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Background: The provision of intensive care services is advancing globally. However, in resource-limited settings, it is lagging far
behind and intensive care unit mortality is still higher due to various reasons. This study aimed to assess determinants of mortality
among medical patients admitted to the intensive care unit.

Methods: A five-year facility-based retrospective Cohort Study was conducted. A total of 546 medical patients admitted to the
intensive care unit from March 2017 to February 2022 were included. Document review using a structured questionnaire was
implemented to collect data. Data entered into Epi Data were analyzed by STATA and summarized using frequency tables and graphs.
Binary and multivariate logistic regression analyses were performed to identify determinants of mortality.

Results: The overall mortality was 35.9%. Approximately half of the deaths were attributed to septic shock, congestive heart failure,
severe community-acquired pneumonia, and stroke. The most common immediate cause of death was cardio-respiratory arrest. Source
of admission, GCS level at admission, duration of ICU stay, treatment with inotropes, septic shock, and retroviral infection status were
found to have a statistically significant association with ICU mortality.

Conclusion and Recommendations: This study revealed a significantly higher mortality rate among patients admitted to the
intensive care unit. Early identification and admission of patients to the intensive care unit are important factors that could decrease
mortality. Patient selection is essential since some patients with a high likelihood of mortality might not benefit from intensive care
unit admission in an area with high resource limitations.
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Background

The Intensive Care Unit (ICU) serves as a comprehensive and continuous care setting for patients who require frequent
monitoring of vital signs, invasive hemodynamic monitoring, administration of intravenous medications, fluid manage-
ment, ventilator support, and nutritional assistance. It is a specialized area within the hospital that is staffed by
a multidisciplinary team and equipped with specialized resources to ensure the provision of safe and effective care for
individuals with life-threatening illnesses.'

Intensive care units (ICUs) have enhanced the quality of care and outcomes for critically ill and injured patients,
particularly in high-resource settings. Despite significant advancements in critical care services driven by technological
progress and new scientific developments in treatment outcomes for critically ill patients worldwide, the progress of
critical care service provision in resource-limited settings has been lagging behind, resulting in higher mortality rates.>>
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The ICU is currently the setting where the highest number of deaths occur in most hospitals. The global burden of
ICU mortality has significant implications, leading to substantial losses in productivity and financial costs. The mortality
rate varies across the world, depending on factors such as ICU infrastructure, staff availability, and training, as well as the
cause of ICU admission. In the United States alone, there are approximately four million annual ICU admissions, with an
average death rate ranging from 8% to 19%. Developed continents like North America, Oceania, Asia, and Europe have
lower ICU mortality rates, with rates of 9.3%, 10.3%, 13.7%, and 18.7%, respectively. On the other hand, in South
America and the Middle East, the mortality rates are higher, at 21.7% and 26.2%, respectively.” >

In comparison to other developed continents, Africa has a high ICU mortality rate. Studies conducted in Nigeria,
Tanzania, and Kenya showed that the ICU mortality rates of 32.9%, 40.1%, and 53.6%, respec‘[ively.(’f8

Various studies conducted in Ethiopia have revealed that the mortality rate of ICU patients in the country is comparable to
other African countries. A study conducted about a decade ago in Jimma and Addis Ababa reported ICU mortality rates of
37.7% and 39%, respectively.” ' Additionally, recent studies conducted in Mekele, Gondar, and Bahir Dar within the past five
years showed ICU mortality rates of 27%, 38.7%, and 29.6%, respectively. Furthermore, a multicentre cohort study conducted
in Southern Ethiopia Comprehensive Hospitals revealed an ICU mortality rate of 46.8%.>'%'>°12

Predictors of in-hospital intensive care unit mortality include but are not limited to treatment with vasopressors, the
presence of one or more severely deranged vital signs, advanced age, admission diagnosis, need for mechanical
ventilation, length of stay in ICU, altered mental status and acute respiratory distress syndrome.®!!-1¢17

Limited information is available regarding the factors that contribute to in-hospital mortality among patients admitted
to an intensive care unit in the study setting. Thus, the objective of this study was to gather evidence on disease patterns,
clinical outcomes, and associated factors among patients admitted to the Intensive Care Unit at Debre Berhan
Comprehensive Specialized Hospital in Northeast Ethiopia. The findings of this study will be of significant practical
value for healthcare providers, health planners, and researchers in improving patient care and outcomes.

