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Abstract

Background The mismatch between the global burden of surgical disease and global health funding for surgical
illness exacerbates disparities in surgical care access worldwide. Amidst competing priorities, governments need to
rationally allocate scarce resources to address local needs. To build an investment case for surgery, economic data on
surgical care delivery is needed. This study focuses on femur fractures.

Methods This prospective cohort study at Soroti Regional Referral Hospital (SRRH), captured demographic, clini-
cal, and cost data from all surgical inpatients and their caregivers at SRRH from February 2018 through July 2019. We
performed descriptive and inferential analyses. We estimated the cost effectiveness of intramedullary nailing relative
to traction for femur fractures by using primary data and making extrapolations using regional data.

Results Among the 546 patients, 111 (20.3%) had femur fractures and their median [IQR] length of hospitalization
was 27 days [14, 36 days]. The total societal cost and Quality Adjusted Life Year (QALY) gained was USD 61,748.10 and
78.81 for femur traction and USD 23,809 and 85.47 for intramedullary nailing. Intramedullary nailing was dominant
over traction of femur fractures with an Incremental Cost Effectiveness Ratio of USD 5,681.75 per QALY gained.
Conclusion Femur fractures are the most prevalent and most expensive surgical condition at SRRH. Relative to

intramedullary nailing, the use of femur traction at SRRH is not cost effective. There is a need to explore and adopt
more cost-effective approaches like internal fixation.

Keywords Cost-effectiveness, QALY, Femur fractures, Surgical care cost, Societal cost, Uganda, Africa, Epidemiology,
Global Surgery
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Background

The global burden of surgical disease is profound and
disproportionately affects low- and middle-income coun-
tries (LMICs). Basic lifesaving surgery is unavailable to
over 70% of the world’s population [1, 2]. Disparity in sur-
gical care access is further accentuated by unequal alloca-
tion of global health funding and resources. While global
health priorities like HIV (23%), child health (21%),
maternal health (12%), malaria (6%) and tuberculosis
(4%) received a significant proportion of the $41 billion
total global health funds allocated in 2019, noncommu-
nicable diseases, which encompasses surgical conditions
like trauma, remain underfunded (1.6% of total global
health funds allocated in 2019) and underprioritized
despite accounting for a larger global disease burden [3,
4]. This funding mismatch reflects historic misconcep-
tions that surgical care delivery is expensive and unscal-
able and not a component of Universal Health Coverage
(UHQC).

Over the past two decades, a series of events and
research have elucidated the magnitude of the global sur-
gical disease burden as well as the importance of surgical
care access and delivery in global public health [5-8]. In
2015, the World Health Assembly formally recognized the
role of surgical care access as a crucial component of UHC
[9]. This catalyzed concerted stakeholder efforts and gov-
ernment engagement to prioritize surgical conditions and
their care. Subsequently, some LMICs developed National
Surgical, Obstetric, and Anesthesia Plans (NSOAPs),
which include roadmaps to facilitate the prioritization of
surgical care delivery within their national strategic health
plans and policies [10].

Investing in essential surgical care delivery in LMICs
is cost-effective and projected to save about 12.3 trillion
dollars between 2015 and 2030 [2]. The World Bank rec-
ommends early financing of surgical care access for any
country seeking to achieve UHC [5]. LMIC governments
are required to objectively allocate scarce resources to
meet the needs of their population. Such key decisions
should be data-driven, however, data on the epidemiol-
ogy and economics of surgery in LMICs remains limited.

