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Abstract

Background Tracheostomy is used for patients who require prolonged mechanical ventilation. Extensive research

has described the provision and optimal timing of tracheostomy, but very little describes tracheostomy utilization in

low- and middle-income countries, particularly in sub-Saharan Africa.

Methods This prospective cohort study describes patients admitted to the intensive care unit (ICU) of a tertiary

hospital in Malawi who received tracheostomy versus those who did not, with a primary outcome of hospital

mortality. We performed subgroup analysis of patients with severe head injuries.

Results The analysis included 451 patients admitted to the study ICU between September 2016 and July 2018.

Overall hospital mortality was 40% for patients who received tracheostomy and 63% for patients who did not.

Logistic regression modeling revealed an odds ratio (OR) of 0.34 (95% CI 0.18–0.64) for hospital mortality among

patients who received tracheostomy versus those who did not (p\ 0.001). Standardized mortality ratio weighting

revealed an odds ratio of 0.81 (95% CI 0.65–0.99, p\ 0.001) for hospital death among patients who received

tracheostomy versus those who did not. In the subgroup excluding severe head injury, both ICU (50%) and hospital

mortality (75%) were higher overall, but hospital mortality was not more common for patients with tracheostomy

versus without (OR 1.28, 95% CI 0.94–1.74, p = 0.104).

Conclusions Tracheostomy is not associated with hospital mortality in a Malawi ICU cohort, but these results are

affected by the presence of head injury. Research may focus on home tracheostomy care given the lack of hospital

discharge options for patients in austere settings.
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Introduction

Tracheostomy is indicated for critically ill patients in need

of prolonged mechanical ventilatory support. It reduces the

risks associated with oral or nasal endotracheal intubation,

including a decreased risk of ventilator-associated pneu-

monia [1, 2], earlier transfer patients out of the intensive

care unit (ICU) [3], and improved patient comfort and

mobility due in part to the ability to use the vocal cords and

epiglottis (e.g., speaking and swallowing) [4]. While there

has been extensive research on the optimal timing of tra-

cheostomy for different ICU patient populations in high-

income settings [3], few studies to date have described

tracheostomy practice patterns for adult ICU patients in

low- and middle-income countries (LMIC) such as those of

sub-Saharan Africa. In an effort to target this literature gap,

this study describes tracheostomy practices and outcomes

for ICU patients at a referral hospital in Malawi.

Methods

This was a secondary analysis of a prospective dataset

created to evaluate critical care illness severity at Kamuzu

Central Hospital (KCH) in Lilongwe, Malawi, from

September 2016 to July 2018. The study protocol was

registered at researchregistry.com under protocol 4330 and

has been detailed in other publications [5]. It was devel-

oped a priori and approved by the National Health Sciences

Research Council of Malawi and the Institutional Review

Board of the associated American academic medical cen-

ter, and the requirement for written informed consent was

waived. The timing of the study recruitment was based on

funding limitations; no power calculations were under-

taken. The results are reported in line with the Strength-

ening the Reporting of Cohort Studies in Surgery

(STROCSS) criteria [6].

Malawi is a country in southeastern Africa with a pop-

ulation of about 18 million people, a life expectancy of

63.8 years, and a Human Development Index rank of 170

out of 187 countries [7]. It is the fourth poorest country in

sub-Saharan Africa [8]. KCH is a referral hospital in the

central region of Malawi with a catchment area of

approximately 6 million. The ICU at KCH is a 5-bed unit

which offers a 1:1 nurse-to-patient ratio during the day and

a 1:2 or higher nurse-to-patient ratio at night. Resources

include continuous non-invasive vital sign monitoring,

mechanical ventilation, and intravenous medication infu-

sions. Clinical care in the ICU is directed by clinical offi-

cers trained in anesthesiology; these officers make initial

recommendations regarding the need for tracheostomy.

Tracheostomies are performed in this unit by consultants in

otolaryngology or general surgery.

