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Abstract

Background: Survival rates of severe COVID-19 has increased. Despite that COVID-19 appears to leave sequelae, hence
the need of critical care and mortality after prolonged treatment. There were not many studies which investigated critically
ill post COVID-19 patients. This study aimed to analyze clinical profiles and their relationship to outcomes of critically ill
post-COVID-19 patients in a regular (non COVID-19) ICU at a tertiary hospital in Indonesia.

Materials and methods: This single-centre, retrospective study was conducted at Dr. Soetomo General Hospital,
Indonesia between March 1st and October 31st, 2021 with total sampling method. Subjects were post COVID-19 patients
from the COVID-19 ICU and ward who have been declared RT-PCR negative twice but require further intensive care in
the regular ICU. Bivariate analysis was performed using chi-square, Mann-Whitney, and independent t-test. Multivariate
analysis was carried out by logistic regression. The results were considered significant when p<0.05.

Results: The study included 76 critically ill patients who had completed their COVID-19 treatment in the COVID-19
ward or COVID-19 ICU and required further intensive care. Bivariate analysis shwed obesity (p 0.047), CNS disease (p
0.038), complications in the form of sepsis (p 0.002), secondary infection (p 0.001), and the presence of MDRO (p 0.017)
were significantly associated with mortality. Multivariate analysis showed risk factors of mortality were complications
that were AKI, cardiac complications, secondary infection, sepsis and non COVID-19 ICU LOS.

Conclusion: Complications AKI, cardiac complications, sepsis, and secondary infection were risk factors for mortality in
critically ill post COVID-19 patients in the ICU.
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1. Intoduction

COVID-19 has affected many countries since it was declared a pandemic in March 2020. Various efforts
have been made to reduce the spread and mortality of COVID-19, including vaccination campaigns and
periodic social restrictions, as well as studies on the best treatment methods, particularly for patients with
severe and critical COVID-19 manifestations. Overall survival rates increased in critically ill COVID-19
patients in 2021 [1]. However the increasing survival rate has not solved the problem because it turns out that
COVID-19 can leave sequelae, the need for Intensive Care Unit (ICU) care, and even death after prolonged
treatment or post-COVID-19 readmission [2, 3].

There is no precise data regarding complications or profiles and outcomes for critically ill post COVID-19
patients, especially in Indonesia. This study aims to analyze clinical profiles and their relationship to outcomes
of critically ill post COVID-19 patients in a regular (hon COVID-19) ICU at a tertiary hospital in Indonesia.
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2. Materials and Methods

This single-centre, retrospective study was conducted at Dr. Soetomo General Hospital in Surabaya, East
Java, Indonesia. The study was conducted with approval of the local ethics committee. The research period
was between March 1st, 2020, and October 31st, 2021, with total sampling method. As many as 76 post
COVID-19 hospitalized patients from the COVID-19 ICU and COVID-19 ward have been declared RT-PCR
negative twice but require further intensive care. These patients were transferred to a standard ICU (non
COVID-19) room for further treatment. Demographic data, including comorbidities, length of stay (LOS) in
the non COVID-19 ICU, complications during treatment, and outcomes, were obtained from patients’ medical
records.

The Kolmogorov-Smirnoff normality test was first used before performing descriptive analysis. The data
were tabulated, the number and percentage displayed in the mean + SD (standard deviation) for normally
distributed data and the median (min-max) for non-normally distributed data. Bivariate analysis was
performed using chi-square test for categorical variables and Mann-Whitney test (non-parametric) or
independent t-test (non-parametric) for continuous variables. Multivariate analysis was carried out by logistic
regression to find risk factors for mortality. The results were considered significant when p<0.05.

3. Results

The study included 76 critically ill patients who had completed their COVID-19 treatment in the COVID-
19 ward or COVID-19 ICU and required further intensive care. Median age was 51.5 years, 55.3% of the
patients were men. The oldest patient was 76 years old and the youngest was 19 years old. A total of 18 (23.7
%) critically ill post COVID-19 patients had no comorbidities. The rest of them had at least one comorbidity,
with Diabetes Mellitus being the most common (43.4%) one. The most common complications during non
COVID-19 ICU treatment were respiratory complications, including difficulty weaning from the ventilator,
diaphragmatic muscle weakness, low PaO2/FiO2 ratio with or without pneumonia, and pneumothorax. A total
of 51 patients (67.1 %) were alive when discharged from the non COVID-19 ICU. Table 1 displays data on
patient characteristics.

The bivariate analysis of the outcome revealed that obesity (BMI>30 kg/m2) (p 0.047), Centra Nervous
System (CNS) disease (p 0.038), treatment complications in the form of sepsis (p 0.002), secondary infection
(p 0.001), and the presence of Multidrug Resistance Organisms (MDRO) (p 0.017) were significantly
associated with the outcome of post COVID-19 critical patients in non COVID-19 ICU as seen in table 2. In
this study, sepsis could be described as a condition that has persisted since the COVID-19 ICU treatment
period or as a secondary infection in a non COVID-19 ICU room in critically ill post COVID-19 patients.

