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ABSTRACT

Aim To record the incidence of both minor and major complications
associated with first entry at laparoscopy and to compare the volume and
pressure methods of insufflation.
Design Prospective clinical study.
Subjects and methods AIl patients undergoing gynaecological laparoscopy
at the Chelsea and Westminster Hospital between IJanuary and 31 Decem
ber 1997. Surgeons completed a standard form at the time of the procedure.
Two techniques of abdominal insufflation were compared; the volume
technique when a set volume defined the endpoint of abdominal insuffla
tion and the pressure technique when a set intra-abdominal pressure was the
endpoint.
Results The database includes 836 patients. When a pneumoperitoneum
was established, the pressure technique was used in 55.8% of cases and the
volume technique in 38.0%. The average volume used in the pressure group
was significantly greater (4.33 vs. 2.821, P>O.OI). The main complications
were failed laparoscopy, extraperitoneal and omental emphysema and bowel
injury. There were no vascular injuries at first entry. The rate of complica
tions varied with operator experience. Veress needle insertion was successful
at the first attempt in 86.9% of procedures, with a complication rate of
0.82%. The complication rate rose with increasing number of attempts.
Extraperitoneal insufflation occurred in 4.1 %. The complication rate in the
pressure group was significantly lower (4.1% vs. 8.2%, 0.05>P>0.02).

Laparoscopy was abandoned in five cases, and in all of the latter the volume
technique had been used. Three patients experienced bowel complications
requiring laparotomy. Three patients were readmitted with umbilical hernias.
Conclusions As the pressure method of insufflation is associated with a
lower complication rate, it should be adopted. Use of this method did not,
however, protect against bowel complications. Such complications occurred
in high risk patients following uncomplicated Veress needle entry. Strategies
to avoid such complications should be employed.

INTRODUCTION

Laparoscopy is becoming increasingly popular and a
greater proportion of laparoscopies are now operative.

@1999 Blackwell Science Ltd

This rise in operative laparoscopy is elegantly demon
strated by consecutive German laparoscopy surveys
which show that operative laparoscopy has risen from
14.2% of all laparoscopies in the years 1978-82, to
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328 R. E. RICHARDSON & C. J. G. SUTTON

Figure 1 ]<inosVeress (1903-1979), developer of the Veress
needle. (Permission to reproduce photograph granted by
Bela G. Molmir,Szeged,Hungary.)

21.3% in the years 1983-85, and to 24.1 % in the survey
for 1986-88.1 In these surveys the complication rate was
not found to rise as more operative laparoscopy was
performed, but in other large European studies the
complication rate rises as surgery becomes more com
plex.2.5 It must be realized however, that many compli
cations are not caused by the surgery per se but are a
consequence of the laparoscopic approach with the
Veress needle and trocars.6 In the Finnish national

study, for example, the rate of major complications
was 1.4/1000 and at least 26% of these were injuries
from the Veress needle or trocar; such injuries
accounted for 45.5% of the bowel and 67% of the

vascular complications.5 These findings are consistent
with the North American survey of 100000 laparo
scopies by Mintz, conducted two decades earlier, where
58 of the 195 serious accidents (29.7%) were Veress

needle injuries.7 Indeed, in the recent study by Bateman
et aL, comparing operative and diagnostic laparoscopy,
there were more complications from laparoscopic entry
than from the operative procedures themselves.s

The Veress needle is familiar to most gynaecologists;
however, Janos Veress (1903-1979) (Fig. 1), who devised
it in 1938, was a chest physician.9 The spring-loaded

blunt inner trocar of the needle retracts as the needle

passes through the abdominal wall. Once in the abdom
inal cavity, the trocar springs back as tissue resistance
drops and thereafter mobile structures offering little or
no resistance are pushed away by the blunt trocar. A
number of techniques have been used to test for the
exact placement of the inserted trocar, relying on the
principles of negative intra-abdominal pressure and/ or
free flow through the needle.IO,!1 Mter such tests, if
they are employed, insufflation is begun at a low flow
rate (usually 11 per minute) until correct placement is
confirmed. Two techniques of insufflation of the
abdominal cavity can be defined by the endpoint of
insufflation, the volume technique when a set volume
defines the endpoint and the pressure technique when
the intra-abdominal pressure is the endpoint. With
both techniques noting a free flow of carbon dioxide
through the needle and the observation of physical
signs such as loss of liver dullness and a steady symme
trical distension of the abdominal wall can confirm

correct placement of the Veress needle. With the pres
sure technique a low stable intra-abdominal pressure
between successive insufflation cycles is an additional
sign to confirm correct placement.

