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Abstract
Background Data regarding the quality of life in patients undergoing laparoscopic distal pancreatectomy are lacking and no studies
have reported a real cost-effectiveness analysis of this surgical procedure. The aim of this study was to evaluate and compare the
quality of life and the cost-effectiveness of a laparoscopic distal pancreatectomy with respect to an open distal pancreatectomy.
Methods Forty-one patients who underwent a laparoscopic distal pancreatectomy and 40 patients who underwent an open distal
pancreatectomy were retrospectively studied as regards postoperative results, quality of life and cost-effectiveness analysis. The
Italian neutral version of the European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire C-30,
version 3.0, was used to rate the quality of life.
Results Postoperative results were similar in the two groups; the only difference was that the first oral intake took place
significantly earlier in the laparoscopic group than in the open group (P<0.001). Regarding quality of life, the laparoscopic
approach was able to ameliorate physical functioning (P=0.049), role functioning (P=0.044) and cognitive functioning (P=
0.030) and reduce the sleep disturbance scale (P=0.050). The cost-effectiveness analysis showed that the acceptability curve for a
laparoscopic distal pancreatectomy had a higher probability of being more cost-effective than an open distal pancreatectomy
when a willingness to pay above 5400 Euros/quality-adjusted life years (QALY) was accepted.
Conclusion Despite the limitations of the study, laparoscopic distal pancreatectomy can be considered not only safe and feasible
but also permits a better quality of life and is acceptable in terms of cost-effectiveness to Italian and European health care services.
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Introduction

Laparoscopic distal pancreatectomy (LDP) has become widely
accepted in the treatment of benign and low-grade malignant
pancreatic diseases1. Recent systematic reviews and meta-
analyses2–8 have demonstrated the safety and feasibility of an

LDP and have reported some postoperative advantages with re-
spect to an open approach. Recently, some studies9–12 have com-
pared the costs of an LDP and an open distal pancreatectomy
(ODP). However, data regarding the quality of life (QoL) in
patients treated with an LDP are lacking and, to our knowledge,
no study has reported a real cost-effectiveness analysis. The prin-
cipal aim of this study was to evaluate and compare the QoL and
the cost-effectiveness of an LDP with respect to an ODP.

Materials and Methods

Study Design

This was a retrospective study based on a prospectively col-
lected database regarding 41 consecutive patients who were
treated from January 2008 to June 2013 with an LDP for
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benign or low-grade malignant lesions of the pancreatic body-
tail. This group was compared with a cohort of 40 consecutive
patients who underwent an ODP from January 2003 to
June 2013 for benign or low-grade malignant lesions of the
pancreatic body-tail.

Surgical Procedures

All procedures (both ODPs and LDPs) were carried out by the
same surgical team consisting of two high-volume pancreatic
surgeons (FM and RC)13. After 2008, patients were selected
for an ODP with the following criteria: absolute contraindica-
tions for laparoscopy14 and patients who did not consent to a
laparoscopy. The surgical laparoscopic technique was the
same as previously reported15. The following devices were
used for each laparoscopic procedure: disposable 10-mm tro-
cars (Ethicon® Endosurgery) (from minimum 3 to maximum
5), one or two disposable 10-mm graspers (endo Grasper™
Ethicon® Endosurgery), one clip applier (Endo-Clip ap-
pliers™ Ethicon® Endosurgery), one endobag (EndoBag™
Ethicon® Endosurgery) and old (Ultracision Harmonic
Scalpel, Ethicon Endo-Surgery, Cincinnati, OH, USA)- or
new (Harmonic Ace, Ethicon Endo-Surgery, Cincinnati, OH,
USA)-generation harmonic scalpels. A pancreatic resection
was usually performed using a linear stapler. The selection
of the type of stapler and of the colour/size of the cartridge
was at the discretion of the surgeon: a double-row Endo GIA
stapler 45 mm (Ethicon® Endosurgery), a three-row Echelon
Endopath™ 60 mm (Ethicon® Endosurgery) or a three-row
Endo GIA Ultra Tri stapler™ 60 mm ((Covidien®)Surgical).
The ODP was performed as previously reported16, and the
pancreatic stump was treated either one of two techniques,
according to the preference of the surgeon: (a) stapling with
a linear stapler using one of the above-mentioned staplers and
(b) hand-sewing. A splenectomy was performed in both the
open and the laparoscopic procedures in cases of suspicious
malignant lesions or when a spleen-preserving distal pancre-
atectomy was impossible for technical reasons.

