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Abstract

Approximately 10-15% of COVID-19 patients become severefnidl require intensive care. One of the laboratory tests us
in monitoring patients in the ICU is D-dimer. Elevatedels of D-dimer can predict the disease severity amdafity. The
aim of this study was to analyze the relationship betvizeeiimer levels and ICU length of stay in patientdw@OVID-19.
This was an analytical observational study with a crosseset design and a retrospective approach. The secondary data
were in the form of confirmed COVID-19 patients at Boetomo General Hospital Surabaya from April 2020 tacMan21.
The median of continuous variables was compared witM#rn-Whitney U test. The correlation was determined usiag
Spearman’s Rank Correlation Coefficient test. Based on the criteria, it was obtained a sample of 120 patients with the median
of initial D-dimer 2225 (855 6122.5) ng/mL FEU and the median duration of the ICU stay-8@) days. The result of the
comparative analysis of the initial D-dimer levels onicihoutcomes indicated a p-value of 0.012. Patients ifgtlclinical
outcomes showed a relationship between initial D-dimeidesd the length of ICU stay (p = 0.328) ¢ 0.309) while in
patients with death clinical outcomes was (p =0.023;5r0.219). Elevated D-dimer levels as a marker afitibosis were
reported. Increased D-dimer levels correlated withtatity. Thus, there was a correlation between initialiBer levels and
length of ICU stay in COVID-19 patients with death clatioutcome.
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1. Introduction

Severe acute respiratory syndrome coronavirus-2 (SARSZ}dMs caused the coronavirus disease 2019
(COVID-19) pandemic since it was first identified in Wuhan, Chinkate December 2019. The pandemic has
affected more than 500 million people in various countri@énical manifestations of COVID-19 range from
asymptomatic illness to severe viral pneumonia wispiratory failure, multiple organ and systemic dysfunction,
and deatl.Furthermore, COVID -19 can be divided into asymptomatitt), moderate, severe and critical.

An epidemiological study showed that approximately 10-15% of C@M[patients become severely-ill.
Severe cases of COVID-19 need to be treated immediatéheilCU for acute hypoxemic respiratory failure
(SpO2 < 93%). Most patients admitted to the ICU will evetyteadperience diffuse lung injury and ARDS which
require IMV. In addition, extrapulmonary complications asmaignificant contributors to poor outconies.

Previous studies reported that the mortality of patieittssevere COVID-19 in the ICU ranged from 50-65
%.5 Mortality in severe COVID-19 patients is often causegudynonary complications such as ARDS followed
by various complications including shock, myocardial dysfion¢ and acute kidney injury. Elderly patients,
patients with comorbidities (such as high blood pressuk&, ©OVD, chronic lung disease, and cancer), high
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disease severity scores, worsening respiratory failncegased levels of D-dimer and C-reactive protein, total
lower lymphocytes, and the appearance of secondaryioredlso affect mortality in COVID-19 patierits.

An increase in D-dimer levels indicates the preserfcthrombosis which characterizes a coagulation
disorder. The diagnosis of coagulation disorders can alasdessed from laboratory results of blood samples. In
addition, elevated D-dimer levels can also predict dissagerity and mortality. In patients hospitalized with
SARS-CoV-2 infection, an increase in D-dimer above nb(B@0 ng/mL) may indicate a poor clinical outcome.
The clinical outcome needs special care in the ICU, ARD8ortality from all causes.

A study of COVID-19 patients at Pamukkale University, Denialickey, concluded that there was a positive
correlation between D-dimer levels and length of hHasgstay® In Indonesia, D-dimer levels and COVID-19
relationship with duration of treatment in ICU patients hat been studied. Therefore, the current study aimed
to examine the correlation between D-dimer level in a @BIA patient and length of stay in the ICU.

2. Method

This was an analytic observational study using a crestiesal design with a retrospective approach. The
data were in the form of secondary data obtained frenmtbdical records of COVID-19 patients treated in the
Special Isolation Room (RIK) 1 Dr. Soetomo General Hos@itethbaya from April 202@ March 2021. The
samples were collected by total sampling method, wighrébults of 120 patients. The samples were COVID-19
patients aged 18 years who had been diagnosed both clirdoallipy laboratory and treated in the RIK 1 Dr.
Soetomo General Hospital Surabaya from April 2020 tockl&2021. Patients whoiddnot have complete
laboratory data, patients who were still being treate®IK 1 on March 31, 2021, and patients with several
conditions, including acute coronary syndrome, chronier lidisease, cancer, hematological malignancies,
pregnancy, surgery, or trauma within the last 30 days @arieded from this study. This research had obtained
permission from the Health Research Ethics Committee ofSDetomo General Hospital with Letter of
Exemption number 0610/LOE/301.4.2/1X/2021.

