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Abstract

Background
Diagnostics are foundational to effective health systems but remain widely unavailable worldwide, especially in low-income coun-
tries like Malawi. To achieve health equity in Malawi, it is necessary to assess the availability of essential diagnostics.

Methods
We analysed data collected during a nationwide survey of musculoskeletal trauma care capacity. We analysed the presence, avail-
ability, and reasons for unavailability of laboratory testing, vital signs monitoring, electrocardiography, and diagnostic radiology at 
all 25 district hospitals and 4 central hospitals in Malawi. We used geospatial models to estimate the proportion of the Malawian 
population with 1-hour and 2-hour access to these resources. Taking 1-hour access to most accurately represent geospatial cov-
erage in the Malawian context, a hypothetical intervention was designed whereby diagnostic capacity improvement would be 
prioritized at selected hospitals to cover at least 75% of Malawians nationwide.

Results
Twelve of 29 hospitals had basic laboratory testing available when needed, covering an estimated 58% of Malawians with 1-hour 
access and 95% with 2-hour access. Vital signs monitoring was available when needed at 18 hospitals, covering an estimated 
74% of Malawians with 1-hour access and 97% with 2-hour access. Six hospitals reported that electrocardiography was available 
when needed, covering an estimated 49% of Malawians with 1-hour access and 91% with 2-hour access. Four hospitals had x-ray 
capacity of adequate quality to make accurate diagnoses when needed, covering an estimated 39% of Malawians with 1-hour 
access and 86% with 2-hour access. Broken machinery, inadequate supplies, and inadequate staff training were common reasons 
for resource unavailability.

Conclusions
Essential diagnostics were found to be unavailable for many Malawians. By prioritizing capacity improvements for all 4 central 
hospitals and 11 district hospitals, over three-quarters of Malawians could have 1-hour access to laboratory testing, vital signs 
monitoring, electrocardiography, and diagnostic x-ray. These capacity improvements are essential to meet the needs of a growing 
population, especially in the context of the current COVID-19 pandemic.
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Introduction

Health systems rely on accurate diagnostics.[1] Vital 
signs monitoring, laboratory testing, histopathology 

services, and radiology services are essential to all medi-
cal and surgical specialities.[2],[3] However, essential di-
agnostics are often unavailable in low-income countries, 
and this unavailability contributes to inadequate treatment 
and poor health outcomes.[4]-[6] Health systems diag-
nostic capacity building is cost-effective and necessary to 
achieve health equity.[4]

About 84% of Malawi’s 18 million people live in rural 
areas,[7] and about 60% of healthcare services are provided 
by public hospitals organized into 3 levels: (1) rural health 
centres that provide basic medical services and no surgi-
cal care, (2) district hospitals that provide nonspecialized 
medical and surgical care, and (3) central hospitals that offer 
specialized medical and surgical care.[8],[9] Foreign donors 
cover 52% of current health expenditures.[10]

HIV/AIDS, lower respiratory infections, tuberculosis, 
diarrhoeal diseases, and malaria cause about 40% of deaths 
in Malawi.[11] Ischaemic heart disease and stroke cause 
about 9% of deaths and are increasingly prevalent.[11]-[13] 
Malawi has the world’s fourth highest road injury mortality 
rate at 34.2 per 100 000 people.[14] One-third of Malawians 
live with an untreated surgical condition.[15] Injuries are in-
creasingly common, and Malawi’s health system lacks essen-
tial capacity to manage these injuries.[8],[16]-[19] The cur-
rent COVID-19 pandemic has also underscored the need to 
build health system capacity, including diagnostics.[20],[21]

A detailed understanding of Malawi’s health system ca-
pacity is essential as a baseline for any health strategy to meet 
the population’s basic health needs. We sought to examine 
the presence and availability of diagnostics—laboratory test-
ing, vital signs monitoring, electrocardiography, and diag-
nostic radiology—throughout Malawi. We hope these find-
ings may guide efforts to improve patient care.