These study data were collected prospectively by

research staff trained for ICU data collection. Variables

collected included vital signs and laboratory measurements

at the time of ICU admission, treatments utilized in ICU,

and the dates of ICU or hospital discharge. All patients

admitted to the ICU who required mechanical ventilation

were eligible for inclusion. Exclusion criteria included

tracheostomy placement before ICU admission, readmis-

sion to ICU during the same hospitalization, and missing

primary outcome or multiple key data points (Fig. 1).

Missing data accounted for\ 3% of data for all variables

included in this analysis.

The primary outcome was in-hospital mortality. We first

described the cohort, stratified by the provision of tra-

cheostomy. We performed the chi-square test, students’

t-test, and analysis of variance to compare groups, as

appropriate. We used logistic regression to evaluate the

association between tracheostomy and in-hospital mortal-

ity, adjusting for the covariates of the MIME score chosen

a priori based on their association with hospital mortality in

this population [5]. Given imbalances between the groups,

propensity scores were obtained to account for potential

confounding. A propensity score was calculated to illus-

trate the probability of a patient being in the tracheostomy

group given age, admitting service, systolic blood pressure

and altered mental status at ICU admission, and fever

during the ICU course. Using the propensity score, we then

derived the standardized mortality ratio weight (SMRW)

for each patient to reduce the imbalances between the

groups. After accounting for SMRW, group differences

were evaluated by the SMRW proportions and the stan-

dardized differences. All covariates had standardized dif-

ferences\ 0.10, and regression analysis was restricted to

those on common support.

Given our previous research which showed exception-

ally high mortality among patients admitted to the ICU

with a severe brain injury [9], we then repeated our

analyses excluding these patients. Continuous variables

are presented as means with standard deviations (SD);

categorical variables are presented as number and pro-

portion of the total. 95% confidence intervals (CIs) are

provided as needed. All statistical analyses were
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performed with Stata SE 14.2 (StataCorps, College Sta-

tion, TX).

Results

During the study period, 498 patients were admitted to the

study ICU, and 451 were included in the final cohort.

(Fig. 1) The clinical characteristics of patients who

underwent tracheostomy versus those who did not are

summarized in Table 1. Overall, 55 patients received a

tracheostomy and all were elective. Tracheostomies were

performed using an open surgical approach at the bedside,

under intravenous anesthesia. No early complications in

tracheostomy placement or use were described. This study

did not include assessment for tracheostomy complications

later in the hospital course outside the ICU setting.

The majority of the cohort (69%) was male, and most

patients had been admitted to ICU for severe head injuries

or meningitis (n = 40). Patients who underwent tra-

cheostomy were mechanically ventilated longer than

patients who did not (mean 14 days (SD 8) versus mean

3 days (SD 4), p\ 0.001). Patients who underwent tra-

cheostomy were mechanically ventilated for a mean of

9 days (SD 5, median 10) before receiving the tra-

cheostomy. Hospital mortality was 40% for patients who

received tracheostomy in ICU, and 63% for patients who

did not. Logistic regression modeling with adjustment for

the components of the MIME model revealed an odds ratio

(OR) of 0.34 (95% CI 0.18–0.64) for hospital mortality

among patients who received tracheostomy versus those

who did not (p\ 0.001). In the standardized mortality ratio

weighted cohort, the odds ratio for hospital death among

patients who received tracheostomy versus those who did

not was 0.81 (95% CI 0.65–0.99, p\ 0.001).

We repeated our analyses in a subset of the study cohort

which excluded patients with severe brain injuries

(n = 97). In this analysis, a total of 354 patients were

included and 16 underwent tracheostomy. About half of

patients who received a tracheostomy were male (44%),

and ICU admission diagnoses for these patients included

acute respiratory failure (n = 7), ‘‘high spinal’’ or neuraxial

anesthetic complications, Guillan-Barre, postoperative

monitoring, and shock. Both ICU mortality (50%) and

hospital mortality (75%) were higher in this group of tra-

cheostomy patients compared to the larger group which

included head injuries. (Supplement Table 1) In the stan-

dardized mortality ratio weighted analysis, the odds of

hospital death was not higher for patients with tra-

cheostomy versus those without (OR 1.28 (95% CI

0.94–1.74, p = 0.104).

