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Abstract

Background The systematic review is aimed to evaluate the cost-effectiveness of minimally invasive surgery (MIS) and open
distal pancreatectomy and pancreaticoduodenectomy.

Method The MEDLINE, CENTRAL, EMBASE, Centre for Reviews and Dissemination, and clinical trial registries were
systematically searched using the PRISMA framework. Studies of adults aged > 18 year comparing laparoscopic and/or
robotic versus open DP and/or PD that reported cost of operation or index admission, and cost-effectiveness outcomes were
included. The risk of bias of non-randomised studies was assessed using the Newcastle—Ottawa Scale, while the Cochrane
Risk of Bias 2 (RoB2) tool was used for randomised studies. Standardised mean differences (SMDs) with 95% confidence
intervals (CI) were calculated for continuous variables.

Results Twenty-two studies (152,651 patients) were included in the systematic review and 15 studies in the meta-analysis
(3 RCTs; 3 case-controlled; 9 retrospective studies). Of these, 1845 patients underwent MIS (1686 laparoscopic and 159
robotic) and 150,806 patients open surgery. The cost of surgical procedure (SMD 0.89; 95% CI 0.35 to 1.43; ’=91%;
P=0.001), equipment (SMD 3.73; 95% CI 1.55 to 5.91; I?=98%; P=0.0008), and operating room occupation (SMD 1.17,
95% CI10.11 to 2.24; =95%; P= 0.03) was higher with MIS. However, overall index hospitalisation costs trended lower
with MIS (SMD —0.13; 95% CI—0.35 to 0.06; I>=80%; P=0.17). There was significant heterogeneity among the studies.
Conclusion Minimally invasive major pancreatic surgery entailed higher intraoperative but similar overall index hospitalisa-
tion costs.
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D4 Bobby V. M. Dasari Surgical resection for pancreatic cancer by means of pan-

B.dasari@bham.ac.uk creaticoduodenectomy (PD) and distal pancreatectomy (DP)
remains the primary modality of treatment. Traditional resec-
tion by open surgery is associated with high perioperative
morbidity despite improvements in perioperative care and
operative techniques [1, 2]. Minimally invasive approaches
(MIS), including robotic and laparoscopic PD and DP, are
being increasingly used in pancreatic surgery and are increas-
ingly offered with a hypothesis that it may be associated with
lower morbidity, less blood loss, improved surgical margins,
and decreased length of hospital stay [3, 4]. The efficacy of
both the approaches of MIS (robotic and laparoscopic) for

major pancreatic resections is considered similar, and its role
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adaptation among the HPB surgical community. In addi-
tion, robotic surgery entails significant perceived upfront and
ongoing maintenance costs [7], though there has been some
suggestion that is just as cost-effective as laparoscopic pan-
creatic surgery [8, 9]. It remains unclear how cost-effective
MIS is compared to open pancreatic surgery [10-12]. Such
economic evaluations are required to guide future policies
and guidelines.

This systematic review and meta-analysis therefore aimed
to evaluate the cost-effectiveness of minimally invasive ver-
sus open surgery for DP or PD.

Methods
Literature search

A systematic search of MEDLINE, EMBASE, CENTRAL,
Centre for Reviews and Dissemination, and clinical trials
registries until April 2020 was reported in accordance with
the PRISMA framework [13] (Figure S1). The search strat-
egy included the combination of the terms for ‘pancreatic
surgery’, ‘minimally invasive’, ‘open’, ‘cost’, and ‘quality
of life’ with Boolean operators OR and AND where appro-
priate. The full search strategy can be found in the Sup-
plementary Material. No language, publication status, or
publication year restrictions were applied. A manual search
of references was also conducted to identify any additional
relevant literature not captured by the search.

Inclusion and exclusion criteria

Studies of adults aged > 18 year comparing laparoscopic
and/or robotic versus open DP and/or PD that reported
cost of operation or index admission and cost-effectiveness
outcomes were included. Studies that included subjects
aged < 18 years, or other major simultaneous surgeries in
addition to DP or PD other than splenectomy, without sepa-
rate reporting were excluded. Unpublished data, non-peer-
reviewed reports, and abstracts were also excluded.

