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A

 

BSTRACT

 

Background

 

Inguinal hernias can be repaired by
laparoscopic techniques, which have had better re-
sults than open surgery in several small studies.

 

Methods

 

We performed a randomized, multicenter
trial in which 487 patients with inguinal hernias were
treated by extraperitoneal laparoscopic repair and
507 patients were treated by conventional anterior
repair. We recorded information about postoperative
recovery and complications and examined the pa-
tients for recurrences one and six weeks, six months,
and one and two years after surgery.

 

Results

 

Six patients in the open-surgery group but
none in the laparoscopic-surgery group had wound
abscesses (P

 

�

 

0.03), and the patients in the laparo-
scopic-surgery group had a more rapid recovery
(median time to the resumption of normal daily
activity, 6 vs.10 days; time to the return to work, 14
vs. 21 days; and time to the resumption of athletic
activities, 24 vs. 36 days; P

 

�

 

0.001 for all compari-
sons). With a median follow-up of 607 days, 31 pa-
tients (6 percent) in the open-surgery group had re-
currences, as compared with 17 patients (3 percent)
in the laparoscopic-surgery group (P

 

�

 

0.05). All but
three of the recurrences in the latter group were with-
in one year after surgery and were caused by sur-
geon-related errors. In the open-surgery group, 15 pa-
tients had recurrences during the first year, and 16
during the second year. Follow-up was complete for
97 percent of the patients.

 

Conclusions

 

Patients with inguinal hernias who
undergo laparoscopic repair recover more rapidly and
have fewer recurrences than those who undergo open
surgical repair. (N Engl J Med 1997;336:1541-7.)
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NGUINAL hernias are common, and although
the results of surgical repair are often satisfac-
tory, postoperative recovery may be slow, and
the hernia may recur. The period of recovery

after repair of inguinal hernia in patients with paid
recovery time is four to six weeks in most Western
countries.

 

1-4

 

 Elimination of anxiety about resuming
work could shorten the recovery, but this possibility
has not been studied.

 

5

 

Recurrence rates have ranged from less than 1 per-
cent to more than 10 percent, with a follow-up of
more than five years.

 

4,6

 

 These data should be viewed
with some caution, however, because follow-up data
are often incomplete and unreliable.

 

4,7

 

 Indeed, the
overall recurrence rate in the Netherlands, the Unit-
ed Kingdom, and the United States and the results
of large, prospective, controlled studies suggest high-
er rates (up to 15 percent after five years).

 

3,7-9

 

Laparoscopic techniques for the repair of inguinal
hernias have recently been introduced,

 

10,11

 

 and in
several small trials, these techniques proved superior
to open repair in terms of postoperative pain and re-
covery.

 

12,13

 

 These studies were too small, however, to
detect differences in recurrence rates.

 

8,14-16

 

We conducted a multicenter, randomized study
to compare conventional anterior repair with extra-
peritoneal laparoscopic repair in terms of postoper-

I
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ative recovery, complications, and recurrence rates
in patients with primary or first recurrent unilateral
hernias.

 

METHODS

 

We selected teaching and nonteaching hospitals in rural and ur-
ban regions for this study. The sex and age distributions of the
people living in these regions were similar to those in the Nether-
lands as a whole.
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 The surgeons in participating hospitals en-
rolled patients in the study. The study was approved by the ethics
committees at all the hospitals and by the Dutch Health Insur-
ance Council, and all patients gave informed consent.

 

Characteristics of the Patients

 

Patients over 20 years old who presented with clinically diag-
nosed, unilateral inguinal hernias (primary hernias or first recur-
rences) who were scheduled to undergo surgical repair with gen-
eral anesthesia were eligible for the study. Exclusion criteria were
an additional surgical intervention planned during the hernia re-
pair; a history of extensive lower abdominal surgery, severe local
inflammation, or radiotherapy; advanced pregnancy (

 

�

 

12 weeks’
gestation); and previous participation in the study (contralateral
hernia). Patients who were mentally incompetent or not able to
speak Dutch were also excluded.

