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Objective: The ongoing pandemic of the coronavirus disease 2019 (COVID-19), which
originated from Wuhan, China, has been identified to be caused by the novel beta corona-
virus, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). COVID-19 has been
spreading rapidly worldwide within just a few months. Our aims were to analyze clinical and
laboratory abnormalities in ICU patients with COVID-19, in order to define which predictors
can distinguish between those who are at higher risk of developing fatal versus non-fatal
forms of the disease.

Methods: A descriptive cross-sectional survey was used; demographics, comorbidities,
symptoms, laboratory parameters at ICU admission, and clinical outcomes for the adult
patients admitted to ICU were collected from five hospitals in Saudi Arabia.

Results: A total of 86 patients with COVID-19 admitted in ICU, 50 patients died, 23
recovered, and 13 were still admitted, with a mortality rate of 58.1%. Septic shock (OR
(95% CI): 58.1 (5.97-7812.8), p < 0.001) and acute kidney injury (AKI) (OR (95% CI):
7.279 (1.191-65.43), p = 0.032) had a significant impact on mortality. Cox proportional-
hazards regression analysis revealed that septic shock (HR (95% CI): 9.502 (2.958-30.524),
p < 0.001) and neutrophil count (HR (95% CI): 1.053 (1.023-1.085), p < 0.001) were
significant predictors for mortality.

Conclusion: Septic shock, AKI, and high neutrophil count were found to be predictive of
death in these patients. Further studies are needed to aid efficient recognition and manage-
ment of severe COVID-19 patients in our population.

Keywords: COVID-19, severe acute respiratory syndrome coronavirus 2, intensive care

units, Saudi Arabia, mortality

Introduction

COVID-19 confirmed patients admitted to ICU and associated mortality is soaring
worldwide.! According to the World Health Organization (WHO), the cumulative total
of identified COVID-19 positive cases has reached above 34 million with more than
1,000,000 deaths till October 2, 2020.> The main transmission route of SARS-CoV-2 is
through the air (airborne transmission) and on a daily basis the number of deaths
associated with COVID-19 is rapidly increasing.’ In Saudi Arabia, the first case of
COVID-19 was reported on March 02, 2020, in a Saudi national returning from Iran.*
To date, there have been over 435,027 confirmed cases of COVID-19 with approxi-
mately 7188 deaths in the Kingdom.® Data from the eastern Mediterranean region on
COVID-19 is scarce, especially from Saudi Arabia. Take, for instance, the proportion
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of COVID-19 patients admitted to ICU, the clinical course,
and the mortality and its predictors in critically ill patients
have not been fully investigated.” Around 32% of COVID-
19 inpatients were admitted to the ICUs in Wuhan, China,
and mortality rates of ICU patients differed across
provinces.®’ The mainstay treatment of severe and critically
COVID-19 ill patients occurs in the ICU where they are
monitored, given life support, and treated to reduce mortality.
However, during the COVID-19 pandemic, overcrowding of
the ICUs, overload and increased burden on healthcare pro-
viders have been observed. This led Saudi officials to con-
sider planning expansion of the ICUs, allocating more
funding for ICUs, and increasing the number of specialized
medical staff. Telemedicine has gained momentum over the
past several months as Tele-ICUs opened the door to more
accessible and effective care.'”

Our aims in the current study are to analyze clinical
and laboratory abnormalities in ICU patients with COVID-
19, in order to define which predictors can distinguish
between those who are at higher risk of developing fatal
versus non-fatal forms of the disease. This is significant as
recognizing the fatal forms of COVID-19 based on the
clinical and laboratory predictors is urgently needed.
These predictive variables can allow risk stratification,
guide interventional studies to target patients at enhanced
risk of developing death, and optimize the allocation of
limited human and technical resources. Moreover, identi-
fication of laboratory parameters capable of differentiating
between fatal and non-fatal cases, or those at high or low
risk of mortality, will allow for improved clinical situa-
tional awareness.

