World J Surg (2019) 43:52-59 @ CrossMark
https://doi.org/10.1007/s00268-018-4773-9

Challenges of Costing a Surgical Procedure in a Lower-Middle-
Income Country

Chanil Ekanayake' - Arunasalam Pathmeswaran® - Sanjeewa Kularatna® - Rasika Herath® -
Prasantha Wijesinghe*

Published online: 20 August 2018
© Société Internationale de Chirurgie 2018

Abstract

Background 1t is vital to enquire into cost of health care to ensure that maximum value for money is obtained with
available resources; however, there is a dearth of information on cost of health care in lower—middle-income
countries (LMICs). Our aim was to develop a reproducible costing method for three routes of hysterectomy in benign
uterine conditions: total abdominal (TAH), non-descent vaginal (NDVH) and total laparoscopic hysterectomy (TLH).
Methods A societal perspective with a micro-costing approach was applied to find out direct and indirect costs. A
total of 147 patients were recruited from a district general hospital (Mannar) and a tertiary care hospital (Ragama).
Costs incurred from preoperative period to convalescence included direct costs of labour, equipment, investigations,
medications and utilities, and indirect costs of out-of-pocket expenses, productivity losses, carer costs and travelling.
Time-driven activity-based costing was used for labour, and top-down micro-costing was used for utilities.
Results The total cost [(interquartile range), number]| of TAH was USD 339 [(308-397), n = 24] versus USD 338
[(312-422), n = 25], NDVH was USD 315 [(316-541), n = 23] versus USD 357 [(282-739), n = 26] and TLH was
USD 393 [(338-446), n = 24] versus USD 429 [(390-504), n = 25] at Mannar and Ragama, respectively. The direct
cost of TAH, NDVH and TLH was similar between the two centres, whilst indirect cost was related to the setting
rather than the route of hysterectomy.

Conclusions The costing method used in this study overcomes logistical difficulties in a LMIC and can serve as a
guide for clinicians and policy makers in similar settings.

Trial registration The study was registered in the Sri Lanka clinical trials registry (SLCTR/2016/020) and the
International Clinical Trials Registry Platform (U1111-1194-8422) on 26 July 2016.

Introduction

Costing of health-care interventions in developed countries
is done by allotting costs to diagnosis related groups
(DRGs) which have become the basis because it increases
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transparency and efficiency [1, 2]. Assigning costs to
DRGs is a complicated process and is usually done by an
independent authority using data from numerous hospitals
within a country [3]. Despite this, evidence shows con-
siderable cost variation due to patient and provider char-
acteristics, the efficiency level, the underlying clinical
activity and, most importantly, the costing method [4].

Although there are numerous costing methods, there is a
lack of standardisation and agreement [5-7]. A two-step
classification process of hospital costing methods is cur-
rently being used [8]. Initially, cost components are iden-
tified at aggregate level (gross costing) or at patient level
(micro-costing). Then, cost components are valued either
by assigning costs from comprehensive sources (top-down
approach), or by identifying resource consumption at
patient level (bottom-up approach) [9]. Thus, if top-down
micro-costing was used it will result in average unit costs
per patient, whereas if bottom-up micro-costing was used
patient-specific unit costs would be obtained. The method
used depends on availability of patient-level cost data for
each country [9]. It is generally accepted that the method of
costing significantly affects the cost estimates [8, 10, 11].
Mercier recommends a time-driven activity-based costing
based on analysis of cost components to reveal variations
in use of resources at patient level [9].

The picture from lower—-middle-income countries
(LMICs) is less promising as there is a dearth of information
on costing of surgical procedures [12—15]. Most studies use
extrapolation from other studies, do not involve local
practice or are based on essential care which is a basic
necessity which would make it unethical not to do it because
it raises questions of fairness and equality which override
economic aspects [13]. There was only one study which
looked at costs of elective hysterectomy in LMICs [14].

It is vital that LMICs such as Sri Lanka enquire into cost
to ensure that maximum value for money is obtained with
the limited resources at hand. Despite this, information on
costs related to health-care interventions in Sri Lanka is
limited possibly due to a misconception of free health’
among citizens despite money being obtained from general
taxation [16]. Citizens and government officials view that it
is the obligation of the government to provide free public
health care. However, in a developing country health-care
costs also rise with the improvement in living conditions
and wages which will in turn burden the system as
resources are invariably limited. It is in this backdrop that
costing and cost-effectiveness can be considered as the
‘elephant in the room,” especially for LMICs with publicly
funded health-care systems.