Definitions

Operative time was defined as the time interval from incision
to the suturing of the skin. Postoperative morbidity included
all complications following surgery up to the day of discharge,
according to the Clavien-Dindo classification17. A postopera-
tive pancreatic fistula (POPF) was defined according to the
definition proposed by the International Study Group of
Pancreatic Fistula (ISGPF; grades A, B and C)18.
Postpancreatectomy haemorrhage (PPH) was defined as
intraabdominal or intestinal bleeding according to the criteria
of the International Study Group of Pancreatic Surgery
(ISGPS)19. Reoperation was defined as any surgical procedure
carried out in the first 30 postoperative days or before

discharge from the hospital. Postoperative mortality was de-
fined as all deaths occurring during the hospital stay or within
90 days from surgery. The hospital stay was defined as the
interval from the day of surgery to discharge.

Patients Characteristics and Clinical Outcomes of Interest

The groups were compared as regards sex, age, comorbidities,
body mass index (BMI), size of lesions, previous abdominal
surgery, type of surgery (splenectomy, pancreatic stump man-
agement and extension of resection), characteristics of the
pancreatic stump (texture and Wirsung dilatation), operative
time and final histological diagnosis. Postoperative results,
such as mortality, overall complications, POPF, PPH, reoper-
ation rate, first oral intake, hospital stay and pathological data,
were also evaluated.

Quality of Life

Data regarding patient quality of life were obtained from the
database of the patients who underwent pancreatic resection.
All patients who underwent pancreatic resection in our insti-
tution were asked to respond to two different questionnaires
1 year after surgery: a condition-specific questionnaire
(European Organization for Research and Treatment of
Cancer Quality of-Life Questionnaire C-30 (EORTC QLQ
C30)) and a generic questionnaire (EuroQOL five dimensions
(EQ-5D)). The Italian neutral version of the EORTC QLQ
C-30, version 3.0, was used. The EORTC QLQ C-30 consists
of one global domain (global health [GH]); five functional
domains exploring physical functioning (PF), role functioning
(RF), emotional functioning (EF), cognitive functioning (CF)
and social functioning (SF) as well as eight symptom scales
(fatigue [FA], pain [PA], nausea-vomiting [NV], dyspnea
[DY], appetite loss [AP], sleep disturbance [SL], constipation
[CO], diarrhoea [DI]); and 1 item concerning the financial
impact (FI) of the disease. Scoring of the EORTC QLQ C-
30 was carried out according to published methods20; all
scales were transformed to scores between 0 and 100. For
the functional scales and the global health status, higher scores
reflected a higher level of functioning. In the symptom scales
or single items, higher scores reflected increasing level
of symptoms or difficulty. The interpretation of the
scores was carried out according to the EORTC QLQ
C-30 Scoring Manual21. Moreover, the presence of an
incisional hernia at the time of interview was evaluated.
The results of the QoL questionnaire and the incisional
hernia rate between the two groups were compared.
Multivariate analysis was also carried out to establish
which factors independently influenced patients: QoL
as well as age, comorbidities, pathological data (malig-
nant or benign), postoperative course (complicated or
uncomplicated), type of surgery (a laparoscopic or an
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open approach, standard or extended resection) and oth-
er chronic or acute diseases occurring during the 1-year
follow-up. Data derived from EORTC QLQ C30 are
unable to directly calculate quality-adjusted life years
(QALYs). Thus, data regarding QALYs were derived
from the values of generic preference-based measures,
such as the EuroQoL five dimension questionnaire22.

