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Abstract
Background: To analyze hospital resource utilization for
laparoscopic vs open incisional hernia repair including
the postoperative period.
Methods: Prospectively collected administrative data for
incisional hernia repairs were examined. A total of 884
incisional hernia repairs were examined for trends in
type of approach over time. Starting October 2001, de-
tailed records were available, and examined for operat-
ing room (OR) time, cost data, length of stay (LOS), and
30-day postoperative hospital encounters.
Results: Of the total, 469 incisional hernias were ap-
proached laparoscopically (53%) and 415 open (47%).
Laparoscopic repair had shorter LOS (1 ± 0.2 days vs
2 ± 0.6 days), longer OR time (149 ± 4 min vs
89 ± 4 min), higher supply costs ($2,237 ± $71 vs
$664 ± $113), slightly lower total hospital cost
($6,396 ± $477 vs $7,197 ± $1,819), and slightly more
postoperative hospital encounters (15% vs 13%). Use of
laparoscopy increased over time (37% in 2000 vs 68% in
2004).
Conclusions: Laparoscopic incisional hernia repair is
becoming increasingly popular, and not at increased
cost to the health care system.
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Approximately 13% (90,000) of all hernias performed
yearly in the United States are incisional hernias [12].
LeBlanc first reported a laparoscopic incisional hernia
repair in 1993 [7], and over time there has been an in-
crease in both the volume and complexity of incisional
hernia repairs approached laparoscopically. Although
there have been several studies comparing clinical out-
comes between laparoscopic and open incisional hernia

repair, few have focused on a cost analysis between these
two groups. [2, 6, 9] With the recent development of
even more expensive biologic prosthetics for hernia re-
pair, cost may play a more prominent role in resource
allocation. Our aim is to analyze and compare the
utilization of hospital resources associated with laparo-
scopic and open incisional hernia repair at a university-
affiliated tertiary care center.

Materials and methods

Prospectively collected data from an administrative database (Baystate
Medical Center, Springfield, MA, USA) were examined. A total of
1,493 cases of ventral hernia repairs were performed between
November 1999 and June 2004. To make the data more homogenous,
we excluded 605 nonincisional hernias (556 umbilical, 36 epigastric, 13
parastomal, and 4 Spigelian). The remaining 884 adult incisional
hernia repairs were used to trend any change in approach and case
volume over time. Details of patient records were available starting
October 2001, and we were able to examine 426 (158 open, 268 lap)
patient records for operating room (OR) time (defined as the time
between incision and closure), demographic information (patient
gender and age, American Society of Anesthesiologists� [ASA] classi-
fication), OR supply and total hospital cost (not charges, amounts
expressed in $US), length of stay (LOS, expressed in days), and pa-
tients with postoperative hospital encounters within 30 days of dis-
charge from the original operation for hernia repair (includes
emergency room (ER) visits with or without readmission, as well as
direct readmissions to the hospital). We will use postoperative hospital
encounters as a marker for additional hospital resource utilization.
Our hospital and many primary care and specialty offices are part of an
integrated regional health care system, and all postoperative encoun-
ters within our system were captured.

Data are expressed as mean ± standard error of the mean (SEM).
Statistical comparisons or were by chi-square analysis, Fisher�s exact
test, and Student�s t-test performed on commercially available soft-
ware. All tests were two-tailed, and a p value of <0.05 was considered
to be statistically significant.

