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UNIVERSITY OF GLASGOW
ABSTRACT
THESIS SUBMITTED YOR THF, DEGREE OF MD
STUDIES OF ACCESS FOR MINIMALLY INVASIVE SURGERY

By William George Ainslie

Iutroduction

The advantages of laparoscopic cholecystectomy over open cholecystectomy atc now well
cstablished. Nevertheless, small changes in technique and careful attention to detail can resul¢
it further improvements in clinical outcome. The aim of this thesis was to apply this concept

to studies of the trocar and cannula system used to gain access to the peritoncum.

Although trocars and cannulac are central to laparoscopic surgery and numerous theories
abound over their use, there is relatively little prospective data on the impact of diameter on

clinical outcome or the profile of (he trocar tip on patterns of visceral and vascular injuiy.

Smaller wounds may resull in less pain, a faster recovery and virtually invisible wounds but
there ave concerns over reductions in tinage quality, the flexibility and resilience of the

instrarments and a possible learning curve, even for experienced laparoscopic surgeons.

Conical frocars require a higher force of entry than pyramidal trocars but create smaller
wounds and arc less likely to injure small vessels in the abdominal wall. From these facts, it
has been surmised that the higher force for entry results in less conlrol, deeper incursion into
the abdomen and higher rates of visceral or vascular injury. Other authors have contended
that conical trocars deflect viscera and major vessels but neither faction has produced data

that snpports their assumptions.

Methods and Results

Patients were randomised to conventional laparoscopic cholecystectomy (CLC) or
micropuncture laparoscopic cholecystectomy (MPLC, three 3.3mm, onc 10mm cannulac).
The duration of each operative stage and the procedure were recorded. laterteukin-6,
adrenocorticotropic hormone (ACTH) and vasopressin were sampled for 24 hours. Pain
scotes and analgesic consumption were recorded for one week. Pulmonary function and

guality of life (£Q-512) were monitored for four weeks.




Forty patients participated. Groups were comparable for age, duration of sympioms and
indications for surgery. Total operative time was similar but the time to clip the cystic duct
after cholangiography was significantly longer for MPLC. Significantly fewer patients
required postoperative parenterat opiates in the MPLC group but oral analgesic consumption
was simmilar in both groups. Median pain scores were lower at all time points for MPLC but
this was not statistically significant. There were no significant differcuces in interlenkin-6,

ACTH or vasopressin responses, pulmonary function or EQ-5D scores.

The purpose of the second study was to compare the maximaum depth of pencivation of the
peritoneal cavity by the tips of pyramidal, sharp conical and blunt conical trocars. Sections of
abdominal wall from pigs were stretched across a jig so that the skin and peritoneal surfaces
could be visualised, Each trocar was iuserted ten times by hand and then with a mechanical
device. Using video footage, the depth of the tip of the trocar was measured as the tip
penetrated the peritoneun, when the leading edge of the capnula breached the peritonenm and

when the cannula bad been completely inserted.

The depth of the tip of the pyramidal wocar was significantly less than for the sharp and blunt
conical trocars at all stages. The sharp conical trocar breached the peritonenm earlier than the
blunt conical trocar but upon complete insertion of the cannula, there was no statistically
significant difference in depth of the tip. The findings were similat for trocars inserted by

hand or the mechauical device.

In the third study, the incidence and chavacteristics of injury sustained by the bowel, when
impinged by pyramidal, sharp conical and blunt conical frocars were compared. Rates of

deflection were also recorded.

Pyramidal trocars caused stellate pencirating injuries and the sharp conical trocavs, small
round puncture wounds. The bowel did not deflect upon contact with either the pyramidal or
the sharp conical trocar. The blunt conical frocar however, was more likely to cause
deflection, never breached the serosa and only created a small round “dimple.” These

differences were all statistically significant.

The patterns of injury inflicted on the abdominal aorta by pyranudal, shacp conical, blunt
conical and Hasson trocars were exanined in the final study. Aortas from pigs were inflated
with pormal saline to a pressare of 120numHg and were targeted with trocars. Each trocar was

inserted ten times.
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Deflection only occurred with the blunt trocars. Injuries were significantly less likely to occur
with blunt trocats than sharp trocars but when the blunt tracars did cause an injury, the

intimal wound was similar in size to wounds created by the sharp trocars.

Conclusions

Diameter of trocar

Cholecystectomy using smaller trocars, cannulae and instruments is widely applicable to
elective cholecystectomy in a westernised populaton. Although the change from a 10mm to a
3mm laparoscope increascd the titne to ¢lip and divide the cystic duct and artery, this had no
impact on the overall time of the procedure. Despite a reduction in the consumption of
parenteral analgesia among the patients in the micropuncture group, there was no
corresponding reduction in pain scores. Overall, this study found no evidence that fine calibre

instruments conferred any obvious major clinical benefits 10 the patients,

Profile of the frocar

Pyramidal trocars encroach less into the abdominal cavity during the process of insertion, but
will injure bowel or aorta upon contact. Sharp condcal {rocars depress the abdominal wall to a
greater extent before they facilitate entry of the cannuia and will injurc bowel ot aorta upon
contact. Blunt conical trocars require to be inserted to the same depth as sharp counical trocars
but are unlikely to traumatise bowel. They can deflect aorta and ave less likely 1o cause injury

than frocars with a sharp tip.

1t is not clear whether the risk of injury from a pyvramidatl trocar that facilitates entry of the
cannula with less depression of the abdontinal wall is safer than a blunt conical trocar that
encroaches further into the abdomen but ts less likely to cause injury should it contact bowel
or aorta, However, it can be deduced that blunt conical trocars are unlikely to cause injury if
bowel is inadvertently contacted durving open or closed access. Trocars with a sharp tip should

probably be avoided.
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CHAPTER 1

INTRODUCTION TO THE THESIS

1.1 Introduction

Minimally invasive surgery swept around the world during the last decade of the 20"

century. This revolution was led both by patients and surgeons, spurred on by the perceived
benefits of shorter hospitalisation, more rapid recovery and improved cosmetic results.
Although initially applied to cholecystectonty, surgeons, realising the potential, were quick to

adopt and adapt the new technology to other more complex procedures.

The key fo (his “new” form of surgery is the mcthod of access to the operative field. In
traditional surgery, the incision allows the surgeon to see and feel both instruments and
tissues. (Good exposure is mandatory for safe surgery, but this may requirc a large incision. In
laparoscopic surgery, the incision is replaced by several, much smaller incisions, through
which caunulae of 5 - 12mm diameter are inserted. A metal trocar is inscrted into the cannula
to enable it to be introdnced into the abdominal cavity and is removed once the cantnta is
within the operating space. This facilitates access for the surgical instruments and the view is

supplied through a video camera, coupled (o the lapatoscope.

The concept of minimal access is not new, however and it was only the development of
improved optics followed by the solid-state charge coupled device in the mid 1980°s that
sparked the recent explosion in laparoscopic surgery. This provided a sufficiently good

picture for the procedure to be carried out while looking at a monitor.

Although the trocar and cannula system is central to laparoscopic surgery, it has received
relatively hittle attention over the years compated to other aspects of laparoscopy such as the
physiological effects ol the pnewmceperitoncuin. In this thesis, the rise of laparoscopic surgery
will be explored and, using cholecystectomy as a model, it will be contended that further

improvements in the benefits for the patients can be achieved by small changes in technigue




and attention to detail, The medical literatre in relation to wocar design, up to the conception
of this thesis, will be reviewed and the gaps in knowledge pertaining to the influence of size
and profile of the trocar and cannula system on clinical outcome will be exposed. These will

then be sludied in the clinical and laboratory scttings.

1.2 Early developments in laparoscopy

1.2.1 Early historical aspects

The quest for less invasive treatment stretches back through the millennia. The Greek
physician, teacher and scientist, Hippocrates of Kos wrote of his frostration at 2ot being able
to visualise the internal organs, leading to difficulties and delays in diagnosis and treatment.
This curiosity with the internal orgaus led him to experunent with the usc of natural sumlight
to illuminate and visualise the rectum. A similar approach was employed by the Romans to

examine the cervix (Semum, 1995).

1.2.2 The 19 Century

Phillipp Bozzini pioneered the concept of modern endoscopy. He produced the “Lichtleter”
in 1805, which was a lantern that reflected and channelled light from a candle and enabled
body cavities io be visualised, The device was made of tin and as it could becorne quite
warm, was clad in leather to reduce heat transfer to the user. A variety of interchangeable
speculae could be attached which were designed specifically for examination of the mouth,
nose, ear, vagina, cervix, rectiun and female bladder (Bozzini, 1806). The device did not
receive widespread acceptance and Bozzini died shortly thereafter in 1809 from typhoid
fever. Recently, in the early 1970°s, old documents were discovered which revealed that the
“lichtleiter” had actually been highly acclaimed by the Josephs Medical Academy (the
military medical academy in Vienna) as an “ingenious invention.” {lowever, as a result of
medical politics and jealousy from the rival and move powerful Vienna Medical Faculty, the

device was ultimately ridiculed and dismissed as a “mere toy” (Rathert e¢ af, 1974).
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In 1826, Pierre Segalas described a “specatum urethro-oystique” that consisted of a polished

cylindrical tube that was placed within the urethra with the aid of a gum frocar. Ongce the |

trocar was removed, light from two tapers was directed through the speculum to illuminate
the tumen of the wrethra and bladder. Different sizes of speculumn could also be used to

examine the reclutn, vaging, ear, nose und pharynx (Segalas, 1826).

Antonin Desormeaux designed an endoscope in the autumn of 1852 and presented his device
1o the I’ Académie Impériale de Médecine in 1853, Light wus supplied by the combustion of
“gazogeéne” (a mixture of torpentine and alcohol that produccd a bright light from a small
flaine) within a combustion chamber and the rays were reflected through to the endoscopic
section of the instrumnent by a series of silver mirrors and lenses. A swivelling connection
between these two components allowed the operator to keep the light source upright but at
the sane timme, angle the endoscope to obtain an optimal view of the urethra and bladder.
Additional lenses were available for the magnification of small lesions and also for the
correction of myopia aud presbyopia. In 1855, Desorineaux presented his jnitial ¢linical
tesults and observations to the 1’ Acadéinie Impériale de Médecine and won the Society’s
prestigious Argenteuil Prize. He went on to use the device in clinical practice to perlorm
urcthroscopy, cystoscopy, proctoscopy, colposcopy and hysteroscopy and also found that he
was also able to insert catheters and dilate strictures under direct visual control, perform
internal urethrotomy and undertake the destruciton and retrieval of bladder calculi. In 1863,
he published the first textbook of endoscopy and its applications in the diagnosis and

freatiment of diseases of the wrethra and bladder (Desormeaux, 1863),

Maximillian Nitze produced a cystoscope in 1877. The light was supplied by an electrically
heated platiniun wire, sheathed by a quill and cooled by a continuous stream of water. The
image was relayed and magnified by lenses to further improve the angle of vision and image
quality (Nitze, 1879). Following the invention of the clectric light bulb by Thomas Edison in

1879, David Newman of Glasgow Royal Infirinary placed a miniature incandescent bulb at
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the end of a rod that could be placed into the bladder via the urethra. Using a separate
speculum, the illuminated lumen of the bladder could then be inspected for any
abnormalities. The technique was described within the text of his thesis, submitted to the
University of Glasgow for the degree of MD and was published in the Glasgow Medical
Journal in 1883. Newman used this device in clinical practice and was able to visualise the
female bladder and to selectively cannulate the urcters (Newman, 1883). Likewise, Nitze
mcorporated an incandescent bulb into lis cystoscope but also included a prism for angled
viewing. He became a strong proponent of the advantages of the new cystoscopic tecimique,
particularly for the localisation of the source of haematuria and pyuria. Ile did accede
however, that the technigue not only required a high quality instrument and practice but that
it could not be used to localise renal sources of haematuria in an inflamed bladder, to
visualise the ureter nor to retricve calculi that were above the level of the vesico-ureteric
junction. Preoperatively, Nitze was able to coirectly identify the pathological kidoey in
patients with impalpable renal tumowrs by selective occlusion and observation of the ureteric
orifices for blood. On one occasion, when the tumour was not palpable at laparotomy, a
sceptical Professor who performed the operation ignored Nitze’s localisation of the source of
the haematuria and did not resect the kidney, only for the patient to represent with an

advanced lesion three months later (Nitze, 1895).

1.2.3 Early 20" Century

In 1901, George Kelling from Diesden, gave a speech to the 73™ Assembly of German
Scientists aud Physicians in Hamburg on oesophagoscopy, gastroscopy and coelioscopy. He
described 134 cases in which the diagnosis could not have been made without
oesophagoscopy and also discussed the use of gastroscopy in preference to laparotomy for
the diagnosis of gastric carcinoma. He concluded with a description of an endoscopic
laparotonty which e called “coelioscopy™ and performed a demonstration on a dog. The
procedure involved imsutflation of the abdomen with filtered air followed by the insertion of

a canmula, through which the cystoscope could be introduced (Kelling, 1902).
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Subsequently, Hans Christian Jacobaeus from Stockholm, Sweden, published an article “on
the possibility of the examination of the serous cavities with zystoscopy.” He described a
trocar and cannula system that hie had developed to facilitate entry to the ahdominal or
thoracic cavities and had tested on 50 cadavers. Once he was satisfied that the risk of injury
to the bowel was minimal, he went on to perform three laparoscopies and two thoracoscopies

on patients without complication (Jacobaeus, 1910).

Somewhat riled, Kelting promptly responded with an article i which he once again
described his version of coelioscopy, stated that he too had performed it on patients and laid
claim to his “priority on the subject.” Ilis reason for silence over the intervening years was
that he had devcloped an interest in another field and had not studied the technique any

further (Kelling, 1910).

Although it was realised from the outsct that pnecumoperitonenm was necessary to enable
clear visualisation of the viscera, no consensus was reached on the optimal gaseous agent for
the creation and maintenance of the pncwmoperitoncun. Ta 1924, Richard Zollikofer from
Switzerland recommended carbon dioxide as the preferred gaseous agent, instead of filtered
air or oxygen, due to its rapid absorption and inability to support combustion {Zollikofer,
1924). Various needles were produced to facilitate insufflation but it was one with a spring-
loaded obturator, designed by Janos Veress of Hungary, which became popular (Figure 1.1).
Thus device, originally called a “Mandarin Needle” and produced by Aesculap in Tuttlingen,
Germany, was described as a “new instrument for plenral and abdominal punctures and for
the treatiment of pnevmothorax™ (Veress, 1938). Vercss described its use in aliost 2000
patients among whom there was a striking reduction in the complication of “pyrexial pleural
exndates” but interestingly, did not suggest that it be used for insufflation of the abdomen
prior (o laparoscopy! Despite controversy over its use, is still widely used (McMahon et af,

1993(b); Semm, 1995; Wherry et af, 1996).
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Figure 1.1 The Veress needle. The lower
example has been dismantled to demonstrate

the spring-loaded obturator (a) that sits

within the needle (b).

1.2.4 Optics and cameras - the final frontiers
The two most significant developments that widened the application of laparoscopy, were the

Hopkins rod lens laparoscope and the computer chip video camera.

The rod lens was a revolutionary idea. Early laparoscopes were manufactured as a series of
glass lenses with air in between, which refracted light inefficiently. During the 1950°s,
Professor Sir Harold Hopkins, Professor of Optics of Reading University, UK, designed a
laparoscope using glass rods and an antireflective coating, interspersed with air lenses that
enhanced the efficiency and quality of light conduction. This improved the illumination of
the target, the quality of the image and simplified construction. The idea was initially
rejected, but later adopted by a then small, relatively unknown German company run by Karl

Storz (Cheslyn-Curtis & Hopkins, 1995).

Routine cystoscopy and laparoscopy became feasible and the gynaecologists, in particular,
Kurt Semm of Kiel, Germany, pioneered its early introduction to clinical practice. However,
a major disadvantage of laparoscopy was that usually only the surgeon could view the
procedure and had to personally hold the laparoscope. Beam splitting devices were available
to allow an assistant to view the procedure, but they were unwieldly and reduced the
brightness of the image. Even with this equipment, Semm performed tubal and ovarian
surgery and completed the first laparoscopic appendicectomy on September 12" 1980

(Semm, 1995).
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A solid-state charge coupled device, was first introduced by the Circon Company, USA in
the mid-1980s, principally for usc in lightweight ouiside broadcast cameras and personal
camcorders. It converted photons to an electrical signal, which after processing, resulted in
an image that could be viewed on a standard television monitor (Chang, 1995). For surgeons
undertaking laparoscopy {(and for endoscopists), the charge coupled device improved the
ergonomics of posture, facilitated bimanual dissection and cnabled rainees and theatre staff

to visualise and participate in operations (Chang, 1995).

1.3 The conversion from open to faparoscopic cholecystectony

1.3.1 Open cholecystectomy

Cholecystectony is a common elective operation in the Western hemisphere with an
estimated rate in the USA of 500,000 to 700,000 procedures per year and approximately
50,000 procedures per year in the United Kingdom (Nair ef @/, 1997; Roslyn ef a/, 1993; Tait

& Little, 1995).

Carl von Langenbuch first performed open cholecystectomy in 1882 (Trede ¢t af, 1995).
Initially, it was only performed for complications of galistones but the indications soon
expanded to include patients with biliary pain {Tait & Little, 1995). A review of 21 reports
containing 36,623 cases identified in the American and European literature between 1923
and 1933, revealed a mortality rate of 6.6%, with rates among individual centres ranging
from 2.6% to 10.4%, Mortality increased in the presence of acute cholecystitis to 8% (range
4.7% - 22.5%) and in the presence of perforation, to 46% (range 15% - 65%). Death occurred
principally in older patients and was due to inflammation and fibrosis of the gallbladder,
techuical error, pulmonary complications or cardiac, renal and liver failure (Heuer, 1934).
Longitudinal studies from a hospital in New York, the Comell Medical Center, showed thati
with the passage of time, the mortality rate dropped from 2.5% (Hewex’s personal series of
200 cases between 1932 and 1934) to 1.3% by 1984 ([{euer, 1934; McSherry, 1989), This

reduction in mortatity occurred even though the proportion of patients with acute
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cholecystitis who were over 65 years old, rose from 5.3% to 39.8% during the study period.

