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ABSTRACT

Objectives: It is important to predict the prognosis during hospital admission of Covid-19 patients. The purpose of this study was to see how CRP/
Albumin (CAR) and Platelet/Lymphocyte (PLR) ratios, obtained from patients in the intensive care unit (ICU) within the first 24 hours of their hospi-
talization with a Covid-19 diagnosis, predictmortality and how they correlated with acute physiology and chronic health evaluation (APACHE Il) and
sequential organ failure assessment (SOFA).

Methods: Using hospital records, records of 83 patients hospitalized in the ICU with a diagnosis of Covid-19 between 11.03.2020 and 01.01.2021
were retrospectively analyzed . Patients were divided into two groups discharged (Group ) and exits (ex) group (Group ). CAR and PLR were re-
corded during the first 24 hours of ICU admission, and APACHE Il and SOFA scores were computed. The calculated CAR and PLR were correlated with
APACHE Il and SOFA scores and their association with mortality was investigated.

Results: SOFA, APACHE II, PLO, and age were higher, and albumin was lower in patients in the mortal course (p<0.05). ROC analysis revealed that
APACHE Il and SOFA scores could be employed to estimate mortality.

Conclusion: We believe that APACHE Il and SOFA scores can be used to predict mortality in patients admitted to the ICU due to Covid-19, whereas

CRP/Albumin and Platelet/Lymphocyte ratios cannot.
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Introduction

The novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) causes coronavirus disease (Covid-19) has
caused an unprecedented global pandemic of unprece-
dented magnitude. Covid-19 can causes everything from a
minor infection to a life-threatening situation. The prospec-
tive course of Covid-19 at the time of admission is difficult
to predict at patient admission.!3!

Different risk scores were and developed to predict Covid-19
prognosis and plan appropriate treatment. These scores in-
cluded demographic and radiologic characteristics,® phys-
iologic,™ and biochemical parameters® as well as various
combinations of these. To calculate these risk scores, it is nec-
essary to allocate time for further evaluations, and examina-
tions. There is also no particular scoring system for Covid-19
yet, although it has been revealed in several studies.®*
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The Acute Physiology and Chronic Health Evaluation I
(APACHE 1) and Sequential Organ Failure Assessment
(SOFA) scores have long been used in intensive care units
(ICUs). APACHE 1l is used to evaluate the prognosis and
mortality of a patient. SOFA evaluates organ dysfunction,
morbidity, and mortality.”? We believe that these two scor-
ing systems can be used to predict mortality in Covid-19
patients, and we believe that more research should be
done on this topic.

In a Covid-19 case, leukocytes, lymphocytes, and platelets
decrease the.l'® Progressive lymphocytopenia indicates dis-
ease severity.®! Several studies have shown that PLR can be
used as an independent prognostic indicator in Covid-19
patients, both severe and non-severe.®® Because CAR esti-
mate the level of inflammation in two ways (increased CRP
and decreased albumin), it may provide more information



https://orcid.org/0000-0003-0581-5738
https://orcid.org/0000-0002-5651-9827
https://orcid.org/0000-0002-7891-1774

46 Journal of The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

than only CRP and/or albumin alone.” CAR may also be a
prognostic indicator for Covid-19 patients.

As a result, the purpose of this study was to assess the pre-
dictive power of CRP/Albumin ratio (CAR) and Platelet/
Lymphocyte ratio (PLR), SOFA, and APACHE Il scores in pa-
tients admitted to the ICU with Covid-19.

Methods

The study was planned retrospectively, and HNEAH - KAEK
letter 2022/176-3860 was used to obtain ethics committee
approval. The study included patients hospitalized in ICU be-
tween 11.03.2020 and 01.01.2021 in our hospital. The study
included 83 older patients over the age of 18, who had a
positive Covid-19 PolymeraseChainReaction (PCR)test, were
not diagnosed with t cancer, did not have any immunosup-
pressive disease, were not receiving immunosuppressive
therapy, did not have the hematologic disease, and did not
have the chronic liver disease. Patients under the age of 18
who had a negative Covid-19 PCR test, any malignancy that
would affect the primary variables, immunosuppressive dis-
ease, receiving immunosuppressive therapy, and hemato-
logic or chronic liver disease were excluded from the study.

