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Abstract

Purpose Robotic inguinal hernia repair (RHR) is an evolving technique but is comparatively expensive and has yet to show
superior outcomes versus open (OHR) or laparoscopic (LHR) approaches. The utilization and clinical outcomes of RHR
have not been reported within the veterans affairs (VA) system. This study analyzes trends in utilization and 30-day post-
operative outcomes between OHR, LHR, and RHR in veterans.

Methods This is a retrospective review of patients that underwent inguinal herniorrhaphy using the Veterans Affairs Quality
Improvement Program database. Multivariable analysis of outcomes was performed adjusting for pre-operative confounding
covariates between OHR, LHR, and RHR. Trends in utilization, complication rates, and operative times were also reported.
Results From 2008-2019, 124,978 cases of inguinal herniorrhaphy were identified: 100,880 (80.7%) OHR, 18,035 (14.4%)
LHR, and 6063 (4.9%) RHR. Compared to LHR, RHR was associated with 4.94 times higher odds of complications, 100 min
longer mean operative time, and 1.5 days longer median length of stay (LOS). Compared to OHR, RHR was associated with
5.92 times higher odds of complications, 57 min longer mean operative time, and 1.1 days longer median LOS. Utilization
of RHR and LHR significantly increased over time. RHR complication rates decreased over time (2008: 20.8% to 2019:
3.2%) along with mean operative times (2008: 4.9 h to 2019: 2.8 h; p <0.05).

Conclusion While this study demonstrated inferior outcomes after RHR, the temporal trends are encouraging. This may be
due to increased surgeon experience with robotics. Further prospective data will elucidate the role of RHR as this technique
increases.
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Introduction 4]. THR represents a significant portion of healthcare costs,

accounting for billions of dollars in annual expenditures [5,

Inguinal hernia is commonly diagnosed in the United States
and around the globe. Much more prevalent in men than
women, it is estimated that one in three men will incur an
inguinal hernia in their lifetime [1, 2]. Inguinal hernia repair
(IHR), the definitive treatment, is one of the most commonly
performed general surgery procedures, with over 800,000
cases performed every year in the United States alone [3,
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6].

IHR has undergone numerous transformations over the
past century. One of the most important developments was
the creation of the Lichtenstein tension free repair with
mesh, which today remains the most frequently practiced
technique [4—7]. With the rise of minimally invasive surgery,
several laparoscopic approaches were developed, such as the
transabdominal preperitoneal (TAPP) and total extraperito-
neal (TEP) techniques [8—11]. Comparative analysis of open
inguinal hernia repair (OHR) and laparoscopic inguinal her-
nia repair (LHR) has been the subject of extensive research.
The optimal surgical technique for inguinal herniorrhaphy
remains controversial given the current data [12—16].

Robotic inguinal hernia repair (RHR) has emerged
as an intriguing third option over the past few decades,
given the enhanced three-dimensional visualization and
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precise instrumentation offered by the platform [17]. The
current technique is derived from the laparoscopic TAPP
repair. Over the past decade, utilization of RHR has rap-
idly expanded in the United States, and continued growth
is projected [18]. At present, there is significant variability
in the results of 30-day post-operative outcomes between
these techniques, and RHR has not consistently shown supe-
rior clinical outcomes compared to OHR and LHR [19-24].
Moreover, RHR is significantly more expensive on a per-
case basis, in addition to high installation costs [21, 25, 26].
Given these findings, the role of robotics in hernia surgery
must be further elucidated.

While extensively studied in the civilian sector, compari-
sons of these herniorrhaphy techniques in veterans is lacking
in the literature. To our knowledge, there are no existing
studies analyzing trends in utilization and outcomes between
the three IHR approaches on a national scale in the veter-
ans affairs (VA) system. Veterans comprise a unique subset
of the United States population. On average, veterans are
older, predominantly male, with significantly higher rates of
tobacco use and other comorbidities compared to national
averages [27-30]. These factors are well-documented risks
for development of an inguinal hernia, and in 2019, over
11,000 IHR were performed throughout the VA system [1,
2, 31]. The objective of this study is to analyze the trends
in utilization and 30-day post-operative outcomes between
open, laparoscopic, and robotic inguinal hernia repair in the
veteran population.

