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Background: Surgical disease increasingly contributes to global mortality and morbidity. The

Lancet CommissiononGlobal Surgery found that global cost-effectiveness data are lacking for

a wide range of essential surgical procedures. This study helps to address this gap by defining

the cost-effectiveness of exploratory laparotomies in a regional referral hospital in Uganda.

Materials and methods: A time-and-motion analysis was utilized to calculate operating

theater personnel costs per case. Ward personnel, administrative, medication, and supply

costs were recorded and calculated using a microcosting approach. The cost in 2018 US

Dollars (USD, $) per disability-adjusted life year (DALY) averted was calculated based on

age-specific life expectancies for otherwise fatal cases.

Results: Data for 103 surgical patients requiring exploratory laparotomy at the Soroti Regional

Referral Hospitalwere collectedover 8mo. Themost commoncause for laparotomywas small

bowel obstruction (32% of total cases). The average cost per patient was $75.50. The post-

operativemortalitywas 11.7%, and7.8%ofpatientshad complications.Theaveragenumberof

DALYs averted per patient was 18.51. The cost in USD per DALY averted was $4.08.

Conclusions: This investigation provides evidence that exploratory laparotomy is cost-

effective compared with other public health interventions. Relative cost-effectiveness in-

cludes a comparison with bed nets for malaria prevention ($6.48-22.04/DALY averted),

tuberculosis, tetanus, measles, and polio vaccines ($12.96-25.93/DALY averted), and HIV

treatment with multidrug antiretroviral therapy ($453.74-648.20/DALY averted). Given that

the total burden of surgically treatable conditions in DALYs is more than that of malaria,

tuberculosis, and HIV combined, our findings strengthen the argument for greater in-

vestment in primary surgical capacity in low- and middle-income countries.
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Introduction inpatients and 103,000 outpatients yearly, and has one oper-
Surgical disease increasingly contributes to global mortality

and morbidity, particularly in low- and middle-income

countries (LMICs).1 Estimates suggest that 11% of the entire

global burden of disease can be treated with surgery.2,3 There

are an estimated 1.8 million preventable deaths yearly from

surgical disease in LMICs. The total burden associated with

surgically treatable conditions in LMICs is 401 million

disability-adjusted life years (DALYs): more than that of

ischemic heart disease, HIV, malaria, and tuberculosis com-

bined.3,4 The Lancet Commission on Global Surgery projected

that between 2015 and 2030, in the absence of urgent scaleup

of surgical care, LMICs would face an estimated loss in eco-

nomic productivity of $12.3 trillion (2010 U S. Dollars) due to

surgical conditions, in large part due to injuries.5

Surgical care is often perceived to be cost-prohibitive,

although there is little data to support this notion.6 Scaling

up basic surgical care (emergency and essential surgical care

available at first-level hospitals) could prevent 1.4 million

deaths per year in LMICs, including approximately 30 million

avertable DALYs per year in sub-Saharan Africa alone.4 In

2016, O’Neill et al. proposed that cesarean delivery, laparot-

omy, and open treatment of fractures should be standard

procedures performed at first-level hospitals.7 We believe that

the argument for investing in surgical capacity building can be

further strengthened with concrete data about the cost-

effectiveness of these three procedures, known as “Bell-

wether procedures.”

