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Background: The Coronavirus Disease 2019 (COVID-19) pandemic has highlighted the challenges of the healthcare system in Iraq, which has limited intensive care unit beds, medical personnel, and equipment, contributing to high infection rates and mortality. The main purpose of the study was to describe the clinical characteristics, the length of Intensive Care Unit (ICU) stay, and the mortality outcomes of COVID-19 patients admitted to the ICU during the first wave and two subsequent surges, spanning from September 2020 to October 2021, in addition to identify potential risk factors for ICU mortality.

Methods: This retrospective cohort study analyzed data from COVID-19 patients admitted to the COVID-19 ICU at Al-Kindi Ministry of Health hospital in Baghdad, Iraq, between September 2020 and October 2021.

Results: The study included 936 COVID-19 patients admitted to the ICU at Al-Kindi Hospital. Results showed a high mortality rate throughout all waves, with 60% of deaths due to respiratory failure. Older age, male gender, pre-existing medical conditions, ICU procedures, and complications were associated with increased odds of ICU mortality. The study also found a decrease in the number of complications and ICU procedures between the first and subsequent waves. There was no significant difference in the length of hospital stay between patients admitted during different waves.

Conclusion: Despite improvements in critical care practices, the mortality rate did not significantly decrease during the second and third waves of the pandemic. The study highlights the challenges of high mortality rates among critical COVID-19 patients in low-resource settings and the importance of effective data collection to monitor clinical presentations and identify opportunities for improvement in ICU care.
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Background

Since the start of the outbreak of the coronavirus disease 2019 (COVID-19), critical patients have required advanced level of intensive medical care (1). The global pandemic has placed a significant strain on the availability of intensive care unit (ICU) beds, leading many countries to implement strategies to improve access and efficiency of intensive care. COVID-19 patients admitted to the ICU need a prolonged hospital stay under a treatment regimen that includes anti-viral or steroid therapy, together with supplemental oxygen often through invasive mechanical ventilation (IMV) (2–4). During the course of this pandemic, low- and middle-income countries (LMICs) were particularly disadvantaged due to their limited resources and difficulty in rapidly expanding ICU bed capacity, providing sufficient oxygen, and maintaining quality of care (5).

The in-hospital mortality rates among critically ill COVID-19 patients remained high throughout the course of the pandemic. A systematic review and meta-analysis of 52 studies revealed an overall ICU mortality rate of 35.5% for COVID-19 patients. The Middle East region had the highest reported mortality rate at 61.9% (1). Older age, male gender, smoking, obesity, co-existing conditions, and complications have been established as major risk factors for increased severity and mortality of COVID-19 globally (6–10). The magnitude of these risk factors is influenced by the context and underlying patient characteristics and clinical conditions.

Iraq was especially vulnerable during the COVID-19 pandemic due to its inadequate healthcare system and limited capacity (11, 12). At the time of the COVID-19 declaration, the country had less than 1,000 ICU beds and continued to struggle with shortages in medical personnel and equipment (13, 14). The pandemic also resulted in a shortage in oxygen supply forcing patients to transfer management to their homes instead of hospital. Additionally, the infection prevention and control measures in Iraq were inadequate, leading to high numbers of cases among healthcare workers and deterring patients from seeking care (15). Over the course of 2020 to 2021, over two million confirmed COVID-19 cases and 24,000 deaths were reported in Iraq (16). Studies from Iraq reported high infection rates among males and predominantly among those aged 30–60 years (14). Furthermore, reports have shown that individuals with chronic conditions, older age, and male gender have a higher risk of mortality, which aligns with the established risk factors globally (17–19).

