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Abstract: Background: Understanding the clinical presentation and outcomes of critically ill patients with
ARDS caused by SARS-CoV-2 has been crucial for identifying immediate therapeutic interventions and
guiding future treatment strategies. This study aimed to determine the survival of critically ill patients with
ARDS caused by SARS-CoV-2 and identify factors associated with mortality. Methods: A retrospective
observational study was conducted in an ICU (March 2020 - March 2023). Inclusion criteria: patients >18 years
with confirmed COVID-19 by PCR. Exclusion criteria: negative PCR, death within 24 hours, or absence of
invasive mechanical ventilation. Demographic, clinical, and treatment data were collected and analyzed using
descriptive statistics, logistic regression, and Kaplan-Meier methods. Results: A total of 157 patients were
included, with a mean age of 62.8 years and male predominance (74.5%). The mortality rate was 58.6%, and 90-
day survival was 41.4%. Factors such as AKI (OR = 3.4), hemodynamic failure (OR = 6.5), and elevated lactate
(OR =0.201) were linked to higher mortality. Conclusion: The 90-day survival rate in critically ill patients with
ARDS due to COVID-19 was 41.4%. AKI, hemodynamic failure, and elevated lactate significantly increased
mortality risk, especially when AKI and hemodynamic failure coexisted (26.7%).
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1. Introduction

In December 2019, the Wuhan Municipal Health Commission identified and reported 27 cases
of pneumonia of unknown etiology, characterized by fever, dyspnea, and bilateral pulmonary
infiltrates on chest X-rays in Wuhan City, Hubei Province, China.[1] On January 7, 2020, the causative
agent was identified from oropharyngeal and nasopharyngeal swab samples conducted by the
Chinese Center for Disease Control and Prevention. The pathogen was found to be a virus genetically
related to the Severe Acute Respiratory Syndrome (SARS-CoV) outbreak of 2002-2003 and was
therefore named SARS-CoV-2. [2] By January 17, 2020, 44 cases of infection by the novel coronavirus
(2019-nCoV) had been confirmed, 7 of which developed severe illness. Of these, 2 elderly adults with
chronic-degenerative diseases died due to multiple organ failure and Acute Respiratory Distress
Syndrome (ARDS).[3]

On February 11, 2020, the World Health Organization (WHO), in collaboration with the World
Organization for Animal Health and the Food and Agriculture Organization of the United Nations,
officially named the disease: coronavirus disease 2019 (COronaVIrus Disease 2019 [COVID-19]).[4-
6] In Mexico, the first COVID-19 case was reported on February 27, 2020; the first case of critical
COVID-19 with ARDS treated in the Intensive Care Unit (ICU) of the South Central High Specialty
Hospital (Health Services of Petréleos Mexicanos) was reported on March 21, 2020.[7-9]

Pathophysiologically, the local and systemic response mechanisms are multiple, and the
primary organs affected include the respiratory system (pneumonia, severe pneumonia, and acute
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respiratory failure syndrome), cardiovascular system (vascular inflammation, acute myocardial
injury, myocarditis, arrhythmias, venous thromboembolism), and kidneys (Acute Kidney Injury
[AKI]).(10)

Several meta-analyses have confirmed that age, gender (male), cardiovascular diseases
(hypertension), diabetes, chronic obstructive pulmonary disease (COPD), and cancer are major risk
factors for critical COVID-19 and mortality.[11,12] Most patients (90%) with COVID-19 have
developed mild symptoms such as fever and/or cough, and dyspnea, myalgia, headache, arthralgia,
and/or sore throat, which resolved without specific intervention (symptomatic treatment); however,
others (10%) have developed symptoms requiring hospitalization (pneumonia) and 5% experienced
complications such as severe pneumonia, ARDS, sepsis/septic shock, and multiple organ failure, with
high mortality.[13-17]

Since the onset of the pandemic, multiple treatments have been tested for COVID-19; by late
2020, the vaccination campaign against SARS-CoV-2 began, reducing disease severity and improving
survival rates in the context of critical COVID-19. [18,19] Currently, there is no specific treatment
available for critical COVID-19 with ARDS; management involves supportive care (ventilatory
support, vasopressor support, renal replacement therapy, etc.) in Intensive Care Units (ICUs).[20-25]
Severe ARDS in critical COVID-19 occurs in at least two-thirds of cases and is associated with high
mortality.[26-28]