Methods
We previously conducted a nationwide assessment of mus-
culoskeletal trauma care capacity in Malawian public hos-
pitals. Between 29 May and 15 June 2018, we assessed the 
initial evaluation, definitive treatment, aftercare, and re-
habilitation of femoral shaft fractures as a representative 
injury.[8] We surveyed orthopaedic providers at all 25 district 
hospitals and 4 central hospitals in Malawi (Figure 1). For 51 
items reflecting infrastructure, human resource capacity, and 
material resource capacity, we assessed whether each item 
was routinely present at each hospital, as well as each item’s 
actual availability when needed by staff members in the week 
before survey completion. We queried reasons for item una-
vailability. Survey responses were validated by simultaneous, 
independent on-site assessments of 25% of hospitals.[8]

For this study, we performed a secondary analysis of the 
availability of the following diagnostic elements: (1) labo-
ratory testing, including basic chemistry panel, urea and 
electrolytes, and full blood count; (2) supplies for vital signs 

monitoring, including thermometers, adult blood pressure 
cuffs, and pulse oximeters; (3) electrocardiography; and (4) 
diagnostic radiology services, including x-ray and computed 
tomography (CT). For each item, we assessed its physical 
presence in the hospital, its availability when needed in the 
7 days before survey completion, and reasons for unavail-
ability at all district and central hospitals. We counted the 
number of district and central hospitals that reported each 
item being present and then those that counted each item 
being available when needed. We calculated the frequency 
that each item was reported as present and available at dis-
trict and central hospitals. Although the presence of ultra-
sonography was assessed in the original capacity survey, 
its availability was only assessed for diagnosis of deep vein 
thrombosis. Ultrasonography capacity was not assessed in 
this secondary analysis because there was a lack of broadly 
relevant data on its availability,

To estimate geospatial access to resources, we listed hos-
pitals where (1) basic chemistry panel and full blood count 
capacity were available when needed; (2) supplies for vital 
signs monitoring—including thermometers, adult blood 
pressure cuffs, and pulse oximeters—were available when 
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Figure 1. Locations of all government district and 
central hospitals in Malawi
Each district hospital is represented by a yellow dot, numbered, 
and labelled in the righthand panel. Each central hospital is 
represented by a green dot and labelled. Original maps were 
sourced from USGS National Map Viewer (http://viewer.na-
tionalmap.gov/viewer/) and Maps at the CIA (https://www.cia.
gov/library/publications/the-world-factbook/index.html). The 
figure is similar but not identical to the original images and is for 
illustrative purposes only.
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needed; (3) electrocardiography was available when needed; 
and (4) x-ray capacity of adequate quality to make accurate 
diagnoses was available when needed. These hospitals were 
geocoded and analysed on Redivis (Redivis Inc., Mountain 
View, CA, USA).[22] Rather than calculate straight-line dis-
tances, Redivis uses road location, type, and mean speed to 
estimate travel time between 2 points. Estimated travel time 
(ETT) does not represent actual travel times, the calculations 
of which depend on many other factors, including mode of 
transportation and road conditions. However, ETT can serve 
as a standardized, practical proxy for the distance between 2 
points (with consideration of road location and quality). We 
generated coverage maps to estimate the proportion of the 
Malawian population living within an ETT of 60 minutes (1-
hour access) and 120 minutes (2-hour access) from hospitals 
in each of the 4 lists. 

Other investigators have used the 2-hour access bench-
mark to model geospatial coverage, with 2 hours represent-
ing the time between bleeding onset and death without 
medical intervention.[23],[24] However, while this thresh-
old does represent ideal access to health facilities—with the 
presumption that a private vehicle or ambulance is used for 
transportation—it fails to account for the myriad transporta-
tion challenges that patients may face in reaching hospital. 
An ETT threshold of 120 minutes may overestimate access 
in Malawi, where animal-drawn carts, public transport, and 
bicycles are common means of getting to hospital, and inad-

equate funds for transportation plays a key role in preventing 
patients from seeking timely care.[15],[25] More than 30% 
of adult patients with fractures were found to have presented 
late to 4 public hospitals in Malawi.[26] Patients with an ETT 
from home to hospital ≥20 minutes had a 36% increased risk 
of delayed presentation, and fewer than 10% of patients who 
presented at all had an ETT >60 minutes. We, therefore, re-
garded 1-hour access (ETT <60 minutes) to more accurately 
represent satisfactory coverage in the Malawian context.

