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Introduction

in recent years, economic arguments have become
part of the healthcare field, because their premises
are entirely applicable to what is happening today in
our healthcare systems (1) for two reasons: first, re-
sources are scarce; second, when resources are scarce,
it is necessary to decide on the best way of spending;
consequently, when resources are used in one way,
they cannot be used in another.

in surgery, the use of resources always involves a
sacrifice. for economists, the concept of cost always

implies renunciation. The ‘opportunity cost’ of sur-
gery is defined as the value of the best option that is
given up when a choice is made (2). Put another
way, it is what could be done and is not done, be-
cause less appropriate options are applied (3). How-
ever, opportunity costs can rarely be found in eco-
nomic evaluation studies of new technologies (4, 5).

Conventional laparoscopic cholecystectomy
(ClC) is the treatment of choice for cholelithiasis.
operating times have gradually been reduced until
they are shorter than in open surgery in most cases,
and as such ClC is performed in most hospitals in
solitary short-stay surgery or outpatient. a new tech-
nology has been developed virtually simultaneously,
which is surgery is via a single umbilical incision.
This technique has received different names: endo-
scopic transumbilical surgery (Tues), embryologi-
cal - noTes (e-noTes) and single-incision la-
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results. Twenty-seven articles were selected from the first re-
view: 26 for operating time (3.138 patients) and 3 for the cost of
surgery (831 patients), and 3 articles from the second review. Both
techniques have similar operating costs. Single incision laparoscopy
surgery takes longer (16.90min) to perform (p <0.00001) and this
difference represents an opportunity cost of 755.97 € (cost/time
unit factor of 44.73 €/min).

Conclusions. SILC costs the same as CLC, but the surgery takes
longer to perform, and this difference involves an opportunity cost that
increases the total cost of SILC. The value of the opportunity cost of the
operating time can vary the total cost of a surgical technique and it
should be included in the economic evaluation to support the decision
to adopt a new surgical technique.
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paroscopic cholecystectomy (silC) (6, 7), with the
latter term probably describing it best. its advan-
tages are a lower level of surgical aggression, with
faster recovery and better cosmetic results compared
to the traditional laparoscopic technique, which
makes it a particularly interesting approach.

although these two techniques are routinely used
in hospitals, studies have been published in recent
years that compare the two technologies based on
their results and their economic impact, including at
meta-analysis level (8-10). However, these economic
evaluation studies have conflicting results and do
not analyze the opportunity cost of one technique
compared to the other.

when assessing the cost of a new technology, and
its opportunity cost and related variables (such as
operating times), the direct healthcare costs related
to the operation should be considered (the value of
all goods, resources, services, hospitalization, equip-
ment and personnel) and the costs of the side-effects
of its application (in this case the aesthetic results,
for example), as well as the non-health costs in-
curred by the patient as a result of treatment (either
financial in the form of transport, people accompa-
nying the patient, or otherwise, such as in quality of
life); the productivity and costs arising from the im-
pact on their working lives and the consequent mor-
bimortality related to the patient receiving treat-
ment. Taken together, these costs provide the over-
all cost of implementing a new technology in an eco-
nomic evaluation process.

This study aims to demonstrate the importance
of the opportunity cost of operating time as a cost to
consider in the evaluation of new laparoscopic surgi-
cal technologies, namely laparoscopic cholecystecto-
my with a single incision surgery. The overall objec-
tive is a comprehensive review of the literature to de-
termine the total cost and differences in operating
times for patients between conventional laparoscop-
ic cholecystectomy (ClC) and single incision la-
paroscopic cholecystectomy (silC). its specific ob-
jectives are as follows:
1. To identify the procedures performed by both

techniques and obtain the following variables:
data on surgical times and the total costs of both
procedures.

2. To apply a systematic statistical approach (meta-
analysis) to calculate the differences between the
two technologies in the two variables above.