The hospital system recorded age, gender, PCR positivity,
date of ICU admission, type, and date of discharge from
the ICU. Patients were divided into two groups according
to the type of discharge from the ICU: discharged (Group
I) and exits (Group ll). Following, CAR, PLR, APACHE Il, and
SOFA scores were calculated by and analyzing the blood
tests that were routinely taken during the first hospitaliza-
tion to the ICU. The total APACHE Il score the sum of three
subscales, acute physiology score, age, and chronic health
assessment. The highest score value is 71. Mortality rise
from 25% a total score of 25 to 80% a score of 35 or higher.
191 A total of six organ systems are scored between 1 and
4 in the SOFA score. The evaluation is based on the total

Table 1. Demographic characteristics by group

score. The total score between 6 and 24, with a higher score
indicating worsening morbidity.'"

Power Analysis

The TLO effect size between the study groups was found
to be 0.56 'Z (alpha error probability=0.05) in the power
analysis performed with the G*power 3.1 program related
to our study; in the sample size analysis performed with the
power value 0.80, the total number of samples required to
be taken was found to be 83.

Statistical Methods

The SPSS 22 program was used for data analysis. The data
were presented in the form of an arithmetic mean, stan-
dard deviation, median, range, frequency, and percentage
distribution. The Kolmogorov-Smirnov test was used as a
normal distribution test.The unpaired t-test was used to
compare paired groups in the analysis of normally distrib-
uted data, the Mann-Whitney U test was used to compare
paired groups of variables that did not show normal distri-
bution, and the Chi Square test was used to evaluate qual-
itative data. The binary logistic regression test was used
to determine the factors that influence mortality, and the
Kaplan-Meier and LogRank analye were used to determine
the effect of SOFA and APACHE Il cut-off values on survival.
Results were evaluated at the significance level of p<0.05.

Results

A total of 247 patients were analyzed from hospital records.
114 patients did not meet the inclusion criteria, and n 50
patients information was incomplete. Therefore, 164 ana-
lyzed patients could not be included in the study.The study
included 83 patients, 25 of whom were discharged and 58 of
whom passed. Sociodemographic characteristics of the pa-
tients according to group characteristics are given in Table 1.

Group X+SD or n (%)
Feature Discharged n: 25 Exn:58 P
(30.1) (69.9)

Age 58.48+16.68 72.71£9.692 <0.001*
Gender

Female 6 (24.0) 16 (27.6) 0.945+

Male 19 (76.0) 42(72.4)
The time between PCR+ and ICU hospitalization (days) 6.64+3.32 5.78+4.17 0.170*
Duration of ICU stay (days) 12.04+9.43 12.84+7.28 0.219#*
Total 25(30.1) 58 (69.9)

*Unpaired t-test ¥ Mann-Whitney U test+Chi Square test PCR: ICU: Intensive Care Unit; SD: Standard Deviation PCR: Polymerase Chain Reaction ICU:

Intensive Care Unit.
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It was found that albumin (p<0.001) was significantly low-
er, while SOFA (p<0.001), APACHE Il (p<0.001), and TLO
(p=0.034) were significantly higher in the ex-group (Table 2).

Age, Albumin, PLR, SOFA, APACHE IlI, and GCS variables
were found to be significant in univariate tests, so a logistic
regression analysis was performed to determine the factors
affecting mortality. The variables age (p=0.893), Albumin
(p=0.254), PLR (p=0.141), and GCS (p=0.978) were found to
be statistically insignificant, whereas SOFA (p=0.042) and
APACHE Il (p=0.048) were found to be significant (Table 3).

Albumin, PLR, SOFA, APACHE Il, and GCS variables used
in a logistic regression analysis to determine the factors
influencing mortality toby age. Albumin (p=0.142), PLR
(p=0.150), and GCS (p=0.812) levels were found to be sta-
tistically insignificant,whereas SOFA (p=0.045) and APACHE
Il (p=0.049) levels were found to be significant (Table 3).

