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a b s t r a c t

Background: Management of critically ill patients is a challenge in low resource settings where there is a
paucity of trained staff, infrastructure, resources, and drugs. We aimed to study the characteristics of
surgical patients admitted in intensive care unit in a limited resource setting and determine factors
associated with mortality.
Methods: This was a cross-sectional observational study of all surgical patients admitted to the intensive
care unit of a tertiary referral hospital in Rwanda. Data included demographics, diagnosis, management,
and outcomes. Logistic regression was used to determine factors associated with mortality.
Results: Over a 7-month period, there were 126 surgical patients admitted to the intensive care unit.
Common diagnoses included head injury (n ¼ 55, 44%), peritonitis (n ¼ 33, 26%), brain tumor (n ¼ 15,
12%), and trauma (n ¼ 15, 12%). The overall mortality was 47% with the highest mortality seen in patients
with peritonitis (76%). Factors associated with mortality on intensive care unit admission included hy-
potension (odds ratio, 12.50; 95% confidence interval, 3.04, 51.32) and having any comorbidity (odds ratio
5.69, 95% confidence interval, 1.58, 20.50).
Conclusion: Surgical patients admitted to the intensive care unit bear a significant mortality. Common
surgical intensive care unit diagnoses include head injury and peritonitis. We recommend a review of the
admission policy to optimize utility of the intensive care unit.

© 2019 Elsevier Inc. All rights reserved.
Introduction
 developed countries. LMICs largely differ from high-income coun-
Accessing quality surgical care remains a significant challenge in
low-and middle-income countries (LMICs) where there are a sig-
nificant number of surgical diseases associated with high mortality.
There is little information regarding predictors of mortality for
surgical patients in LMICs. Challenges exist in reducing surgical
mortality, including insufficient trained staff and limitations in
infrastructure. However there are recent global efforts to reduce
surgical mortality including developing intensive care units (ICUs)
for high-risk patients.1

The care of critically ill patients is a young specialty compared
with other clinical disciplines. However, it has gained much
attention and become an essential part of medical system in
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tries in terms of the care provided to the severely sick patients.
Similar to other medical fields, there is a deficit of equipment,
medications, and staff. The number of surgical patients requiring
access to critical care units represents a large resource burden,
which is particularly marked in LMICs that have a limited number
of critical care beds, trained staff, and infrastructure. However,
there are several interventions such as rapid fluid resuscitation,
early antibiotics, and patient monitoring, which have been proven
to be effective in critical care, are relatively inexpensive.2 These
critical care interventions can be cost-effective when compared
with other global health interventions such as immunizations and
human immunodeficiency virus (HIV) care.2

ICUmortality ranges from 15% to 50%, depending on the patient
population and degree of critical illness. In an observational
multinational cohort study in Europe, there were 5,834 patients
admitted to the ICUs, and 1,113 (19%) patients died.3 The criteria for
ICU admission varies widely in different settings. ICU patient se-
lection should take into account the general outcome of patients,
and adequate balance of available resources. The population of
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Table I
Intensive care unit resources at University Teaching Hospital of
Kigali

No.

Staffing
Fellowship trained intensivists 1
Specialist anesthesiologists 7
Physician-to-patient ratio 1:7
Masters-trained critical care nurses 2
Nurses 28
Nurse-to-patient ratio 1:2
Nutritionists 1
Respiratory therapists 0

Material resources
Bed capacity 7
Ventilators 7
Cardiac monitors 7
Oxygen supply ports 7
Invasive blood pressure monitoring (arterial line) 0
Arterial blood gas analyzer 0
Central venous pressure monitoring 0
Portable ultrasound 1
Portable x-ray 1
Infusion pumps 7
Pulse oximetry 7
Electrocardiogram machine 1
Renal replacement therapy 0
Capnography monitoring capacity 0
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critically ill patients in an ICU is not homogeneous and many of the
studies onwhich the guidelines are based are not always applicable
in resource limited settings.