3. To calculate the opportunity cost of operating
time of silC.

Methods

Selected publications
for the meta-analysis, the articles were searched

in the following electronic databases: isi web of
knowledge medline, emBase, The Cochrane
library and scopus. only rCT articles and con-
trolled clinical trials in english during the period
2008-2016 were identified, using the following
search terms: “traditional laparoscopic cholecystec-
tomy”, “standard laparoscopic cholecystectomy”,
“traditional laparoscopic cholecystectomy”, “three
ports laparoscopic cholecystectomy”, “four ports la-
paroscopic cholecystectomy”, “single incision la-
paroscopic cholecystectomy”, “laparoendoscopic
single site cholecystectomy”, “transumbilical single
incision laparoendoscopic cholecystectomy”, “single
port laparoendoscopic cholecystectomy”, “time”,
“cost” and “economic evaluation”. The selection
process was as follows:
1. all the titles and abstracts were identified by two

reviewers, and disagreements resolved by consen-
sus.

2. once all abstracts had been identified by consen-
sus, the two authors chose those meeting the fol-
lowing inclusion criteria: a) economic evaluation
studies and cost analysis, cost-minimization anal-
ysis, cost-effectiveness, cost-utility analysis, cost-
benefit analysis; b) interventions performed on
adult patients over 18 years old; c) comparative
studies of conventional laparoscopic cholecystec-
tomy and single incision laparoscopic cholecys-
tectomy; d) variables studied (minimum): oper-
ating time, cost of surgery, hospital stay; e) when
the same author had published more than one
paper, the most recent one with the highest qual-
ity was selected. The relevant articles from the
abstracts selected were obtained, and those that
were Congress communications, reviews, letters,
editorials and case reports were discarded.

3. The exclusion criteria were comparative and
non-rCT trials; studies repeated in different
journals; patients undergoing other surgery asso-
ciated with cholecystectomy which was per-
formed synchronously.

4. The two reviewers analyzed the quality of the
publications selected using the evers Consensus
Criteria in Health economics (CHeC list) (11),
and subsequently obtained the data necessary for
the meta-analysis for each item. 

5. The critical appraisal tools of CemB (Center for
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evidence-based medicine) of the university of
oxford (12) were used for evaluation the articles
included in the meta-analysis study.

in addition to the above, a further strategic electron-
ic search of the isi web of knowledge, medline, em-
base, the Cochrane library and scopus was per-
formed to calculate the opportunity cost of differ-
ences in length of the two techniques, using the
search terms “laparoscopic traditional cholecystecto-
my” “standard laparoscopic cholecystectomy”, “tra-
ditional laparoscopic cholecystectomy”, “three ports
laparoscopic cholecystectomy”, “four ports laparo-
scopic cholecystectomy”, “cost” and “economic eval-
uation,” in order to select papers meeting the fol-
lowing criteria: a) articles published from centers
anywhere in the world in the period 2008-2016; b)
economic evaluation studies of conventional laparo-
scopic cholecystectomy alone: economic evaluation
studies and cost analysis, cost-minimization analysis,
cost-effectiveness, cost-utility analysis, cost-benefit
analysis; c) interventions performed on adult pa-
tients over 18 years old; d) variables studied (mini-
mum): operating time and cost of the intervention;
e) identification of articles by two reviewers and
quality analysis of the publications selected by the
evers CHeC list.

Statistical study
Systematic statistical approach (meta-analysis)

The meta-analytical study, which followed the
instructions of the Prisma statment (13), consid-
ered a response variable for each item included in
the study comparing ClC with silC. The aim was
to measure the magnitude of the effect, the total cost
of the intervention (€) or equivalent in another cur-
rency in the year of publication and the operating
time (min) according to the following definitions:
1. Total cost of the intervention: direct healthcare

costs (fixed and variable) generated in the operat-
ing room by performing the surgery, and specifi-
cally: personnel costs for the duration of the op-
eration and material costs (disposable and
reusable instruments and appliances, steriliza-
tion, medication) and operating theatre use ex-
penses.

2. surgical time: the total time of intervention be-
tween the first skin incision and the closure of
the last cutaneous wound by suture.
in the meta-analysis of both the cost and time,

we have included the studies for which it was possi-
ble to extract the mean, standard deviation and sam-

ple size of each group (ClC vs silC). The standard-
ized mean difference (smd) was considered as a
measure of the effect size for the cost. a 95% confi-
dence interval (Ci) for the effect size is estimated in
both variables. first we performed a statistical het-
erogeneity analysis on the studies using the Higgins
and Thomson statistical test (i2), and the �2 test,
with p <0.005 indicating statistically significant. we
performed a meta-analysis and the Z test to analyze
statistical significance. we conducted a sensitivity
analysis (graphic influences) of the results and pub-
lication bias (Begg and egger tests and funnel Plot
graph).

all statistical analyzes were conducted using epi-
dat 4.1 and review manager software 5.3, devel-
oped by the Cochrane Collaboration.