Exploratory laparotomy has been thought of as a cost-

effective surgical procedure that addresses a large public

health burden.8 However, cost-effectiveness estimates for

emergency surgical procedures in LMICs, such as exploratory

laparotomy, are difficult to find.9 The 2015 Lancet Commission

on Global Surgery found that there is a paucity of adequate

cost-effectiveness analyses of surgery in LMICs, and called for

further cost and financing focused global surgery research.10

Moreover, cost-effectiveness analyses of surgical procedures

in LMICs are sometimes limited because they rely on estimates

from the literature or other nonprimary data sources.6 In this

study, we sought to fill this gap in knowledge by conducting a

cost-effectiveness analysis of exploratory laparotomy in a

regional referral hospital in Eastern Uganda. We specifically

sought to determine the incremental cost-effectiveness ratio

of exploratory laparotomies compared with the status quo in

this setting, which is alternative medical management with

likely poor and probably fatal outcomes.
Methods

Research setting

This prospective observational economic analysis was con-

ducted at Soroti Regional Referral Hospital (SRRH), one of 13

regional hospitals in Uganda, with a catchment area of

approximately two million people (about 5% of the Ugandan

population). The hospital participates in a countrywide

decentralization model. It has 247 beds, serves 21,000
ating theater with three operating tables. There are separate

male and female surgical wards, gynecology, and obstetrics

wards. The surgical unit of the hospital is staffed by rotating

teams ofmedical officers and six to eight intern doctors. There

are one to two attending general surgeons, two attending gy-

necological surgeons, and three nurse anesthetists.

This study received ethical approval by the Institutional

Review Board at the University of California, Los Angeles, and

by SRRH. Oral consent was obtained from all patients in their

native language before surgery.

Patients

All patients undergoing an exploratory laparotomy between

February and April 2017 and between June and December 2018

were included in this study. Both emergency and planned

exploratory laparotomy patients were included. There were

no exclusion criteria. Basic patient demographics, cause for

surgery, and complications were recorded. Postoperative data

were collected until discharge or death in the hospital.

Cost data collection

Costs in this studywere those incurred by the health provider,

SRRH.

Surgical personnel costs

A time and motion analysis was utilized to measure costs

associated with staff directly involved in each patient’s oper-

ation. A data entry form with 10 sequential steps (Table 1)

starting fromentry to theoperating theater to transport back to

the ward and theater cleanup was used. Each member of the

surgical team was categorized as an attending physician,

medical officer, intern, nurse anesthetist, nurse, or theater

assistant. The total time taken for each step was recorded and

it was noted which members of the surgical team were

involved in each step. The total time per personnel were

summed to calculate the time each provider spent on the case.

We therefore determined and utilized only the specific time

personnel spent on each case in our cost calculations. Sur-

geons’ nonoperative timewasnot included in our calculations.

The total time in person-hours per personnel category was

multiplied by their respective hourly wages. To calculate

hourly wages, we assumed all personnel salaries were based

on a 40-h work week.

Ward personnel costs

Ward personnel costs consisted of nurse staffingwages for the

day, evening, and night shifts. The number of nurses per shift

was averaged in each ward over the course of the study. The

average day, evening, and night shift costs per ward were

summed to determine the average staffing cost per day. This

was divided by the average daily ward patient count to yield a

daily cost per patient, per ward. This was then multiplied by

each patient’s postoperative length of stay in their respective

ward to yield the cost of their time in the ward.
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Table 1 e Processes comprising the time and motion analysis.

Stage Activity Typical staff

Preoperative 1. Transport to waiting area Intern, attendants

2. Time in waiting area Intern, nurse anesthetists

Surgery 3. Pre-Op: Transport of patient into operating room,

position, sterile prep, and draping

Medical officer, intern, nurse anesthetists,

nurse assistants

4. Intra-Op: From incision to start of closing All OR staff

5. Closure and extubation All OR staff

6. Clean-up and transport to recovery Intern, nurse anesthetists

Postoperative 7. Write post-op report and orders Surgeon, medical officer, or intern

8. Time in recovery area Intern, nurse anesthetist

9. Transport to ward and transfer to bed Attendants

10. OR cleanup Theater assistant

OR ¼ operating room.
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Supply and medication costs

All disposable supplies used during surgery, such as sutures,

gauze, nasogastric tubes, and abdominal mops, were recorded

on the time and motion form. No specific instrument sets or

specialized tools, such as staplers for bowel anastomoses, are

utilized in this setting. All intravenous anesthetics, medica-

tions, and fluids used were also recorded. Postoperative

medications through each patient’s stay were also recorded.