We repeated our models for geospatial access to labora-
tory testing, vital signs monitoring, electrocardiography, and 
x-ray after a hypothetical intervention wherein each of these 
diagnostic capabilities were improved at selected hospitals. 
The intervention goal was to expand the availability of each 
of these diagnostic capabilities to the fewest number of hos-
pitals to achieve minimum coverage of three-quarters of Ma-
lawians with 1-hour access nationwide. Applying principles 
of egalitarianism and utilitarianism,[27] as well as data from 
the 2018 Malawi Population and Housing Census,[7] we pri-
oritized hospitals for capacity improvement according to the 
following criteria:

1.	 All 4 central hospitals were prioritized equally 
(egalitarianism).

2.	 At least 1 district hospital was prioritized in each 
geopolitical region (Northern, Central, Southern) 
(egalitarianism).

3.	 Priority was given to geopolitical regions and 
districts with the largest populations or highest 
population densities (utilitarianism).

Results of this hypothetical intervention informed our rec-
ommendations to improve diagnostic capacity nationwide.

Analyses were performed with Excel (Microsoft Corp., 
Redmond, WA, USA) and SAS 9.4 (SAS Institute, Cary, NC, 
USA). The College of Medicine Research and Ethics Com-
mittee (COMREC P.02/18/2360), in Malawi, and the Insti-
tutional Review Board at Brigham and Women’s Hospital, in 
the United States, granted ethical approval.

Results
Laboratory testing
Basic chemistry panel capacity was present at 21 of 25 dis-
trict hospitals (84%), and it was available when needed in the 
week before survey completion at 11 of 25 district hospitals 
(44%). Full blood count capacity was present at 25 of 25 dis-
trict hospitals (100%) and available when needed at 15 of 25 
district hospitals (60%). The most common reason for labo-
ratory unavailability at district hospitals was that necessary 
equipment, reagents, or other supplies were out of stock or 
insufficient in number (7 of 12 district hospitals). Other rea-
sons included broken machinery awaiting repairs (3 of 12) 
and no electricity (1 of 12). Two district hospitals reported 
outsourcing laboratory testing to nongovernmental organi-
zations: Médecins sans Frontières and Partners in Health.

Basic chemistry panel and full blood count capacity were 
present at all 4 central hospitals (100%) and available when 
needed at 1 of the 4 central hospitals (25%). Laboratory tests 
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Figure 2. The presence and availability of (A) basic 
chemistry panel/urea and electrolytes and (B) 
full blood count in Malawian district and central 
hospitals
District hospitals were subdivided by geopolitical region: North-
ern, Central, and Southern.
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were unavailable when needed because of broken machinery 
awaiting repairs (1 of 3 central hospitals), as well as necessary 
equipment, reagents, or other supplies being out of stock or 
insufficient in number (3 of 3) (Figure 2).

Vital signs
Thermometers were present at 24 of 25 district hospitals 
(96%) and available when needed in the week before survey 
completion at 22 of 25 district hospitals (88%). They were 
unavailable when in use elsewhere or could not be located 
when needed. Adult blood pressure cuffs were present at all 
25 district hospitals (100%) and available at 19 of 25 district 
hospitals (76%). They were unavailable because they were 
broken and awaiting repairs (3 of 6 district hospitals) or in 
use elsewhere (3 of 6). Pulse oximeters were present at all 
district hospitals (100%) and available at 20 of 25 district 
hospitals (80%). They were unavailable when needed be-
cause they were in use elsewhere (4 of 5 district hospitals) or 
because they could not be located (1 of 5). 