Opportunity cost of operating time calculation
after estimation by meta-analysis of the differ-

ence in operating times between the two techniques,
we calculated the opportunity cost of operating time
represented by these differences in the time of inter-
ventions. we assumed that a surgeon should be able
to perform additional surgery in the surplus time
arising from using alternative surgical techniques.

This requires an actual value for the time saved
when applying the most efficient surgical technique,
which in our case is a cost/time (€/min) unitary fac-
tor which we will call ξ. To calculate this factor, we
used data from the studies of the first literature re-
view, as well as those in the second review using the
methodology presented above. Based on these stud-
ies, we extracted the data for intervention times and
costs for the period between 2008 (the start of im-
plementation of silC) and 2015. The value of the
unit/time factor ξ is therefore calculated by dividing
the average cost of the intervention in € by the aver-
age duration of surgery in minutes. This result gives
the opportunity cost of operating time of the silC,
based on the value of ξ multiplied by the excess av-
erage time taken in this procedure (estimated value
in the time variable meta-analysis).

Results

Literature search and selection articles
135 articles following the established protocol

were obtained in the first search for the period under
review. after reviewing the titles and abstracts, 79
were discarded. Copies of the full articles of the re-
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maining 49 were obtained, and after reading by the
reviewers and application of the evans CHeC list,
27 articles (14-40) were finally included in this
study. none of the selected items carried out a full
economic assessment, but three of them contained
an analysis of the costs of operations (included in
the meta-analysis) and 26 papers contained surgical
times (included in the meta-analysis). They all ana-
lyze laparoscopic cholecystectomy with silC and
ClC procedures (figure 1).

The second literature search obtained 395 arti-
cles for the period under review, 184 of which were
discarded (duplicates, and after reviewing the title).
another 117 were discarded after reading of the ab-
stracts. of the remaining 94, only 3 studies (14, 41,
42) finally included the operating costs of the proce-
dures. The 91 discarded articles included only total
hospital costs without discriminating between the
different types of costs created by the patient, and as
such it was impossible to obtain the operating costs
in isolation (figure 2).

in order to avoid potential risks of bias, articles
published twice, those with a lack of data, those with
a greater probability of failing to publish negative re-
sults, and papers not written in english were elimi-
nated during the selection of the works for inclusion
in the study.

Statistical study
after meta-analysis of the studies, the following

results were obtained for each response variable.

Cost of surgery
The χ2 test for heterogeneity was statistically sig-

nificant at p <0.001 and the Higgins-Thomson i²
statistic indicates a proportion of variation between
studies of 94.67%. as a result, in figure 3 the funnel
plot shows the dispersion across studies, with the
ming-Xin study being the furthest from the limits of
the confidence bands. 

Because of the clear heterogeneity between the
studies, the pooled effects were calculated using a
random-effects model reported in accordance with
the der simonian and laird method, which consid-
ers both within-study and between-study differ-
ences. The test for the effect indicates a Z = 1.78 (p=
0.07), indicating no statistically significant differ-
ences in cost between the two techniques of ClC
and silC. The results are shown in the forest plot in
figure 4.

The results of the sensitivity analysis are present-
ed in Table 1, and show that the major influence on
the results by the studies by Cheng et al and Pan
mX et al. However, the outcome would remain the
same if the former was not included, with no differ-

Figure 1 - Flow chart of the selection pro-
cess of articles for inclusion in the meta-
analysis.
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ences in cost between the two techniques, and if the
latter was excluded it would be statistically signifi-
cant, with the results shifting in favor of the ClC
technique, i.e. the most costly. in conclusion, the
studies do not have the same influence, but as the
paper which could lead to a different result– Pan

mX et al - has a smaller sample size than the others
and therefore has less weight in the study, the overall
result including the three papers is assumed to be ac-
curate.

finally, in the publication bias analysis, it ap-
pears that in both Begg’s test, which obtains Z =

Figure 2 - Flow chart of the selection of articles
for inclusion in the opportunity cost estimation.

