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ORIGINAL ARTICLE

Needlescopic cholecystectomy:
prospective study of 150 patients
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Objective. To evaluate the feasibility and safety of cholecystectomy using
miniaturised instruments of 3 mm or lessin diameter.

Design. Prospective study on patients with gallstones, with or without related
complications.

Setting. Private hospital, Hong Kong.

Patients. From September 1997 to September 2002, 150 of the 180 consecutive
patients managed were included in the present study.

Main outcome measures. All patients were operated on with a standard four-
port technique. Mini-laparoscopes of different sizes were used throughout the
study period, which included 2-mm (n=33) fibre-optic laparoscope, and 2.5-mm
(n=61) and 3-mm (n=56) laparoscopes of Hopkins rod lens system. The cystic
duct and artery were secured either by extracorporeal ties or 10-mm clips passed
through the umbilicus. The time taken from dissection to division of the cystic
duct and artery, and to complete the operation were documented.

Results. The operation was successfully completed with needlescopi ¢ instruments
in 127 (85%) patients, even though patients with acute cholecystitis and history
of common bile duct stones were included. Use of larger-diameter mini-
laparoscopes decreased the time needed to divide the cystic duct and artery, to
detach the gall bladder from the liver, and to complete the operation. There were
no deaths. One minor bile duct injury developed secondary to extensive
cauterisation of the gall bladder fossa.

Conclusion. Needlescopic cholecystectomy with minor technical modification
can be completed within a duration comparable to standard laparoscopy at no
increased risk for the great majority of patients with gallstones.
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Introduction
Sinceitsintroduction inthe early 1990s, laparoscopic cholecystectomy hasquickly

become the standard operation for patients with gallstone disease. Several
randomised controlled studies that compared the procedure with mini-laparotomy

238  Hong Kong Med JVol 9 No 4 August 2003



through asmall incision of 5to 10 cm in length agree that
laparoscopic cholecystectomy using standard 5- to 10-mm
instruments results in significantly less postoperative pain,
ashorter hospital stay, and quicker recovery.t* With recently
developed needlescopic instruments—miniaturised
instruments of 3 mm or less in diameter—further improve-
ments in postoperative results may be made. We performed
a prospective study to examine the safety and efficacy of
needlescopic cholecystectomy for patientswith symptomatic
gallstones.

Patients and methods

Between September 1997 and September 2002, a total of
180 patients with symptomatic gallstone disease, with or
without a complicated history of acute cholecystitis,
cholangitis, or pancreatitis, were treated by the first author.
Thirty patients were excluded from needlescopic inter-
vention and they were scheduled for either standard
laparoscopic (n=26) or open (n=4) cholecystectomy. Of
these 30 patients, 17 with severe acute cholecystitis, as
defined according to Borzellino et a > were excluded because
either gasin the gall bladder wall was visible preoperatively
onaplain abdomina X-ray or percutaneous ultrasonography
revealed a thickened gall bladder wall of more than 8 mm,
with or without pericholecystic fluid collection. Thirteen
patients were excluded because they had suspected gall
bladder cancer (n=4), associated medical problems (n=2), a
history of upper abdominal surgery (n=6), or were pregnant
(n=1). Inall, 150 patients underwent cholecystectomy using
instruments of 3 mm or less; 64 patients were men and 86
were women, with a mean age of 49.8 years (range, 24.0-
85.0 years, standard error [SE], 1.1 years).

Surgical technique

All patients received a percutaneous ultrasound examination
of the biliary system, and blood was sampled for a liver
function test that was scheduled close to the date of the
operation to screen for the presence of occult common bile
duct stones. Unless results of both testswere normal, either
magnetic resonance cholangiography or endoscopic
retrograde cholangiography was performed to delineate the
common bile duct.

