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Abstract

Background Laparoscopic ventral hernia repair (LVHR)

demonstrates comparable recurrence rates, but lower inci-

dence of surgical site infection (SSI) than open repair.

Delayed complications can occur with intraperitoneal

mesh, particularly if a subsequent abdominal operation is

required, potentially resulting in bowel injury. Robotic

retromuscular ventral hernia repair (RRVHR) allows

abdominal wall reconstruction (AWR) and extraperitoneal

mesh placement previously only possible with open repair,

with the wound morbidity of LVHR.

Methods All LVHR and RRVHR performed in our insti-

tution between June 2013 and May 2015 contained in the

Americas Hernia Society Quality Collaborative database

were analyzed. Continuous bivariate analysis was per-

formed with Student’s t test. Continuous nonparametric

data were compared with Chi-squared test, or Fisher’s

exact for small sample sizes. p values \0.05 were con-

sidered significant.

Results We compared 103 LVHR with 53 RRVHR. LVHR

patients were older (60.2 vs. 52.9 years; p = 0.001), but

demographics were otherwise similar between groups.

Hernia width was similar (6.9 vs. 6.5 cm, p = 0.508).

Fascial closure was achieved more often with RRVHR

(96.2 vs. 50.5 %; p\ 0.001) and aided by myofascial

release in 43.4 %. Mesh was placed in an intraperitoneal

position in 90.3 % of LVHR and extraperitoneal in 96.2 %

of RRVHR. RRVHR operative time was longer (245 vs.

122 min, p\ 0.001). Narcotic requirement was similar

between LVHR and RRVHR (1.8 vs. 1.4 morphine

equivalents/h; p = 0.176). Seroma was more common after

RRVHR (47.2 vs. 16.5 %, p\ 0.001), but SSI was similar

(3.8 vs. 1 %, p = 0.592). Median length of stay was

shorter after RRVHR (1 vs. 2 days, p = 0.004). Direct

hospital cost was similar (LVHR $13,943 vs. RRVHR

$19,532; p = 0.07).

Conclusion RRVHR enables true AWR, with myofascial

release to offset tension for midline fascial closure, and

obviates the need for intraperitoneal mesh. Perioperative

morbidity of RRVHR is comparable to LVHR, with shorter

length of stay despite a longer operative time and extensive

tissue dissection.

Keywords Robotic � Laparoscopic � Ventral hernia repair �
Retromuscular

Laparoscopic ventral hernia repair (LVHR) was first

introduced in 1993 by LeBlanc and Booth [1], building on

previously described laparoscopic techniques for inguinal

hernia repair and bringing minimally invasive surgery to

the forefront of a common general surgical disease.

Adoption of this technique is fairly widespread, but has

peaked at around 20–27 % of all ventral hernia repairs

(VHR) [2, 3]. Laparoscopic VHR has been associated with

shorter length of stay, earlier return to work, comparable

recurrence rates, and, most significantly, a reduction in

surgical site infection (SSI) when compared with open

VHR (OVHR) [4–7]. Pain is variably reported, with several

studies indicating greater acute and chronic pain after
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LVHR [8–10]. There is potential for delayed complications

associated with intraperitoneal placement of prosthetic

mesh, particularly if a subsequent abdominal operation

(SAO) is required. Incidence of enterotomy or bowel

resection during SAO with intraperitoneal mesh is as high

as 21 % [11, 12]. Secondary mesh infection can also occur,

and SAO was implicated in 60 % of patients treated for

mesh infection at our institution [13]. Additionally, LVHR

typically involves wide mesh overlap of the hernia without

closure of the defect, which may lead to eventration of the

mesh through the unclosed defect, particularly with larger

hernias [14, 15].

Mesh reinforcement for VHR is a well established [16],

and OVHR typically involves closure of the defect, which

has been shown to decrease the risk of recurrence [17, 18].

The addition of any of the various myofascial releases can

decrease abdominal wall tension and aid in reapproxima-

tion of the defect. Wound morbidity is a significant

deterrent to open repair, specifically the fear of mesh

infection, which may require complex wound therapy or

mesh explantation. Retromuscular repair of ventral hernias,

as described by Rives [19], shows more favorable rates of

SSI and hernia recurrence [20–22] and is our preferred

open technique, though its adoption is low in the USA [21].

