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Purpose: The COVID-19 pandemic was noted for the high degree of contagion and the large number of cases, as well as for the
various clinical forms, from asymptomatic towards rapid evolution to death. The hospitals limited care capacity imposed the need to
identify some markers of unfavorable evolution. The purpose of our study is to identify the parameters correlated with COVID-19
unfavorable evolution and to draw the profile of the patient at risk of unfavorable evolution. This set of parameters will help the doctor
in deciding whether to hospitalize a patient and in choosing the treatment.
Patients and Methods:We performed a prospective, observational, actively controlled study on 849 patients with COVID-19, hospitalized
in the Second Clinic of “Sf. Cuv. Parascheva” Infectious Diseases Clinical Hospital Galati, Romania, between 1.03.2020–30.11.2020.
Results: The parameters statistically significant modified at the admission of the patients with COVID-19 unfavorable evolution were
age, oxygen saturation, D-dimers, creatine kinase (CK), troponin, erythrocytes sedimentation rate (ESR), leukocytes, lymphocytes,
neutrophils, platelets, hemoglobin (Hb), aspartate transaminase (AST), total and direct bilirubin (TBIL, DBIL), urea, creatinine, serum
glucose. Strong correlations were observed between the unfavorable evolution and the admission values of D-dimers, AST, TBIL and
between D-dimers and AST, which suggests that D-dimers levels can be considered predictive for the alteration of liver function and
for the negative prognosis of the patient.
Conclusion: Coagulation disorders and acute respiratory failure are the prevailing causes of death from COVID-19. Together with
other parameters that constitute the risk profile for severe COVID-19 evolution, the D-dimers dosing at admission proved to be
extremely useful in the management of COVID-19.
Keywords: COVID-19, D-dimer, aspartate transaminase, total bilirubin, unfavorable evolution marker

Introduction
On 28.11.2021, at the time of writing this article, 261,373,214 COVID-19 cases were registered in the world of which
5,212,953 deaths during the pandemic’s 5 waves with various strains of SARS-CoV-2, the last and deadliest of them
being the Omicron strain because of its high contagiousness and multiple mutations on the spike protein.1

SARS-CoV-2 infection affects the whole body even if predominant are respiratory symptoms. Coagulation abnorm-
alities such as hypercoagulation, thrombocytopenia, venous thrombosis (TV) and disseminated intravascular coagulation
(DIC) have been observed in approximately 60–70% of hospitalized patients. The autopsies showed that in almost 58%
of patients the cause of death was a pulmonary embolism or venous thrombosis, while DIC was reported in 70% of the
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patients who died from COVID-19.2–4 In the current practice the D-dimers value proves to be useful in the diagnosis and
prediction of deep vein thrombosis recurrence; it is also an early marker for disseminated intravascular coagulation. In
COVID-19, the average value of D-dimers is 0.9 mg/L, with increased values in 36% of the patients.5,6

The D-dimers level positively correlates with the severity of the disease, and is inversely proportional to the survival.
Some case series note D-dimers values> 3 mg/L in 85% of the patients who died post COVID-194, others D-dimers
values> 1 mg/L in 81% of the patients who died post COVID-19, and only 24% of D-dimers survivors> 1 mg/L.7,8

The average level of D-dimers is 2.4 mg/L in critical cases, as compared to 0.5 mg/L in mild cases.9,10

In addition, in COVID-19 non-survivors, a steady progressive increase in D-dimers is noted, compared with survivors
in whom the D-dimers value remains stable or improves. Therefore, D-dimers can be considered an important prognostic
factor in COVID-19 and correlates with unfavorable evolution and higher mortality.4,9

Liver injury is also important in COVID-19 and is considered to be a prognostic factor for patient progression. The
factors involved in causing liver damage are: the SARS-CoV-2 direct attack, drug toxicity of the COVID-19 therapy,
acute inflammatory changes and hypoxia.10

