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Abstract

Background: Globally, potential demand for invasive mechanical ventilation is increasing, and the incidence
of mortality among critically ill patients after mechanical ventilation support is reported to be high, though
this is not exactly figured out yet in our country's context. However, there is limited data on the extent of the
problem in Ethiopia. Therefore, this study aimed to investigate the survival status and predictors of mortality
in mechanically ventilated patients who were admitted to the adult ICU of a governmental hospital in Addis

Ababa, Ethiopia.

Objective: The objective of this study was to determine survival status and predictors of mortality among

mechanical ventilated patients in ICU, Addis Ababa, Ethiopia, from July 1, 2021, to June 30, 2022.

Methods: A multicenter retrospective cohort study was conducted on 382 mechanically ventilated patient
charts admitted to the adult ICU of four selected government hospitals in Addis Ababa, Ethiopia. Participants
were selected by using simple random sampling techniques from March 1, 2023, to March 20, 2023. The
data were entered into Epi Data Manager V4.2 and exported to Stata/MP V-14 for analysis. Bi-variable and
multivariable Cox regression models were fitted in the analysis to determine the predictor variables. A hazard
ratio (HR) with a 95% confidence interval (CI) was computed, and a p-value 0.05 was considered statistically

significant.

Results: The overall mortality among mechanically ventilated patients in the adult ICU was 67.0%, with an
incidence rate of 9.23 cases (95% CI, 8.14-10.46) per 100 person-days of observation, and the median
survival time was found to be 6 days. Increased systolic blood pressure (AHR = 2.11, 95% CI: 1.23, 3.61),
elevated diastolic blood pressure (AHR = 0.25, 95% CI: 0.12, 0.53), HIV infection (AHR = 2.81, 95% CI:
1.62, 4.88), GCS at the end of follow-up (AHR = 19.29, 95% CI: 8.46, 43.99), serum albumin (AHR = 0.66,
95% CI: 0.46, 0.96), and creatinine level (AHR = 1.17, 95% CI: 1.12, 1.35) were found to be significantly

associated with mortality of mechanically ventilated patients in the adult ICU.

Conclusions and Recommendation: The mortality rate of mechanically ventilated patients in the adult ICU
was high. Blood pressure, HIV infection, GCS, serum albumin, and creatinine level were the identified
predictors of mortality in my study. Further prospective study in the future is needed, with the inclusion of
other important predictive variables like malnutrition, body mass index, smoking habit and others, is

advocated for better result.

Keywords: Survival, Predictors, Mortality, Mechanical ventilator, Retrospective cohort.
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1. INTRODUCTION

1.1. Background
In modern medicine, the initial use of ventilators was endorsed by Doctor Bjorn Ibsen for the first time in
Copenhagen in 1953. The mechanical ventilator saved polio patients dying with respiratory failure, and

mortality dropped from 87 percent to 25 percent (2).

A mechanical ventilator is a device that takes over the work of breathing when an individual cannot breathe
sufficiently on their own (3). For seriously ill patients, mechanical ventilation is recognized as the foundation
of respiratory life support(1). Invasive mechanical ventilation (IMV) requires the insertion of a plastic or

metal tube into the patient's airway (4).

An intensive care unit (ICU) is a unit in a hospital where seriously ill patients are cared for by specially
trained staff. It is a well-resourced, isolated, and self-contained area of a health facility aimed at patients
with life-threatening conditions. It provides intensive and specialized medical and nursing care, enhanced
monitoring capabilities, and multiple modalities of physiologic organ support to sustain life during a period

of potentially fatal organ system insufficiency (1).

Globally, there are much more individuals who need MV, particularly those who are older and have other
medical conditions. The main goals of MVs are to enhance pulmonary gas exchange and reduce respiratory
discomfort. Despite its significance, patients who are placed on ventilators are more likely to have
consequences that may be avoided, such as ventilator-associated pneumonia, pneumothorax, pulmonary

embolism, and atelectasis (5).

An aging population and a rise in chronic respiratory disorders are predicted to drive up demand for
mechanical ventilators globally. In the US, the average daily cost for a patient on mechanical ventilation is
thought to be roughly $2,300. Acute respiratory distress syndrome (ARDS) strikes 20-30% of mechanically
ventilated patients during their ICU stay. A mechanically ventilated patient typically stays in an intensive
care unit (ICU) for 7 to 11 days on average. Early movement in mechanically ventilated patients may shorten

their need for mechanical ventilation and enhance their functional results, according to research (6).

Comorbidities, advanced age, diabetes mellitus, delirium, shock, length of stay of more than two weeks,
GCS of less than 9, and acute respiratory distress syndrome were found to be the main predictors of mortality
among mechanically ventilated patients in intensive care units, according to a study carried out in various

regions of Ethiopia (4,5,7).



According to studies done in Addis Ababa, Egypt, and Atlanta, USA, the death rate for patients receiving

invasive mechanical ventilation in intensive care units was 60.7%, 64%, and 33.9%, respectively(8—10).

There is limited information available regarding the time to death and predictors of mortality among
mechanically ventilated patients admitted to the ICU. Therefore, this study aimed to determine the survival
status and predictors of mortality among mechanically ventilated patients in adult ICUs of selected public

hospitals in Addis Ababa.

1.2. Statement of the Problem

Mechanical ventilation is considered a pillar and cornerstone of respiratory life support among critically ill
patients. Many of the individuals who require artificial breathing right now need critical care. The major
goals of mechanical ventilation are to improve pulmonary gas exchange and decrease respiratory discomfort,

which will speed up lung and airway recovery while lowering the risk of iatrogenic consequences (1).

In the ICU, over 40% of patients require mechanical ventilation. In the US, 50,000 patients utilize ventilators
on a daily basis. The total mortality rate of mechanically ventilated patients ranges from 35% to 60%,

depending on the cause of respiratory failure. (6).

Worldwide, mortality rates in critical care services range from 9 to 61%. Among patients who had invasive
mechanical ventilation, hospital mortality was 29.7%, while mortality in the ICU is 28.5% in Atlanta,
Georgia. Africa has an ICU mortality rate that is higher than average compared to the other industrialized

continents, ranging from 32.9 to 54% (11,12).

In Ethiopia, the range of the ICU mortality rate was between 27 and 38%. A growing pandemic,
urbanization, and hospital development have all contributed to a significant increase in the burden of life-
threatening illnesses requiring intensive care units in low-income countries. A study conducted in southern
Ethiopia showed that the mortality rate at Dilla University (55.4%), Wolaita Sodo University (47.1%), and
Hawassa University (38.4%) In Ethiopia, the rate of ICU mortality varied from region to region (13).

study conducted in Ethiopia, 2022 Male gender, comorbidities, length of stay, mechanical ventilation,
vasopressor support, low arterial oxygen saturation level (SpO2 90%), cardiac arrest in ICU, septic shock,
ARDS, infection, trauma, GCS score below 9, necessitating antibiotics in ICU, hyperthermia upon
admission to ICU, and aspiration during ICU stay were all screened and identified as potential predictors of

mortality in ICU (14).



Patients who use a mechanical ventilator are more likely to experience a number of consequences, including
ventilator-induced lung injury, ventilator-associated pneumonia, and other nosocomial infections, pressure
ulcers, gastritis, and prolonged hospital stays. Mechanical ventilation support is inversely correlated with an

increased risk of experiencing these problems (15)

The primary goal of this research was to determine time to death and predictors of mortality of mechanically
ventilated adult ICU patients in selected public hospitals in Addis Ababa. There is high incidence of
mortality rate among ICU admitted patients, but there is limited data that describes the survival of ICU
patients related to mechanical ventilators. Since mechanical ventilation is the most significant ICU
intervention, it was crucial to determine its results and identify the contributing elements to improve the

standard of care.

To my knowledge, this is the first study to describe time to death and predictors of mortality in adult patients
mechanically ventilated in the ICU of selected public hospitals in Addis Ababa, Ethiopia. Therefore, this
study aimed to determine the survival and predictors of mortality of mechanically ventilated patients in the

adult ICU of selected public hospitals in Addis Ababa.

1.3. Significance of the Study

The study of survival status and predictors of mortality in patients on mechanical ventilation is important

for better utilization of resources and identifying the contributing elements for better outcomes.

It may have an impact on the quality of patient care and may help improve patients' mechanical ventilation
management protocols. This can improve the outcome of the patients and shorten the duration of their

mechanical ventilation stay.

Therefore, the outcome of the study hopefully provide input for health care professionals and higher-level
officials in developing appropriate interventions to achieve the ultimate goal of mechanically ventilating

patients receiving respiratory support.

In addition, it would be directed to ICU care providers to avoid unclear inferences regarding factors leading
to mortality among mechanically ventilated patients, which could allow for improved patient survival and
decrease the economic burden on the country as well. Furthermore, other researchers would use the research

findings as input for prospective and interventional studies.



2. LITERATURE REVIEW
2.1. The magnitude of mortality among mechanically ventilated patients admitted to the
ICU

An observational cohort study conducted at three Emory Healthcare acute-care hospitals in Atlanta, Georgia,
showed that among patients, who received invasive mechanical ventilation, ICU mortality was 28.5% and
hospital mortality was 29.7%. The median age of patients who died was significantly older than that of those

who survived for 70 years (10).

A retrospective cohort study conducted in Colombia in 2017-2018 revealed that 65.8% of individuals who
underwent mechanical ventilation died during hospitalization after a mean of 13.1+ 13.9 days of total

hospitalization and 9.1 + 11.1 days in the ICU (16).