Materials and Methods

Data of 86 patients were collected from April 28 2020 to
June 30 2020 from five private tertiary care hospitals from
Dr Sulaiman Al Habib Medical Group (HMG). Clinical
data were collected after reviewing the patients’ electronic
medical records, nursing records, clinical findings, labora-
tory findings, management details, and outcome informa-
tion. Clinical data at hospital admission, including
demographic information, chronic comorbidities, vital
signs, symptoms, laboratory tests, and outcomes were
collected from the patients’ electronic medical records.
Epidemiological, clinical, and laboratory characteristics
and treatment and outcomes data were obtained using
standard collection forms. Two researchers were assigned
to double-check the data collected. In this paper, neutro-
phil and lymphocyte counts are absolute neutrophil and

absolute lymphocyte counts. This study received ethical
approval from the Institutional Review Board of Dr
Sulaiman Al Habib Medical Group (IRB Log No.
RC20.06.88—-1). As this was a retrospective study, no
informed consent was deemed necessary, and data were
deidentified for the use of this publication. This study
adhered to the ethical guidelines of the Declaration of
Helsinki and good clinical practice.

The Saudi Ministry of Health ICU admission and dis-
charge criteria during COVID-19 was utilized as a guide-
line to recruit our sample in the current study.'’ As per the
guideline of the ICU admission criteria that patient with
confirmed SARS-CoV-2 infection and:

1. With unstable vital signs.

2. With hemodynamic instability.

3. Requires invasive or non-invasive mechanical
ventilation.

4. Has respiratory distress.

5. Has more than one failure organ.

6. Requires Continuous Renal Replacement Therapy
CRRT.

7. Requires vasopressor support.

8. Has decreased level of consciousness

9. With abnormal ECG findings, including arrhyth-
mias, heart blocks and ischemia and

10. Has acidosis: ABG with pH < 7.3 or PCO2 > 50 or

above patient’s baseline.

In the statistical analysis of the current study, we divided
the patients into two groups, survivors and non-survivors.
Data were analyzed using Statistical Package for the
Social Sciences (SPSS) version 24.0 and R version 4.02
by the R Foundation for Statistical Computing. A value of
p < 0.05 was considered statistically significant. The dis-
tribution of the continuous variables was carried out by the
Shapiro—Wilk
Frequencies and percentages were calculated for categori-

test (survivor versus non-survivor).
cal variables. Baseline characteristics were presented as
mean + standard deviation (SD) and median with inter-
quartile range (IQR) for continuous variables and as num-
bers with percentages for categorical variables. Mann—
Whitney U-test was done where indicated in the tables.
Spearman correlation was the main test as most of the
inflammatory markers were not normally distributed (vio-
lation of Pearson’s correlation assumption). Only the pairs
with a significant correlation (p < 0.05) were presented.

And the interpretation of strength was based on the

3720 "

Dove!

International Journal of General Medicine 2021:14


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

Dove

Al Mutair et al

guidelines for biostatistics published by Chan in 2003.%
The Chi-square (x?) test was applied to examine categori-
cal data. A y* test was also employed to detect the relation-
ship between the categorical variables. The significant
differences were used in binary logistic regression to get
the odd ratio (OR). We then used survival analysis Cox
regression and generated the nomogram for the probabil-
ity. For the significant factors/predictors, we created the
survival probability nomograms. Firth’s logistic regression
with penalized maximum likelihood was employed for
biased estimation due to potential small sample size in
subgroups. This approach was developed to reduce the
biasness of small sample size, which resulted in finite

and consistent estimates even in the case of separation.” '

Results

In this study, we extracted retrospective data of 86 criti-
cally ill adult patients admitted in ICU with laboratory-
confirmed COVID-19 from five Saudi hospitals through
April 28 to June 30, 2020. At the cut-off date of data
analysis, 50 patients died, 23 recovered, and 13 were still
admitted, resulting in a mortality rate as high as 58.1% for

COVID-19 patients in ICU. It is important to state that 13
censored data due to the end of the data collection timeline
were excluded from the analysis of logistic regression.
Table 1, presents the baseline characteristics and symp-
toms of ICU patients on admission, grouped by survivors,
and non-survivors. Non-survivors were significantly older
than survivors of COVID-19 in ICU (mean age: 58 vs 49
years; p = 0.016). Results also revealed that survivors had
higher cough symptoms as compared to non-survivors of
COVID-19 in ICU (% cough: 100% vs 78%; p = 0.015).

