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Surgery is an essential component of global health, but 
many low- and middle-income countries struggle to 
provide timely access to safe surgical and anesthetic 

care. Sub-Saharan Africa in particular has a disproportion-
ate share of the global burden of surgical disease, and many 
patients with potentially reversible surgical conditions in 
this region do not have access to definitive care.1 Surgical 
care occurs over a continuum, and patients require high-
quality preoperative, intraoperative, and postoperative 

attention. Although it is likely that many developing health 
care systems struggle in all these realms, data describing 
the separate components of the surgical care continuum 
are scarce. The purpose of this study was to measure the 
intraoperative mortality for patients undergoing surgery in 
a Central Referral Hospital of Malawi. As a secondary aim, 
we sought to compare intraoperative mortality between 2 
time periods, accounting for demographics and surgical 
type. As a third aim, we explored the factors associated with 

KEY POINTS
•	 Question: What is the intraoperative mortality in a Central Referral Hospital of a low-income 

country?
•	 Findings: Overall intraoperative mortality was 76 (95% confidence interval [CI], 44–124) per 

100,000 surgeries. It ranged from 57 deaths per 100,000 surgeries (95% CI, 26–108) in the 
early cohort to 133 deaths per 100,000 surgeries (95% CI, 56–286) in the late cohort.

•	 Meaning: Intraoperative mortality is high in Malawi, which highlights the need for increased 
investments in safe surgical and anesthetic care in low-income countries.

BACKGROUND: Surgical care is essential to improving population health, but metrics to monitor 
and evaluate the continuum of surgical care delivery have rarely been applied in low-resource 
settings, and improved efforts at benchmarking progress are needed. The objective of this study 
was to measure the intraoperative mortality at a Central Referral Hospital in Malawi, evalu-
ate whether there have been changes in intraoperative mortality between 2 time periods, and 
assess factors associated with intraoperative mortality.
METHODS: This was a retrospective cohort study of patients undergoing surgery at Kamuzu 
Central Hospital in Lilongwe, Malawi. Data describing daily consecutive operative cases were 
collected prospectively during 2 time periods: 2004–2006 (early cohort) and 2015–2016 (late 
cohort). The primary outcome was intraoperative mortality. Inverse probability of treatment 
weighting was used to analyze the association of intraoperative mortality with time using logistic 
regression models. Multivariable logistic models were performed to evaluate factors associated 
with intraoperative mortality.
RESULTS: There were 21,090 surgeries performed during the 2 time periods, with 15,846 (75%) 
and 5244 (25%) completed from 2004 to 2006 and 2015 to 2016, respectively. Intraoperative 
mortality in the early cohort was 57 deaths per 100,000 surgeries (95% confidence interval 
[CI], 26–108) and in the late cohort was 133 per 100,000 surgeries (95% CI, 56–286), with 76 
per 100,000 surgeries (95% CI, 44–124) overall. After applying inverse probability of treatment 
weighting, there was no evidence of an association between time periods and intraoperative 
mortality (odds ratio [OR], 1.6; 95% CI, 0.9–2.8; P = .08). Factors associated with intraoperative 
mortality, adjusting for demographics, included American Society of Anesthesiology physical sta-
tus III or IV versus I or II (OR, 4.4; 95% CI, 1.5–12.5; P = .006) and emergency versus elective 
surgery (OR, 7.7; 95% CI, 2.5–23.6; P < .001).
CONCLUSIONS: Intraoperative mortality in the study hospital in Malawi is high and has not 
improved over time. These data demonstrate an urgent need to improve the safety and quality 
of perioperative care in developing countries and integrate perioperative care into global health 
efforts.   (Anesth Analg 2019;128:1286–91)
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intraoperative mortality in both time periods. These data 
will serve as a benchmark for surgical care improvements at 
this site and other similar low-resource settings.

METHODS
This was a retrospective cohort study of patients undergo-
ing surgery at Kamuzu Central Hospital (KCH) in Lilongwe, 
Malawi. This study was approved by the National Health 
Sciences Research Council of Malawi and the institutional 
review boards of Columbia University and the University 
of North Carolina. The requirement for written informed 
consent was waived by all. Malawi is a country in Southern 
Africa with a population of 18 million people, a life expec-
tancy of 63.8 years, and a Human Development Index rank 
of 170 of 187 countries.2 It is the third poorest country in 
Africa, and its health care system serves as a proxy for low-
income countries in the region. KCH is a Central Referral 
Hospital in the central region of Malawi with a catchment 
area of approximately 5 million.

