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COVID-19 Pneumonia-Related ARDS — Can We Predict Mortality with Laboratory Parameters?
COVID 19 Pnémonisi Sonrast Gelisen ARDS'de Laboratuvar Parametreleri Mortaliteyi Ongormede
Kullanilabilir Mi?
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Abstract

Objective: To examine the laboratory characteristics of COVID-19 pneumonia-related ARDS patients who lived or died.

Materials and Methods: Retrospectively, two-center of patients who were hospitalized in the intensive care unit were researched in Abant Izzet Baysal
University Education and Research Hospital in Bolu, Turkey. Between March 31 and December 31, 2020, data on the demographic characteristics, routine
laboratory results, including arterial blood gas tests, and clinical outcomes were collected for both the survivor and non-survivor groups.

Results: The median age of the 509 patients was 70 years (interquartile range, 59-79 years); 326 patients (64%) were men, and 161 patients (31.6%) tested
positive for RT-PCR. While 232 (45.6%) patients in the non-survivor group died, 277 patients were discharged (54.4%) as survivors. The mortality markers of
WBC, RBC, HGB, Ph, pO2, pCO2, HCO3, PLT, PCT, NEU, ALT, and D-dimer did not differ significantly (p>0.05). CRP, RDW, LDH, ferritin, urea, and
creatinine levels were substantially higher and associated with death in the non-survivor group (p 0.05).

Conclusion: A greater risk of death was linked to older age and the number of days spent in the hospital, most likely as a result of persistent underlying
issues and weakened immune responses. Risk variables for the progression were CRP, LDH, RDW, ferritin, urea, and creatinine. With the help of laboratory
parameters to predict mortality, we can define earlier the changes in immune insufficiency, coagulation problems, hepatic injury, and kidney injury.
Keywords: ARDS, COVID 19, Laboratory Parameters, Mortality.

&
Oz
Amag: Yagayan veya dlen COVID-19 pndmonisine baglit ARDS hastalarinin laboratuvar dzelliklerini incelemek.
Gereg ve Yontemler: Bolu Abant izzet Baysal Universitesi Egitim ve Arastirma Hastanesinde yogun bakim iinitesinde yatan hastalarin iki merkezi
retrospektif olarak aragtirildi. 31 Mart ile 31 Aralik 2020 tarihleri arasinda hem hayatta kalan hem de hayatta kalmayan gruplar igin demografik dzellikler,
arteriyel kan gaz testleri dahil rutin laboratuvar sonuglar: ve klinik sonuglara iliskin veriler toplandi.
Bulgular: 509 hastanin ortanca yas1 70 (ceyrekler arasi aralik, 59-79 yil) idi; 326 hasta (%64) erkekti ve 161 hastanin (%31,6) RT-PCR testi pozitif ¢ikt1. Hayatta
kalan grupta 232 (%45,6) hasta hayatin1 kaybederken, 277 hasta (%54,4) sag olarak taburcu edildi. WBC, RBC, HGB, Ph, pO2, pCO2, HCO3, PLT, PCT, NEU,
ALT ve D-dimer mortalite belirtegleri anlaml farklilik géstermedi (p>0,05). Hayatta kalmayan grupta CRP, RDW, LDH, ferritin, {ire ve kreatinin diizeyleri
6nemli olgiide daha yiiksekti ve 6liimle iligkiliydi (p < 0.05).
Sonug: Daha biiyiik 6liim riski, ileri yas ve hastanede gegirilen giin sayisiyla baglantiliyds; biiyiik ihtimalle kalic1 altta yatan sorunlar ve zayiflamis bagisiklik
tepkilerinin bir sonucuydu. Ilerlemeye iliskin risk degiskenleri CRP, LDH, RDW, ferritin, iire ve kreatinindi. Mortaliteyi tahmin etmeye y6nelik laboratuvar
parametrelerinin yardimiyla bagisiklik yetersizligi, pithtilasma sorunlari, karaciger hasari ve bobrek hasarindaki degisiklikleri daha erken tanimlayabiliriz.
Anahtar Kelimeler: ARDS, COVID 19, Laboratuvar Parametreleri, Mortalite.
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Introduction

