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Abstract

Aim  To identify variables that predict in-hospital length of
stay (LOS) after laparoscopic ventral hernia repair (LVHR).
Methods Univariate analysis of patient and intraoperative
variables was conducted on an operating room database of
LVHRs performed from April 2001 to April 2009. Analysis
was performed using either chi-square or linear trend anal-
ysis, as appropriate. A multivariate logistic regression model
was created manually, to determine independent variables
that predict LOS. p Value <0.05 was considered significant.
Results A total of 221 patients, with mean age of 56 years
(range 25-88 years) underwent LVHR, for a total of 121
incisional and 100 primary ventral hernias. Of patients,
40% had incarcerated hernias and 25% had complex her-
nias (defined as multiple points of weakness on the anterior
abdominal wall). The overall conversion rate to open
operation was 6%. Mean LOS was 1.54 days (range 0-22
days). Eighty-six patients (39%) were discharged on the
day of the procedure. Variables associated with signifi-
cantly longer LOS on univariate analysis were incisional
hernia (p = 0.000009), mesh size (p = 0.00007), complex
hernia (p = 0.00009), incarcerated hernia (p = 0.0004),
patient age (p = 0.0006), need for lysis of adhesions
(p = 0.001), and female gender (p = 0.01). American
Society of Anesthesiologists (ASA) grade >2, conversion
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to open procedure, and recurrent hernia were not associated
with longer LOS. Four factors were independently associ-
ated with significant longer length of stay on multivariate
logistic regression analysis (p < 0.05): mesh size
(p = 0.00005), incarcerated hernia (p = 0.002), patient
age (p = 0.018), and complex hernia (p = 0.035).
Conclusions Mesh size, incarcerated hernia, patient age,
and complex hernia predict longer length of stay after
laparoscopic ventral hernia repair.

Keywords Laparoscopic ventral hernia repair -
Length of stay - Outcome - Regression analysis

Incisional hernias complicate 3—-13% of the 4-5 million
laparotomies performed in the USA every year [1-6].
Ventral hernias are the second most common abdominal
hernias after inguinal hernias [7].

Laparoscopic ventral hernia repair (LVHR) has been
associated with reduced length of hospital stay (LOS), and
lower rates of wound complications and recurrence. LVHR
facilitates visualization of secondary defects and, in turn,
allows more accurate placement of the prosthesis with ade-
quate overlap. This may account for lower recurrence rates.

Every ventral hernia repair poses a challenge to the
surgeon, with various patient and hernia factors potentially
affecting postoperative outcomes. The aim of this study is
to identify patient and intraoperative variables that signif-
icantly predict in-hospital LOS after LVHR.

Patients and methods

Charts of all patients who underwent LVHR at a teaching
hospital from April 2001 through April 2009 were
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reviewed. LVHR included repair of incisional, umbilical,
epigastric, and spigelian hernias. Data were retrieved from
an operating room database prospectively maintained by
the hospital, the hospital’s electronic medical records, and
chart review of outpatient visits. Data analyzed included
the following: basic demographic information; ASA grade;
hernia location; hernia complexity (defined as multiple
points of weakness on the anterior abdominal wall); pri-
mary versus recurrent hernia; incisional versus primary
hernia; intraoperative technical details such as mesh type,
mesh size (as a surrogate for hernia size), lysis of adhesions
(LOA), and details of mesh fixation; conversion; length of
procedure (LOP); intraoperative and postoperative com-
plications; and length of stay. Analysis was performed
using either chi-square or linear trend analysis, as appro-
priate. A multivariate logistic regression model was created
manually, to determine independent variables predicting
LOS. The study was approved by the hospital’s Institu-
tional Review Board.

Technique of repair

Pneumoperitoneum is achieved either with a lateral upper-
quadrant Veress needle, open Hasson technique, or an
optical port system, as per surgeon preference. Incarcerated
hernias are then reduced, and lysis of adhesions are
undertaken to define the hernia. Prosthetic mesh is then
secured in an intraperitoneal fashion with transfascial fix-
ation sutures and tacks with 3—-5 cm overlap from the edges
of the hernia. Transfascial sutures are usually placed at 3,
6, 9, and 12 O’clock positions in order to secure the mesh.
Tacks are then placed in between the sutures at 1-cm
intervals. If a large hernia is encountered, further trans-
fascial sutures are placed in order to secure the mesh.