Thermometers were present and available when needed 
at all central hospitals (100%). Blood pressure cuffs were pre-

sent at all central hospitals (100%) and available when need-
ed at 3 of the 4 facilities (75%). One central hospital reported 
that their blood pressure cuffs were broken. Pulse oximetry 
was available at all 4 central hospitals and available when 
needed at 3 of the hospitals (75%). At 1 central hospital, a 
pulse oximeter could not be located or was in use elsewhere 
when needed (Figure 3).

Electrocardiography
Electrocardiographs were present at 9 of 25 district hospitals 
(36%) and available when needed in the week before sur-
vey completion at 4 of 24 reporting district hospitals (17%). 
Electrocardiographs were unavailable when needed because 
necessary equipment or other supplies were out of stock or 
insufficient in number (2 of 5 district hospitals), they were in 
use elsewhere (2 of 5), broken and awaiting repairs (1 of 5), 
or staff members were inadequately trained to use them (1 of 
5). Electrocardiographs were present at all 4 central hospitals 
and available when needed at 2 of the 4 facilities (50%). Two 
central hospitals reported unavailability when the electro-
cardiographs were being used elsewhere (Figure 4).

Diagnostic radiology
X-ray machines and necessary staff were present at 23 of 
25 district hospitals (92%). Eight of the 23 district hospitals 
with x-ray capacity (35%) reported that x-rays were consist-
ently of adequate quality to make accurate diagnoses. In the 
week before survey completion, x-ray capacity was available 
when needed at 8 of 25 district hospitals (32%). Reasons for 
unavailability in district hospitals included that the x-ray 
machine was broken and awaiting repairs (10 of 18 district 
hospitals)—for as long as 5 years (1 of 18) with insufficient 
funds to repair or procure new machinery (2 of 18); and that 
necessary equipment or other supplies were out of stock or 
insufficient in number (4 of 18). Frequent electricity black-
outs or power surges (4 of 18) rendered some x-ray machines 
temporarily or permanently unusable.

All 4 central hospitals had staff and machines to perform 
x-ray examinations (100%). One of the 4 central hospitals 
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Figure 4. The presence and availability of 
electrocardiography in Malawian district and central 
hospitals
District hospitals were subdivided by geopolitical region: 
Northern, Central, and Southern.
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Figure 5. The presence, adequacy, and availability 
of staff and machines to perform x-ray at Malawian 
district and central hospitals.
District hospitals were subdivided by geopolitical region: 
Northern, Central, and Southern.
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The tools for vital signs monitoring that were examined in this 
study were thermometers, blood pressure cuffs, and pulse 
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region: Northern, Central, and Southern.
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(25%) reported that x-rays were consistently of adequate 
quality to diagnose patients accurately. X-ray services were 
available when needed at 2 of the 4 central hospitals (50%). 
Reasons for unavailability included that the x-ray machine 
was broken and awaiting repairs (1 of 2 central hospitals) 
and that staff members were unavailable at night or on week-
ends (1 of 2) (Figure 5).

No district hospitals had CT scanners. A CT scanner 
was present and available when needed at 1 central hospital, 
where it provided images of adequate quality to safely treat 
patients. Another central hospital reported that a CT scanner 
had been in storage for 5 to 6 years and was yet to be installed.

Geospatial access to 
resources
An estimated 84% of Malawians had 
1-hour access, and 99% had 2-hour 
access, to government-run dis-
trict or central hospitals nationwide 
(Figure 6A). Twelve of these hospitals 
had laboratory testing available when 
needed, covering an estimated 58% 
of Malawians with 1-hour access and 
95% with 2-hour access (Figure 6B). 
Vital signs monitoring was available 
when needed at 18 hospitals, cover-
ing an estimated 74% of Malawians 
with 1-hour access and 97% with 
2-hour access (Figure 6C). Six hospi-
tals reported availability of electro-
cardiography when needed, covering 
an estimated 49% of Malawians with 
1-hour access and 91% with 2-hour 
access (Figure 6D). An estimated 39% 
of Malawians had 1-hour access, and 
86% had 2-hour access, to 1 of the 4 
public hospitals where x-ray was re-
portedly available when needed and 
of adequate quality to make accurate 
diagnoses (Figure 6E).