Therefore, our aim was to develop a reproducible cost-
ing method for abdominal, non-descent vaginal and
laparoscopic hysterectomy in Sri Lanka.

Materials and methods

This costing study was part of a pragmatic randomized
controlled trial to provide evidence on the optimal type of
hysterectomy in terms of cost-effectiveness by way of a
three-arm randomized controlled trial (RCT) between
NDVH, TLH and TAH in a low resource setting [16]. The
three approaches to hysterectomy were total abdominal
(TAH), non-descent vaginal (NDVH) and total laparo-
scopic hysterectomy (TLH). A total of 147 patients (49 per
arm) were recruited from two public sector hospitals, a
district general hospital (Mannar) and a tertiary care hos-
pital (Ragama). The cost evaluation took a societal per-
spective which included both direct costs related to
allocation of health-care resources in the hospital and
indirect costs borne by the patient. Both direct and indirect
costs were calculated from the time of presentation to the
gynaecology clinic until treatment was concluded.

A micro-costing approach was adopted to calculate
direct costs for each surgery. Main drivers (cost categories)
of direct costs (labour, investigations, equipment, drugs
and utility costs) and indirect costs (out-of-pocket costs,
productivity losses, carer costs and travelling) are shown in
Table 1. Time-driven activity-based costing for labour
costs and bottom-up micro-costing for medications were
the most accurate methods to calculate these costs [4, 5, 9].
Although bottom-up micro-costing would have been the
ideal for investigations, equipment and utilities, it would
have added only a little improvement in accuracy at the
cost of considerable time, effort and money. Therefore,
top-down micro-costing was done for these costs; it is
accepted practice to sacrifice a little accuracy to overcome
feasibility issues if it is unlikely to significantly impact the
result [4].

Labour costs

A time-driven, activity-based costing method was adopted
to calculate labour costs. Therefore, labour cost per minute
for each category of staff was calculated (supplementary
file 1, Eq. 1) and was used to cost the various activities
based on amount of time spent.

Equipment costs

Cost of equipment and drugs were obtained from the
medical supplies division (MSD) of the Ministry of Health,
Sri Lanka. The cost of an equipment per patient was cal-
culated, assuming it lasts for 10 years (supplementary file
1, Eq. 2).
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Table 1 Description of cost, approach to costing and source of information

Cost type Approach

Source

Direct costs

Labour Time-driven, activity-based Hospital pay slips
Equipment Micro-costing (top-down) MSD
Investigations Micro-costing (top-down) MSD, local hospital
Drugs Micro-costing (bottom-up) MSD
Utility costs Micro-costing (top-down)
Space Valuation from NHDA
Water Hospital
Electricity Hospital
Food Hospital
Administrative Hospital
Cleaning services Hospital
Telephone services Hospital
Security Hospital

Indirect costs

Out-of-pocket costs® Indirect
Productivity losses” Indirect
Cost of carer® Indirect
Travel® Indirect

Patient reported
Patient reported
Patient reported

Patient reported

MSD medical supplies division, Ministry of Health; NHDA national housing development authority

4Additional medical products purchased by the patient

"Loss of income of the patient in order to attend clinic/hospital admission

“Loss of income of the accompanying person or fee of a professional carer

dCost of travelling for patient and or for family in order to attend clinic/hospital admission

Investigation costs

Investigation costs included laboratory and imaging costs
for preoperative period and postoperative period. The cost
for a particular test considered the equipment cost, labour
cost and reagent cost (supplementary file 1, Eq. 3). The
equipment cost was obtained as explained above (supple-
mentary file 1, Eq. 2). The labour cost per test was calcu-
lated using the laboratory technician’s labour cost per
minute and time spent per test. The reagent cost per test
was based on the number of tests per year and the amount
of reagents used for that time period.

Drug costs

Cost of drugs was obtained from the (MSD) of the Ministry
of Health, Sri Lanka.

