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Abstract
Laparoscopy is currently the standard approach for minimally invasive general surgery procedures. However, robotic surgery 
is now increasingly being used in general surgery. Robotic surgery provides several advantages such as 3D-visualization, 
articulated instruments, improved ergonomics, and increased dexterity, but is also associated with an increased overall cost 
which limits its widespread use. In our institution, the robotic assisted approach is frequently used for the performance of 
general surgery cases including inguinal hernias, cholecystectomies and paraesophageal hernia (PEH) repairs. The primary 
aim of the study was to evaluate the differences in cost between a robotic and laparoscopic approach for the above-men-
tioned cases. With IRB approval, we conducted a retrospective cost analysis of patients undergoing inguinal hernia repairs, 
cholecystectomies and PEH repairs between June 2018 and November 2020. Patients who had a concomitant procedure, 
a revisional surgery, or bilateral inguinal hernia repair were excluded from the study. Cost analysis was performed using 
a micro-costing approach. Statistical significance was denoted by p < 0.05. There were no differences among the different 
groups in relation to age, gender, ethnicity, and BMI. The overall cost of the robotic (R-) approach compared to a laparoscopic 
(L-) approach was significantly lower for cholecystectomy ($3,199.96 vs $4019.89, p < 0.05). For inguinal hernia repairs and 
PEH repairs without mesh, we found no significant difference in overall costs between the R- and L- approach (R- $3835.06 
vs L- $3783.50, p = 0.69) and (R- $6852.41 vs L- $6819.69, p = 0.97), respectively. However, the overall cost of PEH with 
mesh was significantly higher for the R- group compared to the L- group (R- $7,511.09 vs L- $6,443.32, p < 0.05). Based 
on our institutional cost data, use of a robotic approach when performing certain general surgery cases does not seem to be 
cost prohibitive.
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Introduction

Currently, laparoscopy is the standard approach for mini-
mally invasive general, bariatric, and gynecologic surgical 
procedures. However, laparoscopy has several limitations 
including the limited range of motion, poor visibility, poor 
ergonomics, and loss of dexterity [1]. Robotic surgery over-
comes several of the previously aforementioned limitations 
associated with conventional laparoscopic surgery by pro-
viding 3D-visualization of the surgical field, articulated 
instruments, improved ergonomics, and increased dexter-
ity [1]. Although some studies have demonstrated similar 
clinical outcomes between the robotic (R-) and laparoscopic 
(L-) approach, the increased overall cost associated with 
robotic surgery continues to be a barrier to more widespread 
implementation [2, 3]. Given the increased utilization costs 
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associated with our healthcare system in the United States, 
cost has become an increasingly important parameter to con-
sider when comparing surgical approaches [4].

The cost associated with robotic surgery remains one of 
the main arguments against adoption of a robotic approach 
in the fields of bariatric surgery and general surgery. Sev-
eral studies have demonstrated higher costs associated with 
R- assisted surgical procedures when compared to L- proce-
dures due to increased instrument costs and longer operative 
times [2–12]. However, once surgeons surpass the initial 
learning curve, surgeons tend to achieve better outcomes in 
conjunction with shorter operative times, resulting in lower 
overall costs [13–16]. At our institution, we previously 
demonstrated that a R- approach to sleeve-gastrectomy and 
Roux-en-Y gastric bypass is not cost prohibitive when com-
pared to the standard L-approach. Surgeons with significant 
robotic surgery experience can potentially achieve a reduc-
tion in the overall operative time, resulting in additional sav-
ings and cost reduction [13, 15]. At our institution, general 
surgery is one of the surgical specialties that has witnessed a 
rapid increase in robotic surgery utilization over the past few 
years. Given the rapid growth in robotic surgery utilization, 
the primary objective of the study was to evaluate the direct 
medical costs of using a R- approach in comparison to a 
L- approach for three commonly performed general surgery 
procedures at our institution including cholecystectomies, 
inguinal hernia repairs, and paraesophageal hernia (PEH) 
repairs.