Cost effectiveness analyses are analytical methods used
to compare alternative interventions in a consistent frame-
work to ensure selection of the intervention representing
the most efficient use of limited resources [11, 12]. Thus,
cost effectiveness analyses of surgical care delivery in
LMICs is essential to identifying key surgical conditions
and interventions that merit prioritization by stakeholders.
Accurate and context-appropriate cost effectiveness analy-
sis can improve surgical access and quality by providing
evidence and highlighting optimal interventions that will
inform NSOAPs and national health agendas.
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Prior studies suggest that surgical care at the district
level in Africa is highly cost effective [5, 13]. However,
such studies are lacking from rural Eastern Uganda. Thus,
in this study, we sought to ascertain the cost-effectiveness
of femur fracture surgical management delivery in rural
Uganda. In prior studies, we showed the high incidence and
cost of femur fractures in Soroti Regional Referral Hospital
(SRRH) [14, 15]. The current available management option
for femur fractures at SRRH is traction immobilization
which has a lengthier hospital length of stay and poorer
clinical outcomes than internal fixation methods such as
intramedullary (IM) nailing [14]. This study describes the
epidemiology, surgical management options, effectiveness
of femur fracture management, and the outcomes, costs,
and cost-effectiveness of surgical care delivery at SRRH, a
rural district-level regional referral hospital in Uganda. We
hypothesize that at SRRH, the current practice of femur
fracture management with traction is not cost effective.

Methods

This cost effectiveness analysis is part of a larger study
aimed at evaluating the economics of surgical care access
in Soroti, Uganda and part of the methodology has been
previously described and will be referenced appropriately
in this study [14].

Study setting, subjects, and enrollment

As previously described [15], Soroti Regional Referral
Hospital (SRRH) is a 300-bed public hospital in Eastern
Uganda. We enrolled all adult patients and their caregiv-
ers who were admitted to SRRH with a surgical condition
between February 2018 and January 2019.

Study instruments

Three data collection instruments were used in this study.
Instruments 1 and 2 were novel and were devised for the
purpose of this study. The third instrument, the EQ-5D-
5L-VAS questionnaire [16], was used to characterize the
health state of patients.

Instrument 1: patient data collection form

This instrument collected patients’ sociodemographic
(age, sex, district, occupation, family size, role in the fam-
ily), clinical (e.g. diagnosis, length of stay, medications
and treatment received), and cost (e.g. transportation,
medications, and investigations procured outside SSRH)
data. In this study, cost is described from the societal per-
spective. “Societal cost” encompasses all costs incurred
by all parties (patients, their caregivers, the hospital, the
government, and any other entity involved) towards the
patient obtaining surgical care [14, 17, 18].
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Instrument 2: caregiver data collection form

This instrument focused on the patients’ caregivers and
elicited sociodemographic data (e.g., age, sex, occupation
etc.) and cost data (e.g., their transportation, lost wages
etc.) related to the patient’s hospitalization.

Instrument 3: EQ5D-5L-VAS

The EQ-5D-5L-VAS is a standardized questionnaire
that is used to characterize and value the health state of
patients, thereby making it heterogenous disease enti-
ties comparable in order to facilitate a cost-effectiveness
analysis [16]. It assesses 5 dimensions of health (mobil-
ity, self-care, usual activities, pain/discomfort and anxi-
ety/depression), each on a 5-point Likert scale. It also
comprises a visual analogue scale (VAS) measured from
0-100 with which patients are asked to rate their state
of health. Due to perceived metric literacy challenges,
a modification was made to the VAS by drawing a bot-
tle over the VAS and asking the participants to rate how
“full” they felt their health status was, using the level of
fullness of the bottle as a reflection of their health sta-
tus and the corresponding level on the VAS was then
obtained.

Data collection
There were two phases of primary data collection: 1) the
inpatient phase, and 2) the outpatient phase.

Inpatient phase

From February 2018 through January 2019, we enrolled
all consented participants into the study and through a
combination of direct observation of the processes of
care and interviews, we obtained patient-related demo-
graphic, social, clinical, and cost data using data collec-
tion instrument 1 (Additional file 1). We also obtained
sociodemographic and cost data from caregivers using
instrument 2 (Additional file 2). The EQ-5D-5L- VAS
questionnaire was administered on admission and at
discharge.