 

Base-Line Studies

 

A standardized history was obtained, and a physical examina-
tion performed. Before randomization, the patients were told
both orally and in writing that they should resume normal activ-
ity after surgery, including work and sports, when they felt able
to do so. It was emphasized that this recommendation applied to
both surgical techniques.

 

Random Assignment to Treatment Groups

 

The patients were randomly assigned to either conventional an-
terior repair or extraperitoneal laparoscopic repair, with the as-
signments made at a central office. Randomization was carried out
by telephone, according to a computer-generated list, in groups of
25 or 50 patients; within each of these groups, the maximal allow-
able difference in the number of patients assigned to the two treat-
ments was 4. To ensure an equal distribution of patients in the
two treatment groups, they were stratified according to the hos-
pital and the type of hernia (primary or first recurrent).

 

Surgical Techniques

 

All 87 surgeons and residents who performed hernia repairs us-
ing the conventional anterior approach were experienced in this
technique or were supervised by an experienced surgeon. The re-
pair consisted of a reduction of the hernia, ligation of the hernial
sac, if necessary, and reconstruction of the inguinal floor with
nonabsorbable sutures, if necessary. A mesh prosthesis was not
used unless adequate repair was otherwise not possible.

Of the 87 surgeons and residents, 23 also performed laparo-
scopic repairs. They had ample experience with other laparoscopic
procedures and acquired experience with this particular procedure
under the supervision of experienced surgeons before they were
allowed to participate in the trial.

The laparoscopic technique has been described elsewhere.
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 It
was usually performed with the patient under general anesthesia.
Balloon dissection was used to develop the preperitoneal space
without entering the abdominal cavity. Extensive lateral dissec-
tion was performed, with isolation and manipulation of the struc-
tures of the spermatic cord. A polypropylene mesh (10 cm by 15
cm) was placed over the myopectineal orifice. The mesh was not
split and was not fixed in place. Patients were catheterized only if
a full bladder was suspected. Prophylactic antibiotic therapy was
not commonly given in either group.

 

Data Collection and Follow-up

 

Standardized data collection was performed by the attending
resident or surgeon, and each patient was evaluated at the hospi-
tal monthly by a physician or data manager from the central study
office. The hernia was classified as type I, II, III (subtype A, B,
or C), or IV (subtype A, B, or C), according to the classification
of Nyhus.
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 The operation time was defined as the time from the
first incision to the placement of the last suture.

We collected information about multiple operative and postop-
erative complications. The operative complications were bleeding
from epigastric or testicular vessels, injury to the vas deferens,
nerve injuries, peritoneal defects or defects in the hernial sac,
pneumoscrotum, and technical defects of laparoscopic instru-
ments or equipment. Cardiovascular complications during sur-
gery were defined as a fall in the diastolic pressure to a level below
50 mm Hg or cardiac arrhythmia. Discontinuation of the original
laparoscopic procedure in favor of either a transperitoneal laparo-
scopic procedure or a conventional procedure was also recorded
as a complication.

 

6

 

Postoperatively, all potential complications, such as hematoma,
seroma, chronic pain, and wound infection, were assessed and
documented. A serious wound infection was defined as the pres-
ence of pus or sanguinopurulent discharge at the operative site.
A urinary tract infection or epididymitis was recorded only if an-
tibiotic treatment was prescribed. Urinary retention was defined
as an inability to urinate, requiring catheterization. Postoperative
bleeding was recorded if compression was required to control it.
The length of hospitalization, defined as the number of days in
the hospital after the day of surgery, was also recorded. Patients
were discharged from the hospital if there was no serious infec-
tion or bleeding, the patient was able to walk, and only oral an-
algesic therapy was required to manage pain.

The patients were requested to return to the outpatient clinic
at one and six weeks; at six months; and at one and two years for
a standardized history taking and physical examination by a resi-
dent and, in most cases, by the surgeon who had performed the
surgery. The patients were asked to assess the severity of pain at
the operative site every day for the first week and at two and six
weeks, with the use of a 100-mm visual-analogue scale (scores
ranged from 0, for no pain, to 100, for unbearable pain), and to
record the use of analgesic drugs. Oral analgesia, initially aceta-
minophen (500 mg) or a nonsteroidal antiinflammatory drug, was
given on request. Chronic pain was defined as pain in the groin,
scrotum, or medial part of the thigh that was serious enough for
the patient to mention at six months.

