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ABSTRACT
Background: Acute cardiogenic pulmonary oedema is highly associated with
poor in-hospital outcomes. This study aimed to determine the in-hospital
outcome and its predictors among patients with acute cardiogenic
pulmonary oedema at a tertiary hospital in Harar, Eastern Ethiopia, from May
1 to 20, 2023.
Methods: A retrospective cohort study was employed among 204 patients with
acute cardiogenic pulmonary oedema who were admitted between 1st May
2018 and 30th April 2023. The collected data were entered into Excel, and
analysed using theSTATA software version 17. The hazard ratio with its 95%
confidence interval was used and a P-value < 0.05 was considered a
statistically significant association.
Results: The overall mortality rate was 17.60 (95% CI: 11.59–26.72) per 1000
person-day observation with mean (±SD) time to death was 2.88 (±2.06)
days. Age (AHR: 1.35; 95% CI: 1.04–1.74 for every 10 years), being smoker
(AHR: 3.26; 95% CI: 1.05–10.10), having respiratory rate of ≥40 breaths per
minute (AHR: 5.46; 95% CI: 1.71–17.45), and having anaemia (AHR: 4.35; 95%
CI: 1.23–15.33) were significant predictors of in-hospital mortality.
Conclusion: More than one in ten patients in this study died in the hospital.
Therefore, special attention needs to be considered for patients with those
predictors of in-hospital mortality.
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Background

Acute cardiogenic pulmonary oedema is also called volume-overload pul-
monary oedema. It is caused by rapid elevation in the hydrostatic pressure
of the pulmonary capillaries and commonly occurs in patients having left ven-
tricular systolic and diastolic function, valvular function, and rhythm disorders
(Annette Esper et al., 2021; Figueras et al., 2016; Iqbal & Gupta, 2023; Malek &
Soufi, 2023). It is a life-threatening medical emergency and patients with pul-
monary oedema usually present to the emergency department with very
severe breathlessness (Clark & Cleland, 2013). The prevalence of cardiogenic
pulmonary oedema among patients having heart failure and low ejection
fraction ranges from 75% to 85%. Being male and elderly increases the like-
lihood of having cardiogenic pulmonary oedema (Iqbal & Gupta, 2023).

Patients with cardiogenic pulmonary oedema have a poor treatment
outcome, with a significant in-hospital mortality rate or death in hospitals
ranging from 3.8% to 36.5%. Their prognosis mainly depends on several
factors such as age, the severity of illness, presence of comorbidity or underlying
medical conditions and difference in setting (Clark & Cleland, 2013; Cosentini
et al., 2009; El-Khawas et al., 2021; Figueras et al., 2016; Militaru et al., 2017; Par-
issis et al., 2010; Schmickl et al., 2015; Sert et al., 2021; Tahilyani et al., 2018; Zanza
et al., 2023). Despite the scarcity of data, different countries reported varying
mortality rates of cardiogenic pulmonary oedema in the United Kingdom
(26.2%) (Crane, 2002), Italy (11.4%) (Cosentini et al., 2009), the United States
of America (36.3%) (Fedullo et al., 1991), France (15.6%) (Cohen & Grossi,
2000), Brazil (17.6%) (Wajner et al., 2017), and Israel (12%) (Roguin et al., 2000).

More than 75% of cardiovascular disease-related deaths worldwide take
place in low- and middle-income countries (WHO, 2023). However, despite
dealing with a large number of acute heart failure patients, evidence of in-
hospital outcomes and predictors among patients with acute cardiogenic
pulmonary oedema is sparse, particularly in our study setting. Therefore,
this study aimed to assess the in-hospital outcome and its predictors
among patients with acute cardiogenic pulmonary oedema among patients
admitted to a tertiary hospital, in Harar, Eastern Ethiopia.

Method and material

Study setting, design, and period

An institution-based retrospective cohort study design was employed. This
study was carried out at Hiwot Fana Comprehensive Specialized Hospital
(HFCSH) located in Harar, Eastern Ethiopia. Harar is the capital city of Harari
Regional State. The region is located in Eastern Ethiopia, at a distance of
526 km from Addis Ababa. Hiwot Fana Comprehensive Specialized Hospital
is the only tertiary hospital in Harar, Eastern Ethiopia. It has a total of 235

2 N. DEGEFU ET AL.



beds. It serves as a referral hospital for Dire Dawa City Administration, Somali
Region State, and the Eastern part of Oromia (Hiwot Fana Comprehensive
Specialized Hospital, 2022). Data were collected from May 1 to 20, 2023.