Outpatient phase
After discharge, patients were given a follow up phone
call 3 weeks, 3 months, and 6 months from the date of
discharge. During each follow up call the researcher
inquired about the patients’ health state, complications,
medical expenses related to their hospitalization, and
the EQ-5D-5L questionnaire was administered.
Interviews were conducted in English, Ateso, Swa-
hili, or Luganda by a local researcher who was fluent
in these languages and translated non-English inter-
views to English. All data were collected on paper, then
entered into Microsoft Excel [19] and then analyzed.
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Economic data inputs and sources

In accordance with the recommendation of the Second Panel
for Cost Effectiveness in Medicine, our Impact Inventory
Template (Table 1) details the various health outcomes and
cost inputs used in this study [20]. Using instrument 1, we
obtained primary data about patients’ direct expenditures
(transportation, medications and investigations procured
outside SRRH) from patients and caregivers. Caregiver
expenditures were similarly obtained using instrument 2.
Per government policy, healthcare in Ugandan public hos-
pitals is free of charge. Thus, patients did not directly incur
a medical bill for accommodation, medication, or surgical
care. Such expenses were elicited from the hospital and gov-
ernment perspective and these cost inputs are also described
(Table 1). The cost of surgical procedures was obtained by
interviewing one of the three local surgeons at SRRH with
prior experience as the hospital administrator at SRRH and
extensive knowledge of the cost of surgical procedures in
the public and private sector of healthcare in Soroti. These
cost estimates were reviewed and endorsed by a second sur-
geon at SRRH. We also interviewed an orthopedic officer
well versed in the cost, equipment, supplies and services
required to deliver femur fracture care at SRRH. The cost of
hospital staff, utilities, and accommodation were obtained
from secondary sources. Cost data were obtained in Ugan-
dan shillings (USh) and converted to United States Dollar
(USD) using the prevalent World Bank 2018 exchange rate
(USh 3,727 per dollar) [21]. We used data from the Ugandan
2017 national survey income database as the source of wages
for the various job description in Soroti. Then we conserva-
tively adjusted for inflation to derive the real wages in 2018 to
reflect the occupation distribution of the subjects. This was
done by using the formula Real wage=W/i, where W was
the wage obtained from the 2017 survey and i=2018 infla-
tion rate (which was 2.55% per Statista.com).

Data analysis

Quantitative data

We subjected the sociodemographic, clinical, and eco-
nomic data to descriptive statistical analysis and expressed
results as frequencies, medians, and proportions.

Cost effectiveness analysis

The societal cost of treatment of each surgical condi-
tion was obtained by adding all costs incurred to pro-
vide that treatment from the perspective of the patient,
their attendant(s), the hospital, and government. Data
from the EQ-5D-5L questionnaire were used to calculate
the quality adjusted life years (QALYs) gained by treat-
ing each surgical condition. The QALYs gained by each
patient was calculated using the formula:

QALY = Years of Life Lost due to disability x Utility value
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Table 1 Impact inventory table with sources of cost inputs
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Sector Type of impact

Included in this reference

Sources of evidence

case analysis from the
societal perspective

Health sector Societal
Formal health sector
Health Health outcomes (effects)
Longevity effects Yes Primary data from Instrument 1
Health-related quality of life effects Yes Primary data from Instrument 1
Complications Yes Primary data from Instrument 1
Medical costs
Patients'direct cost (drugs, tests, and supplies) Yes Primary data from Instrument 1
Government’s cost (patient drugs, tests, and Yes Hospital inventory
supplies)
Cost of surgical procedure Yes Primary data from local providers
Caregivers'direct costs Yes Primary data from Instrument 2
Hospital accommodation cost Yes World Health Organization WHO-CHOICE database [2]
Staff cost Yes Bellamkonda N, et al. [3]
Ancillary and administrative Yes Bellamkonda N, et al. [3]
Informal Health Care sector
Health Patient time Yes Primary data from Instrument 1
Unpaid caregiver-time cost Yes Primary data from Instrument 1
Patients’and caregivers'transportation Yes Primary data from Instrument 1
Non-Health Care Sector
Productivity —Lost patient wages Yes Uganda National Household Survey [1]
Lost caregiver wages Yes Uganda National Household Survey [1]
Education Impact of hospitalization on the population’s NA
education
Utilities Water and sewerage Yes Uganda National Water and Sewerage Corporation [4]
Other Exchange Yes World Bank Database [5]