The data were collected prospectively by clinical officers 
in anesthesiology at KCH and maintained in a deidentified 
computerized database. Data describing daily consecutive 
cases in the main operating theaters were available for 2 
time periods: April 2004 to December 2006 (early cohort, 33 
months) and May 2015 to December 2016 (late cohort, 17 
months). Data from other time periods were not available 
because of staffing shortages and infrastructural obstacles. 
Variables collected included gender, age, American Society 
of Anesthesiology physical status (ASA-PS) score, surgical 
procedure, emergency status, anesthetic management, air-
way management, blood products administered, and post-
operative disposition. Surgical procedure was categorized 
as general surgery (primarily exploratory laparotomies for 
suspected abdominal pathology), obstetrics and gynecology 
(inclusive of cesarean deliveries), orthopedics, and all other 
cases (including urology, otorhinolaryngology, burns, and 
wound debridements). All data were collected as categori-
cal variables (eg, age was recorded as <1, 1–5, 6–14, 15–30, 
31–40, 41–60, and >60 years). We categorized the ASA-PS 
score into status I and II versus status III and IV to account 
for low cell counts.

Missing data accounted for <3% of data for all variables 
except the ASA-PS score, which had 17.5% missing data and 

is a potential source of bias. On cases of missing ASA-PS 
score, we applied multiple imputation by fully conditional 
specification3 based on age, sex, surgical category, and pro-
cedure duration. This method assumes that the data are at 
least missing at random, and we suspect that the pattern of 
missingness may be related to other variables. For instance, 
10.3% of ASA-PS scores were missing from orthopedic sur-
gery cases compared to 27.6% missing among other surgi-
cal cases (ie, urology, burns, etc). For patients 31–60 years 
of age, 8.8% had missing ASA-PS scores, while for patients 
15–30 years of age, 22.9% had missing ASA-PS scores. We 
used multiple imputation as an attempt to reduce the bias 
due to missing data, but our estimate of the association 
between time and mortality could still be biased if miss-
ingness depends on the missing variable (ie, missing not at 
random).

The primary outcome was intraoperative mortality, mea-
sured as the number of patients dying during surgery in the 
operating theater from the time of anesthesia induction to 
the completion of the procedure. For the observed sample, 
we first reported the number of patients and the propor-
tion within each time period. Comparisons between cohorts 
were performed using χ2 tests, and standardized differ-
ences were reported between groups. Given the imbalance 
between the 2 cohorts, propensity scores were obtained to 
account for potential confounding by observed demograph-
ics and surgical factors. A propensity score was calculated 
to illustrate the probability of a patient being in the late 
cohort given an observed set of variables: age, sex, emer-
gency status, department, and anesthesia method. Using 
the propensity score, we then derived the inverse probabil-
ity of treatment weight (IPTW) for each patient to reduce 
the imbalance between the 2 time periods. After accounting 
for IPTW, cohort differences were evaluated by the IPTW 
proportions and standardized differences. All covariates 
had standardized differences <0.10, and the distribution 
of propensity scores before and after IPTW is illustrated in 
Figure 1. We used a logistic regression model to evaluate the 
association between time period and intraoperative mortal-
ity with IPTW adjustment. For comparison, multivariable 
logistic regression models were performed on the observed 
and imputed sample to assess the association between time 
and intraoperative mortality, adjusting for sex, age, ASA-PS 

Figure 1. Distribution of propensity scores before and after IPTW. IPTW indicates inverse probability treatment weighting.
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score, emergency status, surgical department (eg, gen-
eral surgery, obstetrics and gynecology, orthopedics), and 
anesthesia method. Covariates selected for inclusion in the 
model were based on clinical relevance.

For our third aim, to evaluate whether the demographic 
and surgical covariates remained consistent in their asso-
ciation with intraoperative mortality, we performed covari-
ate by time interaction with intraoperative mortality as the 
outcome. There were no significant interactions for any of 
the covariates; as a result, we pooled the cohort to explore 
demographic and clinical factors associated with intraop-
erative mortality. Statistical analyses were conducted using 
SAS Version 9.4 (SAS Institute, Inc, Cary, NC). A 2-tailed P 
value of <.05 was used to define statistical significance.