Recommendations for 
intervention
No district or central hospital in Ma-
lawi had all 4 diagnostic capabilities 
available at the time of survey com-
pletion. Diagnostic capacity improve-
ments should be prioritized at all 4 
central hospitals and 11 district hos-
pitals—3 in the Northern Region, 5 
in the Central Region, and 3 in the 
Southern Region. After this hypo-
thetical intervention, all 4 diagnostic 
capabilities would be available when 
needed at every central hospital and 6 
district hospitals (Table). Twenty-two 
per cent more Malawians would gain 
1-hour access to laboratory testing if 

its availability were improved in 3 of the 4 central hospitals 
and the following district hospitals: Dedza, Karonga, Kasun-
gu, Machinga, Mangochi, and Thyolo. This would increase 
coverage to an estimated 80% of Malawians with 1-hour ac-
cess and 99% with 2-hour access (Figure 7A). By increasing 
the number of thermometers, blood pressure cuffs, and pulse 
oximeters at Blantyre’s Queen Elizabeth Central Hospital—
and the district hospitals in Machinga, Mangochi, Mchinji, 
Ntcheu, Rumphi, and Thyolo—an additional 8% of Ma-
lawians would gain 1-hour access to vital signs monitoring, 
increasing estimated coverage to 82% with 1-hour access and 
99% with 2-hour access (Figure 7B).

Table. Priorities to improve national diagnostics capacity in Malawi

Hospital Laboratory 
testinga

Vital signs 
monitoringb ECGc X-rayd

Central hospitals

Mzuzu ● ● ○ ○

Kamuzu ○ ● ● ○

Queen Elizabeth ○ ○ ● ○

Zomba ○ ● ○ ○

District hospitals

Northern Region

Karonga ○ ● – ●

Mzimba ● ● ○ ○

Rumphi – ○ – –

Central Region

Dedza ○ ● – ○

Dowa ● ● ○ ●

Kasungu ○ ● ○ ○

Mchinji – ○ – –

Ntcheu ● ○ – ●

Southern Region

Machinga ○ ○ ○ ○

Mangochi ○ ○ ○ ○

Thyolo ○ ○ ○ ○

ECG, electrocargiography

The goal of capacity improvement was to achieve a minimum coverage of 75% of Malawians 
nationwide with 1-hour access to each diagnostic capability. Hospitals were prioritized utilizing 
principles of egalitarianism and utilitarianism, along with population and population density data 
from the 2018 Malawi Population and Housing Census.[7] aBasic chemistry panel/urea and electro-
lytes and full blood count available when needed. bVital signs monitoring available when needed 
(thermometers, blood pressure cuffs, and pulse oximeters). cElectrocardiography available when 
needed. dX-ray of adequate quality to safely treat patients available when needed. (●) denotes ca-
pacity had been met at the time of the capacity assessment; (○) denotes capacity had not been 
met and should be prioritized; (–) denotes capacity had not been met. Hospitals in bold would 
have all four diagnostic capabilities available after the hypothetical intervention. 
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Electrocardiograph machines and equipment are needed 
to improve access to electrocardiography. Priority should be 
given to Mzuzu and Zomba central hospitals and the follow-
ing district hospitals: Dowa, Kasungu, Machinga, Mangochi, 
Mzimba, and Thyolo. Electrocardiography would become 
available to 27% more of the Malawian population, increas-
ing estimated coverage to 76% with 1-hour access and 99% 
with 2-hour access (Figure 7C). Improvement of diagnostic 
x-ray capabilities should be prioritized at all 4 central hos-
pitals and the following district hospitals: Dedza, Kasungu, 
Machinga, Mangochi, Mzimba, and Thyolo. This would al-
low 36% more Malawians to gain access to x-ray, increasing 
estimated coverage to 75% with 1-hour access and 98% with 
2-hour access (Figure 7D).