The ROC analysis revealed that the areas under the curve
for APACHE Il and SOFA scores were significant, whereas
the areas under the curve for PLR and CAR were not (Table
4). The optimum cut-off value for mortality prediction was
discovered to be 14 for APACHE Il and 8 for SOFA score (Ta-
ble 5).

Kaplan—-Meier Survival Analyses were performed consid-
ering the recommended cut-off values for APACHE Il and
SOFA scores(Table 6, Table 7). The APACHE Il of <14 group
survival durations were statistically significantly longer than
the APACHE Il of >14 groups (LogRank:5.43 p=0.025) (Table
6 Fig. 1). There was no statistically significant difference in
survival times between the SOFA groups (LogRank:3.07
p=0.080) (Table 7).

Discussion

According to our findings, hospitalization APACHE Il and
SOFA scores can be used to predict mortality in patients ad-

Table 2. Comparison of biochemical values and scores by groups
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Table 3. Logistic regression analysis for mortality prediction

OR 95% Cl p OR 95% Cl p*
Age 1.01(0.92-1.07)  0.893 - -
Albumin  093(0.75-1.08) 0254  0.95(0.89-1.02) 0.142
PLR 0.98(0.93-1.02) 0.141  0.97(0.99-1.03)  0.150
SOFA 2.18(1.03-462) 0.042 1.08(1.01-1.12)  0.045
APACHEII  1.19(0.94-151) 0.048 1.04(1.01-1.08)  0.049
GCS 0.99 (0.37-2.65) 0978 0.97 (0.93-1.11)  0.812

*Adjusted Age; OR: Odds Ratio; CI: Confidence Interval; PLR: Platelet/
Lymphocyte Rate; SOFA: Sequential Organ Failure Assessment; APACHE II:
Acute Physiology and Chronic Health Evaluation; GCS: Glasgow Coma Scale.

Table 4. Areas under the ROC Curve in the differential mortality

diagnosis

AUC SE 95% CI
CAR 0.606 0.0656 0.493t00.711
PLR 0.627 0.0644 0.514t0 0.731
SOFA 0.843 0.0425 0.746 10 0.913
APACHE Il 0.865 0.0391 0.772t0 0.930

AUC: Areas Under Curve; SE: Standard Error; Cl: Confidence Interval; CAR: CRP/
Albumin Rate; PLR: Platelet/Lymphocyte Rate; SOFA: Sequential Organ Failure
Assessment; APACHE II: Acute Physiology and Chronic Health Evaluation.

Table 5. Optimal values for APACHE Il and SOFA score

Cut-off Sensitivity Specificity PPV NPV LR+
Apachell 14 0.966 0.640 0.851 0.937 2.683
SOFA 8 0.983 0.600 0.862 0.889 2457

PPV: Positive Predictive Value; NPV: Negative Predictive Value; LR:

Likelihood Ratio; Apache II: Acute Physiology and Chronic Health
Evaluation; SOFA: Sequential Organ Failure Assessment.

Discharged n: 25 (30.1) Ex n: 58 (69.9)
M=SD Median Range M+SD Median Range P
CRP 14.52+8.34 13.90 29.50 19.98+21.22 15.30 127.20 0.336%
Albumin 34.62+2.99 35.50 10.50 30.64+5.15 31.00 23.40 0.001*
CAR 0.42+0.26 0.40 1.07 0.67+0.71 0.48 3.95 0.128+
Platelet 243.00+£84.19 244.00 347.00 269.33+109.58 254.00 573.00 0.287*
Lymphocyte 0.76+0.46 0.69 2.27 0.67+0.40 0.60 2.19 0.297+
PLR 416.66+301.2 356.00 1398.40 503.13+£276.16 423.75 1197.0 0.034%+
SOFA 8.60+1.29 8.00 4.00 11.09+2.08 10.00 7.00 <0.001*
APACHEII 13.04+5.30 13.00 19.00 21.50+5.35 21.00 26.00 <0.001*

*Unpaired t-test ¥Mann Whitney U test; M: Mean; SD: Standard Deviation; CRP: C Reactive Protein; CAR: CRP/Albumin Rate; PLR: Platelet/Lymphocyte Rate;
SOFA: Sequential Organ Failure Assessment; APACHE II: Acute Physiology and Chronic Health Evaluation.
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Table 6. Kaplan-Meier life analysis for APACHE I

<14 APACHE Il >14 APACHE Il All Patients Group

Day 5 0.875 0.907 0.976

Day 10 0.875 0.735 0.833

Day 15 0.683 0.389 0.752

Day 30 0.683 0.203 0.426
Median+SE

Lifetime 22424317 14.80+1.21 15.86+1.25
95% Cl 16.20-28.64 12.42-17.18 13.42-18.31

LogRank: 5.43 p=0.025

Apache II: Acute Physiology and Chronic Health Evaluation; Cl: Confidence
Interval.