It has been documented that 5% of patients with COVID-19 require admission to the ICU.
Studies have found an association between age, gender (male), cardiovascular diseases, diabetes,
COPD, and cancer and mortality, identifying this population as at-risk. However, once critically ill,
the exact survival rates of these patients and the factors that may influence survival are not fully
understood. It is crucial to identify the factors associated with survival in critically ill patients with
ARDS due to SARS-CoV-2 who require ICU admission.

2. Materials and Methods

2.1. Setting

The study was conducted in an Intensive Care Unit (ICU) adapted for the management of
COVID-19 patients at a tertiary care teaching hospital in Mexico City, covering the period from March
21, 2020, to March 20, 2023.

2.2. Study Design

This was an observational, retrospective, longitudinal, and comparative study.

2.3. Population Definition

All patients admitted to the ICU who met the eligibility criteria were included in the study.

2.4. Inclusion Criteria

Patients of both sexes, aged 18 years and older, with a confirmed diagnosis of COVID-19 through
a positive PCR test for SARS-CoV-2.
2.5. Exclusion Criteria

Patients with a negative PCR test were excluded.

2.6. Elimination Criteria

Patients who died within the first 24 hours of ICU admission and those who did not require
invasive mechanical ventilation were eliminated from the analysis.
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2.7. Primary Objective
To determine the survival of critically ill patients with ARDS due to SARS-CoV-2.

2.8. Secondary Objectives

1. To identify factors associated with mortality in critically ill patients with ARDS due to SARS-
CoV-2.

2. To determine 90-day survival according to the factors associated with mortality in critically ill
patients with ARDS due to SARS-CoV-2.

2.9. Variable Operationalization

Demographic variables (age, gender), anthropometric data (weight, height, BMI), comorbidities
(diabetes, hypertension, among others), and admission data (PaO2/FiO2, SpO2/FiO2, and vital signs)
were collected to classify the severity of respiratory failure (defined as PaO2/FiO2 <300 mmHg or
SpO2/FiO2 <460 mmHg) and hemodynamic failure (defined as a mean arterial pressure [MAP] <65
mmHg or the need for vasopressor support). The confirmation of the SARS-CoV-2 diagnosis was
made by nasopharyngeal PCR test (CFX96 Touch RT-PCR Detection System, USA). Indicators of
renal function (urine output, serum creatinine, and urinary NGAL) were also recorded to classify
acute kidney injury (AKI). The number of days on mechanical ventilation, the need and duration of
prone positioning, use of neuromuscular blockade, tracheostomy, and renal support through
hemodialysis were documented. Length of ICU stay and total hospital stay were also recorded. Data
were obtained from the Critical Care Unit Database.

2.10. Statistical Analysis

The most prevalent mortality-associated factors were analyzed using descriptive statistics;
absolute (n) and relative (%) frequencies were used for categorical variables, while means (X) and
standard deviations (SD) were calculated for continuous variables. For hypothesis testing, the
Student’s t-test was used to compare means, the chi-square test to compare proportions, and the
Mann-Whitney U test to contrast medians. A p-value <0.05 was considered significant. These
variables were included in a binary logistic regression model to calculate odds ratios (OR) with 95%
confidence intervals (95% CI). Once the factors associated with mortality with statistical significance
were identified, cumulative individual survival probability was estimated using the Kaplan-Meier
method, and the log-rank test was used to evaluate significant differences in survival between groups
defined by the identified risk factors. Data were processed using SPSS software, version 25.0 (IBM
Corporation).

2.11. Ethical Considerations

This study was approved by the Research Committee and the Ethics and Research Committee
under the numbers 17-21, 20-21, and 26-21, ensuring the confidentiality and protection of patient data.
Since this was an observational study without intervention, informed consent was not required.