Methods
Data collection

This was a retrospective review of Veterans Affairs Surgical
Quality Improvement Project (VASQIP) data, a validated
database prospectively maintained by specially trained cli-
nicians that collates surgical outcomes from all participat-
ing VA hospitals [32]. Veteran patients at these hospitals
between 2008 and 2019 that underwent inguinal hernior-
rhaphy were identified by current procedural terminol-
ogy (CPT) codes for open inguinal hernia repair (OHR;
CPT =49,505, 49,507, 49,520, 49,521, 49,525) and laparo-
scopic inguinal hernia repair (LHR; CPT =49,650, 49,651).
Patients that underwent robotic inguinal hernia repair (RHR)
during this time frame were identified using robotic modifier
code “S2900”. Emergent cases, identified in VASQIP by
American Society of Anesthesiology (ASA) classification,
and recurrent hernia repairs were excluded from statistical
analysis. Due to the retrospective nature of the study and
utilization of de-identified data, Institutional Review Board
(IRB) waiver of consent was applied and approved for this
study (IRB-Exempt Protocol #01966).
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Study variables

Clinical outcomes assessed in this analysis included
30-day mortality, operative time, length of post-opera-
tive hospital stay (LOS), incidence of unplanned return
to operating room (OR) and incidence of post-operative
complications. Post-operative complications were ana-
lyzed by relevant organ system, which included cardiac,
pulmonary, renal, and infectious disease systems. Com-
plications not pertaining to one system were assigned to
a “systemic/other” category. Pre-operative demographics
captured included age, gender, and race of each patient.
Clinical characteristics and pre-operative comorbidities
were analyzed, and organized by organ system: cardio-
vascular, pulmonary, metabolic, renal, and systemic/other.

Statistical analysis

All inguinal hernia repair cases were stratified into three
comparison groups based on technique: robotic, laparo-
scopic, and open. Incidence of 30-day mortality, operative
time, LOS, and incidence of post-operative complications
were compared via multivariate analysis, adjusting for pre-
operative confounders. Analysis of variance (ANOVA)
and independent samples ¢ test were used to compare
parametric and continuous variables between each cohort.
Wilcoxon rank sum/Mann—Whitney U test was used for
nonparametric continuous variables. Normality of con-
tinuous variable distributions was performed with Kol-
mogorov—Smirnov test with respect to skew and kurtosis.
Categorical variables of each cohort were compared with
Fisher’s exact test or Chi-square for low cell counts (=25%
of cells with expected count <5) and adequate cell counts,
respectively.

Patient demographics, clinical, and operative character-
istics were assessed between all cohorts to locate potential
confounding covariates. Multivariable logistic regression
models compared categorical outcomes, reported as adjusted
odds ratios with 95% confidence intervals. Corresponding p
values were declared. Continuous variables were compared
via multivariable generalized linear models. For continuous
variables of interest, beta coefficient () with standard error
(SE) was reported. LOS was skewed positively with kurtosis.
Therefore, this metric was natural logarithm (In) transformed
to satisfy assumptions of normally distributed residuals, as
well as homoscedasticity amongst variance of error terms
within multivariable linear regression. Univariate patient
demographics, clinical, and operative characteristics with
overall corresponding univariate-test p value less than 0.2
were entered into multivariable models for adjustment and
stay criteria for the selection procedure was a=0.1.
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Temporal trends in utilization of each technique were
determined by percentage that each comparison group
contributed to overall operative volume per year. Trends
in complication rate and operative time were also com-
pared amongst each cohort. In the RHR cohort, trends in
specific complications such as surgical site infection, over-
all infectious-related complications (defined as superficial
surgical site infection, deep wound infection, or urinary
tract infection), and unplanned reoperation were tabulated
individually. Spearman’s Rho correlation coefficient (p)
was used for nonparametric measure of rank correlation.
To correct for multiple comparisons and minimize Type
I error conclusions, Bonferroni correction at the multi-
variable level for significance detection was used for our
30 outcomes of interest. Therefore, a p value of less than
0.0017 was considered statistically significant. All analysis
was performed using SAS version 9.4 (SAS Institute Inc.
Cary, NC).

Results
Overall

A total of 124,978 inguinal hernia repair cases were identi-
fied in VASQIP from 2008-2019 that met inclusion crite-
ria. Of that total, there were 100,880 (80.7%) open inguinal
hernia repair (OHR) cases, 18,035 (14.4%) laparoscopic
inguinal hernia repair (LHR) cases, and 6,063 (4.9%) robotic
inguinal hernia repair (RHR) cases. A comparison of per-
tinent clinical outcomes between each technique was pre-
sented in Fig. 1.