Results

For the entire time period, 469 (53%) incisional hernias
were repaired by a laparoscopic approach, and 415
(47%) by open techniques. There was an increase in total
volume over the time period studied, increasing fromCorrespondence to: D. Earle
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162 cases in 2000 to 230 cases in 2003. There was a
statistically significant annual increase in the utilization
of the laparoscopic approach, increasing from 34% in
2000 to 68% in 2004 (Fig. 1). Interestingly, 36 cases (4%)
were reoperations for recurrent hernia of cases earlier in
the series, most of which were done as open cases (27
open, 9 lap).
For the 426 patient records after October 2001, both

groups were well matched for age and (ASA) classifi-
cation. There were however, a significantly higher pro-
portion of women in the laparoscopic group
(male:female 1:1.7 lap, 1:0.95 open) (Table 1). Laparo-
scopic, compared to open repair, was associated with a
shorter LOS (1 ± 0.2 days vs 2 ± 0.6 days), longer
operative time (149 ± 4 min vs 89 ± 4 min), higher OR
supply costs ($2,237 ± $71 vs $664 ± $113), and
slightly lower total hospital cost ($6,396 ± $477 vs
$7,197 ± $1,819) (Table 2). There were slightly more
postoperative hospital encounters within 30 days of the
operation (42/268, 16% vs 20/158, 13%) in the laparo-
scopic group. Postoperative hospital encounters were
associated with a cost of $1,027 ± $1,206
($2,101 ± $426 lap, $1,959 ± $427 open). The total
hospital resource utilization including the initial hernia
repair and postoperative encounter was $6,725 ± $457
for the laparoscopic group, and $7,445 ± $1,719 for the
open group (Table 3).
A more detailed analysis of the postoperative

encounters reveals that about half of the patients were
ambulatory (not requiring admission to the hospital) ER
visits with an associated cost of $457 ± $406
($414 ± $31 lap, $523 ± $73 open), and half of the
patients required readmission to the hospital (Table 4),

with an associated cost of $3,531 ± $465
($3,101 ± $190 lap, $3,176 ± $216 open) (Table 5).
Those patients requiring readmission to the hospital had
an average length of stay of 3 ± 0.3 days (3.0 ± 2 lap,
2.8 ± 1 open) (Table 5).
Of those requiring readmission, three patients in the

laparoscopic group and one patient in the open group
required reoperation for complications. For the read-
mission, these patients had an average LOS of 5 ± 0.8
days (6 [lap], 4 [open]; range 4–7 days), with an associ-
ated cost of $8,879 ± $1,458 ($9,869 lap, $5,909 open).
When considering the groups as a whole, total hospital
resource utilization in patients requiring reoperation for
complications was $6,530 ± $475 in the laparoscopy
group and $7,234 ± $1,813 in the open group
(p = 0.61). When compared with the group of read-
mission that did not require reoperation, there was also
no significant difference in cost. There was, however, a
significant difference in LOS, favoring groups that did
not require reoperation. LOS was 5.2 ± 0.75 and
2.7 ± 0.3 (p = 0.007) days in the readmission group
that required reoperation vs those that did not
(Table 6).

Discussion

The concept of minimally invasive surgery has changed
many aspects in the surgical care of patients, regardless
of the access techniques employed for a given patient.
Most of the benefits are centered on improvements in
the postoperative recovery period, including shorter
lengths of hospital stay, fewer and less severe wound
complications, and earlier return to normal activities.
Another commonly stated benefit is decreased postop-
erative pain [11], but this is not necessarily the case for
laparoscopic ventral hernia repair at our institution
based on observational data. Despite the apparent lack
of benefit with initial postoperative pain, however, there
still seems to be a shorter overall recovery period, and
there is clearly a shorter length of stay in the hospital
(Table 2).

Fig. 1. Volume of laparoscopic and open
incisional hernia repairs by semester. Note
the steadily increasing volume of cases
using the laparoscopic approach, and a
slowly declining volume utilizing the open
approach.