Study population

All patients with acute cardiogenic pulmonary oedema admitted to HFCSH
between 1st May 2018 and 30th April 2023 were considered for this study.
Patients with acute cardiogenic pulmonary oedema but with unknown
date of admission, discharge or death were excluded from the study.

Sample size and sampling techniques

All patients with acute cardiogenic pulmonary oedema admitted to HFCSH
between 1st May 2018 and 30th April 2023 were considered as the sample
size. Accordingly, a total of 204 patients’ medical records which fulfil the
inclusion criteria were reviewed consecutively.

Study variables

The dependent variable for this study was the survival status. Sociodemo-
graphic, clinical and laboratory characteristics and the prescribed regimen
were among the independent variables used in the present study.

Data collection methods

The medical records of patients with acute cardiogenic pulmonary oedema
were retrospectively reviewed and data were collected using a data abstrac-
tion format. The data abstraction format was adapted from a previous study
(Tirfe et al., 2020). Data were extracted and collected by two well-trained
nurses. Patients were followed from the date of admission until discharge
or death. Data on socio-demographic characteristics, clinical characteristics,
in-hospital management and in-hospital outcomes were extracted using a
data abstraction format.

Data quality control

Data collectors were trained before the commencement of data collection.
The data abstraction format was pretested at Jugal General Hospital. The
principal investigator supervised the data collection. Patients’ medical
records were cross-checked with registration log books. All collected data
were examined for completeness and consistency during data management,
storage, and analysis.
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Data entry and statistical analysis

After the data were checked for completeness and consistency, data were
entered into Excel and the analysis was carried out by STATA software
version 17. The descriptive variable analysis for categorical variables was per-
formed and the results were expressed as frequency with percent. For con-
tinuous variables, the normality was tested by the Shapiro–Wilk test. Then,
descriptive analysis was done and the results were presented as a median
with an interquartile range (non-normal distribution).

To identify the predictors of survival status, the Cox proportional hazards analy-
sis model was computed. A bivariable Cox proportional hazards analysis model
was performed to identify potential predictors of the survival status of patients
with acute cardiogenic pulmonary oedema. Variableswith p-value < 0.25 in bivari-
able Cox proportional hazards analysis were considered eligible for multivariable
analysis. Associations were tested at a 95% confidence level and a p-value less
than 0.05 was declared as a significant association between variables. Cox pro-
portional hazard assumptions were tested by Schoenfeld residuals global test
and log–log plot. The overall model adequacy was assessed by using the Cox-
Snell residual graph. Kaplan-Meier failure curves and log-rank tests were used
for the comparison of survival status between different groups of patients.

Measurement and operational definitions

The outcome of interest for this study was survival status. The verification of a
survival status (death or recovery) was established by the physician’s approval
of the final status of patients on their medical records. Once patients were
diagnosed with acute cardiogenic pulmonary oedema, they immediately
started follow-up. The independent variables were classified as socio-demo-
graphic variables (age, sex, residency, and smoking status), clinical character-
istics, in-hospital management, length of hospital stay, and outcome.

Event: Death during treatment from any cause.
Censored: An individual was termed as censored if the patient was

improved, self-discharged or referred to another hospital.
Pulmonary oedema: The final diagnosis of acute cardiogenic pulmonary

oedema was taken from a physician’s diagnosis established according to
different parameters: clinical examination, medical history, electrocardio-
gram, chest x-ray, echocardiographic examination, brain natriuretic peptide
results, and response to therapy.

Ethical consideration

Ethical approval was obtained from the Institutional Health Research Ethics
Review Committee (IHRERC) of the Haramaya University College of Health
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and Medical Sciences with a reference number of IHRERC/196/2022. The
college dean provided a letter of support to the hospital’s chief clinical direc-
tor for the study to be carried out. Informed, voluntary, written, and signed
consent was obtained from the chief clinical director of Haramaya University
Hiwot Fana Comprehensive Specialized Hospital. As this study is a retrospec-
tive medical record review, consent from patients was not needed.