RHR versus LHR

Relative to LHR, RHR cases were significantly associated
with higher body mass index (BMI), older age, and higher
proportion of female gender and African American race.
In addition, RHR was associated with higher incidence of:
congestive heart failure (CHF), hypertension (HTN), periph-
eral artery disease (PAD), obstructive sleep apnea (OSA),
diabetes mellitus (DM), pre-operative weight loss greater
than 10% in 6 months, dependent functional status, and ASA
class greater than III. Conversely, RHR was associated with
lower incidence of smoking and alcohol use (Table 1). Uni-
variate analysis of 30-day outcomes revealed that compared
to LHR, RHR was significantly associated with higher com-
plication rate, unplanned return to OR, longer operative time
and longer LOS (Table 2).

Multivariate analysis, adjusting for confounding covari-
ates showed that compared to LHR, RHR was significantly
associated with increased adjusted odds of overall compli-
cation rate (aOR =4.94; p <0.001), pulmonary compos-
ite complication (aOR =7.09; p <0.001), renal composite
complication (aOR =4.54; p <0.001), infectious composite
complication (aOR =4.65; p <0.001), unplanned return to
OR (aOR =3.53; p<0.001), as well as adjusted 100+ 1 min
longer operative time (p <0.001)and an adjusted 94% +3%
longer LOS(p <0.001) (Table 3).

RHR versus OHR

Relative to OHR, RHR cases were significantly associated
with higher BMI and younger relative age. In addition,
RHR was associated with higher incidence of: CHF, HTN,
PAD, OSA, DM, weight loss greater than 10% in 6 months.

Comparison of Select Clinical Outcomes: Open versus Laparoscopic
versus Robotic Inguinal Hernia Repair
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Fig. 1 Open vs. laproscopic vs. robotic inguinal hernia comparison of select clinical outcomes
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Table 1 Pre-operative demographics, operative and clinical characteristics

Patient demographics, clinical and operative character- RHR cases LHR cases OHR cases p value
istics, #(%), mean +\— standard deviation (n=6063) (n=18,035) (n=100,880)
Age (Years) 60.8+12.2 60.3+12.6 63.5+12.5 <0.001
Sex (Female) 444 (7.32%) 93 (0.52%) 458 (0.45%) <0.001
Race
White 4502 (74.25%) 13,379 (74.18%) 71,748 (71.12%)
Black 967 (15.95%) 2291 (12.70%) 15,434 (15.30%) <0.001
Other 155 (2.56%) 307 (1.70%) 1,584 (1.57%)
Unknown 439 (7.24%) 2058 (11.41%) 12,114 (12.01%)
Cardiovascular
CHF 592 (9.76%) 883 (4.90%) 4416 (4.38%) <0.001
History of angina 28 (0.46%) 103 (0.57%) 656 (0.65%) 0.11
Prior MI 1178 (19.43%) 8855 (49.10%) 62,141 (61.60%) <0.001
HTN 3628 (59.84%) 8929 (49.51%) 56,267 (55.78%) <0.001
Prior cardiac surgery 285 (4.70%) 755 (4.19%) 5952 (5.90%) <0.001
PCI 348 (5.74%) 613 (3.40%) 3192 (3.16%) <0.001
CVA 324 (5.34%) 745 (4.13%) 6,221 (6.17%) <0.001
PAD 141 (2.33%) 263 (1.46%) 1443 (1.43%) <0.001
Pulmonary
History of COPD 589 (9.71%) 1616 (8.96%) 10,879 (10.79%) <0.001
Sleep apnea 1683 (27.76%) 2253 (12.49%) 10,265 (10.18%) <0.001
Metabolic
BMI 29.5+6.1 262+4.2 26.2+19.0 <0.001
Diabetes 1137 (18.75%) 1727 (9.58%) 11,613 (11.51%) <0.001
Weight loss > 10% in 6 months pre-op 100 (1.65%) 123 (0.68%) 892 (0.88%) 0.002
Renal
Dialysis within 2 weeks pre-op 19 (0.31%) 41 (0.23%) 569 (0.56%) <0.001
Acute renal failure 4 (0.07%) 6 (0.03%) 93 (0.09%) 0.043
Systemic/Other
Current smoker 1456 (24.01%) 5840 (32.28%) 31,792 (31.52%) <0.001
EtOH 395 (6.51%) 1540 (8.54%) 8211 (8.14%) 0.02
Drug use 167 (2.75%) 354 (1.96%) 1759 (1.74%) <0.001
Dependent functional status 66 (1.09%) 115 (0.64%) 1774 (1.76%) <0.001
Ascites 3 (0.05%) 20 (0.11%) 305 (0.30%) <0.001
Bleeding disorder 231 (3.81%) 398 (2.21%) 3,241 (3.21%) 0.022
Disseminated cancer 48 (0.79%) 31 (0.17%) 305 (0.30%) 0.001
Radiotherapy within 90 days pre-op 122 (2.01%) 10 (0.06%) 115 (0.11%) <0.001
Chemotherapy within 30 days pre-op 18 (0.30%) 25 (0.14%) 195 (0.19%) 0.66
ASA Class >3 216 (3.56%) 299 (1.66%) 3,743 (3.71%) <0.001