Results
Descriptive analysis

A total of 221 patients, with mean age of 56.54 years
(range 25-88 years), underwent LVHR. Fifty-one percent
of patients were female. There were a total of 121 inci-
sional and 100 primary hernias (79 umbilical hernias, 16
epigastric hernias, and 5 spigelian hernias).

There were fifty-five patients with ASA grade >2. One
hundred eighty-one patients (82%) were undergoing their
first hernia operation. Mean body mass index (BMI) of the
patients in the cohort was 32.3 kg/m? (£6.2 kg/m?, range
17-50 kg/m?). Fifty-four (24.5%) of the patients were
found to have complex hernias. Eighty-seven patients
(40%) had incarcerated hernias. Seventy-five percent of
these patients had incarceration of the omentum; the
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remaining patients had incarceration of the intestines.
Eighteen percent of the patients had no adhesions; the
remaining patients needed varying extents of LOA. The
omentum was the most common organ involved in the
LOA (58%), followed by small bowel (20%), colon (3%),
and small bowel and colon (1%).

Mean mesh area was 192.65 cm? (60-2,367 cmz).
Transfascial sutures were used for mesh fixation in 88% of
the patients. Commonly, either one central or four trans-
fascial sutures were placed at the borders of the mesh, as
mentioned earlier in the “Technique of repair” section
(sutures used per case: mean 2, median 4). Composite mesh
made of polypropylene and polytetrafluoroethylene (PTFE)
was used in the majority (60%) of patients. Polypropylene
mesh with a differential coating to the visceral surface was
used in 21% of the patients. The rest of the patients were
repaired using PTFE mesh.

Mean LOP was 94 min (range 28418 min). Estimated
blood loss was <50 ccin 95% of cases (range <50 to 500 cc).
The overall conversion rate was 5.8%. Cases were converted
to open when it was deemed unsafe to proceed with laparo-
scopic lysis of adhesions. There were no inadvertent or
unrecognized hollow viscous injuries in any of the patients.

Mean LOS was 1.54 days (range 0-22 days). Eighty-six
patients (38.9%) were discharged on the same day as the
procedure. Sixty percent of patients with primary hernias
were discharged on the same day, and 90% were dis-
charged on postoperative day 1. Mean surface area of mesh
used to repair patients with primary hernias who stayed
longer than postoperative day 1 was 224 cm”. This
approximated the mean mesh size used to repair incisional
hernias (241 cm?). LOS was significantly higher among
patients with incarcerated hernias (2.31 versus 1.04 days).
Mean LOS among patients with incarcerated intestines was
3.63 days, which was significantly higher compared with
patients whose hernias were incarcerated with omentum
(1.89 days). LOS was significantly longer among patients
aged 65 years or older (2.3 versus 1.1 days).

Postoperative complications are presented in Table 1.
Ileus was the most common postoperative complication

Table 1 Postoperative complications

Complication Incidence
Ileus 17 (7.7%)
Wound infection 4 (1.8%)
Urinary retention 5 (2.2%)
Clostridium difficile 2 (<1%)
Atrial fibrillation 2 (<1%)
Thromboembolism 2 (<1%)
Myocardial infarction 1 (<1%)
Pneumonia 1 (<1%)
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Table 2 Results of univariate analysis and linear regression

Variable p Value Number (%)
of patients
Incisional hernia 0.000009 121 (55.5)
Mesh size 0.00007
Complex hernia 0.00009 54 (24.5)
Incarcerated hernia 0.0004 87 (40)
Age 0.0006
Lysis of adhesions 0.001 159 (72)
Female patient 0.01 112 (51)
ASA >2 0.1 55 (25)
Recurrent hernia 0.25 181 (82)
Conversion 0.39 13 (5.8)
Body mass index 0.44
Table 3 Multivariate logistic regression
Independent variable p Value
Mesh size 0.00005
Incarcerated hernia 0.002
Age 0.018
Complex hernia 0.035

and occurred in 17 patients (7.7%). Patients who developed
postoperative ileus stayed in hospital for significantly
longer (5.94 versus 1.97 days). Ileus rates were also higher
among patients with incarcerated hernias (12.6 versus
4.4%). Patients who had intestinal involvement in the
incarcerated hernia had a higher ileus rate compared with
patients with omental involvement (18 versus 10.7%).