Since the outbreak of Coronavirus disease 2019 (COVID- 19), the approach of severe and critical patients has
remained a clinical challenge. Despite of the respiratory support, antiviral drugs and immunmodulators, it's
still likely to develop Severe acute respiratory distress syndrome coronavirus 2 (SARS-CoV2) was first
reported in China and has spread to Turkey since March 2020. There have been 636 million instances reported
globally as of October 31, 2022, with 6,6 million fatalities (1). Data from the Turkish Ministry of Health show
that as of the publication date (October 31, 2022), 17 million confirmed cases have been detected in Turkey,
with a case-fatality rate of 1% (2). Case (ARDS) for the patients and eventually invasive ventilation.

The mortality rates of cases range from 1.7 to 2.23 percent globally (3). The belong to the geographic location,
the virus's rate of transmission, and the proportion of the population at risk all influence the prevalence and
mortality ratesrisks (3). In addition, some factors that affected these criteria were the health system's readiness,
the availability of hospitals, and the number of beds in intensive care units (ICUs) (4). The apparent variations
in fatality ratesThese results might also be due to variances in the categorization and reporting of COVID-19
cases and related fatalities. The WHO dashboard presently only includes real-time polymerase chain reaction
(RT-PCR)- --positive cases, which might cause the actual situation to be underestimated (1). A high proportion
of PCR-negative people with clinical and radiographic traits consistent with COVID-19 are identified and
handled as such in clinical practice (5). Furthermore, rates of false negative PCR tests are anticipated to vary
between 2 and 29 percent (6).

Numerous investigations have demonstrated that COVID-19 pneumonia has had certain specific
epidemiological and clinical features in the past (7,8). However, the risk factors for poor clinical outcomes have
not yet been found, particularly in COVID-19 pneumonia-related acute respiratory distress syndrome
(ARDS).. Even though several papersresearchs have shown death rates and risk factors globally, we still don't
have much information on the characteristics of proven or strongly suspected cases in Turkey, specifically
forecasting fatality. In this research, the laboratory features of the pneumonia-related ARDS in COVID-19 to
death from two tertiary ICU units in Bolu, Turkey, are presented. We sought to explain the demographic and
laboratory factors that distinguished critically sick individualspatients who would survive from those who
wouldn't, as these factors were crucial in predicting death.

Materials and Methods
Study Design

This multicenter registry study was approved by the Institutional Review Board (IRB) of the University
Faculty of Abant Izzet Baysal University Faculty of Medicine (2020/327). The clinical outcomes of patients were
evaluated retrospectively from data hospitalized in tertiary ICU at Abant Izzet Baysal University Hospital and
Izzet Baysal State Hospital in Bolu, Turkey. No informed consent was required, because of the retrospective
design of the study. All patients were managed according to the guidelines of the Ministry of Health of Turkey
(2). The demographic features, routine laboratory findings including arterial blood gas analyses, and clinical
outcomes were recorded between March 31 and December 31, 2020.

Case Definition

The WHO COVID-19 case definition sheet was used to include the patients in the study. As a result, a
confirmed case was defined as the presence of a positive nucleic acid amplification test or a positive fast
antigen detection test, as well as clinical and radiographic features strongly suggesting COVID-19 (9). Despite
matching clinical and radiographic signs in very likely occurrences, an RT-PCR assay was unable to confirm
(9). The final diagnosis was made using the following criteria (9-11).

Procedures

Patients received a variety of Numerous procedures, including were administered to the patients, such as
coagulation, hemograms, ferritin, C-reactive protein (CRP), D-dimer assays, hemograms, coagulation, tests,
and biochemical testing. AlsoThe patients' vital status, length of hospital stay, and demographic data were
also compared between the two of groups of survivors and non-survivors were the patients' demographic
information, days spent in the hospital, and vital status. Children, pregnant women, and patients who were
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in hospitals for other ARDS-related conditions were not included. 65 years of age or older were considered to
be older. All patients had throat swabs obtained at the time of admission, and they were all tested using RT-
PCR assays by a method that has previously been used to identify SARS-CoV-2 infection.

