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Abstract
Background: Laparoscopic hernioplasty has been criticized
because of its technical complexity and increased costs.
Disposable dissection balloons can be used to facilitate the
creation of the initial working space in totally extraperito-
neal endoscopic hernioplasty (TEP), but their use adds to
the cost of the operation.
Methods: A total of 322 men with unilateral, primary, or
recurrent inguinal hernias were randomized to undergo TEP
with or without a dissection balloon.
Results: In the group with the balloon, three of 161 patients
(2.5%) required conversion to transabdominal preperitoneal
hernioplasty (TAPP), or open herniorraphy, whereas 17 of
161 patients (10.6%) were converted to TAPP or open her-
niorraphy in the group without the balloon (p = 0.002). The
mean operation time was 55 min in the group with the
balloon and 63 min in the group without the balloon (p =
0.004). There was no difference between them in postop-
erative morbidity, and there were no major complications in
either group. The recurrence rate was 3.1% in the group
with the balloon and 3.7 % in the group without the balloon
(p = 0.8).
Conclusion: The use of a dissection balloon in TEP reduces
the conversion rate and may be especially beneficial early in
the learning curve.
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Inguinal hernia repair is the most common general surgical
procedure in the Western world [19]. In Sweden alone
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(population nine million), an average of 18,000 inguinal
hernia operations are performed annually, of which –16%
are for recurrent hernias [17]. Recent meta-analyses have
concluded that patients who undergo totally extraperitoneal
endoscopic (TEP) and transabdominal preperitoneal
(TAPP) hernioplasties are able to return to their normal
activities earlier and with less pain than after those submit-
ted to the open suture or tension-free methods [12]. Pro-
spective studies carried out after the learning curve found
recurrence rates of 0.71% after TEP and 1.06% after TAPP
[12].

Laparoscopic hernioplasty is still a controversial proce-
dure. It has been criticized because of its technical com-
plexity, the need for general anesthesia, the risk for serious
complications, and its higher cost [1]. However, most seri-
ous complications, such as major vessel or bowel injury,
have been laparoscopy related (TAPP) and can be avoided
if the operation is done extraperitoneally (TEP) [7, 18].
There is an undisputed learning curve associated with the
TEP approach [15], but once experience is gained, mean
operation times can be expected to decline to levels com-
parable to those for open hernioplasties (30-40 min) [10,
11]. The operative costs of laparoscopic hernioplasties have
been shown to be significantly higher than those of open
anterior tension-free hernioplasties (i.e., Lichtenstein and
mesh-plug). These higher costs are primarily due to the
longer operation time, instrument capital costs, and the use
of disposable instruments (trocars, hernia stapler, dissection
balloon, etc.) [4, 22]. Although there may be significant
indirect cost savings due to the earlier return to work [4, 5,
6, 14], the direct costs of the operation remain a key issue.

Disposable dissection balloons can be used in TEP her-
nioplasty to gain access to the initial preperitoneal working
space. Despite their potential effectiveness, they also add a
considerable sum—US$142 in Sweden during the study pe-
riod—to the costs of the operation. However, an alternative
dissection technique that uses only a finger and the endo-
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Table 1. Details of patients and types of hernias

With balloon
(n =	 161)

Without balloon
(n =	 161)

Mean (SD) age (yr) 53 (12) 52(11)
Mean (SD) follow-up (mo) 26(10) 27(11)
Day surgery patients 130 (81%) 132 (82%)
Admitted patients 31 (19%) 29 (18%)
Mean (SD) hospital stay,

(for admitted patients) 1.2 (0.5) 1.4 (0.8)
Type of hernia

Direct 55 (34%) 46 (28%)
Indirect 90 (56%) 104 (65%)
Combined 16 (10%) 9 (6%)
Femoral 0 2 (I)

No of hernias
Primary 136 128
Recurrent

First 22 28
Second 2 5
Third

scope to gain access to the preperitoneal space has also been
described [10]. The aim of this study was to compare these
two techniques for dissection in TEP hernioplasty in a ran-
domized controlled trial.