Table 1. Demographics of patients undergoing ventral hernia repair

Lap (n = 268) Open (n = 158) p value

Age, mean (yr) 51 ± 0.6 53 ± 1.2 0.16
Female (%) 63% 51% 0.04
ASA class II 62% 57% 0.45
ASA class III 28% 28% 1.0
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These benefits, however, have come at the cost of
amplified technical demands for surgeons and operating
rooms, necessitating more expensive (often disposable)
instruments and equipment, and increased time spent in
the operating room. Like many laparoscopic
procedures, it appears that the overall benefits outweigh
the disadvantages. This is likely the reason for the clear
increase in the utilization of the laparoscopic approach
at our institution in the past 5 years (Fig. 1), a trend that
has been echoed by others [5].
For incisional hernia repair, the generally accepted

‘‘best practice’’ is the retromuscular placement of a
prosthetic [8]. If the location of the prosthetic is intra-
peritoneal, it must be compatible with direct visceral
contact. Products that are considered to meet this
requirement are more expensive than plain polypropyl-
ene prosthetics that are commonly utilized for open in-
cisional hernia repairs, where the prosthetic is placed in
an extraperitoneal location. There is, however, some
debate about the safety of intraperitoneal polypropylene
placement [6, 13]. For the laparoscopic approach at our
institution, although there is some variability of actual
technique, we nearly exclusively utilize intraperitoneal
expanded polytetraflouroethylene (ePTFE; Gore-Tex
Dual Mesh; WL Gore; Flagstaff, AZ, USA). A combi-
nation of permanent sutures and spiral tacks is used to
secure the mesh in place. The open approaches have
considerably more variability, and include the use of
primary repair with absorbable and nonabsorbable su-

tures, as well as various polypropylene products,
ePTFE, and biologic prosthetics. Additionally, place-
ment of the prosthetic is not uniformly in a retromus-
cular position, rather a mix of techniques also including
inlay repair (edge of mesh to edge of defect), onlay re-
pair (anterior to the abdominal wall, with or without
closure of the fascia), and ‘‘sandwich’’ repair (retro-
muscular combined with onlay) with a variety of fixa-
tion techniques. In summary, although there is surgeon
variability for both approaches, the laparoscopic group
represents a more homogenous population regarding the
technical aspects of the hernia repair, but it is doubtful if
this had any effect on the hospital resource utilization
seen between the two approaches, with the exception of
the OR supply costs, and possibly OR time. The wide
variation of open techniques makes it difficult to draw
definitive conclusions.
Another limitation is the lack of clinical information

regarding complexity of the hernias in each group. We
have used ASA classification to stratify overall patient
risk, but the complexity of the technical portion of the
operation was not available in the data set. This allows a
potential undetected selection bias for type of procedure
performed, though the cases were unselected, consecu-
tive, and included all patients (both inpatient and out-
patient, emergency and elective) with incisional hernia
repair. Because of the large numbers and inclusion of all
patients, we believe the addition of clinical data
regarding complexity of hernia repair is unlikely to
change the cost findings. Our observation is that the
type of repair is usually dependent on the surgeon, ra-
ther than the complexity of the hernia.

Table 2. Comparison of laparoscopic vs open incisional hernia repair

Lap repair (n = 268) Open repair (n = 158) p value

OR time 149 ± 4 min 89 ± 4 min <0.001
OR supply cost ($US) 2,237 ± 71 664 ± 113 <0.001
Total hospital
cost of operation ($US)

6,396 ± 477 7,197 ± 1,819 0.59

Length of stay (d) 1 ± 0.2 2 ± 0.6 0.005

Table 3. Total postoperative hospital encounters

Lap repair (n = 268) Open repair (n = 158) p value

No. of 30-day postoperative hospital encounters 42 (16%) 20 (13%) 0.47
Cost of postoperative hospital encounter ($US) 2,102 ± 426 1,959 ± 427 0.83

Total hospital utilization ($US) including initial
operation and postoperative encounters

6,725 ± 457 7,445 ± 1,719 0.55

Table 4. Comparison of postoperative hospital encounters for
laparoscopic vs open ventral hernia repair

Lap repair
(n = 42)

Open repair
(n = 20) p value

Ambulatory ER visits 20 (48%) 9 (45%) 0.92
Total admissions 22 (52%) 11 (55%) 0.92
Admissions through ER 16 8 0.88
Direct admissions 6 3 1.00
Length of stay (d) 3.0 ± 2 2.8 ± 1 0.85