Cost-Effectiveness Analysis

The cost-effectiveness analysis was carried out in accordance
with the EVEREST guidelines23. The total costs of the two
surgical procedures regarded hospital stay, and instrumental
and operative room costs, and were obtained from the econom-
ic office of our hospital. All costs were discounted at a real
annual rate to adjust for the relative value of the Euro at present.
The crude costs of both groups were compared separately con-
sidering hospital stay costs, intraoperative costs (surgical instru-
ment costs, operative room costs) and total costs.

The mean differential cost and mean differential QALY
were calculated and plotted on a cost utility plane. The hori-
zontal axis represented the differences in QALYs and the ver-
tical axis the differences in costs. The incremental cost-
effectiveness ratio (ICER) was properly computed as cost
per QALY gained and reported as mean values. The ICER
slope and 95 % confidence intervals (CI 95 %) were plotted.
The Italian gross domestic product (GDP) per capita (24,048
Euros) was considered as a reference value assuming an ICER
of 1xGDP to define an intervention as cost-effective24,25.
Uncertainty regarding cost-effectiveness was also explored
using the cost-effectiveness acceptability curve (CEAC)
which shows the probability that an intervention is cost-
effective as compared with the alternative, given the observed
data, for a range of monetary values that a decision-maker
might be willing to pay for a particular unit change in outcome
(willingness to pay (WTP))26. The incremental net monetary
benefit (INMB) was calculated to obtain a confidence interval
for producing the cost-effectiveness analysis acceptability
curve. Finally, a sensitivity analysis was carried out to assess
the impact of disposable instruments (trocars, graspers, clip
appliers). In this hypothetical scenario, we considered that
surgeons used only harmonic scalpels for the dissection and
the least expensive linear stapler available in our hospital.

Statistical Analysis

Data were analysed on an intention-to-treat basis, including a
group of LDP patients in whom a conversion to a laparotomic
procedure was needed. Means, medians, standard deviations,
ranges and frequencies were used to describe the data. The
Fisher’s exact test and Pearson chi square test were applied to
discrete variables. Continuous variables were compared using
the Student’s t test. Multivariate analysis was carried out using

linear regression. The results and costs were reported as mean
difference and interval confidence (CI 95 %). Two-tailed P
values less than 0.05 were considered statistically significant.
A confidence interval for the costs per QALY ratio was ob-
tained using the non-percentile bootstrap method, based on
2000 replications. Fieller’s method was used to establish the
confidence interval27. Data analyses were carried out by run-
ning the Statistical Package for Social Science (SPSS,
Chicago, IL), version 13. Cost-effectiveness analyses were
carried out using Stata™ 5.0 software (Stata Corporation,
College Station, Texas, USA).

Results

Table 1 shows the results comparing the ODP and the LDP
groups. There were no differences in sex, age, presence of
comorbidities, BMI index, previous abdominal surgery, size
of lesions, splenectomy rate, characteristics of the pancreatic
stump (texture and Wirsung dilatation), extension of resection
and operative time. In the LDP group, the pancreatic stump
was closed more frequently with a linear stapler than in the
ODP group (82.9 vs. 47.5 %; P=0.001). No postoperative
mortality was reported and five (12.2 %) procedures in the
LDP group were converted. Of the 81 patients included in
the analysis, 39.6 % (n=32) had well-differentiated endocrine
tumours, 22.3 % (n=18) intraductal papillary mucinous neo-
plasms (4 patients with high-grade dysplasia and 14 with
mild-moderate dysplasia), 11.2 % (n=9) serous cystic neo-
plasms, 9.8 % (n=8) mucinous cystic neoplasms with mild-
moderate dysplasia, 4.8 % (n=4) solid cystic papillary neo-
plasms, 3.7 % (n=3) non-Hodgkin’s lymphoma and 8.6 %
(n=7) other non-neoplastic lesions. The number of benign
and low-grade malignant lesions was similar in the two
groups. The postoperative outcomes of interest are shown in
Table 2. Complications, POPF, PPH and reoperation rates
were similar between the two groups. The first oral intake
was significantly earlier in the LDP group than in the ODP
group (4 vs. 5 days; P<0.001). Overall hospital stay was sim-
ilar in the LDP and ODP groups (P=0.754), but it shows a
trend toward statistical significance when the postoperative
course was uneventful (8 vs. 9 days; P=0.059).