A prospective cohort study conducted in the Journal of the American Medical Association showed that
survival among mechanically ventilated patients depends not only on the factors present at the start of
mechanical ventilation but also on the development of complications and patient management in the

intensive care unit(17) .

Evidence from a systematic review showed that ICU mortality rates for ventilated patients older than 60
years in the ICU were 9.8% and 51.0%, respectively. One of the highest fatality rates (77.8%) was observed
in an ICU study of patients older than 80 years old (18).

A retrospective cohort study was conducted at King Abdul-Aziz Medical City (KAMC) in Riyadh, Saudi
Arabia. Patients who received mechanical ventilation had a mortality rate of 37%, with a median survival
time of 11 days. The mean age of those patients was 57 years, and the majority were male (64%). The overall

survival rate was 82% after the fifth day and 75% after the tenth day(19).

The study conducted in South India showed that mortality in mechanically ventilated patients was 71.5

percent, and of those patients, 28.5 percent survived (20).

A retrospective cohort study conducted in an intensive care unit in San Jose Hospital, Colombia, showed
that a total of 357 patients were analyzed. The average age was 64.8 + 18.9 years; the administration of
systemic corticosteroids was associated with a higher probability of survival (14). A retrospective cohort
study conducted at Natal, Brazil, revealed that among patients who were admitted to the ICU, 23.6% died
(16).



A prospective study conducted in the Intensive Care Unit of the University of Benin Teaching Hospital,
Nigeria, revealed that Patients who were mechanically ventilated in the ICU had a 4-fold increased risk of
mortality compared with non-ventilated patients. The overall mortality of patients admitted to the ICU

during this 6-month period was 63.6% (21).

A retrospective cohort study conducted in Egypt from January 2010 to December 2014 revealed that patients
on mechanical ventilation had a 64% mortality rate. Invasive ventilation resulted in a greater mortality rate

than noninvasive ventilation. Patients with failed weaning had greater mortality(9).

In a retrospective cohort study conducted in Kenya from January 1, 2013, to April 5, 2015 of 450 patients,
ICU mortality was 53.6% and 30-day mortality was 57.3%. Most patients were male (61%), and the median
age was 29 years. Causes associated with high adjusted odds of mortality were as follows: ages 3549 years,

and age above 50 years (22).

A multi-center retrospective cohort study conducted in Hamburg, Germany, from February to June 2020,

showed that, the ICU mortality was 35% and 44% among mechanically ventilated patients (23).

A Retrospective cross-sectional study was conducted at Saint Paul’s Hospital Millennium Medical College
(SPHMMC), from June 2013 to June 2018, showed that the mortality rate was 57.1% among mechanically
ventilated patients(24).

A retrospective cohort study conducted in patients admitted to the ICU settings of the COVID-19 Care
Centers in Addis Ababa, Ethiopia, showed that the overall mortality rate among mechanically ventilated

COVID-19 patients was 63.3%(4).

An institutional-based cross-sectional study conducted at Selected Public Hospitals in Addis Ababa,
Ethiopia, showed that the mean duration of stay on the ventilator was 7.09+ 6.06, and the mortality rate in

mechanically ventilated patients was 41.7% (5).

A multi-center cohort study conducted in three teaching referral hospitals in southern Ethiopia showed that
the ICU mortality rate was 46.8%. The overall ICU mortality rate in southern Ethiopia was higher than
studies carried out in other regions of Ethiopia, including Addis Ababa (39%), Gondar (38.7%), Jimma
(37.7%), and Mekelle (27%).(13)

A retrospective cross-sectional study conducted on the outcome of mechanical ventilator use and associated
factors at St. Paul’s hospital's Millennium Medical College medical intensive care unit (ICU) showed that

mortality was 57.1% among mechanically ventilated patients(24) .



A one-year retrospective inception cohort study was conducted using manual chart review in ICU patients
(age >13) admitted to Tikur Anbessa Specialized Hospital (Addis Ababa, Ethiopia) and revealed that ICU
mortality in ventilated patients is significant. ICU and hospital mortality were 60.7% and 63.1%,
respectively (24).

2.2. Predictors of Mortality among mechanical ventilated patients in adult ICU

An observational cohort study conducted at three Emory Healthcare acute-care hospitals in Atlanta, Georgia,
showed that comorbid conditions were hypertension, diabetes, and obesity with a body mass index (BMI)

of 40 or greater (12).

A retrospective cohort study conducted in Colombia showed that the main factors associated with shorter
survival were advanced age. The most frequent admission diagnoses were septic shock, trauma that required
a tracheostomy, suffering an HAI, having diabetes mellitus, and requiring support with vasopressors or

inotropes, which were associated with a lower probability of survival (16).

A retrospective cohort study conducted at King Abdul-Aziz Medical City (KAMC) in Riyadh, Saudi Arabia,
revealed that mortality predictors were ARDS, pneumonia, intracranial hemorrhage (ICH), sepsis,
postoperative condition, COPD, cardiac disease, post-cardio-Cerebral- Resuscitation (CPCR), cerebral

infarction, and being aged 51-60(19).

The study conducted in a tertiary teaching hospital in South India showed that predictors of mortality in
mechanically ventilated patients' Two hundred patients were enrolled in the study. (28.5%) were women,
and 137 (68.5%) were men. From those patients, 71.5 percent died, and from those patients, 28.5 percent

survived (20).

A retrospective cohort study conducted in an intensive care unit in San Jose Hospital, Colombia, showed
that the administration of systemic corticosteroids was related to a higher chance of survival in critically 11l
patients who needed invasive mechanical ventilation in an intensive care unit. Sepsis/septic shock, heart

failure, and trauma (17.4%) were frequently diagnosed (16).

A retrospective cohort study carried out in Brazil in the ICUs, Infection, acute respiratory insufficiency,
acute myocardial infarction, dyspnea, cyanosis, edema, and comorbidities not directly related to the current
hospitalization were not considered predictors for the death of the elderly persons in the ICU in the present

study (25).



A retrospective cohort study conducted in Egypt showed that patients with cardiac conditions had a greater
mortality rate than those with respiratory, nervous system, or septic shock conditions. Higher tidal volumes,
higher FiO2 levels, and lower positive end-expiratory pressure levels were associated with increased

mortality (9).

A multi-center retrospective cohort study conducted in Hamburg, Germany, revealed that among critically
ill adult patients with COVID-19, survival to ICU discharge was 65%, and of 223 critically ill patients, 56%
required MV. Septic shock (40%), heart failure (8%), and pulmonary embolism (6%) The length of ICU
stay was a median of 13 days, and the duration of MV was 15 days (23).

According to retrospective cohort research carried out in Kenya, factors that were found to be significant
predictors of ICU death included age greater than 50, sepsis, acute stroke, acute respiratory failure, and

vasopressor support (26).

An institutional-based cross-sectional study conducted at selected public hospitals in Addis Ababa, Ethiopia,
showed that the mean duration of stay on the ventilator was 7.09 6.06 and the mortality rate in mechanically
ventilated patients was 41.7%. The mortality rate was higher in patients with cardiac diseases (57.70%).
Inotropic use, not taking sedation, and length of stay on a mechanical ventilator were independently

associated with mortality (5).

A retrospective follow-up study conducted in Dessie Hospital showed that diagnosis category, oxygen
saturation, presence of comorbidities, Glasgow coma scale, and use of tracheostomy were statistically

significant with survival status (27).

A one-year retrospective inception cohort study was conducted using manual chart review in ICU patients
(age >13) admitted to Tikur Anbessa Specialized Hospital (Addis Ababa, Ethiopia). Coma (Glasgow Coma
Score 8 with an endotracheal tube (7T), cardiovascular diagnosis, and a very low serum albumin level (2

g/dl) were independent predictors of mortality(8) .

In a multi-center cohort study conducted in three teaching referral hospitals in southern Ethiopia,
independent predictors of mortality were cardiac arrest, aspiration, being on a mechanical ventilator,

hypoxemia upon admission, low GCS, usage of antibiotics, and duration of stay (13).

A retrospective cohort study on survival status and predictors of mortality among mechanically ventilated

patients conducted in Addis Ababa, Ethiopia COVID-19 Care Centers, Distribution of Comorbidities, and

Baseline Investigation Findings showed that 314 patients had at least one chronic medical illness, of which

78.7% have died. Conversely, 36.8% of patients who did not have any chronic illnesses ended up dying due
7



to the COVID-19 infection. Diabetes mellitus (47%) and hypertension (43%) were the most frequently
recorded comorbidities. The proportion of deaths was much higher among those with DM (84.5%) and HTN
(81.3%) compared to patients who were free of DM (44.5%) and HTN (49.6%). Management and ventilator-
related variables: after initiation of artificial ventilation, patients remain on a mechanical ventilator for a
median of 10 days. In line with this, more than 55% of deaths were recorded within the first 10 days of MV
initiation. According to the study results, 63.5% of patients were intubated. Pressure-regulated volume
control (PRVC) was the most widely used (63.5%)) mode of ventilation for intubated patients. Overall, 181
(36.5%) patients were ventilated only with the non-invasive method of ventilation, of whom 29 (16%) died.
In contrast, 285 (90.5%) deaths were recorded among patients who received invasive ventilator support. The
study results also showed that 71.8% (356/496) of study subjects developed ICU complications. All 496
(100%) study subjects received steroid therapy and thromboprophylaxis. The presence of diabetes, shock,

and delirium was significantly associated with increased mortality (4).