The Al Kindi Hospital in Baghdad, a tertiary facility under the jurisdiction of the Ministry of Health (MOH), was designated as a center for the isolation and treatment of patients with suspected or confirmed cases of SARS-CoV-2. From July 2020 to October 2021, the Intensive Care Unit was operated with support from Médecins Sans Frontières (MSF), also known as Doctors Without Borders, offering the most optimal medical care and limited to non-invasive mechanical ventilation (Continuous Positive Airway Pressure (CPAP), Flow O₂ 25, and ICU ventilators). Invasive mechanical ventilation was not provided, in accordance with the MOH mandate. The focus of the MSF collaboration was to support and improve ICU management, starting with a capacity of 24 beds in September 2020 and gradually increasing to 55 beds by the end of October 2021.

The present study describes the clinical characteristics, the length of Intensive Care Unit (ICU) stay, and the mortality outcomes of COVID-19 patients admitted to the ICU during the first wave and two subsequent surges, spanning from September 2020 to October 2021. The aim of this analysis is to identify potential risk factors for ICU mortality among patients, and to evaluate if there was any improvement in the quality of care, as evidenced by decreased complications, shorter ICU duration, and reduced mortality rate across various stages of the epidemic in Iraq.



Methods


Study design

This study is a retrospective cohort study that analyzed data from confirmed and suspected COVID-19 patients admitted to the COVID-19 ICU at Al-Kindi MOH Hospital in Baghdad, Iraq between September 26, 2020 and October 13, 2021.



Study setting and population

The first confirmed case reported in Iraq was on 24 February 2020 in the Najaf governorate [15]. Consequently, Iraq experienced the first COVID-19 wave between February 2020 and January 2021 reaching a weekly peak of 30,059 confirmed cases and 708 deaths in week 37. The two subsequent waves were recorded in 2021; wave two from 18 January to 17 May 2021 and wave three from 24 May too 27 December 2021 recordeded weekly peaks of 54,301 and 83,098 cases including 281 and 522 deaths, respectively (Figure 1) (20). Accordingly, the study period was divided into three time periods based on the three waves of COVID-19 in Iraq and during which patients were admitted to the MSF supported COVID-19 ICU in Al-Kindi MOH Hospital. The follow-up time was defined from ICU admission to discharge, referral or death.
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FIGURE 1
 Epidemiological curve of COVID-19 daily cases in Iraq between 2020 and 2021 (World Health Organization).


In this study, we included all patients admitted during the study period and who met the clinical and epidemiological criteria (21). The clinical presentation defined as critical or severe case requiring oxygen support of 7 L/min or more to achieve oxygen saturation levels above 92%. We excluded patients who refused or failed a trial of CPAP in the ER, had a Glasgow Coma Scale (GCS) score lower than 9, were too unstable for transfer, had an untreated medical or surgical problem requiring urgent intervention, or had metastatic cancer. Only patients with complete data on survival outcomes were included in the study.



Variables and data sources

Demographic and clinical data were collected and recorded in an Excel-based database by the ICU team as part of routine data collection. However, laboratory findings and treatment regimens provided were not recorded in the database. The severity of the disease was categorized according to the WHO definition. COVID-19 diagnosis was confirmed with a positive reverse transcription-polymerase chain reaction (RT-PCR) test or chest CT scan as determined by the clinical team.

The variables included in the database consisted of the following:

- Demographic characteristics: age and sex of the ICU patients.

- Pre-existing medical conditions: Information regarding any underlying health conditions or comorbidities reported by the study participants for the majority of conditions. As for obesity condition, it was based on BMI results, yet there was no differentiation between obesity and morbid obesity in data collection.

- ICU admission and exit dates: The dates of admission to and discharge from the intensive care unit were recorded to determine the length of ICU stay.

- Chest computerized tomogram (CT) scan findings: Findings from chest CT scans were documented to assess the characteristic features of COVID-19 infection. The primary radiological findings indicative of COVID-19 were bilateral patchy areas of ground glass infiltration/appearance, predominantly observed in lower lobes and periphery of the lungs.

- Non-invasive ventilation: Information on the use of non-invasive ventilation techniques among the COVID-19 patients.