The data included patient characteristics such as age, rgamteorbidities, oxygen therapy, clinical
outcomes, D-dimer levels with a normal limit of 500 ng/REU, and the length of ICU stay expressed in days.
The data were collected using Microsoft Excel 2016 and émalyzed using the IBM SPSS Statistic version 23
application. The first test was the Kolmogorov-Smirremd Shapiro-Wilk normality tests to determine the
distribution of the data. The data were reported aseptages for categorical variables and as mean = SD on
normally distributed numerical data or median (IQR) on namaadly distributed numerical data. Initial D-dimer
levels between patients with clinical outcomes who diedlleved will be compared with the Mann-Whitney U
test. The Spearman’s Rank Correlation Coefficient test was used to determine the correlation between D-dimer
levels and the length of ICU stay. The statistical §iggrice was determined at p<0.05.

3. Results

A total of 120 patients met the inclusion and exclusioteria and became study participants. The
characteristics of the participants are shown in Tabli&é.average age was 51.08 years. The percentage of male
(73.3%) was higher than female (26.7%).
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Tabe 1. The COVID-19 patients characteristics in RIK 1 of Dr.t&w® General Hospital Surabaya from April
2020 to March 2021

Variables Total (120)

Age (years) 51.08 £ 11,695
Gender

Male 88 (73.3%)

Female 32 (26.7%)
Comorbidities

Diabetes Mellitus 71 (32.9%)

Kidney Disease 45 (20.8%)

Obesty 42 (19.4%)

Hypertension 38 (17.6%)

No Comorbidty 15 (6.9%)

Cardiovascular Disease 5 (2.3%)

Oxygen Therapy

Ventilator

No ventilator
Clinical Outcome

Life

Death
Initial D-dimer Levels (ng/mL FEU
The Length of ICU Stay (Days)

A
J

115 (95.8%)
5 (4.2%)

12 (10%)
108 (90%)
2225 (855- 6122.5)
9 (5.25- 14)

Data are mean = SD, median (IQR), and n (%).

Initial D-dimer levels in died patients were relativéligher than those who were survived. Differences
between the two groups were analyzed using the Mann-WHitrtegt, as the initial D-dimer levels were not
normally distributed. As shown in Table 2, Mann-Whitthetest results showed significant differences in initial
D-dimer levels between died and survived clinical omes (p<0.05).

Table 2. The Correlation between Initial D-dimer Leatsl Clinical Outcome

Frequency Initial D-dimer Levels
(n) (ng/mL FEU) P
Life 12 810 (6325 - 2740)

0.012

Death 108 2405 (1152.5-6240)

Mann-Whitney U test. Statistical significance wasdsined at p<0.05
Initial D-dimer levels in each clinical outcome group &véren correlated with the length of ICU stay. First,
a normality test was performed by either Kolmogorov-Saviror Shapiro-Wilk to confirm the distribution of the
data. In the survival group, initial D-dimer levels weabnormally distributed (p<0.05). Both initial D-dimer
levels and residence times were abnormally distributéael dead group (p<0.05). As the data were not normally
distributed, we performed Spearman's rank correlation caffitest for each group. The correlation between

initial D-dimer levels and length of stay in the ICU i®wsh in Table 3.
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Table 3. The Correlation between Initial D-dimer Lewaisthe Length of ICU Stay

Initial D-dimer Levels

Variables Life (12) Death (108)

P 2 P r?

The Length of ICU stay 0.328 0.309 0.023 -0.219

Spearman Rank Correlation Coefficient test. Statisticalfgignce was determined at p<0.05

Patients who survived showed a non-significant coiogldietween initial D-dimer levels and the length of
ICU stay (p = 0.328; §) = 0.309) with a fairly strong and linear correlation i€t with death clinical outcomes
showed a significant correlation between initial D-dirnestels and the length of ICU stay (p = 0.023) & -
0.219) with a weak and opposite correlation strength.

4. Discussions

The median test result for the D-dimer level on thet flay of admission to the ICU was 2225 ng/mL FEU.
This is higher than the normal limit for D-dimer in iteglindividuals, which is 500 ng/mL FEU. An increase in
D-dimer levels was also observed by Huang et al., (2020%teited that the median D-dimer levels of the patients
requiring ICU care was 2.4 mgfIMubarak et al., (2021) compared D-dimer levels between d$gggnaptomatic
and asymptomatic patients. The results showed a signiftifference (p<0.001) between non-severe (0.31 *
0.38 g/L) and severe (3.09 * 2.56 g/L) patiéfitsleta-analysis by Nugroho et al. (2021) obtained the similar
findings. This study stated that the average D-dimer levéhedime of hospital admission was higher in patients
with severe degrees and requiring ICU cdare.