Methods

After receiving Institutional Review Board (IRB) approval, 
retrospective chart review and data collection was performed 
on 367 patients who underwent primary cholecystectomy, 
285 patients who underwent primary inguinal hernia repair, 
and 164 patients who underwent primary PEH repair from 
June 28th, 2018, through November 30th, 2020. All robotic 
assisted procedures were performed using the Xi da Vinci 
platform. Data sources consisted of both inpatient and out-
patient clinical datasets. Patients who had a concomitant 
procedure, a revisional surgery, or bilateral inguinal hernia 
repair were excluded from the study. All patients underwent 
the same preoperative workup and followed a similar post-
operative protocol for their respective procedures.

Direct cost data were entered daily into EPIC, the institu-
tions electronic medical record (EMR), and cost data were 
generated using StrataJazz. Of note, the EMR system only 
contains hospital-based data. Diagnosis-Related Group 
(DRG) codes 417, 418, and 419 were used to classify inpa-
tient cholecystectomies. DRG codes 350, 351, and 352 were 
used to classify inpatient inguinal hernia repairs; however, 
the data collected for inpatient L- inguinal hernia repairs 

were not used because there were zero patients who under-
went inpatient R- inguinal hernia repair within the study 
period timeframe. DRG codes 326, 327, and 328 were used 
to classify inpatient PEH repairs. Outpatient cases for these 
procedures were classified via Current Procedural Termi-
nology (CPT) codes. Outpatient cholecystectomy was clas-
sified with CPT code 47562. Outpatient inguinal hernia 
repair was classified with CPT code 49650. Patients who 
underwent PEH repair were further stratified based on the 
use or absence of mesh. Outpatient PEH was classified with 
CPT codes 43281 (without mesh) and 43282 (with mesh). 
For insurance purposes, PEH repairs were entered into the 
hospitals data collection system as inpatient or outpatient; 
however, those categories were combined for the purpose 
of our analysis given that outpatient PEH repairs (just like 
the inpatient ones) were admitted to the hospital following 
the index procedure as per our protocol for postoperative 
management. PEH repairs were further classified as R- or 
L- based on information from the hospital EMR.

The various components of overall cost included in the 
analysis consisted of (1) operating room (OR) time, (2) hos-
pital length of stay (LOS) when the index case was an inpa-
tient case, (3) instrument costs, and (4) miscellaneous costs, 
with miscellaneous costs representing variable costs for the 
entire patient encounter.

OR time included the total cost for the OR time. Hospital 
stay costs included room, bed, and nursing costs. Instru-
ment costs included chargeable costs (surgical instruments) 
in addition to non-chargeable operating room costs (such 
as gowns, gloves, dressing supplies and others). Charge-
able and non-chargeable instrument costs are based upon 
actual invoice costs. Miscellaneous costs included the direct 
costs for laboratory work, radiology, pharmacy, respiratory, 
in addition to other departmental costs. All cost data were 
obtained using the institution’s StrataJazz accounting sys-
tem, a software platform that is used for financial analytics 
and for tracking financial outcomes [17]. Costs were actual 
costs, and not charges. Robot cost data included depreciation 
and maintenance expenses. Robotic capital investment cost 
was not included in the analysis.

Surgical technique

Unilateral inguinal hernia repairs followed a standard, 
well-described technique, using mesh in a pre-peritoneal 
approach. One surgeon preferred the “self-adherent” mesh 
(DB) and the other surgeon in the study preferred the pre-
formed mesh tacked by two Vicryl sutures (MM).

Cholecystectomy was performed using standard tech-
niques. The critical view of safety was obtained with a 
clearly defined Triangle of Calot and posterior cystic plate. 
In most cases, indocyanine green (ICG) was utilized. In 
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select cases, an intraoperative cholangiogram (IOC) was 
obtained and the decision to perform an IOC was based upon 
the patient’s presentation and surgeon preference.

PEH repairs were performed using a standard approach, 
and hernias were repaired posteriorly with non-absorbable 
sutures, with or without mesh, as indicated. PEH repairs 
were performed with complete or partial fundoplication 
based on preoperative manometry and surgeon preference. 
Preoperatively, all PEH patients underwent an extensive 
work-up including a combination of upper endoscopy, 
upper gastrointestinal series, 24 pH studies or wireless probe 
studies in conjunction with functional esophageal studies 
including high resolution manometry or a motility esopha-
gram. Patients were discharged on or after postoperative 
day 1 when discharge criteria were met. Discharge criteria 
included: tolerance of a liquid diet, absence of nausea/vom-
iting, stable hemoglobin and hematocrit, absence of tachy-
cardia at rest, frequent ambulation without assistance, and 
greater than 93% oxygen saturation.

