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The intensive care unit (ICU) is slowly establishing itself in low-middle 
income countries (LMIC), including in sub-Saharan Africa (sSA). Few 
studies have been published on ICU services in sSA. However, they 
reveal multiple challenges, especially in limited bed capacity, infrequent 
resources and medical personnel.[1-4] Recent articles highlight the paucity 
of LMICs ICU data and the need for more research.[5,6] Botswana is an 
upper middle-income country in southern Africa with a population of 
over 2 million people. Princess Marina Hospital (PMH) in Gaborone, 
the capital city, is currently the largest publicly funded and university 
teaching hospital in Botswana with a 24-hour emergency department 
(ED), 567 inpatient beds and the most complete range of specialty 
services. PMH ICU is an 8-bed ward managed by specialists 24 hours, 
7 days a week, assessing patient eligibility for admission and managing 
clinical care. These specialists consist of anaesthetists and one intensivist 
with formal ICU postgraduate training, but are only onsite Monday 
to Friday during normal working hours. There are no ICU registrars 
or ICU training programmes in the country; hospital medical officers 
are infrequently available from the ED to provide clinical support to 

the ICU. PMH ICU nurse to patient ratio is 1:2 during day shifts and 
1:3 during night shifts with no formal ICU or critical care nursing 
education programmes in the country. PMH ICU has 24-hour 
access to radiology (X-rays, ultrasound, computed tomography (CT) 
scan) and basic laboratory investigations. Dietitians, physiotherapists, 
psychologists, occupational therapists and social workers are available 
on referral bases, but no clinical pharmacist is available. At the time 
of this study there were no endorsed official local ICU admission or 
management guidelines. Botswana has not escaped the large southern 
African burden of HIV, with a recent UNAIDS estimate of 370 000 
adults aged 15 and over living with HIV in Botswana, representing 
18.2% of the total population.[7] Botswana was one of the first countries 
in sSA to initiate HIV interventions, including highly active anti-
retroviral treatment (HAART) with a local study showing significant 
improvements in HIV mortality since these initiatives.[8] A 2015 study 
of medical admissions to PMH revealed a continued high burden 
of HIV disease and opportunistic illnesses of tuberculosis (TB) and 
cryptococcal meningitis.[9] To date, no clinical ICU studies have been 
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Contribution of study 
This study is the first published audit for an intensive care unit in Botswana. The findings are especially relevant for the development of critical 
care capacity in the country during the current COVID-19 pandemic. We advocate for the establishment of an ICU registry in the country to allow 
ongoing accurate research in the field of critical care medicine and to improve healthcare for all critically ill patients in Botswana.
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conducted in Botswana and this PMH audit was initiated to describe 
demographics, major admission categories and baseline morbidity 
and mortality data. Morbidity and expected mortality in ICU settings 
worldwide are measured through scoring systems such as Acute 
Physiology and Chronic Health Evaluation II (APACHE II), Sequential 
Organ Failure Assessment (SOFA), Simplified Acute Physiological 
Score (SAPS) and Organ Dysfunction and Infection (ODIN) score. 
APACHE II score and SOFA scores are the more widely used scoring 
systems currently in ICU settings.[10-12] A previous attempted audit in 
PMH ICU in 2011 was abandoned due to various health quality and 
governance issues, which are well-known issues in many LMICs.[13]  
Many of these issues are ongoing and limited the authors’ initial 
intentions and planning for this study. Due to frequent logistic issues 
only APACHE II scoring was able to be recorded in this study. It is 
hoped that these data will inform clinicians, researchers and health 
administrators about the burden of critical care illness at PMH and 
in Botswana.

Objectives
To assess the basic demographic, referral characteristics and major 
diagnostic categories of the adult critically ill patients admitted to PMH 
ICU. To determine severity scoring, mortality data and complications of 
the adult patients admitted to ICU.

Methods
Study setting
The study was conducted at the major teaching and referral hospital 
for Botswana, PMH which has an eight-bed ICU, utilised for adult and 
paediatric patients. Adult patients in PMH are identified as patients 14 
years and older.

Study population
The study population for this study were all critically ill adult patients  
admitted between 1 April 2017 and 31 March 2018.

Inclusion/exclusion criteria
All critically ill patients aged ≥14 years admitted to ICU at PMH were 
included in the study. Paediatric critically ill and ICU patients with 
burns were excluded from the study, as APACHE II scoring is not 
suitable for these types of critically ill patients.[14,15]

Data collection
Demographic data that included age, gender, referral ward and admission 
diagnosis were extracted from the ICU notes by the study investigators. 
The diagnosis written in the patient’s file by the ICU admitting doctor or 
doctor requesting ICU admission was used in this study.