More recently, the mortality has been further reduced (Dunn ¢z af, 1994; Girard & Morin,
1993; Nair ¢z af, 1997, Roslyn et al, 1993), One report retrospectively identified all
cholecysiectonies (42,474) performed in California and Maryland in 1989 from the
hospitals’ Uniformed Billing Discharge Analysis information. The authors recorded an in-
patient morbidity rate ol 14,7% but a mortality rate of only 0.17% and a bile duct injury rate
of'0.2%. The mortality and morbidity rates were related to age (mortality 0.03% among
patients <65 years and 0.5% among patients =65 years, morbidity 10,1% vs 23.7%
respectively), severity of disease (up to 6 fold increase in mortality for acute complicated

disease) and comorbidity (heart failure, hypertension and diabetes) (Roslyn ef af, 1994),

A retrospective review from one institution in Montreal, Canada, evaluated 10,471 paticnts
who underwent open cholecystectorny between 1971 and 1990 (Girard & Morin, 1993). The
overa}l mortality rate was 0.4% but this varied with age and wag higher among patients over
50 years of age (0.07% for patients <50 years, 0.6% if 50 — 70 yours and 2.5% if older than
70 years). For cholecystectomy alone, the mortality was 0.3% but for patients who underwent
common bile duct exploration, it was 1.6%. Fifly-nine pexcent of deaths among patients
undergoing cholecystectomy alone were due to cardiac complications compared with only
33% after bile duct exploration, where sepsis from the intra~-abdominal patholopgy was the
predominant factor. The overall rate of morbidity was 5.1% but increased with age. from
3.0% for patients less than 50 years to 13.8% for those over 70 years. Wound and pulmonary
complications accounted for 28% and 23% of the morbidity respectively. The bile duct injury
rate was 0.3%. As with mortality, common bile duct exploration increased the rate of

complications (from 3.6% to 17.5%).

The Comparative Audit Scrvice of the Royal College of Sucgeons of England reported

morbidity and mortality rates of 13% and 0.76% respectively for 8,035 open

St e aia) o
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cholecystectonies performed within the United Kingdom between 1990-1991. A subsequent
study recorded similar rates in 1994 (Dunn ez g/, 1994; Nair ¢t al, 1997). The data were
retrospective, self-reported and were not checked for accuracy, Howover, this audit
represents the best available recent data relating to outcome of open cholecystectomy in

England and Wales.

Despite the low mortality rate and overall safety of open cholecystectomy, alternative
sirategies for galistone weatment were already under evaluation in the 1980’s. Proponents
aimed to minimise the trauma of intervention, particulaily for patients considered 1o have a

high operative risk.

1.3.2 Oral dissolution therapy

Cholesterol gallstones are believed to form as a result of supstsaturation of bile with
cholesterol, often in combination with poor gallbladder motility and a reduction in bile acid
formation. Dieting with rapicl weight loss and pregnauncy are also implicated. Higher
prevalences of pallstones within certain ethnic groups have been well documented and can be
accounted for by differences in pallbladder motor tunction, genetic and dietary factors (Basso

ef al, 1992; Davion et al, 1989, Sampliner & O’Connell, 1968; Tait & Little, 1995)

Orat dissolution therapy aims lo dissolve chalesterol gallstones through the ingestion of the
bile acids, urso- or chenodeoxycholic acid, which are secreted in bile (Erlinger ez a/, 1984).
Dissolution can be enhanced by the inclusion of a terpene compound that conveniently also

has antispasmodic properties (Darzi ef af, 1989; Somerville et af, 1985).

However, only 30% of patients with calculi are suitable for this treatment. Oral dissolution
therapy is not effective if the gallstones are over lom in diameter or occupy greator than 40%
of the galibladder. 1t is also ineffective in the presence of a poorly functioning gallbladder

{<50% contractility} and calcified or mixed calculi. Biliary symptoms persist during

snde
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{reatment in up to 23% of patients and can precipitate emergency admission. Complete
dissolution only occurs in 23% and recurrence rates of calenli are between 25 — 50%
(Erlinger ez al, 1984; Tait & Little, 1995). One study that combined Rowachol with bile salts
reported a success rate of 73% for this combination, but it only included 15 patients

(Somerville et al, 1985).

In one study, bile salt induced diarrhoea occurred in 6% of patients on wsodeoxycholic acid
and 57% on chenodeoxycholic acid, resulting in cessution of therapy in 5% and 23% of
patients respectively (Erlinger ¢t af, 1984). Other repotted complications include transient
elevation of transaminases and fatal pancreatitis (Exlinger ef af, 1984; Somerville ¢t al,

1985).

1.3.3 Extracorporeal shock wave lithotripsy (ESWL)
In combination with oral dissolution therapy, ESWL has & complete clearance rate for
gallbladder calculi of between 47 — 83% (Darzi ef af, 1989; Sackman ef a/, 1991). It has the

advantage that it can [ragment larger stones, making them more amenable to oral dissalution

therapy but the above restrictions to therapy still apply (of. section 1.3.2). In addition, it is not

recommended for ductal calculi or in the presence of pancreatic or biliary inflamumnation,
pregnancy, peptic ulceration or coagulopathy. Sackman and colleagues found that only 19%

of patients were suitable for this treatiment (Sackman et af, 1991).

Results are best for patients with single stones up to 20mm diameter, with fragments of 3mm
or less afler ESWL (83% clearance rate) (Sackman e af, 1991). Non-compliance with oral
dissolution therapy (19% of patients) led to a poor cutcome with a stone clearance rate of
only 7% after 5 to 8 months of treatinent. Side effects include episodes of biliary colic in 16~
36% of patients, cutaneous petechiae (8%), pancreatitis (1.8%) and cholestasis (1-2%}) (Darzi
et af, 1989; Sackman et o/, 1991). Cholecystectomy was performed in 2.3% of patients in one E:

study due to pain, treatment failure or patient dissatisfaction (Sackman et af, 1991),
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Recurrence rates of 9% at one year and 11% at 3 years were due to the persistence of a
diseased gallbladder and cessation of oral dissolution therapy, which allowed biliary stasis
and an increase in lithogenicity of bile (McSherry, 1989; Sackman ¢f ¢f, 1990; Sackinann et

al, 1991).

Even without considering recutrence rates, a course of lithotripsy is more expensive than
surgery. In one study, the cost of lithotripsy and oral dissolution therapy was calculated at
$15,087 for each successiul ireatment compared with $3,685 for cholecystectomy. These
figures included, screening for eligibility with ultrasound, oral cholecystograms and if
necessary (for non-visualised gallbladders on cholecystography), FIIDA scuns, lithotiipsy
treatment sessions, theatre time, plus an average of 1 yvear of dissolution therapy and follow-
up visits. Expenditwre for treatruent failures (at a modest rate of 10%) and screening of non-

suitable individuals were also faciored into the cost (Nealon et af, 1991),

In addition to the low success ralcs, side effects and costs, the exclusion criteria drastically
reduce the role of oral dissolution therapy and lithoiripsy among patients at high operative
risk. For example, of the 30 patients who died after cholecystectomy, in the most recent
series reported from the Comnell Medical Center in 1989, only one potentiatly met the criteria

for ESWL and oral dissolution therapy (McSherry, 1989).

1.3.4 Contact Dissobution — Methy! tert-butyl ether (MTBE)

A group from the Mayo clinic reported their indtial experience with insertion and instillation
of MTBE through ¢ither a percutaneous catheter or a nasobiliacy tube. While most of the
cateuli were dissolved within 4 to 12 hours, three of the four patients had residual calculi
after treatment or at follow-up, three months later. One patient experienced vomifing and
ether could be detected on her breath, However, there are poteutially serious complications as
MTBE can cause haemolysis (MTBE is a powertul lipid solvent) and can be metabolised o

methanol and formalin. Catheter placement can result in hasmorrhage or bile leak, while
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contamination of the peritoneal cavity by MTRE can ocour due {0 leakage, catheler

disiodgement or misplacement (Allen et al, 1985).

1.3.5 Mini-laparotomy cholecystectomy
Prior 1o initial developments in laparoscopic cholecystectomy, several authors had evalualed
“mini-cholecystectonty.” ‘L'his is essentially open cholecystectomy performed through a 4 to

Gem transverse jucision (Goco & Chambers, 1988 O'Dwyer et al, 1990).

Luitial results were encouraging. It was applicable to approximately 80% of cases and the
average postoperative stay for patients who did not require cxtension of the wound, was
between 1 to 3.5 days. Complication rates were 3% to 9% and mortality was 0.2% (Goco &
Chambers, 1988; O’Dwyer ef al, 1990). It was estimated that if the teclmique could be
applied to 50% of patients undergoing cholecystectomy in the USA, it would save $50
million in hospital costs every year (Goco & Chambers, 1988). A randomised trial in
Glasgow, Scotland, one group compared cholecystectomy through 6 and 15cm incisions and
recruited 30 patients. They demonstrated a significantly reduced postoperative stay for the
small incision group (3 vs 5 days) and a lrend for improved pubmonary function and lower

analgesic requirements (O’ Dwyer ei ¢/, 1992).

Howover, neither medical treatment, lithotripsy nor small incision cholecystectomy, were
able to match the explosive popularity of the new surgical technique of laparoscopic

cholecystectomy, which was introduced in the late 1980°s.

1.3.6 Laparoscopic cholecystectomy

Credit for the first laparoscopic cholecystectomy undertaken in a human is ascribed to
Phillipe Mouret, from Lyon, France although surgeons from Germany are quick to disagree
and credit it to Miihe in 1985 (Deuss et ¢f, 1994, Miihe, 1992). Ewropean proponents of the

operation inctuded Perissat, Dubois and Cuschier, all of whom pioneered the procedure
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using what is now commonly known as the French technique, For this, the patient is placed
in the Lloyd-Davis position, an epigasiric operating cannula is placed to the left of the

midline and a rod retractor or suction tube is used to elevate the liver (Dubois et &/, 1990).

The dissemination of the laparoscopic approach however, was chiefly due to the efforts of
two American surgeons from Tennessce, Doug Olsen and Iddic-Joe Reddick, who pioneered
forpal training courses, thereby ensuring that their techiique prevailed internationally. The
main differences are that the surgeon operates from the patient’s lefl side, the epigastric
cannula is placed in the midline and the gallbladder is retracted over the liver by a grasper
attached to the fimdus (Reddick & Olsen, 1989). Initially a laser was employed but it soon
became obvious that with the advent of appropriate instruments, clectrocautery was superior
and made the use of the laser superflucus in tertms of time and cost, with no advantage in
efficacy or safety (Graves et al, 1991; Soper ef al, 1992; The Southern Surgeons Club, 1991;

Voyles et al, 1991),

1.3.7 Initial results of laparoscaepic cholecystectomy
Initial results were from small, but expanding personal series and fuelled the concept that the
new procedure was superior to open cholecysiectomy (Dubois et af, 1990; Grace ef af, 1991;

iNathanson ef af, 1991; Perissat e al, 1990).

In a series of 39 procedures, there was a conversion rate of 10% for “pyocholecystitis” or
bleeding and one postoperative bile leak (Dubois ¢f af, 1990). Perissat’s sexies of 25
procedures conlained no conversions and the only complications were sclf-limiting pyrexia
m two patients and a cannula site haematotma in another (Perissat et al, 1990). The patieuts
were discharged by day four and refurned to work within 5 to 8 days. Reddick and Otlsen
reported no complications in their initial 25 patients but did have two conversions for
adhesions and gallbladder perforation that were not included in the series (Reddick & Olsen,

1989). On comparison with a concurrent but not randomly allocated group of mini-
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laparotomy cholecystectony patients, they noted a shorier hospital stay of 1.96 versus 2.8

days respeciively and a faster return to work (6.5 vs 34 days).

The Dundee group, headed by Professor Sir Alfred Cuschieri, reported 61 procedures with a
2% conversion rate (for ductal caleuli) and a 7% morbidity rate. Intraoperative complications
included a Veress needle injury to the transverse mesocolon und two episodes of cystic artery
bleeding (controlled laparoscopically). Postoperatively, an iatrogenic subcapsular liver
haematoma was drained at laparotomy and one patient required blood fransfusion. Diet was
resumed by a mean of 24 hours and patients wore discharged alter a mean of 2.9 days.

Normal wotk or activities were resumed by a mediau of 11 days (Nathanson ef ¢f, 1991),

A tcam led by Bouchier-Hayes in Dublin perforined 50 laparoscopic cholecystectomies.
They had a higher conversion rate of 12% but attributed this to the inclusion of patients with
acute chalecystitis. Morbidity was 8%, due to a Veress needle injury of the jcjunum,
prolonged bile leak and postoperative jaundice from retained comimon duct calenli (Grace ef
al, 1991). Overall though, patients required minimal analgesia and were discharged between

2 to 4 days postoperatively.

1.3.8 Difficultics encountered during attempts to compare laparoscopic and open
cholecystectomy

Initial comparisons were made between cohorts of laparoscopic patients and historical or
concurrent open controls. Inherent difficuities of this approach were that the data for the
control proup were sometimes coliected retrospectively or the indications for surgery in the
two groups were different and changed over time (Dunn ef af, 1994; Cohen et @f, 1996; Nair

etal, 1997).

For example, a comparison of the patterns of practice, relating to cholecysiectomy, in

Toronto for the years 1989 to 1994 noted that the proportion of laparoscopic




cholecystectomies rose from. 1.0% to 85.6%. Analysis of the number of procedures and the
case-mix demonstrated that the total munber of cholecystectomies rose by 30.4% while the
number of emergency procedures only rose by 8.8%. The proportion of elective cases
increased by 48.3% while emergency cases fell by 15.1%. By 1994, the proportion of
patients who underwent open cholecystectomy, who were over 65 years old or had coexisling
morbidity, rosc from 20.5% to 37.7% and 8.1% to 16% respectively. The authors concluded
that the increase in the number of procedures by 1994 was due to a reduction in the threshold
for cholecystectomy and that patients, who underwont open cholecystectomy, were older or
had more comorbidity (Cohen ef af, 1996). A similar review in Maryland, USA found an
increase in cholecystectomy rates of 28% over a similar time period, with laparoscopic

cholecystectomy accounting for 76% of procedures (Steiner ¢/ af, 1994).

Further evidence of a change in practice with the introduction of laparoscopic
cholecystectomy, was presented in the study by the Comparative Aundit Service of the Royal
College of Surgeons of England (Dunn et of, 1994; Nair ef of, 1997). The study was criticised
because it was retrospective, compared two unmatched groups and depended entirely on the
accuracy of data submitted by participating surgeons with no recourse to confirmation of its
accuracy (Edmondson & ITale, 1995). Despite this, it was noted that only 0,73% of patients
m the laparoscopic cholecystectomy group underwent bile duct explorations compared with
13.4% in the open cholecystectomy group, indicating perhaps that patients in the open
cholecystectomy group had more severe disease and that snrgeons were employing sclection
criteria for the new proccdure (Dunm ef af, 1994), In the later report, a much smaller
proporlion of prosedures were performed by the open techniqgue (21. 1% vs 78.9%),

demonstrating that surgical practice had already irrevocably altercd (Nair ¢ af, 1997).

The perceived differences in complications and recovery of patients undergoing laparoscopic
cholecystectomy (1.C) compared with open cholecyslcetomy (OC) caused considerable

debate and difficulty in the organisation of randomised controlled trials.
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Many surgeons who advocated the mexits of LC were convinced that randomisation was
unethical becanse OC was inferior treatment (Aktan ef @f, 1994; Neugebauer ef af, 1991;
Mealy ef al, 1992). It was further argued that a trial could not occur until sufficient
experience was attained with the new procedure to clear the “learning curve” and allow a fair
comparison (Neugebauer ¢t al, 1991). In addition, when attempts were made to perform a
randomised controlled rial, many patients informed by media coverage, refused
randomisation to the convenfional arm (Barkun er af, 1992; Deuss ef of, 1994; Karayiannakis

el al, 1997; Majeed ef al, 1996; McMahon et al, 1994 (b)),

Thete were also differences between groups in the methodology employed. Some surgeons
had experience of as few as 10 previous LCs and were still in their “leawning curve” (McGinn
et al, 1995; Southern Surgeons’ Club et al, 1995). Some centves adopted an “ali-comers™
policy (McMahon ef of, 1994(b)) while others were highly selective, excluding over 20% of
patients as unsuitable (Majeed ef af, 1996, McGinn ef af, 1995). Most studies compared LC
with OC but some compared it to mini-cholecystectomy (Majeed et of, 1996; McGinn ef af,

1995; McMahon ef 4/, §994(b)).

The literature now contfains a mixture of randomised {riats and cohort studies, the resulls of
which can be broadly categorised into clinical and biochemical imeasures of outcome. These

will now be reviewed.