Data extraction

Two authors independently screened titles and abstracts for
full-text inclusion. Article full-texts were also reviewed by
two authors independently with conflicts resolved by dis-
cussion. Data was extracted onto a prespecified template.
Extracted outcomes included costs (cost of surgical proce-
dure, defined as intraoperative costs; surgical instrument
costs, operating room occupation costs, index hospitalisa-
tion costs, and cost-effectiveness). Quality-adjusted life year
(QALY) is a measure of disease burden that incorporates
quality and quantity of life.

@ Springer

There are different types of health economic evaluations,
including cost-minimisation analysis (CMA), cost-effective-
ness analysis (CEA), and cost-benefit analysis. CMA deter-
mines an intervention that is least expensive. CEA, including
cost-utility analysis (CUA) and cost-consequence analysis,
compares interventions that have common outcomes. CUA
uses QALY to evaluate the benefit of quality of life and sur-
vival time gained against the cost [14]. Incremental cost-
effectiveness ratio (ICER) is the difference in total costs
(incremental costs) divided by an outcome measure (incre-
mental effect) which provides the extra cost per unit out-
come. CMA and ICER were extracted from studies, where
reported. Subgroup analysis was performed where combined
cost data were reported for laparoscopic and robotic sub-
group (‘Lap +Rob’), laparoscopy only (‘Lap-only’), and
robotic only (‘Rob-only’) groups.

Risk of bias

The risk of bias of non-randomised studies was assessed
using the Newcastle-Ottawa Scale [15], while the Cochrane
Risk of Bias 2 (RoB2) tool was used for randomised studies
[16] (Figure S2; Table S1).

Cost data

Cost data was converted to 2020 US dollars (USD) using a
web-based tool (CCEMG-EPPI centre cost converter) [17]
when the currency and price-year were different and were
available. The costs were converted into the current-year cost
of the country using the Gross Domestic Product Deflator
Index, followed by conversion into USD for the year 2020.
The purchasing power parity for the gross domestic product
was used for the conversion rates. The latest reported date of
the price year or date of last patient recruitment for surgery
was used where price year was not stated. The amortised cost
of robotic surgery was not included in meta-analysis. Willing-
ness-to-pay threshold was calculated for £20,000 and £30,000,
as per UK NICE guidelines, adjusted at 2020 price-year. Index
hospitalisation cost was considered as the overall payment
made towards the index hospital admission.

Statistical analysis

Review Manager 5.3 [18] (The Nordic Cochrane Centre,
Copenhagen, Denmark) was used to perform meta-analyses
of cost data. Standardised mean differences (SMDs) with
95% confidence intervals (CI) were calculated for continu-
ous variables. The I? statistic was graded as low, moder-
ate, and high heterogeneity when scores were <30, 30-50,
and > 50% respectively [19]. Medians were converted to
mean estimates as per Higgins et al. [20]. In cost-meta-anal-
yses, where laparoscopic and robotic groups were reported
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in separate arms, they were combined into a Lap + Rob
group, which was reported as a subgroup analysis as per
Higgins et al. [19]. Funnel plots were visually assessed for
publication bias (Figure S3).

Results

The search yielded 1398 articles of which 22 studies were
included and 15 studies with cost-data were included in
the meta-analysis (Figure S1). Included studies were pub-
lished between 2008 and 2020; three were randomised
controlled trials (RCT) [21-23]; three were case-con-
trolled [10, 24, 25], and the remainder were retrospective
studies. Most studies were conducted in the USA [25-36],
Italy [10, 37, 38], or Netherlands [21-23]. Overall 152,651
patients were included: 1845 in the MIS group (1686 lapa-
roscopic and 159 robotic) and 150,806 in the open group.
DP was performed in 2504 patients: 929 MIS and 1575
open. PD was performed in 150,148 patients: 916 MIS

Table 1 Characteristics of included studies

and 149,232 open. Proportion of robotic surgery in MIS
cohorts ranged from 10.6 to 71.8%. The study character-
istics are summarised in Table 1.