This diagnosis was allocated to a specific category by a consensus 
of three of the study investigators and required support by clinical 
judgment as well as appropriate investigations recorded in the patient’s 
file. Investigators extracted laboratory investigations from ICU 
observation charts, patient files and also from the Integrated Patient 
Management System (IPMS) of the hospital. If laboratory investigations, 
including HIV tests were not performed in the ICU admission, they 
were marked as absent. HIV status of adult patients at PMH was 
established by the standard HIV rapid test, confirmed by the ELISA 
test as per HIV national guidelines.[16] Severity of the patients’ condition 
was determined using the APACHE II scoring, assessed by two study 
investigators using the worst value of each parameter measured within 

the first 24 hours of admission to ICU.[17] In cases of a missing APACHE 
II parameter, a zero score was recorded. ICU-acquired complications 
were diagnosed and allocated using a published diagnostic criterion 
(Appendix 1: http://sajcc.org.za/public/sup/395.docx). Outcome was 
determined as ICU death rate and 30-day post-ICU discharge death 
rate, and its relationship with HIV status was studied. ICU death rate 
and 30-day post-ICU discharge death rate were determined as follows:[18] 

 Total number of ICU deaths for a given period 

Total number of ICU discharges from the same period  

 Total number of deaths at 30 days post ICU discharge 

Total number of alive patients discharged from ICU 

× 100

× 100

ICU death rate =

30-day ICU death rate =

To determine if the patient was alive or dead at 30 days, centralised 
electronic medical records were accessed through a password protected 
account with specific access approved by the hospital superintendent 
and ethics committees.

Data analysis
Data were analysed by SPSS version 24 (IBM Corp., USA), Stata version 
14.2 (StataCorp., USA) and MedCalc version 19.0.6 (mdcalc.com).  

Table 1. Study population characteristics
Demographics n (%)*
Age in years, mean (SD) 42.9 (17.9)
Sex

Male 
Female

103 (56.6)
79 (43.4)

Source of admission to ICU
Emergency department 54 (29.7)
Private hospitals 33 (18.1)
Operating theatre 56 (30.8)
Referral hospital 2 (1.1)
Hospital wards 35 (19.2)
Others 2 (1.1)

Diagnostic categories
Cardiovascular 13 (7.1)
Respiratory 31 (17)
Renal 7 (3.8)
Gastrointestinal 2 (1.1)
Neurological 18 (9.9)
Trauma 49 (26.9)
Surgical† 36 (19.8)
Metabolic 3 (1.6)
Obs/Gynaecology 3 (1.6)
Coagulation disorder 1 (0.5)
Infections 17 (9.3)
Poisoning 2 (1.1)

HIV status
Negative 
Positive

110 (60.3)
49 (27.2)

Unknown 23 (12.5)
Length of ICU stay

Mean (SD), days
IQR in days

10.3 (19.3)
2 - 10

Occupancy rate (%) 83

SD = standard deviation, ICU = intensive care unit; Obs = obstetrics;  
IQR = interquartile range.
*Unless otherwise specified.
†Non-trauma-related surgical admission.

http://sajcc.org.za/public/sup/395.docx
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A χ2 test of independence and Fisher’s exact tests were used for 
univariate analysis. Continuous variables were analysed using the 
Student’s t-test or k-sample equality median test. A significance level 
of p<0.05 was used.

Ethical consideration
Permission to conduct the study was obtained from the Office of 
Research and Development, University of Botswana (ref. no. UBR/RES/

IRB/1738), the Research and Ethics Committee, Ministry of Health (ref. 
no. HPDME 13/18/1 X (845)), and Research and Ethics Committee, 
Princess Marina Hospital (ref. no. PMH 5/79(292-2-2017)).