A retrospective cross-sectional study conducted on the outcome of mechanical ventilator use and associated
factors at St. Paul’s Hospital Millennium Medical College's medical intensive care unit (ICU) showed that
Type I respiratory failure was the commonest indication for mechanical ventilation seen in 97.2% of patients
(pneumonia (48.4%), ARDS (32.1%), and septic shock (16.7%), and the remaining 2.8% were Type II

respiratory failure (24).

A cross-sectional study done in three public hospitals in Ethiopia showed that the initial ventilator modes
that were used the most frequently were A/C VCV (51.1%), followed by A/C PCV (23.3%), SIMV (19.4%),
and CPAP (5%), hypertension (14.4%), diabetes mellitus (10%), HIV/AIDS (7.8%), tuberculosis (3.3%),
CHF (5%), stroke (2.8%), and others. 7 (5.6%), the GCS of patients at admission was 8 (37.8%), 9—12
(26.7%), and for the remaining (35.6%) patients, the GCS was from 13 to 15 (5) .

A systematic review and meta-analysis study conducted in Ethiopia, 2022 Male gender, comorbidities,
length of stay, mechanical ventilation, vasopressor support, low arterial oxygen saturation level (SpO2
90%), cardiac arrest in ICU, septic shock, ARDS, infection, trauma, GCS score below 9, necessitating
antibiotics in ICU, hyperthermia upon admission to ICU, and aspiration during ICU stay were all screened

and identified as potential predictors of mortality in ICU (7)..

A retrospective study conducted at Hawassa University Comprehensive Specialized Hospital, Ethiopia, the
average length of stay spent in the ICU was 3.0 (IQR 1.0 - 6.0). 45.8% of the 310 total patients—died in the
intensive care unit. 17.7% of the patients had a lower state of awareness (GCS9) at the time of admission.

A third or more of the patients were suffering from shock in some way. 23.5% of the patients out of 310
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needed mechanical ventilator assistance. In addition, 42%, of patients experienced acute kidney damage
(AKI). 5.3% of the research participants who had hospital-acquired infections reported them. 23.9% of the

310 patients in total experienced aspiration pneumonia. 53.5% of the patients with Respiratory failure were

the immediate cause of death (28).



2.3. Conceptual Framework

The conceptual framework for the study was adapted after reviewing the mechanical ventilator guidelines
and different literature and articles that are related to the subject matter. It consists of five components that
will be related to the main outcome variable (survival status) and predictors of mortality, showing the

interaction between socio-demographic, morbidity, clinical, treatment, and mechanical ventilator variables

and the association between dependent and independent variables (4,5,8,9).

Mechanical ventilator
related predictors

e Mode of ventilation,
e Duration of MV, Means
of ventilation (ETT,

tracheostomy),

Treatment related
variables
e Use of Vasopressors

e Use of Steroids
e Hemodialysis

® Thromboprophylaxis

Figure 1: Conceptual framework of survival status and predictors of mortality among mechanically

ventilated patients admitted to ICU

Socio-demographic

predictors
o Age Clinical related
e Sex variables
e BP, PR, RR,
SPO2. T°
e  Serum
Time to electrolyte
Death e (Creatinine
e WBC

- DDC

Morbidity related predictors:

Traumatic brain injury (TBI)

Neurologic (meningitis, stroke)

Renal disease (acut kidney injury, chronic kidney disease)
Respiratory disease (pneumonia, ARDS, asthma,
Covid-19)

CVS disease (acute MI, Congestive heart failure,
post cardiac arrest)

Neuromuscular disease (Gulliane berry syndrome,
Myasthenia gravis)

Post-operative complications

Poisoning

Septic Shock, Cardiogenic shock
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3. OBJECTIVES
3.1. General Objective:

To Assess Survival Status and Predictors of Mortality Among Mechanical Ventilated Patients in ICU, Addis
Ababa, Ethiopia, from July 1, 2021, to June 30, 2022.

3.2.  Specific objectives:

To determine time to death among mechanically ventilated patients in the ICU of Addis Ababa, Ethiopia,
from July 1, 2021, to June 30, 2022.

To identify predictors of mortality among mechanically ventilated patients in the ICU, Addis Ababa,

Ethiopia.
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4. METHODS
4.1. Study area and Period

Addis Ababa, which is the capital city of Ethiopia and the seat of the African Union, The city encompasses
40 private hospitals, 86 health centers, and 13 public hospitals.

Among 13 public hospitals, six are administered by the Addis Ababa Health Bureau, four are administered
by the Federal Ministry of Health, and one is administered by Addis Ababa University. The remaining two
hospitals (Balcha and Defense Force Hospital) are under self-administration. Amanuel Hospital is excluded
due to a lack of ICU service; Balcha Hospital and Defense Force Hospital were also excluded from the study
due to self-administration. The study was conducted in four selected public hospitals. Those hospitals (St.
Peter Hospital, SPHMMC, Ras Desta Hospital, and Yekatit 12 Hospital Medical College) were selected by

simple random sampling.

St.Peter Hospital is one of the federal government's specialized hospitals in Addis Ababa, located in Gullele
sub-city. And the hospital has a capacity of 292 beds and a daily patient flow of 600-850 patients. ICU is
one of the departments, which has 13 bed capacities with 13 ventilator machines, and profession-wise, there
are 28 nurses (BSc, adult MSc nurse, and ECCN), 6 GPs, 2 internists, and 2 anesthesiologists. The nurse-

to-patient ratio is 1:1.

Yekatit 12 Hospital Medical College (Y12HMC) is one of the regional hospitals in Addis Ababa city
government, located in Arada sub-city. The hospital has a capacity of 350 beds and a daily patient flow of
980-1150 patients. ICU is one of the departments, which has 8 bed capacities with 7 ventilator machines,
and profession-wise, there are 28 nurses (BSc and ECCN), 6 GPs, 2 internists, and 2 anesthesiologists. The

nurse-to-patient ratio is 1:1.

Ras Desta Hospital (RDH) is one of the regional hospitals in Addis Ababa's city government, located in
Arada sub-city. The hospital has a capacity of 165 beds and a daily patient flow of 500-650 patients. ICU
is one of the departments, which has six bed capacities with six ventilator machines, and profession-wise,
there are 14 nurses (BSc and ECCN), 2 GPs, 1 internist, and 1 anesthesiologist. The nurse-to-patient ratio is

1:1.

SPMMC is one of the federal government hospitals in Addis Ababa, located in Gullele sub-city. The hospital
has a capacity of 700 beds, but currently the number of functional beds is around 400, with a daily patient
flow of 1000-1200 patients. ICU is one of the departments, which has a 15-bed capacity with 13 ventilator
machines, and profession-wise, there are 58 nurses (BSc and ECCN), 6 RT, 10 residents, 2 intensivists, and
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2 anesthesiologists. The nurse-to-patient ratio is 1:1. The study was conducted from March 1, 2023, to March

20, 2023.

4.2.  Study Design

A Multi-Center Retrospective Cohort Study was conducted in four selected government Hospitals in Addis

Ababa, Ethiopia.
4.3. Source population
All patients admitted in Adult ICU of selected public hospitals in Addis Ababa, Ethiopia.

4.4. Study Population:

The study population was all adult patients aged > 18 years old admitted to the ICU of a selected hospital
and supported by MV from July 1, 2021, to June 30, 2022.

4.5. Eligibility criteria

4.5.1. Inclusion criteria:

Adult patients who were admitted to the ICU and received mechanical ventilation in selected hospitals in

Addis Ababa, Ethiopia, from July 1, 2021, to June 30, 2022
4.5.2. Exclusion criteria:

Incomplete recordings of patient charts (missing discharge or death summary and date of initiation and end

of mechanical ventilation) and lost cards

Charts of mechanically ventilated patients with less than 24 hours (Because some lab investigations, like
serum albumin, creatinine, and serum electrolytes, are not available at this time due to financial constraints

or unavailability of service.)

4.6. Sample Size and Sampling Procedures:

4.6.1. Sample size determination

Sample size calculations for survival status and predictors of mortality among mechanically ventilated
patients at selected government hospitals in Addis Ababa for objectives one and two were determined, and
the largest one was taken as the sample size for this research.
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That is, the sample size for the first objective was calculated using the following data and assumptions: 95%

confidence interval, 80% power, and hazard ratio (2.52) (7) the formula having two steps.

Stepl:

2
(Zw/2 + Zg) (1,96 +0.84)?

[log HR]?p(1 —p) [log2.52]%20.5 % 0.5

Where
- E is number of expected events (death)

-Za /Zis the significance level two sides (5% the value is 1.96)

- Zg have the value of 80% power (0.84)
- HR is the hazard ratio (2.52) (7).

- P is the fraction of subjects allocated to the first group (by general cohort study expected ratio of 1 to 1 exposed-non

exposed ratio)

E 194.6
Step2:n = p(E) ~ 0.4497

= 432

Where; n is the number of subjects to be followed,
E-is the number of events (195) and P is the overall probability of an event (death) at the end of the study (44.97%)(7)

Since we have a total number of patients on mechanically ventilated in one year were 482 which is less than 10,000
correction formulas was required. By using the correction with adding 10% of non-response rate, the sample size

became 251.
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Total number of patients received mechanical ventilation in

four selected government hospital of ICU

N=482

|

v

St. Peter Hosp.
SPHMMC P YI1ZHMC RDH
_ N=140 =
N=130 N=110 N= 102
Proportion to size allocation
68 73 >3 53

Total study sample
size n = 252

Figure 2: A diagram representation of proportion allocation sample Size

The sample size determined for objective two, which is predictors of death, is computed by Stata version 14
power analysis for the Cox proportional hazards model using data from several sources of literature. By
taking into account the following assumptions: By using the general cohort study's CI of 95%, 80% power,
and exposed to unexposed ratio of 1:1, as well as its covariate correlations of 0.5 and 0, respectively, the final
sample size was 418. As a result, the sample size for this study was 418, making it the biggest sample size

among those determined for the first and second objectives.
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Table 1: Sample size calculated for predictor variables

Cases in Sample size
Sample
Variable Assumption exposed AHR ) after10% non- | Reference
size
group% response rate
Advanced age Power: 80% 180/496 1.86 82 90 (@Y)
.. CI: 95%
Spo> at admission 178/338 0.75 380 418 (29)
Ratiol:1
GCS 8 or below 156/376 2.451 40 44 (27)

Where:

Z a/2 =is taking 95% CI, which is 1.96.