Clinical characteristics

Patient age, gender, tumour characteristics, rates of previ-
ous abdominal surgery, and American Society of Anaes-
thesiologists (ASA) classification > 3 were comparable
between MIS and open groups (Table 2).

Economic evaluation

Twenty studies [8, 10, 21-24, 26-28, 30, 32-41] com-
pared cost via CMA between MIS and open major pancre-
atic surgery; this is summarised in Table 3. All economic
evaluations were trial based; none used model-based
approaches.

Author and year Country (no. of hospitals)  Design Quality*  Intervention(s) () Control (n)
Baker (2015) USA (1) Retrospective cohort 9 RPD (22) OPD (49)
Braga (2015) Italy (1) Case-controlled study 9 LDP (100) ODP (100)
de Rooij (2019) Netherlands (14) Randomised controlled trial - MIDP (47 — LDP 42, RDP 5) ODP (55)
Eom (2008) South Korea (2) Case-controlled study 8 LDP (31) ODP (62)
Fisher (2019) USA (National study) Retrospective cohort 8 1) LDP (146) ODP (693)
2) RDP (53)
Fox (2012) Canada (1) Retrospective cohort 7 LDP (42) ODP (76)
Gerber (2017) USA (1) Retrospective cohort 8 LPD (52) OPD (n=50)
Langan (2014) USA (1) Case-controlled study 8 LDP (41) ODP (40)
Liang (2015) Canada (1) Retrospective cohort 6 LPD (15) OPD (29)
Limongelli (2012)  Italy (1) Retrospective cohort 9 LDP (16) ODP (29)
Mesleh (2013) USA (1) Retrospective cohort 8 LPD (59)** OPD (43)**
Ricci (2015) Ttaly (1) Retrospective cohort 8 LDP (41) ODP (40)
Rodriguez (2018) France (2) Retrospective cohort 7 1) LDP (25) ODP (43)
2) RDP (21)
Rutz (2014) USA (1) Retrospective cohort 9 LDP (70) ODP (45)
Stewart (2020) USA (1) Retrospective cohort 7 MIPD 39 (LDP 11, RDP 28) ODP (41)
Torphy (2019) USA (1) Retrospective cohort 7 LDP (26) ODP (77)
Tran (2016) USA (National study) Retrospective cohort 8 LPD (681) OPD (14,893)
van Hilst (2019) Netherlands (14) Randomised controlled trial - LPD (50) OPD (49)
van Hilst (2019a) Netherlands (14) Randomised controlled trial - LDP (43) ODP (56)
Waters (2010) USA (1) Retrospective cohort 8 1) LDP (18) ODP (22)
2) RDP (17)
Xourafas (2015) USA (1) Retrospective cohort LDP (56) ODP (67)
Xourafas (2019) USA (1) Retrospective cohort MIDP (97 - LDP 67, RDP 30)  ODP (128)

LDP laparoscopic distal pancreatectomy, LPD laparoscopic pancreaticoduodenectomy, MIDP minimally invasive distal pancreatectomy, MIPD
minimally invasive pancreaticoduodenectomy, ODP open distal pancreatectomy, OPD open pancreaticoduodenectomy, RDP robotic pancreati-

