in the control group. There
was no dynamic control of D-dimer to assess the
severity of the patients’ condition in 19.2% (n = 16)
in the case group and in 13.2% (n = 11) of the control
group. Overall, 19.2% (n = 16) of the case group and
8.4% (n = 7) of the control group had no coagulation

% - 1.99
0%
70.0% - = case m control
60.0% -
50.0% -
40.0% - 31.8%
30.0% - 6.6%
20.0% |
10.0% - 6.0% 4.8% 49,
0.0% -+ =i _— re—
T < 85 30 =
5 ¢ 28 e £
c [0)
=

Figure 2: The distribution of degrees of lung tissue lesion according to computed
tomography in the groups

Figure 3: Frequency analysis of identified errors in the management of patients
with COVID-19
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Table 3: Frequency of venous thromboembolism risk
assessment using the PADUA Prediction Score (n=83)

Scale assessment Pulmonary embolism P-value
in the hospital Yes No
N (%) N (%)

Not performed 67 (80.7) 68 (81.9) 0.842
Performed incorrectly 12 (14.5) 2(2.4) 0.005
Performed correctly 4 (4.8) 13 (15.7) 0.021

35% 31.3%

30% m case m control

25% -
20% -
15% -
10%
5% -
0%

-3 o573 o e
n o c o9 :%9
= <=1 =
o c c = C
< O [<Je) D g
o = O O O
Qo ? =i
e T
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Figure 4: Frequency analysis of identified errors in the management of patients
with COVID-19

control. However, the relationship between this defect
and the development of the lethal outcome was weak,
OR =2.6 (C195% 1-6.7).

An analysis of the timing of transfer to the ICU showed a
delay in the case group. The average delay was 6 h after
the deterioration of the patient’s condition, while in the
control group, no such cases were detected. A total of
6% (n =5) of such cases were identified in the case group.

Furthermore, in both groups, the lack of CT control of
the disease progression was observed in 4.8% (1 = 4) in
the case group versus 2.4% (n = 2) in the control group.

Discussion

Previous studies assert that approximately 50% of
patients infected with SARS-CoV-2 had multimorbidity,
while its frequency increased to 72% for severe
COVID-19 cases.[”'] Cardiovascular diseases, obesity,
and diabetes mellitus, often recorded in patients with
COVID-19,">" were also detected in our research.
However, the correlation between the death from
thromboembolism and obesity (P = 0.304) and coronary
heart disease (P = 0.208) was insignificant.

Nonetheless, in our study, the history of acute coronary
syndrome, ischemic stroke, and stenting within a year
before hospitalization was a predictor of death in patients
with COVID-19 (OR = 7.4, CI 95% 2-26). These results
correspond with previous studies on the relationship of
concomitant noninfectious diseases and death resulting
from thrombosis.['>1°!

Other authors note that kidney disease also
independently correlates with a higher risk of
death from thrombosis.['’! In our research, a similar
correlation was confirmed between the death from
thromboembolism and the presence of chronic
tubulointerstitial nephritis (P = 0.011).

The results of this study also correlate with worldwide
data about the degree of lung injury on CT and the
development of venous thromboembolic complications,
which confirms that a bigger volume of lung injury
causes a higher risk of death, regardless of age, the
presence of comorbidities, and other risk factors.'*2!! Qur
study determined the risk of death from thromboembolic
complications as 4.88 times higher in patients with
extensive lesions of the lung tissue according to
CT (P < 0.05).

COVID-19 infection is associated with microvascular
inflammation and thrombosis,”>*! which is reflected by
an increase in inflammation markers and D-dimer.* A
study by Nadeem et al., stated that the level of D-dimer
is one of the factors affecting 28-day survival,®
and some other researchers have presented similar
results.”>?! A multivariate analysis conducted by Chinese
scientists showed that D-dimer levels >1 ug/L during
hospitalization correlated with higher mortality.'**1 The
results of our study confirmed that a D-dimer level higher
than 1000 ng/ml increased the risk of thromboembolism
by 4.56 times. There was also a statistically significant
positive relationship of moderate strength between the
day of death and the level of D-dimer in the group with
a D-dimer of 250-1000 ng/ml (P = 0.026).

There were errors in the management of patients,
particularly, the lack of control of laboratory tests:
coagulogram, in general, as well as APTT and D-dimer
in both groups. The absence of a coagulogram was
observed in 19.2% (n = 16) of patients in the case group
and 8.4% (n =7) of patients in the control group. The lack
of APTT control was detected in 31.3% (1 = 26) of the case
group and 8.4% (n = 7) of the control group. Furthermore,
it was revealed that 19.2% (n = 16) of the case group
and 13.2% (n = 11) of the control group had no D-dimer
control. Although the inattention of the doctors to the
assessment of the level of D-dimer is disquieting, our
study revealed no association between a lack of D-dimer
control and mortality (OR = 1.6, CI 95% 0.7-3.6).1%’]

However, an analysis of patient management errors,
including an assessment of the CT control, the timing
of patients transfer to the ICU, and the use of the
PADUA Scale, revealed that the numbers for all the
listed indicators in both groups were comparably
low, except for the last. In the case group, the PADUA
Scale was not used in 80.7% (n = 67) of cases, while
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in the control group, this number was 81.9% (n = 68).
It was striking that in 14.5% (n = 12) of cases in the
case group and 2.4% (n = 2) in the control group,
the interpretation of the PADUA Scale was carried
out incorrectly (P < 0.005). This study revealed that
there was little application of the PADUA Scale
by the doctors, although the National Guidelines
included evidence-based recommendations for
assessing the risk of thromboembolism using valid
scalesP®*! directly after the international data on the
development of endotheliopathy, hyperactivity of the
coagulation cascade, and micro-macro thrombosis
with COVID-19 were made known.

There are limitations in the data obtained in our
study, since in any retrospective study, there could be
distortions and the lack of clear entries in the electronic
medical records of patients.

Conclusion

The results of our study confirm once again the global
data on the influence of such factors as comorbidity,
high degree of lung tissue lesion, and D-dimer
level on predicting the risk of death as a result of
thromboembolism in COVID-19.

We found that chronic tubulointerstitial nephritis as
well as a history of conditions associated with a high
risk of thrombosis in the year before hospitalization
was associated with a higher incidence of death from
thromboembolism. Furthermore, a slight elevation
of D-dimer level was associated with an increased
risk of thromboembolism. However, these factors,
unlike the management errors observed in our study,
cannot be modified. The use of the PADUA Scale,
regular instrumental and laboratory monitoring, and
timely correction of patient management contribute
to the survival from COVID-19. Therefore, it is
critically important for practitioners not to simply
rely on their own clinical experience, but to use
the current prediction methods according to the
guidelines.
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