Secondary infections were recorded in 30.3% of the study's population, where bacteria were detected as
pathogens in blood cultures, urine cultures, or sputum cultures of critically ill post COVID-19 patients taken
after 48 hours of treatment in the non COVID-19 ICU and accompanied by infection symptoms. MDRO
organisms were discovered in 25% of the study population. Acinetobacter baumanii was the most frequent
MDRO pathogen, followed by Kilebsiella pneumoniae and Pseudomonas aeruginosa. There are
Staphylococcus epidermidis and Candida spp. as non MDRO potential pathogens. Based on culture results,
most infections emerged from the patient's sputum.

The multivariate test discovered five factors that influence the patient's mortality outcome, including the
incidence of acute kidney injury [4]. Cardiac disorders such as arrhythmia, myocardial infarction, or heart
failure, secondary infection in non COVID-19 ICU, sepsis, and length of stay in non COVID-19 ICU rooms.
Patients who were critically ill after COVID-19 and had complication Acute Kidney Injury (AKI) (p 0.002)
had a 16-fold higher risk of mortality than patients who did not have AKI with OR = 16.16 (95 percent
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confidence interval = 2.84 — 91.78). Non COVID-19 ICU LOS was negatively related to mortality with OR =
0.89 (95 percent confidence interval = 0.82 — 0.97). Table 3 shows the details of the multivariate analysis
results.

Table 1. Patients characteristics.

Variables (mean * SD) N (76) Percentages (%0) Median (min — max)
Sex
Male 42 55.3
Female 34 44.7
Age (50.08 + 13.38) 51.50 (19 - 76)"
BMI (26.02 + 5.69) 24.80 (18.37 — 61.68)

Comorbidities

No comorbidities 18 23.7
1 comorbidity 29 38.2
>1 comorbidities 29 38.2
Diabetes Mellitus 33 434
Hypertension 23 30.3
Chronic Kidney Disease 9 11.8
Obesity 8 10.5
Chronic Liver Disease 7 9.2
Central Nervous System Disease 5 6.6
Cardiac Disease 5 6.6
Chronic Lung Disease 3 3.9
Autoimune Disease 3 3.9
Treatment Complications
Respiratory Complication 55 72.4
Sepsis 43 56.6
Secondary Infection 23 30.3
Acute Kidney Injury 22 28.9
Acute Liver Dysfunction 21 27.6
Cardiac Complications 12 15.8
Length of stay
Non COVID-19 ICU (8.55 * 7.52) 7(1-43)
Outcomes
Survived 51 67.1
Dead 25 329
4. Discussion

Indonesia is one of the countries that still limits patient care in the COVID-19 treatment room based on RT-
PCR results and clinical symptoms. Due to the limited public facilities for treating critical COVID-19 patients,
the Indonesian government has established a standard operating procedure (SOP) for acute COVID-19
patients treated in the isolation ICU. If the patient's RT-PCR results have been negative for two examinations,
but the patient still requires intensive care, the patient will be transferred to the regular non COVID-19 ICU so
that the isolation ICU can be used for new patients who are critical and had a positive RT-PCR test result.
There are not many studies that analyze critically ill patients after COVID-19, but the findings in this study
were consistent with other studies.

In this study, we discovered that most patients who still required further critical care post COVID-19
infection were men, most common comorbidities were diabetes mellitus, hypertension, chronic kidney
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disease, obesity. The non COVID-19 ICU mortality rate was 32.9%. Previous research that compared the
characteristics of each wave of the COVID-19 pandemic had similar results, most of the patients were men
and the most common comorbidities were hypertension, obesity, and diabetes mellitus. High Flow Nasal
Cannula (HFNC) use increased during the second and third periods of the COVID-19 pandemic [5]. Another
study with more than 1,000 participants obtained similar results, showing that more than half of the patients
requiring hospital treatment were men, and nearly 20% needed ICU care. The ICU mortality outcome was

30.6% [6].

Table 2. Bivariate analysis.