coduodenectomy

“Newcastle-Ottawa Quality Assessment Scale; **excludes total pancreatectomy (n= 16 for LPD and n=5 for OPD)
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Table 3 Summary of economic evaluation in each study
Author year Intention-to-treat ~ Economic analysis Perspective Currency; Price-year; Direct/indirect Costs; Effec-
Source; Unit cost tiveness/
ICER
Baker 2015 Yes CMA NR USD; Direct cost; -
Price-year not stated; Cost source not stated;
Unit cost not stated
Braga 2015 Yes CMA NR Euros; Direct costs -
Price year not stated; Cost source not stated;
Unit cost not stated
de Rooij 2019 Yes CMA Healthcare USD; Direct costs -
2018; Cost source not stated;
Unit cost not stated
Eom 2008 Not stated CMA NR USD; Direct cost -
Price year not stated; Cost source not stated;
Unit cost not stated
Fisher 2019 As-treated CMA Healthcare Payer’s USD; Direct cost -
2014, Cost source stated;
Unit cost not stated
Fox 2012 Yes CMA NR CAD; Direct costs -
2010; Cost source stated for
some.
Unit cost not stated
Gerber 2017 Yes CMA NR USD; Direct cost -
Price-year not stated; Cost source: stated
Unit cost not stated;
Liang 2015 Not stated CMA NR CAD; Direct cost; -
Price-year not stated Cost source not stated;
Unit cost not stated
Limongelli 2012 Yes CMA NR Euros; Direct cost; -
price-year not stated Cost source not stated;
Unit cost not stated
Mesleh 2013 Yes CMA NR “units” by a set conver-  Direct cost; -
sion factor;
Price-year not stated; Cost source not stated;
Unit cost not stated
Ricci 2015 Yes CMA, CUA NR Euro; Direct cost; QALY
Price-year not stated; Cost source not stated; ICER
Unit cost not stated
Rodriguez 2018 Yes CMA NR Euro; Direct cost; -
Price-year not stated; Cost source: stated
Unit cost: stated for one
category only.
Rutz 2014 Yes CMA NR USD; Direct cost; -
Price-year not stated; Cost source: stated for
some;
Unit cost not stated
Stewart 2020 Converted cases CMA NR USD; Direct cost -
as separate 2016; Cost source: stated
category

Unit cost: not stated

@ Springer
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Table 3 (continued)

Author year Intention-to-treat ~ Economic analysis Perspective Currency; Price-year; Direct/indirect Costs; Effec-
Source; Unit cost tiveness/
ICER
Tran 2016 Not stated CMA NR USD; Direct cost -
Price-year adjusted from Cost source: stated
2000 to 2010; Unit cost: not stated
van Hilst 2019 Yes CMA Healthcare USD; Direct cost -
Price-year not stated; Cost source: not stated
Unit cost: not stated
van Hilst 2019a Yes CMA, CEA, CUA Healthcare Euro; Direct cost; -
2016; Cost source: stated
Unit cost: stated
Waters 2010 Yes CMA NR USD; Direct cost and indirect -
cost of robotic pur-
chase and mainte-
nance.
price-year not stated; Cost source: not stated
Unit cost not stated
Xourafas 2015 Yes CMA NR USD; Direct cost -
Price-year not stated; Cost source: stated
Unit cost: not stated
Xourafas 2019927 Yes CMA NR USD; Direct cost and indirect -

Price-year not stated;

cost of robotic main-
tenance.

Cost source: stated
Unit cost: not stated

USD US dollar, CE cost-effectiveness analysis, CMA cost-minimisation analysis, CUA cost-utility analysis

“Time to functional recovery /QALY/ICER measured against total cost until after discharge (i.e. outpatients and emergency room)

Minimally invasive Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% ClI IV, Random, 95% CI
2.1.1 Laparoscopic + Robotic
Stewart 2020 3,396.58 1,177.92 39 3,182.3 1,204.23 41 11.5% 0.18 [-0.26, 0.62] T
Waters 2010 4,779.29 1,340.97 35 4,237.35 645.86 22 11.1% 0.47 [-0.07, 1.01) \ i
Subtotal (95% CI) 74 63 22.6% 0.30 [-0.05, 0.64] P
Heterogeneity: Tau® = 0.00; Chi* = 0.69, df = 1 (P = 0.41); ¥ = 0%
Test for overall effect: Z = 1.70 (P = 0.09)
2.1.2 Laparoscopic only
Fox 2012 4,691.87 886.98 42 4,427.37 1,229.55 76  11.8% 0.23 [-0.14, 0.61) T
Gerber 2017 13,699.2 1,761.05 52 12,286.21 3,207.99 50 11.7% 0.54 [0.15, 0.94] =
Liang 2015 6,086.53 684.41 15 6,720.21 2,372.72 29 10.7% -0.31[-0.94, 0.31] —
Limongelli 2012 4,458.26  162.03 16 3,069.39  464.5 29  8.9% 3.53 [2.55, 4.50] —_—
Ricci 2015 10,181.08 1,871.99 41 6,041.36 1,585.93 40 11.0% 2.36 (1.79, 2.93) —_—
Rutz 2014 6,492.26 2,130.27 70 5,522.93 2,017.56 45 11.8% 0.46 [0.08, 0.84] —_——
van Hilst 2019a 6,851.85 1,409.89 43 5,452.08 1,067.17 56 11.6% 1.13 [0.70, 1.56] —
Subtotal (95% CI) 279 325 77.4% 1.07 [0.38, 1.75] B
Heterogeneity: Tau’ = 0.78; Chi* = 85.88, df = 6 (P < 0.00001); I = 93%
Test for overall effect: Z = 3.05 (P = 0.002)
Total (95% CI) 353 388 100.0% 0.89 [0.35, 1.43) B
Heterogeneity: Tau® = 0.62; Chi* = 92.15, df = 8 (P < 0.00001); ¥ = 91% _54 _'2 ) i