Results

Socio-demographic and clinical characteristics

A total of 204 acute cardiogenic pulmonary oedema patients’medical records
were included in this study. The median age (IQR) of patients was 40 (35–54.5)
years. More than half of the patients (53.43%) were males and more than two-
thirds (70.59%) of them were from rural areas. Among study participants,
about 37.75% were smokers, and 44.12% of the patients had at least one
comorbidity. One-fifth of patients had reduced ejection fraction. Chronic
rheumatic valvular heart disease (CRVHD) was the most common (44.12%)
underlying illness. The median (IQR) of systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) were 107 (97–126) mmHg and 65 (56.5–74) mmHg,
respectively. Almost half of the patients had a pulse rate of >100 beats per
minute. Only 19 (9.31%) patients had a respiratory rate of ≥40 breaths per
minute. A majority (84.80%) of patients were hypoxic at presentation and
82 (40.20%) patients had anaemia. The median (IQR) of serum creatinine,
sodium, and potassium was 0.89 (0.68–1.19) mg/dl, 136 (132–138) mmol/L,
and 4.15 (3.7–4.8) mmol/L, respectively (Table 1).

Prescribed cardiovascular drugs

Cardiovascular drugs administered during hospitalisation for patients with
acute cardiogenic pulmonary oedema are presented in (Table 2). Furosemide
was the most commonly (81.86%) used drug during hospitalisation of
patients with acute cardiogenic pulmonary oedema followed by aspirin
(36.27%).

In-hospital outcome

From 204 study participants, 22 (10.78% (95% CI: 6.88–15.87%)) of patients
died. From 189 patients with censored observation; (147 (72.06%), 27
(13.24%), and 8 (3.92%) were improved, self-discharged, and referred to
another hospital, respectively). The median (IQR) length of hospital stay for
acute cardiogenic pulmonary oedema was 6 (4–8) days. The lowest length
of follow-up was 8 h and the highest length of follow-up was 23 days. The
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Table 1. Socio-demographic and clinical characteristics of patients with acute
cardiogenic pulmonary oedema admitted to a tertiary hospital in Harar, Eastern
Ethiopia from 1 May 2018 to 30 April 2023 (n = 204).

Variable Frequency (%)

Age, median (IQR) 40 (35–54.5)
Sex, n (%) Male 109 (53.43)

Female 95 (46.57)
Residency, n (%) Urban 60 (29.41)

Rural 144 (70.59)
Smoking, n (%) No 127 (62.25)

Yes 77 (37.75)
Comorbidity, n (%) No 114 (55.88)

Yes 90 (44.12)
Ejection Fraction, n (%) Reduced 30 (20.69)

Intermediate 25 (17.24)
Preserved 90 (62.07)

Underlying illness, n (%) CRVHD 90 (44.12)
IHD 28 (13.73)
HHD 66 (32.35)
VHD 15 (7.35)
Corpulmonale 5 (2.45)

SBP (mmHg), median (IQR) 107 (97–126)
DBP (mmHg), median (IQR) 65 (56.5–74)
PR, n (%) ≤100 108 (52.94)

>100 96 (47.06)
RR, n (%) <40 185 (90.69)

≥40 19 (9.31)
Saturation %, median (IQR) Normal 31 (15.20)

Hypoxia 173 (84.80)
Anaemia, n (%) No 122 (59.80)

Yes 82 (40.20)
Creatinine (n = 189), median (IQR) 0.89 (0.68–1.19)
Serum Sodium (mmol/L) (n = 191), median (IQR) 136 (132–138)
Serum Potassium (mmol/L) (n = 182), median (IQR) 4.15 (3.7–4.8)

mmol/L: millimoles per litre; mg/dl: milligrams per decilitre.

Table 2. Cardiovascular drugs administered during hospitalisation for patients with
acute cardiogenic pulmonary oedema admitted to a tertiary hospital in Harar, Eastern
Ethiopia from 1 May 2018 to 30 April 2023 (n = 204).
Drug name Frequency (%)

Furosemide 167 (81.86)
Digoxin 41 (20.1)
ASA 74 (36.27)
Clopidogrel 29 (14.22)
Spironolactone 53 (25.98)
Enalapril 30 (14.71)
Metoprolol 37 (18.14)
Warfarin 18 (8.82)
UFH 41 (20.10)
KCl 11 (5.39)
Morphine 28 (13.73)
Atorvastatin 40 (19.61)
Adrenalin or noradrenalin 14 (6.86)
Salbutamol 10 (4.90)
Others* 8 (3.92)

*Nitroglycerin, symbicort, and dopamine.
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total person-time risk was 1250.33 person-days. The overall mortality rate
from acute cardiogenic pulmonary oedema was 17.60 (95% CI: 11.59–
26.72) per 1000 person-day observation (Figure 1). The mean (±SD) time to
death was 2.88 (±2.06) days. The difference in the cumulative probability of
death between patients having a respiratory rate of ≥40 breaths per
minute and their counterparts was statistically significant (log-rank: p <
0.001).