7P = 80% power

And r is the non-exposed to the exposed ratio (1:1)

By comparing the sample size of the first specific objective and the second specific objective, we obtained

the larger sample size, which are 418.
4.6.2. Sampling Procedures:

To select the study participants from each hospital, the proportional allocation formula was used based on
caseloads. There were about 482 mechanically ventilated adult patients (140 from St. Peter Hospital, 130
from SPHMMC, 102 from Ras Desta Hospital, and 110 from Yekatit 12 Hospital Medical College) from
July 1, 2021, to June 30, 2022. Medical records of mechanically ventilated adult patients were taken from
the identified cards in each hospital, and then a simple random sampling technique with a lottery method was

carried out to get participants.
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4.7. Study Variables:
4.7.1. Dependent variable:

J Time to death
4.7.2. Independent variable

¢ Socio-demographic variables: gender, age

e Management- or medication-related variables: vasopressors, steroid use, hemodialysis, thrombolytics,
chest tube insertion

e Mechanical ventilator-related variables: means of ventilation (ETT, tracheostomy), mode of ventilation,
duration of MV, length of stay on MV

e Morbidity-related variables: comorbidities (RF, AKI, CKD, ARDS, COPD, pneumonia, asthma, HTN,
DM, CHF, DVT, cardiac arrhythmias, electrolyte imbalance, neuromuscular disease, sepsis, cardiogenic
shock, septic shock, stroke, meningitis, seizure, malignancy, GBS), tachycardia, tachypnea, fever, hypoxia,
COVID-19 infection, PTE, poisoning, pneumothorax, delirium, HAI

¢ (linically related variables: BP, PR, RR, SPO2, T% serum electrolyte, creatinine, WBC, and RBS

4.8. Operational Definitions:

¢ Time to Death: For this study, time to death is from the patient's day of intubation up to the day of death
and/or extubation.

e Censored: The patient’s outcome during the study period: recovered patients, discharged to home,
discharged against medical advice, or transfer out to other health institutions with an unknown outcome

¢ Time scale: the duration of an incident or censored instance will be measured in days.

e  Mechanical ventilation: A patient is put on a mechanical ventilation machine invasively for breathing
support and airway protection.

e Survival status: outcome of a patient; either death or censorship.

e  Mortality rate: measures the occurrence of death in a defined population during a specific interval.
4.9. Data Collection Tool and Procedures:

The English-language version of the data extraction structured chart review checklist was adapted based on
a literature reviews (4,5,7,9,13). The data source was secondary data from recorded documents (charts) and

a computer database. Before the actual study, all ICU mechanically ventilated patients were roughly reviewed
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(extracted) to identify the study subjects using the medical record number (MRN) obtained from the ICU
admission and discharge registration logbook. Then, all charts that included the inclusion criteria were
reviewed, and relevant data were extracted. The data extraction tool was comprised of socio-demographic,
clinical/morbidity-related, machine-related, and management/medication-related variables. Four data
collectors (BSc nurses, MSc ECCN) and two supervisors were recruited after a one-day training and

orientation.

4.10. Data Quality Control and Management:

Prior to data collection, the data qualities were assured by applying designed and pre-tested data collection
tool. The adapted data abstraction tool was commented by experienced researchers and advisors. And the
tool was pre-tested in Zewditu hospital among 20(5%) of the sample size two week prior to the actual data
collection to ensure the presence of the recorded variables in the patient’s chart and to check its completeness,
clarity, and consistence. As a result, the corrective measures were taken; some unrecorded variables were
reduced from the data extraction tool before the actual time of data collection. In addition, training was given
to data collectors and supervisors on the assessment tool as well as the study's goals and relevance in order
to ensure the quality of the collected data. The data collection process was closely followed by supervisors
and investigator. When collecting the data, the data collectors were advised to record a card number on the

questionnaire in case further cross-checking was required.

4.11. Data Processing and Analysis:

Data were entered, coded, and cleaned using Epi Data Management V.4.2.2, and then transferred to STATA
V-14 for data analysis. The nature of the data was determined via exploratory analysis (levels of missing
values, presence of influential outliers, and normality). Depending on the type of data, frequency tables,
percentages, graphs, means with standard deviations, or medians with interquartile ranges were used to
represent the data. To compare survival differences and calculate the median survival time, the Kaplan-Meier

curve was employed.

Bivariate analysis was performed using the Cox proportional hazard model to determine the relationship
between each independent variable and the dependent variable (time to death). Variables with a p-value of
0.20 were considered for further analysis to identify the net effect of each variable on mortality. After all
covariates and the whole model satisfied the proportional hazards assumption based on the global
proportional hazards test using the Schoenfeld residual test with a value of P>chi2= 0.7537, the data were
fitted into the Cox regression model. Finally, based on an adjusted hazard ratio with a 95% CI and a p-value
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< 0.05, significance was declared, and the factors that had an independent association with poor outcomes

were selected.

Multicollinearity occurs when predictor covariates in the cox-regression model are correlated. The
relationship between each predictor variable and the outcome variable should be independent.
Multicollinearity was tested using the VIF to check the variable inflation factor for each predictor variable.
According to some guidelines, a VIF value less than 10 is considered an acceptable collinearity level.
However, a VIF value greater than 4 needs further investigation. In my study, the maximum VIF value was

1.885, with a mean VIF of 1.40. Therefore, there was no multicollinearity.

4.12. Ethical Consideration:

The study was carried out after getting permission from the ethical clearance committee or institutional review board
(IRB) of SPHMMC, and the Addis Ababa Health Bureau has approved the study's ethical conduct. Official letters of
cooperation were sent to SPHMMC, St. Peter Hospital, Ras Desta Hospital, and Yekatit 12 Hospital Medical College.
Since the study was done by looking through patient files, official letters were filed with the clinical director, and
consent was obtained on behalf of patients to provide full access to information. To maintain anonymity and
confidentiality, the patient’s name was not mentioned in the questionnaire throughout the study process. Data coding

and aggregate reporting were utilized to prevent the use of respondents' names or other forms of personal identification.

4.13. Dissemination of Results:

The findings of the study were submitted and presented to St. Paul Hospital Millennium Medical College. Also, the
study results were distributed to SPHMMC, St. Peter Hospital, Ras Desta Hospital, Yekatit12 Hospital Medical
College, Addis Ababa Health Bureau, and the Federal Ministry of Health with a copy of printed paper, as well as to

other concerned bodies who wanted the study results legally either via presentation, hard copy, or soft copy.

An attempt will be made for publication of the study findings in a reputable journal.
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S. RESULTS

5.1. Sociodemographic characteristics of study participants

In the study, a total of 382 mechanically ventilated patient charts were incorporated, with a response rate of
91.4%. More than half (59.2%) of study participants were male, and of them, the majority (62.7%) were
censored. More than 44.2% of study participants were in the age category of less than or equal to 40 years, and
more than 56.3% of the subjects were censored. The overall mean age of study participants was 45.86 years,

with a standard deviation of 18.26 years.

Table 2: Sociodemographic characteristics of mechanical ventilated patients in ICU at Addis Ababa, 2022

Outcome of patients
Variables Category Total, n (%)
Death, n (%) Censored, n (%)
Male 147(57.4) 79(62.7) 226(59.2)
Sex
Female 109(42.6) 47(37.3) 156(40.8)
<40 98(38.3) 71(56.3) 169(44.2)
40-60 91(35.5) 36(28.6) 127(33.2)
Age group
>60 67(26.2) 19(15.1) 86(22.5)
Mean + SD 47.92 £18.28 41.67 £17.55 45.86 £ 18.26
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5.2. Clinical characteristics of mechanically ventilated patients in ICU

This study showed that nearly two-thirds (63.4%) of study participants had normal systolic blood pressure at
intubation. Of these participants, the majority (65.6%) died. (70%) study subjects had normal diastolic blood
pressure at the intubation stage. Almost half (50.8%) of study subjects had greater than or equal to 90% SPO2
at mechanical ventilation initiation. 207 (54.2%) of the study subjects had tachycardia of the pulse rate at the
initiation of mechanical ventilation. Almost three-fourths (75.4%) of study subjects had a respiration rate greater
than or equal to twenty breaths per minute at initiation. Almost every six of ten (62.3%) study participants had

less than 36.50% at mechanical ventilation initiation.