Test for overall effect: Z = 3.20 (P = 0.001)
Test for subgroup differences: Chi’ = 3.89, df = 1 (P = 0.05), ¥ = 74.3%

Fig. 1 Overall cost of surgery open vs. MIS surgery

@ Springer
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Laparoscopic Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gerber 2017 3,382.4 933.82 52 2,750.76 1,980.73 50 26.4% 0.41 [0.02, 0.80] o
Limongelli 2012 3,208.28 163.58 16 2,095.65 422.83 29 25.5% 3.08 [2.18, 3.99] -
Ricci 2015 3,219.29  201.58 41 26235 265.31 40  21.7% 12.45[10.44, 14.47] —_—
Rutz 2014 3,798.42 1,938.66 70 2,862.91 1,487.81 45  26.4% 0.52 [0.14, 0.90] d
Total (95% CI) 179 164 100.0% 3.73 [1.55,5.91) B
Heterogeneity: Tau® = 4.65; Chi* = 158.63, df = 3 (P < 0.00001); P = 98% Vfo #S t |=0

Test for overall effect: Z = 3.36 (P = 0.0008)

Fig.2 Comparison of instrument costs

Cost of surgical procedure

Fifteen studies [21-24, 27, 28, 30, 32-34, 37-41] were
included in a meta-analysis of cost; nine assessed the
cost of the surgical procedure. Mean cost of MIS was
$6737.436 (range 3396.59 to 13,699.2) and open surgery
was $5659.911 (3069.39 to 12,286.21). Operative cost sig-
nificantly favoured open surgery (SMD 0.89, 95% CI 0.35
to 1.43; P=91%; P=0.001); however, there was high het-
erogeneity (Fig. 1). Subgroup analysis of Lap+Rob (n=2;
48.6 and 71.8% robotics in each study respectively) showed
that open surgery was favoured but was not significant (SMD
0.30, 95% CI—0.05 to 0.64; I*=0%; p=0.09). The Lap-only
(n="T) subgroup analysis showed open surgery was favour-
able (SMD 1.07, 95% CI 0.38 to 1.75; =91%; p=0.002),
but high heterogeneity persisted (Fig. 1).

Five studies [8, 10, 26, 35, 36] were not included in meta-
analysis of operative cost; Rodriguez et al. did not report
separated costs of the surgical procedure alone [8]. Xoura-
fasb et al. found open surgery to be 20% more expensive
than laparoscopy (P=0.091) [35]. In the remaining three
studies, MIS had higher operative cost; Lap + Rob (MIS
was 16% more expensive; P<0.001; [36]), Lap-only (mean
difference + $1451; [10]), or Rob-only (median differ-
ence + $20,543; P <0.001; [26]).

Cost of surgical instruments
Four studies [28, 30, 37-39] assessed the cost of surgical

instruments; mean equipment cost of laparoscopic surgery
was $3402.10 (range 3208.28 to 3798.42) and open surgery

Favours [Laparoscopic] Favours [Open]

was $1992.918 (262.35 to 2862.91). Material cost signifi-
cantly favoured open surgery (SMD 3.73, 95% CI 1.55 to
591; ’=98%; P= 0.0008); however, there was high het-
erogeneity (Fig. 2). Rodriguez et al. report highest surgical
equipment costs with robotic surgery (median $2871 (range
2507-3724) vs $48 and $38 for laparoscopic and open
respectively) [8].