Analysis of the Quality of Life

Analysis of the quality of life was available in only 54 patients
(34 treated with LDP and 20 with ODP) because the other
patients refused QoL questionnaires or were lost at the fol-
low-up. The complication rate in LDP and ODP groups re-
mains similar after exclusion of the patients without QoL
questionnaires (32.4 vs. 35.5 %; P=1.000, respectively).

The QoL was similar between the two groups regarding
global health and some functional domains (EF, CF and SF).
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At 12 months, in the group of patients treated with LDP, the
PF (88.1±19.2 vs. 72.7±29.5; P=0.046) and RF (81.8±25.1
vs. 62.5±34.1; P=0.035) functional domains were more sig-
nificantly improved than in the ODP group. Some symptom
scales, such as FA, PA, NV, DY, AP and CO, were compara-
ble. On the contrary, the ODP patients presented a significant-
ly higher SL scale (26.7±25.6 vs. 12.7±21.7; P=0.049) while
LDP patients presented a significantly higher (5.9±15.3 vs. 0;

P=0.032) DI scale (Fig. 1). Finally, there was no difference
concerning the FI scale. The rate of postoperative incisional
hernia was similar (5.0 vs. 5.9 %; P=0.694) in both the ODP
and the LDP groups, respectively. Multivariate analysis of the
possible factors influencing the QoL scores (Table 3) showed
that the laparoscopic approach was an independent factor ca-
pable of ameliorating the PF (P=0.049), RF (P=0.044) and
CF (P=0.030) functional domains. It moreover confirmed that
patients treated with an LDP presented a lower SL scale
(P=0.050).

Cost-Effectiveness Analysis

Comparison of crude health service costs (Table 4) showed
that postoperative stay costs were similar (5194 vs. 5520
Euros; P=0.628) while total and intraoperative costs were
significantly higher in the LDP group than in the ODP group
(6869 vs. 4076 Euros; P<0.001). In particular, the ODP

Table 2 Comparison of postoperative outcomes between open distal
pancreatectomy and laparoscopic distal pancreatectomy

Postoperative results ODP
(n=40)
N (%)

LDP
(n=41)
N (%)

P value

Complications

No 20 (50) 26 (63.4) 0.226a

Yes 20 (50) 15 (36.6)

POPF

No 32 (80) 30 (73.2) 0.352b

Grade A 3 (7.5) 3 (7.3)

Grade B 5 (12.5) 7 (17.1)

Grade C 0 1 (2.4)

PPH

No 34 (85) 37 (90.2) 0.444b

Grade A 1 (2.5) 1 (2.4)

Grade B 5 (12.5) 3 (7.3)

Grade C 0 0

Reoperation

No 40 (100) 39 (95.1) 0.494a

Yes 0 2 (4.9)

First oral intake (days; median; range) 5 (3–12) 4 (2–8) <0.001c

Hospital stay in uncomplicated
patients (days; median; range)

9 (7–14) 8 (6–12) 0.059c

Hospital stay in complicated
patients (days; median; range)

11 (7–22) 10 (7–24) 0.754c

Hospital stay in all patients
(days; median; range)