Data analysis

We compared costs of the operating room time, instruments, 
miscellaneous costs, and hospital length of stay for the R- 
and L- cohorts separately by procedure type (1) cholecystec-
tomy patients (2) inguinal hernia repair patients (outpatient 
only); and (3) PEH repair patients (with and without mesh). 

To analyze cost differences while taking into account pos-
sible temporal trends, we conducted a subgroup analysis 
for each procedure type with two-way analysis of variance 
(ANOVA) for normally distributed outcomes with sufficient 
sample sizes, with fiscal year (FY) included as a factor. 
Given the limited outcomes for fiscal year 2019, we com-
bined 2019 and 2020 and retained 2021 as its own category. 
Due to the retrospective nature of our data, we were unable 
to control for medical cost inflation. For groups with very 
limited sample sizes, we reported descriptive outcomes only. 
As secondary outcomes for inpatient surgical groups, we 
reported median operating room time and hospital length 
of stay due to their skewed distributions, with no statistical 
comparisons due to only 6 patients in the R- group. We used 
SPSS version 28 to analyze our data (Armonk, NY: IBM 
Corp.) and reported means and standard deviations, with 
p < 0.05 denoting statistical significance, and no adjustment 
for the multiple comparisons.

Results

Patient characteristics

Demographic characteristics for patients with complete data 
who met all inclusion criteria are presented in Tables 1, 2, 
3. (Cholecystectomy, n = 367; Inguinal Hernia, n = 285; 

Table 1  Cholecystectomy group demographic characteristics

a Based on separate chi square or independent samples t tests, as appropriate
b SD: standard deviation
c BMI: body mass index

Characteristics Robotic (R-) (n = 98) Laparoscopic (L-) (n = 269) p  valuea Total (n = 367)

Age (mean ±  SDb) 49.0 ± 15.9 48.3 ± 17.7 0.23 48.5 ± 17.2
Gender (n, %) 69 female (70.4%)

29 male (29.6%)
198 female (73.6%)
71 male (26.4%)

0.54 267 female (72.8%)
100 male (27.2%)

Ethnicity (n, %) 21 Hispanic or Latino (21.4%) 62 Hispanic or Latino (23.0%) 0.11 83 Hispanic or Latino (22.6%)
BMI (mean ±  SDb) 32.0 ± 6.9 31.0 ± 6.5 0.22 31.3 ± 6.6

Table 2  Inguinal hernia group demographic characteristics

a Based on separate chi square or independent samples t-tests, as appropriate
b SD: standard deviation
c BMI: body mass index

Characteristics Robotic (R-) (n = 165) Laparoscopic (L-) (n = 120) p  valuea Total (n = 285)

Age (mean ±  SDb) 57.2 ± 13.3 58.5 ± 14.6 0.37 57.7 ± 13.9
Gender (n, %) 7 female (4.2%)

158 male (95.8%)
7 female (5.8%)
113 male (94.2%)

0.54 14 female (4.9%)
271 male (95.1%)

Ethnicity (n, %) 11 Hispanic or Latino (6.7%) 10 Hispanic or Latino (8.3%) 0.79 21 Hispanic or Latino (7.4%)
BMI (mean ±  SDb) 27.4 ± 4.3 26.2 ± 4.2 0.46 26.9 ± 4.3
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PEH repair, n = 164). Mean age for R-cholecystectomy 
and L-cholecystectomy was 49.0 and 48.3, respectively 
(p = 0.23). Mean age for R-inguinal hernia and L-inguinal 
hernia was 57.2 and 58.5, respectively (p = 0.37). Mean 
age for R-PEH repair and L-PEH repair was 61.1 and 61.8, 
respectively (p = 0.20). Mean BMI for R-cholecystectomy 
and L-cholecystectomy was 32.0 and 31.0, respectively 
(p = 0.22). Mean BMI for R-inguinal hernia and L-inguinal 
hernia was 27.4 and 26.2, respectively (p = 0.46). Mean 
BMI for R-PEH repair and L-PEH repair was 31.2 and 31.8, 
respectively (p = 0.55). Similarly, there were no significant 
between-group differences in gender and ethnicity (p > 0.05).  