Cost of operating room

Four studies [28, 30, 37, 38] assessed costs of operating
room (OR) occupation; mean OR occupation cost of laparo-
scopic surgery was $4484.13 (range 1476.54 to 8248.21) and
open surgery was $4255.57 (972.21 to 7996). OR occupation
cost also significantly favoured open surgery (SMD 1.17,
95% C10.11 t0 2.24; ’=95%; P= 0.03); however, there was
high heterogeneity (Fig. 3).

Cost of index hospitalisation

Fourteen studies [21, 22, 24, 27-30, 32-34, 37-40]
assessed the cost of index hospitalisation; mean cost of
MIS was $25,699.21 (range 6219.59 to 108611), and
open surgery was $27,922.99 (4331.38 to 11,6466.3).
MIS was favoured on meta-analysis, but the benefit was
not statistically significant (SMD —0.13, 95% CI—0.32
to 0.06; I>=80%; P=0.17). There was high heterogene-
ity (Fig. 4). Lap + Rob subgroup analysis (n =4) favoured
MIS (SMD —0.25, 95% CI—0.38 to—0.11; I>=0%;
P =0.003). Results also favoured MIS in the Lap-only
subgroup, but this did not reach statistical significance and

Laparoscopic Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gerber 2017 8,248 1,855.52 52 7,996 1,649.05 50 26.8% 0.14 [-0.25, 0.53] -
Limongelli 2012 1,249.98 61.73 16 972.21 46.3 29 19.8% 5.23 [3.94, 6.51] -
Ricci 2015 6,961.79 1,873.47 41 6,712.79 1,593.34 40 26.5% 0.14 [-0.29, 0.58] i
Rutz 2014 1,476.54 552.29 70 1,341.28 608.65 45 26.9% 0.23 [-0.14, 0.61] il
Total (95% CI) 179 164 100.0% 1.17 [0.11, 2.24] s
Heterogeneity: Tau® = 1.07; Chi* = 57.68, df = 3 (P < 0.00001); I = 95% f“ ) 5 f‘

Test for overall effect: Z = 2.16 (P = 0.03)

Fig. 3 Comparison of operating room costs
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Minimally Invasive Open Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.2 Laparoscopic + Robotic
de Rooij 2019 15,794.4 7,289.65 47 17,989.89 8,761.45 55 7.3% -0.27 [-0.66, 0.12]) —_—
Fisher 2019 36,364.12 19,854.23 199 42,422.84 28,067.21 693 9.9% -0.23[-0.39, -0.07) ——
Stewart 2020 6,732.79 2,622.62 39 7,636.39 3,392.7 41 6.8% -0.29[-0.74, 0.15] S — ——
Waters 2010 14,217.5 14,568.39 35 18,737.31 2,929.33 22 5.7% -0.38 [-0.92, 0.15) ————
Subtotal (95% CI) 320 811 29.8% -0.25(-0.38,-0.11] e
Heterogeneity: Tau® = 0.00; Chi’ = 0.36, df = 3 (P = 0.95); F¥ = 0%
Test for overall effect: Z = 3.63 (P = 0.0003)
3.1.3 Laparoscopic only
Eom 2008 6,219.59 2,349.57 31 4,331.38 1,588.58 62 6.6% 1.00 [0.54, 1.45]
Fox 2012 10,692.43 2,606.02 42 13,517.89 3,792.87 76 7.3% -0.82 [-1.21, -0.43)
Gerber 2017 33,139.22 8,055.47 52 37,087.63 17,329.83 50 7.3% -0.29 [-0.68, 0.10] g ——
Liang 2015 14,073.2 3,862.86 15 16,908.79 4,929.22 29 4.8% -0.61[-1.24,0.03) r
Limongelli 2012 14,819.21 2,466.01 16 16,888.62 4,666.59 29 5.0% -0.50([-1.12,0.12]) e
Mesleh 2013 173 219.7231112 59 154 219.7231112 43 7.3% 0.09 [-0.31, 0.48] S
Ricci 2015 16,389.93 3,952.97 41 11913.75 6,164.38 40 6.6% 0.86 (0.40, 1.31)
Rutz 2014 11,812.31 3,347.57 70 15,667.09 13,074.7 45 7.5% -0.45[-0.83, -0.07]
Tran 2016 108,611.04 65,625.26 681 116,466.26 75,277.78 14893 10.5% -0.10[-0.18, -0.03] -
van Hilst 2019 45,223.99 28,049.35 50 43,431.09 30,925.04 49 7.3% 0.06 [-0.33, 0.45) ——
Subtotal (95% CI) 1057 15316 70.2% -0.07 [-0.35, 0.22] i
Heterogeneity: Tau® = 0.17; Chi* = 62.04, df = 9 (P < 0.00001); F = 85%
Test for overall effect: Z = 0.47 (P = 0.64)
Total (95% CI) 1377 16127 100.0% -0.13 [-0.32, 0.06] -
Heterogeneity: Tau® = 0.09; Chi’ = 66.31, df = 13 (P < 0.00001); P = 80% ¢l 0% 5 0¢S i