All operations were performed under general anaesthesia
in the supine position. The surgeon stood on the | eft of the
patient and the rest of the surgical team post on theright. A
mini-laparotomy was made viaa sub-umbilical incision for
theintroduction of a 10-mm trocar with ablunt tip. After a
pneumoperitoneum with carbon dioxide insufflation had
been established, a straight 10-mm |aparoscope was placed
to guide the insertion of both the mid-clavicular and mid-
axillary ports with 2-mm trocars (USSC; Norwalk,
Connecticut, US). The size of the sub-xiphoid port changed
over the study period depending on the diameter of the mini-
laparoscope available. A 2-mm fibre-optic laparoscope
(USSC; Norwalk, Connecticut, US) was used for the first
33 patients until March 1999. A 2.5-mm laparoscope of the
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Hopkins rod lens type (Ackermann Instrumente GmbH,
Rietheim-Weilheim, Germany) was used for the next 61
patients. From February 2001, a 3-mm scope by the same
manufacturer was used (n=56).

Two-millimetre graspers (USSC; Norwalk, Connecticut,
US) were passed through the two lateral portsto retract the
fundus and Hartmann’s pouch of the gall bladder.
[nstruments of matching calibre were used for the dissection
around the Carlot’s triangle to expose both the cystic duct
and cystic artery from the sub-xiphoid port. These
instruments included a 1.7-mm ball-tipped coagulator
(MIST; Smithfield, North Carolina, US) and insulated
instruments including Maryland forceps, L-hook, spatula,
and scissors of either 2.5 mm or 3 mm in size (Ackermann
Instrumente GmbH, Rietheim-Weilheim, Germany).
Whenever feasible, 10-mm titanium clips were passed from
the umbilical port to control both the cystic duct and artery
under visual control. Alternatively, both artery and duct
could be secured by extracorporeal ties using 4/0 mono-
filament sutures, and passed down via the sub-xiphoid
port using the empty plastic rod of a2-mm loop as apusher
(USSC; Norwalk, Connecticut, US). These ductal structures
were then divided using scissors passed from the sub-xiphoid
port, only after the proper placement of clips or ties had
been verified with the 10-mm |laparoscope. If technical
difficulty was encountered, the sub-xiphoid port was first
converted (followed by the othersif necessary) to trocars of
larger diameter to facilitate the operation. The gall bladder
was detached from the gall bladder fossa with diathermy.

Minor technical modifications were considered if
necessary to facilitate the removal of the resected gall bladder
depending on the thickness of itswall. If the thickness was
normal, the specimen was delivered without a change of
laparoscope to save time, especialy if only one camerawas
available. The cystic duct stump on the specimen was
grasped by a sub-xiphoid instrument, passed and tel escoped
into the sub-umbilical trocar and delivered outside the
peritoneal cavity. If the gall bladder wall was thick, an
additional loop was put close to the cystic duct stump on
the gall bladder side. The free end of the loop was first
grasped and pulled through the sub-xiphoid port to the
anterior abdominal wall, followed by specimen. If the gall
bladder wall was thick, the specimen was usually retrieved
inthe usual manner using wide-jaw grasping forceps passed
viathe sub-umbilical port under visual guidance.

All the wounds for the needlescopic instruments were
closed with tape, and the sub-umbilical wound was closed with
suturesin layers. All wounds were routingly infiltrated by 0.5%
bupivacaine. Pain assessment scores for individua port sites
were obtained by directly questioning the patient (scoreof 1to 10
with 10 being the worst), and pain at trocar Sites was subject-
ively assessed at about 12 hours after surgery and after 1 week.
All patients were observed overnight and discharged home
once they could resume oral feeding satisfactorily and their
pain could be adequately controlled by oral analgesics.
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Definitions and statistics

Needlescopic cholecystectomy was considered successful
if all ports that were used below the costal margin were of
3 mm or less in diameter. If any one of these ports was
increased to 5 mm or beyond during the course of the
procedure, or alaparotomy was necessary to complete the
cholecystectomy, the case was counted as a conversion to
laparoscopic procedure, or open surgery, respectively. The
timing of surgery was considered an emergency if the
procedure was performed within the first 24 hours, and a
semi-emergency if the operation was scheduled less than
72 hours after initial presentation. After all trocars had been
placed, the duration between the commencement of
dissection of the Carlot’s triangle and complete division of
both the cystic duct and artery was recorded. The duration
of the operation wastaken asthe time when the sub-umbilical
incision was made to the time when all wounds were
completely closed. Bile duct injury was classified as major
or minor, depending on whether open surgery was required
for rectification.