Results
During the study period of 12 months from April 2017 to March 
2018, 251 patients were admitted to the ICU at PMH. Of these, 182 
adult patients were enrolled into the study database and 69 patients 
were excluded (Fig. 1). Patients with unknown HIV status were then 
excluded from further analysis. Table 1 shows the characteristics of the 
initial study population. The mean (SD) age of the enrolled patients was  
42.9 (17.9) years, and males represented 56.6%. Over 60% of all 
admissions were from operating theatres or emergency departments and 
the two highest ranked admission diagnostic categories were surgical 
conditions. The study population was HIV-positive in 27.2% and 12.5% 
had an unknown HIV status. The incidence of patient complications 
at PMH ICU in the study period was 20.8%. Bacteraemia was the 
main complication acquired by patients in ICU, representing 52.6% 
of all complications recorded, followed by urinary tract infection and 
ventilator-associated tracheobronchitis in 15.8% and 13.2%, respectively. 
The mean APACHE II score in the first 24 hours of PMH ICU 
admission was 25; and the highest APACHE II scores were in patients 
aged over 77 years (Table 2). Once patients with unknown HIV status 
were excluded from analysis, patient demographics, length of stay and 
APACHE II scores were again analysed (Table 3). There were fewer 
HIV-negative patients than HIV-positive patients in both genders; 
however this was only statistically significant in males (p=0.02). Mean 
and median APACHE II scores were the same in both groups, but 
median ICU length of stay was greater in HIV-positive patients, but was 
not statistically significant (p=0.57). APACHE II scores were further 
analysed in age groups of HIV-positive and HIV-negative patient 
groups (Fig. 2). This analysis revealed HIV-negative groups overall had 
statistically significantly higher APACHE II scores than HIV-positive 
groups (p<0.0001). APACHE II scores of known HIV status patients 
who died in ICU are shown in Fig. 3A. Patients with APACHE II scores 
between 25 and 28 had the highest death rate in ICU, but none of these 
mortality differences in ICU or at 30 days (Fig. 3B) was statistically 
significant (p=0.21 and p=0.26, respectively). Overall ICU mortality for 
these patients was 42.8%.

Discussion
This PMH ICU study population was 57% male with a median age 
of 43 years. Regional and other African ICU studies show similar 
demographic findings to these, unlike in high-income ICU settings.[19-22]  

PMH operating theatre and emergency department accounted for over 
60% of ICU admissions; with trauma and non-trauma related surgical 
conditions accounting for over 46% of all diagnostic categories. As PMH 
is the major surgical referral hospital for the entire country, and the 

Table 2. Distribution of disease severity scores in study 
population
Grouping variables APACHE II score, mean (SD)*
Total (N=182) 25 (4.8)
Age, years

14 - 29 23.9 (4.6)
30 - 45 23.9 (4.4)
46 - 61 25.6 (3.9)
62 - 77 27.1 (5.5)
>77 32.2 (4.1)

APACHE II score bin, n (%)
15 - 19 25 (13.7)
20 - 24 65 (35.7)
25 - 28 51 (28)
29 - 32 28 (15.4)
33 - 36 11 (6)
37 - 40 1 (0.5)
>40 1 (0.5)

SD = standard deviation; APACHE = Acute Physiology, Age and Chronic Health 
Evaluation.
*Unless otherwise specified.

Table 3. Characteristics of the patients with known HIV status
Demographic HIV-negative* HIV-positive* 95% CI p-value
Age in years 42.9 (18.8) 42.3 (13.2) –6.46 - 5.26 0.84
Sex, n (%) 0.21

Male 65 (40.9) 23 (14.4) 4.2 - 41.7 0.02
Female 45 (28.3) 26 (16.3) –9.3 - 29.3 0.26

ICU length of stay, days 11.5 (22.9) 9.3 (12.9) –9.11 - 4.71 0.53
APACHE II score 25.4 (5) 25 (4.2) –2.01 - 1.21 0.63
CI = confidence interval; ICU = intensive care unit; APACHE = Acute Physiology, Age and Chronic Health Evaluation; SD = standard deviation.
*Unless otherwise specified, values indicate mean (SD).

Excluded, n=69

Patients <14 years old, n=67

Patients with burns, n=2
Enrolled, 
n=182

Admissions, 
n=251

Enrolled, 
n=159

Excluded, n=23

Unknown HIV status

Primary analysis

Secondary analysis

Fig. 1. Enrolment flow chart of the study.
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southern African region has a well-known 
high trauma burden, these factors could 
explain the higher surgical related burden 
compared with other regional ICUs.[23] The 
mean APACHE II score in our study was 
25 and the majority of patients had scores 
between 20 and 28, comparable to European 
and US studies.[10,24] These high scores in 
PMH indicate poor patient physiological 
reserves and suggest advanced and perhaps 
delayed clinical presentations to this unit. 
The length of ICU stay was 10.3 days, similar 
to a regional adult ICU study length of 
stay of 11.8 days.[25] Other South African 
studies have shown disparate results[26,27] 
reflecting differing predominance of HIV-
positive patients or surgical populations. In 
the secondary analysis of the 159 patients with 
known HIV status, HIV-negative patients 
had statistically significant higher APACHE 
II scores than HIV-positive patients. This 
unexpected result could be explained by 
admitting doctors using stricter ICU 
admission criteria for HIV-positive patients. 
Lack of official ICU admission guidelines 
at the time of this study would have also 
impacted this finding. Ongoing research 
incorporating important HIV-related data 