Methods
Study Design and Setting

An institution-based retrospective cohort study was conducted by reviewing all available charts of ICU admitted medical patients
at Debre Berhan Compressive Specialized Hospital (DBCSH) from March 2017 to February 2022. The hospital is located in
Northeast Ethiopia, which is 130 km away from the capital city, Addis Ababa. The hospital has around 200 inpatient beds and 4
ICU beds that serve close to 3.5 million people in the surrounding area. There is only one common adult ICU serving for all adult
patients in the hospital. The ICU has three mechanical ventilator machines and four noninvasive hemodynamic monitoring
devices. The service operates within the Department of Internal Medicine and consists of a dedicated specialist (Internist),
a general practitioner, and one nurse assigned to each patient. Additionally, anaesthetists are involved in the service when needed.
There is no intensivist involved in the care of medical patients admitted to ICU. One nurse is assigned for one patient; however,
these nurses are not specialized in ICU or critical care.

Study Subjects
The source population was all patients admitted to ICU of Debre Berhan Comprehensive Specialized Hospital, whereas
the study population was all adult medical patients admitted to the ICU during the study period.

Sample Size and Sampling Procedure

A total of 896 patients were admitted to the facility from March 2017 to February 2022. Of these patients, 736 were classified as
adult medical patients. However, 190 patients were excluded from the study due to either lost charts in the card room or incomplete
data. Consequently, the final sample size for the study consisted of 546 medical patients.

Data Collection Instruments and Procedures
Data were collected through trained data collectors using a predesigned questionnaire that was developed after reviewing
different literatures. Relevant medical history and laboratory parameters were obtained from patient records. The ICU
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admission/discharge logbook was used as an entry point to identify study subjects. Demographics, diagnosis, wards from
which they were admitted, vital signs, lab investigations, and interventions received were extracted from the patients’
files. To ensure data quality, a training was given to the data collectors (two medical interns) and supervised by an
internist. Before data processing, the information was checked for internal consistency and completeness.

Study Variables
Dependent variable: ICU mortality
Independent Variables:

1. Sociodemographic characteristics: age, sex, marital status, educational status, and place of residence.

2. Clinical Variables: Admission Diagnosis, vital signs at admission, Glasgow Coma scale at admission,
comorbidities

3. Interventions at Hospital: Antibiotics, the use of inotropes, treatment with Mechanical ventilators, cardiopulmon-
ary resuscitation

4. Miscellaneous Variables: Length of ICU stay, frequency of admission, source of admission, duration of mechanical
ventilation

Inclusion and Exclusion Criteria
All adult medical patients admitted to the intensive care unit are included in the study. However, all adult medical
patients with incomplete data and unknown outcomes were excluded from this study.

Data Processing and Analysis

Data were coded, recoded, cleaned, and explored to identify missing values and inconsistencies. Data were entered into EpiData
V.3.1 and analysed by STATA 14.0. In the descriptive analysis, the mean with standard deviation, frequency, and percentages were
calculated. Basic assumptions of logistic regression were checked. Both bivariate and multivariate logistic regression analyses
were used to identify factors independently associated with mortality in ICU admitted patients. Those variables with p values of
less than 0.2 in bivariate analysis were exported to multivariate analysis to control the possible effect of confounders. Adjusted
odds ratio (AOR) with 95% confidence interval (CI) and p value <0.05 were used to select independently associated factors in
patient mortality among patients admitted to the intensive care unit at DBCSH.