Monitoring of D-dimer levels should be performed earlyraftémission. D-dimer can be used to predict
severe and fatal cases of COVID-19. Previous studies slzown that the D-dimer has moderate accuracy in
predicting disease severity (77% sensitivity, 71% specifieitgl 77% specificity)12 A meta-analysis showed
a strong relationship between patients at high basBlidimer risk for disease progressién.

A significant relationship was revealed between CO\Hand D-dimet?® Elevated D-dimer levels indicate
that COVID-19 patients are hypercoagulable and at risk fomthosis. Hypercoagulability is triggered by a
cytokine storm associated with excessive immune respoimseSARS-CoV-2 infection and systemic
inflammation. Stress conditions such as acute respjrdistress syndrome, sepsis, shock, and drug intoxication
are associated with hypoxic reoxygenation, oxidativesstaad acid-base imbalance and may contribute to high
D-dimer. According to the Virchow triad, endothelial dygftion, altered blood flow, hypoxia and immune
response-induced hyperviscosity and platelet activatiotribote to the development of thrombosis in COVID-
19. Activation of the renin-angiotensin-aldosteronéesyg RAAS) and increased plasminogen activator inhibitor
(PAI-1) contribute to this thrombus formation mechant&m.'’

In this study, the median length of ICU stay was 9 days (1-3&reThere various median values for the
length of ICU stay ranging from 6-17 days in several pues/studies:181920.21222 hree previous studies resulted
in data on the average length of ICU stay of 17.17+7, 18 days;d&ys9 10,59+6.53 dayé.252¢This difference

in reported results is possibly due to the sample sifereht ICU admission criteria in various places, availgpil
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of ICU beds, differences in disease severity at the ti@ld admission, and other conditions that underlie each
individual.

There was a significant difference between initialibwat levels and patients who survived and died (810
(632.5-2740) vs 2405 (1152.5-6240); p<0.05). These results are consigtemistudy by Poudel et al., (2021).
Mean initial D-dimer in surviving patients was 1067 g/mL (x170%L9/ but in dead patients was 3208 g/mL
(£2613 g/mL)?® A meta-analytic study by Nugroho et al., 2021, also foundathymoup of survivors had lower
levels of D-dimer on admissidn.

Abnormal D-dimer levels are common in hospitalizatidois COVID-19 and are associated with the
development of more severe disease symptoms, the peesiathcombosis, acute kidney injury, and death-
dimer levels at admission are an accurate biomarker tapnedrtality in COVID-19 patients'42The optimal
cut-off value for predicting mortality in COVID-19 patients i§ 3/mL2¢Shah et al., (2020) mentioned that the
risk of death in the patients with D-dimer levels ab@%emg/l were four times greater than patients with D-dimer
levels below 0.5 mg/®

In patients with life clinical outcomes, the higher ihial D-dimer level, the longer the ICU stay will be.
This is of course the opposite of the clinical outcafdeath. In COVID-19 patients with death clinical outcomes,
the higher the initial D-dimer level, the shorter tB&) stay.

No other studies have been performed that correlate Brdigvels with length of stay in the ICU. However,
an association between D-dimer levels and length gfitabstay has been demonstrate@iompared with non-
survivors, survivors had longer ICU stays [14 (IQR 7-24) \&()R 6-11), p < 0.008.Patients who died in
the ICU had a median length of stay of 10 (IQR, 5-16) days caugarl5 (IQR, 8-24) days for survivafs.
Consistent results were also reported by Nadeem et all)(Zl02e survivor group spent more days in the ICU
(median [IQR] 18 [6.529.5] vs. 11 [418], p-value 0.003 and hospital (32 [14459.5] vs. 14 [7-21], p-value
0.001 compared with non-survivofsAnother study by Briguglio et al., (2021) also provided data rioat
surviving patients required 16.00 + 5.31 days of intensive, eglnile surviving patients stayed for 19.00 £ 9.63
days.?* Patients who did not survive stayed 4.3 days in the hospital’s ICU (6.0 + 2.1 vs 10.3 = 10.0, p: 0.10).28
Conclusions And Suggestions

This study figured out a relationship between initial D-diteeels and the length of ICU stay in COVID-
19 patients with clinical outconaf death. In this study, there are several limitatiotutting the nature of the
study that is non-randomized controlled trial so thagitnot be compared to the control group. Researchers
suggest further research to use a control group by considieergifects of using therapy such as anticoagulants
to determine the differences between each group. In auditis necessary to search for the relationshiywéent
other factors such as the use of a ventilator andhdacp infections that may affect the clinical outcomd the
length of ICU stay.
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