The study also indicated that, at the end of follow-up, nearly three-fourths (72.5%) of study participants had
abnormal systolic blood pressure at the extubation stage. 80.1% of study participants had abnormal diastolic
blood pressure. More than half (55.0%) of study participants had greater than or equal to 90% SPO?2 at extubation
of MV. 41.1% of study subjects had tachycardia of the pulse rate at the end of mechanical ventilation at the end
of follow-up. Nearly two-thirds (64.7%) of study participants had a respiration rate greater than or equal to
twenty breaths per minute at the end of follow-up. Similarly, more than two-thirds (69.4%) of study subjects had
a temperature of 36.50 °C under mechanical ventilation at the end of follow-up. 42.7% of study participants had
less than a 9 on the Glasgow Coma Scale at admission. Nearly two-thirds (63.6%) of study participants had
greater than 126 mg/dL of RBS at baseline. 60.8% of study participants had a range of 4.5-11 cells/L (normal)
of WBC at baseline. The mean creatinine of study participants at baseline was 1.17 mg/dL, with a standard
deviation of 1.40 mg/dL. At the end of follow-up, nearly two-thirds (63.7%) of study participants had less than
a9 on the Glasgow Coma Scale. More than half (54.7%) of study participants had greater than 126 mg/dL. 58.8%
of study participants had normal WBC, and more than half (58.8%) of study participants’ serum albumin levels
were not normal. The mean creatinine level of study participants was 1.48 mg/dL, with a standard deviation of

1.74 mg/dL (Table 2).
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Table 3: Clinical characteristics of patients at intubation and extubation

Outcome of patients

Variables Category Total, n (%)
Death, n (%) | Censored,
<120 (normal) 168(65.6) 74(58.7) | 242(63.4)
Systolic at initiation of
120-139(prehypertension) 51(19.9) 21(16.7) | 72(18.8)
MY >=140(High blood pressure) 37(14.5) 31(24.6) | 68(17.8)
<80(Normal) 189(73.8) 79(62.7) | 268(70.2)
Diastolic at initiation of |=gya0 by oo tension) 34(13.3) 19(15.1) | 53(13.9)
MV >=90(High blood pressure) 33(12.9) 28(22.2) | 61(16.0)
SPO2 at initiation of | <90 135(52.7) 53(42.1) | 188(49.2)
MV >=90 121(47.3) 73(57.9) | 194(50.8)
Pulse rate at initiation | <60(bradycardic) 25(9.8) 3(2.4) 28(7.3)
of MV 60-100(normal) 93(36.3) 54(42.9) | 147(38.5)
>100(tachycardia) 138(53.9) 69(54.8) | 207(54.2)
<10 3(1.2) 0(0.0) 3(0.8)
Respiratory at initiation 75755 53(20.7) 38(30.2) | 91(23.8)
>=20 200(78.1) 88(69.8) | 288(75.4)
Temperature at | <36.5 166(64.8) 72(57.1) | 238(62.3)
intubation 36.5-37.5 56(21.9) 43(34.1) |99(25.9)
>37.5 34(13.3) 118.7) |45(11.8)
<120 (normal) 210(82.0) 67(53.2) | 277(72.5)
Systolic at extubation | 120-139(prehypertension) 29(11.3) 39(31.0) | 68(17.8)
>=140(High blood pressure) 17(6.7) 20(15.9) | 37(9.7)
<80(Normal) 229(89.5) 77(61.1) | 306(80.1)
Diastolic at Extubation ['8(_g9(Prehypertension) 13(5.1) 33(26.2) | 46(12.0)
of MV >=90(High blood pressure) 14(5.5) 16(12.7) | 30(7.9)
SPO2 at extubation of | <90 160(62.5) 12(9.5) | 172(45.0)
MV >=90 96(37.5) 114(90.5) | 210(55.0)
Pulse rate at extubation | <60(bradycardic) 87(34.0) 5(4.0) 92(24.1)
of MV 60-100(normal) 61(23.8) 72(57.1) | 133(34.8)
>100(tachycardia) 108(42.2) 49(38.9) | 157(41.1)
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Respiratory at | <10 26(10.2) 0(0.0) 26(6.8)
extubation 10-20 80(31.3) 29(23.0) | 109(28.5)
>=20 150(58.6) 97(77.0) | 247(64.7)
Temperature at | <36.5 201(78.5) 64(50.8) | 265(69.4)
extubation of MV 36.5-37.5 27(10.5) 53(42.1) | 80(20.9)
>37.5 28(10.9) 9(7.1) 37(9.7)
Glascow Coma Scale at | <9 129(50.4) 34(27.0) | 163(42.7)
nitiation 9-12 97(37.9) 45(35.7) | 142(372)
13-15 30(11.7) 47(37.3) | 77(20.2)
<70 20(7.8) 1(0.8) 21(5.5)
RBS initiation 70-126 76(29.7) | 42(33.3) | 118(30.9)
>126 160(62.5) 83(65.9) | 243(63.6)
WBC at Initiation of | <4.5 15(5.9) 4(3.2) 19(5.0)
MV 4.5-11 148(57.8) 84(67.2) | 231(60.8)
>=11 93(36.3) 37(29.6) | 130(34.2)
Creatinine at initiation | Mean+ SD 1.35£1.58 0.81+0.80 | 1.17+1.40
Glascow Coma Scale at | <9 2339L.7) 9(7.1) 242(63.7)
extubation 9-12 14(5.5) 432) | 1847
13-15 7(2.8) 113(89.7) | 120(31.6)
<70 13(5.1) 0(0.0) 13(3.4)
RBS extubation 70-126 104(40.6) | 56(444) | 160(41.9)
>126 139(54.3) 70(55.6) | 209(54.7)
WBC at extubation of | <4.5 17(6.7) 3(2.4) 20(5.2)
MV 4.5-11 130(50.8) 95(75.4) | 224(58.8)
>=11 109(42.2) 28(22.2) 137(36.0)
Creatinine at End Mean+ SD 1.78+1.98 0.86+0.80 | 1.48+1.74
Not done 151(59.0) 71(56.3) | 222(58.1)
) Normal 51(19.9) 29(23.0) | 80(20.9)
Serum albumin level . .
Hypoalbuminemia 46(18.0) 25(19.8) | 71(18.6)
Hyper albuminemia 8(3.1) 1(0.8) 9(2.4)
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5.3. The Morbidity related characteristics of study participants

As shown in Table 4, nearly every second of the ten (18.6%) study participants had neurologic disease. Of
these diseases, stroke, epilepsy, and seizures were the main ones that patients were affected by. Similarly,
nearly every second of the ten (18.3%) study subjects had renal failure, and acute kidney injury was the main
reason for the failure. A small number (4.7%) of study participants had undergone dialysis. More than half
(53.7%) of study participants had respiratory disease, and aspiration pneumonia, ARDS, asthma, and SCAP
were the types of respiratory disease that the study participants had. More than five out of ten (52.1%) study
subjects had a cause for the initiation of mechanical ventilation because of Type 1 respiratory failure. More
than one-fourth (28.5%) of study subjects had any cardiovascular disease. Acute MI, HTN, CHF, cardiogenic
shock, and post-cardiac arrest were the types of cardiovascular disease among study participants. A small
number (11.8%) of study participants had diabetes mellitus. Similarly, a small number (16.5%) of study

participants had anemia.

Regarding HIV infection, 27 (7.1%) of the study subjects were infected. A small number (2.6%) of study
participants had neuromuscular disease. More than one third (39.8%) of study subjects had referred to shock
disease, and sepsis, or septic shock, was the most common. Almost every second of the ten (20.9%) study
participants had complications after intubation. The main types of complications after intubation were HAI,
pneumothorax, VAP, pulmonary edema, and malnutrition. More than three out of seven (46.9%) study
participants had an electrolyte imbalance. The main types of electrolyte imbalance that the study participants

had were hyponatremia, hypernatremia, hypokalemia, and hyperkalemia.
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Table 4: The Morbidity related characteristics of study participants

Variables Category Outcome of patients Total, n (%)
Death, n (%) Censored, n (%)
Neurologic disease Yes 48(18.8) 23(18.3) 71(18.6)
No 208(81.3) 103(81.7) 311(81.4)
Renal failure Yes 60(23.4) 10(7.9) 70(18.3)
No 196(76.6) 116(92.1) 312(81.7)
Dialysis done for Yes 16(6.2) 2(1.6) 18(4.7)
renal failure patients No 240(93.8) 124(98.4) 363(95.3)
Respiratory disease Yes 142(55.5) 63(50.0) 205(53.7)
No 114(44.5) 63(50.0) 177(46.3)
Cause of initiation Type -1 respiratory 139(54.3) 60(47.6) 199(52.1)
of mechanical Type -2 respiratory 30(11.7) 18(14.3) 48(12.6)
Ventilation Coma 87(34.0) 48(38.1) 135(35.3)
Cardiovascular Yes 75(29.3) 34(27.0) 109(28.5)
No 181(70.7) 92(73.0) 273(71.5)
DM Yes 30(11.7) 15(11.9) 45(11.8)
No 226(88.3) 111(88.1) 337(88.2)
Anemia Yes 44(17.2) 19(15.1) 63(16.5)
No 212(82.8) 107(84.9) 319(83.5)
HIV infection Yes 20(7.8) 7(5.6) 27(7.1)
No 236(92.2) 119(94.4) 355(92.9)
Neuromuscular Yes 4(1.6) 6(4.8) 10(2.6)
disease No 252(98.4) 120(95.2) 372(97.4)
Shock Yes 131(51.2) 21(16.7) 152(39.8)
No 125(48.8) 105(83.3) 230(60.2)
Complications after | Yes 61(23.8) 19(15.1) 80(20.9)
intubation No 195(76.2) 107(84.9) 302(79.1)
Electrolyte Yes 130(50.8) 49(38.9) 179(46.9)
imbalance No 126(49.2) 77(61.1) 203(53.1)
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54. Mechanical ventilator related characteristics of study participants

This study finding indicated that almost two third (67.0%) of study participants used A/C VC mode of
mechanical ventilation. More than one-third (35.7%) of study participants were stayed on Mechanical
ventilation total length of 1-3 days. The overall percentage of FIO> of study participants at baseline was 91.09
%( 95%CI: 89.35, 92.72). Similarly, the overall percentage of FIO: of study participants at the end of follow
up was 72.62% (95%CI: 67.95, 78.52) (Table 5).