Table 7. Kaplan-Meier life analysis for SOFA

<8 SOFA >8 SOFA All Patients Group

Day 5 0.890 0.955 0.976

Day 10 0.890 0.746 0.833

Day 15 0.785 0.495 0.752

Day 30 0.785 0.218 0.426
Median=+SE

Lifetime 24.20+3.39 15.23+1.22 15.86%1.25
95% Cl 17.54-30.86 12.83-17.63 13.42-18.31

LogRank:3.07 p=0.080

SOFA: Sequential Organ Failure Assessment: Cl: Confidence Interval.

mitted to the ICU due to Covid-19. We discovered that the
optimum cut-off value for APACHE Il was 14 and for SOFA
score as 8, furthermore, TLO and CAR values not predict
mortality in patients admitted to the ICU due to Covid-19.

Specific scoring systems may and in treatment selec-
tion, treatment success, and efficient, and effective use of
available resources. Despite studies,**! no specific scoring
system Covid-19 mortality has been identified. SOFA and
APACHE Il scoring systems are commonly used in ICU.
These scoring systems can and suggest the mortality of
Covid-19 patients.

Ghaith et al.'™® and studied critical Covid-19 patients ad-
mitted to the ICU and discovered that mortality was high-
er (83%) in patients over the age of 60. Du et al.l'¥ also
found that advanced age was associated with mortal-
ity in Covid-19 patients. In our study, we discovered that
advanced age was associated with higher mortality in

Covid-19 patients, as has been shown in other similar stud-
ies.[12,15-17]

Deligoz et al."® found that low albumin level is a risk fac-
tor for mortality, furthermore, they stated that low albumin
levels are have been linked to a poor prognosis in various
studies. In the study by Tseng et al."™ albumin was found
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Figure 1. The relationship of APACHE Il score with an intensive care
life expectancy.

Apache II: Acute Physiology and Chronic Health Evaluation.

to be an important predictor of mortality. We discovered
that Covid-19 patients with low albumin levels had a more
fatal course.

In our study, PLR was significantly higher in the mortal
group. This conclusion is supported by numerous stud-
ies. Korkmaz et al.® discovered that PLR was significant in
predicting disease severity and prognosis in hospitalied
Covid-19 patients. Uzundere et al.'” also reported that PLR
was a risk factor for mortality in patients with Covid-19 ad-
mitted to ICU.

Vicka et al."! compared the (SAPS) Il, APACHE Il, and SOFA
scores and discovered that APACHE Il had the best mortali-
ty prediction in Covid-19 patients hospitalied in the ICU. Va-
hedi et al.”? showed that higher SOFA and APACHE Il scores
indicate higher mortality in ICU patients. Beigmohammadi
et al.?? discovered that APACHE Il and SOFA scores were
higher in Covid-19 patients who died. Discovered that SOFA
and APACHE Il scores at the time of ICU admission could
be used to predict mortality in Covid-19 patients, similar to
these studies. Bayrak et al."® found that an APACHE Il score
of >15 was linked with ICU mortality according to Kaplan-
Meier curves and found that the APACHE Il score predicted
mortality. In our study, we discovered that APACHE Il score
greater than 14 on the Kaplan—-Meier curve associated with
ICU mortality.