such as viral load, CD4+ cell counts and 
HAART medication use compared with ICU 
outcomes is needed in this area. Mortality 
in the ICU increased exponentially in both 
groups of patients for each five-point increase 
in APACHE II score, with peak scores between 
25 and 28. The exponential fall after the peak 
score can be explained by small numbers in 
these groups. This finding is similar to a US 
study where mortality at different APACHE 
II scores was comparable.[17] The 42.8% ICU 
mortality of the 159 patients  whose HIV 
status was known is very high but similar to 
a small PMH ICU survey in 2015 where the 
mortality rate among surgical ICU patients 
(HIV status not recorded) was 46%.[28]  

Other studies carried out in the region[29-31] 
have reported similar results. However, 
international ICU mortality rates range 
between 8 and 18%.[32,33] There was no 
statistical significance in 30-day mortality 
rates in either group of patients with HIV 
known status; however, there are limited 
studies with which to compare our results. 
Akgün et al.[32] reported a statistically 
significant difference in 30-day mortality 
between HIV-infected (19%) v. non-infected 
patients (11%).

Study limitations
As this is the first clinical audit of an ICU in 
Botswana there were a number of limitations 
affecting data collection and interpretation. 
Firstly, it should be noted that based on the 
description of PMH ICU most of the basic 
international requirements for a tertiary 
ICU are not met[34,35] and the ICU does not 
comply with many of the recommendations 
for resource-limited settings.[5] The mixed 
nature of PMH ICU also makes international 
comparisons challenging, as many 
international ICU studies do not include 
patients aged between 14 and 18 years, as in 
our study. The frequent absence of onsite ICU 
physicians, significant lack of ICU medical, 
nursing and allied health staff impacts 
negatively on ICU expertise and reliability of 
results. These factors also make comparison 
of data with developed ICU centres difficult. 
This study records a small sample size of 
adult patients admitted to a small single 
mixed ICU in Botswana, not reflecting all 
critically ill patients in the country. Currently 
a government arrangement exists that when 
PMH ICU is full, patients requiring ICU care 
can be transferred to private sector ICUs in 
Botswana and their management costs paid 
by the Ministry of Health. There were two 
private ICUs in Gaborone at the time of this 
study. These patients were not included in 
the audit, but account for 18% of patients 
admitted to PMH ICU from private sector 
ICUs. PMH has no formal ICU electronic 
record database or international diagnostic 
coding system, leading to little opportunity 
to follow up on patients’ outcomes including 
confirmed diagnoses. This study utilised the 
admission diagnosis only, which is frequently 
unreliable or incomplete as ICU diagnoses 
are regularly adjusted when new results are 
available during the patient’s admission. HIV 
patients were not sub-categorised into those 
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on HAART or those resistant to HAART which has pathophysiology 
implications to APACHE scores and mortality. Logistical issues including 
restricted access to pathological testing, any culture media for central 
venous catheter tip and respiratory secretion cultures, severely impacted 
diagnostic accuracy in this study. In a high HIV prevalence setting such 
as Botswana, the unavailability of 24-hour HIV testing, CD4+ cell counts 
and further microbiological support also limits diagnostic accuracy and 
assessment of  HIV-positive patients in this ICU.

Conclusions and recommendations
This is the first prospective audit of adult ICU patients in Botswana, 
revealing a young population presenting with high mean APACHE II 
scores and significant surgical and HIV burdens. On secondary analysis,  
HIV-negative patients had higher APACHE scores than  HIV-positive 
patients; however HIV status did not have any impact in ICU mortality or 
30-day mortality rates. High (≥ 20) APACHE II scores at 24 hours were 
associated with higher inpatient ICU and 30-day mortality regardless of 
the HIV status of the patients.

We advocate for more ICU resources, research, training and 
education in Botswana. An electronic registry of all ICU patients is 
urgently required to provide support for diagnosis, management and 
logistics. This ICU database should use internationally validated quality 
indicators and with risk stratification tools to provide clinicians and 
health policy makers information, ensuring that the most appropriate 
care is given to the most critical  patients in Botswana.
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