Predictors of in-hospital mortality among patients with acute
cardiogenic pulmonary oedema

Predictors that had an association at a p-value of <0.25 in bivariable Cox
regression were included in multivariable Cox regression. Age, smoking
status, SBP, DBP, RR, comorbidity, and anaemia were selected for multivari-
able Cox regression. In the final Cox regression model, age, smoking status,
RR, and anaemia were predictors of mortality at a p-value of 0.05 level of sig-
nificance (Table 3). The hazard of death was increased by 35% (AHR: 1.35; 95%
CI: 1.04–1.74) per 10-year increment in patients age. Smoker patients would
have more than three times (AHR: 3.26; 95% CI: 1.05–10.10) higher probability
of death than those who did not smoke. The hazard of death among patients
with a respiratory rate of ≥40 breaths per minute was more than five times

Figure 1. Kaplan-Meier mortality rate for patients with acute cardiogenic pulmonary
oedema admitted to a tertiary hospital in Harar, Eastern Ethiopia from 1 May 2018 to
30 April 2023 (n = 204). CI: confidence interval.
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(AHR: 5.46; 95% CI: 1.71–17.45) higher than patients with a respiratory rate of
<40 breaths per minute. Compared to patients without anaemia, the prob-
ability of death was more than four fold higher (AHR: 4.35; 95% CI: 1.23–
15.33) for patients with anaemia.

Discussion

The aim of the current study was to assess in-hospital mortality and its pre-
dictor among patients with acute cardiogenic pulmonary oedema. Assessing
in-hospital outcomes and its predictor among patients with acute cardio-
genic pulmonary oedema can have great implications for healthcare pro-
fessionals in planning effective and efficient inventions that help to
improve the treatment outcomes of those patients. The present study
showed that more than 10% of study participants with acute cardiogenic pul-
monary oedema had died in the hospital and this in-hospital mortality is
more likely among patients with advanced age, patients with a history of
smoking, patients with elevated respiratory rate, and patients who had
anaemia at admission.

In the present study, the overall in-hospital mortality from acute pulmon-
ary oedema was 10.78% (95% CI: 6.88–15.87%). This finding is consistent with
the result reported elsewhere 13.8% (Sert et al., 2021). However, the finding
was lower than the study conducted at Austin Hospital, Australia 19.3% (El-
Khawas et al., 2021), Tan Tock Seng Hospital, Singapore 21.06% (Tahilyani
et al., 2018), and Barcelona, Spain 27.5% (Figueras et al., 2016), and higher

Table 3. Predictors of death among patients with acute cardiogenic pulmonary oedema
admitted to a tertiary hospital in Harar, Eastern Ethiopia from 1 May 2018 to 30 April
2023 (n = 204).

Variables

Survival status

CHR AHRCensored Death

Age for each 10 years 40 (34–53) 40.5 (35–69) 1.28 (0.98–1.67) 1.35 (1.04–
1.74)*

Smoking
status

Non-
smoker

122 (67.03) 5 (22.73) 1 1

Smoker 60 (32.97) 17 (77.27) 5.71 (2.11–15.48)* 3.26 (1.05–
10.10)*

SBP per 10 mmHg 109.5 (98–128) 99 (86–106) 0.71 (0.56–0.91)* 0.86 (0.61–1.22)
DBP per 10 mmHg 65 (57–75) 61 (47–67) 0.63 (0.46–0.87)* 0.90 (0.53–1.52)
RR < 40 173 (95.05) 12 (54.55) 1 1

≥ 40 9 (4.95) 10 (45.45) 14.49 (6.08–
34.52)**

5.46 (1.71–
17.45)*

Comorbidity No 107 (58.79) 7 (31.82) 1 1
Yes 75 (41.21) 15 (68.18) 2.85 (1.16–7.01)* 1.11 (0.42–2.92)