Data Management

The majority of the clinical data for this research was obtained on the discharge day of hospitalization in the
survivor group and on the death day in the non-survivor group. WHO interim guidance was used to define
COVID-19 pneumonia-related ARDS (9).

Statistical Analysis

The analysis of the data obtained as a result of the research was made in the SPSS 20 statistical package
program. In addition to the Kolmogorov-Smirnov test, conformity to the normal distribution was evaluated
based on the skewness and kurtosis coefficients and the range of +2. Parametric data were compared with the
Independent Sample t-test and expressed as standard deviation. The homogeneity of the variances was
examined by Levene's test. Nonparametric data were compared with the Mann-Whitney U test and expressed
as median (Q1-Q3). The relationship between categorical variables was examined with Chi-Square. Receiver
Operative Characteristics (ROC) analysis was used to determine the cut-off values in estimating mortality. p
<0.05 was considered statistically significant.

Results

FromlIn this study, from March 31 to December 31, 2020, a total of 509 patients (mean age 67.25+16.00; 326 men
[64%]; 161 RT-PCR positives [ 31.6%]) were hospitalized as ARDS in tertiary ICU and were retrospectively
enrolled in our study. They completed both thorax CT and laboratory viral nucleic acid testing (RT-PCR assay
with throat swab samples). The patient's electronic medical records in our hospital information system were
used to obtain the RT-PCR data. Radiologists foundDespite having negative RT-PCR findings, radiologists
discovered that 348 (68.4%) of the patients showed characteristicshad traits that indicatedsuggested they were
extremely vulnerablehighly susceptible to COVID-19 despite having negative RT-PCR results. While 232
(45.6%) patients died in the non- survivor group, 277 patients were released (54.4%) as survivors.

WBC, RBC, HGB, Ph, pO2, PCO2, HCO3, PLT, PCT, NEU, ALT, and D-DIMER parameters did not have a
significant difference in mortality. (p>0.05) (table 1)

While the ex group's results for albumin, SO2, LYM, and MONO are lower, their There was no significant
difference in mortality for white blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), potential of
hydrogene (Ph), partial oxygen pressure (pO2), partial carbon dioxide pressure (pCO2), bicarbonate (HCO3),
platelet (PLT), plateaucrit (PCT), neutrophil (NEU), alanine transferase (ALT), and D-dimer indicators.
(p>0.05) (Table 1).

Their mean ages, days spent in hospitals, C reactive protein (CRP), red blood cells distribution width (RDW),
aspartate transferase (AST), lactate dehydrogenase (LDH,), glucose, ferritin, urea, and creatinine levels are
considerablywere significantly higher (p<0.05). Although) in the ex group, despite their lower results for
albumin, oxygen saturation (5O2), lymphocyte (LYM), and monocyte (MONO).

The ROC analysis revealed that the albumin, SO2, LYM, and MONO values were significant in ROC analysis,
Chi; however, the chi-square assumptions weredid not made forsupport the associationestablishment of a
relationship between these parameters and mortality. SensitivityTable 2 presents the predictive value of many
factors in relation to AUC, sensitivity, specificity, AUC, and 95% confidence intervals in predicting mortality
of other parameters are shown in Table 2.