In addition, Table 2 summarizes the baseline comor-
bidities and complications of survivors and non-survivors
admitted in ICU with laboratory confirmed COVID-19
infection. For all types of comorbidities considered, no
significant difference was found between survivors and
of COVID-19 ICU.
Nonetheless, results demonstrated that there is a signifi-

non-survivors admitted in
cantly higher proportion of patients with septic shock
complications for non-survivors compared to survivors of
COVID-19 in ICU (% Septic Shock: 84% vs 0%; p <
0.001). Furthermore, results revealed that there are a sig-

nificantly higher proportion of patients with acute

Table | Baseline Characteristics and Symptoms of COVID-19 Patients Admitted in ICU

Variables All (n=73) Survivors (n=23) Non-Survivors (n=50) p value Test
Demographic

Age 55 (52-59) 49 (42-56) 58 (54-63) 0.016 t
Gender (Male) 65 (89) 22 (95.7) 43 (86) 0.220 $
Healthcare Worker (Yes) 1 (1.4) I (4.3) 0 (0) 0.138 e
Travel History (No) 64 (87.7) 19 (82.6) 45 (90) 0.372 e
Physical Examination

Systolic Blood Pressure 127 (122-131) 126 (120-131) 127 (121-133) 0.713 t
Diastolic Blood Pressure 71 (68-73) 72 (67-77) 70 (66-73) 0.388 t
Pulse 93 (89-97) 95 (88-102) 93 (88-98) 0.539 t
Oxygen Saturation 89 (83-94) 89 (85-94) 88 (81-94) 0.552 m-w
Respiratory Rate 24 (22-28) 25 (22-28) 24 (22-28) 0.188 m-w
Symptoms

Temperature 37.8 (37.2-38.2) 37.7 (37.2-38.1) 37.9 (37.1-38.2) 0.775 m-w
Cough (Yes) 62 (84.9) 23 (100) 39 (78) 0.015 $
Hemoptysis (Yes) 2 (2.7) | (4.3) 1(2) 0.568 e
Shortness of Breath (Yes) 62 (84.9) 20 (87) 42 (84) 0.743 e
Runny Nose (Yes) 3 4.1) 0 (0) 3(6) 0.230 $
Nasal Congestion (Yes) 2 (2.7) 0 (0) 2 (4) 0.331 e
Sore Throat (Yes) 18 (24.7) 6 (26.1) 12 (24) 0.848 $
GIT symptoms (Yes) 9 (12.3) 2 (8.7) 7 (14) 0.522 e
Headache (Yes) 7 (9.6) 2 (8.7) 5 (10) 0.860 e

Notes: x> = Chi-square test, m-w = Mann—Whitney test, t = Student’s t-test. Data were expressed as count (%) unless otherwise and a p-value of <0.05 was considered

significant.
Abbreviation: GIT, gastrointestinal tract.
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Table 2 Baseline Comorbidities and Complications of COVID |9 Patients Admitted in ICU

Variables All (n=73) Survivors (n=23) Non-Survivors (n=50) p value Test
Comorbidities

Hypertension (Yes) 22 (30.1) 4 (17.4) 18 (36) 0.107 N
Diabetes (Yes) 32 (43.8) 8 (34.8) 24 (48) 0.290 e
Cardiovascular Disease (Yes) Il (15.1) 2 (8.7) 9 (18) 0.302 r
Lung Disease (Yes) 5(6.8) 2 (8.7) 3 (6) 0.672 N
Cerebrovascular Disease (Yes) 2 (2.7) 0 (0) 2 (4 0.331 r
Kidney Disease (Yes) 1 (1.4) 0 (0) 1 (2) 0.495 r
Malignancy (Yes) I (1.4) 1 (4.3) 0 (0) 0.138 N
Liver Disease (Yes) I (1.4) 0 (0) I (2) 0.495 e
Autoimmune (Yes) I (1.4) 1 (4.3) 0 (0) 0.138 e
Complications