Cholecystectomy group

Table 4 compares R- and L- costs for all cholecystectomy 
patients (inpatient and outpatient). Our results showed that 
the total cost of a R- cholecystectomy is significantly lower 

than the cost of a L- cholecystectomy ($3,199 vs $4,019, 
p < 0.05). Operating room cost and miscellaneous costs 
were all significantly lower in the R- group compared to the 
L- group (p < 0.05). Instrument costs, however, were sig-
nificantly higher in the R- group compared to the L- group 
($1349.51 vs $712.42, respectively, p < 0.05).

The costs of inpatient cholecystectomy cases are repre-
sented in Table 5. Again, total cost of the R- group was 
lower than that of the L- group, but no statistical compari-
son was performed because of the small n value ($4,964 vs 
$5,640). In the outpatient group (Table 6), the overall cost 
of the R-group was also significantly lower compared to the 
L-group ($3,175 vs $3,421 respectively, p < 0.02).

A descriptive analysis of the secondary outcomes of 
operating room time and hospital length of stay for the 
cholecystectomy inpatient group revealed a median (and 
range) operating room time of 90.5 min (46–225 min) and 
87.5 min (70–103 min) for L-cholecystectomy (n = 156) 

Table 3  Paraesophageal hernia (PEH) repair group demographic characteristics

a Based on separate chi square or independent samples t-tests, as appropriate
b SD: standard deviation
c BMI: body mass index

Characteristics Robotic (R-) (n = 65) Laparoscopic (L-) (n = 99) p  valuea Total (n = 164)

Age (mean ±  SDb) 61.1 ± 14.1 61.8 ± 12.6 0.20 61.5 ± 13.2
Gender (n, %) 49 female (75.4%)

16 male (24.6%)
79 female (79.8%)
20 male (20.2%)

0.50 128 female (78.0%)
36 male (22.0%)

Ethnicity (n, %) 6 Hispanic or Latino (9.2%) 5 Hispanic or Latino (5.1%) 0.55 11 Hispanic or Latino (9.2%)
BMI (mean ±  SDb) 31.2 ± 5.9 31.8 ± 6.4 0.55 31.6 ± 6.2

Table 4  Cholecystectomy group: all patients

*Based on separate independent samples t-tests

Operating room costs 
(mean ± standard devia-
tion)

Instrument chargeable + non-
chargeable costs (mean ± standard 
deviation)

Miscellaneous costs 
(mean ± standard devia-
tion)

Total costs 
(mean ± standard 
deviation)

Laparoscopic (L-) (n = 269) $1,282.47 ± $626.08 $712.42 ± $310.43 $2,025.01 ± $1,041.43 $4,019.89 ± $1,637.42
Robotic (R-) (n = 98) $932.52 ± $177.35 $1,349.51 ± $273.65 $917.94 ± $428.29 $3,199.96 ± $571.28
p value*  < 0.0001  < 0.0001  < 0.0001  < 0.0001

Table 5  Cholecystectomy group: inpatient

Operating room costs 
(mean ± standard 
deviation)

Instrument charge-
able + non-chargeable 
costs (mean ± standard 
deviation)

Miscellaneous costs 
(mean ± standard 
deviation)

Hospital length of stay 
costs (mean ± standard 
deviation)

Total costs 
(mean ± standard 
deviation)

Laparoscopic (L-)
(n = 144)

$1,448.83 ± $745.47 $789.84 ± $360.54 $2,300.95 ± $1,196.22 $1,100.86 ± $850.87 $5,640.47 ± $2,334.42

Robotic (R-)
(n = 6)

$903.10 ± $152.27 $1,532.25 ± $291.36 $1,132.86 ± $183.89 $1,396.66 ± $407.11 $4,964.87 ± $753.10
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and R-cholecystectomy (n = 6), respectively. Median 
hospital length of stay was 2.0  days (0.8–10.1  days) 
and 3.1 days (1.8–5.0 days) for L-cholecystectomy and 
R-cholecystectomy, respectively. Robotic group patients 
experienced lower median operating room time (dif-
ference = 3.0  min), but higher median length of stay 
(difference = 1.1 days).