Figure 3 - Funnel plot of co-
st of surgery (€).
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1.0445 (p = 0.2963> 0.05) and in egger’s test,
where we obtained t = -3.7580 (p = 0.1656> 0.05),
there is no apparent publication bias.

Operating time 
The χ2 test to assess heterogeneity was statistical-

ly significant at p <0.001 and the Higgins-Thomson
i² statistic indicates a proportion of variation be-
tween studies of 93.68%. The funnel plot graph
shows that the studies by sharma and Chen are out-
side the confidence bands (figure 5). The lack of

homogeneity between the studies led us to use a ran-
dom-effects model in accordance with the der si-
monian and laird method, and the pooled effects
were calculated.

e test for the effect indicates Z = 7.07 (p
<0.00001), showing a longer time when silC is used.
e forest Plot (figure 6) clearly shows that the oper-
ation time differs depending on the study. However,
the meta-analysis shows that there are statistically sig-
nificant and relevant differences in the time spent
when using the silC (significantly longer).

Figure 4 - Forest plot of cost of surgery (€).

Figure 5 - Funnel plot of opera-
ting time (min).

TABLE 1 - sensiTiviTy analysis of THe CosT of surGery (€).

Studies Included           Year                   n                         d                           95%CI                                   Relative Change %

Love, K. et al. (14)        2011                 116                    0.5872                 [-0.3660, 1.5404]                  4.71

Cheng, Y. et al. (15)      2013                 613                    0.2876                 [-0.1042, 0.6795]                  -48.71

Pan MX. et al. (16)       2013                 102                    0.7962                 [0.2365, 1.3558]                   41.96

Global                                                       831                    0.5608                 [-0.0543, 1.1760]                  

d= mean difference between conventiomal laparoscopic cholecystectomy cost and single incision laparoscopic cholecystectomy cost
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The sensitivity analysis (Table 2) shows that the
results are robust, and if none of the individual stud-
ies are excluded from the meta-analysis the effect has
the same direction, similar magnitude and statistical
significance. no study is particularly influential, as
they all make a similar contribution. The average
time difference between the two techniques was es-
timated at 16.90 minutes (result obtained from the
meta-analysis with no standardized mean difference)
in a total of 3,138 patients included in the meta-
analysis.

finally, in the publication bias analysis, no apparent
publication bias appears in either Begg’s test
(p=0.0813>0.05) or in egger’s test (p = 0.7579> 0.05).

Opportunity cost of operating time estimation
To calculate the opportunity cost of operating

time, we first obtained the average operating time
for all studies of both ClC and silC. we found
that the average time was 16,90 (sd=14,51) min-
utes longer when silC was used. furthermore, a
comparison of whether the time difference is statis-
tically significant with the wilcoxon test (p <
.00001), indicating that the average time taken to
perform surgery with the silC is statistically longer
than ClC. The average cost of the ClC according
to the studies included was € 2,263.30. The value of
the unit cost/time factor ξ was consequently 44.73,
which means that there is an opportunity cost of us-
ing the silC versus the ClC of € 755.97 (Table 3).

Discussion and conclusion

This study aimed to use the meta-analysis to
demonstrate that the opportunity cost of operating
time is a value that should be included in studies of
economic costs of new surgical technologies. This
new cost provides information on the economic val-
ue that is lost when a technological option is selected
instead of the most cost-effective alternative. This
paper also shows that this opportunity cost is cru-
cial, as there were no significant differences in liter-
ature in the total health cost of the two techniques
available (ClC and silC).

Three articles were selected for the meta-analysis
of total operating costs (the minimum required
amount for meta-analysis) and 26 for the operating
time, giving a total of 27. Publication bias and sen-
sitivity was assessed with the data provided by the
selected works an analysis of heterogeneity. The re-
sults of these analyses enabled us to achieve the goals
outlined in the paper.

statistical analysis of the differences between the
two selected variables for both techniques shows in-
teresting results. no differences in total operating
cost between the two techniques were observed, con-
sistent with other systematic reviews published (8-
10). The three studies included in the cost analysis
only dealt with the cost of the operating room, as
this cost was needed to further realize the opportu-
nity cost analysis of operating time.

Figure 6 - Forest plot of operating time (min).
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TABLE 3 - oPPorTuniTy CosT of oPeraTinG Time of sinGle inCision laParosCoPiC CHoleCysTeCTomy.