3. Results

A total of 157 patients were studied, of whom 74.5% (n=117) were male. The mean age was 62.8
+ 11.8 years. Nutritional status, evaluated using body mass index (BMI), had a mean of 30.81 + 5.90
kg/m?; no patients presented with malnutrition at the time of admission. A total of 12.1% (n=19) were
classified as having a normal weight, 38.9% (n=61) were overweight, and 49% (n=77) were obese. The
most common comorbidity was hypertension, present in 54.8% (n=86) of patients, followed by type
2 diabetes, present in 43.3% (n=68).

Upon ICU admission, the mean SpO2/FiO2 ratio was 107.31 + 40 mmHg, and the mean
PaO2/FiO2 ratio was 93.83 + 41.64 mmHg. The prevalence of severe ARDS was 68.2% (n=107), with a
mean duration of mechanical ventilation of 16.34 + 12.43 days. Prone positioning was used in 42%
(n=66) of patients, 86.4% (n=57) of whom underwent early pronation, defined as within the first 48
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hours of ARDS diagnosis. The mean duration of the pronation maneuver was 49.2 + 18.77 hours, and
only 6.1% required a second pronation session. Neuromuscular blockade was used in 49.7% (n=78)
of cases, and tracheostomy was performed in 29.3% (n=49) of patients.

Acute kidney injury (AKI) occurred in 70.1% (n=110) of cases, classified based on urinary
volumes and the presence of biochemical markers, with a higher prevalence in class 1A (34.5%, n=38).
Hemodynamic failure at ICU admission was observed in 74.5% (n=117) of patients, with a mean
SOFA score of 7 points (range: 2-14) and a mean serum lactate level of 1.72 + 0.74 mmol/L.

The mean length of ICU stay was 17.70 + 13.59 days, and the mean total hospital stay was 26.90
+19.91 days. Overall mortality was 58.6% (n=92), with a cumulative 90-day survival rate of 41.4%.

For logistic regression analysis, variables that showed statistical significance for mortality were
included. Continuous variables such as lactate and SpO2/FiO2 were adjusted as dummy variables
with cut-off points of 2 mmol/L for lactate and 160 mmHg for SpO2/FiO2, respectively. The presence
of AKI (OR = 3.4, 95% CI: 1.702-7.169, p = 0.00), hemodynamic failure at ICU admission (OR = 6.5,
95% CI: 2.97-14.21, p = 0.00), and lactate level (OR = 0.201, 95% CI: 0.079-0.515, p = 0.00) were
independently associated with mortality.

Subsequently, the log-rank test was used to evaluate these variables in relation to 90-day
survival, confirming statistical significance for lactate (p = 0.00) (Figure 1), hemodynamic failure (p =
0.00) (Figure 2), and AKI (p = 0.01) (Figure 3), with a p-value < 0.05, confirming their association with
survival. Moreover, a lower 90-day survival was observed in the group with AKI associated with
hemodynamic failure (26.7% vs. 54.2%, p = 0.03, log-rank test) (Figure 4).
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Figure 1. Kaplan-Meier curve showing lower survival in the group of patients with SARS-CoV-2-
induced ARDS and elevated serum lactate levels (red) compared to those without elevated levels
(blue) (p =0.00). ARDS = Acute Respiratory Distress Syndrome.
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Figure 2. Kaplan-Meier curve showing lower survival in the group of patients with SARS-CoV-2-
induced ARDS and hemodynamic failure (blue) compared to those without hemodynamic failure
(red) (p =0.00). ARDS = Acute Respiratory Distress Syndrome.
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Figure 3. Kaplan-Meier curve showing lower survival in the group of patients with SARS-CoV-2-
induced ARDS and acute kidney injury (blue) compared to those without acute kidney injury (red)
(p =0.01). ARDS = Acute Respiratory Distress Syndrome.
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Figure 4. Kaplan-Meier curve showing lower survival in the group of patients with SARS-CoV-2-
induced ARDS and hemodynamic failure who presented with acute kidney injury (blue) compared
to those without (red) (p = 0.03). ARDS = Acute Respiratory Distress Syndrome.