Abnormal levels of aspartate transaminase (AST)/alanine transaminase (ALT) can be attributed to muscular, hepa-
tocyte and myocardial lesions. AST/ALT values in COVID19 are slightly elevated (between 1–2 normal values) in
approximately 60% of patients; moderate (2 to 5 times higher than normal) in about 30% of patients; and increased by
more than 5 times the normal value in approximately 10% of patients.11,12 Strikingly increased transaminases have also
been reported, such as ALT = 7590 U/L and AST = 1445 U/L, in a patient with a severe form of COVID-19.13

Clinical studies found correlations between the severity of COVID-19 and its unfavorable evolution and the degree of
liver damage.10,13–15

Coagulation disorders and microthrombus formation are also responsible for some of the dermatological lesions in the
COVID-19.16,17

Another study of critically ill patients with COVID-19 showed dermatological manifestations of hypercoagulability
such as significant ischemia of the limbs with plantar plaques and acral cyanosis.18–21

Coagulation disorders along with inflammatory mechanisms have also been implicated in the onset of neurological
manifestations in COVID-19, such as cerebral hemorrhage or ischemia, cerebral venous thrombosis, demyelinating and
neurodegenerative lesions, taste, smell and visual dysfunctioning and consciousness disorders.22

Materials and Methods
A prospective, observational, actively controlled study was performed on 849 COVID-19 patients (67 children and 782
adults), admitted to “Sf. Parascheva” Infectious Diseases Clinic Hospital in Galati, between 1.03.2020–30.11.2020. The
study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Ethics Committee of
“Sf. Cuv.Parascheva” Infectious Diseases Clinical Hospital Galati, with number 22 and date of approval 02/26/2021.
Written informed consent has been obtained from all the patients involved in the study, to publish this paper.

The inclusion criteria were: adults or children with moderate or severe forms of COVID-19, confirmed by reverse
transcriptase-polymerase chain reaction (RT-PCR) of the nasopharyngeal swab, patients who had written informed
consent for participation in the study, staff in full knowledge, themselves or their parents or legal guardian in the case
of children.

Criteria for exclusion from the study were: inability of the patient to sign informed consent, refusal to participate in
the study, pregnancy and lactation, and outliers (patients with extreme results in routine laboratory tests: leukocytes,
hemoglobin, bilirubin, AST, ALT, serum creatinine).

Patients were monitored during hospitalization and one month after discharge were evaluated by telephone or in
the day ward of the hospital.

Study sublots: the 849 patients were divided into 2 groups: group A (N = 807) of the favorable evolution patients
consisted of discharged patients in good general condition, while group B (N = 42) of the unfavorable evolution patients
included the patients who died or were transferred to intensive care.

It is worth mentioning that not all patients had complete data available.
The endpoint of the study was the total number of deaths and patients transferred to intensive care.
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Patient data extracted from the observation sheets were analyzed using IBM Statistics V.24 * SPSS, INC., Chicago, Il,
USA, and Excel 2019. Gross descriptive statistical parameters were calculated for all variables, at which this analysis
was useful. For continuous numerical variables were calculated: minimum and maximum value, mean value and standard
deviation (SD), then simple bivariate correlations were performed, with the calculation of the Pearson correlation
coefficient (r - linear correlation coefficient) and the determining factor (R2). For the categorical values were calculated:
frequency, median and mode and then they were entered in the contingency tables and the non-parametric chi-square test
was applied (χ2). Comparisons were made between the group of patients with COVID-19 and favorable outcome (group
A) compared to the group with COVID-19 with unfavorable outcome (group B). For each of the statistical tests used,
a level of statistical significance was considered for values below 0.05 (with p-index calculated at both ends).

Results
The characteristics of the main scalar variables were analyzed, as they were detected at the group level. Thus, it can be
observed that:

- The average age of patients is 50.21 years, to which a standard deviation (SD) of ± 20.05 years is associated, and the
median value is 51 years. The Gaussian curve is deviated to the right, with a maximum incidental peak around 40 years
(Figure 1). The average age of the group of unfavorable evolution patients (73.22 years) is statistically significantly
higher (p<0.0001) than that of the group of favorable evolution patients (49.01 years) (Table 1).