RESULTS
There were a total of 21,090 surgeries performed during 
the 2 time periods, with 15,846 (75%) completed in the 
33-month early cohort and 5244 (25%) in the 17-month late 
cohort. The intraoperative mortality rate in the early cohort 
was 57 (95% confidence interval [CI], 26–108) intraoperative 
deaths per 100,000 surgeries and in the late cohort 133 (95% 
CI, 56–286) intraoperative deaths per 100,000 surgeries, with 
76 (95% CI, 44–124) per 100,000 surgeries overall (Figure 2). 
The cohorts differed in their demographics and case mix. 
There was a larger proportion of males (33% vs 28%;  
P < .001), more emergency status surgeries (53% vs 43%;  
P < .001), and more orthopedic cases (14% vs 3%; P < .001) 
in the late cohort compared to the early cohort. After IPTW 
adjustment, we observed that the early and late cohorts 
were more balanced across the baseline demographics and 
clinical characteristics (Table 1).

There was no association between intraoperative mor-
tality and the 2 time periods after adjusting for confound-
ing using the IPTW method (odds ratio [OR], 1.6; 95% CI, 
1–2.8; P = .08). Correspondingly, no association was found 
between intraoperative mortality and the 2 time periods 
after adjusting for potential confounding variables in the 
observed or imputed samples (OR, 2.0; 95% CI, 0.7–5.4;  
P = .17; and OR, 1.3; 95% CI, 0.5–3.2; P = .56) (Table 2).

For exploratory purposes, no interactions were detected 
between each demographic and clinical factor with time 
period in their relationship with mortality (all P ≥ .20). 
After pooling the 2 cohorts, the adjusted analysis found that 

ASA-PS score (III or IV versus I or II) and emergency status 
were significantly associated with intraoperative mortality 
(imputed sample: OR, 4.4; 95% CI, 1.5–12.5; P = .006; and 
OR, 7.7; 95% CI, 2.5–23.6; P < .001, respectively). This find-
ing was consistent with the model utilizing the observed 
sample (Table 3).

DISCUSSION
This study describes the case mix and intraoperative mor-
tality rate for patients undergoing surgery at a Central 
Referral Hospital of Malawi. Overall, in combining the early 
and late cohorts, we found that intraoperative mortality in 
the study hospital is high (76 deaths per 100,000 surgeries) 
and did not change between the 2 time periods. Despite the 
inaccessibility of data between 2007 and 2014 to model the 
relationship over time, the high overall intraoperative mor-
tality suggests a substantial need for improvements in sur-
gical and anesthetic care in this region.

With increasing recognition of the role of surgery in 
improving population health,4 several metrics have been 
proposed to monitor and evaluate health care systems and 
processes of care delivery,5–7 but these metrics have rarely 
been applied in Sub-Saharan Africa. These metrics are also 
broad in scope and do not necessarily indicate which spe-
cific parts of the health care system should be targeted to 
increase access to quality care (eg, health care providers, 
infrastructure, anesthesia services). The perioperative mor-
tality rate (POMR) is likely the most generalizable metric 
for use in low- and middle-income countries because it 
captures the continuum of surgical care and is applicable to 
patients of all ages undergoing all types of surgical proce-
dures. However, it can be manipulated by the use of differ-
ent denominators or time points for survival (eg, 24-hour vs 
7-day mortality),8 and it requires reliable follow-up by clini-
cal staff or research personnel, which may not be feasible in 
low-income or low-resource settings.

In areas of Sub-Saharan Africa with maturing surgical 
and anesthesia delivery systems, more precise details about 
surgical and anesthetic care, stratified by the preoperative, 
intraoperative, and postoperative periods, may more effi-
ciently direct quality improvement efforts. Intraoperative 
mortality serves this purpose, in part, by reflecting the pre-
operative and intraoperative care. It is also easily measured 
without postoperative follow-up, making it more feasible 
for low-resource settings.