Materials and methods

Between May 1994 and December 1997, a randomized multicenter study
was carried out at four Swedish hospitals (Huddinge University Hospital,
Karlskoga Hospital, Sahlgrenska University Hospital. and Link6ping Uni-
versity Hospital). A total of 322 men aged 30-75 years with a unilateral
primary or recurrent inguinal hernia who were scheduled for laparoscopic
hemioplasty were randomized for TEP either with or without the use of
dissection balloon. Before being included in the study, the patients were
assessed to determine whether they were fit for general anesthesia. Patients
with a history of major surgery in the lower abdomen other than appen-
dectomy were excluded, as were those with an immune deficiency. In-
formed consent was obtained from all participants. The study was approved
by the ethical committee.

Randomization was performed in the preoperative area immediately
prior to surgery. In all, 161 patients were randomized for TEP with a
balloon and 161 patients for TEP without a balloon. The comparative data
for the two groups are shown in Table 1.

Ten surgeons participated in the study. In 1994, TAPP was the method
usually used for laparoscopic hernia surgery in Sweden. To be eligible to
participate in the study, each of the surgeons must have done at least 30
TAPP, thereby having some experience in laparoscopic hernia surgery. and
10 TEP prior to the study.

Surgical technique

All operations were performed under general anesthesia. An infraumbilical
incision was made, and the ipsilateral anterior rectus sheath was opened.

TEP with the balloon

A dissection balloon (Endopath Balloon Dissector; Ethicon Endo-Surgery,
Cincinnati, OH, USA) with a 30° laparoscope was introduced in the ipsi-
lateral rectus sheath. The balloon was insufflated with air under direct
visual control, thereby opening the preperitoneal space. The balloon was
replaced by a blunt trocar with a 30° laparoscope, and CO, was insufflated
preperitoneally.

Table 2. Mean (SD) follow-up

With balloon 	 Without balloon

mo n mo

Total 26 (10) 161 27(11) 161
Seen by an independent surgeon 33 (8) 14 30 (8) 21
Recurrence 36 (5) 5 35 (7) 6

TEP without the balloon

A blunt digital dissection was made in the preperitoneal space through the
ipsilateral anterior rectus sheath. A blunt trocar with CO, insufflation and
a 30° laparoscope was introduced in the preperitoneal space. The dissection
was continued using the laparoscope under direct vision.

One or two trocars were then introduced in the preperitoneal space.
Dissection of the preperitoneal space was done medially across the midline
and laterally cranial to the anterior superior iliac spine. The hernia sac was
reduced and the peritoneum retracted cranially. A large indirect hernia sac
could be divided if the surgeon wanted to do so. A 10 x 15 cm polypro-
pylene mesh (Prolene; Ethicon) was introduced into the preperitoneal
space. A stapler (Endopath Endoscopic Multifeed Stapler; Ethicon) was
used at the surgeon's discretion to fix the mesh in Cooper's ligament, the
symphysis, and the anterior abdominal wall. Stapling in the lower lateral
quadrant was avoided. The CO, was exsufflated and the anterior rectus
sheath was closed with 2/0 polyglactine (Vicryl: Ethicon).

If there were any technical problems, the operation was converted to
TAPP, replacing the same trocars, or to open herniorraphy, with or without
mesh, at the surgeon's discretion.

Long-term follow-up was done by questionnaires, which were sent to
the patients in 1998. An independent surgeon in the hospital saw patients
who presented with complaints, such as pain or a lump in the groin [8, 91.
In all, 143 patients (89%) in both groups answered the questionnaire.
Fourteen patients (9%) in the balloon group and 21 patients (13%) in the
group without the balloon were seen by the independent surgeon (Table 2).
Recurrence was defined as a bulge or weakness in the operation area
exacerbated by a Valsalva maneuver and necessitating further operation or
provision of a truss [16].

Statistics

All data were analyzed using Statistica software (v 5.5 A; StatSoft., Tulsa,
OK, USA). Student's t-test was used to compare data with normal distri-
butions. The Mann-Whitney U test was used to assess nonparametric data
sets. The chi-square and Fisher's exact test were used to assess the differ-
ences between categorical data. A p value of < 0.05 was considered sta-
tistically significant. All calculations were made on an intention-to-treat
basis.