Inguinal hernia group

In the hernia group (Table 7) the costs of instruments 
were significantly higher in the R- group compared to the 
L- group ($1,715 vs $1,313, p < 0.05). However, miscella-
neous costs were significantly lower in the R- group ($868 
vs $1,209 for R- and L- groups respectively, p < 0.05). 
Total costs were not significantly different between the 

R- and L- groups ($3,835 and $3,783 for R- and L- groups 
respectively, p = 0.69).

Paraesophageal hernia repair group

PEH repairs were divided into two separate groups, PEH 
repairs with mesh (Table 8) and PEH repairs without mesh 
(Table 9). In the mesh group (Table 8), the instrument costs 
were significantly higher in the R- group compared to the 
L- group ($3,234 vs $2,378, p < 0.05). The total costs of 
the R- group were also significantly higher compared to the 
L- group ($7,511 vs $6,443, p < 0.05). However, in the PEH 
repair without mesh groups, (Table 9) there was no differ-
ence in the total costs between the two groups ($6,852 vs 
$6,819 for R- and L- groups respectively, p > 0.05).

Table 6  Cholecystectomy group: outpatient

*Based on separate independent samples t-tests

Operating room costs 
(mean ± standard deviation)

Instrument chargeable + non-chargeable 
costs (mean ± standard deviation)

Miscellaneous costs 
(mean ± standard devia-
tion)

Total costs 
(mean ± standard 
deviation)

Laparoscopic (L-)
(n = 125)

$1,090.82 ± 370.32 $623.23 ± $208.29 $1,707.13 ± $709.64 $3,421.18 ± $997.71

Robotic (R-)
(n = 92)

$934.44 ± $179.42 $1,337.59 ± $269.84 $903.92 ± $436.38 $3,175.95 ± $572.12

p value*  < 0.0001  < 0.0001  < 0.0001 0.02

Table 7  Inguinal hernia group costs: outpatient

*Based on separate independent samples t-tests

Operating room costs 
(mean ± standard devia-
tion)

Instrument chargeable + non-
chargeable costs (mean ± standard 
deviation)

Miscellaneous costs 
(mean ± standard devia-
tion)

Total costs 
(mean ± standard 
deviation)

Laparoscopic (L-) (n = 105) $1,260.39 ± 381.46 $1,313.45 ± $655.19 $1,209.66 ± $786.15 $3,783.50 ± $1,195.19
Robotic (R-) (n = 165) $1,251.77 ± $396.57 $1,715.14 ± $308.53 $868.15 ± $373.98 $3,835.06 ± $694.21
p value* 0.86  < 0.0001  < 0.0001 0.69

Table 8  Paraesophageal hernia (PEH) repair with mesh

*Based on separate independent samples t-tests

Operating room costs 
(mean + standard devia-
tion)

Instrument chargeable + non-chargea-
ble costs (mean + standard deviation)

Miscellaneous costs 
(mean + standard devia-
tion)

Total costs 
(mean + standard 
deviation)

Laparoscopic (L-)
(n = 66)

$2,183.23 ± $1,115.33 $2,378.29 ± $839.25 $1,881.80 ± $1,510.05 $6,443.32 ± $2,805.50

Robotic (R-)
(n = 44)

$2,455.62 ± $596.25 $3,234.28 ± $1,093.50 $1,821.19 ± $966.23 $7,511.09 ± $1,700.95

p value* 0.10  < 0.0001 0.80 0.02
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Subgroup analysis

The interactional differences between cost and fiscal year 
were further assessed using two-way ANOVA. Two-way 
ANOVA for R- and L- cholecystectomy inpatients revealed 
significant group × year interactional effects for all cost 
categories except instrument costs (p < 0.05), with signifi-
cantly lower R- costs in both FY 2019–2020 and FY 2021. 
For instrument costs, there were significant main effects for 
surgical group (with R- patients having higher costs across 

both years, p < 0.05) and fiscal year (with FY 2021 yielding 
lower costs across both surgical groups, p < 0.05).

For outpatient cholecystectomy costs, there were no 
group x year interactional effects in the two-way ANOVAs 
for any cost outcome because only FY 2021 data were avail-
able for L- patients. For operating room costs, there was 
a significant main effect for year, with R- patients having 
higher costs in FY 2021 (p < 0.05). For instrument costs, 
there was a significant main effect for surgical group, with R- 
patients having higher overall costs (p < 0.05). For miscel-
laneous costs, there was a significant main effect for surgical 
group, with patients having lower overall costs (p < 0.05). 
Finally, for total costs, there were no significant main effects 
for either surgical group or year, indicating that values were 
comparable for R- and L- patients.