1.4 Clinical outcome measures from randomised controlled triuls and cohort studies
1.4.1 Operative time

Initial experience wag that LC took lonper to pexform than OC. However, many compared
the authors™ recent conventional experience with their initial serics of LC. Groups were not
controlled and the LC group included a clear “learning curve.” One such report clearly

acknowledged this fact (Soper ef al, 1992).
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Within randomised and cohort studies, the median and mean operating times ranged from 43
10 122 minutes for LC. This compares with 40 to 112 minutes for OC. Direct comparison is
difficult howover as factors such as operator experience and cholangiography were
inconsistent, Not only were there differences in policy with respect to intraoperative
cholangiography, ranging from none (McGinn ef a/, 1995) to routine cholangiography
(Majeed et af, 1996), but differences within trials, based on individual surgeon prefercuce,
also existed (McMahon er af, 1994(b)). One group used routine cholangiography for QC and

a selective approach for LC (Berggren ef af, 1994),

Four randomised trials with a total of 842 palients concluded Lhat operating times wore
between 12 to 24 minutes longer for LC (Berggren ef af, 1994, Majeed ¢f af, 1996; McGinn
et al, 1995; McMahon «f af, 1994(b)). Seven other trials, with a total of 318 patients, found
no difference in time (Barkun ef g, 1992; Frazee ef al, 1991; Karayiannakis ¢t af, 1997,
Ortega ef af, 1996; Putensen-Himmer et o/, 1992; Redmond et af, 1994; Schaucr ¢/ af, 1993).
One of these authers subsequently reported, in a published discussion from 102" Annual
Scientific Session ot the Southern Surgical Association, that operative times for LC had since
decreased by approximately 50% due to increased experience (Frazee ef af, 1991,
discussion). Only one trial with 50 patients found that LC was quicker than OC (mean

43 2mins vs 53.3mins, p=0.047) (Agnifili et af, 1993).

Prolonged conventional procedures are associated with an increased incidence of
complications (Garibaldi ef o, 1991; Scolt, 1982). However, as demonstrated by experience
in Leeds, this does not apply to laparoscopic cholecystectomy (Dexter et al, 1997). The
clinical significance of increased operating ttime maybe important for the economics of health

care but does not appear to have negative implications for outcome,

1.4.2 Postoperative pain

Pain is a subjective phenomenon and therefore difficult to quantify. Tn the literature




41

comparing QC and L.C, pain scores and analgesic requirements have been used as outcome

mecasurcs.

In five of the randomised trials, a form of visnal analogue pain score was employed, In four
of these studies, postoperative pain scores for 48 to 72 hours after surgery were lower in the
laparoscopic group (Agnifili e/ al, 1993; Karayiannakis ef ¢/, 1997; McMahon ef ¢/, 1994(b);
Ortega ¢t al, 1996) but in a fifth study, the difference was only evident after 72 houus
(Putensen-Himmer ef of, 1992). The McGill group in Toronto used the McGill pain
questionnaire and found lower, but non-significant values for 1.C on day 1 (Barkun ef o/,
1992). The three cohort studies, which employed visual analogue scores, produced
conflicting results. One study demonstrated statistically lower scores for 1.C on the day of
surgery but no differences on days one and two (Glasser ef al, 1995). Another only found a
statistical difference, in favour of LC, on day 2 (Joris ef af, 1992), while a thivd study
demonstrated statistically significaot differences i favour of LC at 24, 36 and 48 howrs

(Mealy er of, 1992),

Analgesic consumption substantiated the impression of a reduction in pain after LC, With the
exception of one study, in which analgesic consumption was not measured (Ortega ¢f al,
19906), all of the above studies recorded significantly lower analgesic consumption among, the
patients receiving L.C. Reductions in analgesic consumption were noted in three other
randoimised controlied trials in which pain scores were not recorded (Berggren ¢f al, 1994,

MeGinn ef af, 1995; Schaucr ef af, 1993).

1.4.3 Postoperative pubmonary function

Afler convenlional surgery, postoperative lung function is restricted with a shatlow, rapid
breathing pattern, believed (o result from pain and inhibition of diaphragmatic function. This
can be objectively quantified by measurements of functional residual capacity (FRC), forced

vital capacity (FVC), forced expiratory volume in the first second (FEV,) and peak
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expiratory flow rate (PEFR). In addition, mucociliary flow is reversed and secretions are

retained (Wahba et al, 1995).

Five randomised trials and four cohort studies examined the outcome of pulmonary [unclion
using FVC, FEV; and PEFR. The uniform finding was a less pronounced reduction in
pulmonary function among the patients who underwent LC (Figwre 1.2). In two studies,
respiratory function among 7.C patients returned to normat on days 2 and 5, compared with
days 5 and 12 in the respective conventional groups (Aguifili ef af, 1993; Schaucr ef of,

1993).

A group from Tansbruck, Austria, measured FRC in LC and OC. Functional residual capacity
expressed as a percentage of preoperative valucs, was significantly (p<0.05) greater in
patients who undeiwent I.C (24 hours, 85 :: [5%, 72 hours, 105 L 16%) compared to those
whe had OC (24 hours, 64 = 19%, 72 hours, 67 £+ 17%) (Putensen-Himmmer et al, 1992).
Comparison of oxygen saturation in three studies reveualed that PaO; was higher in the
immediate postoperative period among LC patients than those who underwent an open

procedure (McMahon ¢t al, 1994(b), Putensen-Iimmer ez al, 1992; Schauer ef al, 1993).

Another group from Dublin examined respiratory function using maximal inspiratory
strength in non-randomised cohorts of OC and LC patients (Da Costa ¢7 al, 1995). Values in
the LC group dropped to 83% of the preoperative baseline measuremonts but roturned to
normal within 48 hours. The drop was more significant in the OC group (73% of baseline)
and took five days to resolve. While this study was not randomised, be patienls were

matched for age, sex and operative {ime.

Swurprisingly, despite these results, in onty three studies has a reduction in respiratory
infection or atelectasis been demonstrated in patients undergeing LC (Da Costa et af, 1995,

Redmond et al, 1994; Schaver et af, 1993).
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% reduction in FVC

18 Open Cholecystectomy M Laparoscopic Choleeystectomy |

Figure 1.2 Comparison of percentage reduction in forced vital capacity (FVC) between open
and laparoscopic groups compared to pre-operative values. Readings were taken at 24 hours,
unless otherwise indicated (*). All differences were statistically significant. When measured,
similar differences were obtained for FEV, and PEFR (not shown). Actual values are
recorded in appendix 1.

*Joris et al, 1992 (48 hours) and Rademaker et al, 1992 (2 hours)

1.4.4 Cardiorespiratory response to exercise and fatigue

In a study of the cardiorespiratory response to exercise after LC, a group from Crétiel, France
recruited nine patients who were listed for laparoscopic cholecystectomy (Delauney et al,
1995). Preoperatively, fatigue scores were collected and exercise tests were performed on a
treadmill. During the exercise protocol, the maximum oxygen uptake and carbon dioxide
production, blood pressure, heart rate and lactate levels were measured. All tests were
repeated on days 3 and 10 postoperatively but there were no differences in any of the

parameters when compared to the baseline values that had been collected preoperatively. In a
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review of the literature, the authors highlighted that conventional upper abdominal surgery
was associated with a 25% reduction in maximal oxygen consumption and a 10 to 30%
reduction in muscle force. They therefore concluded that LC did not cause significant
impairment in the cardiorespiratory response to exercise and was superior to OC. However,
by their own admission, the investigators did not assess the patients on the evening afier
surgery or on days 1 and 2 and the study was restricted to patients who were Grade 1 on the

American Society of Anaesthesiologists Physical Status Scalc (ASA cf. appendix 1).

Fatigue scores were measured in a cohort study of patients who underwent LC (n=15) and
OC (n=16). Fatigue scores were highest on the first postoperative day in both groups but
there was no statistical difference beltween the two proups untit day 7, when the scores for the
L.C group were lower than those for the OC group (p=0.02). The scores in the LC gronp
returned to preoperative baseline values by day 14 but took until day 28 to return to normal

in the OC group (Hill et al, 1993),

1.4.5 Discharge, return to normal activities and guality of life

Comparison of duration of hospitalisation and time to return to normal activities i
notoriously difficult in view of cultoral variations and different protocols of care. For
example financial incentives for hospitals and patients play a role. In the USA, patient stay is
short due to the pressure of insurance cotmpanies. In Germany however, hospital revenue

depends on patient stay and this reduccs incentive for early discharge.

Postoperative hospital stay ranged from 1.2 to 4 days for LC, compared with 3 to 4 days for
mini-cholecystectomy and up to 7.7 days for conventional cholecystectomy. In eight
randomised lrials, litme to discharge was shortes for 1.C than OC (Agnifili e o/, 1993; Barkun
et al, 1992; Bellon et af, 1997; Berggren ef al, 1994; Kavayiannakis et g/, 1997; McGinn ef
al, 1995; McMahon et al, 1994 (b); Schauer et «/, 1993), although in one siudy, inclusion of

patients who were converted to an open procedure eliminated the advantage (McGinn ef o,
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1995). In two studies however time to discharge was similar in both groups, One of these
trials attemnpted to remove carer bias by allowing the patients to leave when they wanted
{(Majeed et al, 1996), but by doing so, has been criticised for jucorporating bias from the
patients’” perceptions (McClure ez al, 1996; Wellwood, 1996). The second study from USA
involved small numbers (n=20) and patients were sent home a mean of one day after surgery,
cven if they had a conventional cholecysteotomy through the standardised Sem incision

(Ortega et al, 1996),

Return to normal activities, ranged from 1 to 3 weeks after LC and 2 to 6 wecks after OC
(Batkun ef al, 1992, Berggren et al, 1994; Majeed et of, 1996; McGinn et @, 1995;
McMahon ef af, 1994(b)). However, the definition of normal activities was nebulous and was
influenced by the inclusion/exclusion of employment and whether or not the patient was self-
employed. Self-employment was a strong motivation. for eatly retwrn to work (MclLaughlan
& MacTntyre, 1995; McMahon ef of, 1994(b);, Majeed ez al, 1996). Cultural factors were also
involved. One study that compared American and French cohorts of patients found. that 63%
and 25% retured to work at two weeks and 86% and 70% by four weeks respectively (Vitale
et al, 1991). This was despite 93% and 73% stating that all discomfort had resolved by two
weeks. Among older patients who have retired, it was noted that a higher proportion of
“elderly” patients (>60 years) managed to return to normal activities by six months after L.C

{97%) than after OC (86%) (Vander Velpen e7 o, 1993).

With the introduction of LC, both the public and the general medical profession required
guidelines for advice on postoperative recovery if the advantages of the new procedure were
to be realised. One study from Scotland examined this area (McLaughlan & Maclntyre,
1995). The authors suggested that it was possible to return to manual labour after two weeks
hut a postal survey of general practitioners demonstrated that recommendations vatied
widely. These ranged from a return to normal activities when the patient felt ready. 10 eight

weeks convalescence. Two-thirds advocated a return to normality within two to four weeks.
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However, only 11% of patients (26 of 532) in this study were able to recall being given any
advice by hospital staff or thefr general practitioner. luterestingly, there were no tecords of
what advice frad been given (if any), so the patients’ recollection may have been coreect. As

a direct result of these findings, the unit now supplics leaflels with appropriate guidelines.

Only wo randomised studies addressed the issue of quality of life (Barkun ef of, 1992,
McMahon et al, 1994(b)). The Toronto based McGill Gallstone Gronp utilised the
Nottingham Health Profile Questionnaire (NHPQ), the German Gastro-intestinal Surgery
Quality of Life Index (GGSQLI) and a Visnal Analogue Scale (VAS), They noticed an
improvement in the VAS scores among the LC patients at 10 days and the GGSQLI and
NHPQ at one month. The mini-cholecystectomy group did not register a postoperative
improvement in VAS and GGSQLI until T month and the NHPQ at 3 months. There were no

statistical differences hetween groups three months after the procedures (Barkan e of, 1992).

McMahon and colleagues from Glasgow employed the SF-36 and Hospital Anxiety and
Depression Scale, Patients in the laparoscopic cholecystectomy group had better physical and
social finctioning, less pain and depression than mini-cholecystectomy patients at the end of
one week, They also enjoyed a faster returmn to leisure (7 vs 12 days), domestic (10 vs 15
days) and social activities {14 vs 21 days) but took just as long to return to sexual activity

(21 days) and employment (5-6 weeks).

1.4.6 Long-term follow-up
Four studies have attempted to evaluate patient ontcome one year after surgery (McMahon ef

al, 1995(b); Stiff ef al, 1994; Vander Velpen er af, 1993; Wilson & Macintyre, 1993).

The Glasgow group sent questionnaires to patients who had participated in the earlier
randomised trial (McMahon et af, 1994(c)) and had an 86% response rate. The only

difference between the two groups was that there was a bigher incidence of “heartburn™
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reporied by patients in the mini-cholecystectomy group (35% vs 19%, p=0.005) (McMahon
et al, 1995(b)). The second study with positive findings involved a postal survey of paticnts
treated between Jahuary 1988 and December 1991, and einbraced two cohorts of patients
undergoing either LC or OC. Patients who underwent LC, experienced less right upper
quadrant pain than those who had OC (3.4% vs 9.7%) and had a lower incidence of persistent
symptoms (4.9% vs 10.3%). There was no difference in the rate of dyspeptic symptoms (39%

and 32%) (Stiff et al, 1994).

Two other studies detected no statistically significant difference in outcome between the
groups, with 93-95% registering satisfaction with the outcome of their operation, regardiess

of the method of access (Vander Velpen et af, 1993; Wilson & Macintyte, 1993).

1.4.7 Cost

Due to the acquisition of equipment to facilitate the new surgery, it was perceived that cost
was increased. One study that evaluated LC in fhree institutions in the USA, found that even
with equipment costs included, LC charges ranged from the same to $1500 cheaper than OC
(Graves ¢ al, 1991). In one Scottish based study, the costs in 1994 for mini-cholecystectomy
and LC, were £1090 and £1486 respectively, If reusable instruments had been used, the LC
cost would have dropped to £1183, still an increase of £93 (McMahon e @/, 1994 (b)), A
study from Ireland, published in the British fournal of Surgery, calenlated the cost of a
laparoscopic procedure at £895, compared to £2210 for an open procedure. These figures
however, appeared to only include bed costs and did not incorporate costs for equipment or
theatre ime (Grace ef ¢f, 1991). In France, one team calculated the cost of QC as 44,204
Francs and L.C as 23,412 Francs with the difference entirely attributable to hospital stay

(Dubois et af, 1995),

1.4.8 Complications

Only three randomised trials have recorded a difference in complications and the findings
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were not similar (McGinn ef af, 1995; Redmond ef af, 1994; Schauer et af, 1993). Redmond
and colleagues recorded only one complication (a self-limiting pyrexia, ratec 4,.5%) in the 1.C
group (n=22), while the open group (=22) had six chest infections, a gallbladder bed
collection and lwo winary tract infections (41%). Numbers however were small and the
complications in the open group, high. Schauver and colleagues compared the number of
patients who had radiological evidence of atelectasis on postoperative chest X-rays as
reported by radiologists, blinded to the procedures. Atelectasis was significantly more
common in patients after OC than LC (90% vs 40% respectively, p<0.05), although only one
chest infection oceurred in the OC group. Ileus {criteria not defined) was more frequent in the

OC group (35% vs 5%).

McGinn and colleagues recorded a 10% complication tate in the LC group (including one
death) and only a 3% ratc in the mini-cholecystectomy group. However, the mini-
cholecystectomy cohort had a commendably low complication rate, in keeping with the
unit’s expertise with this procedure. The surgeons though were still on thelr “leaming curve”
and velatively inexperienced with LC (see below, The Southern Surgeons Club et o/, 1995),
Peritoneal insufflation was performed with 4 liires of carbon dioxide and this may have
resulted in high abdominal pressure in some patients and contributed to the fatal myocardial
infarction and two deep venous thromboses in the LC group. Eight of the fowrteen
complications recorded for LC (57%) were potentially technical errors (six postoperative
haemorrhages, a Richter’s hernia and a clip dislodgement) and the conversion rate for
trainges was much higher than the conversion rate for consultauts (22% vs 10%). Although
the authors advocated 8 high conversion rate of 10-15% as necessary for safety, the data they
used to suppoit this view only highlighted the inexperience with the procedure and the

inadeqnate supervision of trainees on the umit.

Due to the inconclusive nature of these trials, evidence of differences in complication rates

were sought from large cohort studies of LC or case series that were compared to historical




49

series of conventional cholecystectomies.

An carly combined European experience of 1,236 cases reported in the American Jowmnal of
Surgery, recorded a conversion rate of 3.6%, a complication rate of 1.6% and no mortality
(Cuschieri ef al, 1991). The procedure took a median of 50 (range 30 — 90) minuies and
cholangiography only incuired a further 20 minutes delay, Patients were discharged at a
median of 3 days postoperatively and returned to normal activities by a median of 11 days,
‘This represented an improvement when compared to historical, conventional
cholecystectomy (Chapter 1.3.1). IHlowever, bile duct injuries ocourred in 0.33% of

procedures, which was a higher rate than experienced duting OC (cf. section 1.3.1).

A similar report from the Southern Surgeons’ Club, USA of 1,518 procedures revealed a
conversion rate of 4.7%, a complication rate of 5.1% and a mortality of 0.07%.
Complications were mostly minor (approximately 20% were superficial wound infactions)
but the bile duct injury rate was again high, at 0.5%. The injurics occurred in the presence of
normal anatony and the risk of injury was highest duiing a surgeon’s first 13 procedures
(2.2%). The risk for injury during subsequent procedures fell to 0.1% (['he Southern
Surgeons Club, 1991). In a subsequent analysis of 8,839 patients, the same proup calculated
that there was a steep learning curve for the first 15 to 20 cases of LC, that 90% of bile duct
imjuries occurred within a surgeon’s first thirty cases and that the incidence of bile duct injury

rcached a plateau at 0.17% after 50 cases (The Southern Surgeons Club ez a/, 1995).

A large, multicentre but retrospective review of 77,604 procedures, reported a complication
rate of 2%, mortality of 0.04% but a bile duct injury rate of 0.61%. Further analysis revealed
that the bile duct injury rate for surgeons with experience of less than 10Q cases was 0.65%
comparcd with 0.42% at centres where the surgeons had experience of over 100 cases

(Deziel et al, 1993).
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A study from the United States Department of Defence and the Military Health Services
System, reviewed 9,130 patients who had undergone LC between January 1993 and May
1994, The authors reported a complication rate of 6%, mortality of 0.13% and a btle duct
injuty rate of 0.41%. They also identified tndependent risk factors for sustaining a bile duct
injury which were being ferale, the presence of aberrant anatomy and acute cholecystitis

{(Wheny et al, 1996).