Continuous variables were presented as mean (SE) and
analysed using Student’s't test. Categorical variables were
compared using the Chi squared test, or Fisher’'s exact test.
All statistical analyses were performed using Statistical
Package for the Social Sciences (Windows version 10.0;
SPSS Inc., Chicago, US) and statistical significance was
taken when P<0.05.

Results

Among the 150 patients intended for a needlescopic chole-
cystectomy, 25 were suspected to have common bile duct
stones on the basis of clinical and biochemical test results.
Among patients who underwent magnetic resonance
cholangiography (n=14) or endoscopic (n=23) cholan-
giography, ductal calculi were found in 21 patients and
were cleared by endoscopic intervention either before (n=20)
or after (n=1) surgery.

Needl escopic cholecystectomy was successfully com-
pleted in 127 (85%) patients. Nineteen of the 23 patientswith
failed needlescopic cholecystectomy had their operation
completed after one or more ports were enlarged to 5 mm, and
four (3%) patients had conversion to open surgery (Table 1).
The conversion rate to either conventional laparoscopic
or open cholecystectomy was significantly lower among
the last 50 consecutive patients (two patients: one to con-

ventional laparoscopy using 5-mm instruments and one
to open surgery [4%)]) than among the initial 100 patients
(21 [21%] patients; P<0.001). The reasons for conversion
to standard laparoscopic procedure were inadequate ex-
posure using the fine instruments (n=8), uncertain anatomy
around the Carlot’striangle (n=3), and bleeding from the cystic
artery (n=6). In the two remaining patients, both had persis-
tent oozing from the gall bladder fossa after completing the
procedure with needlescopic instruments. The anterior
axillary port was therefore enlarged for the placement of a
15-French drain to guard against sub-hepatic collection.
None of these 23 patients had any postoperative morbidity.

Needlescopic cholecystectomy was primarily conducted
as an elective procedure (140 patients; 93%). Among the 10
patients who had their operation performed as a semi-
emergency (n=8) and emergency (n=2), surgery was
completed using standard laparoscopy in four patients and
open surgery in one patient.

Initially, a 2-mm fibre-optic laparoscope was the only
mini-laparoscope available and was used only for the
delivery of specimen. Extracorporeal ties were invariably
used to secure the cystic duct and artery. The amount of
time spent on this step contributed significantly to thelonger
duration for the procedure. As the diameter of the sub-
xiphoid laparoscope increased, the better resolution and
illumination allowed accurate application of 10-mm clips
through the umbilicus to control the cystic duct and artery.
Increasing the diameter of the mini-laparoscope led to a
significant reduction in the time spent to secure and divide
the cystic duct and artery (21.3 minutes for the 2-mm port
versus 7.2-11.9 minutes using larger ports; P<0.05) and to
complete cholecystectomy (76.0 versus 50.4-62.2 minutes,
P<0.05), and in the total duration of the operation (97.4
versus 57.9-74.0 minutes; P<0.001) [Table 2].

Among the 127 patients with successful needlescopic
cholecystectomy, the specimen was delivered under visual
assistance with a strong grasping forceps passed through
the umbilicus in 56 patients. In another 31 patients, the
specimen was first grasped by a sub-xiphoid needlescopic
grasper, retrogradely telescoped into the 10-mm sub-
umbilical trocar, and brought out together to the anterior
abdominal wall when the trocar was removed. Additional
appliances, including 2-mm endoscopic loops (n=31) and
10-mm endoscopic pouches (n=9), were required in the
remaining patients to deliver the resected gall bladder.