The cost per unit of each supply andmedication was obtained

from a 2014 Uganda National Medical Stores cost list. Uganda

National Medical Stores is the government organization

mandated to procure, store, and distribute medications and

consumable health-related items to all government hospitals,

such as SRRH. The total medication and supply costs were

summed and then averaged across every study patient.
Administrative and ancillary staff costs and other costs

SRRH administrative and ancillary staff costs were estimated

using the patient-day equivalents method.11 The total daily

salary for all administrative and ancillary staff was divided by

the average number of patients in the hospital each day to

yield the daily cost per patient. This was then multiplied by

the number of days the study patient stayed in the ward.

Janitorial andmaintenance staff costs were included in the

above calculations. Costs for water and electricity were

omitted from this study. Although the billing department was

able to provide a net hospital cost, they were unable to isolate

usage rates of the operating theater. Dividing the total cost

among each patient in the hospital, the variable number of

their family/attendants living on the hospital grounds, and

the hospital staff yielded a daily value on the order of a frac-

tion of a cent. Thus, water and electricity costs were not

included.
Disability-adjusted life years averted

DALYs averted were calculated based on expert opinions that

presenting conditions would be fatal without surgery. All pa-

tientswere assigned postoperative disability weights based on
the opinions of two experienced surgeons to account for po-

tential complications. The DALYs averted are a function of the

age-specific life expectancy for each patient. To see whether

our results were sensitive to assumptions about survival in

the absence of exploratory laparotomy, a second cost-

effectiveness ratio (CER) was calculated with a conservative

assumption that all patients receiving an operation for

appendix-related conditions received no survival benefit for

surgery, such that these cases had zero DALYs averted.

Additional CERs were calculated with the even more conser-

vative assumptions that in addition to appendix surgery, all

obstetrics/gynecology (OB/GYN), bowel obstruction, and

trauma patients had zero DALYs averted.

Finally, to see whether our calculations were sensitive to

assumptions on surgical personnel salaries, we also calcu-

lated CERswhere the salaries of attending physicians,medical

officers, and interns were doubled.

We used a 3% discount rate in our calculations, which is

the rate that has been recommended and used by many other

studies.12,13
Results

Patient characteristics and diagnoses

Over the study period, 103 patients were enrolled. Fifty-six

were female and 47 were male, with a median age of 32

(interquartile range ¼ 20, 45.5; Table 2). Nineteen patients

were under 18 y old. There were 12 (11.7%) deaths while in the

hospital, and eight postoperative complications. There were

no reoperations. The most common diagnosis (33 patients,

32.1%) was intestinal obstruction (Table 3). This included ob-

structions secondary to adhesions, volvulus, and congenital

band anomalies. Fifteen patients (14.6%) had an obstetric/gy-

necological condition, including ectopic pregnancies, uterine

fibroids, and an invasive mole.

Costs

Surgical personnel costs accounted for 24.4% of the total

surgical costs. The mean total surgical person-hours per case
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Table 2 e Descriptive patient data.

Total patients (n) 103

Male 47

Female 56

Age range 3 wk-82 y

Mean age 32 y (IQR: 20, 45.5)

Children (<18) 19

Deaths 12

Complications 8

Average LOS (d) 6.73 (SD: 1.37)

IQR ¼ interquartile range; LOS ¼ length of stay; SD ¼ standard

deviation.
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was 601.2min. Themean surgical personnel cost per case was

$18.43 (Table 4). When involved in a case, the average time

spent by an attending physicianwas 117min, amedical officer

137 min, a first assist intern 136 min, a nurse anesthetist

128 min, an operating room nurse 128 min, and a theater as-

sistant 143 min. An attending physician on average cost $9.43

per patient, a medical officer $5.09, an intern $2.86, a nurse

anesthetist $4.07, an operating room nurse $3.07, and a the-

ater assistant $2.54. Attending physicians were involved in

54.4% of procedures.