The Comparative Audit Service of the Royal College of Surgeons of England reviewed the
introduction of lapatoscopic cholecystectomy in 1990-1991 and then again in 1994 (Dunn ez
al, 1994; Nair et al, 1997). It reported that general complications and morttality were higher
for OC than |.C (complications 13% vs 7.95%, mortality 0.76% vs 0.15% respectively),
although this apparent difference has to be viewed in the context that, as discussed earlier (cf.
section 1.3.8), only 0.73% of bile duct explorations were performed in the LC group versus
13.4% in the OC group. However, it detected a higher incidence of bile duct injuries from
laparoscopic cholecystectomy than open cholecyslectomy (0.33% vs 0.06%) and a
subsequent fall in incidence with increasing experience of LC to 0.07% by 1994 (Dunn e? af,

1994; Nair et al, 1997).

Further evidence from a 5-year audit in the West of Scotland that involved 5,913 cases
corroborated this observed reduction in bile duct injury. The rate reduced during the study
from 0.75% to 0.4% (all bile duct injuries) and latterly, the major bile duct injury rate was
0.1% (Richardson ef «f, 1996). Likewise, with experience, the rate of common bile duct

injuries in France fell to 0.07% (Collet, 1997).

Several patterns of injury emerged. The “classical” injury involved the application of clips to
the common bile duct and commen hepatic duct and resection of a portion of the bile duct.
Alternatively, clips were applied across the comunon bile duct and the cystic duct, with

inadvertent transection of the commeon hepatic duct during dissection. Another variant was
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ihe application of clips on the distal cystic duct so close fo its junction with the common bile
duct that the common duct was narrowed or occluded. The right hepatic duct also proved
susceptible to injury, as it was mistaken for the cystic duct in some patients (MceMahon e al,

1995(a); Ress ef al, 1993; Richardson ef af, 1996).

During open cholecystectomy, the liver is retracted cephalad and the gallbladder laterally and
inferiorly. This opens the angle between the cystic and hepatic ducts. A study of the relative
positions of Lhe ducts during laparoscopic cholecystectormy, using intravperative
cholangiography, detected a difference in the angle between the cystic duct and comimon bile
duct that depended on the direction of the traction applied to the gallbladder. In the normal
anatomical position (with no traction applied), the angle between the cystic and common
ducts was a mean of $9° = 22°, Cephalad traction on the fundus of the gallbladder (as
employed routinely in the Reddick-Olsen technique) reduced the angle between the cystic
and common ducts to a mmean of 30° 1 19° (p<0.001) and rotated the cystic duct anteriorly to
the common hepatic duct (Mclntyre ef al, 1996). Failure to realise the distortion of the biliary
anatomy, along with “tenting” the cystic duct/bile duct junction, was considered to be the
principle cause of the increased rate of bile duct injuries seen during the introduetion of LC
(Mclntyre ef al, 1996; Ress ef al, 1993; McMahon ef @/, 1995(a); Richardson ef af, 1996).

In view of the “leatning curve” phenomenon and the fact that bile duct injury rates coufd be
reduced by experience and attention to the orientaiion of the analomy, the promotion of
training courses and close supervision of trainees, particularly during initial cases, were
deemed mandatory (Fullarton ¢f of, 1994; McMahon et af, 1993(a); Southern Surgeons Club
et af, 1995). Training in basic laparoscopic techiniques and cholecystectomy is now
compulsory for Basic Surgical Trainees in the UK, who are candidates for their first
professional diploma (MRCS) and forins a third of the new lntercollegiate Skills Course,

Attendance at a dedicated laparoscopic training course is also strongly advised.
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1.5 Laparoscopic cholecystectomy and the surgical stress response

In an attempt to confirm the “minimal invasiveness” of the new laparoscopic technique,
several authors examined the effects on the cytokine, acnte phase, neuro-endocrine and
immune responses. Before these are considered though, it is necessary to briefly review their

role in the stress response to surgery to establish why they were measured,

1.5.1 The stress response to conventional surgery

The combination of surgical trauma and anaesthesia induces a number of changes in the
physiology and metabolism of the body. Overall, the stress response assists the host with
survival from the initial rauwna, repriorilises the metabolic processes, directs subsivates and
inflammatory cells to the site of injury, breaks down injured tissue, repels infection and
mitiates vepair of injured tissue (Hill & Hill, 1998; Stahl, 1987; Tan, 1997). While individual
components such as the cytokine, inflammatory and neuroendocrine mediators or the
metabolic, acute phase and immune responses can be considered individually, in reality they

are inextricably linked and are controlled by complex feedback mechanisms.

1.5.2 Mediators of the stress response to surgery

1.5.2.1 Cytokines

Cytokines are a family of low molecular weight peptides, which are involved in the initiation
of the inflammatory host response to injury or sepsis, They are predominantly released by
reticulo~endothelial cells and mediate an incredibly complex series of Tocal and global
responses, which are as yet, incompletely understoad. Due to a short half-life measwred in
minutes (Castell ¢f af, 1990), they are virtually undetectable under conditions of notmal
homeostasis and are believed to principally exert their effects locally, where concentrations
are imaximal. In the presence of injury or sepsis, larger quantitics enter the circulation and act
systemically (Badia ez af, 1996; Molloy ef al, 1993; Sheeran & Hall, 1997). Cytokines
interact with membrane bound receptors, which are intemalised and translocated to the

nucleus and these induce mRNA and protein synthesis in the target cell (Moshage, 1997,
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Sheeran & Iall, 1997),

Cytokines can be divided into four broad categories based on their biological effects but

individunal cytokines may possess more than one of these functions (Sheeran & Hall, 1997).

These functions arc:-

a) Regulation of patural immunity — These cytokines are responsible for the protective
inflanunatory response against viruses and bacteria. They include tumour necrosis

factor-o, { TNF-ar), interleukin-1 (11-1), 1{-5, 11-6 and 11-8.

b) Control of lymphocyte activation, growth and differentiation - In response to

antigens on the surface of antigen presenting cells, T-helper iymphocytes (Th cells) are

activated, There are two subsets, namely Thi cells (that promote cell-mediated

immuuity) and Th 2 cells (that promote alferpic and hwnoral immynity), Maturation ol

N S

these ceils is cyivkine dependent and 1I-2 favours the Thi response and I1-4 the Th2

response, Other cytokines in this group include TNF-q, I1-1, 11-6, 117, 110 and 11-12.
¢) Activation of the non-specific inflammatory response — Interferon-y (TFN- y), IL-1 and
TNF-u stimutate macrophages to phagocytose bacteria and kill tmmour cells, Natural

laller cell function is also promoted.

d) Stimulation of immature leucocyte growth and differentiation — These cytokines
stimulate the production o[ new leucocyles to replace those consumed in immune and
inflammatory reactions. They act as colony-stimulating factors (CSF) for grannlocyics

(G-CSF) and macrophages (M-CS}),

Due to the potency of these messengers, mechanisms exist for control and regulation of

cytokine refease and function, Some of these are:-

a) Feedback loops - Cytokines and hormones, for example corticotropic releasing hormone,
adreno-corticotropic hormone, steroids and catecholawines, influence further cytokine
production by modulation of receptor expression or inhibition of gene transcription

(Monick e/ o/, 1994; van der Poll et a/, 1993; Webster ef al, 1998).
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Soluble cytokine receptors - These have been described for -1, -2, 0-4, 11-7, 1-11 and
TNF-a and are shed from cell membranes into body fluids. Soluble I1-1 and TNF- ¢
receptots bind to thetr respective cytokine and inactive it, elfectively (unctioning as
antagonists. In contrast though, soluble 11-6 receptors on binding to I1-6, act as agonists
and induce acute phase protein synthesis. (Dinarello, 1997; Moshage, 1997)
Competitive antagonists — The Il-1 recepior antagontst {Il-1Ra), which is produced by
macrophages, compefitively binds to the type 1 11-1 receptor (IL-1R). In primates and
human volunteers, it was found to inbibit the systemic effects of 1l-1 and 11-6 production.
However, clinical trials have failed to demonstrate a clinical attenuation of sepsis by il-
1Ra among patients on an Intensive Care Unit (Dinarcllo, 1997; Fischer e af, 1992).
Anti-inflammatary cytokines - Several cytokines have been noted to have anti-
inflammatory properties, which modulate the inflammatory response. Interleukin-4, T1-10
and I1-13 inhibit gene expression and synthesis of I(-1, 11-6 and TNF-a and promote I1-
1Ra release (Chemott ez af, 1995; Dinarello, 1997; Sheeran & Hall, 1997). Higher levels
have been noted in women in conjunction with a reduction in septic mortality and a

protective role has been postulated (Schrdder ef al, 1998).

Interleukin~1o (II-1 o), I1-1p, 1I-6 and TNF-¢ are cytokines with predominantly pro-

inflammatory properties that have been extensively studied. Tumour Necrosis Factor-o, TI-1

and H-6 appear in the plasma in consecutive order in response to sepsis and trauma and are

thought to represent a signalling cascade (Baigrie e/ al, 1992; Di Padova ¢z al, 1991; Molloy

et al, 1993).

Interleukin-1 and TNF-u have similar biological etfects and when combined, act

synetgistically. Interlevkin-1 stimulates the immune response and causes a lymphooyiosis

through the induction of colony stimulating factors, stimulates T-lyinphocytes to produce 11-2

(which up-rogulates cell mediated inmunity) and induces T1-8 production, a potent

chemotactic cytokine for neutrophils. TN¥-¢ serves to enhance neutrophil function and
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cytotoxicity (Yee & Christou, 1994). Interleukin-1 and TNF-g can activate the acute phase
response either independently or (through the induction of 11-6 synthesis in hepatocytes and
fibroblasts. Endocrine effects of Ii-1 include the release of corticotrophin releasing factor
from the hypothalamus and stimulation of insulin and glucagon scerction. The metabolic
consequence of these cytokines is a hypercatabolic state that mobilises protein and energy
stores in response to injury (Dinarello, 1997; Hill ef al, 1997, Molloy et al, 1993, Sheeran &

Hall, 1997; Tan, 1997; Webster et af, 1998).

Interleukin-6 stimulates the immuone response through a direct effect on B and T cell
differentiation. It induces haemopoeisis, causes newtrophilia and thrombocytosis and delays
neuirophil apoptosis. Interleukin-6 also activates the acute phase response eithes alone or it
combination with -1 and TNT- o (Kishimoto er a/, 1995; Kobayashi & Yamauchi, 1997,
Moshage, 1997; Sheeran & Hall, 1997; van Snick, 1990), Tormonal effects include increases
in plasma cortisol and glucagon levels and a transient, but marked elevation of noradrenaline.
Resting energy expendifure, temperature, glucose and free fatty acid metabolism are

increased (Stouthard ef af, 1995; Tan, 1997).

There is a recognised correlation between the 11-6 response and the magnitude of tissue
trauma, with peak levels occurring from 6 to 24 hours postoperatively {Baigrie ¢f ¢/, 1992;
Cruikshank ef af, 1990; Ohzato et ¢/, 1992). The H-1 and "I NF-¢ responses do not atways
display this linear correlation, are often variable and sometimes not detectable (Baignie ef of,

1992; Di Padova et af, 1991; Woitel ef al, 1993).

1.5.2.2 Neuroendocrine mediators

The neuroendocrine response, which is centred on the hypothalamus and pituitary, is
induced, mediated and controlled by a complex combination of inter-dependant neural aud
humoral factors. The purpose of this gtoup of hormones is to mediate rapid changes in host

physiology that will facilitate survival and subsequent repair of injured tissue.
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a) Hypothalamic-pitaitary-adrenal axis - Afferent neural signals, noradrenaline, Il-1, 11-G
and TNF-o. cause an increase in corticotropin releasing hormone (CRH) secretion from
the hypothalamus. Corticotropin releasing hormone passes through the portal circulation
to the anterior pituitary where it promotes adrenocorticotropic hormone (ACTH) release,
which subsequently stimulates glucocorticoid steroidogenesis in the adrenal cortex.
Vasopressin, oxytocin and II-1 increase pituitary sensitivity 1o CRH and amplify ACTH

production (Chrousos, 1995; Munck & Néray-Fejes-Té6th, 1994; Raff, 1993).

The classical pathway tor stimulation of cortisol production is not exclusive, as -} can
stimmrlate the adrenal cortex directly (Roh e af, 1987). As a result of the multi-factorial
control of this system, complete afferent newal blockade does not completely ameliorate

the corlisol response (Gershenwald et al, 1990; Kehlet, 1989; Naito ¢ al, 1992).

The hypothalamic-pituitary-adrenal axis is regulated by a negative feedback foop.
Cortisol suppresses CRH and ACTH production and also abrogates the production of the
pro-inflaimmnatory cytokines, H-1 and 1-6. Glucocorticoids have a wide number of
systemic actions that control inflammation, imimune function and metabolism. They
reduce the production of local infiannmatory mediators such as histamine, lenkotrienes
and prostaglandins and prevent lenkocyte migration and recruitment at the site of injury.,
This immuno-modulatory role is considered crucial for protection of the host from the
harmiful effects of the stress response. Glucocosticoids also stimulate the acute phase
response in conjunction with cytokines IL-1 and IL-6 and poientiate lipolysis,
gluconeogenesis, insulin resistance and inhibition of insulin secretion (Chrousos, 1995;

Munck & Naray-Fejes-Taoth, 1994; O’Riordain ef al, 1995; Raff, 1993),

Under normat conditions of homeostasis, ACTH and cortisol release is dinrnal with peak
levels obtained in the morning,. Following surgery, this diurnal control is lost and both

hormone concentrations rise steeply. Adrenocorticotropic hormone reaches peak levels
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{approximately 200pg/ml) around the time of extubation and remains clevated up fo six
hours postoperatively, retwrning to normal within 24 hours. Cortisol peaks at the same
time {approximately 100 to 150 pg/dl) but remains elevated for up to a week
postoperatively. The response of cortisol to ACTII after trauma is biphasic. Initially,
cottisol release is precipitated by the increase in ACTH. As ACTH concentrations fall,
the persistent elevation of cortisol is due to increased adrenal sensitivity to ACTE,
probably mediated by prostaglandins or II-1 (Furnya et @/, 1993; Naito ef o/, 1991; Naito
et al, 1992; Roh et af, 1987). The peak levels of cortisol are graded in proportion to the

magnitade of the surgical ingult (Chernow i af, 1987).

Catecholamines — Afferent neural stimuli from fear, pain, tissue injury or hypotension,
converge on the hypothalamus and activate the sympathetic nervous system. Adrenaline
is released froin the adrenal medulia and noradrenaline from noradrenergic nerve
terminals, While the principle stimutus for the induction of catecholamine release is
afferent neural impulses, there is evidence of interaction with cytokines as 1i-1 also
stimulates adrenal catecholawmine release (Gwosdow, 1995). The effec(s of
catecholamines are mediated through ¢, and p receptors and theve are similarities and

differences in their effects (Ganong, 1995(h)).

‘The cardiovascular effects differ. Adrenaline causes an increase in the heart rate and
vasoconstriction, This is offset by P, receptor induced vasodilatation in the liver and
skeletal muscle, with the result that the systemic vascular resistance actnally falls, The
pulse pressure widens and cardiac output increases. Noradrenatine however, causes an
increase in systemic vascular resistance via o, receptors and results in hypertension. '[his
stimulates the carotid and aortic baroreceptors and induces a reflex bradycardia, with a
uet reduction in cardiac output. Other catecholamine-induced effects include a reduction
in renal Llood Jow with stimulation of the renin-angiotensin system, increased

awareness, ciliary dilatation and potentiation of the acute phase response in combination
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with I1-6 (Ganong, 1995(b); O’Riordain ez al, 1995). The metabolic effects include the
tiberation of free fatty acids by lipolysis, an increase in blood glucose by stimulation of
glycogenolysis, gluconeogenesis and promotion of increased peripheral insulin resistance

(Ganong, 1995(b): TLll & ITill, 1998).

ln a negative feedback loop, adrenaline inhibits systemic TNF-ut production and increases
release of the anti-inflammatory cytokine, 11-10 (van der Poll et af, 1995), while
noradrenatine reduces monocyte production of IL-6 and TNT-« via stimulation of -

adrenergic receptors (Van der Poll ef af, 1994; Webster et al, 1998),

The levels of adrenaline and noradrenaline rise during surgery and after tracheal
extubation, reach peaks of axound 400 pg/ml and 1000 pg/ml respectively (Chernow ef af,
1987, Furuya ef af, 1993). Thereafter, they fall rapidly, returning to normal within 24
hours (Douglas & Shaw, 1989). Tle peak levels corelate with the degree of surgicat

stress (Chernow et af, 1987; Douglas & Shaw, 1989).

Vasopressin — Vasopressin is produced by the magnoceliular neurones of the supraoptic
and para-ventricular nuclei and is tramsported in neuro-secretory granules to the axon
terminals in the posterior pituitaty. It is stored in the nerve endings until action poteniials,
generated in the body of the newrons, stimulate its release into the hypophyseal portal
circulation (Wu & Zbuzck, 1982). Osmoreceptors in the hypothalamus detect increases
in the osmolality of the plasma and cause vasopressin to be released. Reductions in
blood volwne generate afferent neural impulses fiont stretch receptors in the great

veins, right atrium and the pulmonary vessels, that converge on the hypothalamus,
Likewise, aorfic and carotid baroreceptors detect reductions in blood pressure and
trausmit afforent iimpulses that act as a stimulus for vasopressin release (Cochrane et af,
1981; Wu & Zbuzek, 1982). Pain, nausea, bowel distension and traction also stimulate

rapid releages of large amounts of vasopressin and are mediated by afferent nociceptive
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and vagal impulses (Grant e af, 1986(a); Grant et af, 1986(b);, Hampton ez al, 1991,

Haas & Glick, 1978; Wu & Zhuzek, 1982),

Vasopressin acts on Vs, Vi and V-, receptors. The V), veceptors are focated in blood
vessels and mediate the vasoconstrictive effects of vasopressin. In the anterior pituitary
gland, there ave Vp receptors that stinulate ACTH secretion. The V, receptors
principally mediate water reabsorption in the kiduey by increasing the permeability of the
collecting tubules but are also found in bload vessels. At high doses (10 pg/mnl),
vasopressin induces a pressor effect on arteriolar smooth musdle via stimmlation of the
Via and V, receptors. This causes an increase in the systemic vascujar resistance and the
mean arterial blood pressure with a decrease in the cardiac index (Cowley & Liard,

1988). Other effects include activation of plasminogen activator activity at plasima icvels
in excess of 15pg/ml and Factor VIIT activity above 20pg/inl (Grant ¢f af, 1985), while
Von Willebrand Factor is activated at concentrations between 10 and 25 pg/ml (Nussey cf

ai, 1986).