In patients with the non-survivor group of ARDS, CRP, RDW, ferritin, urea, LDH, and creatinine values were
significantly higher and those on cut-off were related to mortality (p<0.05). The ROC curves of the parameters
are shown in Figure 1.
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Table 1.
Comparison Of Hemogram, Biochemical and Blood Gas Parameters

Surviver Non-Survivor All patients

(n=277. %54.4) (n=232, %45.6) (n=509) S
Gender

Female 74 (%40.4) 109 (%59.6) 183 (%36.0) 0.000%"
Male 203 (%62.3) 123 (%37.7) 326 (% 64.0)
X +ss
WBC 13.79+6 88 13549+ 25 13.68x8.04 0717
RBC 4 08074 4 02=0 81 4 06077 0.390
HGB 11.53x2 28 1144227 11.49x2 27 0.648
Albumin 3291633 29624622 31.39+=6.48 0.000 %"
CRP 53 58+72.62 105.82+85.59 78.22+83.13 0.000%"
Median (Q1-Q3)

6297+16.59 72.36=13.64 70 (59-79) .
Age 66 (54-74) 75 (66-82) 67.25£16.00 0.000*
Days of 6461028 12.45+18.06 4(1-10) 0,000
hospitalized 2(1-7) 6 (2-15) 9.19+14.65 '
Ph 742 (739-747) 742 (7.37-748) 742 (7.37-747) 0.508
pO; 81.4 (49.5-106.4) 70.8 (43.7-96.95) 75.2 (45.25-101.5) 0.079
pCOz 39(34.8-443) 40.35(33.15-48.2) 39.60 (33.9-45.55) 0342
S0, 97.7 (92.8-99.2) 93.8 (83.9-98.75) 97.0 (88.65-99.0) 0.000%"
HCO; 2402 (21.9-27) 24.02(21-26.45) 24.02 (21.6-26.9) 0426
LYM 1.19 (0.79-1.76) 0.84 (0.53-1.25) 1.03(0.5-1.6) 0.000 %
PLT 223 (177-276.5) 222 (147-299) 223 (167-288) 0.502
PCT 0.22 (0.18-0.28) 0.23 (0.16-0.31) 0.23 (0.17-0.29) 0.953
NEU 9.63 (7.15-14.87) 9.9 (6.4-14.7) 9.75 (6.95-14.8) 0.362
MONO 0.73 (0.48-1.06) 0.597 (0.3-0.91) 0.66 (0.37-1.04) 0.000%"
RDW 13.9 (13-15.8) 15.2 (13.8-17.5) 14.45 (13.2-16.7) 0.000°
ALT 22 (14-39) 21 (14-45) 22 (14-41) 0.707
AST 29 (19-48) 34 (20-64) 30 (20-54) 0.0200b7
Glukoz 143 (114-176) 152 (112-230) 146 (113-197) 0.045%
Ferritin 172 46 (63.58-511.27) 556.33 (283.96-899.41) 369.21(117.31-77942) 0.000b"
Urea 39 (28-58) 66 (41-107) 47 (32-82.5) 0.000 "
D-dimer 3.18 (1.32-8.19) 2.865 (1.49-5.29) 2.92 (1.4-6.54) 0.485
LDH 309.5 (240-447) 432.5(311-616) 365 (263.75-525.75) 0.000 "
Creatinine 0.87 (0.73-1.17) 1.15 (0.78-2.04) 0.97 (0.74-147) 0.000

White blood cell (WBC), red blood cell (RBC). hemoglobin (HGB). potential of hydrogene (Ph), partial oxygen pressure

(pO32), partial carbon dioxide pressure (pCO?2). bicarbonate (HCO?3). platelet (PLT). plateaucrit (PCT). neutrophil (NEU).

alanine transferase (ALT). . C reactive protein (CRP). red blood cells distribution width (RDW), aspartate transferase

{AST). lactate dehydrogenase (LDH), oxygen saturation (SO2), Iymphocyte (LYM), and monocyte (MONO)

*Chi-Square test  "Independent Sample t testMann-Whitney U test

*Stanistically significiant

Abant Tip Dergisi - https://dergipark.org.tr/tr/pub/abantmedj



COVID-19 Pneumonia-Related ARDS — Can We Predict Mortality with Laboratory Parameters?

Table 2.