Ward personnel costs accounted for 20.4% of the total

costs. The mean ward personnel cost was $15.41. This was

directly correlated to the patient’s length of stay. The median

length of stay in the hospital was 6 d (interquartile range ¼ 4,

8). In general, daily ward costs for female patients were

greater than for male patients because of higher nurse to pa-

tient ratios in the female wards. The average daily staffing

cost per patient in the male surgical ward was $1.87, $2.46 in

the female surgical ward, $2.57 in the obstetrics ward, and

$3.40 in the gynecology ward.

The cost of medications was 21.4% of the total costs. The

average medication cost per patient was $16.15. This included

both intraoperative and postoperative medications. The

medication used most was metronidazole (1027 total doses),

followed by ceftriaxone (409 total doses), normal saline (394
Table 3 e Length of stay and mortality by cause of surgery (n [

Cause of surgery Frequency (%)

Bowel obstruction 33 (32%)

Appendix 11 (11%)

Gut perforation 6 (6%)

Intussusception 11 (11%)

Penetrating trauma 4 (4%)

Mass/tumor 5 (5%)

OB/GYN condition 15 (15%)

Blunt trauma 5 (5%)

Other 13 (13%)

SD ¼ standard deviation.
* The percentages in this column represent the percentage of cases that d
total doses), and tramadol (322 total doses). Supply costs

accounted for 19.7% of the total cost. The average supply cost

per operation, which included sutures, gauze, catheters, and

other miscellaneous items was $14.86. The largest surgical

supply cost was for sutures.

The administrative and ancillary support staff cost per

patient was $10.64, 14.1% of the average total surgical cost.

Cost per DALY averted

The mean total cost of exploratory laparotomy was $75.50.

The average number of discounted DALYs averted was 18.51.

The average cost per DALY averted was $4.08.

In the scenario where all appendix-related cases received

no survival benefit, the CER calculated was $4.69/DALY aver-

ted. With the assumption that all OB/GYN-related cases

additionally had zero DALYs averted, the CER was $5.74/DALY

averted. Finally, with the evenmore conservative assumption

that there was no survival benefit derived from any bowel

obstruction case, the CER was $11.06/DALY averted and

$13.70/DALY averted if all trauma cases were also assumed to

have no survival benefit.

Under the assumption that all cases had a survival benefit,

if the salary of attending physicians was doubled, the average

cost per DALY averted was $4.36. If salaries of medical officers

and interns were doubled in addition to this, the average cost

per DALY averted was $4.72.
Discussion

In this study, we estimated the costs associated with and cost-

effectiveness of conducting exploratory laparotomy in Eastern

Uganda. To our knowledge, this was the first study to define

the costs and cost-effectiveness of this procedure in an LMIC

setting.

Surgical personnel costs were the largest single contributor

to overall costs. A shortage of surgeons in the country de-

mands that medical trainees provide the bulk of care at gov-

ernment hospitals.14 Uganda has less than one trained

surgeon, anesthesiologist, and obstetrician per 100,000
103).

Length of stay (d)
Mean (SD)

Mortality Frequency (%)*

7.24 (3.21) 5 (15%)

8.09 (2.77) 0

5.33 (2.16) 2 (33%)

6.73 (6.99) 0

5.00 (2.83) 1 (25%)

9.00 (8.51) 0

4.20 (1.37) 1 (7%)

5.60 (2.51) 1 (20%)

7.92 (7.25) 2 (15%)

ied linked to the indicated cause of surgery.
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Table 4 e Average costs and surgical personnel time per
case (n [ 103).

Cost USD per case Time (min)

Ward personnel 15.41

Medications 16.15

Supplies 14.86

Administrative 10.64

Surgical personnel* costs 18.43

Consultant 9.43 117.2

Medical officer 5.09 137.3

First assist intern 2.86 135.7

Second assist intern 2.46 116.6

Nurse anesthetist 4.07 128.3

OR nurse 3.07 127.8

Theater assistant 2.54 142.7

Total 75.50

OR ¼ operating room.
*Not all surgical personnel roles were involved in every case.
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population.15 This forced reliance on trainees helps contain

personnel costs. At SRRH the interns are provided with

housing near the hospital, eliminating housing expenses.