Table 5. Comparison of costs associated with postoperative hospital
encounters for laparoscopic vs open ventral hernia repair

Lap repair
(n = 42)

Open repair
(n = 20) p value

Cost for ER visit (US$) 414 ± 31 523 ± 73 0.56
Cost for readmission (US$) 3,101 ± 190 3,176 ± 216 0.94
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It is ironic that the increased cost of providing less
invasive surgical care of incisional hernia is often asso-
ciated with less reimbursement for both hospitals and
surgeons, making it difficult from a financial viewpoint
to justify the approach, despite a clinical advantage [1, 4,
14]. An additional financial hurdle for ventral hernia is
the lack of differentiation in coding for the procedure. A
small incisional hernia from a previous laparoscopic
port site in a thin patient is coded the same as a large,
multiply recurrent incisional hernia with skin ulceration
in an obese patient. The difference in OR time may be as
great as 6 h, and the lack of coding differentiation cre-
ates negative financial value to the surgeon and institu-
tion, and may adversely affect access to care for complex
and high-risk hernia patients.
DeMaria and colleagues [2] showed that laparo-

scopic ventral hernia repair is characterized by less
painful recovery and shorter hospital stay, with 90% of
patients treated successfully as outpatients as compared
with 7% in the open group. The total facility costs for
the laparoscopic repair were significantly lower than for
the open repair, something we did not see in our study,
as both groups had equal total hospital costs. DeMaria
et al. concluded that laparoscopic repair had advantages
over open repair in terms of decreased hospitalization,
postoperative pain, and disability. Interestingly, 14% of
their laparoscopic patients were readmitted to the hos-
pital, compared to 28% of their open cases. In our series,
there was no difference in the rate of return to the
hospital between the two groups (16% lap, 13% open),
and only about half of those required readmission to the
hospital (8% lap, 7% open). Those readmitted stayed for
an average of 5.2 ± 0.75 days if reoperation was re-
quired, and 2.7 ± 0.3 days if there was no reoperation.
Because of the small number of patients requiring re-
operation, there was no statistically significant impact
on total cost when looking at the two groups as a whole.
Although not statistically different, the laparoscopic
group was associated with a lower mean total hospital
cost by $720 when considering the initial procedure and
postoperative hospital encounters. From a national
viewpoint, this could potentially represent $64,800,000
annual savings considering the volume of incisional
hernia repairs in the United States.
Another potential limitation of the current study is

the fact that we were not able to distinguish the differ-
ence in outpatient visits for routine postoperative care
and for complications. Additionally, we were unable to
capture any visits or readmissions that occurred outside
our health care system. The administrative nature of the
data naturally make clinical outcomes difficult if not

impossible to evaluate, but are satisfactory for the
financial analyses. Regarding the postoperative ambu-
latory ER visits, we postulate that they may be due to a
national trend toward earlier discharge, routine use of
the ER as an urgent care center, and lack of availability
of urgent visit capacity in doctors� offices.
We conclude that despite the stated controversy

over the laparoscopic approach to incisional hernia [3,
10], there is a clear trend toward the laparoscopic ap-
proach. The reasons for this are likely the same as for
the proliferation of any new technique, and are focused
on both patient and surgeon satisfaction with the
technique and the results. A more detailed analysis of
clinical outcomes, as well as patient and surgeon sat-
isfaction, is necessary to delineate the reason for the
evolution toward laparoscopic treatment of incisional
hernia. Additionally, the laparoscopic approach does
not cost more than the open approach when consid-
ering total hospital resource utilization for both the
operative episode and postoperative hospital encoun-
ters within 30 days. It is necessary to create an eco-
nomic environment that allows the approach with the
best value for a given patient to be utilized, and that all
patients regardless of complexity have access to a given
approach.
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