 Results of two-Way ANOVA for inguinal hernia patients 
revealed a significant group x time interactional effect for 
operating room costs, with R- patients having higher costs 
in FY 2021 compared to FY 2019–2020, and L- patients 
having lower costs in FY 2021 compared to higher costs in 
FY 2019–2020 (p < 0.05). For instrument costs, there were 
significant main effects for surgical group (with R- patients 
having higher costs across both fiscal years, p < 0.05), and 
year (with lower costs in FY 2019–2020 compared to FY 
2021 across both surgical groups, p < 0.05). For miscella-
neous costs, there was a significant main effect for surgical 
group, with R- patients having lower costs across both fiscal 
years (p < 0.05). Finally, for total costs, there was a signifi-
cant main effect for year, with lower costs in FY 2019–2020 
compared to FY 2021 across both surgical groups (p < 0.05).

For PEH repairs with mesh, results of two-way ANOVA 
revealed significant group × year interactional effects for 
operating room and total costs, with R- patients experiencing 
higher costs in FY 2021 compared to FY 2019–2020, and 
L- patients experiencing lower costs from FY 2019–2020 to 
FY 2021 (p < 0.05). For instrument costs, there was a signifi-
cant main effect for surgical group, with R- patients having 
higher costs across both fiscal years (p < 0.05). Finally, for 
miscellaneous costs, there were no significant main effects 
for surgical group or year, although the group × year inter-

action trended toward significance (p = 0.06), with R- costs 
increasing over time, and L- costs decreasing over time.

Discussion

Robotic surgery has been shown to overcome several of the 
limitations commonly seen with the laparoscopic approach. 
A few of the advantages robotic surgery provides over 
laparoscopy includes 3D-imaging, wristed instruments, 
improved ergonomics, and increased dexterity [1]. How-
ever, despite those advantages, many have expressed major 
concerns regarding cost of the robotic platform when com-
pared to laparoscopy, especially in the era of the Triple Aim 
and the focus on reduction of health care costs. Previous 
literature has demonstrated increased overall costs and simi-
lar clinical outcomes when the robotic approach was com-
pared to the laparoscopic approach [1–3, 5]. Given the lack 
of strong evidence to suggest that robotic surgery improves 
patient clinical outcomes, the issue of cost has become 
extremely important when surgeons evaluate whether they 
should adopt this new technology. The primary drivers of 
the increased costs associated with robotic surgery can be 
attributed to the increased instrument costs and the costs 
associated with prolonged operative times [1–12, 18]. On the 
contrary, studies investigating the robotic surgery learning 
curve have shown that with more experience, surgeons can 
achieve a significant decrease in OR time and overall cost 
[12, 13, 15, 16]. Although clinical outcomes and learning 
curves are important parameters to consider, the primary 
objective of the present study was to evaluate the cost of 

Table 9  Paraesophageal hernia (PEH) repair without mesh

*Based on separate independent samples t-tests

Operating room costs 
(mean + standard devia-
tion)

Instrument chargeable + non-chargea-
ble costs (mean + standard deviation)

Miscellaneous costs 
(mean + standard devia-
tion)

Total costs 
(mean + standard 
deviation)

Laparoscopic (L-) (n = 20) $2,532.81 ± 1,247.18 $1,629.37 ± $519.04 $2,657.51 ± $2,506.26 $6,819.69 ± $3,839.52
Robotic (R-) (n = 14) $2,301.29 ± $723.78 $2,341.15 ± $517.51 $2,209.97 ± $851.51 $6,852.41 ± $1,517.23
p value* 0.50  < 0.0001 0.47 0.97
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robotic and laparoscopic general surgery procedures com-
monly performed at our institution, including cholecystec-
tomies, inguinal hernia repairs, and PEH repairs.