Drugs are bought in bulk by the Ministry of Health and sup-

plied to each hospital, minimizing medication costs. The

absence of specialized instrumentsdcompared with expen-

sive implants/tools used in more subspecialized surger-

iesdalso helps to contain the cost of laparotomy compared

with other types of surgery.11,16

Most patients were under 40 y old, at an age of economic

viability. Although this study did not take into account the

economic impact averted by surgery, without surgical treat-

ment, the disproportionate loss of young and productive in-

dividuals can have a notable impact on patients’ families and

communities. There is a palpable burdenplaced on individuals

and households, especially in lower economic strata.17 On a

broader scale, surgical conditions could reduce LMICs’ annual

GDP growth by almost 2% by 2030. Without investment in

surgical services, LMICs are projected to lose up to $12.3 trillion

in lost economic productivity between 2015 and 2030.10

Our data show that in the context of other common global

health interventions, exploratory laparotomies are highly cost-

effective. This includes bed nets for malaria prevention ($6.48-

22.04/DALY averted), tuberculosis, tetanus, diphtheria, pertussis,

measles, andpoliovaccines ($12.96-25.93/DALYaverted), andHIV

treatment withmultidrug antiretroviral therapy ($453.74-648.20/

DALY).6,18 These data are consistent with existing data on the

cost-effectiveness of surgery in LMICs. Similar CERs have been

reported with inguinal hernia repair at $12.88/DALY averted in

Ghana, cesarean delivery at $18 and appendectomy at $36 in

Guinea, and cataract repair at $5.06 in Nepal.19-21

In light of the 2015World Health Assembly Resolution 68.15,

it is critical that the cost-effectiveness of general surgery pro-

cedures such as exploratory laparotomy is recognized.22 Mock

et al. designated exploratory laparotomy within a category of

surgical procedures that have a large public health burden,

have high treatment success, and are feasible to promote

globally.8 Economic analyses like this, in tandem with
WHA68.15, further exemplify how surgery has increasingly

little reason to be the “neglected stepchild of global health.”6,23

This study had several limitations. It was a single-center

study, and generalization of our findings may therefore be

limited. In addition, there was unreliable reporting on inhaled

anesthetic (halothane) and oxygen usage by nurse anesthe-

tists, and thus these costs were not included. Each halothane

canister cost $15.30 and was used until completion for mul-

tiple surgical procedures. As such, their inclusion in our cost

calculations would have a negligible effect. Equipment costs

were also not included given that there are no specific surgery

kits and that instruments are used far beyond their expected

longevity. While a follow-up survey was conducted, we did

not incorporate estimations of costs associated with follow-

up care or returns to hospital because of the low volume of

participants. Lack of follow-up likely also underestimates true

mortality and complication rates. Finally, although we

assumed all personnel were paid a fixed salary for a 40-h work

week, if they actually work significantlymore or less than 40 h

every week the hourly wages we used in our calculations will

not be accurate and this inevitably affects our CER. We

attempted to address this potential limitation by doing addi-

tional cost analyses in which we doubled the salaries of sur-

gical personnel. Even in these analyses, we found that the CER

remained favorable.
Conclusions

This study found the cost-effectiveness ratio of exploratory

laparotomy to be $4.08 per DALY averted in the Ugandan

context, and provides information on the direct medical costs

associated with the procedure. Although there was already

reason to believe that laparotomies are an important pro-

cedure to be available in this setting, our findings further

strengthen the case for building and supporting capacity for

these surgeries. This study can serve to advocate for increased

funding toward delivery of surgical care commensurate with

the surgical disease burden in this setting.
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