Rwanda is a country of 11.9 million in East Africa.4 There are
z80,000 surgical procedures performed annually in Rwanda, 510
major operations per 100,000 populations.5 The University Teach-
ing Hospital of Kigali (CHUK) is a public, tertiary referral hospital in
Kigali, Rwanda. It provides �4,164 major operative cases across all
surgical services every year.6 It has 565 beds and 6 operating the-
aters shared among all surgical services. There are 7 ICU beds with
capacity for mechanical ventilation and hemodynamic monitoring
(Table I). The aim of this study was to assess the demographic,
diagnosis, and factors influencing outcome of surgical patients in
the CHUK ICU. We hypothesized that patients with an unplanned
ICU admission had higher mortality compared with patients with
planned ICU admission.
Material and Methods

The study was a cross-sectional observational study including
all surgical patients admitted in ICU at CHUK in Rwanda from
September 2017 to March 2018. All surgical patients were enrolled
at ICU admission. Data collection was done using a coded checklist
form. Data were recorded by the investigator, ICU staff, or surgical
residents rotating in ICU during the study period. The investigator
had no influence on patient management or discharge plans. Pa-
tients were primarily admitted to ICU either from the operating
room side or through the emergency department. All participants
or care takers signed a written consent before participation in the
study. Follow-up was done on a daily basis, checking the proposed
management and its implementation until the patient either died
or discharged from the ICU.

Variables recorded included age, sex, duration of symptoms,
time spent at district hospital before transfer, admission vital signs,
surgical and critical care diagnosis on admission, vasopressors in
the first hours of ICU admission, time of nutrition initiation, time
spent on mechanical ventilation, and disposition from the ICU.
Tachycardia was defined as heart rate >90 beats per minute.
Tachypnea was defined as respiratory rate >20 breaths per minute.
Hypotension was defined as systolic blood pressure <90 mm Hg.
Febrile was defined as temperature greater that 38�C. Diagnoses
were categorized as traumatic brain injury, trauma (nonhead
injury), peritonitis, abdominal tumor, brain tumor, other neurologic
condition. Head injury and trauma (nonhead injury) were catego-
rized separately because of the differences in management at this
hospital. Isolated head trauma patients are managed by the
neurosurgery team, whereas polytrauma patients are managed by
the acute care surgical service.

Data were recorded using Excel. Statistical analysis was done
with STATA (College Station, TX, version 13.0). Categorical variables
were analyzed with c2 or Fisher exact test. Continuous variables
were analyzed withWilcoxon rank sum test. Variables with P value
< .1 were entered into a multivariate model to determine associa-
tions with mortality on ICU admission.

The research protocol was reviewed and approved by the Uni-
versity of Rwanda College of Medicine and Health Sciences insti-
tutional review board and the CHUK Ethics committee. The purpose
of this study was explained to the patients or caretakers before
being included in the study. Written informed consent was
collected from each patient or caretaker before the start of the
study.
Results

During a 7-month period, there were 126 surgical patients
admitted to the ICU (Table II). Most (n ¼ 86, 68%) were male with a
median age of 39 years (interquartile range [IQR]: 26, 54). Most
patients (n ¼ 106, 85%) did not have any comorbidities. The most
commonly identified comorbidities included HIV (n ¼ 10, 8%), hy-
pertension (n¼ 6, 5%), and cardiomyopathy (n¼ 1, 0.8%). Many (n¼
56, 44%) patients had only 1 day of symptoms and presented
emergently (n¼ 105, 83%). Median symptom durationwas 2.5 days
(interquartile range [IQR]: 1e21). Most patients (n ¼ 90, 73%) spent
<1 day at the district hospital. The most common diagnoses were
head injury (n¼ 55, 44%), peritonitis (n¼ 33, 26%), brain tumor (n¼
15, 12%), and trauma (n ¼ 15, 12%).