Given the limitations and risks of both the laparoscopic

and open approaches to VHR, we developed a robotic

technique to reconstruct the abdominal wall in a Rives–

Stoppa retromuscular fashion using a minimally invasive

approach. Robotic retromuscular ventral hernia repair

(RRVHR) is enabled by the flexibility and dexterity of

robotic instrumentation, allowing us to perform an exten-

sive musculofascial dissection, complete abdominal wall

reconstruction (AWR), and extraperitoneal mesh place-

ment previously only possible with open repair, but with

the expected wound morbidity of LVHR. We present early

outcomes of a consecutive series of RRVHR compared

with consecutive LVHR.

Materials and methods

All consecutive LVHR and RRVHR performed in our

institution between June 2013 and May 2015 were inclu-

ded. Patient and operative data were contained within the

Americas Hernia Society Quality Collaborative (AHSQC),

a prospective, audited database. Demographic data, patient

comorbidities, hernia characteristics, operative details, and

patient outcomes were compared between the two tech-

niques. Additional retrospective data not contained within

the AHSQC were obtained by chart review to evaluate

postoperative pain control and narcotic requirement.

Average pain scores and narcotic requirement, converted to

morphine equivalents, for postoperative day (POD) 0 and 1

were recorded. Continuous bivariate analysis was per-

formed using Student’s t test. Continuous nonparametric

data were compared with Chi-squared test, or Fisher’s

exact for small sample sizes (n\ 5). p values\0.05 were

considered statistically significant. All analysis was com-

pleted using R statistical software, version 3.0.2 (R Foun-

dation for Statistical Computing, Vienna, Austria). The

Greenville Health System Institutional Review Board

approved this study.

Surgical technique

Laparoscopic ventral hernia repair

Intraperitoneal access is obtained using an optical trocar,

preferentially below the right costal margin. Additional

trocars are placed laterally, typically using 4–5 trocars in

total, with at least 1 trocar in the contralateral abdomen.

Adhesiolysis is completed, hernia contents reduced, and

the defect measured intracorporeally with a metric ruler

using spinal needles placed transabdominally at the supe-

rior, inferior, and lateral extents of the defect. If defect

closure is performed, a series of stab incisions are created

over the defect and large-gauge monofilament sutures

placed in a figure-8 fashion using a suture passer. Defect

closure during LVHR was not attempted in every case and

was left to the discretion of the operating surgeon. ‘‘Swiss

cheese’’ defects and larger defects, which, in the surgeons’

judgment would require excessive tension for reapproxi-

mation, were typically not closed. Pneumoperitoneum is

released in order to secure the sutures and then reestab-

lished for mesh placement. Appropriate overlap of at least

5 cm in all directions is measured intracorporeally, again

using spinal needles, and a barrier-coated permanent mesh

placed into the peritoneal cavity and secured to the anterior

abdominal wall using a double crown of permanent tacks,

variably combined with 2–4 permanent transfascial sutures.

For some smaller hernias, a preperitoneal (PP) repair can

be performed, with placement of an uncoated mesh in the

PP space, followed by closure of the peritoneum to exclude

the mesh from the viscera.

Robotic retromuscular ventral hernia repair

For larger hernia defects, a double-dock robotic technique

is employed. Intraperitoneal access is obtained in similar

fashion to LVHR, placing three trocars along the right

lateral abdomen, any necessary adhesiolysis is completed,

and hernia contents are reduced. The defect is measured in

similar fashion. Retromuscular (RM) dissection is started

by incising the contralateral posterior rectus sheath along

the entire length of the hernia defect, separating the rectus

muscle from the posterior fascia, and extending at least
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5 cm above and below the hernia to allow adequate mesh

overlap. RM dissection is continued laterally to the

semilunar line, followed by transversus abdominis release

(TAR) and dissection of the lateral PP space to approxi-

mately the anterior axillary line. Three mirror-image

trocars are placed on the left side, the dissected space is

measured, and uncoated polypropylene mesh is cut to

size, placed into the PP space, and affixed just lateral to

the nascent trocars. The robot is re-docked on the left side

and the RM dissection and TAR performed on the right

side. Closure of the posterior sheath is accomplished with

running, absorbable self-fixating suture, followed by

deployment of the mesh across the closed posterior

sheath. The final step is closure of the anterior fascia

defect using a running, absorbable, self-fixating

suture (Fig. 1).