Septic Shock (Yes) 42 (57.5) 0 (0) 42 (84) < 0.001 e
Pneumonia (Yes) 73 (100) 23 (100) 50 (100) 1.000 e
ARDS (Yes) 63 (86.3) 15 (65.2) 48 (96) < 0.001 r
AKI (Yes) 41 (56.2) 4 (17.4) 37 (74) < 0.001 e
Cardiac Injury (Yes) 3410 1 (4.3) 24 0.945 e
DIC (Yes) 2(27) 0 (0) 2 (4) 0.331 r

Notes: Data were expressed as count (%) unless otherwise and a p-value of <0.05 was considered significant.
Abbreviations: ARDS, acute respiratory distress syndrome; AKI, acute kidney injury; DIC, disseminated intravascular coagulation.

respiratory  distress syndrome (ARDS) complication
among non-survivors as compared to survivors of
COVID-19 in ICU (% ARDS: 652% vs 90%; p <
0.001). Moreover, we noticed that the proportion of
COVID-19 patients admitted in ICU with acute kidney
injury (AKI) complication are significantly higher in
non-survivors when compared to survivors (% AKI: 74%
vs 17.4%, p < 0.001).

Next, we analyzed and summarized the baseline
laboratory findings of survivors and non-survivors
admitted in ICU with laboratory confirmed COVID-19
infection, as presented in Table 3. From the results, most
of the markers do not show a significant difference
between survivor and non-survivor of COVID-19 patients
in ICU at 0.05 significance level, except for Neutrophil
count, D-dimer, and blood urea nitrogen (BUN).

The study examined the correlation between laboratory
findings using Spearman correlation and the results were
summarized as in Table 4. Spearman correlation was
employed as almost all of the variables from laboratory
findings showed a significant violation of normality
assumption. Using the strength guideline by Chan,®
WBC count vs neutrophil count, neutrophil count vs
D-dimer, neutrophil count vs NLR Ratio, ALT vs AST,
and Creatinine vs BUN have a significant moderate

correlation.

However, Table 5 summarized the univariate (unad-
justed) and multivariate (adjusted) Firth’s logistic regres-
of COVID-19 patient’s
mortality in ICU. From the results, all factors showed a

sion for predictors/factors
significant impact on the mortality of COVID-19 patients
in ICU. Control factor — gender is the only factor that did
not indicate a significant relationship to the mortality of
the study sample. After controlling demographic covari-
ates and factors/predictors of interest, clearly only septic
shock complication (OR (95% CI): 58.1 (5.97-7812.8), p
< 0.001) and AKI complication (OR (95% CI): 7.279
(1.191-65.43), p = 0.032) have significant impact on the
mortality of COVID-19 patients admitted in ICU. The OR
of 58.1 for septic shock means that the odd to die for
COVID-19 patients with septic shock complication when
admitted to ICU is 58.1 times higher than those who do
not exhibit septic shock complication. Then, the OR of
7.279 for AKI indicates that the odd for COVID-19
patients with AKI complication to die when they were
admitted to ICU is about 7.3 times higher than those
who do not have AKI complication.

Moreover, Table 6 summarizes the univariate (unad-
justed) and multivariate (adjusted) Cox proportional
hazards regression for predictors/factors of COVID-19
patient’s mortality in ICU. After adjusting for all the
demographic as control variable, and predictors/ factors

https:
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Table 3 Baseline Laboratory Findings of COVID |9 Patients Admitted in ICU

Variables All (n=73) Survivors (n=23) Non-Survivors (n=50) p value Test
Laboratory Findings