10 (7–22) 9 (6–24) 0.640c

ODP open distal pancreatectomy, LDP laparoscopic distal pancreatecto-
my, POPF postoperative pancreatic fistula, PPH postpancreatectomy
haemorrhage
a Fischer’s exact test
b Pearson chi square test
c Student’s t test

Table 1 Open distal pancreatectomy and laparoscopic distal
pancreatectomy groups compared as regards demographic, clinical,
surgical, intraoperative and pathological data

Characteristics ODP (n=40)
N (%)

LDP (n=41)
N (%)

P value

Sex

Male 21 (52.5) 14 (34.1) 0.119a

Female 19 (47.5) 27 (65.9)

Age (years) 67 (2582) 58 (1582) 0.912b

Comorbidities

None 14 (35) 17 (41.5) 0.649a

One or more 26 (65) 24 (58.5)

BMI (kg/m2) 26.6 (1745) 25.3 (1840) 0.912b

Previous abdominal surgery

No 12 (30) 18 (43.9) 0.252a

Yes 28 (70) 23 (56.1)

Size of lesions (cm) 3 (8–15) 2.5 (0.5–15) 0.292b

Splenectomy

No 12 (30) 11 (26.8) 0.809a

Yes 28 (80) 30 (73.2)

Texture of the pancreatic stump

Soft 30 (75) 34 (82.9) 0.424a

Hard 10 (25) 7 (17.1)

Wirsung >3 mm

No 38 (95) 39 (95.1) 1.000a

Yes 2 (5) 2 (4.9)

Pancreatic stump management

Hand closure 21 (52.5) 7 (17.1) 0.001a

Linear stapler 19 (47.5) 34 (82.9)

Extended resection

No 36 (90) 38 (92.7) 0.712a

Yes 4 (10) 3 (7.3)

Operative time (minutes) 217.5 (135–385) 210 (150–400) 0.760b

Pathological diagnosis

Benign disease 18 (45) 23 (56.1) 0.377a

Low-grade malignant
disease

22 (55) 18 (43.9)

ODP open distal pancreatectomy, LDP laparoscopic distal pancreatecto-
my, BMI body mass index
a Fischer’s exact test
b Student’s t test
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procedures were less expensive regarding surgical instruments
(177 vs. 2172 Euros; P<0.001). Finally, an LDP was more
expensive than ODP regarding total costs (11,058 vs. 8038
Euros; P<0.001).

A cost-effectiveness analysis was carried out in only 61
patients (35 treated with LDP and 26 with ODP) in which
we obtained information regarding the quality of life using
the EQ-5D. When comparing the LDP and the ODP groups,
the mean difference in QALYs was 0.2±0.08 (P=0.005) and
in costs was 1379±919 Euros (P<0.001). The ICER was
5622 Euros for additional QALY gain. Figure 2 (panel A)
shows the cost utility plane: from 2000 bootstrapped replica-
tions, 1944 observation (97.2 %) were found to be in the
Buncertain quadrant^ (northeast), 46 (2.3 %) in the Baccept
quadrant^ (southeast) and 10 (0.5 %) in the Breject quadrant^
(northwest).

In Fig. 2 (panel B), the ICER slope with a 95 % confidence
interval is reported. The mean ICER slope was 16,108 Euros
per QALY gained (-390; 18,922 Euros per QALY; CI 95 %).
Figure 3 shows the incremental net monetary benefit (INMB)
with a 95 % confidence interval (panel A) and the cost-
effectiveness acceptability curve (panel B). The acceptability
curve shows that an LDP had a higher probability of being
more cost-effective than an ODP when a WTP more than
5400 Euros/QALY was accepted.

The sensitivity analysis showed that the use of some reus-
able laparoscopic equipment (trocars, graspers, clip appliers),
and the use of the least expensive linear stapler available

reduced the mean differential cost to 808±957 Euros (P=
0.001), with an LDP still remaining significantly more expen-
sive. The ICER was 3293 Euros per additional QALY gain.
The acceptability curve showed that an LDP had a higher
probability of being more cost-effective than an ODP when
a WTP more than 3240 Euros/QALY was accepted.