Table 5: Mechanical ventilator related characteristics of study participants

Variable Category Outcome of patients Total, n (%)
Death, n (%) Censored, n (%)
PRVC 17(6.6) 6(4.8) 23(6.0)
Mode of A/C PC 55(21.5) 27(21.4) 82(21.5)
mechanical A/C VC 179(69.9) 77(61.1) 256(67.0)
ventilation SIMV 2(0.8) 43.2) 6(1.6)
CPAP 3(1.2) 12(9.5) 15(3.9)
Total Length of | 1-3 101(39.5) 35(28.0) 136(35.7)
stay on MV 4-7 77(30.1) 46(36.8) 123(32.3)
>=8 78(30.5) 44(35.2) 122(32.0)
FIO2 at initiation | Percentage | 91.10(88.94,93.26) | 91.07(88.52,93.46) | 91.09(89.35,92.72)
(95% CIh
FIO2 at end of | Percentage | 85.23(80.16,92.80) | 46.98(41.24,55.61) | 72.62(67.95,78.52)
follow-up (95% CI)
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5.5. Treatment related characteristics of study participants

As shown in Table 6, 41.6% of study participants had used vasopressor medication. More than half (53.1%) of
study participants used steroids. A small number (2.9%) of study subjects had an inserted chest tube, and the

most common type of inserted chest tube by study subjects was pneumothorax.

Table 6: Treatment related characteristics of study participants

Outcome of patients
Variables Category " patt Total, n (%)

Death, n (%) Censored, n (%)

Was Vasopressor Yes 139(54.3) 20(15.9) 159(41.6)
use? No 117(45.7) 106(84.1) 223(58.4)
Was Steroids use? Yes 133(52.0) 70(55.6) 203(53.1)
No 123(48.0) 56(44.4) 179(46.9)
Was there any chest | Yes 11(4.3) 0(0.0) 11(2.9)
tube inserted? No 245(95.7) 126(100.0) 371(97.1)
Yes to chest tube | Pneumothorax | 10(90.91) 0(0.0) 10(90.91)
inserted Haemothorax 1(9.09) 0(0.0) 1(9.09)

5.6. Time to death of critical ill patients on mechanical ventilation

In this study, patients were followed for a minimum of one day to a maximum of 69 days, with a median
follow-up of 5 days and an interquartile range (IQR) of 2-8.25. Based on this, the total person-time
observation was 2666 person-days. In this study of 382 observations, 256 (67.0%) study participants were
dead. About 126 (33.0%) study participants were censored. Among the censored, 114 (29.8%) of study

participants were recovered, and 12 (3.1%) of study participants were discharged.

As shown in the Kaplan-Meier survival curve, it increases promptly as time elapses. So that there is an increase
in deaths of critically ill patients on mechanical ventilation as the number of days increases. In critically ill
patients on mechanical ventilation analysis, the highest death rate of mechanically ventilated patients was

observed on the twentieth day, with a death rate of 88.3% with a 95% CI.
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The total death rate of critically ill patients on mechanical ventilation in the ICU was found to be 9.23 cases
(95% (1, 8.14-10.46) per 100 person-days. As shown in Figure 3, the cumulative probability of failure on the
first day of admission to the ICU was 6.23%; at the tenth day, it was 68.28%; at the twentieth day, it was
80.65%; at the thirtieth day, it was 88.30%; and at the end of the follow-up, it was 98.54%. The median

survival time was found to be 6 days with a 95% CI.*

Kaplan-Meier failure estimate
—

1.00
|

0.50 0.75
| |

Cum probability of failure

0.25
|

0.00
|

0 20 40 60 80

Follow up time in days

Figure 3 A Kaplan—Meir failure estimates of patients admitted to ICU

30



5.7. Log-rank test for mortality predictors

A logrank test was run to find the difference in survival rates among many categories of predictor factors. As a result, there were
significant differences in survival based on age, systolic and diastolic blood pressure at baseline, pulse rate, and respiratory rate, as well
as systolic and diastolic blood pressure at the end of the follow-up, pulse at the final follow-up, mental illness, HIV infection, the

presence of shock, RBS at baseline, WBC at baseline, and end of the follow-up, as well as the use of Vasopressor.

Table 7: Log-rank test for mortality predictors among Mechanical ventilated patients admitted to the ICU, Addis Ababa

Variables Category Outcome of patients x? DF P-value
Death, n (%) Censored, n (%)
<40 98(38.3) 71(56.3)
Age group 40-60 91(35.5) 36(28.6) 7.21 2 0.0272
>60 67(26.2) 19(15.1)
. _ <120 (normal) 168(65.6) 74(58.7)
Systolic at baseline 120-139(prehypertension) 51(19.9) 21(16.7) 1242 0.0036
>=140(High blood pressure) 37(14.5) 31(24.6)
<80(Normal) 189(73.8) 79(62.7)
Diastolic at baseline 80-89(Prehypertension) 34(13.3) 19(15.1) 5.45 2 0.0654
>=90(High blood pressure) 33(12.9) 28(22.2)
Pulse rate at baseline Normal 93(36.3) S4(42.9) 4.28 1 0.038
abnormal 163(63.7) 72(57.1)
Respiratory rate at baseline Normal 53(20.7) 38(30.2) 2.64 1 0.104
abnormal 203(79.3) 88(69.8)
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<120 (normal) 210(82.0) 67(53.2)

Systolic at end follow-up 120-139(prehypertension) 29(11.3) 39(31.0) 19.69 <0.001
>=140(High blood pressure) 17(6.7) 20(15.9)
<80(Normal) 229(89.5) 77(61.1)

Diastolic at end follow-up 80-89(Prehypertension) 13(5.1) 33(26.2) 22.12 <0.001
>=90(High blood pressure) 14(5.5) 16(12.7)

SPO2 at end follow-up <0 160(62.5) 1209:3) 0 0.9811
>=00 96(37.5) 114(90.5)

Pulse rate at end follow-up | Normal 61(23.8) 72(57.1) 15.23 <0.001
abnormal 195(76.2) 54(42.9)

Neurologic disease Yes 48(18.8) 23(18.3) 5.87 0.0154
No 208(81.3) 103(81.7)

Renal failure Yes 60(23.4) 10(7.9) 16.09 <0.001
No 196(76.6) 116(92.1)

Cardiovascular Yes 75(29-3) 34(27.0) 3.34 0.0677
No 181(70.7) 92(73.0)

HIV infection Yes 20(7.8) 765.6) 6.86 0.0088
No 236(92.2) 119(94.4)

Neuromuscular disease Yes 4(1.6) 6(4.8) 4.46 0.0347
No 252(98.4) 120(95.2)

Presence of Shock Yes 131(31.2) 21(16.7) 26.46 <0.001
No 125(48.8) 105(83.3)
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Glascow Coma Scale at| <9 129(50.4) 34(27.0) 2477 <0.001

baseline >9 127(49.6) 92(73.0)

Glascow Coma Scale at end | <9 233(91.7) 9(7.1) 133.55 <0.001

follow-up >9 21(8.3) 117(73.0)

RBS at baseline Normal 76(29.7) 42(33.3) 31.76 <0.001
abnormal 180(70.3) 84(66.7)

WBC at baseline Normal 148(57.8) 84(67.2) 7.86 0.0196
abnormal 108(42.2) 41(32.8)

WBC at end follow-up Normal 130(50.8) 95(75.4) 36.94 <0.001
abnormal 126(49.2) 31(24.6)

Vasopressor used Yes 139(54.3) 20(15.9) 19.75 <0.001
No 117(45.7) 106(84.1)
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5.8. Predictors of mortality among patients admitted to Intensive Care Unit

A bivariate Cox proportional hazard regression was done to identify predictor variables. Variables like age
group, Systolic blood pressure at baseline, diastolic blood pressure at baseline, pulse rate at baseline, respiratory
rate at baseline, systolic blood pressure at end follow-up, diastolic blood pressure at end follow-up,SPO2 at end
follow-up, pulse rate at end follow-up, neurologic disease, renal failure, cardiovascular disease, HIV infection,
neuromuscular disease, presence of shock, GCS at baseline, GCS at end follow-up, RBS at baseline, WBC at
baseline, WBC at end follow-up, creatinine at baseline, creatinine at end follow-up, Serum albumin level, F1I02
at the end of follow-up, and Vasopressor used were variables with a p-value of less than 20% selected for the

multivariable Cox proportional hazard regression model.

After all covariates and the whole model satisfied the proportional hazards assumption based on the global

proportional-hazards test using the Schoenfeld residuals [x? 36) = 29.89,P = 0.7537], data were fitted into the

Cox regression model. Then, in a multivariable Cox regression analysis, it was found that only Systolic blood
pressure at baseline, Systolic blood pressure at end follow-up, Diastolic blood pressure at end follow-up, HIV
infection, GCS at end follow-up, RBS at baseline, Creatinine at baseline, and Serum albumin level were
identified as significant predictors for time to death among Mechanically ventilated patients admitted to the

ICU (P <0.05).