Common indications for ICU admission included respiratory
support (n ¼ 62, 50%) and postoperative recovery (n ¼ 38, 31%;
Table III). There was no association between booking an ICU bed
and mortality. There was no association between booking an ICU
bed and access time to the ICU (P ¼ .523). Most patients (n ¼ 124,
98%) required mechanical ventilation, and only 42 (33%) patients
required vasopressors. Dopamine and adrenaline are the vaso-
pressors commonly available. Need for vasopressors was associated
with a decreased survival (P< .001). Median duration of mechanical
ventilation was 3 days (IQR: 1e4.5). Median duration of sedation
was 2.5 days (IQR: 1e4.5). Most patients (n¼ 94, 75%) had nutrition
initiated within 24 hours of ICU admission. Nutritional support
initiated within 24 hours was associated with increased survival
(P < .001). No patients received renal replacement therapy. The
median ICU duration of stay was 3 days (IQR: 2e5.5).

The overall ICU mortality was 47% with the highest mortality
seen in patients with peritonitis (76%; Table IV). On univariate
analysis, factors associated with mortality included temperature,
heart rate, respiratory rate, blood pressure, duration at district
hospital, having any comorbidity, admitting team, and diagnosis.
HIV status was not associated with mortality on univariate analysis
(P ¼ .513). After controlling for factors on multivariate analysis,
variables associated with mortality included hypotension (odds
ratio [OR]: 12.50, 95% confidence interval [CI]: 3.04, 51.32) and any
comorbidity (OR: 5.69, 95% CI: 1.58, 20.50; Table V).



Table II
Characteristics of surgical patients admitted to the intensive care unit of a tertiary referral hospital in Rwanda

Total
N ¼ 124

Survivors
N ¼ 66

Nonsurvivors
N ¼ 58

P value

Age, y 16e30 38 (30) 20 (29) 18 (31) .933
31e50 50 (40) 28 (41) 22 (38)
>50 38 (30) 20 (29) 18 (30)

Sex Male 85 (67) 43 (63) 42 (74) .212
Female 40 (32) 25 (37) 15 (26)

Vital signs* Febriley 20 (16) 6 (9) 14 (24) .028
Tachycardia 91 (73) 40 (61) 51 (88) .001
Tachypneay 27 (22) 7 (11) 20 (34) .002
Hypotensiony 26 (21) 3 (5) 23 (40) <.001

Glasgow coma scale <8 37 (29) 15 (22) 22 (38) .144
9e12 18 (14) 14 (21) 4 (7)
13e15 15 (12) 8 (12) 7 (12)
Sedated 56 (44) 31 (46) 25 (43)

Comorbidityy Any 18 (15) 6 (9) 12 (21) .078
None 106 (85) 60 (91) 46 (79)

Symptom duration <7 d 68 (55) 38 (58) 30 (52) .514
�7 d 56 (45) 28 (42) 28 (48)

Duration at district hospital �1 d 90 (73) 54 (82) 36 (62) .014
>1 d 34 (27) 12 (18) 22 (38)

Type of surgery Elective 21 (17) 17 (25) 4 (7) .007
Emergent 105 (83) 51 (75) 54 (93)

Admitting teamy General surgery 45 (36) 15 (22) 30 (52) .003
Neurosurgery 74 (59) 49 (72) 25 (43)
Orthopedics 7 (6) 4 (6) 3 (5)

Surgical diagnosisy Traumatic brain injury 55 (44) 32 (48) 22 (38) .001
Peritonitis 33 (26) 8 (12) 25 (43)
Brain tumor 15 (12) 13 (19) 2 (3)
Trauma (nonhead injury) 15 (12) 9 (14) 6 (10)
Abdominal tumor 4 (3) 2 (3) 2 (3)
Other neurologic 3 (2) 2 (3) 1 (2)

Reoperationy Yes 12 (10) 3 (4) 9 (16) .065
No 114 (90) 65 (96) 49 (84)

* Febrile, temperature <38�C; tachycardia, heart rate >90 beats per minute; tachypnea, respiratory rate >20 breaths per minute;
hypotension, systolic blood pressure <90 mm Hg.

y Fisher exact test.