Variables Survived (N = 51) Died (N = 25) p
Sex
Male 28 14 1.000
Female 23 11
Age 47.98 + 13.43 (years) 54.36 + 12.46 (years) 0.050
BMI 24.22 (18.37 — 37.65) 25.39 (21.48 — 61. 68) 0.558
Comorbidities
No comorbidities 15 3
1 comorbidity 19 10 0.209
>1 comorbidities 17 12
Diabetes Mellitus 18/51 15/25 0.073
Hypertension 14/51 9/25 0.620
Chronic Kidney Disease 5/51 4/25 0.465
Obesity 8/51 0/25 0.047*
Chronic Liver Disease 4/51 3/25 0.678
Central Nervous System Disease 1/51 4/25 0.038*
Cardiac Disease 2/51 3/25 0.324
Chronic Lung Disease 3/51 0/25 0.209
Autoimune Disease 3/51 0/25 0.547
Treatment Complications
Respiratory Complication 36/51 19/25 0.824
Sepsis 22/51 21/25 0.002*
Secondary Infection 8/51 15/25 0.001*
Acute Kidney Injury 7/51 15/25 1.000
Acute Liver Dysfunction 14/51 7125 1.000
Cardiac Complications 5/51 7125 0.052
Presence of Multi-drug Resistance 8/51 11/25 0.017*
Organisms
Length of stay
Non COVID-19 ICU 7 (1-43) 6 (1-26) 0.239
Table 3. Multivariate analysis.
Variables B p OR Cl 95%
Acute Kidney Injury 2.78 0.002 16.16 2.84-91.78
Cardiac Complications 2.73 0.023 15.29 1.45 -160.98
Secondary Infection 2.38 0.007 10.83 1.94 - 60.45
Sepsis 2.89 0.024 10.83 1.94 — 60.45
Non COVID-19 ICU LOS -0.11 0.008 0.89 0.82 -0.97
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This study population consisted of critically ill patients who survived the COVID-19 infection period
(twice negative RT-PCR) but required post COVID-19 intensive care. We observed a similar age range to
other studies that noted intensive care for post COVID-19 patients [2, 3]. Older age is at risk for more
comorbidities and there is an increased risk of mortality at age >50 years old in COVID-19 patients [7].
However, in this study age, BMI, and gender were not significant predictors of a bad outcome in critically ill
post COVID-19 patients.

Similar to COVID-19 patients in China who also used negative RT-PCR as a conditions in the treatment of
post COVID-19 [8, 9], this study showed that non COVID-19 ICU LOS tended to be shorter for non
survivors. Respiratory complications (72.4%) or difficulty weaning and secondary infection (30.3%) were the
most common complications during treatment. Another study found that the highest number of deaths
occurred in patients with an ICU LOS of 1 to 10 days, while patients with more than ten days in the ICU had a
65% ICU survival. Ventilator dependency, secondary infection, and coma may cause prolonged ICU stays
[10].

The most common comorbidity in the COVID-19 population in Indonesia is hypertension, followed by
diabetes mellitus and cardiovascular comorbidities. These comorbidities were also associated with worse
outcome and longer LOS [5, 11]. Comorbidity was significantly associated with an increased risk of mortality.
Kidney disease had the highest risk, followed by cerebral vascular disease, heart disease, lung disease,
diabetes, hypertension, and cancer. The chronic liver disease did not significantly increase the risk of mortality
in post COVID-19 patients [7].

Obesity related to a pro-inflammatory condition that linked to insulin resistance, metabolic syndrome, and
prothrombotic disorders, worsening the body's immune response to pathogens, including COVID-19. It was
one of the most common comorbidities and a predictor of poor outcomes in COVID-19 research [5, 12, 13]. In
this study, statistical analysis revealed that comorbidities such as obesity and CNS diseases, including stroke
and epilepsy, were significantly associated with outcomes but were not risk factors for mortality.

In this study population, AKI was the most significant risk factor for mortality, followed by cardiovascular
disorders, secondary infections, and sepsis. AKI is one of the clinical complications associated with mortality,
depending on the stage. The higher the stage of AKI, the greater the risk of mortality. Patients with AKI are
also at risk for developing Chronic Kidney Disease (CKD) in the future and Acute on Chronic Kidney Disease
(ACKD) may worsen the progression of CKD in these patients. For this reason, it is emphasized that AKI
should be prevented in various ways [14]. Another study in Indonesia also found that AKI was significantly
associated with mortality in ICU patients [15, 16].

The most common cardiac complications discovered in this study were arrhythmias and cardiac ischemia
with or without heart disease comorbidity. Another study found arrhythmias to be the most common
complication and a risk factor for mortality in the care of patients in the ICU in a population of COVID-19
and non COVID-19 patients with Community Acquired Pneumonia (CAP). Conditions like atrial fibrillation
or ventricular tachycardia can trigger other complications such as stroke, heart failure, and even death. Every
occurrence of arrhythmia needs to be found and treated for its cause [17, 18].

Ventilator Associated Pneumonia (VAP) was the most common complication of COVID-19 patients and a
predictor of COVID-19 ICU mortality [5]. Some of the causes and complications of intensive care are sepsis
and secondary infections. The most common causes of sepsis are respiratory tract and abdominal infections,
nosocomial infections related to catheter and ventilator usage during ICU care. Death due to sepsis is more
common in developing countries than in developed countries. The length of stay in the ICU also increased
compared to patients who did not have sepsis. Acinetobacter baumanii infection increases with mechanical
ventilation and predicts poor outcomes in ICU patients [19, 20].
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This study's limitations included the small number of samples and the lack of analysis on therapeutic
variables that may influence the outcome. Due to the sheer limitation, viewers must interpret some findings
with caution. The results may differ if the study were conducted on a larger scale or in multiple centers.

5. Conclusion
Comorbidities like obesity, CNS disease, sepsis, and MDRO secondary infection affected the patient's

outcome. Complications AKI, cardiac complications, sepsis, and secondary infection were risk factors for
mortality in critically ill post COVID-19 patients in the ICU.
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