Discussion

This descriptive study of tracheostomy practices at a ter-

tiary hospital in Malawi indicates that tracheostomy was

provided to 12% of patients who required ICU admission,

the majority of which had a severe head injury. Tra-

cheostomy was provided to patients after a mean 9 days

(SD 5) of mechanical ventilation, which falls in line with

international clinical practice guidelines [10]. While tra-

cheostomy initially appeared to be associated with hospital

mortality, our analysis excluding severe head injured

patients demonstrates that severe head injury likely con-

founds the association of tracheostomy with hospital

mortality in this setting.

Endotracheal intubation is a widely used intervention to

provide mechanical ventilation to patients with pulmonary

illnesses and/or an inability to protect the airway. Pro-

longed endotracheal intubation, however, is associated

with longer durations of mechanical ventilation (and

associated risks of pneumonia) and an inability to eat or

speak normally [1–3]. A tracheostomy provides long-term

access to a protected airway. The short tracheostomy tube

has significantly lower resistance than a standard endotra-

cheal tube, is more comfortable by avoidance of gag or

cough reflexes, and allows the patient to swallow and

speak. Tracheostomy is not without risks, and complica-

tions can be classified as early (e.g., bleeding) or late (e.g.,

498 pa�ents admi�ed to KCH ICU 

from September 2016 to May 2018 

Exclusion:  

16 (%) Pa�ents not requiring mechanical 
ven�la�on 

7 (%) Readmissions 

 475 Index adult ICU admissions who 
required mechanical ven�la�on

3 (%) Missing exposure: Tracheostomy 

21 (%) Missing primary outcome: in-
hospital mortality 

451 Pa�ents in Final Cohort 

Fig. 1 Flowchart of patient selection
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tube obstructions, dislodgments, and nosocomial lung

infections). Nevertheless, tracheostomy is considered safe

and is relatively well tolerated even among complex patient

populations.

Although tracheostomy is essential surgery within a

healthcare system, literature describing its use in the low-

income countries of sub-Saharan Africa is scarce. One

report by Charles et al. prospectively characterized all

Otolaryngology referrals at a tertiary hospital in Rwanda

over an 8-month period and found that the majority of

patients who required tracheostomy were critically ill and

75% had a severe head injury [11]. A retrospective study

conducted in northern Nigeria found that 26% of tra-

cheostomies were provided to patients with traumatic

injuries [12]. Our findings in Malawi are consistent with

these reports, although our data are more granular. What

differentiates our cohort from those in Nigeria and Rwanda

is that all tracheostomies in this study were elective. This

may suggest that our study site has the capacity to provide

tracheostomies as needed (avoiding the need for emer-

gency airway management), or alternatively that emer-

gency tracheostomies occur outside the ICU setting at our

study site.

There are numerous studies describing the optimal

timing of tracheostomy. The TracMan study was one of the

largest of these studies and found that tracheostomy within

four days of ICU admission was not associated with

improved 30-day mortality or other outcomes (e.g., ICU

mortality, duration of mechanical ventilation) when com-

pared to later tracheostomy [13]. A subsequent meta-

analysis found that tracheostomy within seven days of

intubation is recommended for patients with prolonged

intubation [14]. In this study population, the mean length of

mechanical ventilation before tracheostomy was 9 days,

with a standard deviation of 5 days. Despite severe

resource limitations, these data demonstrate that the pro-

vision of tracheostomy in this setting is within international

guidelines. Although beyond the scope of this paper, fur-

ther research should explore whether outcomes vary based

on the timing of tracheostomy in this patient population

and setting.