The years of life lost due to disability (YLL) was cap-
tured using instrument 1. To determine the utility value,
the EQ-5D-5L questionnaire was used [16]. Per proto-
col, the EQ-5D-5L responses were aggregated to form a
5-digit code, which was then converted to a health utility
value using the EQ-5D-5L “value set” to reflect how good
or bad a health state is according to the preferences of the
region. The Ethiopian value set was used for this study as
it was the value set that most closely represents the Ugan-
dan culture and valuation of health [22]. The QALYs were
determined at admission, discharge, and 6 months, with
the 6-month QALY representing the long-term outcome.

We determined the Cost Effectiveness Ratio (CER) of
treating each surgical condition encountered at SRRH, by
dividing the societal cost of treating a given surgical condi-
tion by the QALYs gained after treating that condition.

Lastly, we determined the Incremental Cost Effective-
ness Ratio (ICER) of femur fracture treatment with trac-
tion compared against intramedullary nailing using the
formula below.

[Cost of femur traction — cost of femur nailing]

ICER =
[QALYS traction — QALYs nailing]

Since no patient at SRRH received IM nailing, primary
data on the costs, QALYs and other outcomes of IM nail-
ing were unavailable. We estimated the cost, QALYs and
outcomes of IM nailing using regional data and the fol-
lowing assumptions:

Assumption 1 The median length of stay (LOS) for
femur nailing patients and their attendants is 7 days. Data

Cost Effectiveness Ratio (CER) = Societal cost of treatment/QALYs gained after treatment
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from Uganda shows the typical LOS for femur nailing
patients to be 6.9 days after treatment [23]. Based on this,
each patient’s and their attendants’ hospitalization cost
(LOS x average patients daily cost) and the lost wages
(LOS x daily income) were calculated.

Assumption 2 The QALYs gained by treating femur
fractures in the Malawian population are similar to that
of the neighboring Ugandan population. The literature
suggests that patients who receive IM nailing have lower
incidence of nonunion, malunion, orthostatic pneumo-
nia, and length of stay of stay compared to traction [24,
25]. There was limited data from Uganda on the QALYs
gained from skeletal traction and intramedullary nailing
of femur fractures. So, we obtained data from Malawi and
extrapolated the QALY data to the population at SRRH
and used it to perform the ICER calculation.

Assumption 3 Patients lost to mobile phone follow up
at 6 months have similar QALYs as those captured via
mobile phone follow-up. To account for missing follow-
up outcomes (QALY) data, we extrapolated the mobile
phone follow-up outcome data obtained from patients
who were accessible via mobile phone, to account for
patients who could not be reached via mobile phone.

Sensitivity analysis

Given that we previously established that the length of
stay was the key driver of cost of surgical care [14], we
conducted a sensitivity analysis using the length of stay
as the independent variable of interest. We selected the
25 and 75™ percentile levels of the length of stay (which
correspond to the interquartile range for length of hos-
pitalization) and determined the ICERs at both levels to
ascertain if IM nailing was cost effective at those levels.