Anaemia No 118 (64.84) 4 (18.18) 1 1
Yes 64 (35.16) 18 (81.82) 6.87 (2.33–

20.32)**
4.35 (1.23–
15.33)*

CHR: crude hazard ratio; AHR: adjusted hazard ratio; CI: confidence interval.
*p-value < 0.05; **p-value < 0.001.
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than data reported from Acute Heart Failure Global Survey of Standard Treat-
ment 7.4% (Parissis et al., 2010), Italy 3.8% (Cosentini et al., 2009), and 4.2%
(Militaru et al., 2017). The possible explanation for this difference in hospital
mortality from acute pulmonary oedema might be related to different factors
including the age of the study participants, the study setting, and differences
in treatment modalities. For instance, the median age of the participants in
the current study is 40 years, which is considerably younger than the
results of the previous study, where the mean age of the participants was
over 60 (Tahilyani et al., 2018) and 70 years (Figueras et al., 2016). The fact
that the participants in the current study were younger may have contributed
to the reduced mortality rate. Another possible justification for this discre-
pancy might be due to the difference in the service/care provided for the
patients with acute cardiogenic pulmonary oedema at each setting.

The results of the current study demonstrated that several variables,
including patient age, smoking status, elevated respiratory rate, and
anaemia, were independently linked with in-hospital mortality from acute
pulmonary oedema. Accordingly, the risk of in-hospital mortality increased
by 35% for every 10-year increment. This finding is in line with research
done in Italy (Cosentini et al., 2009), Spain (Figueras et al., 2016), and Australia
(El-Khawas et al., 2021), which found that older patients were more likely to
die in hospitals from acute pulmonary oedema. Being a smoker is related to
hospital mortality in the current study. As a result, people with a history of
smoking had a more than threefold increased risk of dying in the hospital
compared to non-smokers. Smoking may worsen the prognosis of individuals
with acute pulmonary oedema by causing endothelial cell inflammation and
death (Rounds & Lu, 2018).

Another finding from this study is that increased respiratory rate and
anaemia were independent predictors of in-hospital mortality. Accordingly,
patients with a respiratory rate of more than 40 breaths per minute were
more than five times more likely to have in-hospital mortality from acute
pulmonary oedema. Experimental evidence shows that an elevated respirat-
ory rate may exacerbate pulmonary oedema which further progresses to
impaired gas exchange, and respiratory failure and might contribute to in-
hospital mortality from acute pulmonary oedema (Retamal et al., 2016).
The likelihood of in-hospital death from acute pulmonary oedema was
more than four times higher in patients with anaemia, and the finding is
consistent with a report from Italy (Cosentini et al., 2009) where in-hospital
mortality from acute pulmonary oedema was more among patients with
anaemia.

Loop diuretics are the foundation of current acute heart failure treatment
during hospitalisation (Felker et al., 2009). In the current study, furosemide
was the most commonly used loop diuretic (four out of five patients)
during the hospitalisation of patients with acute cardiogenic pulmonary
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oedema. This is because it is readily available, as well as the volume overload
and congestion nature of acute cardiogenic pulmonary oedema clinical
presentation.

The findings of this study should be interpreted with these limitations. This
study may not accurately reflect national trends because it is based on data
from a single hospital. Furthermore, because this study is based on a retro-
spective review of patient records, it may not display all variables that may
predict variation in mortality rate.

Conclusion and recommendation

More than one in ten patients with acute pulmonary oedema had in-hospital
mortality. Factors, such as the age of the patient (every 10-year increment),
being a smoker, respiratory rate of more than 40 breaths/per minute, and
being anaemic, were independent predictors of in-hospital mortality from
acute cardiogenic pulmonary oedema. Therefore, healthcare provider
needs to consider special attention while providing care for patients with
advanced age, a history of smoking, elevated respiratory rate, and anaemia
to reduce in-hospital mortality from acute cardiogenic pulmonary oedema.
Because the mortality rate of acute cardiogenic pulmonary oedema in this
study is significant, hospital managers and policy-makers must have an
updated and revised protocol for managing acute cardiogenic pulmonary
oedema. A multicentre prospective scale-up study is needed to find other
predictors of in-hospital outcomes of cardiogenic pulmonary oedema.

Limitations of the study

The findings of this study should be interpreted with these limitations. This
study may not accurately reflect national trends because it is based on
data from a single hospital. Furthermore, because this study is based on a ret-
rospective review of patient records, it may not display all variables that may
predict variation in mortality rate.
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