Table 1. Clinical outcome of patients and type of cholecystectomy

Diagnosis Type of cholecystectomy Total
Needlescopic Laparoscopic Open
Symptomatic gallstones 79 8 1 88
Acute cholecystitis 3 2 0 5
Acute-on-chronic cholecystitis 2 2 1 5
Chronic cholecystitis 21 1 0 22
Symptomatic polyps 8 7 0 9
Gallstone and common bile duct stones 14 7 0 21
Total 127 19 4 150
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Table 2. Operative details of patients who underwent successful needlescopic cholecystectomy

Size of sub-xiphoid port
P value*
2 mm 2.5 mm 3 mm

No. of attempts 33 64 53 -
No. (%) of success 27 (82) 49 (77) 51 (96) <0.05
Time to control cystic duct and artery ' (min) 20.3 (17.6-25.0) 11.9 (9.4-14.3) 7.2 (6.5-7.9) <0.001
Time to complete cholecystectomy'*(min) 76.0 (66.0-86.0) 62.2 (55.7-68.7) 50.4 (45.0-55.9) <0.05
Total duration of operation' (min) 97.4 (85.3-109.5) 74.0 (66.8-81.3) 57.9 (63.4-62.3) <0.001
Extracorporeal tie for cystic duct and artery (n) 17 20 1 <0.01
Intraperitoneal bile leak (n) 5 0 NS$
Subcutaneous emphysema (n) 2 1 NS
Umbilical wound discharge (n) 0 2 NS
Hospital stay' (h) 49.3 (41.8-56.8) 42.8 (39.2-46.9) 38.6 (35.4-41.8) <0.05

Chi squared test

0 H o+ %

NS not significant

There was no mortality. One (1%) patient had profuse
oozing at his liver bed close to the hepatic hilum after the
procedure was successfully completed using mini-
instruments. Extensive cauterisation achieved haemostasis
and the patient was discharged home on the following
morning. At 4 days after surgery, the patient was re-admitted
with severe epigastric pain. Ultrasonography showed minor
fluid collection at the Morrison’s pouch and liver function
test results were slightly abnormal. Endoscopic cholan-
giography confirmed the presence of bile leak at the origin
of the right intrahepatic duct close to the bifurcation. The
minor bile duct injury was successfully managed with
endoscopic biliary decompression and percutaneous
drainage. Minor intra-operative complications occurred in
18 (12%) patients. Subcutaneous emphysema developed in
four patients; this was related to the use of a short 2.5-mm
sub-xiphoid trocar. Sixteen patients had intraperitoneal bile
spillage, nine patients had a perforated gall bladder where
the graspers were applied, six patients had slipped cystic
duct clip during manipulation, and one related to diathermy.
Four (3%) patients had serous discharge from their sub-
umbilical wound, none of whom had gall bladder perforation
during surgery. These patients were given oral antibiotic
and the umbilical wound healed uneventfully.

The median postoperative hospital stay was 36 hours.
Among the 127 patients who had a successful needlescopic
procedure, 14, 57, and 45 of them were discharged at 24,
36, and 48 hours, respectively after surgery. Patients who
had needlescopic cholecystectomy had asignificantly shorter
stay than did those who underwent standard |aparoscopy
(43.7 [SE, 15.0] hours versus 61.2 [34.0] hours, P<0.01).

Most patients did not note any significant pain in their
2-mm mid-clavicular and mid-axillary wounds. Nineteen
(13%) of the 150 patients noticed persistent discomfort at 1
week after procedure at their sub-umbilical wound. The
degree of pain at the sub-xiphoid wound at about 12 hours
after surgery differed significantly according to the diameter
of the trocar used. A pain score of 3 or less was noticed by
97 (76%) of the 127 patients whose sub-xiphoid port was
3 mm or less, whereas four (21%) of the 19 patients who
had a 5-mm sub-xiphoid trocar complained of pain (P<0.01).