- Predominantly female sex- 460 women (54.18%), in the total group. In the group of favorable evolution
patients, women predominate (55.14%) and in the group of unfavorable evolution patients, men predominate
(64.28%) (a statistically significant difference: p = 0.0212) (Table 2).

- Predominantly environment - urban origin - 72.90% patients in the total group, 72.61% of the patients in the group
of favorable evolution patients, and 76.19% in the group of unfavorable evolution patients (Table 2).

Figure 1 Distribution by age, total group of patients.
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- Charlson score, of cumulative comorbidities - average-3.16, minimum-0, maximum-11, the score 0–3 points
predominates in the favorable evolution group, and the score 4–6 points predominates in the unfavorable evolution
group (Table 2).

- Curb 65 score, of pneumonia severity - average-2.34, minimum-0, maximum-3, the score 1 point predominates in
the favorable evolution group, and the score 2 points predominates in the unfavorable evolution group (Table 2).

- Nutrition status at the start of hospitalization, body mass index – average-28.40, minimum-14.42, maximum-58.59,
which means without statistically significant differences between the two groups under study (Table 1).

-The average number of days of hospitalization was 11.06 days, with an associated SD of ± 7622 days, the median
being 10 days. Statistical indices define the homogeneous distribution with a Gaussian curve deviated to the left. As the
maximum incidence, 10–13 days hospitalizations are noted (Figure 2). The average length of hospitalization was,

Table 1 The Comparative Values of COVID-19 Characteristics with Favorable Evolution versus COVID-19 with Unfavorable
Evolution

Favorable Evolution COVID-19
(N 1=807)

Unfavorable Evolution COVID-19
(N 2 =42)

P (T-t)

Av. SD Min; Max Median Av. SD Min; Max Median

Age (years old) 49.01 19.91 0.1; 97 49 73.22 12.22 39; 92 73 <0.0001

Hospitalization length (days) 11.28 7.59 1; 80 10 7.05 7.18 1; 35 4 0.0006

Oxygen saturation at admission (%) 93.49 3.61 72; 99 94 72.28 12.76 46; 93 73.5 <0.0001

D-dimer (ng/mL) 784 199 51.79; 10,000 468.45 2057 1686 362.86; 10,000 2000 <0.0001

CK (U/L) 142 12 13.22; 5606.44 79.64 287 82 13.7; 2036.28 129.61 0.0070

Troponin (ng/mL) 20.73 4.29 1.5; 2478.4 20.73 666.49 620.41 1.35; 17420.50 16.75 0.0016

ESR (mm/1h) 36.64 27.29 2; 130 28 56.31 36.05 2; 150 51 <0.0001

Leukocytes (× 109/L) 6.20 2.83 1.4; 29.29 5.7 7.79 5.21 0.5; 26.1 6.17 0.0011

Lymphocytes (× 109/L) 1.87 1.81 0.33; 43.4 1.64 1.26 0.65 0.35; 3.26 1.09 0.0340

Monocytes (× 109/L) 0.55 0.36 0.05; 7.5 0.52 0.59 0.39 0.06; 2.31 0.51 0.4953

Neutrophils (× 109/L) 3.71 2.48 0.61; 25.85 3.08 6.66 5.58 0.04; 23.32 4.39 <0.0001

Platelets (× 109/L) 233.32 89.27 24; 811 219 195.72 102.99 4; 558 179 0.0226

Hb (g/dL) 13.65 1.65 5.6; 18.3 13.8 12.55 2.89 5; 16.8 13 0.0001

ALT (U/L) 40.02 42.65 4.7; 503 28.2 53.23 36.88 7.3; 416.5 38.5 0.0690

AST (U/L) 33.98 28.95 3; 488.2 27.1 53.23 36.88 11.8; 213.5 43.8 0.0001

TBIL (mg/ dL) 0.53 0.45 0.12; 9.57 0.4 0.85 0.62 0.17; 3.35 0.63 0.0014

DBIL (mg/ dL) 0.23 0.03 0; 1.43 0.18 0.46 0.09 0.06; 2.59 0.3 0.0500

Serum urea (mg/ dL) 32.92 16.65 4.3; 172.2 29.3 59.59 48.69 21.6; 291 47.35 <0.0001