Hocanli et al.?" discovered that CAR was statistically sig-
nificantly higher in ICU patients than in ward patients and
that this rate was associated with mortality. Another study
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found that a high CAR at baseline was associated with 28-
day mortality.”? CAR was also found to be higher in the fa-
tal group of Covid-19 patients by Ozdemir et al.”’ Lucijani¢
et al.® and studied 2309 Covid-19 patients admitted to the
ICU and discovered that high CAR values were associated
with 30-day and post-discharge mortality. Kalabin et al.’?%
used multivariate logistic regression analysis to examine
CAR in the first 24 hours in Covid-19 patients (OR 1.21, 95%
Cl 0.96.-1.51, p=0.06) and discovered that CAR was not an
independent predictor of mortality. We also found that CAR
was not an independent predictor of mortality in our study.

Conclusion

We believe that APACHE Il and SOFA scores can be used
to predict mortality in patients admitted to the ICU due to
Covid-19, whereas CRP/Albumin and Platelet/Lymphocyte
ratios cannot.These results need to be supported by the re-
sults of other studies for clarity.

Disclosures

Ethics Committee Approval: The study was planned
retrospectively, and HNEAH - KAEK letter 2022/176-3860 was
used to obtain ethics committee approval. The study included
patients hospitalized in ICU between 11.03.2020 and 01.01.2021
in our hospital.

Informed Consent: Written informed consent was obtained
from all patients.

Peer-review: Externally peer-reviewed.
Conflict of Interest: None declared.

Financial Disclosure: The authors declared that this study has
received no financial support.

Authorship Contributions: Concept - U.T, O.D,; Design - U.T,
0.D,; Supervision - 0.D., O.E; Fundings - U.T, 0.D.; Materials - U.T,,
0.D; Data collection &/or processing - U.T., ©.D.; Analysis and/or
interpretation - U.T,, O.D,; Literature search - U.T,, 0.D,; Writing -
O.D;; Critical review - O.D., O.E.

References

1. Abate SM, Ahmed Ali S, Mantfardo B, Basu B. Rate of Inten-
sive Care Unit admission and outcomes among patients with
coronavirus: A systematic review and Meta-analysis. PLoS One
2020;15:e0235653.

2. Hu B, Guo H, Zhou P, Shi ZL. Characteristics of SARS-CoV-2 and
COVID-19. Nat Rev Microbiol 2021;19:141-54.

3. Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence
of comorbidities and its effects in patients infected with SARS-
CoV-2: A systematic review and meta-analysis. Int J Infect Dis
2020;94:91-5.

4. Shang, LiuT, Wei, Li J, Shao L, Liu M, et al. Scoring systems for
predicting mortality for severe patients with COVID-19. EClini-
calMedicine 2020;24:100426.

10.

11.

12.

13.

14.

15.

16.

Karimi A, Ghanaie RM, Masjedi MR, Fahimzad SA, Tabatabaei SR,
Armin S, et al. Development of a novel scoring system for com-
prehensive COVID-19 patient evaluation: An evidence-based sys-
tematic review. Arch Pediatr Infect Dis 2021;9:e110201.

Saleh A, Ahmed M, Sultan |, Abdel-Lateif A. Comparison of the
mortality prediction of different ICU scoring systems (APACHE I
and lll, SAPS 1l, and SOFA) in a single-center ICU subpopulation
with acute respiratory distress syndrome. Egypt J Chest Dis Tu-
berc 2015;64:843-8.

Vahedi A, Tabasi F, Monjazebi F, Hashemian SMR, Tabarsi P, Far-
zanegan B, et al. Clinical features and outcomes of ICU patients
with COVID-19 infection in Tehran, Iran: A single-centered retro-
spective cohort study. Tanaffos 2020;19:300-11.

Korkmaz C, Demirbas S, Vatansev H, Yosunkaya S, Teke T, Zamani
A, et al. The association of Neutrophil/Lymphocyte Ratio, Lym-
phocyte/Monocyte ratio, Platelet/Lymphocyte ratio and hema-
tological parameters with severity and prognosis in hospital-
ized patients with COVID-19. Online Tirk Saglk Bilimleri Derg
2021;6:251-61.

Ozdemir iH, Ozlek B, Ozen MB, Giindiiz R, Cetin N, Ozlek E, et al.
Prognostic value of C-reactive protein/albumin ratio in hyperten-
sive COVID-19 patients. Clin Exp Hypertens 2021;43:683-9.