By keeping all variables constant, the study participants with prehypertension systolic blood pressure at baseline
had a 43% lower mortality hazard than those with normal (AHR =0.57, 95% CI: 0.38, 0.85). On the other hand,
the hazard of mortality among mechanically ventilated patients in ICU with a high systolic blood pressure at
the end of follow-up was 2.11 times greater than that among those patients with a normal systolic blood pressure
condition (AHR = 2.11, 95% CI: 1.23, 3.61). The mortality hazard for patients who had a prehypertension
condition of diastolic blood pressure at follow-up to the ICU was 75% less than the hazard for patients with a

normal condition of diastolic blood pressure (AHR = 0.25, 95% CI: 0.12, 0.53).

Additionally, the hazard of death for patients who had HIV infection was 2.81 times higher than their

counterparts (AHR = 2.81, 95% CI: 1.62, 4.88). Patients with a Glasgow Coma Scale at end follow-up of less

than nine was 233(91.7%), patients with GCS at the end of follow-up > 9was 21(8.3%), GCS of < 9 at end

follow up has higher hazard of mortality than Glascow Coma Scale at admission <9 was 129 (50.4%).

Mechanically ventilated patients with abnormal RBS at baseline had a 32% higher mortality hazard than those

with normal RBS (AHR = 0.68, 95%: 0.4, 0.93). The hazard of mortality in patients with a normal serum
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albumin level was 34% less likely than in patients whose serum albumin level was not measured (AHR = 0.66,
95% CI: 0.46, 0.96). Furthermore, upon admission of mechanically ventilated patients to the ICU, a one-unit
increase in the patients’ creatinine level increased the mortality hazard of patients by 17% (AHR = 1.17, 95%

CI: 1.12, 1.35) (Table 8).
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Table 8: Multivariable Cox regression analysis for mortality predictors among Mechanical ventilated patients admitted to the ICU, Addis Ababa

Outcome of patients

Variables Category CHR(95% CI) AHR(95%CI) P-value
Death, n (%) Censored, n (%)
<40 98(38.3) 71(56.3) 1
Age group 40-60 91(35.5) 36(28.6) 1.46(1.09,1.94) | 1.11(0.80, 1.55) | 0.533
>60 67(26.2) 19(15.1) 1.11(0.81, 1.52) | 0.83(0.58, 1.18) | 0.298
<120 (normal) 168(65.6) 74(58.7) 1
Systolic at )
120-139 (Prehypertension) 51(19.9) 21(16.7) 0.78(0.57, 1.07) | 0.57(0.38,0.85) | 0.007
baseline
>140(High blood pressure) 37(14.5) 31(24.6) 0.55(0.38,0.78) | 0.61(0.36, 1.06) | 0.078
Diastolic at <80(Normal) 189(73.8) 79(62.7) 1
baseline 80-89(Prehypertension) 34(13.3) 19(15.1) 0.87(0.60, 1.27) | 1.09(0.68, 1.73) | 0.719
> 90(High blood pressure) 33(12.9) 28(22.2) 0.63(0.43,0.91) | 1.28(0.72,2.28) | 0.394
Pulse rate at | Normal 93(36.3) 54(42.9) 1
baseline Abnormal 163(63.7) 72(57.1) 1.30(1.00, 1.69) | 1.17(0.83, 1.65) | 0.37
Respiratory Normal 53(20.7) 38(30.2) 1
rate at baseline | Abnormal 203(79.3) 88(69.8) 1.27(0.93,1.72) | 0.94(0.65, 1.35) | 0.729
<120 (normal) 210(82.0) 67(53.2) 1
Systolic at end 756739 o pertension) 29(11.3) 39(31.0) 0.59(0.40, 0.87) | 2.11(1.23,3.61) | 0.007
follow-up
>140(High blood pressure) 17(6.7) 20(15.9) 0.42(0.25,0.70) | 1.20(0.58,2.48) | 0.631
<80(Normal) 229(89.5) 77(61.1) 1
80-89(Prehypertension) 13(5.1) 33(26.2) 0.39(0.22, 0.69) | 0.25(0.12,0.53) | <0.001
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Diastolic at end

>90(High blood pressure) 14(5.5) 16(12.7) 0.40(0.23, 0.69) | 0.66(0.30, 1.44) | 0.297

follow-up

SPO2 at end | <90 160(62.5) 12(9.5) 2.27(1.76,2.93) | 0.92(0.68,1.26) | 0.619

follow-up >90 96(37.5) 114(90.5) 1

Pulse rate at | Normal 61(23.8) 72(57.1) 1

end follow-up | Abnormal 195(76.2) 54(42.9) 1.71(1.28,2.28) | 1.10(0.77,1.57) | 0.585

Neurologic Yes 48(18.8) 23(18.3) 0.71(0.51,0.98) | 0.84(0.57,1.25) | 0.396

disease No 208(81.3) 103(81.7) 1

Renal failure | Yes 60(23.4) 10(7.9) 1.64(1.23,2.19) | 1.11(0.69,1.78) | 0.67
No 196(76.6) 116(92.1) 1

Cardiovascular | Y€S 75(29.3) 34(27.0) 0.78(0.59, 1.02) [ 1.10(0.78, 1.56) | 0.584
No 181(70.7) 92(73.0) 1

HIV infection | Yes 20(7.8) 7(5.6) 2.42(1.52,3.86) | 2.81(1.62,4.88) | <0.001
No 236(92.2) 119(94.4) 1

Newromuseular Yes 4(1.6) 6(4.8) 0.37(0.14,0.99) | 0.62(0.20,1.96) | 0.42
No 252(98.4) 120(95.2) 1

disease Yes 131(51.2) 21(16.7) 1.83(1.43,2.34) | 0.96(0.69, 1.34) | 0.801
No 125(48.8) 105(83.3) 1

Glascow Coma | <9 226 (88.3) 79(62.7) 3.43 (2.3,5.15) 2.14 (1.32, 0.836

Scale at [>9 30 (11.7) 47 (37.3) 1

Glascow Coma | <12 247(97.2) 13 (10.3) 36.52(16.11, 39.65(16.09, | <0.001

Scale at end | >]2 7(2.8) 113(89.7) 1

RBS at | Normal 76(29.7) 42(33.3) 1

baseline Abnormal 180(70.3) 84(66.7) 0.77(0.59, 1.02) | 0.68(0.49,0.93) | 0.015

WBC at | Normal 148(57.8) 84(67.2) 1

baseline Abnormal 108(42.2) 41(32.8) 1.37(1.07, 1.76) | 1.09(0.80, 1.47) | 0.594
Normal 130(50.8) 95(75.4) 1
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WBC at end | Abnormal 126(49.2) 31(24.6) 181(1.41,2.32) | 1.19(0.87, 1.63) | 0.281
Creatinine _ at | Mean< SD 1.3541.58 0.8120.80 1.10(1.02, 1.18) | 1.17(1.02, 1.35) | 0.03
Creatinine at | Mean< SD 1.78+1.98 0.860.80 1.10(1.04, 1.16) | 0.91(0.80, 1.03) | 0.138
end follow-un
[ Not done 151(59.0) 71(56.3) 1

Serum albumin =g 51(19.9) 29(23.0) 0.68(0.50. 0.94) | 0.66(0.46, 0.96) | 0.028
level Hypoalbuminemia 46(18.0) 25(19.8) 0.79(0.57. 1.11) | 0.80(0.56. 1.16) | 0.243

Hyper albuminemia 383.1) 1(0.8) 124(0.61,2.52) | 1.07(0.37,3.09) | 0.902
FIO2 at end of
o Percentage(95%CT) 85.23(80.16.92.80) | 46.98(41.24,55.61) | 1.00(1.00, 1.01) | 1.00(1.00, 1.00) | 0.2
ollow-up
Vasopressor | Yes 139(54.3) 20(15.9) 1.75(1.36,2.24) | 0.93(0.67, 1.29) | 0.655
used No 117(35.7) 106(34.1) 1

1 indicates reference category
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6. Discussion

The primary focus of this study was to determine the time to death and predictors of mortality among
mechanically ventilated patients admitted to the intensive care units of four selected public hospitals in Addis
Ababa. My study evaluated the patients' sociodemographic, clinical related, treatment-related, MV-related,

and morbidity characteristics from their medical record data using a survival analysis model.

The incidence of death among patients in the ICU was found to be 9.23 cases (95% CI, 8.14—-10.46) per 100
person-days of observation. The cumulative probability of failure on the first day of admission to the ICU
was 6.23%:; on the tenth day, it was 68.28%; on the twentieth day, it was 80.65%; on the thirty-first day, it
was 88.30%; and at the end of the follow-up, it was 98.54%. The median survival time was found to be 6

days.

This study's findings indicated that the overall mortality rate among mechanically ventilated patients in the
ICU of four hospitals in Addis Ababa was found to be 67.0%. This finding is consistent with the findings of
studies done in Colombia(16), South India(20), Nigeria (21), and Egypt (9). However, this study finding was
higher than the study results of studies done in high-income countries like the USA (10) and Germany (23).
Similarly, it is higher than studies conducted in middle-income countries like Saudi Arabia(19), Brazil (25),
and low-income countries like Kenya (22). In addition, it is higher than the study result of findings obtained
from Ethiopia: Southern Ethiopia(13), St. Paul’s Hospital Millennium Medical College (24) and Tikur
Anbessa (8). The discrepancy might arise because of sample size, or a shortage of essential medications and

equipment.