Results

Socio-Demographic Characteristics of Study Participants

A total of 546 medical patients were included in the study. The age of the study participants ranged from 18 to 97 with
a mean age of 45 £0.81. Two hundred fifty-two (46.2%) patients were males. The majority of the patients, 444 (81.3%),
were admitted to the ICU for the first time (Table 1).

Table | Socio Demographic Variables of Medical Patients Admitted to ICU of DBCSH,
March 2017 to February 2022

Variables Category Frequency (n=546) | Percentage (%)
Sex Male 252 46.2
Female 294 538
Residence Urban 260 47.6
Rural 286 52.4
History of admission | Ist admission 444 81.3
Readmission 102 18.7
Source of admission | Medical ward 173 31.7
Emergency Department | 373 68.3
Patient Related Outcome Measures 2024:15 htps: 63
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Primary Admission Diagnosis of Study Participants

When considering the disease categories, cardiovascular diseases, specifically acute coronary syndrome and congestive heart
failure, were found to be the most prevalent, accounting for a total of 206 (37.7%) cases. Neurologic diseases, including stroke and
meningitis, ranked as the second most common category, with 91 (16.7%) patients. Endocrine diseases, primarily diabetic
ketoacidosis, were the third most prevalent, accounting for 70 (12.8%) cases. Respiratory diseases, mainly attributed to severe
community-acquired pneumonia, were the fourth leading cause of admission, representing 59 cases or 10.8%. This was followed
by infectious diseases, which accounted for 66 (12.1%) cases. Additionally, poisoning, predominantly organophosphate poison-

ing, accounted for approximately 38 (7%) of ICU admissions (Table 2).

Admission Vital Signs of Study Participants

Among the study participants, a significant majority of patients presented with one or more abnormal vital signs upon
admission to the Intensive Care Unit (ICU). Specifically, 304 (55.7%) patients had an elevated pulse rate, while 259
(47.4%) exhibited abnormal blood pressure readings. Additionally, the majority of patients displayed elevated respiratory
rates (328, 60.1%) and low oxygen saturation levels (272, 49.8%). In terms of consciousness, approximately 123 (22.5%)
patients had a Glasgow Coma Scale (GCS) score of less than 8(Table 3).

Table 2 Distribution of Disease Categories of Medical Patients
Admitted to ICU DBCSH, from March 2017 to February 2022

Disease Category Frequency (n=546) Percentage (%)
Cardiovascular disease 206 377
Respiratory disease 59 10.8
Endocrine disorders 70 12.8
Gastrointestinal disease 6 1.1
Neurology 9l 16.7
Renal disease 6 1.1
Infectious diseases 66 12.1
Poisoning 38 7
Others 4 0.7
Total 546 100

Table 3 Admission Vital Signs and GCS of Medical Patients Admitted to ICU DBCSH,
from March 2017 to February 2022

Variables Category Frequency (n=546) | Percentage (%)
Blood pressure (mmHg) <90/60 207 379
90/60-140/90 | 287 52.6
=140/90 52 9.5
Pulse Rate (bpm) <60 50 9.2
60-99 192 35.2
2100 304 55.7
Respiratory Rate (bpm) <2 49 9
12-20 169 31
>20 328 60.1
Temperature (°C) <36.5 50 9.2
36.5-37.5 421 77.1
>37.5 75 13.7
Peripheral oxygen saturation (%) | <90 272 49.8
290 274 50.2
GCS GCS <8 123 225
GCS 9-12 232 42.5
GCS 213 191 35

Abbreviation: GCS, Glasgow Coma Scale.
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Treatments and Interventions Given in the ICU

Among the patients admitted to ICU, 49 (9%) patients were put on mechanical ventilation with tracheal intubation, 456
(83.5%), 450 (82.4%), and 367 (67.2%) patients were given antibiotics, intravenous fluid, and analgesics, respectively.
The mean duration of treatment of mechanical ventilation was 2.73 + 0.59. The minimum and maximum lengths of stay
in ICU were 1 day and 43 days, respectively, with a mean duration of 4.42 £ 0.18 days (Table 4).