Serum creatinine (mg/ dL) 0.96 0.44 0.04; 8.72 0.91 1.12 0.36 0.69; 2.61 1.02 0.0278

Serum glucose (mg/ dL) 112.78 40.37 35; 375.3 100.5 141.1 73.13 68.6; 377 122.2 0.0001

Serum amylase (U/L) 51.13 23.71 10; 178.2 47 47.01 39.59 14; 157.6 32.6 0.5141

BMI 28.19 5.98 14.42; 58.59 27.69 27.18 7.01 15; 41.41 26.65 0.4025

Notes: The normal values are: D-dimer is < 500 ng/mL, erythrocytes sedimentation rate (ESR) – 0–15 mm/1 h, creatine kinase (CK) – 0–171U/L, troponin - 0 and 0.04 ng/mL,
leukocytes – 4–10.103/μL, hemoglobin (Hg) −13–17g/dl, lymphocytes −1–4.103/μL, monocytes −0.2–1.103/μL, neutrophils −2–7.5.103/μL, platelets −150–450.106/μL, alanine
transaminase (ALT) −0–45U/L, aspartate transaminase (AST)-0/35U/L, total bilirubin (TBIL) −0.1–1.2 mg/dl, direct bilirubin (DBIL) −0–0.2 mg/dl, serum urea −18–55 mg/dl, serum
creatinine −0.8–1.3mg/dl, serum glucose – 74–108 mg/dl, serum amylase −0–100U/L. The values of the differences, marked in bold, are statistically significant.
Abbreviations: Av, average; SD, standard deviation; Max, maximum value; Min, minimum value; T-t, Student test (t) for differences between means.
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statistically, significantly higher in the favorable evolution group who performed the entire treatment until the significant
improvement of health, in our clinic, compared to those with unfavorable evolution who either decompensated suddenly
and died in our clinic, or needed further intensive care hospitalization (p<0.0001) (Table 1).

A series of biochemical parameters, at hospitalization, indicating the degree of liver damage, were analyzed, from
a descriptive point of view, by tracking the values of liver markers (AST, ALT, total and direct bilirubin (DBIL),
simultaneously with the D-dimers values and other biochemical parameters (Table 1):

- An average value of D-dimers was 841.22 ng/mL, with an SD of 1160.85 ng/mL, a median value of 473.73 ng/mL,
a minimum value of 52 ng/mL and a maximum value over 10,000 ng/mL in the total group. The average value of
D-dimers in the unfavorable evolution group (2057 ng/mL) was, statistically, significantly higher than the average
D-dimers in the favorable evolution group (784 ng/mL; p<0.0001). The COVID-19 favorable evolution patients had
D-dimers values between 1500–5000 ng/mL in a proportion of 7.9% and values between 5000–10,000 ng/mL in
a proportion of 1.4% as opposed to unfavorable evolution patients whose D-dimers values were between 1500–5000
ng/mL in a proportion of 28.6%, and between 5000–10,000 ng/mL in a proportion of 7.1%.