Results
We enrolled 99.6% (546) of the 548 patients that were
admitted to the SRRH surgical ward with a surgical ail-
ment during the first 11 months (inpatient phase of the
study). The patients were predominantly males (62%) at
an average age of 30 years (SD +28.8) who identified as
being single (53%) or married (40%) with primary (55%)
or secondary (11%) education as their highest level of
education (Table 2). These patients were chiefly peasant
farmers (42%) and students (31%). Patients with access
to a mobile phone (59%) were followed up via phone call
until 6 months after their discharge (long term follow up).
The most prevalent surgical condition encountered
were femur fractures (20.3%) followed by soft tissue
infections (12.3%), non-femur fractures (i.e. all fractures
other than femur fractures) (11.9%), soft tissue injuries

(2023) 23:256
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Table 2 Demography of patients (n=>546) and caregivers

(n=615)
Variables Patients (n=546) Patients’
caregiver
(n=615)
Age, median [IQR] 22 [7,49] 35,28, 45]
Sex (n=>546) (n=601)
Male 340 (62.27%) 187 (31.1%)
Female 206 (37.73%) 414 (68.9%)
Marital status (n=544) (n=601)
single 289 (53.1%) 40 (6.7%)
married 215 (39.5%) 523 (87.0%)
divorced 0 3(0.5%)
widowed 40 (7.35%) 35 (5.8%)
District (n=545) (n=601)
Amuria 106 (19.45%) 117 (19.4%)
Kabermaido 26 (4.77%) 29 (4.8%)
Katakwi 33 (6.06%) 37 (6.2%)
Ngora 27 (4.95%) 26 (4.3%)
Palisa 1(0.18%) 1(0.2%)
Serere 71(13.03%) 77 (12.8%)
Soroti 265 (48.62%) 287 (47.8%)
Bukedea 5(0.92%) 5(0.8%)
Buyende 1(0.18%) 1(0.2%)
Other 10 (1.83%) 21 (3.5%)
Education (n=546) (n=4600)
None 76 (13.92%) 61 (10.1%)
Pre-primary 31 (5.68%) 0 (0%)
Primary 301 (55.13%) 443 (73.5%)
Secondary 58 (10.62%) 76 (12.6%)
Tertiary 11 (2.01%) 20 (3.3%)
N/A 69 (12.64%) 0 (0%)
Occupation (n=546) (n=599)
Peasant Farmer 230 (42.12%) 481 (80.3%)
Student 169 (30.95%) 21 (3.5%)
Business owner 11 (2.01%) 33 (5.5%)
Driver 10 (1.83%) 12 (2.0%)
Teacher 8 (1.47%) 6 (1.0%)
Housewife 7 (1.28%) 16 (2.7%)
Retired 2 (0.37%) 1(0.2%)
Other 21 (3.80%) 29 (4.8%)
Underaged for work/school 88 (16.12%) 0 (0%)
Other socioeconomic indices (n=546) (n=615)
Household owns a Cellphone 313 (59.06%) 230 (39.1%)
I am the breadwinner 298 (54.58%) 191 (31.9%)
Number of dependents 73+40 70+46

(mean=£SD)

(10.7%), and intestinal obstructions (7.7%). The median
[IQR] length of stay for all patients was 7 days [3,17].
The median [IQR] length of stay for patients with femur
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fractures (27 days [14, 36 days]) was significantly longer
than all other surgical conditions intestinal obstructions
(9 days [7,12]), soft tissue infections (8 days [3,15]), non-
femur fractures (4 days [2, 8]), hernias (4 days [2.5,5.5]),
and soft tissue injuries (3 days [2,6.5]) (p =0.0001). There
was an improvement in the self-reported health sta-
tus in all surgical disease groups (Fig. 1). Patients with
penetrating injuries had the largest improvement (435
points) in self-reported health status, with a median
VAS at discharge of 50 [50,55] compared to a median
VAS of 15 [IQR 15,20] at the time of admission. Con-
versely, patients with cancer had the lowest median
VAS at discharge (45 [IQR 30,55] and the least improve-
ment (Median 0 [-2.5, 5]) in self-reported health status.
Patients with appendicitis experienced the highest self-
reported heath status at discharge (Median VAS of 62.5
[50,70]). A total of 69 inpatient complications (14%) were
identified (Table 3). Malaria (5.6%) death (2.7%), sepsis
(1.8%) and pneumonia (1.4%) were most prevalent com-
plications. Other notable complications were peritonitis,
wound infection, malunion and osteomyelitis.