It is not surprising that severe head injury confounded

the association of tracheostomy with hospital mortality,

as severe head injury is a known predictor of the need

for tracheostomy and is associated with especially high

mortality at this study site [9]. In Malawi, it is common

Table 1 Clinical characteristics and hospital course for ICU patients who required mechanical ventilation at a referral hospital in Malawi,

stratified by the provision of tracheostomy

Variable Received tracheostomy Did not receive tracheostomy p value

Total ICU admissions, n (%) 55 (12) 396 (88) –

Age (years), mean (SD) 29 (13) 30 (17) 0.745

Sex, n (%)

Female 17 (31) 220 (56) 0.001

Male 37 (69) 176 (44)

Hospital location before ICU admission, n (%) \ 0.001

Emergency rooma 27 (49) 63 (16)

HDU 14 (25) 93 (23)

Operating room 11 (20) 182 (46)

Ward 3 (5) 41 (10)

ICU Admitting Service, n (%)

General surgery 20 (36) 176 (44) \ 0.001

OBGyn 5 (9) 89 (22)

Medicine/pediatrics 30 (55) 117 (30)

Recent surgery in hospital course, n (%) 17 (31) 241 (61) \ 0.001

Total MEWS at ICU admission, mean (SD) 6 (3) 7 (5) 0.0312

Length of mechanical ventilation (days), mean (SD) 14 (8) 3 (4) \ 0.001

Length of mechanical ventilation before tracheostomy (days), mean (SD) 9 (5) NA NA

Length of stay in ICU (days), mean (SD) 16 (9) 3 (4) \ 0.001

ICU mortality, n (%) 14 (25) 234 (59) \ 0.001

Hospital mortality, n (%) 22 (40) 250 (63) 0.001

ICU Intensive care unit, SD standard deviation, HDU high-dependency unit, OBGyn obstetrics and gynecology, MEWS Modified Early Warning

Score
aEmergency room includes transfers from outside hospitals
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practice to provide tracheostomy to patients who may

require prolonged intubation so that they can more easily

be transitioned to a high-dependency unit (HDU) or the

ward. This practice allows for the re-opening of ICU

beds in a setting where ICU availability is only 1 per

million population, but also means transitioning severely

injured patients to a lower level of care. More research is

needed to determine the best practices for patients who

require prolonged intubation in the setting of extremely

scarce ICU resources.

Another major difference in the continuum of care for

survivors of prolonged mechanical ventilation in Malawi

is hospital discharge destination. Survivors of critical

illness in high-income countries are often ultimately

discharged from the hospital to long-term acute care

facilities or skilled nursing facilities. Healthcare systems

in LMICs generally do not offer these discharge desti-

nations. Because of this, almost all pulmonary rehabili-

tation must occur either in the hospital or in the home.

Investments in both arenas may be especially beneficial

for patients in LMICs. A multidisciplinary team of

otolaryngologists, respiratory therapists, tracheostomy

nurses, medical illustrators, and global health educators

in Rwanda created an open access training course for

tracheostomy care which improved nurses’ and resident

doctors’ confidence in tracheostomy care [15]. This type

of course could be adapted for use by family members

to improve its applicability in the home in austere

settings.

This study has several limitations. First, this study was

conducted within a single center which limits its gener-

alizability. Data describing long-term outcomes, including

late tracheostomy complications beyond the ICU stay,

were not available. Nevertheless, these prospective data

are more granular than other reports from LMICs and

may serve as a valuable launching point for rigorous

discussions of tracheostomies in resource-limited settings.

Conclusions

Tracheostomy is essential surgery, and in our study ICU in

Malawi, it was provided to 12% of patients over two years.

Hospital mortality did not differ between patients who

received tracheostomy versus those who did not, although

this was confounded by the presence of a severe head

injury. Future research may focus on the timing of tra-

cheostomy, but in resource-limited settings a focus on

tracheostomy care in the hospital and at home may be more

appropriate.
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