- The AST has an average value of 34.91 U/L, associating an SD of 29.64 U/L, while the ALT is characterized by an
average value of 40.67 U/L and an SD of 44.08 U/L, in the total group. The average values of AST and ALT in the
favorable evolution group fall within the normal values range of the analysis, and those in the unfavorable evolution
group exceed the maximum limit of normal values. It is also worth mentioning that the average of AST in the

Table 2 Categorial Variables Characteristics of the COVID-19 Favorable Evolution Patients Compared to the COVID-19
Unfavorable Evolution Patients

Favorable Evolution
COVID-19
(N 1=807)

Unfavorable Evolution
COVID-19
(N 2 =42)

OR 95% CI Χ2 Test p

n % n %

Sex

Female 445 55.14 15 35.71 2.79–34.01 0.0212
Male 362 44.85 27 64.28

Living Area
Urban 586 72.61 32 76.19 −12.35–15.77 0.7411

Rural 221 27.38 10 23.80

CharlsonScore

0–3 707 87.6 16 38.09 22.36–72.1 <0.0001
4–6 92 11.4 21 50 14.82–61.59 0.0001
7–14 8 0.99 5 11.9 −28.32–63.67 0.6727

Curb-65 Score
0 104 12.88 0 0 - -

1 514 41.47 6 14.28 −20.58–41.93 0.3532

2 171 13.80 23 54.76 18.26–62.1 <0.0001
3 18 2.23 13 30.95 −0.87–59.44 0.0827

Alveolar pulmonary opacity

Yes 260 32.21 16 38.09 −9.02–22.46 0.5325

Accentuated pulmonary interstitial

Yes 295 36.55 21 50 −2.72–29.60 0.1109

Without pulmonary, evolutionary, radiological

changes

Yes 252 31.22 5 11.90 5.22–27.91 0.0130

Note: The values of the differences, marked in bold, are statistically significant.
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unfavorable evolution group is, statistically, significantly higher than in the favorable evolution group, probably justified
due to cell lysis, more important products of SARS-CoV-2, simultaneously in liver, striated muscles and myocardium, in
patients with severe forms of COVID-19. The unfavorable evolution patients had modified AST values in a percentage of
64.3%, compared to 27.1% in those with favorable evolution.

- The values of total bilirubin are defined by an average value of 0.55 mg/dl (with SD of 0.46 mg/dl), and the direct
bilirubin with an average value of 0.23 mg/dl (with SD of 0.67 mg/dl), in the total group.

The mean values of the total bilirubin in both groups of patients fall within the normal values range of the
analysis, however, being, statistically, significantly higher with the unfavorable evolution group. The mean values of
direct bilirubin are in the normal values range of the analysis in the favorable evolution group and exceed the
maximum limit of normal values in the unfavorable evolution group. The mean values of direct bilirubin are,
statistically, significantly higher in the unfavorable evolution group compared to the favorable evolution group.
The unfavorable evolution patients had 14.3% modified values of TBIL as compared to 4% in those with favorable
evolution.

Therefore, the causal relationship existing between the AST and ALT values was followed, respectively the D-dimers
values obtained from the blood analyses of the patients. Obviously and punctually, it can be seen that there are a number
of relationships of positive interdependence, directly proportional, but with different degrees of statistical power.
Therefore, the correlations between the D-dimers determined values were analyzed and the existence of positive
correlation with AST, statistically strong, were noticed. Consequently, a tendency of variation of the AST and ALT
values related to those of the D-dimers (D-dimer values [y], the values of the hepatic indices on the [x] axis) is obvious.
We will discuss them in detail below (Figure 3).

By corroborating the existing information in the statistical analysis table below, that of bivariate correlations with
Pearson index, it is possible to admit a series of conclusions regarding the incidence of unfavorable evolution patients, by
reference to a series of biochemical parameters characteristics (AST, ALT, D-dimers, TBIL, DBIL). Thus, the values of
the p index can be followed by statistical analysis at two stages (for an index p <0.05 we will have a statistically strong

Figure 2 Distribution according to the hospitalization duration of the total patients group.
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significance, while the values of p <0.01 will indicate extremely strong statistically significant meanings). The existence
of the following correlations was found (Table 3):

- From a statistical point of view, there was an extremely strong correlation between D-dimers values and AST (r=+0.127;
p=0.001), detected at the start of the hospitalization.