Discussion
Within an ETT <60 minutes, laboratory testing, electrocardi-
ography, and diagnostic x-ray were unavailable to 42%, 51%, 
and 61% of Malawians, respectively. These tools are essential 
for diagnosing and monitoring patients with a wide variety 
of medical and surgical conditions, ranging from renal fail-
ure, to myocardial infarction, to bowel obstruction.[28]-[30] 
A lack of essential diagnostic tools can delay treatment or re-
sult in presumptive treatment initiated without the support 
of diagnostics, which can negatively affect health outcomes 
and waste limited resources.[4] In Malawi, broken machin-
ery, inadequate supplies, and inadequate staff training were 
common reasons for unavailability of these essential diag-
nostics. To strengthen the health system, these limitations 
should be addressed.

Figure 6. Geospatial access to (A) any district or central hospital, (B) laboratory testing, (C) vital signs monitoring, 
(D) electrocardiography, and (E) diagnostic x-ray
The estimated percentages of the Malawian population living within estimated travel times (ETTs) of 60 minutes and 120 minutes from the resources in 
question are displayed in the bottom left of each frame. Coverage maps were calculated and visualized using Redivis (Redivis Inc., Mountain View, CA, 
USA). Original images have been formatted for stylistic purposes, though scale and calculations have been preserved.
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While others have investigated the availability of di-
agnostics for specific diseases like HIV and sickle cell dis-
ease,[31],[32] we examined the availability of basic chemistry 
and full blood count analyses, which are standard laboratory 
tests with broad clinical applications. We found that while 
equipment and staff for laboratory testing were present at 
most Malawian public hospitals, laboratory testing was of-
ten unavailable when needed because of missing reagents 
or other supplies. This highlights a need for improved sup-
ply chain management in Malawi. Moyo et al.[33] surveyed 
2 Malawian hospitals and similarly found that laboratory 
services were often unavailable and that providers doubted 
laboratory testing accuracy. Our findings reinforce the rec-

ommendations outlined by Moyo et 
al. to strengthen the supply chain and 
improve laboratory infrastructure.

Thermometers, adult blood pres-
sure cuffs, and pulse oximeters were 
widely present in Malawi and avail-
able at most hospitals. We did not as-
sess the availability of paediatric blood 
pressure cuffs. Hospitals reporting 
unavailability of vital signs monitor-
ing often reported that these tools 
were in use elsewhere or broken and 
awaiting repairs. The skills or funds to 
fix broken instruments may be limited 
in rural Malawi, making it preferable 
to replace these items, which are gen-
erally inexpensive and safely reusable. 
This could make vital signs monitor-
ing tools a target amenable to dona-
tions from the foreign aid community.

Only 49% of Malawians were 
found to have 1-hour access to elec-
trocardiography. Electrocardiography 
is essential for managing cardiovas-
cular disease, which is increasingly 
common, with a prevalence of 8.9%, 
causing 12% of deaths.[12],[13],[34] 
Even in the absence of advanced 
therapeutic modalities, such as percu-
taneous coronary intervention, diag-
nosing myocardial infarction via elec-
trocardiography can guide clinicians 
regarding when to start medical treat-
ments that can significantly reduce the 
risks of death and reinfarction in the 
short and long term.[35],[36] Man-
aging heart disease notwithstanding, 
electrocardiography is also useful for 
evaluating patients before noncardiac 
surgery.[37],[38] Purchasing new 
machines; refurbishing or repairing 
broken devices; improving supplies 
of leads, electrodes, and paper; and 
training local staff in electrocardiog-
raphy are necessary to improve ac-
cess. Prioritizing these activities in the 

2 central hospitals and 6 district hospitals identified above 
could expand 1-hour access to 4.7 million more Malawians 
and 2-hour access to 1.4 million more Malawians. 