Test for overall effect: Z = 1.36 (P = 0.17)
Test for subgroup differences: Chi’ = 1.26, df = 1 (P = 0.26), I = 20.7%

Fig.4 Comparison of index hospitalisation costs

was associated with high heterogeneity (SMD —0.07, 95%
CI-0.351t00.22; ’=85%; P=0.64).

Five studies were not included in the meta-analyses.
Amongst these, one demonstrated lowest cost with robotic
surgery followed by laparoscopic and highest with open sur-
gery (P=0.02) [8]. This was found to be the case even after
adjusting for cost of robotic maintenance [36]. The remain-
ing three studies found no significant differences in costs of
index hospitalisation [10, 26, 42] (Table S3).

Cost-effectiveness

Ricci et al. conducted cost-utility analysis in addition to
CMA using EQ-5D derived QALY as a measure of effec-
tiveness [37]. They showed a mean difference in QALY was
0.2+0.08 (P=0.005), and total index hospitalisation cost was
€1379+919; P<0.001), suggesting the greater cost of laparo-
scopic surgery was balanced by the improved benefit in QOL
[37]. The probability for laparoscopy being more cost-effective
than open was higher at a willingness to pay above €5400 per
QALY. The ICER was €5622 (£5808 for 2020 price-year) per
QALY gained. Van Hilst et al. were excluded from cost-effec-
tiveness analysis as the mean cost difference was derived from
total cost including time after discharge [23].

Laparoscopic versus robotic techniques

Rodriquez et al. reports higher costs associated with robotic
surgery for cost of surgery, OR occupation, surgical instru-
ments, but not overall index hospitalisation [8]. Two stud-
ies also showed higher costs of OR occupation for MIS
(robotic > laparoscopic > open), with laparoscopic surgery

@ Springer
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costing $338 more per patient [8, 10]. This was similar
amongst non-meta-analysed studies that report greater
instrument costs for MIS (robotic > laparoscopic [8]) com-
pared to open by between 65 and 93% and greater costs per
person [10, 36, 42] (Table S2).

Risk of bias

Observational studies overall had a low risk of bias, as most
scored between 6 and 8 on the Newcastle—Ottawa quality
assessment scale (Table 1). The included RCTs were overall
associated with a high risk of bias largely due to outcome
reporting [21-23]. A summary of the risk of bias assessment
can be found in Table S1 and Figure S2. Index hospitalisa-
tion was best reported in the lap subgroup and had enough
studies to assess publication bias; see Figure S3.

Discussion

This systematic review and meta-analysis evaluated the
available evidence on the costs and cost-effectiveness of MIS
and open major pancreatic surgery. Cost of surgical proce-
dure, cost of surgical instruments, and operating room costs
significantly favoured open surgery; however, the overall
cost of index hospitalisation was comparable between open
surgery and MIS. The reasons for reduced hospitalisation are
not detailed and could be because of advantages in reduced
length of stay or the operator bias.