The activities of daily living were assessed with a questionnaire
from a Dutch health survey,

 

20

 

 modified to include questions ap-
plicable to patients who had undergone inguinal-hernia repairs.
The scale ranged from 0 (worst score) to 100 (best score).

 

21

 

 The
modified questionnaire was validated in 110 of the patients. The
test–retest reliability was 0.89.

 

21,22

 

 The questionnaire was admin-
istered one day and one, two, and six weeks after surgery. The pa-
tients were also asked to record in a diary the dates on which they
resumed normal daily activity at home, returned to work, and re-
sumed their usual athletic activities.

Since differences in advice about returning to work after in-
guinal hernia repair may affect the validity of this end point,

 

1,21,23

 

all study surgeons and other personnel were instructed to give the
same advice about the resumption of work and other activities.
In addition, the patients’ physicians received a letter explaining
the trial and stating that the patients should not limit their activ-
ities but do whatever they felt able to do.

 

5,21

 

 All patients were
either visited or contacted by telephone by a member of the cen-
tral study office, who was unaware of the treatment assignments,
soon after discharge to explain the importance of keeping the di-
ary and answer any questions about the follow-up and resump-
tion of usual activities.

Home visits by experienced physicians were also conducted one
and two years postoperatively if patients were unable or did not
want to go to the hospital. Follow-up data were considered com-
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plete only if they included the results of follow-up physical exam-
inations by an experienced physician at the planned times.

 

End Points

 

The primary end point of the study was a recurrence of the her-
nia, defined as a clinically detectable swelling in the groin or a
clearly palpable defect of the abdominal wall in the groin, diag-
nosed by two physicians. If a physician was unsure whether there
was a recurrence, the physical examination was repeated or ultra-
sonography of the groin was performed.

The main secondary end point was time off from work, defined
as the number of days between the day of surgery and the first
day a patient returned to work, for all patients who were em-
ployed. All deaths were assessed in terms of immediate cause and
the relation of the death to the hernia operation. The resumption
of usual activities, the score on the activities-of-daily-living ques-
tionnaire, postoperative pain, and complications were additional
secondary end points.

 

Statistical Analysis

 

In the main analyses, we compared conventional open surgery
and laparoscopic surgery with respect to the interval between sur-
gery and the diagnosis of a recurrence or the return to work. Data
for all patients who were randomly assigned to a treatment group
and underwent surgery were analyzed on an intention-to-treat
basis. In this analysis, we did not include patients without hernias,
those who withdrew their consent before undergoing surgery,
those who at the time of surgery were found to be poor candi-
dates for general anesthesia, and those who did not undergo the
assigned operation because of a misunderstanding resulting in an
unplanned open or laparoscopic repair. No interim analyses were
performed.

Continuous, normally distributed data are expressed as means

 

�

 

SD; other continuous data are expressed as medians with inter-
quartile ranges. For the analysis of differences between groups, we
used two-tailed t-tests or, if the results were not normally distrib-
uted, nonparametric tests. Chi-square or Fisher’s exact tests were
used to compare proportions. An analysis of variance for repeated
measurements was performed to compare the pain scores for the
two groups. Recurrence-free survival and the time to the resump-
tion of normal activity (i.e., daily home activity, paid work, and
sports) were analyzed with Kaplan–Meier survival curves, and dif-
ferences between the two treatment groups were compared by
the log-rank test. All reported P values are two-tailed.

 

RESULTS

 

We enrolled 1051 patients in the study between
February 1994 and June 1995. During this time,
114 eligible patients were not enrolled: 74 refused
to participate, 27 could not understand the proto-
col, and 13 were not enrolled for a variety of rea-
sons. Of the 1051 enrolled patients, 31 (13 assigned
to the open-surgery group and 18 assigned to the
laparoscopic-surgery group) decided not to undergo
surgery, in most cases because of the absence of se-
rious symptoms. Only three of these patients have
subsequently undergone surgery.