Only 39% of Malawians had 1-hour access to diagnos-
tic x-ray. All 4 central hospitals and 17 of 25 district hospi-
tals reported unavailability of x-ray in the week before the 
capacity assessment. X-ray machines were often reported 
as broken or producing images of inadequate quality to ac-
curately diagnose patients. Acquiring new x-ray machines, 
repairing broken machines, and distributing machines and 
consumable supplies are all needed to address the critical 
shortage in Malawi. Out-of-service medical equipment is 

Figure 7. Geospatial access (after “intervention”) to (A) laboratory testing, (B) vital 
signs monitoring, (C) electrocardiography, and (D) diagnostic x-ray
The hypothetical “intervention” involved improving diagnostic capacity at selected hospitals, using 
principles of egalitarianism and utilitarianism to set priorities. The estimated percentages of the 
Malawian population living within estimated travel times (ETTs) of 60 minutes and 120 minutes 
from the resources in question are displayed in the bottom left of each frame. Coverage maps were 
calculated and visualized using Redivis (Redivis Inc., Mountain View, CA, USA). Original images have 
been formatted for stylistic purposes, though scale and calculations have been preserved.
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a common problem in low-income countries.[39] Equip-
ment may be left idle when staff lack expertise to operate 
it, lack resources for repair, or have nowhere to dispose of 
it when it becomes irreparable.[40] Often with good inten-
tions, well-resourced countries and organizations frequently 
donate medical equipment to low-income countries, and 
when such donations proceed without proper coordination, 
donated equipment can become a liability.[41] Coordina-
tion between donors and recipients is critical for minimiz-
ing the rate of inappropriate donations.[42] Furthermore, 
national infrastructure plays a critical role in healthcare 
provision. Four district hospitals reported x-ray unavail-
ability because of electricity blackouts or surges. Between 
November 2012 and January 2013, all Malawian district and 
central hospitals reported periods without electricity or run-
ning water, and few facilities had functioning generators.[43] 
Novel approaches to bringing sustainable, renewable power 
to rural areas of Malawi merit exploration to boost health 
sector performance.[44]

This study had several limitations. First, survey data were 
collected during a single 3-week period in 2018, so the pres-
ence and availability of resources could have changed since 
then. However, without implementation of a nationwide 
initiative to address capacity, general trends of limited avail-
ability are unlikely to have changed significantly. Second, 
item availability for entire hospitals was reported by a single 
staff member at each facility and, therefore, may not reflect 
item availability in all departments. However, we determined 
high interrater reliability between staff who completed the 
survey and study investigators who performed independent 
on-site assessments that involved speaking to multiple staff 
members and visiting all relevant facilities in 25% of hos-
pitals. Moreover, reported item availability may not reflect 
appropriate utilization. For example, blood pressure cuffs 
may be available but unused by nurses working in busy de-
partments or untrained in vital signs monitoring. Even if the 
machinery and supplies are present to perform x-rays and 
electrocardiograms, these tools are only helpful if staff are 
trained to accurately interpret the results. Given the factors 
that hinder utilization, diagnostics may be inaccessible to 
more Malawians than we have reported. 

Third, as a secondary analysis, this study was limited by 
the data collected during the original nationwide assessment 
of musculoskeletal trauma care capacity. For example, when 
estimating nationwide capacity, we excluded nongovern-
mental hospitals. Private and mission hospitals care for a sig-
nificant proportion of the Malawian population, especially 
in rural areas.[9] Inclusion of these facilities may demon-
strate that more Malawians have access to essential diagnos-
tics. Further assessment of nongovernmental facilities, and 
integration with the public sector, is warranted to improve 
national healthcare capacity. Ultrasonography capacity was 
also excluded from this secondary analysis due to limita-
tions in data collected during the capacity assessment. We 
previously found that ultrasonography capacity was present 
at every district and central hospital in Malawi and that it 
was available for diagnosing deep vein thrombosis at all but 6 
district hospitals.[8] Our survey focused on the management 