Cost of surgical instruments was significantly more expen-
sive for MIS than open surgery despite the exclusion of the
cost of purchase and maintenance of robotic equipment. This is
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similar in other areas with established robotic surgical practice
such as prostatectomy where costs of surgical supplies and OR
occupation are higher with MIS compared to open prostatec-
tomy, despite excluding amortised cost and reduced operative
time [43, 44]. The requirement for additional equipment such
as laparoscopic and robotic electrosurgical instruments and
needle drivers may be a key contributor to these raised costs
[45, 46]. Childers and Maggard-Gibbons found that instrument
and accessory costs of robotics across gynaecological, urologi-
cal, and general surgeries were around $1866 per procedure
[47], whereas equipment for non-robotic surgery is relatively
inexpensive. Our findings show that robotic surgery had the
highest costs, followed by laparoscopic then open, confirming
the results of a recent meta-analysis comparing robotic and
laparoscopic DP [48, 49].

Despite significantly greater costs of MIS for DP and
PD, overall cost of index hospitilisation was comparable
in the laparoscopic and robotic subgroup. Higher opera-
tive costs of MIS may be compensated by lower costs out-
side of the OR. This is likely related to decreased length
of hospital stay and reduced recovery times [50, 51]. Pre-
vious meta-analysis found a laparoscopic approach to DP
reduced length of stay by 3.8 days (P <0.01) compared to
open [52]. Abu Hilal et al. [53] showed similar findings:
lower postoperative costs with laparoscopic compared to
open DP (—£5547, P=0.006) resulting in an overall reduc-
tion in hospitalisation cost of £4737 (P=0.197). Similarly,
Fingerhut et al. compared laparoscopic vs open DP [54]
and showed higher operative but lower postoperative costs
resulting in cost-equipoise between both approaches.

The current study found that MIS is associated with an incre-
mental cost of €5622 per QALY gained. This meets the thresh-
old adapted by the NHS in the UK of £20,000 and £30,000 per
QALY for recommending treatments [55]. MIS had a 100%
probability of being cost-effective when the threshold value for
an additional gain of QALY was £20,000. As experience with
MIS increases and the availability of robotic surgery increases,
the cost-effectiveness may further improve and may justify its
use in the healthcare systems that are interested in delivering
equitable and sustainable value-based healthcare.

There are several limitations of the included studies in this
review. Most studies were case-controlled and three were RCTs.
There was also a high level of heterogeneity between studies,
potentially due to the studies being conducted across 6 coun-
tries where costs vary between hospitals and healthcare systems.
Because of this, the applicability of the average cost of MIS and
open surgery may have limited transferability into individual
healthcare settings [56]. Reporting the resection of proximal and
distal pancreatic resections with different operative complexity
and outcomes also adds to the heterogeneity. To minimise bias
due to this heterogeneity, we decided to use SMD to measure
effect sizes. Two of the studies had high heterogeneity; a sen-
sitivity analysis performed has not changed the overall results

of meta-analyses [37, 38]. Direct cost assessment, as done in
this review, does not account for indirect benefits such as ear-
lier return to normal activities including and loss of productiv-
ity [57]. This study also does not account for the training costs
associated with the significant learning curve associated with
laparoscopic and robotic surgery [58]. The small sample size of
most studies also necessitates further research to detect differ-
ences between MIS and open surgery. Also, the overall number
of robotic procedures is small and will need future larger stud-
ies. The similar overall cost of index hospitalisation suggests
minimally invasive pancreatic surgery is no worse than open
approaches. However, only one included study analysed the
ICER of laparoscopic DP, and further studies are required to
evaluate the cost-effectiveness of the MIS approach to pancreatic
surgery. Given the smaller volumes in the minimally invasive
cohort, the authors discussed and opted to keep the laparoscopic
and robotic options together. There is a need to perform cost-
analysis of robotic surgery separately as the data evolves and
the procedure gets established. Publication bias was evident in
the laparoscopic-only subgroup analysis of index hospitalisation
costs. Hence, the results from this analyses have to be interpreted
with much caution. The authors believe that the limitations of
this review would highlight the drawbacks and help in the devel-
opment of appropriate methodology for future studies.

In conclusion, this systematic review and meta-analysis
found that MIS approaches are associated with higher proce-
dural costs but may have similar overall index hospitalisation
costs compared to open pancreatic surgery.
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