- The same type of strong correlation from a statistical point of view was detected between the values of AST and
ALT (r= +0.718; p=0.001);

-A significant correlation we observed between TBIL and DBIL (r= +0.119; p=0.002) and between DBIL and ALT
(r= +0.09; p=0.021).

The same type of extremely strong correlation from a statistical point of view was detected between the patients’
evolutions during hospitalization, respectively the mean values of D-dimers decrease from 1269±105 to 966±83
(p=0.001) and mean values of ALT increase from 52.53±3.74 to 75.81±5.50 (p=0.003) (Figures 4 and 5).

In patients with unfavorable evolution we noticed the following differences (Table 1):
-the mean values of D-dimers were significantly higher (2057 vs 784 µg/mL; p=0.001) (Figure 4);
- the mean values of AST were significantly higher (53.23 vs 33.98 UI/L; p=0.001) (Figure 6);
- the mean values of TBIL were significantly higher (0.85 vs 0.53 UI/L; p=0.001) (Figure 7).
The comparative analysis of the two groups of patients also included:
-the value of creatine kinase (CK) - its average in the unfavorable evolution group (287U/L) was statistically

significantly higher than the average in the favorable evolution group (142 U/L), p = 0.0071 (Table 1).
-the value of troponin- its average in the unfavorable evolution group (666.49 ng/mL) was statistically significantly

higher than the average in the favorable evolution group (20.73 ng/mL), p = 0.0016 (Table 1).
-The comparative study of hemoleukograms revealed a higher, average number of total leukocytes and neutrophils,

a lower average number of lymphocytes and platelets, as well as mean values of hemoglobin, statistically significant, in
the group with unfavorable evolution compared to the group with favorable evolution (Table 1).

Figure 3 The correlation between the D-dimers, ALT and AST values at the beginning of hospitalization of patients.

Therapeutics and Clinical Risk Management 2022:18 https://doi.org/10.2147/TCRM.S357214

DovePress
329

Dovepress Baroiu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


-The average values of serum urea and creatinine were statistically significant, higher, in the unfavorable evolution
group as compared to the favorable evolution group. There have been cases of acute renal failure but the median values
are within normal values in both groups (Table 1).

- The average values of glycemia was statistically significant, higher, in the unfavorable evolution group as compared
to the favorable evolution group. There have been cases of hyperglycaemia and decompensation of pre-existing diabetes
in both groups (Table 1).

-The average values of the erythrocyte sedimentation rate were statistically significantly higher in the unfavorable
evolution group (56.31mm/h) as compared to the favorable evolution group (36.64 mm/h), p<0.0001 (Table 1).

-The average oxygen saturation values at admission were, statistically, significantly lower in the unfavorable
evolution group (72.28%) as compared to the favorable evolution group (93.49%), p<0.0001. The fact should be

Table 3 Pearson Correlations Between D-Dimers, AST, ALT, DBIL and TBIL Values

Correlations

D-Dimers ALT AST TBIL DBIL

D-Dimers Pearson Correlation Sig. (2-tailed) N 1 0.031 0.127** 0.062 0.033

0.429 0.001 0.138 0.432

663 660 657 570 564

ALT Pearson Correlation Sig. (2-tailed) N 0.031 1 0.718** 0.050 0.090*

0.429 0.000 0.199 0.021

660 805 790 661 655

AST Pearson Correlation Sig. (2-tailed) N 0.127** 0.718** 1 0.069 0.060

0.001 0.000 0.078 0.124

657 790 790 656 650

TBIL Pearson Correlation Sig. (2-tailed) N 0.062 0.050 0.069 1 0.119*

0.138 0.199 0.078 0.002

570 661 656 661 654

DBIL Pearson Correlation Sig. (2-tailed) N 0.033 0.090* 0.060 0.119* 1

0.432 0.021 0.124 0.002

564 655 650 654 655

Notes: **Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

Figure 4 The evolution of D-dimers values during of hospitalization of patients.

https://doi.org/10.2147/TCRM.S357214

DovePress

Therapeutics and Clinical Risk Management 2022:18330

Baroiu et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


mentioned that in the unfavorable evolution group, there were patients who needed intensive care hospitalization, or,
because there were no places in intensive care, they received care in our infectious diseases section (Table 1).