The overall intraoperative mortality of 76 (95% CI, 44–
124) per 100,000 surgeries at this study site is higher than 
recent reports describing the POMR from Rwanda and 
Kenya.9,10 It is important to understand that intraopera-
tive mortality is an underestimation of overall periopera-
tive mortality, and this suggests an even higher POMR for 
Malawi. While the precise differences between surgical care 
in Malawi and Rwanda or Kenya are beyond the scope 
of this article, it is well known that in the past 2 decades 
since the Rwandan genocide, Rwanda has received foreign 
investments for the development of quality health care that 
are not likely generalizable to the region. The study from 
Kenya was also conducted at a hospital that has had sub-
stantial external investments over the past decade. Our 
study, although limited by the absence of cause-of-death 

Figure 2. Intraoperative mortality per 100,000 surgeries with 95% 
confidence intervals at Kamuzu Central Hospital, Lilongwe, Malawi, 
in the early and late cohorts, and overall.
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data or a true POMR, provides an important benchmark for 
efforts to improve surgery in Malawi, and it may be more 
generalizable to regions where significant investments in 
surgical care delivery have not yet been made.

Factors associated with intraoperative death at this 
study site included ASA-PS score of III or IV and emer-
gency status. While these factors are well-known predictors 
of perioperative mortality in high-income regions,11 there 
is a paucity of data describing perioperative mortality in 
Sub-Saharan Africa, and this study is one of the largest of its 
kind to provide clinical data confirming these associations. 
While the association of emergency status with intraopera-
tive death is not unexpected,9,12 the OR for intraoperative 
mortality with emergency surgery in this study (imputed 
sample adjusted OR, 7.7; 95% CI, 2.5–23.6) is higher than 
that found in both high-income settings13 and in recent data 
from Kenya.10 The proportion of emergent surgeries at this 
site (46%) is striking and may be due to several factors. 
Given the increase in the unweighted proportion of male 
patients, orthopedic cases, and patients with ASA-PS status 
III or IV, this may be attributable to an increased burden of 
traumatic injuries over time. Alternatively, elective case can-
cellation is common in this region because of infrastructural 
limitations,14–16 and this may be associated with the volume 

of emergency surgery. Increased efforts at surgical care roll-
out in this region may have also led to more patients seek-
ing surgery, but staffing and equipment may not have risen 
to meet the demand. Finally, in 2011, the financial aid to 
Malawi from the United Kingdom decreased dramatically, 
which may have affected the health care budget and avail-
able services.17 Surgical volume at this site increased only 
marginally over the study period and does not necessar-
ily explain a high emergency case volume. Identifying the 
precipitating factors for emergency surgery and improving 
access to timely surgical care may be an important first step 
toward improving surgical safety in this region.

Improvements in quality surgical and anesthetic care in 
Malawi, and the region as a whole, will have to address infra-
structural limitations. Although this study was performed at 
a Central Referral Hospital with some of the best staffing and 
resources in the country, the practice of anesthesia and surgery 
in Malawi is different than the standard in high-income set-
tings. Anesthetic equipment such as ventilators, supplemental 
oxygen, end-tidal carbon dioxide monitoring or capnography, 
and warming devices is routinely absent. Available equipment 
is often old and cannot provide more modern interventions 
such as positive end-expiratory pressure or a titratable fraction 
of inspired oxygen. Medications used daily in high-income 

Table 2.   Summary Results of Cohort Year on Intraoperative Mortality at Kamuzu Central Hospital in 
Lilongwe, Malawi

Analysis Type

No. Patients (%)
Odds Ratio 
(95% CI) P Value

Early Cohort 
(2004–2006)

Late Cohort 
(2015–2016)

Multivariable logistic modela (observed) 11,636/16,317 (71.3) 4681/16,317 (28.7) 2.0 (0.7–5.4) .17
Multivariable logistic modela (imputed) 15,183/19,748 (76.9) 4565/19,748 (23.1) 1.3 (0.5–3.2) .56
Inverse probability treatment weight logistic  

model (imputed)
15,777/20,495 (77.0) 4718/20,495 (23.0) 1.6 (0.9–2.8) .08

Abbreviation: CI, confidence interval.
aTime period is adjusted for sex, age, American Society of Anesthesiology physical status score, emergency status, surgical department, and anesthesia method.