- ICU-related procedures: Any procedures performed on the patients during their stay in the ICU.

- Complications: The occurrence of any complications or adverse events during the ICU stay.

- Outcomes: The final outcomes of the COVID-19 patients.

To ensure data quality control, the ICU team diligently recorded the data during routine patient care under the support of data manager and epidemiologist who implemented data validation techniques after entry.



Study outcomes

The primary outcome of the study was to assess the risk factors associated with ICU mortality and length of stay. The secondary outcome was to evaluate the changes in the clinical and demographic characteristics and outcomes between the different COVID-19 waves during the study period.



Statistical analysis

The sample size was equal to the total number of patients admitted to the ICU during the study period. Descriptive statistics were performed based on the STROBE checklist for observational studies (22). Categorical variables were presented as frequencies and percentages, and continuous variables were reported as medians (interquartile ranges). Differences between groups were assessed using chi-squared or Fisher’s exact tests for categorical variables and Student’s t-test or the Kruskal-Wallis rank sum test for continuous variables, as appropriate. Univariate and multiple logistic regression models were used to identify associations between patient characteristics and ICU mortality. A stepwise selection approach based on the Akaike Information Criterion (AIC) to identify the best-fitting regression model was used. The results of the multiple regression analysis were reported as odds ratios (OR) with their 95% confidence intervals (CI). Kaplan–Meier survival curves were plotted and were compared using log-rank test. A level of significance of p < 0.05 was considered statistically significant. Missing data were reported in results and were not imputed. Data analysis was performed using R Studio software, version 3.6.3.



Ethical considerations

This study was approved by the Research Committee of the National Centre for Training and Human at the Ministry of Health and Environment, Baghdad, Iraq on 31 May 2022 (protocol number 10/2022) and was exempt from the MSF Ethics Review Board following the approval of the Medical Director.




Results


Baseline characteristics of the study population

The study population consisted of 936 patients admitted to the ICU at Al-Kindi Hospital in Iraq between September 26, 2020 and October 13, 2021. After removing duplicated records and missing data, 924 patients were included in the analysis, with 145 (16%) admitted during the first wave, 425 (46%) during the second wave, and 355 (38%) during the third wave (Figure 2). The majority of patients were men (59%, n = 545) with a median age of 60 years (IQR 50–68) and over half of the study cohort had at least one pre-existing medical condition (55%, n = 511). The most common pre-existing conditions were cardiovascular disease (38%, n = 354), followed by diabetes (28%, n = 260) and hypertension (27%, n = 246) (Table 1).
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FIGURE 2
 Study flowchart of COVID-19 ICU patients admitted at Al-Kindi MOH Hospital, Baghdad.




TABLE 1 Baseline characteristics and clinical outcomes by COVID-19 waves of ICU patients admitted to Al-kindi MOH Hospital, Baghdad, Iraq. between 26 Sep 2020 and 13 Oct 2021
[image: Table1]



Changes of characteristics and clinical outcomes between waves

Patients admitted in the second and third waves were younger (61[IQR 52,70] and 56[IQR 47,64] vs. 64 [IQR 54,71], p < 0.001) and had higher incidence of pre-existing medical conditions compared to the first wave, such as cardiovascular diseases (45, 41% vs. 12%, p < 0.001), diabetes (32, 33% vs. 6.2%, p < 0.001), hypertension (38, 20% vs. 7.6%, p < 0.001), and obesity (14, 10% vs. 3.4%, p = 0.001). The distribution of pre-existing conditions shifter across waves. In the first wave, most patients (77%) had no pre-existing conditions, whereas in the second (44%) and third waves (37%), the majority had two or more (p < 0.001). The RT-PCR showed a lower rate of negative results in the third wave (13% vs. 29, 26%, p < 0.001), while the CT scan results showed no significant difference between waves (44, 38 and 46% respectively, p = 0.086). Awake prone positioning was performed in over 80% of patients throughout the waves, reaching 98% in the third wave (p < 0.001). However, procedures such as thoracostomy, blood transfusion, and central line were significantly reduced between the first and subsequent waves (p < 0.001). The number of complications observed in the hospital decreased from 36% in the first to 24% in the second and 4.5% in the third wave (p < 0.001).