Table III
Management in surgical patients admitted to the intensive care unit of a tertiary referral hospital in Rwanda

Total
N ¼ 124

Survivors
N ¼ 66

Non-survivors
N ¼ 58

P value

Planned ICU admission Yes 66 (52) 37 (54) 29 (50) .621
No 60 (48) 31 (46) 29 (50)

Access time to ICU Immediate 92 (73) 53 (78) 39 (67) .479
Delay 1e24 h 32 (25) 14 (21) 18 (31)
Delay 24e48 h 2 (1.7) 1 (1.5) 1 (1.7)

Indication for ICU admission* Respiratory support 62 (50) 35 (53) 27 (47) <.001
Postoperative recovery 38 (31) 27 (41) 11 (19)
Sepsis 23 (19) 3 (5) 20 (34)
Hemorrhagic shock 1 (1) 1 (1.5) 0

Vasopressors* Yes 42 (33) 3 (4) 39 (67) <.001
No 84 (67) 65 (96) 19 (33)

Nutrition* Within 24 h 94 (75) 61 (90) 33 (57) <.001
24e48 h 15 (12) 6 (9) 9 (16)
Not initiated 17 (13) 1 (1.5) 16 (28)

Mechanical ventilation* Yes 122 (98) 64 (97) 58 (100) .498
No 2 (2) 2 (3) 0 (0)

Duration mechanical ventilation 0e5 d 98 (78) 51 (75) 47 (81) .619
5e10 d 16 (13) 9 (13) 7 (12)
>10 d 12 (10) 8 (12) 4 (7)

ICU duration of stay, d <1 d 7 (6) 1 (1.5) 6 (10) .035
1e7 d 96 (76) 51 (75) 45 (78)
>7 d 23 (18) 16 (24) 7 (12)

* Fisher exact test.
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Discussion

Surgical patients are commonly admitted to ICU in Rwanda like
in other developing countries. In our study the main causes of ICU
admissions were traumatic brain injury followed by peritonitis,
brain tumors, and other trauma. Neurologic conditions and sepsis
were common diagnoses in the ICU compared with other sub-
Saharan African studies.7 Prior studies have shown that the



Table IV
Mortality based on diagnosis

Mortality (%)

Total 47
Peritonitis 76
Abdominal tumor 50
Traumatic brain injury 41
Trauma (non-head injury) 40
Other neurologic 33
Brain tumor 13

Table V
Multivariate analysis of factors on intensive care unit admission associated with
mortality in surgical patients at a tertiary referral hospital in Rwanda

Variable Odds ratio 95% Confidence
Interval

P value

Febrile* 2.23 0.50, 9.99 .293
Tachycardia* 2.95 0.97, 8.92 0.56
Tachypnea* 2.44 0.80, 7.45 .117
Hypotension* 12.50 3.04, 51.31 <0.01
Any comorbidity 5.69 0.58, 20.50 0.08
Duration at district hospital >1 d 0.78 0.21, 2.89 .707
General surgery admission 0.80 0.08, 7.98 .849
Neurosurgery admission 0.60 0.08, 4.19 .603
Diagnosis peritonitis 2.25 0.37, 14.13 .389
Diagnosis brain tumor 0.27 0.04, 1.72 .166

* Febrile, temperature <38�C; tachycardia, heart rate >90 beats per minute;
tachypnea, respiratory rate >20 breaths per minute; hypotension, systolic blood
pressure <90 mm Hg.
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incidence of and mortality from traumatic brain injury are dispro-
portionately higher in low resource settings.8

The high mortality found in our study (46.1%) is comparable to
results found in Africa (47%) in the Intensive Care over Nations
audit.9 However, ICU mortality is lower in high income countries.9

In an observational multinational cohort study done in 17 European
countries where 5,834 patients were admitted in ICUs, 1,113 (19%)
patients died in the ICU.3 ICU mortality in different studies varies
widely, with ICU mortality rates ranging from 15% to 50%. This is
likely related to patient selection and critical illness. The mortality
rate in this ICU population was relatively high at 46.1%. Owing to
resource limitations, we are unable to calculate Acute Physiologic
Assessment and Chronic Health Evaluation II scores or other mea-
sures of critical illness. However, almost all (98%) of patients
admitted to the ICU required mechanical ventilation. This suggests
a critically ill patient population. At this hospital, patients are not
admitted to the ICU for close monitoring. They are admitted to the
ICU because they need ICU-specific interventions.