Mortality Status of Patients Admitted to ICU

The overall ICU mortality rate was 35.9% (196 patients). Approximately half of the deaths were attributed to septic
shock, congestive heart failure, severe community-acquired pneumonia, and stroke. The most common immediate cause
of death was cardio-respiratory arrest. Around 3.1% of patients were found to be retroviral infected. About 68% of
patients were directly admitted from medical emergency to ICU, and the rest were transferred from the medical wards. It
was observed that only 57.2% of patients admitted from wards to the ICU survived, while approximately 67.3% of
patients admitted directly from the medical emergency department survived (Table 5).

Table 4 Interventions Given to Admitted Patients to ICU of
DBCSH, March 2017 to February 2022

Type of Intervention Frequency Percentage (%)
Antibiotics 456 83.5

Intravenous fluid 450 824

Analgesics 367 67.2

Inotropic agent 126 23.1
Anticoagulant 60 I

Mechanical ventilation 49 9

Table 5 Admission Diagnosis of Patients Admitted to ICU of DBCSH, March 2017 to February 2022

Disease Category Survivors Death Total
Frequency Percent Frequency Percent Frequency Percent

Septic shock 24 5.12 33 5.69 57 10.44
Congestive Heart Failure 6l 11.91 22 3.29 83 15.20
Sever CAP 26 5.49 20 3.1 46 842
All strokes 22 422 17 292 39 7.14
All types of Poisoning 21 4.03 17 293 38 6.96
Diabetic keto acidosis 52 10.25 14 2.39 66 12.09
Acute coronary syndrome 66 12.82 13 1.65 79 14.47
Meningitis 20 4.36 16 2.24 36 6.59
Cardiogenic shock 14 2.56 13 238 27 4.94
Bronchial Asthma 13 2.56 7 0.92 20 3.66
Status epilepticus 10 2.56 7 0.74 17 3.1
Acute kidney injury 6 1.29 4 0.54 10 1.83
Acute liver failure 5 0.37 8 1.1 13 2.39
Others 10 1.84 5 0.72 15 2.75
Total 350 64.10 196 359 546 100

Abbreviation: CAP, Community Acquired Pneumonia.
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Factors Associated with ICU Mortality
The potential risk variables were checked for possible association using the chi2 test. Those independent variables that showed an
association with the outcome variable (ICU mortality) were entered into the bivariate analysis (binary logistic regression) to
quantify their association with the dependent variable (ICU mortality). Accordingly, source of admission, GCS level at admission,
blood pressure at admission, respiratory rate at admission, body temperature at admission, duration of ICU stay, treatment with
mechanical ventilator, treatment with inotropes, treatment with antibiotics, intravenous fluid therapy, diabetic keto acidosis, septic
shock, cardiogenic shock, acute coronary syndrome, and RVI status were found to have p values of less than 0.2 and were entered
into the multivariate logistic regression.

After computing the multiple logistic regression, source of admission, GCS level at admission, duration of ICU stay,
treatment with inotropes, septic shock, and RVI status were found to have a statistically significant association with ICU
mortality at P value <0.05 (Table 6).

Table 6 Multivariate Analysis of Factors Associated with ICU Mortality in DCSH, from March 2017 to February 2022