WBC count 8.7 (5.8-11.4) 6.9 (5.6-11.4) 9.7 (5.8-11.7) 0.204 m-w
Hemoglobin 13.5 (13.1-13.9) 13.8 (13-14.5) 13.4 (13-13.8) 0.380 t test
Neutrophil count 7.5 (4.7-10.9) 6 (3.7-8.8) 9.2 (5.1-16.7) 0.011 m-w
Lymphocyte count 1.26 (0.7-1.8) 1.1 (0.6—1.44) 1.3 (0.71-2.3) 0.275 m-w
Platelet 218 (197-239) 210 (180-240) 221 (193-249) 0.624 t test
D-dimer 1.3 (0.8-2.18) 1.16 (0.46—1.35) 1.51 (0.85-3.25) 0.003 m-w
CRP 156.1 (135.6—-176.6) 153.2 (114.1-192.4) 157.4 (132.6-182.3) 0.851 t test
LDH 535 (418-707) 535 (353-724) 535 (418-707) 0.722 m-w
ALT 37 (25-53) 31 (23-45) 38.5 (28-59) 0.077 m-w
AST 53 (34-72) 53 (28-61) 53.5 (34-75) 0419 m-w
Total bilirubin 10.1 (7-14) Il (7-13.5) 10 (7.8-15) 0.894 m-w
BUN 5.6 (3.7-7.9) 44 (3.1-6.1) 6.1 (3.8-8.9) 0.026 m-w
Creatinine 82.7 (66.4-114) 73 (64-94) 87.4 (71-129) 0.060 m-w
Ferritin 1378 (794-1970) 1317 (471-1549) 1437 (881-2401) 0.363 m-w
NLR Ratio 6.2 (3.5-12) 5.4 (3.8-9.1) 7.1 (3.5-14.4) 0.291 m-w
Blood culture (Yes) 8 (1) 0 (0) 8 (16) 0.042 X2

Notes: Data were expressed as count (%) unless otherwise and a p-value of <0.05 was considered significant.
Abbreviations: WBC, white blood cell; CRP, C-reactive protein; LDH, lactate dehydrogenase; ALT, alanine transaminase; AST, aspartate transaminase; BUN, blood urea

nitrogen; NLR, neutrophil-lymphocyte ratio.

of interest, septic shock (HR (95% CI): 9.502 (2.958—
30.524), p < 0.001) and neutrophil count (HR (95% CI):
1.053 (1.023-1.085), p < 0.001) were found to be signifi-
cant predictor for mortality among COVID-19 patients in
ICU. For septic shock, the HR of 9.5 indicates that the
expected hazard (death) of COVID-19 patients in ICU
with such complication is 9.5 times than those who do
not have. On the other hand, the HR value of 1.053 for
neutrophil count implying that each unit increase in neu-
trophil count, the expected hazard (death) of COVID-19
patients in ICU increase by 5.3%. Figure 1 shows more
illustrations in the forest plot of independent clinical vari-
ables predicting death in COVID-19 patients admitted to
the ICU.

Discussion

In this study, we utilized the clinical and laboratory data of
severe COVID-19 patients admitted in the ICU from five
hospitals in Saudi Arabia to predict their potential out-
comes. Our findings displayed a high mortality rate of
58.1% for our COVID-19 patients admitted to the ICU.
A report from the United States showed that the death rate
of COVID-19 patients in the ICU was approximately 67%
compared to 32% in the United
Kingdom.'?> According to a systematic review done in
May 2020, the overall ICU mortality rate of COVID-19

in Washington,'?

patients was 25.7%."'* In China, the overall ICU mortality
rate was around 38%, and interestingly very few of those
patients had a chance to be mechanically ventilated. This
difference seems to be due to a larger sample size as
reports from China that had a sample size similar to ours
had mortality rates of up to 61.5%.'> Moreover, 77/86
(89.5%) of our patients required mechanical ventilation
and a study from Wuhan shown that 97% of patients
who required invasive mechanical ventilation died.'®
Shortness of breath was present in about 85% of our
patients, which is in concordance with a meta-analysis
that proved dyspnea in the COVID-19 patients admitted
to the ICU was six times more than in the non-ICU group.-
7 Our study revealed that patients who died were older
than the survivors and that is consistent with findings from
all over the world."®'"” Age appears to be a major risk
factor that predicts progression of COVID-19 patients to
ARDS and need for ICU admission and the incidence of
complications in the geriatric population are considerably
high, with more systemic complications.”® Survivors in
our cohort had a higher cough symptom rate compared
to the ones that succumbed to death (100% vs 78%; p =
0.015), which suggests that presenting with cough may be
more associated with moderate COVID-19 severity or
severe COVID-19 with other features associated with a

better survival outcome.”! Although a review of multiple
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Table 4 Significant