-From the radiological images point of view, in both groups, the lesions accentuating the pulmonary interstitium
predominated at the admission (Table 2).

Multivariate analysis, by linear regression line, showed that D-dimers values are influenced by biochemically
determined parameters at admission (Table 4):

- Model 1 highlights the fact that AST is a good predictor of D-dimer growth
(y = 623 + 7.25 AST; p = 0.001);
- Model 2 highlights the fact that both AS and ALT are good predictors of D-dimer determinism (y = 524 + 12.4 AST

- 4.1 ALT; p = 0.022);

Figure 6 The evolution of AST values during of hospitalization of patients.

Figure 7 The evolution of TBIL values during of hospitalization of patients.

Figure 5 The evolution of ALT values during of hospitalization of patients.
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- Model 7 highlights the fact that AST, ALT, TBIL, DBIL, CK, leukocytes (* 1000/microL) and hemoglobin are good
predictors in the determinism of D-dimers (y = 2222 + 12.0 AST - 3.7 ALT +138 TBIL +38.4 DBIL + 0.02 CK + 26.8 le
137 hemoglobin; p = 0.001);

- Model 8 highlights the fact that AST, ALT, TBIL, DBIL, CK, leukocytes (* 1000/microL), hemoglobin and troponin
are good predictors in the determinism of D-dimers (y = 2067 + 12.4 AST - 3.7 ALT +128 TBIL +0.002 DBIL + 0.02 CK
+ 27.3 leucocytes–127 hemoglobin + 0.24 troponin; p = 0.001);

Discussion
COVID-19 is a potentially severe systemic infection. The pulmonary and hepatic tropism of SARS-CoV-2 and the
prothrombotic physiopathological mechanisms justify to carefully monitoring the respiratory, hepatic, coagulation and
renal functions and the glycemic balance, as well as the early therapeutic interventions to prevent the complications.

Clinical studies support the monitoring of D-dimers in COVID-19 patients and describe its correlation with the
unfavorable evolution of the cases with increased D-dimers values.

A study of 2377 adult patients hospitalized with COVID-19 was performed on patients with D-dimers > 2000 ng/mL
and observed a risk of critical illness of 66%, thrombotic event of 37.8%, acute kidney damage of 58.3% and of death of
47% (the critical illness being considered hospitalization in intensive care, mechanical ventilation, or death).23–25

A meta-analysis of 29 clinical trials involving 4328 hospitalized patients with COVID-19 found a higher average of
D-dimers levels, at admission), in severe patients than in non-severe patients, as well as in patients who required
intensive care and those who died. The conclusion of the study was that elevated levels of D-dimers at a the beginning of
hospitalization, in patients with SARS-CoV-2 infection were associated with an increased risk of severe disease
progression and mortality.26–28

Another meta-analysis of 16 clinical trials showed higher levels of D-dimers in patients with severe disease and death
from COVID-19 and noted the usefulness of anticoagulant therapy with lower mortality in patients treated with
anticoagulants than those without anticoagulant therapy.27,29

Xu et al observed in postmortem liver biopsies microvesicular steatosis and mild lobular and portal inflammatory
activity.30 Other biopsy studies described thrombosis, fibrous thickening of the vascular wall and luminal ectasia,
suggesting that endothelial lesion and coagulation dysfunction are involved in the pathogenesis of liver failure in
COVID-19.10 Cai et al observed SARS-CoV-2 viral particles in hepatocyte’s cytoplasm, and described the following
hepatocyte changes: mitochondrial swelling cell membrane damage and endoplasmic reticulum dilation.31