Reported as # (%). ASA American Society of Anesthesiologist physical status classification system, BMI body mass index, CHF congestive heart
failure, COPD chronic obstructive pulmonary disease, CVA cerebrovascular accident, EtOH history of alcohol use, MI myocardial infarction,
PAD peripheral arterial disease, PCI percutaneous coronary intervention, RHR robotic hernia repair, LHR laparoscopic hernia repair, OHR open

hernia repair

Conversely, RHR was associated with lower incidence of:
prior MI, chronic obstructive pulmonary disorder (COPD),
hemodialysis within two weeks of surgery, smoking, alco-
hol use, dependent functional status, and ascites (Table 1).
Unadjusted relative to OHR, RHR was significantly associ-
ated with higher incidence of post-operative complications,
longer operative times, and longer LOS (Table 2).
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Multivariate analysis, adjusting for confounding covari-
ates, showed that RHR was significantly associated with
higher adjusted odds of: overall complications (aOR =5.92;
p <0.001), cardiac composite complications (aOR =4.22;
p <0.001), neurologic composite complications
(aOR =4.00; p=0.002), pulmonary composite complica-
tions (aOR =9.95; p <0.001), renal composite complications
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Ta.bI.e 2 Univariate analysis of 30-day clinical outcomes RHR cases LHR cases OHR cases Overall
clinical outcomes
(n=6063) (n=18,035) (n=100,880) p value
Mortality within 30 days 8 (0.13%) 14 (0.08%) 122 (0.12%) 0.45
Operative time (Hours) 32+1.8 1.5+£0.7 1.3+£0.6 <0.001
Length of post-operative hospital stay (Days) 4.1+5.0 2.6+8.2 3.0+8.5 <0.001
1 or more VASQIP complication 326 (5.38%) 226 (1.25%) 1300 (1.29%) <0.001
Unplanned reoperation 172 (2.84%) 148 (0.82%) 1033 (1.02%) <0.001
Cardiac complications 15 (0.25%) 23 (0.13%) 84 (0.08%) 0.001
Cardiac arrest 5 (0.08%) 8 (0.04%) 33 (0.03%) 0.19
MI 10 (0.16%) 15 (0.08%) 55 (0.05%) 0.01
Neurologic complications 7 (0.12%) 6 (0.03%) 43 (0.04%) 0.1
CVA/stroke 6 (0.10%) 4 (0.02%) 32 (0.03%) 0.09
Neurological deficit 7 (0.12%) 5(0.03%) 22 (0.02%) 0.005
Pulmonary complications 60 (0.99%) 29 (0.16%) 200 (0.20%) <0.001
Prolonged intubation 26 (0.43%) 6 (0.03%) 27 (0.03%) <0.001
Pneumonia 25 (0.41%) 17 (0.09%) 136 (0.13%) <0.001
Reintubation 30 (0.49%) 15 (0.08%) 75 (0.075%) <0.001
Renal complications 34 (0.56%) 19 (0.11%) 77 (0.08%) <0.001
Acute renal failure 6 (0.10%) 2 (0.01%) 18 (0.02%) 0.005
Progressive renal insufficiency 28 (0.46%) 17 (0.09%) 59 (0.06%) <0.001
Infectious complications 147 2.42%) 126 (0.70%) 790 (0.78%) <0.001
Superficial wound infection 55(0.91%) 36 (0.20%) 291 (0.29%) <0.001
Deep wound infection 13 (0.21%) 4 (0.02%) 50 (0.05%) 0.001
UTI 68 (1.12%) 85 (0.47%) 417 (0.41%) <0.001
C. Diff 29 (0.48%) 15 (0.08%) 50 (0.05%) <0.001
Systemic/Other
Bleeding (>4 units RBC) 2 (0.03%) 3 (0.02%) 7 (0.01%) 0.16
VTE (DVT/PE) 34 (0.56%) 17 (0.09%) 117 (0.12%) <0.001
Sepsis 60 (0.99%) 22 (0.12%) 93 (0.09%) <0.001

Reported as # (%) C. Diff Clostridium difficile infection, CVA cerebrovascular accident, DVT deep venous
thrombosis, MI myocardial infarction, PE pulmonary embolism, RBC red blood cell units transfused, UTI
urinary tract infection, VTE venous thromboembolism, RHR robotic hernia repair, LHR laparoscopic hernia

repair, OHR open hernia repair

(aOR =11.49; p<0.001), infectious composite complica-
tions (aOR =4.35; p<0.001), as well as adjusted 57+ 1 min
longer operative time (p <0.001) and an adjusted 33% + 1%
longer LOS (p <0.001) (Table 3).