Despite the safety features of the Veress needle,
complications following insertion can occur. The actual
incidence is difficult to determine as Veress needle

and primary trocar injuries are often amalgamated,
although major complications from either are thankfully
quite infrequent (0.07-5.4 per 1000),4,12with the Veress
needle accounting for 31-58% of vascular injuries1,7,!3

and 16-33% of visceral injuries7,14 in studies large
enough to include at least one injury. The rate of minor
complications is however, less clearly documented in the
literature.

The aim of this audit was to prospectively record the
incidence of both minor and major complications
associated with first entry, in procedures carried out
by numerous gynaecological surgeons and trainees in a
large teaching hospital, and to compare the volume and
pressure methods of insufflation,

SUBJECTS AND METHODS

All patients undergoing gynaecological laparoscopy at
the Chelsea and Westminster hospital between 1January
and 31 December 1997 were prospectively included in
the study, In all, 36 different individuals performed
laparoscopies in the audit and they were classified into
four groups according to experience.

The surgeon completed a standard form at the time

«:11999 Blackwell Science Ltd
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Table I The effect of number of attempts on the immediate complication rate of Veress needle passage at laparoscopy

Attempt Pneumoperitoneum achieved,PassageComplication rate,Complications
number

n (% of all patients) complicated, n% in this groupType n

723 (86.9)

60.8Extraperitoneal insuffiationI
Omental emphysema

3

Through bowel

2
2

71 (8.5) 1216.9Extraperitoneal insuffiation8

Omental emphysema

4
3

25 (3.0) 1664.0Extraperitoneal insuffiation14

Omental emphysema

2
>3

13 (1.6) 11*84.6Extraperitoneal insuffiation11

(Through bowel
1)

(Failed laparoscopy
5)

*Some patients suffered more than one complication.

of the procedure and any complications were noted.
Postoperative problems were recorded on the form
prior to discharge and any readmissions were noted.
Data for analysis were recorded using Microsoft® Excel
software (v.5 for Windows). The completeness of the
database was checked against manual and electronic
theatre records (Recovery register and TheatreMan);
missing records were identified and a form completed.
The completeness of the readmission data was verified
by manually following the electronic audit trail kept on
the hospital patient administration system.

RESULTS

Laparoscopy was scheduled for 836 patients. There
were no missing cases and the electronic audit trails
revealed no unidentified readmissions.

A Veress needle was used in 832 patients whilst the
Hasson technique of direct trocar entryl5.16 was carried
out in three patients. One patient, although scheduled
for an emergency laparoscopy, required immediate
laparotomy because of her unstable condition.

Veress needle insertion was most commonly done at
the umbilical site (96%). Primary insertion in the
suprapubic region was done on 16 occasions, and
almost exclusively by one consultant (14/16). The
complication rate for this route was 25%. Three inser
tions were made in the left upper quadrant at Palm er's
point,11 and in one case the insertion was lateral to the
umbilicus. A secondary site for needle insertion was
used in 13 patients. This was always the suprapubic
region.

Insertion was successful at the first attempt in 86.9%
of cases, with a complication rate of 0.82% (Table 1).
The complication rate rose with the number of
attempts at needle passage (Table 1).

© 1999 Blackwell Science Ltd

Significant extraperitoneal insufflation occurred in
34 patients (4.1%). In five of these patients laparoscopy
was abandoned; however discharge was delayed in only
two, one remaining for overnight observation and the
other having a prolonged stay following delayed lapar
otomy for faeculant peritonitis. These five patients all
had relatively high body mass indices (mean 32 kg/m2,

range 25-43), and those who were discharged on the
same day did not require readmission. Four other
patients with significant extraperitoneal insufflation
had a delayed discharge from hospital.