Correlation Between Laboratory Variables

Findings

Variable | Variable 2 Correlation Strength
WBC Count Neutrophil count 0.718** Moderate
WBC Count Platelet 0.544*+* Fair
WBC Count D-dimer 0.570%* Fair
WBC Count CRP 0.426** Fair
WBC Count BUN 0.271* Poor
WBC Count NLR Ratio 0.599** Fair
Hemoglobin BUN —0.262* Poor
Hemoglobin Ferritin 0.232* Poor
Neutrophil count Platelet 0.438** Fair
Neutrophil count D-dimer 0.609** Moderate
Neutrophil count CRP 0.373%* Fair
Neutrophil count ALT 0.278* Poor
Neutrophil count BUN 0.248* Poor
Neutrophil count Creatinine 0.242* Poor
Neutrophil count NLR Ratio 0.646** Moderate
Lymphocyte Count Total Bilirubin -0.266* Poor
Lymphocyte Count NLR Ratio —0.550%* Fair
Platelet CRP 0.279* Poor
Platelet NLR Ratio 0.298* Poor
D-dimer CRP 0.334%* Fair
D-dimer LDH 0.347%* Fair
D-dimer BUN 0.407** Fair
D-dimer Creatinine 0.272%* Poor
D-dimer NLR Ratio 0.377%* Fair

CRP LDH 0.260* Poor
CRP NLR Ratio 0.4007%* Fair

LDH AST 0.357°%* Fair

LDH Creatinine 0.254* Poor
ALT AST 0.598** Moderate
ALT Ferritin 0.452%* Fair

AST Ferritin 0.407*+* Fair
Creatinine BUN 0.7 14 Moderate

Notes: Data were expressed as count (%) unless otherwise. *P value less than 0.01
significant level. **P value less than 0.05 significant level.
Abbreviations: WBC, white blood cell; CRP, C-reactive protein; LDH, lactate
dehydrogenase; ALT, alanine transaminase; AST, aspartate transaminase; BUN,
blood urea nitrogen; NLR, neutrophil-lymphocyte ratio.

studies had illustrated that cough was associated with
severe disease (OR 1.63, 95% CI 1.03-2.60), it was not
linked with ICU admission.'” However, since cough and
fever are the most common presenting symptoms of
COVID-19, it is difficult to infer and relate these symp-
toms to the patient’s management outcomes. Despite the
fact that there have been large advancements in research-
ing sepsis throughout the years, sepsis is as yet one of the
main causes of mortality in ICUs.**** Reports from the
United States reveal that in nearly 70% of their COVID-19
patients, septic shock was severe enough to necessitate
medications to support the heart and circulation.'*** Our
study indicates that 84% of patients who died suffered