For smaller to mid-sized defects, a single-dock approach

is used. Mesh is placed either in the PP space using an

essentially identical technique to PP LVHR described

above, or in the retromuscular space. For RM repair, the

lateral aspect of the right rectus sheath is incised and dis-

section carried out to separate the rectus muscle from the

posterior fascia from lateral to medial, until the linea alba is

reached. The posterior sheath is then incised along the

midline to enter the midline PP space, preserving the linea

alba. Dissection is carried across the midline, including

excision of the hernia sac if possible, and reenters the

contralateral rectus sheath as described above. The hernia

defect is closed anteriorly with a running, absorbable self-

fixating suture, followed by mesh placement against the

anterior abdominal wall and closure of the posterior sheath

along the initial ipsilateral incision.

Fig. 1 A Incision of the posterior sheath to enter the RM retromus-

cular space; B retromuscular dissection completed to the semilunar

line, and transversus abdominis release (TAR; white arrow) started

medial to lateral perforators (black arrow); C mesh deployed lateral

to contralateral trocars; D closure of the posterior sheath after

completion of contralateral RM dissection and TAR; E deployment of

mesh across the closed posterior sheath; F closure of hernia defect
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Results

One hundred and three LVHR and 53 RRVHR were per-

formed between June 2013 and May 2015. There was no

difference between race, sex, comorbidities, smoking sta-

tus, or American Society of Anesthesiology score, though

patients undergoing LVHR were older (60.2 ± 13.4 vs.

52.9 ± 12.3 years; p = 0.001). There was no difference in

history of prior abdominal infection, or the presence of

mesh from a prior repair (Table 1). There was no differ-

ence in Center for Disease Control (CDC) wound classi-

fication between groups, with 96.1 % of LVHR and 98.1 %

of RRVHR being class 1 wounds and the remainder being

class 2; no class 3 or 4 cases were repaired in either group.

Mean hernia width and area were similar (6.9 vs. 6.5 cm,

p = 0.508; 88 vs. 82 cm2, p = 0.685; range 2–19 cm for

LVHR and 2–13 cm for RRVHR). The fascial defect was

more likely to be closed after RRVHR than after LVHR

(96.2 vs. 50.5 %; p\ 0.001), though our practice of tran-

scutaneous closure of defects during LVHR varies and is

not attempted for every patient. The size of the mesh

placed was significantly larger with RRVHR (435 vs.

339 cm2, p = 0.014). Mesh was placed in an

intraperitoneal position in 90.3 % of laparoscopic repairs

and in an extraperitoneal position in 96.2 % of robotic

repairs. In the RRVHR group, mesh was placed in the

retromuscular position in 37 (69.8 %) of cases, in a

preperitoneal position in 14 (26.4 %) of cases, and com-

bined with a myofascial release (transversus abdominis

release; TAR) in 23 (43.4 %) of patients. Operative time

was significantly longer for RRVHR (245.6 ± 98.5 vs.

122 ± 57.2 min, p\ 0.001) [Table 2].

Seroma was the most common postoperative surgical

site occurrence (SSO), with an incidence of 38.5 % overall,

and was more frequently seen after RRVHR (47.2 vs.

16.5 %, p\ 0.001). Other SSOs included cellulitis (1),

infected seroma (1), hematoma (2), and unspecified (3),

with no difference between groups. Procedural intervention

(SSOPI) was required in only two patients after RRVHR,

one with a percutaneous drainage of a large symptomatic

seroma and one with percutaneous drainage for an infected

seroma. One patient required percutaneous drainage of a

seroma after LVHR. Incidence of SSI was similar between

groups, occurring in one patient (0.97 %) after LVHR and

two patients (3.77 %) after RRVHR (p = 0.592). One

patient after RRVHR developed both a deep and organ

space SSI. Intraoperatively recognized bowel injury

occurred significantly more often after LVHR than after

RRVHR (8.7 vs. 1.9 %; p = 0.011). Of the nine patients

with bowel injury after LVHR, six were serosal injuries

and three were full-thickness bowel injuries. In all three

patients will full-thickness bowel injuries, the hernia was

repaired with suture closure of the defect without mesh.

One full-thickness gastric injury occurred in the RRVHR

group at the site of a prior gastrostomy. This was repaired

and the procedure completed as planned.

Four patients were converted to open after attempted

LVHR. Three were a result of full-thickness bowel injury.

A fourth patient required conversion from LVHR to open

RM repair due to difficult adhesiolysis and a large defect.