of patients with femoral shaft fractures and, thus, did not as-
sess the general availability of ultrasonography for obstetric, 
medical, and surgical diagnoses. This should certainly be ex-
amined in future assessments. Moreover, diagnostic capacity 
is crucial in the management of epidemics, and many of the 
diagnostics we examined in this study, especially x-ray, are 
relevant to the management COVID-19.[45] While avail-
ability of COVID-19 antigen and antibody tests, personal 
protective equipment, ventilators, and critical care units was 
beyond the scope of this study, these should be similarly as-
sessed and prioritized for capacity improvements at govern-
mental and nongovernmental facilities.

Fourth, in our hypothetical intervention, we focused 
primarily on improving 1-hour access (ETT <60 minutes), 
rather than 2-hour access, to each diagnostic capability. ETT 
most accurately estimates travel by private vehicle, which is 
atypical for many patients.[18],[46] However, we found ETT 
to be a useful, standardized measure of effective distance to 
the hospital—albeit in units of time rather than distance—
that incorporates road locations, types, and mean speed of 
travel. Access to a hospital also depends on many factors 
other than ETT.[26] Transportation infrastructure remains 
a major barrier to hospital access for many Malawians.[25] 
True coverage may in fact be lower than estimated even with 
a more conservative ETT threshold of 60 minutes. While the 
ETT threshold could be set differently and result in different 
coverage estimates, the models we developed were helpful 
for examining geospatial access to essential diagnostics and 
setting priorities for health system expansion. The Lancet 
Commission on Global Surgery defines “access to timely es-
sential surgery” as the proportion of the population living 
within an ETT of 120 minutes of a hospital able to perform 
the bellwether procedures—caesarean delivery, laparotomy, 
and open fracture treatment.[47] This higher ETT thresh-
old assumes a wider catchment area for hospitals than we 
used in this study and is appropriate when modelling ac-
cess to essential surgical services, such as open fracture 
care, for which patients may need to be transported from 
rural hospitals to specialized centres that provide such ser-
vices. However, when estimating access to basic diagnostic 
resources—resources for which most patients will walk or 
take public transportation to get to the hospital—we believe 
that the catchment area for hospitals must be narrowed ac-
cordingly when examining geospatial access. A retrospective 
study used Redivis to show that, between September 2016 
and May 2017, most patients visiting the orthopaedic out-
patient departments of 4 public hospitals in Malawi were 
from hometowns with ETTs <60 minutes.[26] We, therefore, 
believe that an ETT threshold of 60 minutes more appropri-
ately models access to local public hospitals where patients 
seek basic, essential diagnostics.

Lastly, we chose to limit our recommendations to cen-
tral hospitals and a selected number of district hospitals to 
improve the feasibility and reduce the costs of implement-
ing these improvements. However, our recommendations do 
not incorporate cost estimates, which should be investigated. 
Costs of resource procurement, distribution, and mainte-
nance should be considered, even when accepting equip-
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ment donations.[41] In Malawi, where health expenditure 
per capita in 2017 was US$32,[10] costs of laboratory rea-
gents, electrocardiographs, and x-ray machines may remain 
prohibitive of large-scale capacity expansion efforts. Support 
from international donors and nongovernmental organiza-
tions will undoubtedly continue to play an important role in 
building health system capacity in Malawi.[48]

Conclusions
Diagnostics are foundational to any effective health system. 
Laboratory testing, electrocardiography, and diagnostic 
x-ray are essential for diagnosing and monitoring patients 
with a wide variety of medical and surgical conditions. Un-
fortunately, these diagnostic capabilities are unavailable in 
many hospitals throughout Malawi, with less than 60% of the 
Malawian population having 1-hour access. We recommend 
prioritizing capacity improvements at all 4 central hospitals 
and 11 district hospitals, which would expand 1-hour ac-
cess to these essential diagnostics to 75% of Malawians and 
2-hour access to 98% of Malawians nationwide.
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