Mortality outcomes

Patients were categorized as either survivors (351/924) and non-survivors (573/924) at discharge or death. The weekly death rate was consistently high throughout the three waves (Figure 3) with 60% (n = 345) of deaths due to respiratory failure, followed by multi-organ failure (29%, n = 168), septic shock (4%, n = 23) and cardiogenic shock (2.4%, n = 14). Univariate analysis is presented in Table 2.
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FIGURE 3
 Weekly number of fatality cases between waves at Al-Kindi Hospital, Baghdad Iraq 2020–2021.




TABLE 2 Comparison between survivors and non-survivors among the ICU patients admitted to Al-Kindi MOH Hospital, Baghdad, Iraq.
[image: Table2]

A multiple logistic regression analysis showed that being 60 years or older, male, and having a pre-existing condition, undergoing aware prone positioning or other ICU procedures, and experiencing ICU complications were all significantly associated with increased odds of ICU mortality (Figure 4).

[image: Figure 4]

FIGURE 4
 Forest plot of the multiple logistic regression analysis with ICU mortality predictors of ICU patients admitted at Al-Kindi Hospital, Baghdad Iraq.


The median duration between ICU admission and discharge was 11 days (IQR [6, 20]) and that between ICU admission and mortality was 9 days (IQR [5, 15]). Kaplan–Meier curves for different age groups and among those admitted during different waves are shown in Figures 5, 6. The median hospital stay was longer for patients aged 60 or older (10 days, IQR[5–17]) compared to younger patients (9 days, IQR[5–16] log-rank test p < 0.001), but there was no statistically significant difference in the length of stay between patients admitted during different waves (log-rank test p = 0.25).
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FIGURE 5
 Kaplan–Meier survival curves according to age group in ICU patients admitted at Al Kindi Hospital Baghdad Iraq.
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FIGURE 6
 Kaplan–Meier survival curves according to covid-19 wave in ICU patients admitted at Al Kindi Hospital Baghdad Iraq.





Discussion

In this study, the clinical features and outcomes of COVID-19 intensive care unit (ICU) patients who received non-invasive mechanical ventilation at a Ministry of Health (MOH) hospital in Baghdad, Iraq were analyzed. Results showed a considerable ICU mortality rate reaching 63%. We demonstrated that male sex, older age, pre-existing medical conditions, shorter ICU stay, ICU procedures and complications during admission were independent predictors of ICU mortality. After adjusting for baseline and clinical characteristics, no significant change in mortality rates was observed among our study participants between different waves of the COVID-19 epidemic in Iraq.

Globally, poor outcomes and elevated mortality rates of COVID-19 patients in the ICU have been widely reported, with a range of 10–78% (1, 23). An updated meta-analysis of observational studies indicated higher mortality rates during the early months of the pandemic followed by improved outcomes attributed to better therapeutics and clinical management (1). The initial reports from China showed a case-fatality rate of 49% among ICU patients. Similarly, high ICU mortality rates were also reported in high-income settings, such Europe and the United States (24–26).

Despite the limited studies on COVID-19 ICU patients in the Middle East, the high ICU mortality rate observed in our study can be compared to other reported rates in the region of similar contextual challenges. For example, a report from MSF in conflict settings of Yemen revealed an ICU mortality rate of 68%, while a multi-center study in Libya reported an ICU mortality rate of 60.4% (27, 28). In Jordan, a hospital treating ICU COVID-19 patients had a much higher mortality rate of 93.8% among their ICU patients (29). In contrast, an ICU in Egypt had a much lower mortality rate of 24.4% (30) and Lebanon reported 55% among their ICU patients (31). Our results also demonstrate a higher mortality rate compared to other low-resource settings in Africa, which reported an ICU mortality rate of 48.2% (32). Possible reasons behind the variations in ICU mortality rates may include differences in clinical management, access to therapeutics, healthcare infrastructure and staff training in Iraq versus other low-resource settings. Additionally, variations in the prevalence of comorbidities, socioeconomic factors and cultural practices might also contribute to these disparities.