During abdominal surgery, vasopressin concentrations increase from less than 3pg/ml to
between 23 and 150 pg/ml and remain clevated for at least two how's after extubation
(Cochrane ¢f af, 1981; Furuya ef al, 1993; Grant ef af, 1986(1); Wu & Zbuzek, 1982)
Plasma levels correlate with the magnitude of surgory (Huas & Glick, 1978; Wu &

Zbuzek, 1982).

Glucagon and insulin — Glucagon secretion, from the pancreas and upper
gastrointestinal tract, increases glycogenolysis, gliconeogenesis and lipolysis and is
precipitated by hypoglycaemia, cortisol, catecholamines, elevations in wmimo acid
concentrations and exercise, It is inhibited by insulin and hyperglycaemia {Ganong,
1995(a)). Glucagon levels increase afier major abdominal surgery, peaking one day

postoperatively, remain elcvated for nearly a week and reflect the magnitude of the
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frauna (Russell e7 af, 1975).

insulin, secreted from the islet colls of the pancreas, inhibits gluconcogenesis, promotes

the production of glycogen and increases the uptake of glucose o rouscle and fat. it

also stimulates protein synthesis, triglyceride deposition and transportation of potassium
- mto cells. Its secretion is inhibited by hypoglycaemia and increased syimpathetic activity

(Douglas & Shaw, 1989; Ganong, 1995(a)).

In response to trawma, catecholamines, cortisol and glucagon concentrations rise and
hyperglycacinia occurs. Despite this, insulin concentrations remain suppressed and there
is peripheral insulin resistance {(Douglas & Shaw, 1989; Russell et af, 1975; Tan, 1997),
After about a week, the catecholamine, cortisol and glucagon levels return to normal and
insulin levels become clevated. Despite these high insulin levels, plasma glucose
concenirations remain elevated, probably due to the peripheral insulin resistance

(Douglas & Shaw, 1989).

1.5.3 Systeinic responses

1.5.3.1 The metabolic response

Initiatly there is a transitory “ebly” phasc (~24-72 houvs) but this is replaced by a
hypermetabolic “flow” phase during which time, the basal metabolic rate increases by 20 to
40%. There are changes in the metabolisin of protein, fat and carbohydrate that are necessary
fo provide energy and pratein for the immune and acute phase responses, and ultimatety (he

repait of injurcd tissuc (Douglas & Shaw, 1989; Hill & Hill, 1998; Tan, 1997).

Protein metabolism - Protein catabolism releases amino acids from skcletal muscle into the
bloodsiream. These arc subsequently utilised by the liver as subsirates for the production of
acule phase proteins or gluconeogenesis. Catabolisin proceeds at a rate in excess of protein

synthesis and the net result is a negative nitrogen batance (Douglas & Shaw, 1989; Hill &




Hill, 1998; Tan, 1997).

Fat metabolismn — Activation of hormone sensitive lipase (that controls lipolysis) and a
reduction in lipoprotein lipase activity (that regulates the uptake of free fatty acids (FFA) into
adipose tissue) results in an increase in the production but not the plasma concentrations of
FFAs. These can be used by peripheral tissues for energy, thus preserving ghicose as the
principle energy source for the immune response and protein synthesis (Douglas & Shaw,

1989; Hill & Hill, 1998; Tan, 1997).

Carbohydrate metabelism - Hyperglycaemia occurs as a result of the mobilisation of
glycogen stores (glycogenolysis), aud the production of glucose from lactate, glycerol and
protein (gluconeogenesis), which are by-products of anaerobic metabolisin, lipolysis and
protein catabolism respectively. Insulin resistance reduces the uptake of glucose by

peripheral tissues apd further increases plasma concentrations of glucose for the

inflammatory process and wound repair (Douglas & Shaw, 1989; Hill & Hill, 1998; Tan,

1997).

1.5.3.2 The acute phase response
This is a physiological phenomenon that canses rapid alterations in plasma proteins, known

collectively as hepatic acute phase proteins. They arc involved in hasmostatic,

antithrombotic, phagocytic. anti-proteolytic and transportation functions and are essential for
the limnitation of injury and restoration of homeostasis after a noxious insult. Proteins that are
bencficial for these purposes, are up-regulated. These include fibrinogen, ¢;-acid
glycoprotein, type 1 plasminogen activator inhibitor, complement C;, C-reactive protein
(CRP), gy-antitrypsin, oy-antichymotrypsin, op-tacroglobulin, serum amyloid A, caerulo-
plasmin and haptoglobin. Proteins that are exported during normal homeostasis and are less
involved with survival in the acute sitnation, for example albumin, prealbumin and

fransterrin, are down-regulated (Stahl, 1987; Moshage, 1997).
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Interfeukin-1 and 11-6, through common signalling mechanisms and {ranscription factors,
induce the synthesis of acute phase proteins, of which there are two broad categories. Type 1
proteins require 11-1 for induction but a combination of Il-1 and 11-6 for maximal expression

and type 2 proteins only require [1-6 (Moshage, 1997),

Considerable intcraction exists between cvtokines and hormones lo further modulate the
acute phase response. A complex set of interactions has been demonsirated using hepatocytes
taken from patients undergoing liver resection (O’Riordain e/ af, 1995). In the absence of
11-6, dexamethasane, ghucagon, adrenaline and msulin only have minimal influence on the
synthesis of acute phase proteins. However, in the presence of I1-6, dexamethasone increases
the production of positive acute phasc proteins in a dosc dependant manner, Adrenaline and
glucagon increase CRP synthesis but reduce o;-anti-chymotrypsin, o)-acid glycoprotein and
haptoglobin, while insulin reduces CRP and haptoglobin expression with no effect on the
other acute phase proteins. Combinations of dexamethasone, glucagon and adrenaline in
association with 11-6 have a cumulative effect and when all combined, nullify the inhibitory
effects of insulin on CRY? synthesis. There is therefore potential for individual and global

control of acute phase proteins.

The acuic phasc proivins that inercase in response to surgical tratuma peak at 48 to 72 houss
after the insult and return to normal levels by one week, A correlation between peak fevels of
CRP and the degree of trawma has been reported (Baigrie ef al, 1992; Cruikshank ef af, 1990;
Stahl, 1987) but other rescarchers have failed to observe such a relationship or any

correlation with the incidence of postoperative complications (Ohzato ef af, 1992).

1.5.3.3 The immune response
Surgery results in depressed immune function (hat correlates with the magnitude and duration
of open swrgery (Lazarou ef af, 1989; Lennard et al, 1985; Meakins, 1988). This phenomenon

is mediated by circulating factors released from the wound and through the actions of
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glucocorticoids {Lazarou et af, 1989; Munck & Naray-Fejes-16th, 1994). The pro-
inflammatory cytokiug, I1-2, is suppressed which results in depressed macrophage, neutrophil
and natural killer cell function, reduced numbers of cirenlating lymphocytes and a
curtailment of T-ccll proliferation. As natural and lymphocyte activated killer cells are
important in tamowr surveillance, this depression of the immuue response not only increases
the potential for infection but also the risk of metastasis of malignant cells (Horgan ef o,
1988; Lennard ef af, 1985; Pollock et al, 1991; Redmond er al, 1992; Shigemitsu et al, 1992,
Stephan e af, 1987). However, it is believed that this suppression protects the host from the
harmfinl effects of “overshoot™ of the inflammatory mediators (Munck & Naray-Fejes-Toth,

1994).

1.5.4 The cffects of laparovscopic cholecystectomy on the stress response

1.5.4.1 The cytokine, acute phase and immune responscs

a) The cytokine response
In eleven studics that compared the 11-6 responses to open cholecystectomy (OC) and
laparoscopic cholecystectomy (1.C) in a tolal of 333 patients (136 randomised, 221 noti-
randomised), the II-6 levels were found to be lower in patients who underwent LC.
(Belldn er af, 1997; Glasser ef al, 1995; Jakeways ef of, 1994; Joris ef al, 1992;
Karayiannakis et af, 1997; Kloosterman ef af, 1994; Maruszynski & Pajda, 1995; Reith ef
af, 1997; Roumen et af, 1992; Targurona ¢f al, 1996, Ueo ez al, 1994), The findings are

summarised in tables 1.1 and 1.2,

One group in Glasgow, Scotland who performed a randomised trial of mini-
cholecystectomy and LC, failed to show a difference in the T1-6 response between the two
groups (McMahon e/ af, 1993(c)). Howevcer, the sample size was relatively smail (1=20),
there was wide variation of the results within each group and the median Ii-6 response
was higher in both groups than was seen in another study that used the same assay

(Jakeways et al, 1994; Joris, 1993). In another randomised study of OC versus 1.C,
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conducted in Uppsala, Sweden, no difference was demonstrated in the 11-6 response
(Berggren et al, 1994). However, it was not clearly stated in the paper, exactly when the
H-¢ samples were collected (it may have been at the same time as the CRP, which was
sampled preoperatively and at 24 hours), which makes intcrpretation of the results
difficult. The third study in the literature in which the authors found no statistically
significant difference between OC and L.C was performed in Belgium. Twenty-four
patients were recruited but they were not randoimised. The peak I1-6 response was at 8
hours postoperatively and although it was lower in the laparoscopic cohort, there was no

significant difference from the OC coliort (Vander Velpen ef g/, 1994).

The acute phase response

The acute phase responsc has beon assessed most extensively by measuremoni of CRP. In
eight studies that contained 251 patients (83 randomised, 168 non-randomised), the CRP
response was lower after LC than OC (Jakeways ef al, 1994; Joris et al, 1992,
Karayiannakis ef al, 1997; Mealy et al, 1992; Reith et a/, 1997, Roumen et af, 1992;
Targarona ef al, 1996; Ueo et al, 1994). Only one study was randomised (Karayiannakis

et wl, 1997). The tindings are sunmnarised in tables 1.1 and 1.2,

As with the 11-6 response, the group from Uppsala, Sweden, failed to demonstrate a
significant difference botween the CRP responses to LC and OC, while McMahon and
colleagues found no statistically significaut difference in the CRP, albumnin, fibrinogen or
transferrin responses to LC or mini-cholecystectomy (Berggren et af, 1994; McMalion ef
af, 1993(c}). However, in the latter study, CRP levels up to 72 howrs postoperatively and
the median area under the curve, were less after LC than mini-cholecystectormy (48
versus 84 mg/l.h. 10 respectively). Small numbers and wide variation in the resulls may

have precluded statistical significance.
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¢) 'The immune response

Laparoscopic surgery appears to canse fess suppression of cell-mediated immunity than
conventional, open surgery. One group in Leeds measured T-cell proliteration to
mitogen stimmiation preoperatively then again at 24 hours in iwo cohorts of patients who
underwent LC and OC. In the LC group, the T-cell response was unimpaired at 24 hours
but was significantly reduced among patients in the conventional group. This occunred
gven though the operative times for LC were longer than for OC. However, no difference

~ in natural killer cell function was found (Griffiths ez a/, 1995).

Another group demonstrated a reduction in skin phytchaemagg lutanin reactivity and
HEA-DR expression on monocyies (required for antigen presentation to T-helper cells)
among patients treated by conventional cholecystectomy, but no postoperative reduction

among patients who underwent L.C (Kloosterman e¢f af, 1994),

The resuits of other studies have demonstrated a less marked elevation of white cell count
(Joris et al, 1992) with better preservation of neutrophil, lymphocyte and monoeyte
function after LC compared to OC (Carey ¢f f, 1994; Horgan ef af, 1992, Redmond e/ a/,
1994). Despite the preservation of imanune function after LC, only one study has
recorded a lower incidence of septic complications afier LC compared to OC (Redmond
et af, 1994). There were two patients with unexplained pyrexias, six respiratory and two
urinary tract infections and one gallbladder bed collection that required treatment in the

OC group compared with one patiend in the LC group who had a pyrexia (p<0.05).

1.5.4.2 The neuroendocrine response

a) Hypothalamic-pituitary-adrenal axis

The CRI responsc has not been shown to differ between LC and OC although there has

only been one study and the numbers were small (n=12) (Donald ¢f o/, 1993).




606

Adreno-corticotropic hormone was tfound fo risc within 20 minntes of the start of LC and
QC, {o peak at values of around 400 pg/inl and remain elevated for four to six hours alter
surgery (Douss ef al, 1994; Donald ef al, 1993; Glaser er a/, 1995, Orlega et al, 1996;
Targarona et al, 1996). In iwo randomised studies and one cohort study, there was a
tendency for ACTH levels to be lower in the laparoscopic group but this was not

significant (Donald et al, 1993; Glaser et af, 1995; Ortega et o, 1996).

Fourteen stadies that involved comparisons of the cortisol responses (o open /
minicholecystectomy and LC failed to reveal any significant differences between the
groups. Levels rose within about thirty minutes of the start of surgery to reach between
30 to 50pg/dl by the time of extubation (Deuss ¢f af, 1994; Donald ef af, 1993, Jakeways
el al, 1994; Ortega et al, 1996; Rademaker ez i, 1992). Thereafter, cortisol
concentrations decreased and reached preoperative baseline values by around 24 hours

postoperatively (Aktan ef af, 1994; Bellon et af, 1997; Deuss ¢f al, 1994; Jakeways et al,

1994, Joris et al, 1992; McMahon ef o/, 1993(c); Ortega ef a/, 1996; Redmond ef al,

1994; Targarona ef al, 1996). Likewise, no difference was detected in 24-hour wrinary

cortisol measnrements for patients who underwent 1.C or OC (Berggren ef o/, 1994,

Mealy ¢t al, 1992; QOrtega et af, 1996).

However, in one study of 50 patients randomised to LC or OC, plasma concentrations of
corfisol peaked intraoperatively in both groups at around 30pg/dl but returned to baseline
levels over the next 24 howrs in the LC group and remained elevated in the OC group
(Agaifili ef af, 1993). Tn another large randomised study (n=83), plasma cortisol levels
mnereased during LC and OC to peak four houss after surgery at a mean of 36.3pg/dl and
34.1ng/dl respectively, Thereafter, they feli towards baseline values but were
significantly lower in the LC group at 8 hours postoperatively (p<0.05) (Karayiannakis

et al, 1997).
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A group who performed a relatively small cohort study of 1.C and OC obtained similar
statistically significant results. Plasma cortisol concentrations increased significantly
during surgery in both groups to around 30ug/dl. Nine hours after surgery (the end of the
study period), cortisol levels had retuimed to baseline in the LL.C group but were stiil
elevated in the OC group (Schauer & Sirinek, 1995). Likewise, in a study in which a
cohort of patients who underwent L.C were compared with historical conventional
controls, a statistically lower concentration of cortisol was detected six hours afier

surgery (Hilt ef of, 1993). The findings are summarised in tables 1.1 and 1.2,

Catecholamines

In onc cohort study, the authors reported higher 24-hour urinary vanillyl-mandelic acid
fevels (metaboliles of catecholamines) tor LC than OC and this was corroborated by
another cohort stady in which the investigators also found higher urinary noradrenaline
and dopamine levels in the LC group (Mealy ef o/, 1992; Hill ef af, 1993). In yel another
randomiscd study, a group reported that noradrenaline levels were significantly higher,
both intra- and post-operatively, among patients who underwent 1.C rather than OC.
Adrenaline levels increased in both groups but the responses were not significanity

difterent (Donald et af, 1993),

In three papers published between 1992 and 1994, it was reported by the authors that no
differences in urinary (Berggren ef al, 1994; McMahon et ¢/, 1993(c)) or plasma
catecholamines (Joris ef al, 1992) were detected between patients who undersvent 1.C or
OC. The latter study however, did not take samples until four hours after surgery by

which time, levels could have subsided (Chernow et af, 1987, Furuya ef o, 1993).
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in 1995, two cohott studies were reported that contradicted the initial studies. A small,
study (1=23) noted similar intraoperative increases in catecholamines during LC and OC
but lower levels of noradrenaline from 3 to 9 hours, advenaline from 2 to © howrs and
dopamine from 1 to 9 hours after induction, in the 1L.C group compared to the OC group.
Although the patients were not randomised and were assigned to each arm of the trial by
the attending surgeon, the demographics of the patients and thic severity of bilary disease
were well matched (Schauer & Sirinek, 1995). Tn the second study reported that year,
there were no differences between groups during the operation but patients in the LC
group had plasina concentrations of noradrenatine and adrenaline that were siguiﬁcantly

lower than in the OC group at 24 hours postoperatively (Glaser ¢f al, 1995).

To further confuse the issue, a group who performed a randomised trial in Los Angeles,
USA, reported that they found plasma concentrations of adrenaline to be higher during
LC than OC and that plasma noradrenaline was similar in both groups. Paradoxically
however, combined urinary levels of catecholamines were higher in the OC group than
the I.C group. The authors suggested that the lower urinary levels in the LC group could
be accounted for by differential plasma catecholamines clearance associated with reduced
renal blood flow and urine output secondary to the pressure effects of prneumoperitoneum

(Ortega et al, 1996).

tn a large randomised controlled trial of L.C and OC ihat contained 83 patients, it was
found that plasma concentrations of noradrenaline at 8 and 24 hours and adrenaline at 4,
8 and 24 hours were significantly lower atnong patients who had LC than those who had

OC Karayiaunakis et af, 1997).