Over half (55%) of the patients had at least one indi-
vidual that depended on them financially for suste-
nance. Patients reported a median of 7 [IQR=4, 9]
dependents. Patients were often accompanied by car-
egivers ranging from 0-5 in number. We enrolled all
caregivers (n=615) that we encountered. The caregiv-
ers were predominantly married (87%) women (69%),
at an average age of 37.7 years (SD +12.7) years with a
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primary education (74%) as their highest level of edu-
cation. Fifty-one percent of patients (n=>546) and 81%
of caregivers (n=550) reported having an occupation
that yielded income. The average lost wages attributable
to hospitalization for surgical disease was USD56 for
patients and USD22 for caregivers. The total lost wages
incurred was USD15,781 for patients, USD12,051 for
caregivers and USD 27,832 for the whole household.

The total societal cost of femur traction for the 111
femur fracture patients was USD 61,748.10. The societal
cost of intramedullary nailing for the same patients was
estimated to USD 23,907.64. Data from Malawi showed
the QALYs gained by treating each patient with trac-
tion was 0.71 as opposed to 0.77 for intramedullary nail-
ing [26]. For the study population, the QALYs gained by
treating 111 patients with traction is estimated as 78.81
as opposed to 85.47 for intramedullary nailing.

[Cost of femur traction — cost of femur nailing]

ICER =
[QALYS traction — QALYs nailing]

[USD 61,748.10 — USD 23, 907.64]
[78.81 — 85.47]

ICER =

ICER = —USD 5, 681.75per QALY gained

The estimated ICER for treating 111 femur fracture
patients with traction intramedullary nailing compared
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Fig. 1 Comparing the median Visual Analogue Scale (VAS) score on admission and discharge
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Table 3 Inpatient complications of surgical conditions
Diagnosis Death Pneumonia Malaria Sepsis Peritonitis Wound Malunion Osteomyelitis Total, %
sepsis (n=504)
Femur fractures (n=103) 4 4% 2 2% 9 9% T 1% 1 1% 3 3% 1 1% 1 1% 22 43%
Soft tissue infection (n=62) - - - - 5 8 3 5% - - 1T 2% - - - 9 1.8%
Other fractures (n=60) - - 2 3% 2 3% - - - - - - - - - - 4 0.8%
Soft tissue injury (n=54) - - - - 4 7% 1 2% - - - - - - - 5 1%
Intestinal obstruction (n=239) 3 8% 1 3% 5 15% 1 3% 4 10% - - - - - - 14 28%
Other (n=33) 3 9% 1 3% 1T 3% 1T 3% - - - - - - - - 6 1.2%
Hernia (h=29) - - - - - - - - - - - - - - - - 0 0%
Head Injury (n=27) 1T 4% 1 4% 1 4% - - - - - - - - - - 3 0.6%
Burn (n=26) - - - T 4% - - - - - - - - - - 1 0.2%
Urinary tract obstruction (n=16) - - - - - - 2 13% - - - - - - - - 2 0.4%
Sepsis (n=15) 2 13% - - - - - - - - - - - 2 0.4%
Malignant Cancer (n=13) 1T 8% - - - - - - - - - - - - - - 1 0.2%

to skeletal traction was —
gained).

USD 5,681.75 per QALY

Sensitivity analysis

We used a minimum and maximum length of stay cor-
responding to the 25™ and 75" percentiles for patients’
length of stay, we estimated the ICER to be—USD
3,452.50 at the 25" percentile of length of hospitaliza-
tion and -USD 10,820.77 at the 75" percentile level of the
length of hospitalization.

Discussion

This study provides valuable information that makes
stakeholders better able to compare the value and bene-
fits obtained by employing various surgical interventions.
It highlights the key needs and improvement opportuni-
ties of the rural surgical health system and the founda-
tion for making an investment case for the use of internal
fixation and open fracture management techniques in
the management of femur fractures. Femur fractures
were the most prevalent and expensive surgical condi-
tions encountered at SRRH. Our findings show that most
surgical patients were young and in their most produc-
tive decades of life. The societal cost of treating surgical
conditions is profound and chiefly driven by the length of
hospitalization [14, 27].