Time reported for patients with successful needlescopic cholecystectomy only; expressed as mean (95% confidence interval)
Time measured from the division of both cystic duct and artery to the complete closure of umbilical wound

At about 1 week after surgery, no patient with sub-xiphoid
instrument of 3 mm or less had any complaints, whereas
two patients with 5-mm sub-xiphoid trocar still noticed
pain (P<0.01).

Discussion

Following the success of laparoscopi ¢ cholecystectomy with
standard instruments of 5 mm or 10 mm in size, surgeons
have strived to further improve the results. A number of
technical modifications have focused either on reducing
the number of ports,® or the diameter of the instruments
used.”® There was considerable scepticism in the early
stage of development of needlescopic surgery, which used
instruments of 3 mm or less. Concerns related to the safety
of the operation as aresult of the inferior resolution and
illumination of the mini-laparoscope, increased risk of tissue
damage with the smaller graspers, risk of contamination and
extra time required from the change of laparoscope at
different phases of the operation, and the increased cost of
the procedure, given that these delicate instruments have a
theoretically shorter life-span.® The more practical issue
which affects surgeons, however, is the more difficult
retraction needed to provide a satisfactory exposure,
adaptation to the fine instruments, and the absence of
miniaturised metal clips of less than 5 mm in diameter to
control the ductal structures.

In this prospective study of 150 needlescopic chole-
cystectomy procedures, an overall success rate of 85% was
achieved, which compared favourably to that of the 62%
to 90% reported by others with considerably stricter
patient selection criteria.l®*® Patients with a history of acute
cholecystitis or common duct stones are routinely offered
needlescopic intervention as their intended operation.**
Among the 10 patientswith either acute or acute-on-chronic
cholecystitisin our series, half had successful needlescopic
cholecystectomy. We did not exclude any patient with
acute inflammatory disease from use of the procedure on
the grounds of a prolonged interval after disease onset, or
because of the presence of pericholecystic fluid collection
from atrial of needlescopic intervention.> Even with
such loose inclusion criteria, our success rate with the last
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50 consecutive patients was 96%, probably because of
increasing experience.

In this study, weinsisted on using the conventional four-
port techniqueto provide a clear visualisation of the Carlot’s
triangle. Using fine instruments, further reduction of ports
for a dubious improvement of cosmetic results or less pain
could potentially compromise the safety of the operation.
In our early experience, completion of the operation entirely
with 2-mm instruments was difficult. Datafrom our analysis
suggest that the use of at least one 2.5-mm or 3-mm port,
preferably at the sub-xiphoid site, should be considered.
All the commercially available insulated two-bladed
instruments are of these sizes, and their application allows
more effective dissection of soft tissue, which is more
accurate, and safer haemostasis by lifting up the tissue to be
cauterised. Quick and accurate placement of 10-mm clips
onto the ductal structures become possible only with the
better visualisation provided by the 2.5-mm or 3-mm mini-
laparoscope of the Hopkins rod lens system. Nonetheless, it
is still necessary to perform extracorporeal ties with fine
sutures to manage the occasional wide cystic duct. Two
cameras are now currently used routinely to save timein
changing the laparoscope and to avoid the risk of con-
tamination. All these changes help to bring the operating
time down to a comparable duration with standard
laparoscopic instruments with no discernible increased
wound sepsis rate. 41013

Although needlescopic cholecystectomy could be
performed safely and expeditiously for the great majority
of patients with gallstones, one should be clear about its
exact benefit over conventional laparoscopic intervention.
Two of the three randomised studies, from Singapore>** and
Copenhagen,*® found a significant reduction in post-
operative pain after needlescopic surgery. However, al three
trialsfailed to demonstrate any differencein other objective
parameters, including operating time, hospital stay, and
duration for recuperation.*?** The only distinct advantage
of adopting needlescopic cholecystectomy is, perhaps, the
better cosmetic results possible and, as aresult, better patient
acceptance. From the lessons learned from this study, we
believe that a mini-laparoscope of either 2.5-mm or 3-mm
Hopkins rod lens system should be used so that the saf ety
and duration of surgery are not compromised. Even for
skilled laparoscopic surgeons, a learning process is still
required to adapt to these miniaturised instruments and to
achieve an acceptabl e success rate with minimal instrument
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wastage. We currently offer all our patients needlescopic cho-
lecystectomy as theinitial approach to manage gallstones.