Cut-Off Values of Parameters and Their Relation to The Mortality

AUC (%95CI)  Cut-Off ﬂfl;m Sensitivity (%)  Specificity (%)
CRP 0.708 (0.661-0.755) 3465  0.000* 742 623
RDW 0.653 (0.606-0.700) 1435 _ 0.000~ 654 59.6
AST 0.557 (0.506-0.607) 3050 _ 0.029% 533 537
Glukoz 0.552 (0.500-0.604) 14550 __ 0.045~ 52.8 52.0
Ferrifin 0.698 (0.619-0.778) 34337 0.000* 67.3 67.1
Urea 0.711 (0.665-0.756) __ 50.00 __ 0.000% 65.7 693
LDH 0.663 (0.609-0.718) _ 349.50 _ 0.000~ 68.5 60.1
Creatinine _ 0.632 (0.582-0.682) _ 0.985 __ 0.000% 62.9 62.5
Albumin _ 0.350(0.301-0399) 3155  0.000% 40.4 403
SO, 0.404 (0.353-0455) 9685 _ 0.000~ 40.1 397
LYM 0357 (0.309-0406) 101 0.000 39.0 38.8
MONO 0.395 (0.345-0.445) 0655 _ 0.000~ 42.9 42.8
Survivor Non-survivor X’ P-
n (%) n (%) value  value
1 0-34.640 157 (%73.0) 58 (%27.0) ,.,
CRP 34.641 ve Gstii 95 (%36.3) 167 (%63.7) 64049 0.000
0-14.340 164 (%67.2) 80 (%32.8) .
‘% s
RDW 14.341 ve Gistil 111 (%42.4) 151 (%57.6) 31437 0000
0-30.490 146 (%57.7) 107 (%42 3) ,,
AST 30.491 ve fistii 126 (%50.8) 122 (%49.2) 2403 0.128
0-145.490 141 (%56.6) 108 (%43 4)
Glukoz 145 491 ve iistii 130 (%51.8) 121 (%48.2) L177 - 0.283
) 0-343.360 53 (%59.6) 36 (%40.4) .
Ferntn 343 361 ve fistil 26 (%26.0) 74 (%74.0) 21.789 0.000
0-49.00 190 (%70.6) 79 (%29 4) *
Urea 49 01 ve st 84 (%35.7) 151 (%64 3) 61.533  0.000
0-349.490 119 (%67.2) 58 (%32.8) _
313 .000*
LDH 349.491 ve tistii 79 (%38.5) 126 (%61.5) 31327 0.000
) . 3(° %33
Creatinine 0o 0% 173 (%66.8) 86 (%33.2) 32556 0.000%

0.985 veiistil

104 (%41.6)

146 (%58.4)

White blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), potential of hydrogene (Ph). partial oxygen pressure
{(pO2), partial carbon dioxide pressure (pCO2), bicarbonate (HCO3), platelet (PLT), plateavcrit (PCT). neutrophil (NELT),
alanine transferase (ALT), . C reactive protein {CRP), red blood cells distribution width (RDW), aspartate transferase

(AST). lactate dehydrogenase (LDH), oxygen saturation (SO2), Ilymphocyte (LYM). and monocyte (MONO).
* Chi-Square analysis, The values in bold are statistically significant.

AUC: Area under the curve
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Figure 1. Receiver operating characteristic (ROC) curve for mortality
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Discussion

In this retrospective study, the laboratory characteristics associated with clinical outcomes in patients with
COVID-19 pneumonia-related ARDS and those who progressed from ARDS to death between two groups as
a survivor and non-survivor group were evaluated. We aimed to predict the laboratory parameters that are
linked to the onset of ARDS and the progression of ARDS to mortality in COVID-19 pneumonia patients. The
older age and days of hospitalized stay were even associated with a higher risk of developing ARDS and
mortality; this was not statistically significant. In patients with the non-survivor group of ARDS; CRP, RDW,
LDH, ferritin, urea, and creatinine values were significantly higher and related to mortality (p<0.05).

The illness caused by SARS-CoV2COVID-19 spread rapidly, and significant studies have been done to
determine which patients will be affected and what their clinical outcomes would be. We know that this virus
mostly impacted the respiratory system, with some patients quickly developing acute respiratory distress
syndrome (ARDS) which was mostly related to mortality; other organ functions were less affected (11). Thus,
it is necessary for early detection and accurate therapy of COVID-19 pneumonia-related ARDS.