Trocar insertion had been attempted in three out of
the five patients for whom laparoscopy was abandoned
Two of these patients were day cases and were dis
charged on the same day; neither were readmitted.
The other patient who had been booked for an over
night stay because of anticipated problems from her
midline scar, required laparotomy the following day for
faeculant peritonitis, as mentioned above. In this
patient difficulties had been experienced at the time
of Veress needle insertion and significant extraperito
neal insufflation occurred. Insertion of the primary
trocar was attempted and was not successful and the
diagnostic laparoscopy was abandoned. At laparotomy
the following day, multiple puncture injuries due to the
trocar having passed straight through loops of small
bowel adherent to her abdominal scar just below the
umbilicus were discovered. After adhesiolysis, a seg
ment of small bowel was resected and primary reanas
tomosis performed.

The pressure technique for insufflation was used in
464 (55.8%) of cases, the volume technique in 316
(38.0%) and a specific technique was not stated in
52 instances (6.3%). The method of insufflation
varied according to the grade of the surgeon
(Table 2). The volume of carbon dioxide used to

Gynaecological Endoscopy 1999 8, 327-334



330 R. E. RICHARDSON & C. J. G. SUTTON

Table 2 Analysis of Veress needle insertion by grade of surgeon and technique

Grade of surgeon Insertions according to technique, n (%)Complications according to technique, n (%)

Pressure

VolumeAllPressureVolumeAll

Senior house officers!
non-specialist trainees

81 (63.3)41 (28.9)1286 (7.4)6 (14.6)12 (9.4)

Junior specialist trainees
173 (51.5)147 (43.4)3377 (4.1)7 (4.8)14 (4.2)

Senior specialist trainees
131 (69.7)50 (27.1)1873 (2.3)3 (6)6 (3.2)

Non-trainee grades
79 (43.6)78 (43.1)1804 (5.1)7 (9.0)13 (7.2)

Total
464 (55.8)316 (38.0)83220 (4.1)23 (8.2)45 (5.4)

establish a pneumoperitoneum was recorded in 291
cases in the volume technique group and in 335 in the
pressure technique group. The average volume of
carbon dioxide used in the pressure technique group
was significantly greater than that used with the volume
technique group (4.33 vs. 2.821; P> 0.01). The compli
cation rate in the pressure technique group was sig
nificantly lower than that found with the volume
technique (4.1% vs. 8.2%; X2 = 5.22, d.f. = 1,
0.05> P> 0.02), though the types of complications in
each group were similar. In the five cases where laparo
scopy had to be abandoned, the volume technique had
been used.

The pressure prior to insertion of the trocar was
recorded in 464 cases; the median pressure was
I4mmHg (range 8-22), the mean I4.6mmHg (SD

2.4) and the mode 12. In 335 cases both the intra

abdominal pressure and the volume of carbon dioxide
required to produce that pressure prior to trocar inser
tion was recorded (Fig. 2).

Two patients experienced bowel complications

24

following uncomplicated Veress needle insertion. One
patient underwent an immediate laparotomy for a
small-bowel injury. Because of multiple puncture inju
ries a 40-cm segment of small bowel was resected and
primary reanastomosis undertaken. In the other patient
the bowel injury was not recognized at the time of
laparoscopy. This patient had a history of open abdom
inal surgery and previous laparoscopies. At laparotomy,
faecal peritonitis secondary to large-bowel injury was
diagnosed and was thought to be caused by either
Veress needle or trocar injury.

There were no readmissions because of complica
tions of Veress needle insertion. However, three

patients were readmitted on postoperative days 2, 3
and 6, respectively, with omental herniation though
the umbilical trocar site. Each had undergone an
operative laparoscopy lasting less than 75 minutes in
which a ID-mm trocar had been inserted through a
vertical subumbilical incision extending from the base
of the umbilicus. The fascial defects were repaired after
extending the wounds to release the herniated omentum.