Acknowledgements

Wethank MsBo-ngor Ho, and the nursing staff of the operat-
ing room at the Hong Kong Sanatorium, where the proce-
durewasfirst started, for their steadfast support and patience.

References

1. Barkun JS, Barkun AN, Sampalis JS, et al. Randomised controlled
trial of laparoscopic versus mini cholecystectomy. The McGill
Gallstone Treatment Group. Lancet 1992;340:1116-9.

2. MaMahon AJ, Russell IT, Baxter JN, et al. Laparoscopic versus
minilaparotomy cholecystectomy: a randomised trial. Lancet 1994;
343:135-8.

3. McGinn FP, Miles AJ, Uglow M, Ozmen M, Terzi C, Humby M.
Randomized trial of laparoscopic cholecystectomy and mini-
cholecystectomy. Br J Surg 1995;82:1374-7.

4. Maeed AW, Troy G, Nicholl JP, et a. Randomised, prospective, single-
blind comparison of laparoscopic versus small-incision cho-
lecystectomy. Lancet 1996;347:989-94.

5. Borzellino G, de Manzoni G, Ricci F, Castaldini G, Guglielmi A,
Cordiano C. Emergency cholecystostomy and subsequent cholecy-
stectomy for acute gallstone cholecystitis in the elderly. Br J Surg
1999;86:1521-5.

6. Leung KF, Lee KW, Cheung TY, Leung LC, Lau KW. Laparoscopic
cholecystectomy: two-port technique. Endoscopy 1996;28:505-7.

7. KimuraT, Sakuramachi S, Yoshida M, Kobayashi T, Takeuchi Y.
Laparoscopic cholecystectomy using fine-caliber instruments. Surg
Endosc 1998;12:283-6.

8. Gagner M, Garcia-Ruiz A. Technical aspects of minimally invasive
abdominal surgery performed with needlescopic instruments. Surg
Laparosc Endosc 1998;8:171-9.

9. Mar Fan MJ, Chan ST. ‘Needlescopic’ (mini-laparoscopic) surgery:
necessary or unnecessary? Aust NZ J Surg 1998;68:628-9.

10. Reardon PR, Kamelgard JI, Applebaum B, Rossman L, Brunicardi FC.
Feasibility of laparoscopic cholecystectomy with miniaturized
instrumentation in 50 consecutive cases. World J Surg 1999;23:128-32.

11. Bisgaard T, Klarskov R, Trap R, Kehlet H, Rosenberg J. Pain after
microlaparoscopic cholecystectomy. A randomized double-blind
controlled study. Surg Endosc 2000;14:340-4.

12. CheshWK, Lenzi JE, So JB, Kum CK, Goh PM. Randomized trid of need-
lescopic versus lgparoscopic cholecystectomy. Br J Surg 2001;88:45-7.

13. Look M, Chew SP, Tan YC, et a. Post-operative pain in needlescopic
versus conventional |aparoscopic cholecystectomy: a prospective
randomised trial. JR Coll Surg Edinb 2001;46:138-42.

14. LiuCL, Fan ST, Lai EC, Lo CM, ChuKM. Factors affecting conversion
of laparoscopic cholecystectomy to open surgery. Arch Surg 1996;
131:98-101.

15. Koo KP, Thirlby RC. Laparoscopic cholecystectomy in acute cholecy-
dtitis What isthe optimal timing for operation? Arch Surg 1996;131:540-5.

16. Bisgaard T, Klarskov B, Trap R, Kehlet H, Rosenberg J. Micro-
laparoscopic vs conventional laparoscopic cholecystectomy: a pro-
spective randomized double-blind trial. Surg Endosc 2002;16:458-64.