Results

The mean (SD) operation time in the balloon group was 55
(24) min; in the group without the balloon, it was 63 (26)
min (p = 0.004). In the balloon group, 83 patients (52%)
had a peritoneal lesion; in the group without the balloon,
there were 93 (58%), (p = 0.26). There were three (2.5%)
conversions to TAPP or open herniorraphy in the balloon
group and 17 (10.6%) in the group without the balloon (p =
0.002). Whether the operation was performed on a primary
hernia or a recurrence did not influence the rate of perito-
neal lesions or conversions (Table 3). If the nonconverted
operations are analyzed separately, the mean (SD) operation
time was 54 (24) min in the balloon group and 61 (22) min
in the group without the balloon (p = 0.02). The majority
of the conversions (three of three, or 100%, in the balloon
group and 12 of 17, or 70%, in the group without the bal-
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Table 3. Peritoneal lesions and number of conversions (%)

With balloon	 Without balloon

Yes No Yes No p value

Peritoneal lesions
Primary hernia 69 (51) 67 (49) 77 (60) 51 (40) 0.12
Recurrent hernia 14 (56) 11 (44) 16 (48) 17 (52) 0.57

Conversions
Primary hernia 2 (2) 134 (98) 14 (11) 114 (89) <0.002
Recurrent hernia 1 (4) 24 (96) 3 (9) 30 (91) 0.63

loon) occurred within each surgeon's first 15 operations
included in the trial. The main reason given for conversion
to TAPP was "difficult access." whereas the main reason
given for conversion to open herniorraphy was "hemor-
rhage" (Table 4). All operations converted to TAPP due to
difficult access also had a documented peritoneal lesion.

There was no significant difference in postoperative
morbidity. In the balloon group, four (2.5%) early (<30
days) complications were recorded; in the group without the
balloon, there were nine (5.6%) (p = 0.26) One complica-
tion in the balloon group and four in the group without the
balloon occurred after a conversion to TAPP or open her-
niorraphy (Table 5). Late neuralgia occurred in one patient
(0.6%) in the balloon group and four patients (2.5%) in the
group without the balloon (p = 0.37). In all of the patients
with neuralgia, the mesh had been fixed with staplers.

There was no statistically significant difference between
the groups in terms of time to return to work. The balloon
group enjoyed a significantly shorter recovery period (Table
6, Fig. 1). One patient took an extremely long period off
work (500 days), but this was due to reasons other than the
TEP operation.

There were four recurrences after a primary hernia and
one after a recurrent hernia (3.1%) in the balloon group; in
the group without the balloon, there were five recurrences
after a primary hernia and one after a recurrent hernia
(3.7%) (p = 0.8).

Discussion

The results of surgery for inguinal hernia vary. In non-
specialized units, —15% of the herniorraphies are performed
on previously operated hernias [17]. New repairs with mesh,
performed both by open surgery and laparoscopically, have
been introduced in an effort to reduce the recurrence rate
and the postoperative period of rehabilitation. However, the
use of mesh increases the cost of the operation [1. 4, 6, 14].
In laparoscopic surgery, the use of disposable instruments is
an option, but this also increases costs [4, 6, 14]. Hence,
there is an economic incentive to reduce the use of dispos-
able instruments such as dissection balloons if the results
are the same whether or not a balloon is used.