In line with previous studies, several factors were found to be predictors of ICU mortality, including age, male sex, and pre-existing medical conditions (6, 7, 9, 33). Moreover, the presence of complications during hospital admission was also a significant predictor of ICU mortality. The most common complications observed were nose and bed pressure ulcers, which can arise due to prolonged ICU stay, the use of non-invasive ventilation via a mask, and prone positioning (34). Our study found that awake prone positioning, which was performed for a majority of patients, was associated with increased risk of mortality. Nevertheless, other studies have demonstrated that awake prone positioning can be beneficial for patients with Acute Respiratory Distress Syndrome (ARDS) and can reduce the need for intubation among severe cases (35). Due to resource constraints, the ICU in Baghdad did not provide invasive ventilation, hence, we could not measure the impact of awake prone positioning and non-invasive ventilation in reducing the need for intubation in our study cohort. Despite these limitations, the provision of non-invasive ventilation has been widely recognized as a crucial treatment in improving outcomes and reducing the need for intubation (36, 37).

In this study, a high mortality rate was consistently observed among ICU patients with COVID-19 infection despite improvements in critical care practices such as providing ICU training, increasing bed capacity, improving triage, and implementing stringent admission criteria. While such improvements could have played a role in reducing the number of complications and preventing a further increase in the mortality rate despite an increase in bed capacity, we did not observe a significant decrease in mortality during the second and third waves as we had anticipated. The adjusted odds ratio (OR) did not reveal a significant change in the risk of mortality across the three waves of the pandemic. The persistent high mortality rate may be attributed to factors such as resource constraints and a shortage of ICU beds, leading to delayed admission and prolonged wait times for critical care (38–40). Similar scenarios have been observed in other settings and has been shown to be associated with increased mortality due to increased hospital load and strains on critical care capacity (28, 32, 41).

This study had several limitations, including a lack of comprehensive data from medical records and a lack of information on treatment, laboratory findings, and other clinical indicators that could have provided further insight into the results. Additionally, the analysis did not include non-invasive ventilation due to a lack of data on its provision and timing. The impact of high ICU occupancy rates and admission delays was not evaluated as these details were not recorded. Although the MSF team attempted to improve the performance of the ICU, it was not possible to establish a clear connection between changes in clinical management and patient outcomes. Moreover, severity of illness was not included in the analysis since it was not assessed using validated scoring systems and may have resulted in a biased classification. Additionally, vaccination availability and coverage during the study period were limited, with the majority of the population remaining unvaccinated, hence, vaccination status of patients in this study was not consistently recorded and could not be included in this analysis.



Conclusion

In low and middle income settings, optimizing ICU care can be challenging due to limited resources and infrastructure. The results of this retrospective observational study demonstrate that despite these challenges, advancements in capacity and clinical practices can significantly mitigate complications in critically ill COVID-19 patients. However, the study also highlights the persistent challenge of high mortality rates in these contexts, with a rate of at least 59% observed throughout the three waves of the pandemic between 2020 and 2021. This necessitates the urgent need for interventions to address this issue and improve patient outcomes.

To address these challenges, it is crucial to prioritize the implementation of effective data collection systems, which can help monitor clinical presentations and identify gaps in clinical management. Although resource limitations may pose barriers to effective data collection, addressing this challenge is essential for improving patient outcomes and identifying opportunities for improvement in ICU care. As the COVID-19 pandemic continues to affect low and middle income settings, it is imperative that we continue to invest in optimizing ICU care and addressing the unique challenges of these contexts.
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