Liu X, Zhou H, Zhou Y, Wu X, Zhao Y, Lu Y, et al. Risk factors associ-
ated with disease severity and length of hospital stay in COVID-19
patients. J Infect 2020;81:e95-7.

Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining
H, et al. The SOFA (Sepsis-related Organ Failure Assessment) score
to describe organ dysfunction/failure. On behalf of the working
group on sepsis-related problems of the European society of in-
tensive care medicine. Intensive Care Med 1996;22:707-10.

Uyar E, Merdin A, Yamanyar S, Ezgii MC, Artuk C, Taskin G, et al.
Could serum albumin value and thrombocyte/lymphocyte ratio
be an important prognostic factor in determining the severity of
COVID 19?7 Turk J Med Sci 2021;51:939-46.

Ghaith MM, Albanghali MA, Aldairi AF, Igbal MS, Almaimani RA,
AlQuthami K, et al. Potential predictors of poor prognosis among
severe COVID-19 patients: A single-center study. Can J Infect Dis
Med Microbiol 2021;2021:6656092.

Du P, Li D, Wang A, Shen S, Ma Z, Li X. A systematic review
and meta-analysis of risk factors associated with severity and
death in COVID-19 patients. Can J Infect Dis Med Microbiol
2021;2021:6660930.

Tseng L, Hittesdorf E, Berman MF, Jordan DA, Yoh N, Elisman K,
et al. Predicting poor outcome of COVID-19 patients on the
day of admission with the COVID-19 score. Crit Care Res Pract
2021;2021:5585291.

Bayrak V, Sentiirk Durukan N, Demirer Aydemir F, Ergan B, Gezer
NS, Eren Kutsoylu OO, et al. Risk factors associated with mortali-
ty in intensive care COVID-19 patients: The importance of chest
CT score and intubation timing as risk factors. Turk J Med Sci
2021;51:1665-74.



50

17.

18.

19.

20.

Journal of The Cardiovascular Thoracic Anaesthesia and Intensive Care Society

Uzundere O, Kagar CK, Erbatur ME, Guil MS, Akgiindiiz M, Korhan
Z, et al. Factors affecting the mortality of patients in critical condi-
tion with coronavirus disease-2019 in the intensive care unit. Turk
JIntensive Care 2021;19(Supp 1):54-61.

Deligéz O, Ekinci O. Prediction of prognosis in geriatric palliative
care patients with diagnosed malnutrition: A comparison of nu-
tritional assessment parameters. Clin Interv Aging 2022;17:1893-
900.

Vicka V, Januskeviciute E, Miskinyte S, Ringaitiene D, Serpytis M,
Klimasauskas A, et al. Comparison of mortality risk evaluation
tools efficacy in critically ill COVID-19 patients. BMC Infect Dis
2021;21:1173.

Beigmohammadi MT, Amoozadeh L, Rezaei Motlagh F, Rahimi M,
Maghsoudloo M, Jafarnejad B, et al. Mortality predictive value of
APACHE Il and SOFA scores in COVID-19 patients in the intensive
care unit. Can Respir J 2022;2022:5129314.

21.

22.

23.

24,

Hocanl i, Kabak M. Clinical importance of C-reactive protein
to albumin ratio (car) in covid-19 pneumonia. J Contemp Med
2022;12:1.

Seong H, Kim JH, Kim JH, Lee WJ, Ahn JY, M D NSK, et al. Risk fac-
tors for mortality in patients with elizabethkingia infection and
the clinical impact of the antimicrobial susceptibility patterns of
elizabethkingia species. J Clin Med 2020;9:1431.

Lucijani¢ M, Stoji¢ J, Ati¢ A, Cikara T, Osmani B, Barisi¢-Jaman
M, et al. Clinical and prognostic significance of C-reactive pro-
tein to albumin ratio in hospitalized coronavirus disease 2019
(COVID-19) patients : Data on 2309 patients from a tertiary center
and validation in an independent cohort. Wien Klin Wochenschr
2022;134:377-84.

Kalabin A, Mani VR, Valdivieso SC, Donaldson B. Does C reactive
protein/Albumin ratio have prognostic value in patients with
COVID-19. J Infect Dev Ctries 2021;15:1086-93.