The use of traction for femur fracture treatment has a
hidden cost, which is the opportunity cost of lost wages
or education or both. In the African setting, this cost is
borne by the patient and their household and is more
apparent from a societal perspective. Length of hospi-
talization drives the societal cost of surgical care at SRRH
[14, 25, 28]. Interventions associated with shorter hospi-
talization (e.g. internal fixation) may lower costs, but will

require fiscal commitment from the Ugandan govern-
ment, which may be a disincentive compared to traction
that currently does not require any capital investment for
its continued use. Data from similar setting suggest that
internal fixation techniques in this setting will be cost sav-
ing [24, 29]. In order to prioritize more valuable health-
care interventions for the same dollar spent, governments
must look beyond healthcare costs in isolation and iden-
tify cost effectiveness of health interventions.

Our findings suggest that adopting intramedullary nail-
ing may offer superior clinical benefits to patients, as well
as superior financial benefits to the society. For every
QALY gained when treating femur fractures, there is a
potential cost saving of USD 5,681.75 if the intramedul-
lary nailing technique is used as opposed to traction.
Based on our sensitivity analysis, we found intramedul-
lary nailing to be cost saving relative to traction with an
ICER ranging from—USD 3,452.50 (at the 25th percen-
tile of length of stay) and -USD 10,820.77 (at the 75%
percentiles for length of hospitalization). Thus, relative
to intramedullary nailing, the use of traction in the treat-
ment of femur fractures at SRRH is not cost effective
relative from a societal perspective. Similar studies con-
ducted in similar settings have proven intramedullary
nailing to be cheaper and more cost effective than trac-
tion [24, 29]. The shorter length of hospitalization for
both patients and their caregivers is a key component of
the observed cost benefit [14]. There are also better out-
comes with the use of open fracture treatment techniques
[23, 26, 30, 31]. Currently, SRRH lacks the resources
(e.g. external fixators, internal fixators, intramedullary
nails) required to perform open femur fracture treat-
ment [14, 28]. In view of above, we recommend that the
government and stakeholders in Uganda further explore
and strongly consider the use of intramedullary nailing
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techniques in the management of femur fractures. Less
expensive femur ORIF options with good outcomes have
been reported in LMIC settings [23].

The overall inpatient complication rate among all
patients was low (14%) and the inpatient mortality rate
was 3%. Femur fracture patients had 22% complica-
tion rate, second to patients with intestinal obstruction
(39%). A key consideration is that femur fracture patients
had a longer in hospital stay and, thus, they were under
direct clinical observation for much longer than all other
patient groups. Therefore, there is a higher likelihood
that a complication, if it did occur, would be captured in
a patient with a longer in hospital stay due to the longer
period of direct clinical supervision as opposed to dis-
charge patients.

The opportunity cost attributable to surgical disease
includes but is not limited to lost wages and missed
education. In Africa, this cost is borne by patients, and
their caregivers. Caregivers have become an informal,
but essential component of the African health system.
They perform essential functions the would traditionally
be performed by nursing staff, mental health providers,
social workers, physical therapist etc [32, 33].. Despite
free care in Uganda, the need to access surgical care
continually threatens to impoverish patients and their
households [14, 34]. Approximately 41% of Ugandans live
below the international poverty line of USD1.90 per day;
this is higher in Soroti district (51%) and Eastern Uganda
(84%) in general [35, 36]. Caregivers at SRRH lost an
average of USD 22 over a median hospital stay of 7 days.
This is a relatively high cost and raises concern for possi-
ble medical impoverishment due to lost caregiver wages.
It is a perspective that has not been previously appreci-
ated or appropriately characterized and it is an opportu-
nity for future research.