This study's finding indicates that mechanically ventilated patients with high systolic blood pressure were
shown to have an elevated mortality risk. This result is similar to a study conducted in Israel, which

demonstrated that patients with high SBP levels were associated with higher in-hospital mortality(30).

This study indicated that the study participants with prehypertension systolic blood pressure condition at
baseline had lower mortality risk in the ICU. This study result is supported by a study done in USA that

declares as mortality is no longer increased for patients with prehypertension (31)

This study result also demonstrated that the hazard of death for mechanically ventilated patients in the ICU
who had HIV infection was higher. This study's finding is supported by evidence from a clinical review that
showed mechanically ventilated HIV patients are twice as likely to die in the ICU compared to non-HIV

patients(32).
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The level of the Glasgow Coma Scale at the end of follow-up for mechanically ventilated patients was shown
to have a high mortality risk. This study result is supported by studies conducted in Ethiopia, such as in
Dessie Hospital(27), Ambo University Referral Hospital(33), Tikur Anbessa Specialized Hospital (8) and
Southern Ethiopia (13), which showed that the Glasgow coma scale < 9 was statistically significant with
mortality. The change in mental state may be a sign of a serious illness or a main neurological condition (8).
Neurological abnormalities, severe decompensated disease, cerebral hypo perfusion brought on by sepsis,
blood loss, and drunkenness are just a few of the factors that might contribute to this level of awareness
disturbance. Furthermore, individuals with unstable mental states may be unable to protect their airway,

which increases the risk of contracting viral and respiratory infections.(34)

Mechanically ventilated patients who had a normal serum albumin level were less likely to have a risk of
mortality as compared to patients whose serum albumin level was not measured. In line with this study, a
study conducted in China demonstrated that a decreased serum albumin level is associated with an increased
risk of death (35). This may arise from the fact that an increase in serum albumin concentration is associated
with prediabetes development and progression to overt diabetes independently of the metabolic
syndrome(26). Also the bulk of our patient group is undernourished due to poor socioeconomic status and
subsequently experiences a catabolic sickness condition since they do not have access to nutritionists or
standardized nutritional therapy. Parenteral nutrition is not offered, and enteral feeding is not tailored to the

patients' caloric requirements (8).

Our study also revealed that creatinine level increments would affect mechanically ventilated patients’
survival in the ICU. This study's finding was supported by multicenter evidence from Addis Ababa (7). The
cause could be that an elevated creatinine level signals kidney damage those results in loss of function, which
severely affects metabolism and causes electrolyte imbalance and metabolic acidosis, both of which have a

significant negative impact on mortality (36).
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7. Limitation of the study:

e Some important variables that might have significant predictors, such as malnutrition, body mass
index, smoking habit, marital status, occupation, and education level, were unavailable in the chart.

¢ Furthermore, some clinical interventions like ABG analysis, Etco2 monitoring to determine acidosis
and/or alkalosis, and dialysis for renal failure were not obtained, which could have influenced
mortality. Also, mechanical ventilator monitoring parameters like PEEP, PIP, I: E ratio, etc.

e There are no common formats between hospitals to document mechanical ventilator outcome
parameters.

¢ The nature of the retrospective study itself was a limitation.
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8. Conclusion:

In this retrospective cohort study, we found that the overall mortality among mechanically ventilated patients
admitted to the ICUs of four public hospitals in Addis Ababa was high. Systolic blood pressure at baseline,
systolic blood pressure at end follow-up, diastolic blood pressure at end follow-up, HIV infection, GCS at
end follow-up, RBS at baseline, creatinine at baseline, and serum albumin level were identified as significant

predictors for mortality in the ICU.

9. Recommendation

To federal ministry of health

¢ (Could be use the study findings as an input to improve quality of care

To hospital management:

¢ The hospital management should avail of an ABG machine and Etco2 monitoring for early detection of
complications and better management of mechanically ventilated patients.
e Supplementary information’s time to death and mortality predictors related to mechanical ventilation

and make prompt measures

To ICU Directors and ICU staffs:

® As aresult of this study it is better to emphasize do (routine tests, early detection of cases and frequent
monitoring of vital signs, RBS, creatinine level, and serum albumin), and there should also be prepare a

common template or format for documenting mechanical ventilator outcome parameters.

To Researchers:

e Further prospective study in the future is needed, with the inclusion of other important predictive

variables like malnutrition, body mass index, smoking habit and others, is advocated for better result.
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11. ANNEXES

Annex I: Data Extraction checklist from different literature of variables

Name of Facility Patient card number

Date of data collection (D/M/Y)

Annex I: Data Extraction checklist from different literature of variables

Part I: Questions to Assess socio-demographic data

S.No | Question Response
1 Age (in years)
1. Male
2 Sex 2. Female
3 Date of admission (DIM/Y)

Part II: Questions to Assess the clinical parameter and morbidity related predictors of the study

S.No | Question Response
Systolic Blood Pressure at mechanical ventilation /______ (mmHg)
4 initiation
diastolic Blood Pressure at mechanical ventilation /______ (mmHg)
. initiation
6 SPO?2 at mechanical ventilation initiation (in )%
7 Pulse Rate at mechanical ventilation initiation (beats/min),
8 Respiration Rate at mechanical ventilation initiation (breaths/min)
9 Temperature at mechanical ventilation initiation (in _C)
10 Systolic Blood Pressure at end of follow-up at (discharge) / (mmHg)
11 diastolic Blood Pressure at end of follow-up at (discharge) / (mmHg)
12 SPO2 at end of follow-up (in %)
13 Pulse Rate at end of follow-up (beats/min)
14 Respiration Rate at end of follow-up (breaths/min)
15 Temperature at end of follow-up (in "C)
16 Diagnosis at admission
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1. Yes
No

N

Was there any Neurologic disease?

—

. Parkinson’s disease

. epilepsy and seizures

if yes question number 17 (circle on all existed) . stroke

. meningitis

|l B W N

. other (specify)

1. Yes
No

Was there Renal failure?

. Acute Kidney Injury (AKI)

if yes question number 19 (circle on all existed)
. Chronic Kidney Disease(CKD

N =

—

. Yes

If there is renal failure was dialysis done?
2. No

—

. Yes

Was there any Respiratory disease?
2. No

—

. aspiration Pneumonia

ARDS
Asthma

SCAP
COVID-19 infection

Other (specify)

if yes question number 22 (circle on all existed)

ANl Fal B I

—

. . o . Type -1 respiratory failure
Cause of initiation of mechanical Ventilation P P Y

. Type -2 respiratory failure

. Coma

. Yes
. No

was there any cardiovascular

. Acute MI

.HTN
CHF

. Cardiogenic shock,

if yes question number 25 (multiple response is possible) |5 post cardiac arrest

| »| Alwfo|=] o|—=|w]|

. other(specify)

1. Yes
Was there DM? 2. No

Was there anemia?

Was there HIV infection?
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30

Stage 1

Stage 11
If yes Q number 29 (circle on existed) Stage III
Part III: Questions to Assess Mechanical ventilator related variabiég® v
31 1.Yes
Oestiare Neuromuscular disease? Res OPSRSS
48 | Date of medhanical VepQIUGRNTHMber 31(circl¢ on-existed)— DM/ Y) 1. GBS
= Endotracheal Tube (ETT)2. Mvasthenia eravis
49 Ways of ventilation Y gravt
33 2.Tracheostomy 1. Yes
Was-there-Shoek? 7. N
1. PRVC - INO
QPinQ/QPpﬁ(‘ shock
34 if yes question number 33 (circlezdnAé&i 1g>((:1sted) Cardiogenic shock
50 3. A/ICVC :
Mode of mechanical ventilation Hypovolemic shock
35 Any complications after intubation? STMY 1. Yes
5. CPAP No
1. HAI/Sepsis
Other 2. Pneumothorax
51 FIO2 at meg h3a6nical ventilation initiation (%) 3 VAP
52 FIO2 at end| of follow-up (%) 4. Pulm.Edema
; 5. Atelectasis
>3 Date of meghanical Bis g}é%tlage%)%ltlolr?g}}honber 35 (Cirg lmﬂeTistﬁl‘)(D/M/Y) 6. Others (specify)
£ ot L 1 +11] {3 pa | AY
54 Total Lengt 1;71 stay Onmechantical-venttator raays) 1. Yes
Part I'V: Questions|to AssessWihanhgenetmtiMedidationanelated variables 2. No
38 Total Length of stay in ICU days ICU
Questions 39 Glasgow Comma Scale at admission £ > in number
55 40 Glasgow Comma Scale at (dischatgeY&8ath) in number
Was Vasop 217" ™"RBS at baseline 2. No (mg/dL)
1 VQ(‘
>6 Was SteroidsdZke? | WBC at admission ' (cells/uL)
43 WBC-at pnr‘ of follow up (r]lscl' ;:;4:‘ ::IY (CQHS/HL)
57 1-Yes
Creatinine at admission (mg/dL)
Was there an§4hest|tube inserte 2. No
45 Creatinine at end of follow-up (discharge) (mg/dL)
1 P+ +1
46 RBS at end of follow-up (discha § )l netmothorax (mg/dL)
58 If yes for Q|59, Reason for chest tube insertion? 2 Haemothorax Not done
59 47 1. Died Normatl
Serum albumln level hypoalbuminemia
What was outcome of patient? 2. Recovered (weaned off from MV or discharged)
Hyper albuminemia —
3 diqr‘hnrge acainst medical advice
60

Date of (Discharge, died, against medical advice....)

(D/IM/Y)
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