TEP is a technically complex procedure that is per-
formed in a space created during the operation. In order to
obtain good results, the surgeon must be skilled in laparo-
scopic techniques and familiar with the anatomy of the ab-
dominal wall [10, 15]. During the learning period, it may be
problematical to find the correct plane in the preperitoneal
space. If the dissection is done in the wrong surgical plane,

Table 4. Reasons for conversion

Anatomy
Difficult
access Hemorrhage

Fixed
hernia sac Total

With balloon
TAPP
Open
Total

Without balloon
TAPP
Open
Total

1
0

0
1

8

0
0

0
4

0
0

2
1

1
3°

10
7

17

° p = 0.002

Table 5. Postoperative morbidity <30 days

With balloon
	

Without balloon
(n = 161)
	

(n = 161)

Seroma	 1
	

1 (TAPP)
Hematoma
	

2 (1 TAPP)
	

5 (1 Open)
Epididymitis
	

0
	

1
Urinary retention	 1

	
I (Open)

Infection	 0
	

1 (TAPP)
Total
	

4
	

9

Table 6. Time to return to work and time to complete recovery

With	 Without
balloon	 balloon	 p value

Median days (range)
away from work
	

4.5 (0-45)
	

5 (0-500)	 0.12
Median no. of days (range)

to complete recovery, total
	

14(0-150) 14 (3-180)	 0.01
Median no. of days (range)

to complete recovery, converted 30 (30-30) 30(14-120)

there is an increased risk of hemorrhage and/or loss of the
anatomical landmarks. A dissection balloon could make the
dissection of the preperitoneal space easier and safer, thus
reducing the operation time, the conversion rate, and the
number of complications.

The mean operation time was slightly shorter in the
balloon group, with almost no change if the converted op-
erations were excluded. Although these differences are sta-
tistically significant, it is uncertain if they are clinically
relevant. Other authors have reported a mean operation time
between 35 and 70 min to perform a TEP procedure [4, 10,
11, 15], this is comparable to our respective times of 55 and
63 min.

Peritoneal lesions may influence the conversion rate,
since an intraabdominal CO2 leak could result in a narrow-
ing of the operating field, making it difficult for the surgeon
to continue the operation extraperitoneally with safety.
However, there was no difference between the groups in
terms of reported peritoneal lesions. We did find a signifi-
cant difference in the conversion rates between the groups:
the use of a dissection balloon resulted in fewer conver-
sions. The conversions occurred early in the study, indicat-
ing that the conversion rate decreases with experience. Our
conversion rate is similar to that reported in earlier series.
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where the conversion rate from TEP to TAPP or open her-
niorraphy was between 1% and 10% [7, 10, 15].

The length of the learning curve has been discussed by
other authors [15, 23]. In our study, all of the surgeons had
done at least 30 TAPP and 10 TEP prior to the study. Fifteen
out of 20 of the conversions (75%) occurred within each
surgeon's first 15 operations in the study (i.e, within the
surgeon's first 25 TEP). This finding suggests that the learn-
ing curve for TEP requires �25 TEP operations (10 before
the study plus 15 during the study) provided the surgeon has
had previous experience in laparoscopic hernia surgery con-
sisting of �-30 TAPP before beginning to perform TEP
procedures.

Neuralgia is a clinical problem after both open and lap-
aroscopic hernia surgery [13, 21]. The use of a stapler to
secure the mesh may cause nerve entrapment and neuralgia.
Some authors found no difference in the occurrence of neu-
ralgia whether stapled or nonstapled mesh was used in
TAPP [20], but there have also been reports of severe neu-
ralgia caused by staplers [7]. In our study, five patients
developed neuralgia. It made no difference whether or not a
balloon was used, but the mesh had been secured with sta-
plers in all of the patients with neuralgia. The recurrence
rate in tension-free herniorraphies has been reported to be
<4% [1, 5, 6, 11]. Our results are similar, with a recurrence
rate of 3.1% in the group with the balloon and 3.7% in the
group without the balloon.

The time to full recovery was shorter in the balloon
group. This finding may be explained by the higher rate of
conversions in the group without the balloon, who subse-
quently required more complicated operations and therefore
a prolonged period of rehabilitation. However, there was no
difference in the time to return to work; these results are
similar to those reported in other studies [2, 3].

In conclusion, we found that the use of a dissection
balloon in TEP reduced the conversion rate and that the
conversion rate was higher if the surgeon was less experi-
enced. It did not reduce the recurrence rate or postoperative
morbidity. These results suggest that the use of a dissection
balloon can be helpful during the learning period, but in
experienced hands it merely increases the cost of the opera-
tion, without offering additional benefits.
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