LHR versus OHR

Relative to OHR, LHR was significantly associated with
younger age. In addition, LHR was significantly associ-
ated with higher incidence of CHF, OSA, and smoking.
Conversely, LHR was associated with lower incidence of:
prior MI, HTN, COPD, DM, greater than 10% weight loss
in 6 months, hemodialysis within two weeks of surgery,
dependent functional status, ascites and ASA Class>3
(Table 1). Unadjusted relative to OHR, LHR was signifi-
cantly associated with less return to OR, superficial surgical
site infection, as well as longer operative time and shorter
LOS (Table 2).

Multivariate analysis with adjustment for confounding
covariates, revealed that compared to OHR, LHR was sig-
nificantly associated with increased adjusted odds of: over-
all complication (aOR=1.22; p=0.007), cardiac compos-
ite complication (aOR =2.15; p =0.002), renal composite
complication (aOR =2.05; p=0.006), as well as adjusted
12 + 1 min longer operative time (p <0.001) and an adjusted
10% +3% shorter LOS (p <0.001) (Table 3).

Temporal trends

Utilization of RHR increased from 0.24% in 2008 to 19.6%
in 2019 of total operative volume. LHR utilization increased
overall from 10.5% of operative volume in 2008 to 17.1% of
cases in 2019. However, the peak of LHR operative volume
was 18.0% in 2018. OHR utilization decreased over time
from 89.3% in 2008 to 63.3% of total hernia repair volume
in 2019 (Fig. 2).
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Table 3 Multivariate analysis of clinical outcomes

30-day clinical outcomes ~ RHR vs. LHR cases aOR  p value RHR vs OHR cases aOR  p value LHR vs. OHR cases p value
(95% CI), g (SE), or In [p (95% CI), p (SE), or In [p aOR(95% CI), g (SE), or
(SB)] (SB)] In [§ (SE)]
Mortality within 30 days 1.76 (0.64-4.85) 0.27 1.91 (0.89-4.13) 0.098 0.99 (0.56-1.74) 0.97
Operative time (Minutes) 100+ 1 <0.001 57+1 <0.001 12+1 <0.001
Length of post-operative ~ 94% +3% <0.001 33%+1% <0.001 -10%+3% <0.001
hospital stay (Days)
1 or more VASQIP com-  4.94 (4.02-6.08) <0.001 5.92(5.11-6.85) <0.001 1.22(1.06-1.41) 0.007
plication
Unplanned reoperation 3.53 (2.71-4.60) <0.001 3.36 (2.79-4.05) <0.001 0.92(0.77-1.09) 0.34
Cardiac complications 1.81 (0.84-3.87) 0.13 4.22 (2.28-7.83) <0.001 2.15(1.34-3.45) 0.001
Cardiac arrest 2.91 (0.74-11.40) 0.12 6.42 (2.21-18.68) 0.001 2.31 (1.04-5.13) 0.039
MI 1.47 (0.59-3.72) 0.41 3.23 (1.53-6.84) 0.002 1.95 (1.09-3.51) 0.025
Neurologic complications  2.97 (0.86-10.25) 0.09 4.00 (1.66-9.67) 0.002 1.13 (0.47-2.70) 0.78
CVA/stroke 4.46 (1.06-18.75) 0.04 5.58 (2.06-15.12) 0.001 1.05 (0.37-3.03) 0.92
Neurological deficit 3.09 (0.85-11.29) 0.09 4.37 (1.69-11.29) 0.002 1.50 (0.55-4.05) 0.42
Pulmonary complications ~ 7.09 (4.19-12.01) <0.001 9.95 (7.00-14.13) <0.001 1.25(0.84-1.86) 0.27
Prolonged intubation 19.34 (7.07-52.89) <0.001 51.27(25.03-105.00) <0.001 2.45(0.98-6.13) 0.06
Pneumonia 4.54 (2.19-9.41) 9.41 5.63 (3.42-9.25) <0.001 1.07 (0.64-1.79) 0.79
Reintubation 8.17 (3.87-17.26) <0.001 14.83 (8.76-25.11) <0.001 1.75(0.99-3.08) 0.05
Renal complications 4.54 (2.36-8.72) <0.001 11.49 (7.08-18.65) <0.001 2.05(1.22-3.44) 0.006
Acute renal failure 16.02 (2.38-107.92) 0.004 18.19 (5.72-57.83) <0.001 1.46(0.32-6.55) 0.62
Progressive renal insuf- 3.81 (1.90-7.67) <0.001 10.31 (6.06-17.53) <0.001 2.15(1.23-3.74) 0.007
ficiency
Infectious complications ~ 4.64 (3.47-6.22) <0.001 4.35(3.54-5.35) <0.001 1.11(0.91-1.34) 0.29
Superficial wound infec-  4.32 (2.59-7.19) <0.001 3.60 (2.58-5.03) <0.001 0.71 (0.50-1.01) 0.06
tion 10.04 (2.63-38.28) 0.001 4.80 (2.32-9.91) <0.001 0.57 (0.21-1.60) 0.29
Deep wound infection 4.14 (2.81-6.11) <0.001 4.53 (3.36-6.10) <0.001 1.64 (1.29-2.08) <0.001
UTI 15.00 (4.29-52.42) <0.001 12.95 (6.44-25.03) <0.001 0.78 (0.28-2.22) 0.65
C. Diff
Systemic/other
Bleeding (>4 units RBC) 3.99 (0.48-33.21) 0.20 13.22 (2.13-82.25) 0.006 4.69 (1.12-19.56) 0.034
VTE (DVT/PE) 5.88 (3.00-11.51) <0.001 5.28 (3.37-8.25) <0.001 0.92 (0.55-1.55) 0.77
Sepsis 8.07 (4.61-14.13) <0.001 17.17 (11.41-25.83) <0.001 1.85(1.15-2.98) 0.01