Patients with ARDS have been seen in ICUs across the world. Around 5% of patients infected with the new
2019 coronavirus disease necessitate hospitalization owing to ARDS, with a case-fatality rate ranging from
30% to 60% (11-13). Previous observational studies in Turkey found death rates ranging from 8.5 percent to
50%, depending on the healthcare environment, the age of the study group, and the severity of the condition
(14-16). These studies were generally done in a single-center setting with a small number of patients. One big
research, which used Ministry of Health records and included 16,942 hospitalized old people, found death
rates ranging from 17.9% to 32.2% depending on when public limitations were in place (15). The research,
however, did not give any clinical data about the patients. Our study evaluated a fatality rate of 45.5%. The
groups in our research were not limited to mild to moderate cases but included a wide spectrum of severe
patients with ARDS. This might explain why the death rate is so high when compared to prior findings from
Turkey and other countries (17-19).

Several studies have evaluated the risk factors for mortality (20-23). The most well-known predictor of death
in older age and countries with significant old populations have been proven to have higher case-fatality rates.
The in-hospital mortality rate for patients aged 80 and over was estimated to be 32.8 percent in Turkey (15,16).
Similarly, the non-survivors and survivors in our research had mean ages of 72.3 and 629 years,
demonstrating that age was an independent variable associated with death. The median hospital stay was 6.4
days in the survivor group and 12.4 in the non-survivor group, as expected. Older age and days of hospital
stay were significantly higher in the non-survivor group than in the survivor group but these were not
predictable for mortality. Low immune response and comorbidities are all age-related disorders that may play
a role infor the increased risk.

Some hematological and biochemical parameters about the prognosis of COVID-19, multiple recent studies
have researched laboratory features of hospitalized patients. (17-19,23) Chidambaram et al. (22) looked at
clinical and laboratory indicators related to mortality in a meta-analysis utilizing 109 published publications,
42 of which looked at mortality. Increased levels of CRP, LDH, and D-dimer were associated with a higher
risk of severe disease and death. Huang et al. (23) found that increased serum CRP, PCT, D-dimer, and ferritin
were linked with a poor outcome in a meta-analysis involving a total of 5350 patients. Another meta-analysis
found that procalcitonin had the best predictor of mortality and disease severity (24). This may be caused by
bacterial coinfection and cytokine storm according to the authors. In that study, parameters related to
mortality were respiratory failure, high WBC-CRP-creatinine-LDH-D dimer-lactate, and low albumin,
thrombocytopenia, and lymphopenia. In a recent study in Turkey, BUN and albumin levels at admission, as
well as D-dimer and procalcitonin levels during follow-up, were shown to be linked with mortality (25). We
found that CRP, LDH, RDW, ferritin, urea, and creatinine values were significantly higher and related to
mortality like these studies. These parameters may be linked to the cytokine storm triggered by a viral
infection, whereas coagulation activation is related to the long-term inflammatory response. Acute renal
impairment caused by the infection, hypoxia, and shock might have resulted in elevated urea and creatinine
levels.
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Furthermore, because our study was single-center and had a limited sample size, our findings may not apply
to all COVID-19 pneumonia-related ARDS patients. Secondly, we did not evaluate the comorbidities that can
affect mortality. Also, the findings relied on data that were recorded at the time of hospitalization in the ICU,
so there were no follow-up parameters. Finally, patients' ventilator parameters were not noted for both two
groups even if that setting is being recommended to personalize at the bedside. To investigate the phenotypic,
larger cohort studies are needed for ARDS caused by COVID-19.

Conclusion

In this study, we found that various laboratory indicators were linked to death in COVID-19 pneumonia-
related ARDS and that physiciansclinicians should consider these factors while managing these patients. After
these findings have been validated in prospective research, it may be advantageous to develop algorithms
based on them.
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