Utility costs

Utility costs were calculated per patient per day for space,
water, electricity, food, administrative, cleaning services,
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telephone services and security costs. The rental value for
ward space was obtained from the National Housing
Development Authority. The space cost per patient per day
was calculated (supplementary file 1, Eq. 4). The other
utilities were calculated using the respective monthly bills
divided by the average midnight total of patients to obtain
the cost of a particular utility per patient per day [e.g.
electricity cost (supplementary file 1, Eq. 5)]. Cost of food
obtained from the hospital was calculated considering the
food cost and labour (supplementary file 1, Eq. 6). A total
utility cost per patient per day was obtained including the
sum all of the above subcategories.

The direct and indirect costs were grouped into four
chronological periods (preoperative, operative, postopera-
tive and convalescence periods) in the treatment pathway
for purposes of clarity and convenience (Table 2).

Data analysis
Cases with missing data were not excluded from the

analysis as there was a likelihood of either overestimating
or underestimating the cost if an uncomplicated case or a
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Table 2 Summary of cost calculation from preoperative period to convalescence

Time periods

Preoperative period

Operative period

Postoperative hospital
stay

Convalescence

Labour

Equipment
Investigations
Drugs
Utilities

Indirect costs

Time spent (minutes)
per patient by
respective staff
categories”

Mannar®;
Consultant 15
Medical officer 15
Nurse 15
Attendant 15
Ragama®
Consultant 10
Senior registrar 10
Registrar 15
Nurse 15
Attendant 15

Not considered
Eq. 3
MSD¢
Not considered

Considered

Time spent (minutes) per patient by respective
staff categories

Gynaecology team-first incision to the placement
of the last suture®. Other categories of staff-time
at starting anaesthesia to the point of recovery®.

Eq. 2
Considered®
MSD?

Not considered

Considered®

Time spent (minutes)
per patient by
respective staff
categories”

Mannar®;
Consultant 30
Medical officer 30
Nurse 60
Attendant 60

Ragama®;
Consultant 15
Senior registrar 15
Registrar 20
Intern 30
Nurse 60
Attendant 60

Not considered

Eq. 3

MSD!

Considered (Egs. 4, 5,
6 and text)

Considered

Time spent (minutes)
per patient by
respective staff
categories”

Mannar®;
Consultant 15
Medical officer 15
Nurse 15
Attendant 15
Ragama®;
Consultant 10
Senior registrar 10
Registrar 15
Nurse 15
Attendant 15

Not considered
Eq. 3

MSD?

Not considered

Considered

This figure was derived from the clinic register and observations over a period of one month

"Based on observations in the ward over a period of 1 month

“Total labour cost was calculated based on labour cost per minute (Eq. 1) and the time spent for all involved categories

9Medical supplies division

°As only for a very few number of patients, included under postoperative hospital stay for ease of analysis

complicated case was excluded, respectively. Therefore, all
cases were included in the analysis using multiple impu-
tation for missing data which was less than 5%. The costs
are reported in USD (exchange rate, 1 USD = LKR.
144.9625, as at 01/01/2017). A sensitivity analysis was
done to assess the robustness of costing assumptions
adjusting the duration of surgery (+30 to —30 min), hos-
pital stay (41 to —1 day), life span of equipment (5-year
vs. 10-year life span), complications, readmission and
utility costs (doubling complications/readmission and util-
ity versus no complications/readmissions and retaining
utility costs). The economic cost of equipment was calcu-
lated using the replacement value, life span and a discount
rate of 10% using a standard discount table [4]. Indirect
costs were readjusted to account for productivity losses
assigning a value (governmental minimum wage of LKR
400 per day versus LKR 1500/day) to the time to recover
from surgery [17].