Despite the differences in the results in the literature, it is clear that catecholatnines
inerease in response to both LC and OC. It is not possible from the studies published to

date to ascertain whether differences in technique, samipling times or assays are
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responsible for the conflicting results or to state which approach (LC or OC) generates
the teast response. It is clear though that further evaluation of the catecholaminc response

is required.

Vasopressin

Only two groups have directly compaved vasopressin respouses to 1.C and OC and
managed to obtain diametrically opposite results. A group from New Zealand noted thai
during LC and OC, vasopressin increased to reach peaks of 49 2pmol/l and 117pmol/]
respectively, ten minutes after skin incision. Vasopressin remained elevated in the OC
group until the end of the procedurc but increased further to 140pmol/l just after
extubation. In the patients who underwent LC however, vasopressin levels were lower
throughout the procedure (p<0.05) and remained lower until sampling ceased at 40

minutes post-extubation {(p<0.01) (Donald ef al, 1993).

In another randomised study, the vasopressin response one hour after the start of surgery
was over five times higher in patients who underwent L.C than those who had an OC (281
pe/ml vs 54 pg/ml respectively, p<0.01) There was no difference postoperatively and

vasopressin returned to baseline levels by 24 hours (Ortega ef a/, 1996).

It is not clear why the vasopressin response was lower for LC than OC in the first stucy
but higher for LC than OC in the second study. This could be due to differences in
smupling times, technique or the fact that both studies involved small munbers (1=12 and

=20 respectively).

Glucose and insulin - Four randomised and seven cohort studies have been performed in
which the authers have addressed the response of glucose to LC and OC. (Agnifili et ¢/,
1993; Berggren et of, 1994; Glaser et af, 1995; Hill et af, 1993; Jakeways er al, 1994

Joris ef al, 1992; Karayiannakis et @, 1997, Ortega et of, 1996, Rademaker ef af, 1992,
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Schauer & Sirinck, 1995; Targarona et al, 1996).

Daring LC and OC, perioperative plasma glucose concentrations rose 1o a similar extent
and there were no differences between the groups (Agmfili ef af, 1993; Berggren e al,
1994, Glasser ef af, 1995; Karayiannakis ¢f a/, 1997; Ortega et af, 1996; Rademaker ef o,
1992; Schaucr & Sivinek, 1995). In one study where glucose was sampled at the time of
extubation, levels were significantly higher in the LC than the OC group (Ortega et al,

1996).

In the postoperative period, it was noted in several reports that glucose concentrations
were lower in patients who underwent LC rather than OC, from 4 howrs up to 2 days after
surgery (Glasser et al, 1995; Jakeways ¢t af, 1994; Joris et ¢f, 1992; Karayiannakis ot o,
1997; Ortega ef af, 1996; Schauer & Sirinek, 1995). However, in five studies, no
difference was detected. In three of these studies (of which only one was randomised),
the glucose concentrations were sampled for a minimuin of 24 hours after surgery
(Agnifili et al, 1993; Hill et af, 1993; Targarona et al, 1996) but in two, glucose sampling
ceased within 3 howrs of surgery and could have potentially missed a later difference

between the groups {Berggren ef al, 1994, Rademaker ef af, 1992).

Only three studiss have examined the insulin response, of which two were ranndomised
and one was non-randomised. Berggren and colleagues sampled insalin at the end of the
operation and found that the levels were normal in all patients (o= 30) regardless of
whether they had undergone LC or OC (Berggren ef a/, 1994). In another randomised
studv (n=20), insulin levels did not rise during the intraoperative pertod but did rise
postoperatively in both LC and OC groups. The increase however was less pronounced
and statistically significant afier LC than OC at 4, 12 and 24 hours after extubation
(Ortega ef a/, 1996). In a non-randomised study (v=40), insulin rose in both groups

between 8 and 48 hours aller surgery but there was no significant difference between the
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groups {Aktan et of, 1994), However, both groups of paticnts had a dextrosc infusion

postoperatively, which could have affected insulin levels,

1.5.8 Overview of the siress responses to open and laparoscopic cholecystectomy with
reference to the size of the wounds and the physiological sequelae of pneumoperitonenm
Examination of the available literature discussed above suggests that during laparoscopic
cholecystectomy, there is a schism of the tissne mediated responses and the neurally

mediated responses, which has not becn seen during conventional surgery.

The cytokine and acute phase responses are activated to a lesser extent and postoperative
immune function is better preserved after laparoscopic than open cholecystectomy. This is
logical in view of the fact laparoscopic cholecysicetomy creates smaller wounds than a
conventional cholecystectomy and that the magnitede of the cytokine, acute phase and

mmune responses is propottional to the degree of tigsue trauma (¢f. sections 1.5.2 and 1.5.3).

However, the effect of LC on the neuroendocrine response is more ambiguous. Overall, it
would appear that there are no significant differences in the hypothalamic-pituitary-adrenal
axis, catecholamine or vasopressin responses. However, in the two largest randomised trials
of LC versus QC in which the stress response has been measurcd, there was Icss activation of
the cortisol response after LC compared to OC that cannot be easily explained away. The
response of catecholamines remains to be clearly and unequivocally documented but all
studies to date concurred in one respect; the levels of adrenaline and noradrenaline increased

in response to LC and OC.

One of the major differences between open and laparoscopic surgery is insufflation of the
peritoneal cavity. This mnay contribute to the neuroendocrine responses through a
combination of the pressure effects and the physical properties of the gaseous agent

employed. A closer examination of the technique of laparoscopy and its physiological
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mnpact is therefore required while considering the neuroendocrine response.

Insufflation is followed by a rapid increase in systemnic vascular resistance, mean arterial
blood pressure and heart ratc with a reduction in cardiac output of as much as 20-30% (Joris
et al, 1993; Westerband ¢/ o/, 1992). Direct pressure out the splanchnic bed and the major
abdominal vessels veduces avterial blood flow and increases the afterload. This increascs
myocardial work-load and reduces cardiac output (Coventry, 1995; Shuto ef o, 1995; Wahba

et al, 1995).

Simultaneounsly, there is a two-phase pressure effect on the abdominal venous syslein.
Initially as pneumoperitoneunt is established, there is an increase in venous return dne to
pressure induced emptying of the portal venous system and the inferior vena cava. However,
once the pneumoperitonewmn has been established and these capacitance vessels have been
compressed, there is a reduction in the venous return as the extrinsic pressure from the
abdominal cavity impedes flow through the inferior vena cava, the iliac and portal venous
systemns (Waliba et al, 1995), ‘s is manifest as a reduction in femoral vein flow velocity
and increased femoral venous pressure (Goodale ¢f af, 1993), During both phases however,
there is an increase in central venous pressure (CVIP) and pulmonary arterial wedge pressure
(PAWP). The elevation in the first phase is as a direct consequence of the increased flow as
blood is displaced from the capacitance vessels, The clevation in CVP and PAWP in the
second phase though, is paradoxical due to transmission of the intra-abdomiual pressure to
the torax via the diaphragm (Wahba ef @/, 1995). The resultant reduction in verous retom
reduces end-diastolic volwmne and thorefore stroke volume and cardiac output in accordance

with Starling’s law of the heart (Ganong, 1995(¢c); Jonis ef @/, 1993).

In addition to the physiological sequelae of the pressure of pnewmoperitoneum, the chemical
properties of the gas used to insufflate the abdomen have te be considered. The ideal gas for

insufflation should be colourless, odourless, physiologically inert, not support combustion
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and cost-effective (Eisenhauer ef al, 1994; McMahon ef af, 1994(a)). Currently, no gaseous
agent fits all of these criteria and each gas has both advantages and disadvantages. Receuntly,
abdomingl wall retractors have been developed which obviate or reduce the requirement for

“pneuymoperitonewm”; the impact of these will be discussed later (cf. section 1.6.5).

Carbon dioxide (COy) 1s currently the gas of choice because it is cofourless, odourless, does
not support combustion and has a low cost. An additional advantage is its solubility in water,
which contributes to rapid absorption from the peritonenm or fascial planes after surgery and
is important in mitigating the clinical consequences of the rarc event of gas embolism.
However, the physiological cffects of CO; are also a disadvantage. This gas, a normal waste
product of respiration, is primarily excreted via the inngs, Insufflated CO, rapidly dissolves
on the moist peritoneal surface to produce carbonic acid, which is absorbed systemically.
Tollowing the induction of anaesthesia and insufflation, there is a reduction in functional
residual capacity duc to reductions in chest wall and diapluagmatic muscle tone. Insufflation
of the periioneal cavily also splints the diaphiragm, further reducing functional residual
capacity and pulmonary compliance. Obesity, commonly present in patients undergoing
cholecystectomy, augments these changes. As functional residual capacity diminishes, there
is an increase tn the ventilation to perfusion mismatch, with physiological right to left
shunting of pulmonary blood flow. This results in an increase in the difference between
alveolar and arterial oxygen tensions and favours carbon dioxide retention. Carbon dioxide
absorbed from the peritonenm compounds the increase in arterial CO, (PaCO,), expired end-

tidal CO, (EtCO,) and acidosis {Coventry, 1995; Wahba, 1995),

To counteract these changes and maintain the PaCQ, and pH within normal linits while the
abdomen is insufflated, ventilatory peak airway pressure has to increase by 6 cnH,O and the
minute volume by 7 to 35% (Baraka et al, 1994, Joris ef ¢!, 1993, Koivusalo et al, 1997,
McMahon et @/, 1993(a)). Even so there is still a small rise in the PaCO, and pH and this

persists postoperatively. In the study by McMahon and colleagues, increases in PaCO, from
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5.3kPa preoperalively to 6.0kPa postoperatively and of hydrogen ion concentration from
41nmol/1 to 46nmol/l were recorded despite an increase in ventilation (McMahon ef af,
1993(a)). These results correlate with another study of 14 patients who underwent diagnostic
laparoscopy, during which it was found that PaCO; increased from 5.03kPa just before
insufflation, reached a peak of 5.63kPa during laparoscopy and remained high after
desutflation at 5.63kPa (p<0.01 compared to initial measnrement) (Puri & Singh, 1992).
Caution is required in patieuts with chronic obstructive pulmonary disease, as EtCO,, which
is tormally used as an indirect measureimnent of PaCQ,, tends to underestimate PaCO,. In
addition, the increase in peak airway presswic is associated with a risk of pneumothorax

(McMahon ef af, 1993(a); Feig et al, 1994).

Hypercarbia and acidosis stimulate the sympathetic nervous system via the carotid and aortic
chemoreceptors (Ortega et al, 1996; Wahba ef af, 1995), As discussed above, the direct
mechanical pressure effects of pneumoperitoneum stimulale the sympathetic nervous systein
through a reduction in cardiac output (Joris ¢t af, 1993). Noradrenaline is known. to increase
the systemic vascular resistance and mean arterial blood pressure (Ganong, 1995(h)) and
rapid increases in plasma levels that coincide with the process ot insufflation have been
reported (Aoki et af, 1994; Koivusalo ef o/, 1996(b); Mikami ¢/ o/, 1996). However, while
other a.utl.l.ors have reported intraoperative increases in noradrenaline, they have found that
the peak concentrations occurred at or after desufflation (Donald ef of, 1993; Q’Leary et o,

1996; Ortega ¢t of, 1996; Schaver & Sirinek, 1993).

The response of vasopressin to peritoneal insufflation is also rapid and pronaunced with
plasina levets reaching between 5 and 70 times pre-insufflation vatues within three minutes.
As the release of vasopressin 1s so rapid and it is known to have a pressor effect on arteriolar
smooth muscle at high concentrattons, it has been implicated in the increases in systetic
vascular resistance and mean arterial blood pressure that are seen during insufflation.

Postnlated mechanisims whereby the pneumoperitoneum precipitates release of vasopressin,
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include peritoneal stretching, activation of aortic baroreceptors or a decreasc 1 the
transmural pressure gradient of the right atrium (Felber et af, 1993; Melville er o/, 1985;
Punnonen & Viinamiki, 1982; Solis Hertuzo et ad, 1989 & 1991; Walder & Aitkenhead,

1997).

Evidence is aceruing {o implicate (he renin-angiotensin system in the haemodynamic
consequences of pneumoperitoneum, Increased intra-abdominal pressure reduces renal blood
flow and stimvlates renin release from the juxta-glomerulary appatatus, which in turn
activates angiotensin I This is transformed to angiotensin II that nltimately stimulates the
release of aldosterone from the adrenal cortex. Both angiotensin 1T and aldosterone have
marked pressor effects on the vascular system. While the effects of LC and OC on this
system have never been compared, the responses of renin and aldoslerone o insufflation
have been investigated, as have the effects of a gasless technique of laparoscopy (cf. section
1.6.5). Following insufflation, plasma renin and aldosterone levels rise in paratiel with
systemic vascular resistance and mean arterial blood pressure and return to normal with

desufflation (O’1 .eary et al, 1996; Koivusalo ef al, 1996(b); Koivusalo ef al, 1998),

1.6 Modulation of the physiological and stress responses to laparoscopic
cholecystectomy and the influence on clinical outcome

In view of the haemodynamic and neuroendocrine consequences of pnemnoperitonenm
described above, investigators embarked on studies to determine if the effects could be
modulated. Review of the literature reveals that some of the effects of laparoscopic surgery

can be influenced by careful attention to detail.

1.6.1 Positioning of the patient
The commonly practised manceuvre of “head-up” reverse Trendelenburg tilt, used to atlow
foops of bowel to fall away from the upper abdomen and away froin the operative field, has

deleterious etftects on cardiorespiratory function wien combined with peritoneal insuftlation,
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as highlighted in “The Report of the National Confidentiat Enquiry into Peri-operative
Deaths 1996/1997” (Gray ¢Z al, 1997). A reduction in the cardiac index of 30 - 50% has been
recorded, in both healthy patients and those with inpairment of cardiac funciion (Iwase et o/,
1992; Joris ¢t af, 1993; Westerband ef af, 1992). This may be of litile conscquence to young,
fit patients with adequate physiotopical reserve, but it can result in inadequate oxygen
delivery to the myocardium in paticnts with coexisting cardiac disease. Increases in plasiua
adrenaline, renin and aldosterone have also been recorded in response to reverse

Trendelenburg tilt (O’ Leary e/ al, 1996).

The reverse Trendelenburg position increases the fumctional residual capacity and
compliance, but due to ihe resulting reduction in cardiac culpul, does not tranglate to an
improvement in gas exchange. Pressurc transmitted through the diaphragm by insufflation in
the reverse Trendelenburg position also negates any improvement in compliance. The
Trendelenburg position (“head down) augments the decrease in functional residual capacity
aud is compounded by insufflation {Coventry, 1995; Waliba et al, 1995). Excossive table tilt

should be avoided whenever possible (Gray ez af, 1997).

1.6.2 Pressure of the pneumoperitonenm

Vaviations in the pressure of the pneumoperitonenm affect cardiac output and visceral
perfusion. Studies using pigs and dops have derived that there is a linear correlalion between
the reduction in cardiac output and elevation of total peripheral resistance with increasing
pressuie in the abdomen (Mikami ez af, 1998; Richardson & Trinkle, 1976; Shuto et af,
1995). In one study, plasma catecholamines remained unchanged from bascline
measwements at an infra-abdominal pressure of 10mmHg but increased significantly at a
pressure of 20mmHg (Mikami ef al, 1998). In view of the hasmodynamic consequenccs,
there is little advantage to be gained by a pressure above 15 mmlig, as operating space does

not significantly increase beyond this (McDougall ef o7, 1994).
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The pressure of the pneumoperitoneum affects portal venous blood flow. Int a clinical study
That involved 11 patients undergoing laparoscopic cholecystectomy, doppler evaluation of
the portal vein found that there was a 37% reduction in flow with a pnewnoperitoncurmn of
7mmtlg, and a 53% reduction at 14 nunHg (Jakimowicz ef al, 1998). A team in America has
also demonstrated a negative linear correlation between the pressure of insuffiation and
gastric mucosal pI in pigs (Kuolmayer ¢f o/, 1998). The clinical implications for the

splanchnic circulation during cholccystectomy are not knowi.

A clinical study was performed in Glasgow in which 40 patients were randomised to LC at
insufflation pressures of either 7.5mmHg (low) or 15mmHg (standard). intraoperatively,
carbon dioxide levels, end-tidal CO; and peak airway pressure rose but there was no
sipnificant difference between groups. There was a fall in the cardiac index at the start of
insufflation that was more pronounced and lasted a median of 5 minutes longer in the
standard pressure group (2 min vs 7 min) but this was not statistically sipgnificant. An
elevation in the mean arlerial pressure coincided with the fall in cardiac index and was
slower to occur in the standard pressure group but again this difference was not statistically
significant, Postoperatively, pain scores in the low pressure group were significantly better
up to 1 week after surgery and there was a tendency for less analgesic consumption aud
demands than in the standard pressure group. Peak cxpitatory flow was better (68% vs 53%
of baseline values, p=0.04) at six hours in the low pressure group but was similar in both

groups at 24 hours (70% vs 62% of baseline, p not significant) (Wallace ¢f al, 1997).