No robotic cases were converted to open. Two patients in

each group required reoperation. In the LVHR group, the

indication in both instances was small bowel obstruction

(SBO) that failed to resolve with non-operative manage-

ment. In the robotic group, one patient had a missed bowel

injury and developed intraabdominal sepsis, requiring

exploration, mesh removal, and management with an open

abdomen. The second developed an interparietal hernia and

presented with SBO due to bowel entrapment between the

disrupted posterior sheath and the intact mesh and anterior

fascia, requiring laparoscopic reduction and repair.

Readmission was required in five patients (4.8 %) after

LVHR and four patients (7.5 %) after RRVHR

(p = 0.836). Other medical complications occurred with

similar frequency in each group and included ileus, pneu-

monia, urinary tract infection, acute renal failure, C.

Table 1 Demographics

Lap: n (%) Robotic: n (%) p value

N 103 53

Age, mean ± SD 60.2 ± 13.4 52.9 ± 12.3 0.001

Race, N (%) 0.419

White 88 (85.44) 45 (84.91)

Black 12 (11.65) 4 (7.55)

Other 3 (2.91) 4 (7.55)

BMI, mean ± SD 35.7 ± 9.5 34.7 ± 7.4 0.468

Males 27 (26.21) 22 (41.51) 0.067

DM 34 (33.01) 15 (28.3) 0.624

COPD 8 (7.77) 7 (13.21) 0.487

HTN 69 (66.99) 30 (56.6) 0.379

Prior mesh 2 (1.94) 4 (7.55) 1.000

Prior abdominal infection 12 (11.65) 9 (16.98) 0.282

ASA 0.711

1 2 (1.94) 1 (1.89)

2 38 (36.89) 18 (33.96)

3 61 (59.22) 33 (62.26)

4 2 (1.94) 1 (1.89)

Smoking status 0.457

Current 17 (16.5) 13 (24.53)

Never 59 (57.28) 28 (52.83)

BMI body mass index, DM diabetes mellitus, COPD chronic

obstructive pulmonary disease, HTN hypertension, ASA American

Society of Anesthesiology
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difficile colitis, and stroke. One death occurred after LVHR

in an elderly patient who was converted to an open suture

repair after enterotomy. The patient developed pneumonia,

requiring prolonged intubation, and support was later

withdrawn. Median length of stay was significantly shorter

after RRVHR (1 day) compared with LVHR (2 days;

p = 0.004). There was no difference in narcotic require-

ment between LVHR and RRVHR (1.9 vs. 1.6 morphine

equivalents/h; p = 0.176) through POD 1. Mean direct

hospital cost was also no different between LVHR and

RRVHR ($13,943 vs. $19,532; p = 0.07). Table 3 sum-

marizes our perioperative outcomes.

Discussion

Superior outcomes of robotic assisted surgery have been

clearly demonstrated for some procedures, most notably

prostatectomy, but its applicability to general surgery

remains a contentious issue. Cost is a frequently cited

deterrent to the application of robotics to general surgery,

which is primarily related to the initial capital expense and

maintenance of the robotic system. The literature on

robotic colorectal, foregut, thoracic, solid organ, and other

digestive tract surgery demonstrates the safety of the

robotic approach. However, current evidence of clear

clinical benefit over laparoscopy is lacking for most pro-

cedures. Robotic surgery may be advantageous for more

complex cases in high-volume centers [23] and may prove

beneficial in increasing minimally invasive surgery in areas

of low laparoscopic penetrance, such as colorectal surgery

[24]. A procedure that cannot be otherwise routinely

performed in a minimally invasive fashion, but can be

accomplished using the robotic platform, is an ideal can-

didate for the application of this emerging technology.

Retromuscular ventral hernia repair is one such proce-

dure. Complex adhesiolysis is often required, and extensive

musculofascial dissection, placement of a large mesh

prosthesis, and abdominal wall closure preclude it from

being performed laparoscopically for all but the most

skilled minimally invasive surgeons. The ergonomics of a

difficult anterior abdominal wall dissection are dramati-

cally improved with the robotic platform, and the ease of

intracorporeal suturing is a significant advantage. The

feasibility of RRVHR was first demonstrated by Abdalla

et al. [25] who used the robot to perform a retromuscular

repair of small umbilical hernias with associated diastasis

rectus. This led us to develop and refine a technique for

robotic RM hernia repair, including posterior component

separation (TAR) when indicated. As we have gained

experience with this approach, we have been able to apply

it to increasingly large defects along the entirety of the

midline, provide complete reconstruction of the abdominal

wall under minimal tension, and wide reinforcement with

mesh (Fig. 1).