Table 4 Regression Liniar Model Summary. Dependent Variable D-Dimers

Model R R Square Adjusted
R Square

Std. Error of the
Estimate

Change Statistics

R Square
Change

F Change df1 df2 Sig.
F Change

1 0.149a 0.022 0.020 12390.430 0.022 100.677 1 473 0.001

2 0.181b 0.033 0.029 12330.899 0.011 50.249 1 472 0.022

3 0.193c 0.037 0.031 12320.502 0.004 20.071 1 471 0.151

4 0.194d 0.038 0.029 12330.431 0.001 0.290 1 470 0.590

5 0.194e 0.038 0.027 12340.693 0.000 0.040 1 469 0.841

6 0.205f 0.042 0.030 12330.289 0.004 20.069 1 468 0.151

7 0.289g 0.083 0.070 12070.697 0.041 210.044 1 467 0.000

8 0.325h 0.106 0.091 11930.983 0.023 110.789 1 466 0.001

Notes: aPredictors: (constant), AST, bpredictors: (constant), AST, ALT, cpredictors: (constant), AST, ALT, TBIL, dpredictors: (constant), AST, ALT, TBIL, DBIL, epredictors:
(constant), AST, ALT, TBIL, DBIL, CK, fpredictors: (constant), AST, ALT, TBIL, DBIL, CK, leuc (*1000/microL), gpredictors: (constant), AST, ALT, TBIL, DBIL, CK, leuc (*1000/
microL), hemoglobin, hpredictors: (constant), AST, ALT, TBIL, DBIL, CK, leuc (*1000/microL), hemoglobin, troponin.
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Increased AST and ALT levels in adults are correlated in clinical trials with an unfavorable prognosis of the patient
compared to children, where ALT, AST levels are usually below twice the normal value. Severe liver damage is very rare
in children.11,32–34

In most cases COVID-19, TBIL is normal or slightly increased.11,35–37

Clinical studies demonstrated the correlation between the severity of COVID-19, its negative prognosis and the
degree of liver damage.13

Our study statistically demonstrates that high blood values of D-dimers can predict the liver damage and that the
values of AST and total bilirubin are accurate parameters correlated with an unfavorable evolution.

Other parameters with statistically significant higher values in the unfavorable evolution group compared to those
with favorable evolution were: oxygen saturation, erythrocyte sedimentation rate, hemoleukogram changes, hyperglyce-
mia, elevated values of serum CK, troponin, urea and creatinine.

Our study also notes the unfavorable evolution of patients with the mean age over 70 years, predominantly men, with
multiple comorbidities (Charlson score between 4 and 6) and with severe pneumonia (CURB-65 score equal to 2). Elderly
patients with multiple comorbidities have an increased risk of infection in general and COVID-19 in particular.38,39

Demonstration of severe prognosis in this patient profile, elderly with multiple comorbidities requires the establishment of
a set of personalized prophylactic measures, such as priority vaccination, hygiene measures and increased isolation, easy and
quick access to specific antiviral therapy, mandatory measures to improve the prognosis of these patients.40

Conclusion
Given the endothelial aggression and prothrombotic mechanisms triggered by SARS-CoV-2, and the statistical results
obtained in our study, we can say that the increased value of the D-dimers may be predictive for abnormal liver
functional parameters and for a severe evolution.

The profile of the patient at risk with COVID-19 severe evolution resulting from our study is: patient over 70 years of
age, male, with multiple comorbidities (Charlson score between 4 and 6), with severe pneumonia (CURB-65 score equal
to 2) with high values of D-dimers, AST, ESR, CK, troponin, total and direct bilirubin, urea, creatinine, glycemia, total
leukocytes, neutrophils and low values of oxygen saturation, hemoglobin, platelets and lymphocytes at admission.

Defining this profile of a patient at risk with COVID-19 severe evolution argues the need for repeated monitoring of
these parameters and their use in the patient’s hospitalization decision and the choice of therapy. These parameters along
with clinical and imaging parameters help in assessing the severity of the case, in choosing antiviral therapy or the
immunomodulatory therapy, in choosing doses of anticoagulant medication, in modulating hepatoprotective therapy and
in the management of the glycemic and renal balance.
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