In previous studies, we demonstrated no significant cost 
difference between R- and L- approaches in performing 
sleeve gastrectomy and Roux-en-Y gastric bypass cases [13, 
15, 19]. Similarly, in our present study, we found no sig-
nificant total cost difference between R- and L- approaches 
when an inguinal hernia repair or PEH repair without mesh 
was performed. Interestingly, when comparing the cost of a 
R-PEH repair with mesh to a L-PEH repair with mesh, the 
cost of R-PEH repair with mesh was significantly higher, 
probably because the PEH repairs performed with mesh 
included patients with larger hernias, which may have 
required the use of additional instrumentation. In the current 
study, the cost of instruments was consistently higher in the 
R-group compared to the L-group. Notably, we found that 
our institution’s average total costs associated with perform-
ing a R- cholecystectomy were significantly less compared 
to the L- approach. This finding differs from previously 
published literature that demonstrated higher total costs for 
robotic surgery compared to laparoscopic surgery, primarily 
due to increased instrument costs and operating room time 
costs [1–12]. While instrument costs remained higher for the 
R- approach compared to the L- approach for all three proce-
dures analyzed in our study, the average operating room time 
costs associated with R-cholecystectomy were significantly 
less than the L-group (p < 0.001). This may be explained 
by the fact that surgeons at our institution have exceeded 
their robotic surgery learning curves and have become very 
efficient in performing the more common general surgery 
procedures, resulting in shorter operative times, therefore 
lowering overall costs. Also, the miscellaneous costs of the 
R-cholecystectomy group were significantly lower than the 
L-group. Although we do not have a clear explanation for 
this significant difference, one explanation may be the selec-
tive use of intraoperative cholangiogram (IOC) in certain 
L-patients which can add substantial cost to the case. On 
the other hand, the R- group did not undergo any IOC, but 
routine ICG using the firefly technology was used, which in 
comparison doesn’t add much to the overall cost of the case.

Despite our encouraging results, we acknowledge that our 
study has several limitations. First, the study conducted was 
a single-center study using institution-specific data, therefore 
the results of the study cannot be generalized to other institu-
tions. In addition, the study was retrospective in nature and 
failed to capture detailed cost data in relation to the miscel-
laneous costs which seemed to be higher in the L-group for 
both the cholecystectomy and inguinal hernia groups. Also, 
the study did not include any long-term cost data related 
to complications or readmissions. Our analytical software 
that captures cost data doesn’t include any long-term cost 
data, although collecting such data is important. Second, 

cost is institution specific due to the fact hospital contracts 
vary between different hospital systems, therefore, other 
hospitals are encouraged to compare their own cost data to 
obtain more meaningful comparisons. Additionally, given 
the retrospective nature of the study, selection bias may have 
resulted in skewed outcomes favoring the R-cohort, however, 
surgeons performing those cases are well experienced and 
selection of approach may be related to access issues more 
than personal preference or patient demographics. Another 
limitation is the “upfront” costs or capital investment made 
when purchasing the robotic platform. The capital invest-
ment was not part of our analysis because we did not have 
access to the data on the capital investment made to set up 
the laparoscopic towers, therefore, a meaningful comparison 
between both approaches was not possible. Lastly, this study 
is not a cost effectiveness study because clinical outcomes 
where not compared. Future cost effectiveness studies need 
to be conducted in a prospective fashion to compare both 
approaches in order to reach more definitive conclusions.

Improving the cost of a surgical procedure is a compli-
cated task that requires a multidisciplinary approach. Atten-
tion to detail and responsible use of surgical equipment is 
essential in order to reduce operating room time costs and 
instrument costs. While patient safety is always the primary 
concern, avoiding unnecessary costs in the operating room 
is also becoming important. Operating room time is also of 
significant importance. Having a trained team that uses the 
robot frequently allows for a more efficient set up, faster 
turnover time, and lower use of disposables. In our study, 
the surgeons were able to demonstrate that by implementing 
a team approach with standardized techniques, three com-
monly performed surgical procedures: cholecystectomy, 
inguinal hernia repair, and PEH repair, can be performed 
using a robotic approach in an effective manner without a 
significant increase in overall health care costs.

Conclusion

Despite a significant increase in the number of procedures 
performed robotically, the use of robotic assisted surgery in 
general surgery remains controversial because of cost con-
cerns. At our institution, our study findings indicate that the 
use of a robotic assisted approach for the performance of 
cholecystectomy, inguinal hernia repair, and PEH repair is 
not cost prohibitive when compared to the standard laparo-
scopic approach. However, cost is institution specific, and 
surgeons are encouraged to collect their own cost data to 
perform more meaningful comparisons prior to adoption of 
the technology.
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