22

8

•
•_. •• • _..•••• •••••••• .._ .......••• .._- _ .... ••• .._._-- •

••
••••••• _._---•••

••••
• ••

6
2 3 4 5

Volume, I

6 7 8 9

Figure 2 The intra-abdominal pressure
generated by the volume of carbon
dioxide used to establish the

pneumoperitoneum.

Gynaecological Endoscopy 1999 8, 327-334 1Cl1999 Blackwell Science Lld



DISCUSSION

Prior to laparoscopy the trocar must be inserted to
accommodate the laparoscope. This can be achieved
by direct trocar insertion into the abdomen,17 insertion
after prior pneumoperitoneum, closed laparoscopy or
by open laparoscopy techniques.15 In our survey, direct
trocar entry was not used and open laparoscopy was
only used three times. These conditions are similar to
those in the survey conducted byYuzpe.1B

A number of series have shown direct trocar insertion

to be safe but have not determined the optimal
method.19.20 Open laparoscopy eliminates blind entry
with sharp instruments, but the method is not commonly
used21 as it takes longer and the scar is larger and more
unsightly. Entry by this method does not, however,
eliminate bowel injuries. In the survey reported by
Penfield there were six bowel injuries in 10840 cases
(0.55/1000) ,22with two being unrecognised at the time
of laparoscopy. In the Repart of the Confidential Enquiry

into Gynaecological Laparoscopy from the Royal College of
Obstetricians and Gynaeclogists, which dealt mainly
with the closed method of trocar introduction, a similar

rate of bowel injury (1.8/1000) was described.4 There
were however, incidents of direct trauma to other

organs, and major vessel injury occurring in 0.9/1000.
It is this lack of other injuries, especially vascular ones,
which is the benefit of the open method.

In this study, only the transabdominal route was used
for Veress needle insertion and 97.5% of insertions

were at the umbilicus. The suprapubic route was used
almost exclusively by one consultant and accounted for
a third of all of the complications experienced by the
non-trainee surgeons. The other two insertion sites
used in this study were lateral to the umbilicus and
Palmer's point in women with previous midline lapar
otomy scars. Unfortunately the incidence of abdominal
scars and previous abdominal surgery in our patient
group is unknown, although all the patients with trocar
related bowel complications had midline laparotomy
scars, suggesting that alternative sites of insertion
should be mandatory in such women. Notably, two of
the three bowel injuries occurred after seemingly
uncomplicated Veress needle insertion and insuffla
tion. Thus in patients with a history of previous abdom
inal surgery, successful entry into the peritoneal cavity
on the first passage of the Veress needle does not
exclude the possibility of bowel injury.

The risk of anterior abdominal wall adhesions

increases after abdominal surgery, with midline vertical
and transverse suprapubic incisions being associated

@1999 Blackwell Science Lld
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with anterior abdominal wall adhesions in up to 68%23
and 28%24 of patients, respectively. Entry methods
using large-diameter optical trocars (Visiport; USSC,
Norwalk, Connecticut, USA) after the creation of a

pneumoperitoneum offer the surgeon the potential to
visualize the peritoneum prior to trocar entry, but do
not eliminate the risk of the Veress needle insertion.

The use of large-diameter optical trocars without prior
insufflation has also been described25 (Optiview; Ethicon,
Somerville, New Jersey, USA). More recently a novel
device, the Ternamian Endoscopic Threaded Imaging
Port (Karl Storz, Tuttlingen, Germany), has become
available. This threaded trocar is turned under direct

laparoscopic vision, and enters the abdominal cavity by
displacing fascia and muscle laterally, after first making
a small incision in the anterior rectus sheath and

catching its unique tip under the sheath. As only the
anterior rectus sheath is cut, use of this trocar not only
gives controlled visual abdominal entry but also poten
tially reduces the risk of port-site herniation.

The identification of peritoneal adhesions by any
visualizing system, including the latter, depends partly
on direct vision and partly on the 'light reflex' as
described by Semm.26 If the area being visualized at
the peritoneum is dark the area is free of adhesions as
adherent structures reflect light from the laparoscope
back into the optics creating the 'light reflex'. As
visualizing systems improve, and especially as the optics
for laparoscopes are developed to fit into standard-size
Veress needles, vision-assisted entry will perhaps become
standard, although in patients with previous lower
abdominal surgery the umbilical area should still be
avoided.