Reported as # (%). aOR adjusted odds ratio, CI confidence interval, f beta coefficient, SE standard error, C. Diff Clostridium difficile infection,
CVA cerebrovascular accident, DVT deep venous thrombosis, MI myocardial infarction, PE pulmonary embolism, RBC red blood cell units
transfused, UTI urinary tract infection, VTE venous thromboembolism, RHR robotic hernia repair, LHR laparoscopic hernia repair, OHR open

hernia repair

RHR had a significant decrease in complication rate over
time, from 20.8% in 2008 to 3.5% in 2019 (p=— 0.68; p
value=0.015). LHR complication rate decreased over time,
with a peak of 1.7% in 2008 and a nadir of 0.9% in 2017
(p=—0.69; p value=0.014). OHR had a decrease in com-
plication rate over time, from 1.5% in 2008 to 1.0% in 2019
(p=—0.91; p value<0.001) (Fig. 3). In the RHR cohort
with respect to specific complications, infectious compos-
ite complication decreased from 20.8% (2008) to 1.77%
(2019). Similarly, surgical site infection decreased from
12.5% in 2008 to 0.55% in 2019, while unplanned reopera-
tion decreased from 12.5% (2008) to 1.83% (2019) (Fig. 4).

RHR had a significant decrease in mean operative time
over the study period, from 4.9+ 1.6 hin 2008 to 2.8+ 1.6 h
in 2019 (p=—- 0.94; p<0.001). LHR had a relatively
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constant average operative time over the study period,
from 1.6 +0.7 h in 2008 to 1.6 +0.8 h in 2019 (p=0.14;
p value=0.66). OHR cases had a slight increase in opera-
tive time over the study period, with nadir value 1.2+0.6 h
in 2009 and peak value of 1.3+0.6 h in 2018 (p=0.78; p
value =0.003) (Fig. 5).

Discussion

In review of inguinal hernia repair outcomes in the VA,
OHR was found to comprise most of the operative volume.
While this technique only offered modestly improved out-
comes compared to laparoscopic approach, both OHR and
LHR demonstrated significantly superior outcomes versus
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RHR. Despite these overall findings, RHR utilization greatly
increased over the study period, while operative time and
complication rate both significantly improved over time. The
volume of robotic repairs in the setting of inguinal hernior-
rhaphy is projected to increase especially as clinical out-
comes improve, and surgeons gain more experience with
the platform.