Patient follow-up can be challenging in developing set-
tings for reasons not limited to financial, sociocultural,
geographic, healthcare access issues and low use of elec-
tronic medical records. Tracking patients after discharge
is arduous, hence our approach of using mobile phone
follow up which had certain merits and demerits. Mobile
follow up was well received by patients. An unintended
benefit was that patients reported feeling more valued, as
most had never experienced a follow up phone call after
their prior hospital visits. They voiced feelings of trust
towards SRRH and their providers. Some patients did not
have mobile phone access, and this limited our ability to
access and assess their outcomes. Mobile phone access
can be used as a surrogate for socioeconomic status in
developing settings, with the lack of mobile phone own-
ership indicating a lower socioeconomic status. Although
the follow up rates in this study (59%) closely approaches
that in the literature (60-89%). It is possible the subjects
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that were not accessible via mobile phone are predomi-
nantly of a low socioeconomic demographic and would
hypothetically have worse financial hardship and clinical
outcomes.

Limitations of the study

This study has some limitations. Open femur repair was
unavailable at SRRH at the time of this study and publi-
cation, thus a prospective comparison of direct costs and
outcomes was not feasible given the absence of an open
femur fracture treatment arm. It is our hope that this
study will inspire investment in open fracture treatment at
which point, a prospective comparison of femur traction
with open treatment of femur fracture would be feasible.
Because healthcare at Ugandan government facilities is
free, the prevailing sociocultural milieu and local stake-
holders informed a decision not to ask participants
directly about their income, so as not to create a percep-
tion that their income would influence their care. The use
of Malawian data to determine the QALYs gained after
IM nailing and traction of femur fractures assumes that
both patient populations and treatment techniques are
similar. While we do not have data that they are not, it is
still very possible that they are dissimilar. Using secondary
data from the government surveys to estimate wages, we
made a conservative adjustment that may underestimate
the income and lost wages due to hospitalization. The
IM nailing and ICER estimates do not factor in the initial
investment cost to set up IM nailing services, however,
the authors believe the potential cost saving and benefits
outweigh such initial investments. Also, the inability to
monetize the cost of missed education further under-
states the economic impact of surgical conditions in gen-
eral. This is particularly true for femur fractures and other
conditions that predominantly affect younger and school
aged patients.

Patient follow-up is a global healthcare challenge.
Although our follow up rates (59% of all patients and 59%
femur fracture patients) approximates other published
rates (60—-89%) in Africa, it is important to highlight
that mobile phone follow up may preferentially highlight
characteristics of patients who have access to a mobile
phone, who typically may be of a higher socioeconomic
status than subjects that lack access to a mobile phone.
Another challenge is the limited capacity to perform a
physical examination since it relies more on patients’
ability to recognize and describe complications [37-39].
It is plausible that complications may have been unrec-
ognized in the inpatient period, but particularly after
discharge. Also, it is possible that those lost to follow-
up had more adverse outcomes or hardship. Lastly, in
a study that follows up patients, there is a risk of recall
bias. Patients who experienced an adverse event either
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inpatient or at any point during the 6-month follow up
period may preferentially report worse outcomes (eco-
nomic, clinical or QALY etc.) However, since all patients
got the same treatment, it is less likely that recall bias
would significantly skew towards either arm nor that it
would affect the results of this cost-effective analysis.

Conclusion

Compared with all other surgical conditions treated at
SRRH, the use of traction in the management of femur
fracture is expensive, associated with prolonged hospitali-
zation, higher morbidity and mortality and from a societal
perspective, it is ultimately not cost effective. From the
societal perspective, this study reflects a more wholistic
and realistic estimate of the cost and outcomes associated
with surgical care delivery as it encompasses patient, car-
egiver, transportation and other non-health sector costs
[20]. We recommend that stakeholders in Uganda explore
the use of intramedullary nailing and open surgical fixa-
tion for the management of femur fractures as opposed to
the use of traction.
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