In his paper entitled 'Safety in laparoscopy' Raoul
Palmer stated that the correct creation of a good
pneumoperitoneum is the key to good laparoscopy.ll
He described the insertion of Veress needles in the

vicinity of laparotomy scars as dangerous, and how in
patients who had had a previous laparotomy he pre
ferred to use an entry point about 3cm below the
subcostal border in the midclavicular line ('Palmer's

point'). The use of this entry site is supported by the
fact that the occasional use of the open method in high
risk cases, as seen in our study, is associated with
disadvantages such as length of surgery and greater
extent of scarring, and with very little advantage with
regard to the reduction of bowel injuries because most
of the latter occur at an early stage of the surgeon's
experience with the open technique.22.27 The use of
Palmer's point keeps the laparoscope away from the
area where adhesions are most frequently located and,

Gynaecological Endoswpy 1999 8, 327-334



332 R. E. RICHARDSON & C. J. G. SUTTON

if indeed there are any, then the field of vision is wide
enough to allow safe introduction of secondary trocars
and subsequent adhesiolysis. With this approach, how
ever, there is a risk of gastric distension because of
anaesthetic gases and an enlarged spleen and it clearly
would not be recommended in areas where malaria is
endemic.

The techniques used for Veress needle insertion and
subsequent methods of testing and insufflation are
extremely diverse, and these techniques have never
been compared in an unselected group of surgeons.
Techniques such as feeling the layers as they are pene
trated and performing safety tests prior to insufflation
may have been employed, but only the volume and
pressure methods of insufflation were addressed in this
study. During insufflation, the rate of flow and amount
of carbon dioxide delivered may be monitored; this is
the volume method. Initially with this method, flow of
gas and physical signs of a pneumoperitoneum are used
as indicators, and the end-point of the pneumoperito
neum prior to trocar insertion is a set volume. Alter
natively, using the pressure method, more emphasis
may be placed on the intraperitoneal pressures. With
this technique there are two important phases: the
initial phase when pressures should remain low, con
sistent with intraperitoneal placement, and a final
phase of stable high pressure prior to trocar insertion.
The final pressure is currently considered to be the
most important aspect of the pressure method, as the
point of the trocar is kept further away from the bowel
and major blood vessels,28 though the initial phase
appears to be important with regard to avoiding com
plications (Table 2).

The main complications were failed laparoscopy,
extraperitoneal and omental emphysema and bowel
injury. There were no vascular injuries at first entry.
Amongst trainees, the most junior are seen to have the
highest complication rate, regardless of method
(Table 2). However, within each experience group the
volume method is associated with more complications,
and it is notable that this was the method used in all the

patients where laparoscopy was abandoned. The gradi
ent of complication rates according to experience
suggests that tests for correct needle placement have a
low sensitivity and that clinical judgemen t and experi
ence are important. With the pressure method, the
observations in the initial phase are positive, immediate
and quantifiable, and overall the observations are less
subject to the experience of the surgeon. The use this
method allows earlier detection of extraperitoneal
placement and prevents subsequent needle and trocar

Gynaecological Endoscopy 1999 8, 327-334

passage being complicated by significant dissection of
the peritoneum off the preperitoneal tissues. This is the
benefit of the initial phase of the pressure method.

The high complication rate associated with primary
insertion at the suprapubic site, the approach used by a
single consultant, markedly increased the complication
rate of the non-trainee surgeons, reversing the trend of
decreasing complication rates with increasing experi
ence (Table 2). The other factor involved in this trend

reversal was that consultants who supervised but did not
perform a laparoscopy claimed responsibility for any
complication.

Repeated unsuccessful attempts to enter the perito
neal cavity at the umbilicus lead to an increased com
plication rate and failed laparoscopy, (Table 1) and an
alternative entry site should be chosen. In this study, the
secondary site was always suprapubic; however, use of
this site does not avoid the dissected peritoneum in the
lower abdomen, and may have accounted for the high
rate of failed laparoscopy in this group.