Wound morbidity can be expected to decrease with

RRVHR compared with OVHR, approximating that

achieved with LVHR. When evaluating our initial 21

patients repaired robotically, no SSIs occurred. In contrast,

in 21 OVHR, matched in a 1:1 fashion for wound classi-

fication, hernia width, and body mass index (BMI), SSI

occurred 9.5 % of the time [26]. This did not reach sta-

tistical significance due to small sample size, but does

highlight the potential benefit of a minimally invasive

Table 2 Operative details
Lap: n (%) Robotic: n (%) p value

N 103 53

Wound class 0.849

1 99 (96.12) 52 (98.11)

2 4 (3.88) 1 (1.89)

Hernia width, mean ± SD 6.9 ± 4.1 6.5 ± 2.9 0.508

Hernia area, mean ± SD 88.0 ± 94.0 82.5 ± 69.8 0.685

Mesh width, mean ± SD 16.4 ± 4.0 18.7 ± 6.2 0.005

Mesh area, mean ± SD 339.3 ± 164.1 435.0 ± 250.9 0.014

Mesh placement \0.001

Retromuscular 3 (2.91) 37 (69.81)

Preperitoneal 4 (3.88) 14 (26.42)

Intraperitoneal 93 (90.29) 2 (3.77)

Myofascial release 0 (0) 23 (43.4)

Fascial closure 52 (50.49) 51 (96.23) \0.001

Operative time, mean ± SD 121.5 ± 57.2 245.6 ± 98.5 \0.001

SD standard deviation

328 Surg Endosc (2017) 31:324–332
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approach. Despite the longer operative times and more

extensive dissection involved with RRVHR, the rate of SSI

remained similar to LVHR and lower than most reported

series of OVHR. The rate of SSO is significantly higher

after RRVHR, which were almost exclusively seromas.

Other authors have noted a decrease in seroma formation

after transcutaneous closure of the hernia defect when

performed during LVHR [27]. Though we achieved fascial

closure in 96.2 % of cases performed robotically, we still

noted a significantly higher rate of seroma after RRVHR. It

is likely that this higher rate is a result of the more

extensive dissection required for this technique. Impor-

tantly, the clinical impact is minimal, and only two patients

required percutaneous drainage for their seroma. We have

modified our technique during its development, and now

routinely imbricate the hernia sac along with the anterior

fascial closure. It is currently unknown what impact this

may have on seroma formation.

Perioperative complications were similar between

RRVHR and LVHR, confirming the safety of the robotic

approach. There were significantly more bowel injuries

after LVHR in this cohort, which is much higher than our

overall rate over 10 years of just 1.3 %. The reason for this

is uncertain and may reflect our patient selection, as

increasingly complex, recurrent, and multiply recurrent

hernia patients are still offered laparoscopic repair. Loss of

all haptic feedback is frequently cited as a disadvantage

and possible safety concern in robotic surgery. This is

countered by the enhanced three-dimensional high-defini-

tion optics of the robotic system. Ultimately, the safety of

Table 3 Perioperative

outcomes
Lap: n (%) Robotic: n (%) p value

N 103 53

Bowel injury 9 (8.74) 1 (1.89) 0.011

Converted to open 4 (3.88) 0 (0)

SSI 1 (0.97) 2 (3.77)a 0.592

Superficial 1 (0.97) 1 (1.89)

Deep 0 (0) 1 (1.89)

Organ space 0 (0) 1 (1.89)

SSO 19 (18.45) 28 (52.83) \0.001

Seroma 17 (16.5) 24 (45.28)

Infected seroma 0 (0) 1 (1.89)

SSO treatments 1.000

None 18 (94.7) 26 (92.9)

Percutaneous drain 1 (0.97) 2 (3.77)

Postoperative complications

Stroke 1 (0.97) 0 (0) 1.000

Sepsis 0 (0) 1 (1.89) 0.293

Septic shock 0 (0) 1 (1.89) 0.293

UTI 1 (0.97) 0 (0) 1.000

Renal failure 2 (1.94) 1 (1.89) 1.000

Pneumonia 1 (0.97) 0 (0) 1.000

Ileus 1 (0.97) 2 (3.77) 1.000

Death 1 (0.97) 0 (0) 1.000

LOS, median (IQR) 2 (2, 4) 1 (1, 3) 0.004

Narcotic use POD 0, median (IQR)