Mortality was highest in patients with peritonitis, consistent
with prior studies in the patient population.10 Other studies have
shown high mortality in ICU patients with septic conditions.9

Delayed presentation is a challenge in this population. Patients
with peritonitis generally present after 4 days of symptoms.11 A
prior study of critical care management of patients with peritonitis
showed that 85% of patients with peritonitis that required ICU
admission had sepsis on hospital admission and 91% had an
American Society of Anesthesiologists score of 3 or 4.10 Although
the hospital laboratory is able to process specimens for culture and
antibiotic sensitivity, not all patient’s families are able to afford
these tests. In addition, there are limited antibiotic options, making
it challenging to tailor antibiotics. Specific details on bacterial
pathogens and antibiotic therapywas not captured in this study but
has been reported in elsewhere.12

In this study, unplanned ICU and booking was not found to
be associated with delayed ICU admission or poor outcomes as
we would expect.13 This can be partially explained by the fact
that at the time when there was no bed available, an ICU-like
environment was created in the post anesthesia care unit
(PACU). This temporary solution delays the PACU flow of patients
and progress of theatre program. In other low-resource settings,
due to a shortage of ICU beds, patients may be refused ICU
admission.14

In our study the Glasgow Coma Scale score (GCS) was not found
to be associated with an increased risk of mortality (P ¼ .144).
This is in contrast a study done in the United Arab Emirates where a
significant risk were found with decreased GCS (P ¼ .001).15 It may
be due to the fact that many of the patients in our study were
sedated at the time of evaluation complicating accurate assessment
of the GCS.

Most patients were started on enteral nutritionwithin 24 hours.
Early nutrition was found to be associated with low mortality rate
in our study. This is comparable with many studies done world-
wide. In a meta-analysis done in 2009, 6 randomized control trials
with 234 participants were analyzed and found that provision of
early enteral nutrition was associated with a significant reduction
in mortality (OR ¼ 0.34, 95% CI, 0.14e0.85).16

Most patients required mechanical ventilation. This is in
contrast to a study in Sudan where only 35% of patients required
mechanical ventilation.7 In our study, being on vasopressors in the
first 48 hours of admissionwas associated with poor outcome. This
is consistent with a prior study which found that vasopressor
exposure early after critical injury was associated with increased
risk of mortality, regardless of fluid status.17

There are several study limitations. One limitation is the small
sample size. However, we captured data during a 7-month period
and believe this is representative of surgical patients admitted to
the ICU at this hospital. This study only looked at surgical patients
admitted to the ICU. Although this accounts for the majority of
patients in Rwandan ICUs, it does not represent all patients.18

Because this study focused on all surgical ICU patients, we did
not collect disease specific risk factors, such as ISS (or Kampala
Trauma Score) in trauma patients. This study only includes surgical
patients admitted to the ICU. Some patients may have died before
ICU admission. Also, owing to delays, some patients may have
improved in the PACU and thus avoided ICU admission. Other pa-
tients may have been refused ICU admission owing to a lack of beds
or because of advanced disease. Other studies have shown the
importance of triage in low resource settings to optimize use of
resources such as ICU beds.14 There is limited data on cause of death
available. Although there is a mortality log, it unfortunately does
not capture granular detail on cause of death, with most deaths
attributed to “cardiac arrest.”

Surgical patients admitted to the ICU bear a significant mortal-
ity. Common surgical ICU diagnoses include head injury and peri-
tonitis with the highest mortality rates seen in patients with
peritonitis. We recommend a review of the admission policy to
optimize utility of the ICU, favoring those patients who are more
likely to benefit from ICU admission.
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