Results

The distribution of direct costs in terms of time periods
(preoperative, operative and postoperative) and cost cate-
gories are shown in Fig. 1 and supplementary file 2. The
median direct cost [(interquartile range), number] of TAH
was USD 297 [(287-319), n =24] versus USD 272
[(260-297), n =25], NDVH was USD 280 [(255-309),
n = 23] versus USD 277 [(253-302), n = 26], and TLH
was USD 326 [(306-358), n =24] versus USD 366
[(332-385), n = 25] at Mannar and Ragama, respectively.
There was a significant difference between direct costs for
TAH at the two centres (Mann—Whitney U test, p < 0.01)
but not for NDVH (Mann—Whitney U test, p = 0.984) and
TLH (Mann—Whitney U test, p = 0.16). In terms of cost
categories, labour costs account for biggest proportion of
direct costs.
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Fig. 1 Direct costs for TAH, Time periods
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The distribution of indirect costs in terms of time peri-
ods and cost categories are shown in Fig. 2 and supple-
mentary file 3. The median indirect cost (interquartile
range) of TAH was USD 29 (15-88) versus USD 68
(36-119), NDVH was USD 30 (15-57) versus USD 75
(41-239), and TLH was USD 46 (19-89) versus USD 52
(34-148) at Mannar and Ragama, respectively. There was a
significant difference between indirect costs for TAH
(Mann—Whitney U test, p < 0.05) and NDVH (Mann—
Whitney U test, p < 0.01) between the two centres but not
for TLH (Mann—Whitney U test, p = 0.28). Overall, indi-
rect costs for surgery done at Ragama were significantly
more than that at Mannar. The postoperative period had the
highest indirect costs except for NDVH at Ragama where
the convalescence costs were the biggest contributor. In
terms of cost categories, transport costs account for biggest
proportion of indirect costs.

The median total cost (interquartile range) of TAH was
USD 339 (308-397) versus USD 338 (312-422), NDVH
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was USD 315 (316-541) versus USD 357 (282-739), and
TLH was USD 393 (338-446) versus USD 429 (390-504)
at Mannar and Ragama, respectively.

The sensitivity analysis is shown in Table 3. Scenario A
shows the current best possibility, whilst scenario B illus-
trates the combination of baseline direct cost and minimum
wage of LKR 400 per day with scenario C showing the
combination of best case of direct costs and LKR 1500 per
day for productivity losses.

Discussion

This study may be the first attempt at publishing the costing
of an elective surgical intervention in a LMIC that includes
the preoperative, postoperative and convalescence costs. In
terms of total cost, NDVH appears to be the cheapest
option for the district hospital, whereas TAH appears to be
the cheapest for the tertiary hospital. The direct costs do
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Fig. 2 Indirect costs for TAH, (a)
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not appear to be different among the two centres in terms of
time periods and categories. However, TLH costs more
than NDVH and TAH at both centres. The cost of a NDVH
was slightly less than TAH at the district hospital, whereas
the cost of TAH was slightly less than NDVH at the tertiary
hospital.

As expected, labour costs accounted for the biggest
proportion in terms of cost type for direct costs [15, 18].
Indirect costs were related more to the centre rather than
the route of hysterectomy which may illustrate the
socioeconomic differences among the two centres, one an
urban setting and the other a remote setting. The compar-
atively lower socioeconomic indices of the remote setting
may be reflected in the lower indirect costs except the TLH
group who had significantly higher ‘out-of-pocket’ and
carer costs compared to TAH and NDVH groups at Man-
nar. Contrary to what was seen in the region, the biggest
proportion of indirect costs was transport costs rather than
productivity losses [15]. The actual cost of transport was

valued at a much higher level than the productivity losses
by these women. This was due to the fact that most were
housewives with no monetary remuneration.

Costing is particularly difficult in the hospital setting
due to case heterogeneity, labour intensity and the com-
plexity of the service delivery processes [9]. Costing needs
considerable resources and depends on the accurate
grouping of patients which needs large-scale funding,
something that is hard to come by for LMICs, where the
need for efficiency is actually much more than for devel-
oped countries [19]. However, the use of time-driven,
activity-based costing of labour can overcome the draw-
backs of conventional bottom-up micro-costing, resources
in terms of training, time and money. The combination of
this with bottom-up micro-costing for medications and top-
down micro-costing for equipment, utilities and investi-
gations was a pragmatic method of overcoming these
issues.
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Table 3 Sensitivity analysis

Median costs per case (USD?)