Three patients who were independent prior to admission
were discharged to a skilled nursing facility. All three of
these patients were older than 75 years, and their postop-
erative course was complicated by ileus, atrial fibrillation,
and mesh infection, respectively.

Univariate analysis

Variables associated with significantly longer LOS on
univariate analysis were incisional hernia (p = 0.000009),
mesh size (p = 0.00007), complex hernia (p = 0.00009),
incarcerated hernia (p = 0.0004), patient age (@ =
0.0006), LOA (p = 0.001), and female gender (p = 0.01).
ASA grade >2, conversion to open procedure, recurrent
hernia, and BMI were not associated with longer length of
stay (Table 2).

Logistic regression analysis

Four factors were independently associated with longer
LOS on multivariate logistic regression analysis

(p < 0.05): hernia mesh size (p = 0.00005), incarcerated
hernia (p = 0.002), patient age (p = 0.018), and complex
hernia (p = 0.035) (Table 3).

Discussion

Since Leblanc et al. [8] reported the first LVHR in 1992,
this technique has generated significant interest with its
reduced LOS, and lower rate of wound complications and
recurrence rates [9—12]. These benefits, however, are offset
by higher risk of procedure-related complications, espe-
cially unrecognized hollow viscous injury, which can lead
to sepsis and death [13]. LVHR is based on the open
underlay technique of hernia repair, as described by Stoppa
[14], Rives et al. [15], and Wantz [16], with placement of
the mesh in intraperitoneal position with significant
overlap.

Association between primary ventral hernia repair,
decreased need for adhesiolysis, and decreased complication
and failure rates as compared with repair of incisional ventral
hernias has been reported [17]. Open repair of large
(>10 cm) as compared with small (<6 cm) incisional ventral
hernia is associated with higher incidence of seroma for-
mation and wound infection [18, 19]. Mean mesh size used to
repair primary hernias among patients who stayed longer
than one postoperative day approximated the mean mesh size
used in patients with incisional hernias, illustrating the sig-
nificance of hernia size as a predictor of LOS.

In a study of a relatively small cohort of 50 patients who
underwent LVHR, Raftopoulos et al. [20] found two fac-
tors associated with longer LOS: hernia size and repair of
incisional ventral hernia. Their conclusions agree with the
results of the univariate analysis of the current study. Shah
et al., in their review of 112 patients, showed that the
laparoscopic approach could be safely applied in repair of
incarcerated ventral hernia [21]. Mean in-hospital LOS in
their study was similar to the LOS of the 87 patients with
incarcerated hernia in the current study (2.8 versus
2.31 days). Saber et al. [22] and Tessier et al. [23] showed
that LVHR in the elderly is associated with longer LOS as
compared with a younger group of patients. In our expe-
rience, mean LOS is significantly longer among older
patients, and a smaller percentage of older patients were
discharged on the same day as their procedure.

Incisional hernia repairs have been reported to be twice
as common in female as compared with male patients [24,
25]. It has been hypothesized that the higher incidence of
incisional hernia among female patients may be due to the
higher number of laparotomy incisions related to obstetric
and gynecologic indications, especially hysterectomy [26].
Incisional hernias are seen more frequently in females and
are associated with greater need for adhesiolysis. Incisional
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hernias tend to be larger, frequently incarcerated, and more
complex as compared with primary hernias. They are also
commonly seen in the elderly population as compared with
primary ventral hernias. Consequently, this may explain
the fact that incisional hernia, female gender, and need for
lysis of adhesions, which are significant predictors of LOS
on linear regression and univariate analysis, do not add to
the multivariate logistic regression model.

A shortcoming of the current study is its retrospective
nature. Studies where the data is collected prospectively,
including size of the hernia itself, are required to confirm
the findings of the current study. Although incisional her-
nia, LOA, and female gender were found to be associated
with longer LOS on univariate analysis, these factors were
not found to independently enhance the predictive ability
of the regression model that was created.

Conclusions

Mesh size, incarcerated hernia, patient age, and complex
hernia predict longer length of stay after laparoscopic
ventral hernia repair.
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