A group in Helsinki, Sweden, compared the use of conventional pueuinoperiloncam against
low pressure CO; insufflation (with the aid of an abdominal wall remractor) in 24 patients.
Effectively, it was a study of conventional and low pressure insufflation with pressures of

1 immHg in the conventional group and 3mmHyg in the low pressare group. The positive
intraoperative clinical findings in favonr of the retractor-assisted group were betior

pulmonary compliance, minimal change to minnte volume requirements and a slower rise in
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mean atterial blood pressure (althougl it still veached a similar peak level as the conventional
group). Postoperatively, the low pressure group was less drowsy and suffered less naunsea and
vomiting. ‘There were no differences in operating time, heart rate response, pain scores or
analgesia requirements. Bvaluation of the stress response found similar iucreases in
vasopressin, prolactin and noradrenaline throughout the procedore in both groups, although
there was a tendency (non-significant) {for the noradrenaline response to be higher in patients
who had standard pneumoperitoneum. Urine output during the first 30 minutes of insufflatior
was significantly lower and the plasma renin activity significantly higher in the conventional

group than in the low pressure group (Koivusalo af al, 1996(b); Lindgren ef of, 1995),

1.6.3 Alternaiives to carbon dioxide for ppenmoperituneum

As described eatlier (cf.section 1.5.5), insufflated CO, rapidly dissolves on the moist
peritoneal surfuce to produce carbonic acid and is absorbed systemically. Theoretically, a gas
without the potential for systeniic absorption and the ability to induce acidosis would be

preferable (Eisenbauer ef af, 1994; McMahon ef af, 1994(a)).

1.6.3.1 Nitrous Oxide

Gynaecologists and gastroenterologists have used nifrous oxide for many years for outpatient
diagnosiic laparoscopy under local anaesthesia (Solis Ierruzo ef af, 1989). However, on the
basis of a perceived explosion hazard in the event of mixing with methane and hiydrogen
from the bowel, it failed to gain favour with the general surgical community. Also, there was
evidence that it was responsible lor a reduction in cardiac output. ln a smafl study (n=7
patients) of the physiological effects of pnewmoperitoneum with carbon dioxide, cardiac
output fell by a mean of 16% but the difference did not seach statistical significance
(Marshall ez @/, 1972(a)). After a similar study of the effects of nitrous oxide (n=8 patients)
performed by the samoe group, it was reported that cardiac output fell by a mean of 24.5%
during insufflation and this was statistically significant (Marshall ef af, 1972(b)). However,

the number of patient involved was small, they were involved in two separate studies and
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werc {horefore not randomised and there was no record of the pressure of the pneumo-

peritonentn in the group who received nitrous oxide.

Recently, a study of intra~-peritoneal gas composition during laparoscopic cholecystectomy
(n=14) and anti-veflux procedures (n1—6) have cast doubt on the validity of the risks (ITunter
ef al, 1995). For combustion to occur in the presence ol nitrous oxide, hydrogen must
constitute 5.5% of the gas mixture or methane, 4%. No methane was found in any of the
peritongal samples drawn from 20 patients and in the four cases where hydrogen was
detected, it only reached concentrations between 0.016% and 0.075% (70 times lower than
the combustion threshold). In the unlikely event of large bowel perforation, 125ml of 160%
hydrogen or methane in 3 litres of nitrous oxide woukd be required to attain mininium
combustion levels, These levels are in excess of normal physiclogical values, The findings
corroborated a previous study of gas composition during laparoscopy, which had been
summarily dismissed in the past (Robinson et al, 1976; Steptoe, 1976). The investigalors did
not detect any methane and only found hydrogen in one sample at a concentration that was
2,500 times lower than the combustion threshold (Drammond & Scott, 1976(a); Drummaond

& Scott, 1976(b)).

Aninvestigation of the effects of nitrous oxide for laparoscapic cholecystectomy by a group
in Finland has shown that it does not cause the intraoperative respiratory acidosis and
hypercarbia, characteristic of CO, pnowmoperitoneum., In a randomised trial of CO, and
nitrous oxide preumoperitonemn, they also demonstrated a reduced requirement for volatile
anaesthetic apent (enflurane) and lower postoperative pain scores for up to 24 hours in the
nitrous oxide group. Interestingly, the noradrenaline response in this study was stutistically
higher at the end of pneumoperitoneum (prior to desulllation} and at 8 hours postoperatively
in the nitrous oxide group, although there were no differences in the adrenuline and cortisol
responses (Aifola ef al, 1998). An additional benefit of nitrous oxide is that it is does not

increase intracranial pressure in the presence space occupying lesions to the same extent as
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catbon dioxide pnewmnoperitonsum, although the clinical implications for healthy patients are

unclear (Schab ef af, 1996).

1.6.3.2 Helium

The inert properties of the noble gases have prompted evaluation of their use in laparoscopic
procedures. Comparisons of helium and CO; in humans for faparoscopic cholecystetonty
have demonstrated that helium does not canse the acidosis and increased PaCQO, seen with
traditional CO, pneumoperitoneum (Bongard ¢t al, 1993; McMahon ¢t al, 1994(a); Naude er
al, 1996; Neuberger et af, 1996). Results are consistent within these studies for a total of 96
patients randomised ic helium or CO, and 20 who were insufflated consecutively with both
gases. As with nitrous oxide, the rise in intracranial pressure caused by helinm is lcss

pronounced than CO; (Schéb er al, 1996).

Evidence from swine suggests that helium causes a more pronounced reduction in hepatic
axtery blood flow than CO; at comparable pressures (Junghans ef al, 1997(b}). Despilc this,
totat liver blood flow is mmaffected so the chnical implications of this latter finding, if any,

are not known (Junghans ¢z af, 1997(b); Shuto ¢f al, 1995).

The stress response (0 helium pnenmopetitonenm has been addressed by only one study.
Sixteen patients were randomised to insufflation with helium or CO; and the neurocendacrine
response was measured preoperatively, during surgery and after desufflation. Adrenaline,
noradrenaline and cortisol atl increased intraoperatively in both groups but the increase in
adrenaline was statistically higher in the patients who reccived belinm pncumoperitonemn

{p=0.03) (Nande et al, 1996).

The main disadvantages of helium arc poor waier solubility and cost, While there are no
reports of gas embolus from insufflation with helium, one patient developed bilateral

pneumothoraces that required drainage (Bongard ef a/, 1993) and in two studies,
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subcutaneous emphysema required between five days and several weeks to resolve
{McMalion ¢ of, 1994(a); Neuberger ¢f af, 1996). Laboratory data suggest that in a canine
model, an embolism of helium is lethal at a dose between 5 to 7.5 mi/kg while a dose of 10

ml/kg of CO; is dissipated in minutes and is not fatal (Wolf ef a7, 1994).

1.6.3.3 Argon

As with helium, insuffiation with argon does not cause an acidosis or hypercapnia, However,
in a study conducted on eight swine, systemic vascular resistance almost doubled and cardiac
index fell by 25% upon insu{{lation with argon to a pressure of 15mmHg (Fisenhauver ef o/,
1994). Tnsufflation to the same pressure with CO; or nitrogen did not causc a statistically
significant change in either systemic vascular resistance or cardiac index. The anthors

therefore concluded that argon is not physiologically inert.

A subsequent study, conducted on I8 adull swine that were randomised to insufflation with
CO;, helinn or argon and then placed consecutively in the supine, head up and head down
positions, was published in Archives of Surgery and appeared to confirn: that there was a
grealer increase in systemic vascular resistance and mean arterial pressure when
pneumoperitonenn was created with argon rather than CO; or helivm (Junghans er a/,
1997(a)). In the journal, Surgery, the same data from the same experiments appeared with
additional visceral flow data (Junghans ez al, 1997(b)). In this second article, the authors
reported that argon impaired portal venous and hepatic blood flow more than CO, or helinm
and that these effects were augmented by tilt and abdominal pressure. However, the authors
also stated that “the type of gas used had a major impact on neither cardiac output (p~0.45)
norsysteric vascular resistance (p—~0.7)” and that the “systemic vascular resistance was
directly related to intraabdominal pressure (p=0.06),” which contradicted the previous article!
On closer inspection, the primary endpoints differcd between the two papers for the same set
of experiments, the statistical analyses differed with parametric tests used in “Surgery” and

non-parametric tests in the article in “Archives of Surgery” and no results of the statistical
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analyses were quoted in the “Archives of Surgery” paper to justify the conclusion that argon

caused a greater increase in the systemic vascular resistance.

1.0.4 Temperature and humidity of the insufflated gas
Perioperative hypothermia is associated with increased oxygen requirements, cardiac
arthythmias, hypokalaemia, depletion of clotting factors and increased mortality (Besscll ef

al, 1995},

Insufflation with gas at room temperature was found to decrcase body temperature at a rate
of 0.3°C per 50 litres of CO,{Ott, 1991(a)). In a subsequent study by the same author, 40
patients were assigned to receive warmed CO, and cold CO,. Postoperative body temperature
was found to be within 0,1°C of preoperative values in the group of patients who received
warmed gas whereas body temperature in patients who received gas at room temperature was
0.3°C per 50 litres of CO, lower in the recovery room than preoperatively (Ott, 1991(b)).
However, the procedures performed during this investigation were different within and
between groups and patients were not randomised. A similar, but standardised experiment
using swine, lailed to record any difference between animals that received warm or cold gas
to maintain pnenmoperitonenm over a 3-hour period. One clinical study has recorded a
reduction in pain scores for up to three days postoperatively in a group randomly assigned to
receive warmed gas at a temperature of 31.8°C (Korell ef g/, 1996). However, the control
{carbon dioxide at 22.4°C) and study groups contained a mixture of diagnostic and
therapeutic gynaccological procedures and the pressure of (he pncumoeperitoneun was not

slandardiscd.

Tixamination of the thermodynamics revealed that the heat required raise the temperature of
CO; gas, flowing at 10 I/min, from 25°C to 37°C is 0.9W whercas the 1atent heat required to
humtdify the same stream of gas at 37°Cis 18W (Bessell ¢f @/, 1995). Cold, dry gas will cxerl

maximal effects on temperature in long, advanced procedures, especially if there is a
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significant gas leak. The impact on the stress response to laparoscopy remains unknown,

1.6.5 Gasless laparoscopy
Due to the inherent physiologicat disturbances of pnenmoperitoneum, abdominal wall
refractors have been developed to obviate the requirement for insufflation. One group from

Helsinki has assessed these devices in thwee randomised studies.

The first study (reported twice) compared the use of conventional pneumoperitoneum against
low pressure CQy insufflation (with the aid of an abdominal wall retractor) in 24 paticntls and

has already been discussed (cf. section 1.6.2)

The second study (also reported twice) comparcd the retractor without CO, insufflation
{gasless) against conventional cholecystectomy, As with the previous study, the retractor
group had better preservation of pulmonary function with no change in compliance or minute
ventilation requirements. The cardiovascular benefits for the gasless group were more
pronounced than in the previous study, with a lower increase in the heart rate ind no change
in mean arterial blood prossure. Intva-operative urinary output was preserved in the absence
of pneumoperitonenmn, and postoperative recovery time, drowsiness levels and vomiting were
reduced. However, the operative time was 23 minntes longer and no differences in pain
scores or analgesia requirements were achieved (Koivusalo ef of, 1996(a); Koivusalo ef al,

1998).

Analysis of the stress responsc demonstrated a reduction in the renin plasma activity in the
gasless group but found no difterence in adrenaline or noradrenaline levels. Surprisingly,
vasopressin concentrations were lower in the conventional group but this difference did not

reach statistical significance (Koivusalo et af, 1998).

A third study in which 30 patients were randomised to abdominal wall retractor or CO,
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pieumoperilonsum confivmed (hat the gasless approach conferred cardiovascular, tespiratory
and renal benelits (Koivusalo et of, 1997). ln addition, gastric mucosal pH and N-acetyl-bela-
D-giucosamine (NAG) excretion in the urine (an increase in NAG is deemed a marker of
proximal tub’ular damage of the kidney) were monitored. Gastric pH was found to decrease in
both groups during the procedure. Postoperatively, this resolved in the vetractor group but
persisted and worsened for three howrs in the insufflation group. N-acctyl-beta-D-
glucosamine rose in both groups but this increase was lower (75% vs 153%) and resolved

postoperatively within 180 minules in thc gasless group.

A Japanese group reported a randomised trial that contained 20 patients who underwent LC
with abdominal wall retractor or conventional pnewmnoperitonenm. There were no significant
changes in cardiac and respiratory function and no difference in effective renal plasma flow
or glomeruiar fiftration rate in the retractor group. In contrast, cardiac output, stroke volume,
gjection Gaction, pH, cffective renal plasma flow and glomerular filtration rate all fell
significantly and PaCO, rose significantly in the conventional group. The 11-6 response was
higher in the refractor group than the conventional group (48.2 £25.5 pg/ml vs 4.6 2.6
pe/mt respectively) but this did not reach statistical significance, probably due to the small

number of paticnts in the trial (Ninomiya ef a7, 1998).

Another study from Japan coniained seventeen female patients who underwent LC and were
randommised to CO, pneumoperitonenm at a pressure of 8mmHg or a gasless techmique. There
were no statistically significant differences in the ACTH aund cortisol responses between the
groups. However, the serwm 11-6 was significantly lower at 1 hour and 1 day post-
operatively, the IL-10 was lower on the first postoperative day and CRP was lower on days !
and 3 in the group who had CQO, pnewmaoperitoneom. fn addition, the postoperative decrease
i the lymphocyte count was greatest in the retractor group (Yoshida ef af, 1997). The resulls

are sumumarised in table 1.3.
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Sample and time

Prneumoperitoncum Retractor P valae
-6 1 hr past-op 6.64 £ 1,38 22,1 +7.38 0.004
®Pe/mh) 1 4oy post-op 104 £ 275 71.4 %3933 0.002
11-18 (pg/ml) 1 day post-op | 2.23£0.80 6,274 1.44 0.031
CRP 1 day post-op 0.94+0.26 3.92+1.12 0.027
!
mg/dl) 13 gays post-op 172043 6.8+ 1.44 0.012
wWCC 1 lr post-op 82.1+£36 62.2+4.0 0.027
% of preop A
levels 1 day post-op 100.1£39 829+27 0.008

Table 1.3. Results of a randomised trial of pneumopcritonemn versus abdominal wall

refractor for laparoscopic cholecystectomy (Yoshida et af, 1997). Results are expressed as

mean :+ standard deviation (SD). WCC — white cell count

Although the results of this study initially appcar to contradict the data reported by the group

from Helsinki, it is corroborated by laboratory evidence that was puoblished in the British

Journal of Surgery in 1995 (Watson ef al, 1995). Four groups of mice were randontised {o a

control anaesthetic, laparotomy, air laparoscopy or CO; laparascopy. Cytokine and

superoxide production by peritoncal macrophages, along with phagocylosis, were similar in

the groups assigned o control and CO, laparoscopy. Exposure of the peritonewm to air

whether by laparotomy or laparoscopy, resulted in high cytokine and superoxide levels and

resulted in impaired phagocytosis. A further experiment involved either a “sham” laparotomy

(abdominal incision without brcach of the peritonewn) or injection of endotoxin (at a

concentration found in air) during CO; laparoscopy. On this occasion, the “sham”

laparotomy had minimal effect on the macrophages but the endotoxin reproduced the

responses seen at air lapavascopy or laparotomy. They concluded that air contamination of

the peritoneal cavity resulted in an endotoxin induced systeinic response and that sterile CO,

pievented peritoneal contamination.
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Protection from the effect of endotoxin is not the only factor. Carbon dioxide canses
intraceliular acidification that blunts the capacity of peritoneal macrophages to produce
cytokines (West et al, 1997) and inpairs their ability to lyse tumour cells (Puttick e? «f,
1998), Paradoxically, the absence of CO, may be the cause of the relative increase in the

cytokine responsc to the gasless technique.

1.6.6 Placement and number of cannnlae

The “Awmerican” and “Trench” techniques of LC differ in position of the surgeon and
placement of cannulae (Figare 1.3). In the “Amecrican” tcchnique, popularised by Reddick
and QOlsen (Reddick & Olsen, 1989}, the surgeon stands to the left of the patient and two
10mum cansrolae ave inserted at the umbilicus and in ihe epigastiwn, while two Smmm
cannulae are placed under the costal margin. For the “French” techniqus, the patient is placed
in the Lloyd-Davis position and the sargeon stands between the legs. The cannulae are
mserted more caudal 10 the costal margin and the cpigastric cannula is inserted to the left of

midline (Kum ¢t af, 1996).
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Figure 1.3 Position of the cannulae and surgeon for laparoscopic cholecystectomy using the
“American” fechnique (a) or the “French” technique (b). The circle and the atow represent

the position and direction in which the surgeon stands (Kum ef af, 1996).
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In one study, 49 consecutive patients were randoinised to one of the two techaiques.
Postoperatively, pulmonary function at 6, 24 and 48 hours and visual analogue pain scores at
48 hours were significantly better in the “French” group. It was concluded that the increased
distance of the cannulae frant the costal margin imaproved pulmonacy function and reduced
pain. However, the placement of the cannulae in the “I'rench®” technigue resulted in a low-
angled approach that brought the instruments into contact with the bowel. This was
highlighted by an 1atrogenic diathermy injury to the intestine in one patient who was

withdrawn from the study (Kum ez al, 1996).

The significance of the location of cannulac was suggested as an important factor in a study
that compared pulmonary function after I.C, “major” laparoscopic gynaecological procedures
and “minor” laparoscopic gynaecological procedures in 30 women (Joris ef af, 1997).
Pulmonary function (FVC, FEV|, PEFR) were more impaired for two days postoperatively in
the 1.C group, whose cannulae were closer to the costal margin than in either of the
gynaecological groups. However, apatt from the obvious fact that the procedures differed,
the LC group required more cannulae (4 vs 3) and had a longer duration of
pneumoperitoneum (57 vs 35 vs 17mins). Opposite directions of ‘L'rendelenburg Lilt were
employed but if this had any influence, it would have further impaired pulmonary function
for the gynaecology patients who were placed in the head down position (cf. section 1.6.1). [t
is therefore likely that the number and placement of the cannulae under the costal margin,

restricted the ability to breath postoperatively.