Studies included                             Years data included                         Mean cost                                     CLC OR Mean cost (€)

Morris, S. et al. 2014 (41)             2011-12                                          2416.00                                       2416.00

Johner A, et al. 2013 (42)              2009                                                4319.87                                       2751.50

Love, KM.  et al. 2011 (14)           2009-2010                                      2109.10                                       1622.38

                                                                                               Mean OR CLC cost (€)                                   2263.30

                                                Mean time CLC (included in meta-analysis) (min)                                   50.60

                                            Effect size of time (estimated in meta-analysis) (min)                                   16.90

                                                                                                                                    ξ                                  44.73

                                               Opportunity  cost of operating time estimation (€)                                   755.97

TABLE 2 - sensiTiviTy analysis of THe oPeraTinG Time (min).

Studies Included                                   Year          n                   d                           95%CI                               Relative Change %

Mehmod, Z. et al. (17)                         2010         3068            0.9213                 [0.6052, 1.2373]               -3.65

Rasic, Z. et al. (18)                               2010         3030            0.9633                 [0.6403, 1.2863]               0.75

Tsimoyiannis, EC. et al. (19)               2010         3088            0.9416                 [0.6233, 1.26]                   -1.51

Aprea, G. et al. (26)                              2011         3078            0.97                     [0.6504, 1.2896]               1.45

Asakuma,  M. et al. (27)                       2011         3070            0.9713                 [0.6514, 1.2913]               1.59

Cao, Z.G. et al. (28)                              2011         3020            0.9648                 [0.6413, 1.2883]               0.91

Gangl, O. et al. (20)                             2011         2994            0.9834                 [0.6633, 1.3035]               2.86

Joseph, S. et al. (21)                             2011         2843            0.9873                 [0.6695, 1.305]                 3.26

Lai, EC.  et al. (22)                               2011         3077            0.9868                 [0.6696, 1.304]                 3.21

Leung, D. et al. (23)                             2011         3064            0.9549                 [0.6341, 1.2758]               -0.12

Lirici, MM. et al. (24)                           2011         3088            0.9702                 [0.6513, 1.2891]               1.47

Marks, J. et al. (25)                               2011         3045            0.9694                 [0.6479, 1.2909]               1.39

Kim, BS. et al. (30)                               2012         2938            0.9793                 [0.6557, 1.3029]               2.43

Sinan, H. et al. (29)                              2012         3094            0.9159                 [0.6014, 1.2305]               -4.2

Zheng, M. et al. (31)                             2012         3070            0.9713                 [0.6514, 1.2913]               1.59

Abd Ellatif, ME. et al. (35)                  2013         2878            0.9654                 [0.634, 1.2968]                 0.97

Cheng, Y. et al. (15                               2013         2515            0.8957                 [0.6321, 1.1593]               -6.32

Chuang, S.H. et al. (32)                       2013         3020            0.965                   [0.6416, 1.2884]               0.93

Hauters, P. et al. (36)                           2013         3024            0.9457                 [0.6238, 1.2676]               -1.09

Ikeda, N. et al. (37)                               2013         3009            0.9835                 [0.6638, 1.3033]               2.87

Pan, MX. et al. (16).                             2013         3026            0.9888                 [0.6716, 1.3061]               3.42

Saad, S. et al. (33)                                 2013         3058            0.9575                 [0.6362, 1.2789]               0.15

Sharma, A. et al. (34)                            2013         2920            0.8695                 [0.5898, 1.1492]               -9.06

Deveci, U.  et al. (38)                            2013         3042            0.9707                 [0.649, 1.2923]                 1.52

Borle, FR. Et al. (39)                            2014         3068            0.9692                 [0.6489, 1.2895]               1.37

Sabuncouglu, MZ. Et al. (40)             2014         3073            0.8911                 [0.5819, 1.2002]               -6.8

Global                                                                       3128            0,9561                 [0.6453, 1.2669]               

d= mean difference between conventiomal laparoscopic cholecystectomy cost and single incision laparoscopic cholecystectomy cost
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in the analysis of operating time, silC appears
to take longer than the ClC in cholecystectomy, i.e.
an average of 16.90 minutes, in a total of 3128 pa-
tients. This difference is significant. in the other
meta-analysis, where the results were mixed (8-10),
some of them did not meet standards when selecting
studies and including the data, making the results
doubtful. This time difference may not be due to the
learning curve of silC, as some studies consider
that this curve is only 10 interventions for experi-
enced surgeons (43, 44), and as such the application
of the technique itself could be associated with
longer operating times.