Mg/Hr 2.1 (1.2, 3.1) 1.9 (1.0, 3.7) 0.956

Narcotic use POD 1, median (IQR)

Mg/Hr 1.8 (0.7, 2.7) 1.4 (0.4, 2.1) 0.176

Readmission 5 (4.8) 4 (7.5) 0.836

Reoperation 2 (1.94) 2 (3.77) 0.678

SSI surgical site infection, SSO surgical site occurrence, LOS length of stay, IQR interquartile range, POD

postoperative day
a SSI occurred in two patients after RRVHR. One patient developed both deep and organs space infection

due to missed bowel injury
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the robotic platform for hernia repair lies with the sur-

geons’ expertise in reconstructive techniques and recogni-

tion of both the benefits and limitations of the technology.

Closure of the fascia is an important factor in OVHR.

Several studies have shown that failure to close fascia

results in higher rates of hernia recurrence [17, 18], though

this may simply be a surrogate marker indicating the

complexity of these cases. Whether the restoration of a

functional abdominal wall has any relevant clinical impact

is not clear. Traditional LVHR involves placing mesh

against the posterior abdominal wall to essentially bridge

the hernia defect. This may result in eventration or pseu-

dorecurrence, particularly for larger defects, as intraab-

dominal pressure causes the mesh to bulge through the

unclosed hernia defect [14, 15]. Currently, there is a trend

toward transcutaneous closure of the hernia defect during

LVHR, with promising early results showing a decrease in

seroma formation and recurrence [27]. The relative ease of

intracorporeal suturing on the robot is appealing for hernia

repair, and early reports on the feasibility of robotic VHR

noted this as a potential benefit of this approach [28, 29].

However, simple transcutaneous closure fails to offset the

tension along the defect closure, which is an important

factor in the development of recurrence [30]. Using addi-

tional transfascial buttressing sutures may offload midline

tension, dispersing the tension along the greater area of the

mesh [31]. Addition of an endoscopic component separa-

tion can facilitate midline closure as well [31, 32], but is

not a routine part of our practice. By releasing the posterior

rectus sheath and/or the transversus abdominis (TA) mus-

cle and fascia, we are able to significantly decrease the

tension of the midline closure and apply this technique to

larger defects.

We used a TA myofascial release in nearly half of cases.

The TA essentially acts as an internal girdle, creating cir-

cumferential tension to the abdominal wall and providing

stability to the lumbosacrum [33]. The implications of

division of the TA are largely unknown. Weakness or

dysfunction of the TA has been associated with lower back

pain and spinal instability [34]. However, there is currently

no evidence of deleterious effects of TAR. Computed

tomography imaging after TAR demonstrates compen-

satory hypertrophy of the rectus, external, and internal

obliques, which may alleviate the potential negative effects

of division of the TA [35].

In this study, TAR is performed at a higher rate than

might be predicted based simply on the size defects

repaired. During OVHR, a TAR is typically employed only

if additional myofascial release is required for fascial

closure, or to create additional lateral overlap for off-

midline defects. For small- and moderate-sized defects,

typically\8 cm, the PP or single-dock approach described

above allows repair without using a TAR. However, for

larger defects where a double-dock technique is used,

because of the necessity of lateral trocar placement, a TAR

is required to create working space for the contralateral

dissection, posterior sheath closure, and mesh placement.

Avoiding a TAR in these cases requires more difficult

management of the posterior sheath flaps, reintroducing the

laparoscope to assist in mesh fixation anteriorly, and a

more difficult closure of the posterior sheath in a limited

intraabdominal working space. As our technique has

evolved, we have been able to repair increasingly large

hernia defects using the double-dock technique with

bilateral TAR described above.

Using the robotic approach, a much large mesh size is

typically used. The mesh is sized to fill the dissected space

rather than based on lateral overlap of the defect. It is

unknown what affect the larger mesh size has on recur-

rence. Vertically, the retromuscular space is dissected at

least 5 cm superior and inferior to the defect to allow

adequate mesh overlap.