Eighteen patients (8 in the open-surgery group
and 10 in the laparoscopic-surgery group) were ex-
cluded. Three of these patients had bilateral repairs,
four were considered to be poor candidates for gen-
eral anesthesia, and three were found not to have in-
guinal hernias at surgery. An additional eight with-
drew informed consent: two wanted open repairs,
three wanted laparoscopic repairs, two refused annu-

al follow-up, and one underwent surgery at another
hospital. In addition, eight patients did not undergo
the assigned procedure because of a misunderstand-
ing between the central office and the surgeon, with
six of the patients undergoing unplanned open re-
pairs and two undergoing unplanned laparoscopic
repairs.

Hence, our main analysis is based on data from
487 patients who underwent laparoscopic repairs
and 507 who underwent open repairs. Randomiza-
tion was successful, and the two groups were similar
at base line (Table 1). A second analysis of recur-
rence rates included the 8 patients who did not un-

 

*Plus–minus values are means 
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SD. 

†ADL denotes activities of daily living.
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Age — yr 55

 

�

 

15 55

 

�

 

16

Sex — no. (%)
Male 485 (96) 461 (95)
Female 22 (4) 26 (5)

Height — m 1.78

 

�

 

0.08 1.78

 

�

 

0.08

Weight — kg 78.0

 

�

 

10.3 77.9

 

�

 

11.8

ADL score†
Median
Interquartile range

94
83–100

94 
83–100

Paid work — no. (%) 278 (55) 266 (55)

Participation in sports — 
no. (%)

177 (35) 198 (41)

Primary hernia — no. (%) 447 (88) 432 (89)

First recurrent hernia — 
no. (%)

60 (12) 55 (11)

History of contralateral 
hernia — no. (%)

14 (3) 28 (6)

Clinical presentation — 
no. (%)

Swelling in the groin 477 (94) 454 (93)
Discomfort or pain 423 (83) 416 (85)
Coincidental discovery 29 (6) 13 (3)

Potential risk factors for 
recurrence — no. (%)

Chronic obstructive 
pulmonary disease

50 (10) 48 (10)

Benign hyperplasia of 
the prostate

25 (5) 37 (8)

Constipation 25 (5) 26 (5)
Strenuous activity 122 (24) 103 (21)

Characteristics of hernia — 
no. (%)

Left-sided 245 (48) 243 (50)
Right-sided 262 (52) 244 (50)
Medial 267 (53) 259 (53)
Lateral 230 (45) 214 (44)
Unknown 10 (2) 13 (3)
Medial and lateral 

(pantaloon)
12 (2) 8 (2)

Scrotal 17 (3) 24 (5)

Copyright © 1997 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 1, 2008 . For personal use only. No other uses without permission. 



 

1544

 

�

 

May 29, 1997

 

The New England Journal  of  Medicine

 

dergo the assigned operation (for a total of 493 pa-
tients in the laparoscopic-surgery group and 509 in
the open-surgery group).

 

Perioperative and Early Postoperative Results

 

The mean time from randomization to surgery
was 33

 

�

 

36 days in the open-surgery group and
35

 

�

 

33 days in the laparoscopic-surgery group. In

the open-surgery group, a herniotomy with a high
ligation of the hernial sac was performed in 21 pa-
tients (4 percent). This procedure was combined
with a narrowing of the internal ring with sutures in
44 (9 percent), and a mesh prosthesis was inserted
and a so-called tension-free repair performed in 15
(3 percent). The remaining 427 patients underwent
hernioplasty, with a Bassini technique used in 147
patients (29 percent), a Shouldice technique in 112
(22 percent), a Bassini–McVay technique in 97 (19
percent), a McVay technique in 46 (9 percent), and
various other, less well known techniques in the oth-
er patients. The number of operations per surgeon
ranged from 1 to 33. In the laparoscopic-surgery
group, the range was 1 to 74.