Discussion

Recent systematic reviews and meta-analyses2–8 have demon-
strated that the laparoscopic approach is a reasonable and safe
alternative to the open technique in performing a distal pan-
createctomy. Some advantages regarding postoperative course
as well as the complication rate and hospital stay have been
described, but several limitations in the study designs (no
randomised trials, different classification systems for detect-
ing complications, no intention-to-treat analyses) rendered it
impossible to state that LDP was clearly superior to ODP. To
our knowledge, our study is the first in which LDP and ODP
were compared as regards not only the postoperative results
but also for QoL, crude costs and cost utility.

Patients were similar as regards age, sex, BMI, size of
lesions, presence of comorbidities, previous abdominal sur-
gery, splenectomy rate, characteristics of the pancreatic stump
(texture and Wirsung dilatation), extension of the resection
and operative time. The closure of the pancreatic stump was
carried out using a linear stapler more frequently in the

Fig. 1 EORTC QLQ C-30 domains and symptoms evaluated 12 months
after surgery in the 54 patients undergoing open or laparoscopic distal
pancreatectomy. The data are reported as mean (±SD). ODP open distal
pancreatectomy, LDP laparoscopic distal pancreatectomy, GH global
health, PF physical functioning, RF role functioning, EF emotional

functioning, CF cognitive functioning, SF social functioning, FA fatigue,
PA pain, NV nausea-vomiting, DY dyspnea, AP appetite loss, SL sleep
disturbance, CO constipation, DI diarrhoea, FI financial impact of the
disease. P values were computed by means of ANOVA. *P value <0.05
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laparoscopic approach than in the open approach (P=0.001).
Diener MK et al.28 recently reported, in the DISPACT trial,
that stapler closure in distal pancreatectomies did not reduce
the rate of pancreatic fistula or total complications as com-
pared with hand-sewn closures. In our experience, the postop-
erative course was similar in the two groups without any dif-
ferences in complications, POPF, PPH and reoperation rate.
Nevertheless, in the seven meta-analyses2–8 available in the
English language which compared LDP to ODP, only four
were able to demonstrate a reduction in complication

rate;2,5,7,9 one out of seven showed a reduction in the POPF
rate,2 and none reported differences in PPH and reoperation
rate. In our study, only the first oral intake was significantly
earlier in the LDP group with respect to the ODP group
(P<0.001), confirming the results reported by five meta-anal-
yses. The length of hospital stay was significantly shorter in
patients with an uneventful postoperative course but, when
complicated patients were included in the analyses, no differ-
ences were found. Pancreatic surgery, even if performed in
high-volume centres, is characterised by a high risk of a

Table 3 Multivariate analysis of factors influencing the quality of life (QoL) according to the Italian neutral version of the European Organization for
Research and Treatment of Cancer Quality of-Life Questionnaire C-30 (EORTC QLQ C-30), version 3.0

QoL scales Factors Multivariate effect (C.I. 95 %) P value

GH Other acute or chronic disease during follow-up (yes vs. no) −17.1 (−28.9; −5.1) 0.006a

PF Other acute or chronic disease during follow-up (yes vs. no)
Surgical procedures (LDP vs. ODP)

−19.1 (−32.3; −5.9)
12.6 (0.1–25.3)

0.005a

0.049a

RF Other acute or chronic disease during follow-up (yes vs. no)
Surgical procedures (LDP vs. ODP)

−20.4 (−36.8; −4.1)
16.2 (0.4–32)

0.016a

0.044a

EF Type of pathology (benign vs. malignant)
Other acute or chronic disease during follow-up (yes vs. no)

−9.9 (−19.3; −0.5)
−15.5 (−25.5; −5.5)

0.039a

0.003a

CF Surgical procedures (LDP vs. ODP)
POPF (yes vs. no)