from septic shock (p < 0.001) and that septic shock was
indicative of expected death in COVID-19 patients
admitted in the ICU (OR = 58.1, HR = 9.)5).
Unfortunately, viral sepsis caused by SARS-CoV-2 has a
high rate of being missed and thus daily evaluation of
sepsis-related Sequential Organ Failure Assessment
(SOFA) score and Multiple Organ Dysfunction (MOD)
score is essential for early diagnosis, treatment, and pre-
vention of septic shock and multi-organ dysfunction con-
sequences in COVID-19 patients admitted in the ICU.*
Similarly, hypogammaglobulinemia that leads to bacterial
pneumonia may also be missed during the chaotic situation
of COVID-19.%° Regarding complications, AKI and
ARDS were associated with grave outcomes in our
patients (p <0.001). Research has shown that COVID-19
causes exuberant lung inflammation and can result in
ARDS and respiratory failure. ARDS is usually more
prevalent in severe COVID-19 patients and this may be
due to the presence of higher levels of interleukin-6 (IL-6)
and tissue necrosis factor-alpha (TNF-a)).”” The elevated
levels of cytokine or hypercytokinemia leads to ARDS
along with multiple organ damage.”® Although an article
had corroborated the advantage of using prednisone in
COVID-19 patients," utilizing high-dose corticosteroids
in critically ill patients is complicated and must be used
with extreme care to avoid aggravating complications by
worsening laboratory parameters and risk of death.?=°
Our findings revealed that AKI was an indicator of severe
infection and death (OR (95% CI): 7.279 (1.191-65.43), p
= 0.032). Literature reports that the Asian population had
the lowest pooled incidence rate of AKI at 5.5%.’'
Recently, 12 hospitals in New York reported that an esti-
mated 27% of their admitted patients had AKI, however,
death among the AKI group was not reported.’> Our
analysis suggested a significant moderate correlation
between WBC count vs neutrophil count, neutrophil
count vs D-dimer, neutrophil count vs NLR Ratio, ALT
vs AST, and creatinine vs BUN. In our study, neutrophil
count (HR (95% CI): 1.053 (1.023-1.085), p < 0.001) was
shown to predict clinical severity in ICU patients with
COVID-19, this finding agrees with a systematic review
that proven this laboratory parameter was feasible and
cost-effective predictor for mortality among COVID-19
patients in ICU.>® Our patient sample was from the ICU,
which is a high mortality group, thus neutrophil-lympho-
cyte ratio (NLR), CRP, ferritin, and inflammatory markers
readings in this study could be highly biased towards a
higher value. This could explain why the proven high
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Table 5 Logistic Regression Model for Death Among COVID-19 Patients in ICU

Predictors Unadjusted Adjusted
Odds Ratio (Cl 95%) P Odds Ratio (Cl 95%) P

Control
Gender 2.586 (0.516-25.613) 0.269 0.988 (0.914-1.052) 0.716
Age 1.041 (1.007-1.08) 0.017 6.653 (0.577-114.634) 0.128
Interested
Cough 0.073 (0.001-0.608) 0.010 0.1 (0-5.039) 0.234
Septic Shock 235 (27.8-30919.2) < 0.001 58.1 (5.97-7812.8) < 0.001
ARDS 10.639 (2.6-61.064) < 0.001 0.513 (0.048—4.318) 0.532
AKI 12.037 (3.9-44.572) < 0.001 7.279 (1.191-65.43) 0.032
Neutrophil 1.13 (1.008-1.319) 0.009 1 (0.934-1.149) 0.995
D-dimer 2.141 (1.233-4.63) 0.002 1.104 (0.39-2.136) 0.737
BUN 1.223 (1.026—1.554) 0.014 0.934 (0.801-1.465) 0.398
Blood Culture 9.4 (1.086—1235.421) 0.040 0.195 (0-2503.576) 0.588

Note: A p value of <0.05 was considered significant.

Abbreviations: BUN, blood urea nitrogen; ARDS, acute respiratory distress syndrome; AKI, acute kidney injury.

Table 6 Cox Regression Model for Death Among COVID-19 Patients in ICU
Predictors Unadjusted Adjusted

Hazard Ratio (CI 95%) P Hazard Ratio (Cl 95%) P

Control
Gender 1.304 (0.585-2.903) 0.516 0.976 (0.951-1) 0.054
Age 1.016 (0.998-1.033) 0.082 1.894 (0.75-4.78) 0.176
Interested
Cough 0.338 (0.172-0.665) 0.002 0.969 (0.381-2.463) 0.948
Septic Shock 13.64 (5.832-31.89) <0.001 9.502 (2.958-30.524) < 0.001
ARDS 6.191 (1.501-25.54) 0.012 1.2 (0.226—-6.364) 0.831
AKI 2.931 (1.534-5.602) 0.001 2.059 (0.641-6.612) 0.225
Neutrophil 1.058 (1.036—1.079) <0.001 1.053 (1.023-1.085) < 0.001
D-dimer 1.438 (1.252-1.651) <0.001 1.015 (0.841-1.225) 0.876
BUN 1.048 (1.015-1.082) 0.004 1.009 (0.966—1.053) 0.699
Blood Culture 14.33 (5.816-35.3) <0.001 1.642 (0.247-10.902) 0.608

Note: A p-value of <0.05 was considered significant.