Table 3.   Multivariable Analysis of Factors Associated With Intraoperative Mortality From the Combined 
Cohorts at Kamuzu Central Hospital in Lilongwe, Malawi

Variables

Observed Sample Imputed Sample
Adjusted OR  

(95% CI) P Value
Adjusted OR  

(95% CI) P Value
Male 0.9 (0.2–4.7) .95 1.0 (0.3–3.2) >.99
Age (y)  .91  .58
  <1 2.0 (0.2–20.6) .56 3.1 (0.7–13.8) .14
  1–14 0.6 (0.1–6.2) .69 1.1 (0.3–4.9) .87
  15–30 Reference  Reference  
  31–60 1.0 (0.3–3.3) .97 0.9 (0.3–2.8) .94
  >60 1.9 (0.2–19.2) .57 1.1 (0.1–9.8) .92
ASA-PS score  <.001  .006
  I or II Reference Reference
  III or IV 7.9 (2.5–24.9) 4.4 (1.5–12.5)
Emergency status 5.2 (1.4–19.3) .01 7.7 (2.5–23.6) <.001
Departmenta  .77  .79
  OBGyn Reference  Reference  
  General 1.5 (0.1–18.2) .75 1.5 (0.1–14.9) .75
  Orthopedics 0.7 (0.1–4.0) .69 1.6 (0.4–6.3) .49
Anesthesia methodb  .06  .03
  Spinal Reference Reference
  General 0.1 (0.0–1.1) 0.1 (0.0–0.8)

Abbreviations: ASA-PS, American Society of Anesthesiology physical status; CI, confidence interval; OBGyn, obstetrics and gynecology; OR, odds ratio.
aSurgical procedures in “other” departments were excluded from the model due to low cell counts.
bSaddle, peripheral, or local block, and other or unknown anesthesia methods were excluded from the model due to low cell counts.
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countries (eg, propofol, phenylephrine, fentanyl) are not rou-
tinely available. Outside the central hospital level, equipment 
and medications are even more scarce. For example, although 
every district hospital provides general anesthesia, only about 
half of hospitals in Malawi have a functioning anesthesia 
machine.18 Thus, the intraoperative mortality rate reported in 
this study likely represents the low range for intraoperative 
mortality nationwide and cannot reasonably be expected to 
improve without addressing these limitations.

Improvements will also have to take into account the 
differences in health care provider structure. Nonphysician 
clinical officers provide >90% of surgery and anesthetic care 
in Malawi.18 The current training for specialty clinical offi-
cers in anesthesiology or surgery is an 18-month course, 
after which the officers independently provide anesthesia, 
surgery, and critical care. This strategy has allowed the coun-
try to develop a cadre of trained health care providers while 
avoiding brain drain, but this training alone cannot prepare 
officers to manage all intraoperative complications. The high 
intraoperative mortality may indicate the need for improved 
education to address higher acuity patients and emergency 
cases. This may include simulation training and continuing 
education programs developed especially for clinical officers. 
Recruitment and retention of consultant physicians trained 
in anesthesia and surgery for oversight of the clinical officer 
workforce are other strategies to improve nationwide care.

This study has several limitations. First, because this was 
a secondary analysis of an existing database, we could not 
account for readmissions or repeat operations, which would 
reasonably be expected to be higher risk than initial proce-
dures. Second, we did not have more granular data describ-
ing the operative interventions, intraoperative vital signs and 
events, or the proximate cause of death. Therefore, we could 
not assess the specific treatment modalities that may prevent 
further intraoperative events. The ASA-PS data may also be 
a potential source of bias because the pattern of its missing-
ness may have been related to other variables such as surgical 
type or patient age. Finally, the daily case data from 2007 to 
2014 were unavailable, so we were unable to assess trends in 
intraoperative mortality over that time period.

In summary, intraoperative mortality is an easily mea-
surable indicator for surgical care quality in low-resource 
settings that focuses attention on a critically important time 
period for improving patient safety. Intraoperative mortal-
ity is high in Malawi and is not decreasing. This may be 
attributable to many factors, including a higher proportion 
of emergency surgery and/or changes in case mix. Efforts 
at improving safe surgery should focus on decreasing the 
need for emergency surgical care. E
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