TAH NDVH TLH

Direct costs

Baseline (study result)® 272 277 326

Worst case for 10-year life span 451 428 570

Worst case® for 5-year life span 498 469 658

Best case? for 10-year life span 246 251 298
Indirect costs

Baseline (study result)® 29 30 46

Min-wage’ of LKR.400 added to ‘time to recover’® 145 133 104

LKR.1500 per day added to ‘time to recover’® 358 292 248
Total

Scenario A—Study result 301 307 372

Scenario B—Baseline direct costs and min. wage of LKR 400 417 410 430

Scenario C—Best case scenario and min. wage of LKR 1500 604 543 546

4All values corrected to the nearest USD value

"Baseline direct costs are for TAH-Ragama, NDVH-Ragama and TLH-Mannar

“Worst case (operative time +30 min, post-op hospital stay + 1-day, complications/readmissions x 2, utility costs x 2) from the centre with

the higher cost (TAH-Mannar, NDVH-Mannar and TLH-Ragama)

9Best case (operative time —30 min, post-op hospital stay —1-day, no complications/readmissions) from the centre with the lower cost (TAH-

Ragama, NDVH-Ragama and TLH-Mannar)
“Baseline indirect costs are from Mannar for the three routes
"Minimum wage of LKR.400 [17]

#Extrapolation done using indirect costs from Ragama for the three routes to predict worst case scenarios for time to recover (considered as
28 days for TAH, 21 days for NDVH and 19 days for TLH based on Ottosen et al. [20])

When calculating proportionate equipment costs for
each procedure, the rate of utilization of an equipment
would vary during its life span as well as per procedure.
Thus, for practical purposes the average rate of utilization
was considered as there was no information available for
the duration of all procedures. There was also a difficulty in
quantifying utility cost in terms of surgical procedure as the
degree of utilization of space, electricity and water would
vary according to speciality and clinical problem. This
problem was further compounded by the fact that there
were only single meters for electricity and water at both
hospitals. Therefore, apportioning the costs for basic util-
ities was done using the average midnight total for the
entire hospital assuming that each in-patient would con-
sume a similar proportion of basic utilities. However,
utility costs (space cost, water, electricity etc.) were not
considered for clinic patients as the clinic time is approx-
imately 15 min per patient and, as such, is unlikely to be of
much significance considering other costs incurred in this
study. Similarly the cost of space was not considered for
theatres as the duration of theatre time used for hysterec-
tomy compared to total hospital stay was insignificant. In
the same way, the cost of equipment at clinics and ward
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was not considered as they were assumed to be insignifi-
cant compared to cost of surgical and anaesthetic equip-
ment. The cost of basic utilities was also not considered
separately for theatre as it was likely be reflected in the
utility cost calculated using midnight totals.

An advantage in our study was that transference of
direct hospital costs to patient-related indirect costs was
identified as patients who had preoperative private con-
sultations did not have preoperative visits in the hospital
clinic. In such patients, private consultations were consid-
ered as out-of-pocket costs under indirect costs.

The sensitivity analysis looked at modifying reported
costs or altering our assumptions in order to see how the
overall costs would change. Whilst acknowledging that
discount rates may be time and country specific, especially
for LMICs, a rate of 10% was considered as the Treasury
bill rates vary around this figure in Sri Lanka. We also
wanted to examine the change in circumstances with the
addition of a minimum wage cost to the time to recover to
reassess the productivity losses. The governmental mini-
mum wage of LKR 400/per day along with a more prag-
matic LKR 1500/per day was considered for indirect costs
in the sensitivity analysis. Whilst scenario A is the lowest
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baseline cost based on reported data, scenario B or C may
be more applicable for a more affluent urban setting. This
may also be relevant in the future where productivity losses
are more likely to be appreciated. What is noticeable is that
the difference in costs between the conventional TAH and
NDVH or TLH decreases with scenarios B and C, to the
extent that it is cheaper in some instances in addition to a
faster recovery.

Whilst these costs are generic to hysterectomy at the
hospitals concerned, hysterectomy costs in a given public
sector hospital in Sri Lanka may be similar to either the
urban (Ragama) or peripheral (Mannar) setting. The soci-
etal perspective in calculating costs in this study is likely to
generate an accurate picture of both direct hospital-related
and indirect patient-related costs for hysterectomy. The use
of time-driven activity-based costing for the main driver,
labour and the use of top-down micro-costing for fixed
costs helped to overcome logistical difficulties in a LMIC
setting and may serve as a template for surgeons and
hospital administrators in any setting to cost any surgical
intervention with little modification to address procedure-
related issues.
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