In our comparison of LHR and RHR approaches,
LHR was significantly associated with lower incidence
of post-operative complication, shorter operative time,
and shorter LOS. Since its inception, proponents of the
robotic platform theorize that the technical advantages
of robotic surgery would engender clinical benefits [17].
However in several studies, not only was there no clinical

benefit derived from the robotic platform over traditional
laparoscopic inguinal herniorrhaphy, in many instances
it resulted in worse perioperative outcomes- particularly
longer operative times and wound complications [19, 20,
25, 33]. In a retrospective review of these techniques,
Khoracki et al. [21]. found that RHR had longer operative
times, more clinically significant complications, higher
readmission rates and substantially higher hospitals costs
on a per-case basis without a significant difference in LOS.
They inferred that the larger port sites (8 to 12 mm) in
robotic surgery may predispose patients to higher likeli-
hood of wound-related complications, or even port-site
hernia requiring readmission and potential reoperation
[21, 34]. Similarly, Charles et al. [19] compared RHR and
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Fig.4 Sub-analysis of robotic
inguinal hernia repair post-
operative complications
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LHR outcomes and found RHR to be associated with sig-
nificantly longer operative times and higher incidence of
surgical site infections. They surmised that the increased
operative time in RHR contributed to more wound infec-
tions, which also may have led to increased costs com-
pared to laparoscopic approach. Furthermore, the associa-
tion between longer operative times and increased surgical
site infections has been previously validated [35, 36]. In
our sample, the RHR cohort not only had longer operative
times and higher complication rates, but also had longer
LOS, an outcome seen in few other studies. This finding
of increased LOS was observed by Tatarian et al. [37]

@ Springer

when comparing perioperative outcomes RHR to LHR;
however, this association was not seen with application of
their propensity-score model. This suggested that perhaps
the longer LOS was secondary to increased incidence of
cardiopulmonary comorbidities or other confounders in
the RHR cohort [37]. A potential reason why our study
demonstrated relatively higher LOS in the RHR cohort
may due to the delayed incorporation of robotic surgery
in the VA relative to civilian hospitals [18, 38]. With less
longitudinal experience with the platform, VA surgeons
may have been more reticent to discharge RHR patients on
the same day, opting for overnight observation.
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Although our analysis did not reveal any potential clinical
benefits of RHR over LHR, the utilization and outcomes of
RHR have trended in a positive direction. In the first year of
our study period, RHR comprised a mere 0.24% of inguinal
herniorrhaphy; but by 2019 this had expanded to just under
20% of operative volume, surpassing LHR that year. Yet,
OHR remained the most utilized approach amongst veter-
ans per year, with a nadir of 63% of operative volume in
2019. LHR experienced a slow upward trend from 10 to 18%
until dropping slightly to 17% in 2019, indicating that RHR
was mostly replacing open herniorrhaphy volume instead
of laparoscopic volume. While the overall trend seems to
be moving towards minimally invasive approach to IHR,
the choice of robotic versus laparoscopic may be based on
surgeon preference and experience. However, it is important
to note that the availability of the robotic surgery platform
will also dictate operative approach, as in the VA there are
many centers without a dedicated robotics system in place.
Sheetz et al. [18] described a comparable trend in which the
robotic approach grew from 0.7% in 2012 to 28.8% of ingui-
nal herniorrhaphy case volume in 2018. During that same
time period, they observed that OHR proportional volume
dropped from 74 to 60% [18].

The RHR cohort saw considerable improvements in sev-
eral perioperative metrics over the study period in this analy-
sis. These included operative time, overall complication rate,
composite infectious complications, and wound-related com-
plications. One potential reason for the trend of decreased
operating time is the increasing familiarity with the robotic
platform. In a single-surgeon review, Muysoms et al. [39]
found that a cumulative operative volume of 50 RHR cases
decreased mean operating time from 63 to 44 min, compa-
rable to that same surgeon’s LHR mean operative time of
45 min. This demonstrates that RHR learning curve can be
surmounted with a reasonable cumulative volume. Further-
more, Awad et al. [40] demonstrated the clinical benefit of
increased RHR volume with a smaller cut-off of 20 cumula-
tive cases. In their study, surgeons who performed more than
20 RHR had shorter operative times, lower complication
rates, and lower per-case costs compared to surgeons with
less than 20 RHR cases of experience. Given the relation-
ship between shorter operating time and lower complication
rates, it is plausible that increased surgeon and hospital expe-
rience with robotics in the VA validates the temporal trends
that we observed. Moreover, this shows that outcomes may
continue to improve with more operative volume experience.
In addition, increased surgeon experience with the robotic
console may augment the outcomes of other operations in
general surgery that have trended towards a minimally inva-
sive approach, such as ventral hernia repair or colectomy
[18]. Nevertheless, it is important to note that even in the last
year of our study period, the robotic perioperative outcomes
remained inferior to the OHR and LHR cohorts.