The Nyhus classification of the hernias and the
operative and early postoperative complications in
the two groups are shown in Table 2. The median
duration of surgery was five minutes shorter for the
conventional repair than for the laparoscopic repair.
In the laparoscopic-surgery group, an open proce-
dure was used in 20 patients and a transabdominal
preperitoneal laparoscopic procedure was used in
4 (Table 3). During laparoscopic surgery, 115 pa-
tients (24 percent) had peritoneal tears, but in only
8 of these patients (7 percent) did the tear result in
loss of pneumopreperitoneum, requiring a switch to
another technique. In 15 patients (3 percent), the
epigastric vessels were ligated because they blocked
the view of the surgeon; in 2 patients, these vessels
were ligated after being injured during the insertion
of a trocar. After surgery, 64 patients had a pneumo-
scrotum (13 percent), which disappeared within one
day in all but 3 patients (Table 2). The most severe
postoperative complications were serious wound in-
fections in six patients in the open-surgery group
(Table 2); two of these patients had to be rehospi-
talized.

 

Postoperative Recovery

 

The visual-analogue pain scores after surgery were
lower in the laparoscopic-surgery group than in the
open-surgery group (P

 

�

 

0.001), although the differ-
ence diminished with time (Fig. 1). Seventeen pa-
tients in the laparoscopic-surgery group and 27 in
the open-surgery group did not record pain scores;
complete data were available for 90 percent of the
patients. On the day of surgery, 288 patients (59
percent) in the laparoscopic-surgery group did not
require any analgesic drugs for postoperative pain, as
compared with 165 patients (33 percent) in the
open-surgery group. The proportions of patients
not requiring analgesia were 88 and 82 percent, re-
spectively, at one week and 92 and 91 percent, re-
spectively, at six weeks.

The patients in the laparoscopic-surgery group
were able to resume normal activity sooner than the
patients in the open-surgery group (Table 4). Scores

 

*Type I is an indirect hernia with a normal internal abdominal ring. Type
II is an indirect hernia with an enlarged and distorted internal abdominal
ring and an intact posterior wall. Type III is a hernia with a posterior-wall
defect (A, direct; B, indirect [also pantaloon or scrotal]; or C, femoral).
Type IV is a recurrent hernia (A, direct; B, indirect [also pantaloon]; or
C, femoral).
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CHARACTERISTIC

OPEN SURGERY

(N�507)

LAPAROSCOPIC 
SURGERY

(N�487)
P 

VALUE

Operation time — min
Median 
Interquartile range

40
30–45

45 
35–60

�0.001

no. of patients (%)

Anesthesia
General 201 (40) 481 (99) —
Spinal 306 (60) 6 (1) —

Prophylactic antibiotics 16 (3) 7 (1) —

Nyhus classification*
Type I 45 (9) 25 (5) —
Type II 129 (25) 199 (41)
Type III

A 121 (24) 95 (20)
B 151 (30) 113 (23)
C 1 (�1) 0

Type IV
A 36 (7) 24 (5)
B 23 (5) 30 (6)
C 1 (�1) 0

Operative complications
Switch to another surgical

technique
— 24 (5) —

Cardiovascular complica-
tions

1 (�1) 2 (�1) 0.62

Vas deferens injury 1 (�1) 1 (�1) 1.00
Arterial bleeding (clips or

ligatures required)
2 (�1) 7 (1) 0.10

Balloon rupture during
dissection

— 6 (1) —

Use of extra trocar — 2 (�1) —
Broken instruments 0 2 (�1) 0.24

Postoperative complications
Related death 0 0 —
Serious wound infection 

(abscess)
6 (1) 0 0.03

Wound infection requiring 
rehospitalization

2 (�1) 0 0.50

Urinary tract infection 2 (�1) 1 (�1) 1.0
Epididymitis 2 (�1) 3 (1) 0.68
Urinary retention 2 (�1) 5 (1) 0.28
Bleeding 1 (�1) 1 (�1) 1.00
Chronic pain 70 (14) 10 (2) �0.001
Hematoma at 6 weeks 14 (3) 24 (5) 0.07
Seroma at 6 weeks 0 7 (1) 0.007
Pneumoscrotum at dis-

charge from hospital
— 3 (1) —
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