4. Discussion

Several meta-analyses have identified factors associated with hospital mortality in COVID-19
patients. These factors include advanced age (mean difference = 13.32, 95% CI: 10.87-15.77; p < 0.00),
male gender (OR = 1.66, 95% CI: 1.37-2.01; p < 0.00), comorbidities such as hypertension (OR = 2.67,
95% CI: 2.08-3.43; p < 0.00001) and type 2 diabetes (OR = 2.14, 95% CI: 1.76-2.6; p < 0.00), as well as
overweight (OR = 1.4) and obesity (OR = 1.3), which are associated with higher mortality, greater
need for mechanical ventilation, and development of ARDS. These factors were present in our cohort
but did not show independent association with 90-day survival. The majority of our patients were
classified as having severe ARDS (68.2%, n =107) based on PaO2/FiO2 and SpO2/FiO2 values, which
correlates with greater severity and risk of death. This may explain why other factors did not show
significance in our population, which was more severely affected compared to other studies.

Regarding ventilatory management, all patients in our cohort were intubated, with a mean
duration of mechanical ventilation longer than that reported in some meta-analyses (10.2 days, 95%
CI: 7.08-13.16), which could reflect the severity of our patients compared to other studies. Prone
positioning was used in 42% (n = 66) of patients, with a mean duration of 49.2 + 18.77 hours, which
has been shown to improve oxygenation parameters in patients with severe ARDS. Tracheostomy
was performed in 29.3% of cases, but its relationship with survival was unclear due to the lack of a
specific protocol in all cases. The current literature is inconclusive on the impact of early versus late
tracheostomy or on differences between surgical and percutaneous techniques.

The prevalence of AKI in our cohort was high compared to what has been reported in the general
literature for COVID-19 patients (70% vs. 10.8%). The risk factors identified for AKI include advanced
age, male sex, use of mechanical ventilation, BMI greater than 30 kg/m?, hypertension, and type 2
diabetes—all of which were present in our study. In a pooled analysis of more than 22 studies, the
prevalence of AKI was 67% (95% CI: 57-76) with a mortality of 60.3% in patients with COVID-19-
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associated ARDS. In our study, AKI was an independent factor for 90-day survival, which aligns with
some previous studies.

Another independent factor for 90-day survival was hemodynamic instability, already identified
as a predictor of hospital mortality with an OR of 1.74 (95% CI: 1.07-2.86), along with elevated lactate
levels, similar to what was observed in our study.

Survival across different studies varies depending on whether the cases occurred at the start of
the pandemic or in later periods, as well as on the characteristics of the ICU population. In our study,
mortality was high, which could be related to the inclusion of patients from the first reported cases
up to those accumulated over the past three years.

5. Limitations

Our study has several limitations. First, the retrospective nature of the cohort may introduce
biases in data collection and analysis. Additionally, the inclusion of patients from the onset of the
pandemic, when treatment was not fully standardized, could affect the comparability of results. The
lack of complete ventilatory data is another significant limitation, as it prevents an exhaustive
evaluation of ventilatory parameters and their impact on outcomes. Furthermore, the admission of
patients in extreme critical conditions could influence the high mortality observed, potentially
limiting the generalizability of the findings.

However, these limitations can be mitigated by focusing on a study population consisting of
patients with known risk factors for severe disease and adverse outcomes, as documented in the
literature. All patients in our cohort were under mechanical ventilation, reinforcing the
characterization of the sample as a group of critically ill patients, allowing for a more focused analysis
of the factors associated with mortality in this specific population.

6. Conclusions

In our cohort of critically ill patients with ARDS caused by SARS-CoV-2 who required
mechanical ventilation, cumulative 90-day survival was 41.4%. This survival was independently
associated with the presence of AKI (p = 0.01, log-rank test), hemodynamic failure (p = 0.00, log-rank
test), and elevated lactate levels (p = 0.01, log-rank test). We observed a significant decrease in 90-day
survival when AKI was associated with hemodynamic failure (26.7%).

Our population presented several of the known risk factors for developing severe disease and
severe ARDS. However, according to our study, in critically ill patients with mechanical ventilation
secondary to COVID-19-related ARDS, AKI and hemodynamic failure are strongly associated with
decreased survival.
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