OHR, the most utilized approach for herniorrhaphy in
the VA, showed superior operative time, LOS, and com-
plication rates in direct comparison with RHR. These two
modalities have been thoroughly compared in the literature
with mixed findings [19, 20, 22, 24, 41, 42]. Huerta et al.
[24] reported that OHR had lower incidence of complica-
tions versus RHR or LHR. However, they did note that mini-
mally invasive approaches were more likely to be utilized
in complex hernias, such as recurrent, bilateral, or femoral
which could partially explain their findings. In contrast with
laparoscopic TAPP and RHR techniques, the open approach
may carry a lower risk of complications given that it avoids
entry into the abdomen as well as the physiologic effects of
carbon dioxide insufflation. Select open inguinal hernior-
rhaphy cases can be performed under local sedation, which
has been shown to decrease the risk of complications [43].
Notably, in our study population, 23.3% of the OHR cases
were performed without the use of general anesthesia, which
could certainly explain why composite pulmonary complica-
tions were lower in this group. OHR was also found to be
associated with shorter operative time compared to laparo-
scopic and robotic approach in several studies [19, 22, 41].
The robotic approach requires additional time to position
the console and arms, as well as safe entry into the abdomi-
nal cavity. Moreover, surgeon experience and case selection
may contribute to the consistently reported shorter operative
time of the open approach. Yet, some authors report RHR
to have superior outcomes versus OHR in certain metrics
[20, 42]. Janjua et al. [20] found the robotic approach to be
associated with a shorter length of stay versus OHR, but con-
versely was associated with higher per-case costs. In a multi-
institutional review, Gamagami et al. [42] reported a lower
post-operative complication rate and longer operative time in
RHR cases relative to OHR. With the current literature offer-
ing conflicting results, the role of robotic-assisted inguinal
herniorrhaphy versus open and laparoscopic approaches will
continue to be explored as more data emerges.

LHR was associated with a higher incidence of complica-
tions versus OHR cases, as well as longer mean operative
time, but shorter LOS. Over the past few decades, these two
techniques have been extensively compared, with differing
findings [12-16, 44]. While some studies found the open
approach to provide improved outcomes [24, 45, 46], other
studies favor the laparoscopic technique [15, 16, 44]. Even
still, some authors have found no significant differences
between these approaches [12, 13, 23]. Despite the increased
use of robotics, it is likely that laparoscopic and open tech-
niques will continue to serve an important role in inguinal
hernia management for the foreseeable future.

While the outcomes of the RHR improved over time, the
profoundly inferior outcome of this cohort in the early part
of the study period versus OHR and LHR was an unexpected
finding. This is more likely a reflection of the relatively

@ Springer



898

Hernia (2022) 26:889-899

miniscule number of robotic cases that were recorded in
those years, in which any difficult case with poor periopera-
tive metrics would be disproportionately represented versus
OHR and LHR. For example, in the RHR cohort there was
less than 100 cases reported per year from 2008-2011, while
there were over 1,000 cases per year during that time frame
in the OHR and LHR cohorts.

The results of this study should be interpreted in the con-
text of several key limitations. As a retrospective database
review, there is the potential for confounding covariates that
were not accounted for in our multivariate model that skewed
our findings. In addition, with the immense sample size that
VASQIP provided, especially with OHR cases, there is the
potential for type I error. We attempted to account for this
possibility with Bonferroni correction to raise our threshold
for statistically significant findings. Our analysis model was
dependent on accurate coding and data entry, but there were
certain metrics we were unable to account for based on cod-
ing limitations. For example, there was no code in VASQIP
specific to iatrogenic bowel injury that we could use in our
analysis. In addition, within the laparoscopic cohort, we
were unable to determine which cases were performed via
TEP approach versus TAPP approach. Lastly, as VASQIP
collates data up to 30 days into the post-operative period,
we were unable to compare long-term outcomes, particularly
hernia recurrence or chronic pain.

Conclusions

This study provided a nationwide analysis of the 30-day
outcomes and utilization of open, laparoscopic, and robotic
inguinal hernia repair in the VA. OHR was the most used
approach, offering outcomes superior to both RHR and
LHR. The robotic technique underwent massive expansion
in utilization over the past decade with significant improve-
ments in perioperative outcomes. Future studies should pro-
spectively compare these techniques and explore long-term
outcomes, such as hernia recurrence and reoperation rates.
The well-established open and laparoscopic techniques for
inguinal herniorrhaphy will continue to be valuable in gen-
eral surgery practice in the appropriate setting. As the next
generation of surgeons enters practice, robotics will continue
to expand its role in the management of the inguinal hernia.
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