Variable Category Clinical Outcome | COR with 95% Cl | AOR with 95% CI | P-value
Death | Survivors
Source of Admission Ward 74 99 1.5378 1.948744 0.004*
(1.0613-2.2282) (1.2447-3.0508)
Emergency 122 251
Glasgow Coma scale <8 70 53 5.3177 3.9732 0.0001*
(3.2139-8.7986) (2.1249-7.4290)
9-12 88 144 2.4605 1.675291 0.053
(1.5794-3.8331) (0.9925-2.8276)
>13 38 153
Blood Pressure <90/60mmhg | 85 122 1.5500 0.7614 0.308
(1.0672-2.2510) (0.4507—1.2863)
90/60-140/90 | 89 198
Respiratory Rate <12 35 14 4.7844 2.36386 0.059
(2.3844-9.6002) (0.9690-5.7663)
12-20 58 11
Temperature <36.5 31 19 3.572169 1.73734 0.142
(1.9467-6.5548) (0.8309-3.6323)
36.5-37.5 132 289
>37.5 33 42 1.7202 1.1051 0.32
(1.0431-2.8369) (0.6038-2.0226)
Treatment with Inotrope Yes 74 52 3.4760 3.06218 0.0001*
(2.3010-5.2509) (1.8358-5.1078)
No 122 298
Septic shock Yes 33 24 2.75 2.579163 0.007%*
(1.5733-4.8066) (1.2928-5.1454)
No 163 326
Stroke Yes 22 | 2.4766 0.3960282 0.067
(1.2814-4.7867) (0.1472—1.0653)
No 174 333
(Continued)
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Table 6 (Continued).
Variable Category Clinical Outcome | COR with 95% CI | AOR with 95% CI | P-value
Death | Survivors
Acute coronary syndrome Yes 13 66 0.3056797 0.5627731 0.128
(0.1639-0.5699) (0.2684-1.1796)
No 183 284
Retroviral infection status Reactive 10 10 4.5 4.422765 0.013*
(1.5614-12.969) (1.3613-14.368)
Non-reactive | 119 407
Duration of ICU Admission 0.936175 9,417,731 0.029*
(0.888-0.9868) (0.8922-0.9939)

Note: *Statistically significant with P-value less than 0.05.
Abbreviations: AOR, Adjusted Odds Ratio; Cl, Confidence Interval; COR, Crude Odds Ratio.

Discussion

This study included a total of 546 medical patients admitted to the ICU. The overall mortality rate among these patients
was 35.9%. The study was conducted in a healthcare setup characterized by limited availability and accessibility of
resources required for intensive critical care. Additionally, updates or trainings for healthcare professionals in this setting
are limited. Despite the presence of a rehabilitation service in the hospital, its focus is primarily on chronic physical
therapies, and it does not fully support the needs of the intensive care unit (ICU) care team. Moreover, respiratory
therapies are not available within this setup.

A large worldwide study involving 84 countries to assess the worldwide burden of critical illness in the ICU reported
an overall mortality rate of 16.2%, suggesting that the current study had a higher rate of ICU mortality. One possible
explanation for this difference could be the relatively small sample size and differences in the treatment setup among the
patients included in this study.’

In comparison to the cross-sectional study conducted in Brazil from 2017 to 2018, which reported a 21% ICU
mortality rate, this study once again found a significantly higher rate of ICU mortality. The difference in mortality rates
could potentially be attributed to the differences in treatment setups, as this study was conducted in an area with limited
resources and facilities.'®

In contrast to the study conducted in Kenya from 2013 to 2015, which reported a 53% ICU mortality rate, the ICU
mortality rate in this study is significantly lower. The disparity in mortality rates could potentially be attributed to a time
gap between the two studies, which may reflect advancements in medical care and treatment strategies, differences in
patient populations, and disparities in healthcare resources and infrastructure.®

This study revealed a similar ICU mortality rate when compared to previous Ethiopian studies conducted in Jimma,
Addis Ababa, and Gondar. However, studies conducted in Mekele and Bahir Dar reported lower rates of ICU mortality
than the current study. The disparity in mortality rates could potentially be attributed to variations in the setup and
availability of human resources between the different study areas.’'* 4161

Patients admitted from medical wards had a 1.95-fold increased likelihood of ICU mortality compared to patients who
were directly admitted from a medical emergency (AOR = 1.948744, 95% CI: 1.2447-3.0508). This could be attributed
to the delayed admission of patients from medical wards, resulting in a lack of early intervention and the development of
complications prior to ICU admission. Other studies conducted in Brazil, Taiwan, United Kingdom, Turkey, and other
systematic reviews and meta-analysis also showed a similar association between ICU mortality and delayed
admissions.’*%*