When the pressure method was used, significantly
more gas was delivered prior to trocar insertion; though
there was not a direct relationship between volume and
the intra-abdominal pressure and therefore no optimal
volume (Fig. 2). As the intra-abdominal pressure deter
mines the extent of the downward deformation of the

abdominal wall for any given force applied to the
primary trocar, it affects the distances between the tip
of the trocar, free bowel and the retroperitoneal struc
tures.28 Therefore, if a pneumoperitoneum is to be
used most effectively, then a relatively high and stan
dardized pressure should be used. There is still no
consensus about the optimal pressure, though pres
sures up to 25 mmHg do not adversely affect the patient
and the higher the pressure the greater the distance
between the abdominal wall and underlying struc
tures.28,29In this study the median value was 14mmHg
(range 8-22) with a mode of 12 mmHg. It must how
ever, be appreciated that in the presence of anterior
abdominal wall adhesions the use of the pressure
method does not protect against intra-abdominal
trauma, as the bowel or omentum will rise with the
anterior abdominal wall.

Three patients were readmitted with umbilical her
niation of omentum, giving an incidence of 0.36%.
Each case was different with regard to surgeon and
operation, except that a subumbilical incision extend
ing from the base of the umbilicus was made and a 10
mm trocar inserted, in each case. Prevention of port-site
herniation after laparoscopy includes the use of small
diameter trocars, avoiding the use of fascial anchoring

<Cl1999 Blackwell Science Ltd



devices and fascial c1osure.3o.34 In addition, Z-track

placement of trocars, and direct visualization of trocar
removal to ensure that tissue is not drawn into the

abdominal wall, have been advocated.31 According to
the literature, the rate of herniation appears to be
mainly dependent on the size of the defect in the fascial
layer after trocar removal.31•34 Thus we would now
suggest fascial closure at the umbilical site after use of
a lO-mm trocar, if there has been significant gas leak
age, trocar slippage, or any other feature suggesting
that the incision may have been enlarged, especially if
the case has been an extended one. If trocars greater
than 10 mm are used, fascial closure should always be
performed. An alternative approach is to use a radially
expanding polymeric sleeve instead of a trocar. The
sleeve is placed over the insufflation needle prior to
insertion and allows the needle puncture to be radially
expanded with a blunt dilator-eannula. With this system
the tissues are stretched rather than cut, which leaves a

smaller puncture wound, and reduces trocar slippage,
port-site bleeding, postoperative pain and, potentially,
the incidence of postoperative herniation.35 As the
sleeve is a single-use item, the cost per case is high,
although time is saved as there is reduced need for
cannula site closure.

Our study demonstrates that using the pressure
method after Veress needle insertion is associated

with a significantly lower complication rate when com
pared with the volume method, at all levels of operator
experience. We therefore believe it should be univer
sally adopted. In patients with previous abdominal
surgery, seemingly uncomplicated entry of the Veress
needle does not exclude the possibility of bowel injury,
as two of the three bowel injuries occurred when entry
into the peritoneal cavity was successful on the first
passage. All three patients had undergone previous
laparotomies; this has been shown to be a significantly
predictive variable associated with complications requir
ing laparotomy. These cases confirm that previous
laparotomy is a relative contraindication to standard
closed laparoscopy. If, after careful consideration,
laparoscopy is deemed necessary in such patients, ade
quate precautions should taken to avoid predictable
complications. At present, for high risk patients with
abdominal scars we would advise primary entry in the
left hypochondrium (Palmer's point) followed by
inspection of the umbilical area with a 5-mm laparo
scope. If the umbilical area is free of adhesions then, if
necessary, a 10-mm laparoscope under direct vision with
an intraperitoneal pressure of at least 18 mmHg, can be
inserted at the umbilicus. Using this approach in high

© 1999 Blackwell Science Ltd
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risk patients, and exclusively using the pressure method,
with a pressure of at least 18 mmHg, in other patients,
there has not been a single incidence of bowel or
vascular injury at primary entry at the laser laparoscopy
unit at our hospital, despite the treatment of many high
risk patients.
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