Abbreviations: BUN, blood urea nitrogen; ARDS, acute respiratory distress syndrome; AKI, acute kidney injury.

NLR, CRP, and ferritin levels did not significantly discri-
minate survival versus death of our COVID-19 patients in
the ICU. Other studies that found these markers to be
predictive of worsening disease had included mild and
moderate COVID-19 cases admitted to the hospital in
their sample of analysis and had a mortality rate of about
8-15%,'® compared to our mortality rate of about 60%.
Studies have exhibited a correlation of severe cases,
thrombosis, mortality, and a longer ICU stay with eleva-
tions in inflammatory markers and coagulation markers in
COVID-19 patients.** This is

because the infection

triggers the coagulation system and there is a correlation
of these markers with the activation of the proinflamma-
tory cytokine cascade.’> Multiple studies indicate that
higher NLR values were noticed in the severe group on
hospital admission, augmented exponentially compared to
those in the mild or moderate group, and were connected
with mortality.*®>® Ferritin has also proven to be a valu-
able marker for COVID-19 severity and it was discovered
that elevated ferritin was linked with a longer viral clear-
ance time.”” Increased levels of CRP have also been
shown to be prognostic in assessing the severity of
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Variable N Hazard ratio o]
Age 73 - 0.98 (0.95, 1.00) 0.05
Gender 73 ’ L 1.89 (0.75, 4.78) 0.18
Cough 73 : . 0.97 (0.38, 2.46) 0.95
SepticShock 73 L | 9.50 (2.96, 30.52) <0.001
ARDS 73 | - 1.20 (0.23, 6.36) 0.83
AKI 73 ' L 2.06 (0.64, 6.61) 0.23
Neutrophil 73 - 1.05 (1.02, 1.08) <0.001
DDimer 73 '--' 1.02 (0.84, 1.23) 0.88
BUN 73 - 1.01 (0.97, 1.05) 0.70
BloodCulture 73 : L 1.64 (0.25, 10.90) 0.61

0.5 1 2

10 20

Figure | Forest plot of independent clinical variables predicting death in COVID-19 patients admitted to the ICU.

COVID-19.*"*? In a recent study by*' D-dimer levels
were increased far out of proportion to any abnormalities
in the PT/INR, activated PTT, fibrinogen level, or platelet
count; these findings are uncharacteristic of DIC as cur-
rently understood.** Understanding the pathogenesis of
these mediators in COVID-19 may guide in developing
targeted effective therapeutic interventions.** These valu-
able predictive markers should be effectively monitored
and appropriate interventions should be provided.

This study had several limitations. Firstly, this is short-
term cross-sectional retrospective observational study. A
prospective study would give us better insight into the
predictors of outcomes in severe COVID-19 patients.
Secondly, some data were not in the case review form,
eg, PO,/FiO,, which prevented us from including the
APACHE I score in our analysis. We also did not study
the impact of hypogammaglobulinemia on mortality of
ICU admitted patients. Lastly, our sample size was small
due to our emphasis on critically ill COVID-19 patients.
We did not compare the severe patients with the mild to
moderate severity patients. Collaboration with more
national hospitals would lead to a larger cohort and a
more accurate analysis.

Conclusion

This cross-sectional study investigated the impact of
inflammatory markers and complications in the ICU on
the outcomes of 73 severe COVID-19 patients in the Saudi

population. Septic shock, AKI, and high neutrophil count
were found to be predictive of death in these patients.
Further
Mediterranean region to aid efficient recognition and man-

research is needed from the Eastern

agement of severe COVID-19 patients in our population.
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