10.7 (1.1; 20.4)
−13.00 (−25.4; −2.4)

0.030a

0.007a

SF POPF (yes vs. no) −7.1 (−14.1; −0.3) 0.040a

FA Presence of comorbidities 13.5 (2.1; 25.1) 0.021a

NV b b b

PA Other acute or chronic disease during follow-up (yes vs. no) 16.3 (3.3; 29.3) 0.015a

DY Other acute or chronic disease during follow-up (yes vs. no) 14.4 (1.7; 27.1) 0.027a

SL Surgical procedures (LDP vs. ODP) −12.9 (−25.9; −0.19) 0.050a

AP Presence of comorbidities 10.1 (0.5; 19.6) 0.039a

CO POPF 16.9 (0.2; 33.8) 0.048a

DI b b b

FI Other acute or chronic disease during follow-up (yes vs. no) 14.4 (1.7; 27.1) 0.027a

QoL quality of life, ODP open distal pancreatectomy, LDP laparoscopic distal pancreatectomy, CI 95% confidence interval, GH global health, PF
physical functioning, RF role functioning, EF emotional functioning, CF cognitive functioning, SF social functioning, FA fatigue, PA pain, NV nausea-
vomiting, DY dyspnea, AP appetite loss, SL sleep disturbance, CO constipation, DI diarrhoea, FI financial impact of the disease, POPF postoperative
pancreatic fistula
a ANOVA
bNo independent factors associated

Table 4 Comparison of costs
(hospital stay, intraoperative and
total costs) between open distal
pancreatectomy and laparoscopic
distal pancreatectomy

Costs ODP (n=40)

N (%)

LDP (n=41)

N (%)

P value

Hospital stay costs (mean±SD; Euro) 5520±2756 5194±3273 0.628a

Intraoperative cost (mean±SD; Euro)

Instruments 177±179 2172±136 <0.001a

Operating theatre 4529±1075 4697±1264 0.521a

Total 4076±1070 6869±1263 <0.001a

Total costs (mean±SD; Euro) 8038±4159 11,058±2667 0.001a

ODP open distal pancreatectomy, LDP laparoscopic distal pancreatectomy
a Student’s t test
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complicated (up to 45 %) postoperative course28 which can
eclipse the typical advantages of the laparoscopic approach as
well as a short hospital stay.

To our knowledge, data regarding the QoL after LDP are
lacking in the English literature. In this study, LDP gave pa-
tients a significantly better QoL than ODP in some functional
domains as well as in physical functioning and role function-
ing. These results were not surprising. In fact, the PF and the
RF domains explore the ability of patients at work and con-
firm the hypothesis that a laparoscopic approach permits a
quick return to normal activities. Moreover, symptomatic do-
mains as well as sleeping disturbance also seemed to be

favourably influenced by the laparoscopic approach. These
results were confirmed by a multivariate analysis designed
to avoid interference from various factors capable of modify-
ing some symptomatic or functional domains. At the time of
interview, the rate of overall incisional hernia was low (3 %),
and no difference was found between LDP and ODP.

Few studies9–12 have compared the costs of the laparoscop-
ic and the open approaches in distal pancreatectomies; how-
ever, the results are conflicting. Eiom et al.9 first reported the
costs of LDP in comparison with ODP, showing that the over-
all costs of the laparoscopic approach were significantly lower
than those of ODP. Limongelli et al.10 reported that the