if the economic evaluation of two surgical tech-
niques ended here, one might conclude that the
silC costs the same as the ClC, despite the inter-
vention lasting a little longer. However, this extra
operating time has an economic value and is an op-
portunity cost. This additional cost changes the eco-
nomic analysis of both technologies, and is the one
shown in this study.

opportunity cost estimation assigns a price to
the resources used. for the operating time, we have
no observable market prices and therefore in our
case we calculated the unit factor cost/time ξ from
the average operating cost of the ClC. we selected
works from 2008, the year in which the application
of the silC began, for a value of ξ as possible date.
Papers that do not make the operating cost clear,
which is the only factor that matters in this study,
were discarded.

in analyses of healthcare costs, the time spent by
professionals in hospitals is recorded as direct expen-
diture (45). Consequently, this additional cost of
operating time when using the silC must be added
to the total direct cost of the intervention. our re-
sults indicate that the difference in the operating
time between the two techniques is quantified at
16.90 minutes and the opportunity cost of operating
time value of silC is 755.97 €. These data show
that the added cost of operating time for silC
makes this technique more expensive for the hospi-
tal. The reduced operation time when the most
time-efficient technology (ClC) is used therefore al-
lows the surgeon to be more productive.

The proposed method to calculate the opportu-
nity cost has some limitations: 
1. The model is based on the combination of data

from various sources and, consequently contains
differences in private practice between hospitals.
This study did not address these factors, and the

findings can therefore only be applied to the cen-
ters analyzed; 

2. we have assumed that the opportunity cost is
based on the time it is not properly used when a
less efficient technology is applied, and therefore
all minutes spent in the operating room are al-
ways productive; 

3. consequently, when a health center wants to de-
termine the opportunity cost of operating time of
a new technology, it must obtain information
from its own operating rooms.
There is a strong international trend to adopt the

criterion of efficiency as a priority factor in health
(46). The analysis of the opportunity costs should be
included in the economic analysis since professionals
are increasingly faced with the choice between effec-
tiveness and efficiency. The surgeon must consider
its responsibility for the efficient allocation of re-
sources and at least take into account the opportuni-
ty cost of each of these decisions implied. ultimately
streamline health expenditure, being more produc-
tive and working for the common good of society.

The search for criteria to help prioritize transpar-
ent, efficient and equitable public funding decisions
for new surgical technologies should use the evi-
dence on the relationship between the marginal ben-
efit and marginal cost of full treatment. This would
lead to innovations being rewarded based on their
relative therapeutic benefit relative to the available
alternatives. in national public health systems (Bev-
eridge), a parity of therapeutic results and cost ma-
terial and a waiting list for surgery, the opportunity
cost of the operating time of more investments in
the silC may determine its priority in this type of
surgery. in healthcare systems governed by the Bis-
marckian model, the weight involved in the cost of
surgical time is relative because there is no social re-
distribution of Beveridgian models required. The
prioritization is different in private health systems,
as the overall aesthetic result is prioritized instead of
the overall costs because the patient is paying and
there is a free market.

The ability to minimize the trauma of surgery
has also been established in the field of laparoscopic
surgery. efforts have been made in recent years to
minimize the number and size of the trocars, up to
the single access endoscopic surgery. Compared to
ClC, this technique is believed to be less aggressive,
with faster recovery and better cosmetic results, al-
though there is no unanimous opinion in this regard
(22, 47). other studies suggest more safety in the
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10. Zehetner J, Pelipad d, darehzereshki a, mason rJ, lipham
JC, Katkhouda n. single-access laparoscopic cholecystectomy
versus classic laparoscopic cholecystectomy: a systematic review
and meta-analysis of randomized controlled trials. surg laparosc
endosc Percutan Tech. 2013;23(3):235-243.

11. evers s, Goossens m, de vet H, van Tulder m, ament a. Cri-
teria list for assessment of methodological quality of economic
evaluations: Consensus on Health economic Criteria. int J
Technol assess Health Care. 2005;21(2):240-245.