Placement of mesh in an extraperitoneal position is

another benefit of RRVHR. Once the RM dissection and

TAR are completed, the posterior sheath is closed to

completely exclude the visceral sac. This allows mesh to be

placed without direct bowel contact. This affords the use of

less expensive uncoated mesh, as there is no need to use a

barrier-coated prosthesis. All robotic repairs in this study

were performed with large-pore mid-weight polypropylene

mesh, in the preperitoneal or retromuscular position, with

the exception of two patients that required a tissue sepa-

rating mesh due to intraperitoneal placement. Additionally,

delayed complications associated with intraperitoneal mesh

must be considered. As many as 25 % of patients may

require a SAO after index hernia repair [36, 37]. Adhesions

to intraperitoneal mesh can significantly complicate reop-

eration, leading to enterotomy or other visceral injury in up

to 21 % of cases [11, 12, 38], prolonged operative time [36,

38], and secondary mesh infection [11, 13]. We previously

reported a 10-year experience with management of mesh

infections and found that 60 % of all cases had an inter-

vening abdominal operation after their index hernia repair

prior to development of the infection. We also found that

70 % of the cases involved intraperitoneal mesh and were

unable to be salvaged, compared with RM mesh, which

was salvaged 70 % of the time [13]. Delayed mesh infec-

tions and enteroprosthetic fistulae, though uncommon, can

occur even in the absence of intervening operations, often

several years removed from the index VHR (Fig. 2).

Even with the short LOS associated with LVHR,

patients were discharged a full day earlier after RRVHR,

with a median LOS of just 1 day compared with 2 days

after LVHR. The exact reason for this difference is not

clear. Extensive tissue dissection and myofascial releases

performed during RRVHR might be anticipated to be more
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painful and prolong the hospital stay, compared with the

simple mesh placement during standard LVHR, making

this difference in LOS even more striking. In contrast to

most operations performed laparoscopically, LVHR does

not necessarily reduce postoperative pain or improve short-

term quality of life when compared to OVHR [5, 9]. This

may be related to fixation technique. In our study, mesh for

RRVHR was typically secured with a few interrupted

absorbable sutures, securing the periphery of the mesh to

the anterior abdominal wall above the peritoneum. For

LVHR, a double crown of permanent tacks, affixing the

mesh to the abdominal wall through the peritoneum, with

or without additional transfascial suture fixation, was used,

which potentially causes increased postoperative pain and

prolonged LOS. We attempted to explain this difference in

LOS by assessing pain scores and narcotic requirement. No

meaningful assessment of the pain scores could be obtained

due to high variability in their documentation in the med-

ical record. After conversion to morphine equivalents,

there was no difference seen in narcotic use per hour for

RRVHR compared with LVHR through the first POD.

When comparing direct hospital costs of LVHR to

RRVHR, we did not show a statistical difference. How-

ever, these data are inadequate to make any definitive

statement to actual cost of RRVHR. A more complex cost

analysis is needed to have a more complete economic

picture. Prolonged operative time clearly increases the cost

of RRVHR, though use of uncoated polypropylene mesh,

minimizing the number of robotic instruments used, using

suture rather than tacks for mesh fixation, and shorter LOS

are important in limiting cost.

Recurrence was not a primary endpoint of this study due

to short follow-up in our early experience. To date, only

two patients in the RRVHR group have recurred: the index

patient that had a recurrence superior to the robotically

placed mesh and the patient that required mesh explanta-

tion due to missed bowel injury and intraabdominal sepsis.

We expect that recurrence will be similar to the open RM

technique, which is 10.6 % using mid-weight polypropy-

lene mesh [39], but longer follow-up is necessary before

making this determination.

This study is limited by the non-randomized nature of

the two groups and selection bias of patients in each group.

This, however, is tempered by the fact that most of the

LVHR cases during the study time period were performed

consecutively by one of the authors who does not perform

robotic surgery. Additionally, during the initial develop-

ment of the RRVHR technique, many of the patients had

smaller, less complex defects than those later in the study.

The patients most likely to benefit from a robotic approach

are those with the highest risk of wound complications and

larger defects. Further study is needed in order to deter-

mine the most clinically effective and cost-efficient method

for VHR for a given patient.

Conclusion

The benefit of RRVHR over LVHR is the complete AWR

enabled by this procedure. Anatomic reconstruction of the

abdominal wall and myofascial release to offset tension

along the midline fascia closure are well-established prin-

ciples of OVHR, and placement of mesh in the retromus-

cular rather than intraperitoneal space may decrease the

risks associated with future operations and mesh-related

complications. Despite the more extensive dissection and

myofascial release performed with robotic RRVHR, it

compares favorably with the standard laparoscopic repair

with the benefit of a shorter hospital length of stay, and no

difference in direct hospital costs.
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