Patients with a Glasgow Coma Scale (GCS) score of less than 8 had an approximately fourfold higher likelihood of
ICU mortality compared with patients with a GCS score of greater than or equal to 13 (adjusted odds ratio = 3.9732, 95%
confidence interval: 2.1249-7.4290). Similar associations between GCS and ICU mortality were also observed in studies

conducted in USA, Kenya, and Ethiopia.®'®'%%3
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Patients who were treated with inotropes had an approximately threefold higher likelihood of dying in the ICU
compared to those who were not treated with inotropes (adjusted odds ratio = 3.06218, 95% confidence interval: 1.8358—
5.1078). Studies conducted in USA, France, and India also showed similar findings.*®**

Patients admitted to the ICU with an admission diagnosis of septic shock had a 2.5 times higher likelihood of dying in
the ICU compared with patients admitted with other diagnoses (adjusted odds ratio = 2.579163, 95% confidence interval:
1.2928-5.1454). This could be explained due to the fact that septic shock is a condition with rapid progression,
multiorgan involvement, immune system dysregulation, and treatment challenges compared to other diseases. Other
studies conducted in Europe, North America, China, and sub-Saharan Africa also demonstrated that patients admitted
with a diagnosis of septic shock had a higher likelihood of ICU mortality compared to patients admitted with other
diagnoses.”* !

Patients with HIV comorbidity who were admitted to the ICU had an approximately 4.4 times higher risk of ICU
mortality compared to patients without HIV comorbidity (AOR = 4.422765, 95% confidence interval: 1.3613—-14.368).
This strong association could be due to the fact that HIV infection is associated with an increased risk of severe
infections, which in turn can contribute to higher ICU mortality rates. Other studies conducted in Africa also showed
similar associations between HIV infection and ICU mortality.*

As the duration of ICU stay increases by one day, the likelihood of a patient dying in the ICU decreases by 6%
(adjusted odds ratio = 0.9417731, 95% confidence interval: 0.8922—-0.9939). This inverse association might be due to the
fact that severely ill patients were more likely to die during the early stages of their illness and patients requiring a more
extended stay in the ICU could have received intensive monitoring and treatment. A study conducted in Australia also
showed most hospital deaths occurred within the first few days of ICU admission. Increasing length of hospital stay in
ICU was not associated with an increased risk of in-hospital mortality.>?

Limitations of the Study

This is a retrospective cohort study in which some of the determinant variables could not be accessed and included in the
study. The relatively small sample size of the study might not reflect the real figure of ICU mortality. Patients with
incomplete charts were not included in this study that could alter the findings.

Conclusions

This study revealed clear evidence of a significantly higher overall mortality rate among medical patients admitted to the
ICU. Factors such as septic shock, retroviral infection, low GCS at admission, and the need for inotrope treatment at
admission were associated with increased ICU mortality. Moreover, patients who were admitted to the ICU from medical
wards had a higher risk of mortality compared to those admitted directly from medical emergencies, which indirectly
suggests that delayed admission to the ICU might have contributed to increased ICU mortality rates. Additionally, this
study showed that mortality rates are particularly high in the early days following ICU admission.

Recommendations

Early identification and admission of patients to ICU are important factors that could decrease ICU mortality. Patient
selection is essential since some patients, like low GCS level, with high likelihood of mortality, might not benefit from
ICU admission in an area with high resource and service limitations.

Abbreviations

AOR, Adjusted Odds Ratio, ARDS, Acute Respiratory Distress Syndrome; CHF, Congestive Heart Failure; CI,
Confidence Interval; DBCSH, Debre Berhan Comprehensive Specialized Hospital; HIV, Human Immunodeficiency
Virus; ICU, Intensive Care Unit.
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