12. http://www.cebm.net/wp-content/uploads/2014/04/sr_ap-
praisal_sheet_2005_english.doc. accessed 10 november 2015.

13. liberati a, altman dG, Tetzlaff J, mulrow C, Gøtzsche PC,
ioannidis JP, et al. The Prisma statement for reporting sys-
tematic reviews and meta-analyses of studies that evaluate
health care interventions: explanation and elaboration. ann
intern med. 2009;151(4):w-65-w-94.

14. love Km, durham Ca, meara mP, mays aC, Bower Ce.
single-incision laparoscopic cholecystectomy: a cost comparison.
surgical endoscopy and other interventional Techniques.
2011;25(5):1553-1558.

15. Cheng y, Jiang Z, Xu X, Zhang Z, Xu T, Zhou C, et al. la-
paroendoscopic single-site cholecystectomy vs three-port la-
paroscopic cholecystectomy: a large-scale retrospective study.
world Journal of Gastroenterology. 2013;19(26):4209-4213.

16. Pan m, Jiang Z, Cheng y, Xu X, Zhang Z, Qin J, et al. sin-
gle-incision vs three-port laparoscopic cholecystectomy: Prospec-
tive randomized study. world Journal of Gastroenterology.
2013;19(3):394-398.

17. mehmood Z, subhan a, ali n, rasul s, iqbal m, Khan r, et
al. four port versus single incision laparoscopic cholecystectomy.
Journal of surgery Pakistan (international). 2010;15(3):122-
125.

18. rasic Z, schwarz d, nesek va, Zoricic i, sever m, rasic d,
et al. single incision laparoscopic Cholecystectomy - a new
advantage of Gallbladder surgery. Coll antropol. 2010;34
(2):595-598.

19. Tsimoyiannis eC, Tsimogiannis Ke, Pappas-Gogos G, farantos
C, Benetatos n, mavridou P, et al. different pain scores in
single transumbilical incision laparoscopic cholecystectomy
versus classic laparoscopic cholecystectomy: a randomized con-
trolled trial. surgical endoscopy and other interventional
Techniques. 2010;24(8):1842-1848.

20. Gangl o, Hofer w, Tomaselli f, sautner T, fuegger r. single
incision laparoscopic cholecystectomy (silC) versus laparo-
scopic cholecystectomy (lC)-a matched pair analysis. langen-
becks archives of surgery. 2011;396(6):819-824.

21. Joseph s, moore BT, sorensen GB, earley Jw, Tang f, Jones
P, et al. single-incision laparoscopic cholecystectomy: a com-
parison with the gold standard. surgical endoscopy and other
interventional Techniques. 2011;25(9):3008-3015.

22. lai eCH, yang GPC, Tang Cn, yih PCl, Chan oCy, li
mKw. Prospective randomized comparative study of single
incision laparoscopic cholecystectomy versus conventional four-
port laparoscopic cholecystectomy. am J surg. 2011;202(3):
254-258.

23. leung d, yetasook aK, Carbray J, Butt Z, Hoeger y, denham
w, et al. single-incision surgery Has Higher Cost with equiv-
alent Pain and Quality-of-life scores Compared with multi-
ple-incision laparoscopic Cholecystectomy: a Prospective
randomized Blinded Comparison. J am Coll surg.
2012;215(5):702-708.

24. lirici mm, Califano ad, angelini P, Corcione f. laparo-en-
doscopic single site cholecystectomy versus standard laparoscopic
cholecystectomy: results of a pilot randomized trial. The amer-
ican Journal of surgery. 2011;202(1):45-52.

process, better control of postoperative pain and satis-
faction (20, 25, 48). e main argument against this
technique includes the lack of ergonomics, loss of in-
strumental triangulation and herniation (49). Howev-
er, studies economically quantifying these advantages
and disadvantages which could generate a new oppor-
tunity cost analysis have yet to be carried out.

in conclusion, single incision laparoscopic chole-
cystectomy costs the same as the traditional proce-
dure, but the intervention may take longer to per-
form and this difference involves an opportunity
cost. financially, this additional cost significantly
increases the total cost of single-incision cholecys-
tectomy. The opportunity cost of operating time is
a value that must be included in an analysis of eco-
nomic costs when evaluating a new surgical technol-
ogy.
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