Fig. 2 a The cost utility plane. In
2000 bootstrapped replications,
1944 observations (97.2 %) were
found to be in the northeast (NE)
quadrant, 46 (2.3 %) in the
southeast (SE) quadrant and 10
(0.5 %) in the northwest (NW)
quadrant. ICER incremental cost-
effectiveness ratio, QALY quality-
adjusted life years. b The incre-
mental cost-effectiveness ratio
(ICER) slope with 95 % confi-
dence interval. The mean ICER
slope was 16,108 Euros per
quality-adjusted life year (QALY)
gained. Fieller’s method was used
to calculate the confidence inter-
vals (CI 95 %)
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operative costs for LDP were significantly higher than those
for ODP (2889 vs. 1989 Euros); the entire cost of the associ-
ated hospital stay was higher in the ODP group (8955 vs. 6714
Euros); the total cost was comparable in the LDP and the ODP
groups (9603 vs.. 10,944 Euros). Fox et al.11 reported a sig-
nificant reduction in hospital stay and total costs in the lapa-
roscopic approach without differences in operative costs. Abu
Hilal et al.12 reported higher operative costs, a shorter hospital
stay and lower total costs when comparing the LDP and the
ODP groups. In our experience, the analysis of crude costs
showed that operative costs were higher when LDP was com-
pared with ODP (6869 vs. 4076 Euros; P<0.001). This

difference depended on the disposable surgical instruments
(such as trocars, graspers, harmonic scalpels and linear sta-
plers) routinely used in our laparoscopic series (2172 vs. 177
Euros; P<0.001) while, when the surgery was performed by a
skilled laparoscopic surgeon,10 the operative time and relative
costs (4697 vs. 4529 Euros; P=0.521) were similar.

Finally, in the English literature, a real cost-effectiveness
analysis for LDP is lacking. In fact, this analysis is required for
any new treatment proposed in clinical practice, not only for
the total cost of the procedures but also for the effectiveness of
the treatment. Our results showed that LDP may have some
advantages in a mid-term follow-up regarding QoL with

Fig. 3 a Incremental net
monetary benefit (INMB) with
95 % confidence interval. CI
95%: lower and upper confidence
interval. b The cost-effectiveness
acceptability curve (CEAC).WTP
willingness to pay

1422 J Gastrointest Surg (2015) 19:1415–1424



respect to ODP, perhaps in terms of in-hospital costs at the
time of surgery. The cost-effectiveness analysis confirmed the
hypothesis that LDP was a more expensive procedure (mean
cost difference 1379 Euros; P<0.001) than ODP but, at the
same time, it was more effective (mean QALY difference 0.2;
P=0.005). In fact, the majority of the replications obtained
with the bootstrap method were found in the northeast quad-
rant of the cost utility plot (uncertain quadrant). To explore the
acceptability of LDP cost, we calculated both the ICER and
the WTP resulting in 5622 Euros and 5400 Euros for addi-
tional QALY gain, respectively, considering that the Italian
GDP per capita is 24,048 Euros. Thus, in the Italian health
care system, LDP may be considered an acceptable surgical
procedure for benign and low-grade malignant disease.

In addition, a sensitivity analysis was carried out using a
hypothetical scenario in which it was decided to utilise all
reusable instruments except for the linear stapler (but calcu-
lating the use of the least expensive three-row stapler avail-
able) and the harmonic scalpel in the laparoscopic approach.
This choice was made because the division and the closure of
the pancreatic remnant in the laparoscopic approach could be
more difficult without these devices, increasing the hypothet-
ical operative time and relative costs. This simulation showed
that a notable reduction of the costs (almost 40 %) could be
obtained by utilising some reusable instruments, such as tro-
cars, graspers and clips appliers.

This study had some limitations: the retrospective design,
the small sample size and absence of propensity score
matching, only partially balanced by the comparison of demo-
graphics, clinical, surgical and pathological characteristics of
the two study groups.

In conclusion, our study yielded some new information
regarding LDP. In fact, LDP can be considered not only safe
and feasible by Italian and European health care services but
also acceptable in terms of cost-effectiveness because, even
though it is more expensive than ODP, it allows obtaining a
better QoL. Thus, the higher cost of LDP is acceptable; it can
be additionally reduced by the careful use of disposable lapa-
roscopic instruments. However, these results should be con-
firmed by prospective studies involving large cohorts of
patients.
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