1.6.7 Summary

Clinically, 1aparoscopic cholecystectomy has produced a revolution in patient care with a
reduction in wound size, posloperalive pain, respiratory compromise and time to convalesce,
Biochemically, the effect of the laparoscopic approach on the stress response is fascinating in
that there is a schism of the tissue mediated responses and the nevrally mediated responses,

which has not been seen during conventional surgery. The available cvidence suggests that
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insufflation sitimulates the neuroendocrine response to an extent that is similar to the
conventional surgical approach. In contrast though, the cvtokine, acute phase and immune
responses Lo surgery (which are dependent on the extent of fissuc trauma) are significantly

atneliorated.

Despite these improvements for cholecystectomy, review of the literature suggests that with
attention to detail, small changes in technique can further improve the clinical outcome. For
instance, as discussed eaclier, attention 1o the distortion of the biliary anatomy caused by
fundal traction of the gallbladder can reduce the rate of bile duct injury, a reduction in the
pressure of the pnenmoperitonewmn can translate into a reduction in pain (Wallace et af, 1997)
and attention 1o the degree of tilt of the operating table can reduce the deleterious

haemodynawmic effects of pneumoperitoneum (Gray ef af, 1997).

Althougl the wocars and cannulse that are used to gain access fo the peritoneal cavity are key
factors in this surgery, there are some aspects of their design that require funther study. While
the position of the cannulae has been addressed, the impact of a recuction in the size of the
cannulae has not been fully evaluated even though instruments of a smaller diameter are now
freely available. In addition, there are potentially serious, albeit rare, complications
associated with the process of gaining access to the peritoneal cavity that are directly

attributable to the trocars. These aspects will now be reviewed.

L.7 The infiuence of the diameter of the trocar on laparoscopic procedures

1.7.1 Diagnostic microlaparoscopy

Prospective reports appearcd in the 1990°s in which a 2mm laparoscope was utilised for
diagnostic procedures in a total of 82 patients. Diaguostic accuracy was confirmed
immediately with a 10-mm laparoscope (Faber & Coddington, 1997; Haeusler ¢t al, 1996;
Molloy, 1995), and led one group to conclude, “2mm microlaparoscopy vields sufficient

information to abandon the conventional 10mm technique” (Haeusler et af, 1996).
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Surprisingly, these were not the first reports. Examination of the gynaecological literature
reveals a repori of “needlescopic™ diagnostic laparoscopy and sterilisation published as early
as 1976 (Dingfelder & Brenuer, 1976)! These is also an early series of fifteen
“mipilaparoscopies” used to evaluate blunt abdominal frawma that suggesied potential for the

techmique within General Surgery (Sherwood ef af, 1980),

A study of 133 women undergoing diagnostic microlapavoscopy and 21 who received a
standard laparoscopy set out o prospectively compare the feasibility, pain scores and
analgesic requirements of the procedures. The authors reported that all procedures were
completed satisfactorily and that pain scores and analgesic consumption were lower in the
microlaparoscopy group (Kovacs ez al, 1998). There were several questions concerning
mcthodology that remained unanswered. The definition of a “satisfactorily” corapleted
procedure wus not stated and subsequent foJlow-up to confirm correct diaghosis was not
included. The study was not randomised “because the operator decided that
microlaparoscopy was safer,” leaving another surgeon who “was not converted to
microlaparoscopy” to pecform conventional procedures. Pain scores and analgesic
requirements were assessed and recorded by non-blinded nursing statf, rather than the
patients. Lowet volumes of CO, (and possibly lower pressure) were used for insufflation of
the peritonenm during microlaparoscopy, a factor known to reduce postoperative paio (cf.
section 1.6.2). Twenty-three patients were withdrawn from the study, as they required an
additional operative procedure and pain scores from 39 of the remaining 112 patients were

omitted without explanation. Overall, 46% were not included in the final analysis.

Another favourable prospective series of 320 gastroenterological patients undergoing
“minilaparoscopy” (1.9mm) with liver biopsy was recently reported. The biopsy failure rate
was only 2.8% and mostly dae to adhesions. Two complications occurted (0.6%) — one
patient with fulminunt hepatic failure bled from the abdominal wall and another had an

iatrogenic perforation of the transverse colon, which was sucecssfully managed




92

conservatively. All failures and complications occwrred in the first 40 procedures, prompting
the authors o suggest a learning curve phenomenon assoctated with this new approach

(Helmreich-Becker ¢f al, 1998).

Not all reports were favourable. Concern over image quality was raised by a study evaluating
the use of microlaparoscopy for the diagnosis ot right iliac fossa pain in 36 genoral surgical
patients (Mutier ef af, 1998). The diagnostic success rate of microlaparoscopy was only 58%,
with complete failure to visualise the appendix in 8% of procedures. Conversely, the
appendix visualisation rate was 100% using the 10min laparoscope among the same patients.
‘This cliscrepancy was altuibuted divectly to poor image quality and the authors coucluded that
technology had to improve funther before the technique could become a viable diagnostic
modality in general surgery. The impact of experience with the new instruments was not

considered,

1.7.2 Therapeutic microlaparoscopy

Despite misgivings within the general surgical community, smaller instruments were used to
perform choleeystectomy. The first paper in 1997, from Japan, reported a three-cannula
technique, performed on 20 conscoutive patients, that exclusively employed 2mm cannulae
(Watanabe et af, 1997). Despite a reduction in area of vision with the 2mm scope, the mean
duration of the procedures was 80 minutes, which was similar to the duration of' a
conventional laparoscopic cholocystectomy (CLC) performed by the authors, They reported
that “the 2nun incision had disappeared almost completely on the day of discharge™ and that
“analgesics were not required postoperatively.” As the cannulae were less costly, the authors
concluded that micro-laparoscopic cholecystectomy was cheaper than CLC, although no cost

analysis was included to support this claim.

A prospective group of 14 patients in Taiwan, selected for mini-laparoscopic

cholecystectomy, was compared rotrospectively with 31 patients undergoing CLC (Yuan ¢/
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al, 1997). Both groups were similar with respect to age, ASA status and sex distribution. The
authors reported faster resumption of diet, shorter hospital stay, lower analgesic consumption.
and a cosinetically superior result among the group treated with the mini-laparoscopic

technique (Table 1.4).

Mini-Laparoscopic Laparoscopic
Cholecystectomy | Cholecystectomy p value
g%’:;::;"" Time 60.8—97.8 63.9-80.0 i p>0.05
3;;:‘:3’“"“ of Diet 2342 5.8-102 p<0.05
Dy 12l7 | uee2s | pss
Eﬁ?{?ﬁ:ﬁf; usAge L .0.03-0.61 0.7-1.8 005

Table 1.4 95% confidence intervals reported by Yuau af ¢f, 1997, for a comparative study of mini-

laparoscopic cholecystectomy versus [aparoscopic cholecystectomy,

However, data for the conventional technique were relrospective, the definition and
derivation of analgesic “units” was omitted and no mention was made of how cosinesis was
measured or compared. The mini-laparoscopic technique was nnusuat in that while a 1 Tmm
cannula wis inserted at the mnbilicus, a 2mm laparoscope was used to visualise the
procedure from the epigastrium and the dissecting instruments were introduced at the
umbilicus. This method reduced the angle of vision and brought the operative instraments
closer to the small bowel. All of these factors could theorctically increase the likelihood of
tatrogenic visceral injury, although it was not reported in this series. It was also noted that
2mm instruments were not able to grasp a thickened gallbladder and that no instnnnents of
2mm diameter were available to facilitate exploration of the common duct. A learning curve
was also described with a reduction in operating times from 150 minuics for the first ¢asc to
less than one hour after 10 cases. IHowever, overall operative times were comparable for both

techniques.

A larger series of 60 patients was compared with matched patients who had a conventional
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laparoscopic procedure (Gagner & Garcia-Ruiz, [998). While mean operative times were
20% longer for the needlescopic group (98 vs 8 Linins), analgesia requirements wers 70%
lower (5 vs 17mg of “morphine equivaltents™). Forty-seven percent of patients in the
needlescopic group did not require any narcotics compared with 9% in the laparoscopic
group. Patients rated the scars on a 10 point score and judged the cosmetic resull superior
with the needlcscopic procedure (mean score of 1/10 vs 5/10). Despite these differences, the
mean hospital stay did not vary between the geoups (1.2 vs 1.3 days). The same paper also
described appendectomy, adrenalectomy, fundoplication, heinia repair and splenectomy, alt

utilising the new instiuments.

Two subsequent series reporis of “needlescopic” or “linc-calibre instrument”
cholecystectomies documented series of 5 and 20 patients. Both employed a 10mm
laparoscope at the umbilicus, one Smm cannula and two 2.5 to 3mm cannulae (Kimura 7 @/,
1998, Tauaka ef o, 1998). When compared with patients who underwent CLC, operative
times, complications, analgesic consumnplion and postoperalive stay were similar, Objective
assessment demonstrated that the total size of the wounds was 37.5mm vs 58.5mm and solely
on the grounds of cosmesis, the new technique was deemed superior (Kirnura e/ al, 1998). As
a result, it has become routine within the unit and the technique has spread to other surgical

units within Japan (Kimura, 1998).

In cowrespondence concerning the latter study, an American group reported another variation
on the technique that employed one 5inm caonula for the lapacoscope and two 2mm canaulae
for the instruments (Unger e/ af, 1998). With an experience of 35 consecutive paticats, the
mean operative time was 68.7 min (+/- SD 23.9 min) and the time to discharge, 1.16 days.
Morphine requirements were low (0.24mg/kg) and the cosmetic result was judged

“excellent” by the patients, Once again, asscssoaont of costesis was subjective.

A technique of micropuncture laparoscopic cholecystectomy (MPLC) has been used since
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December 1996 within the Leeds Institute for Minimally Invasive Therapy (JIMIT) (Davides
et al, 1997(b)). M utilises a 10mm nmbilical canuula for the laparoscope, because it is usually
necessary to retrieve the gallbladder through an equivalent size of wound, and three 3.3mm
cannulae for the instruments. The majority of the procedure is performed with the 10mm
laparoscope and a three-chip camera, ensuring optimal image quality. The 3mm laparoscope
is only required for clipping after the cystic duct and artery have been widely exposed and
subsequently during suturing of the umbilical fascia. The camera is routinely sterilised for all

laparoscopic procedures so there is no risk of contamination during changeover.

The initial scries of 25 patients was presented to the Joint Euro-Asian Congress of
Endoscopic Surgery, Istanbul, June, 1997 (Davides et o/, 1997(a)). The procedure was
completed successfully in all patients with no complications. The duration of surgery was 75
minutes (range 45-180), similar to the conventional laparoscopic technique routinely
performed at that time. One patient with conmmon duct stones detected at cholangiography
had a successlil micropuncture bile duct exploration. Sixteen patients wore discharged on the

day of surgery and the remainder left within 24 hours. Only eight required analgesia.

1.7.3 Inherent problems with smaller instruments

Several potential problems are apparent with sialler instrinmments, A reduction in the
diameter of the laparoscope reduces the angle of view, light transmission, aud image quality
(Gagner & Garcia-Ruiz, 1998; Haeusler ef af, 1996; Hunter, 1998; Molloy, 1995; Yuan ef i,
1997). Bhurring, sufficient to impair the view, can occur during cautery (Dingfelder &
Brenner, 1976, Watanabe ez al, 1997). If a {ibre-uptic system as opposed to the Hopkins’ rad
lens system is employed, clarity is further diminished by a “fly’s eye” elfcet (Molloy, 1995;
Mutter ef al, 1998). However, the fibre-optic laparoscope had a degree of inbuilt flexibilily
that a rod lens system does not (Dingfelder & Brenner, 1976; Molloy, 1995). In view of all
these problems, concern has been expressed over the use of microlaparoscopy as a diagnostic

modality (Mutter ef of, 1998).

L O Y
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The difficulties relating to image quality cau be overcome by using a 10mimn laparoscope.
However, a laparoscope with a smaller diameter will still be required {o visualise the critical
step of clip application to the cystic duct or artery because there are no clip applicators with a
diameter of less Smm that can be used to secure the eystic duct (the duct could be sutured or
lgated but this is technically more difficult and time consmning). Changes of laparoscope
for this manoeuvre can potentially incroasc the operative time and introduce opportunities fox
infection if non-sterile cameras are utilised (Gagner & Garcia-Ruiz, 1998; Kimura et o/,

1998),

A reduction in the diameter of the instrumcents to 2mm incrcasces flexibility and reduces the

size of “footprint” of the jaws upon the tissue, making retraction and dissection inore
difficult, especially in the presence of fibrosis or inflammation. There may also be a learning
curve for fine calibre instrurnents, A potential sofution is to employ 3mm instruments that
deform less during manipolation of the tissues and allow a larger grasping surface (Davides
et al, 1997(a); Gagner & Garcia-Ruiz, 1998; Kimura, 1998; Tanaka er a/, 1998; Yuan et ai,

1997).

In view of the above problems, there has been a degree of caution in the introdection of
smaller instrnments and calls for careful prospective stndies within specialist nnits (Berci,

1968, ITunter, 1998; Mar I'an & Chan, 1998; Svanvik, 1997)

1.8 The influence of the profile of the tip of the frocar on access to the peritoneal
cavity and jatrogenic injury

1.8.1 Complications of access

Review of the literature pertaining to laparoscopic procedures reveals uncorninon but

potentially life-threatening complications relating to access.

The establishment of primary access is the first stage of any laparoscopic procedure and is
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polentially the most dangerous. The most feared complications are inadvertent vascular and
visceral trauma, The frequency of visceral tranma is between 0.04% and 0.16% and when it
oceurs, has a reported mortality of 1.6% to 10% (Bonjer e/ af, 1997; Champault et af, 1996;
Copeland et al, 1983; Deziel ef af, 1993; Riedel ef ul, 1986; Schrenk ¢f al, 1996; Wheny ef
al,1996). Major vascular trauma has a incidence of 0,005 % fo 0.11% but mortality ranges
from 8.8% 1o 56% (Champault ef af, 1996; Dozicl ef «f, 1993; Hunney e/ af, 1995;
Hashizume ez af, 1997; Riedel ef af, 1986; Wherry ¢f af, 1996). Gas embolisin occurs when
carbon dioxide enters the venous system and causes profound cardiovascular collapse with
the classical triad of hypotension, asystole and cyanosis. The recorded incidence is 0.001% to
0.07% at induction of pneumoperitoneum, but it can also occwr during the procedure (Bonjer

et al, 1997; Hanney et al, 1995),

The less sericus problem of bleeding at the site of cannulation is more common with an
incidence of 0.2% to 0.46% and results in comversion to faparotomy in 5.7 to 11.3% of these
pattents (Champault ef o/, 1996; Hashizume et af, 1997). Most episodes settle spontancously
(Hashizume ef @/, 1997} or are controlled with siple measwres such suture ligation,
electrocoagnlation or tamponade with the batloon of a Foley catheter (Boswell ef a/, 1993;

Hashizume et of, 1997; Thowmas et of, 1996),

Incisional hernias are late complications, affecting 0.06% to 3.6% of cases and are mostly
associated with cannulae thal are 10mm or more in diameter, extension of the wound for
specimen retrieval, pre-existing hemias or postoperative infection (Azarin ef al, 1995,
Hashizume ef of, 1997, Mayol ef af, 1997; Plaus, 1993). While mast are asymptomatic or
simply cause discomfort, a potentially life-threatening Richter’s hernia can oceur (Azurin e
al, 1995; Plaus, 1993; McGinn et of, 1995). Sugpestions to minimise the risk include a Z-
inserlion lechnique for trocars (Mclzer ef af, 1993; Semmn, 1995), closwe of defects with 4
diameter 10mm or greater (Azurin ef o, 1995) and the use of trocars with conical tips

(Semm, 1995), The latter will be discussed separately.
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1.8.2. Access
1.8.2.1 Equipment overview — the trocar and cannula assembly
As described in section 1.1.1, trocars are used to facilitate placement of the cannulae, through

which the instruments for the operation are inserted. Trocars can be categorised by the profile

of the tip (Figure 1.4).

Figure 1.4a The profiles of the non-shielded trocar tips from left to right are blunt (Hasson),

blunted conical (pencil point), sharp conical and pyramidal. All come from the “YelloPort”™

range from Surgical Innovations. b) Enlarged view of the profiles of the tips of the trocars.

a) Pyramidal — This consists of a sharp point and three cutting edges that divide the tissue
of the abdominal wall to facilitate entry. This is the oldest design, used by Jacobeus in his
original description of laparoscopy in 1910 (Semm, 1995).

b) Conical — This tip is tapered and comes with either a sharp or blunt (pencil) point. The
tip punctures the abdominal wall and the conical profile stretches the tissue as the trocar
is advanced (Semm, 1995). A modification of this design is the “radially expanding
trocar,” popularised by Professor Lawrence Way of San Francisco. An expandable sheath
is inserted using a needle that is removed and replaced by a blunt plastic obturator to
dilate the wound to the required size (Bhoyrul et al, 1996).

¢) Blunt — This is principally employed for the open Hasson technique (cf. section 1.8.2.2)
and has a rounded, atraumatic end. It requires an initial incision in the fascia with a

scalpel before insertion.

Trocars are manufactured as disposable or reusable models. Disposable trocars, made from
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aluminium and plastic, are only used once, always have a sharp tip and do not require to be
sterilised. Reusable models must be sterilised before each use and as a result, are constructed
more robustly with stainless steel and reinforced plastic to withstand the extra handling. They
cost more per unit than the equivalent disposable trocar but cost less per procedure as they
are used for more than 100 cases. They require careful sterilisation to minimise the risk of

cross-contamination and must be sharpened regularly (Corson ef al, 1989; ECRI, 1998).

Since 1984, a “safety-shield” device has been incorporated into some trocars in an attempt to
minimise the risk of visceral injury. This is a spring-loaded cover that retracts on contact with

the abdominal wall and exposes the trocar tip (Figure 1.5).

Figure 1.5a Shielded trocars. The upper version has a central, retractable obturator, similar
to a Veress needle and the lower version has a shield that surrounds the blade.

Figure 1.5b Enlarged view of the trocars with the shields retracted to reveal the blades.

Once the tip of the trocar has penetrated the peritoneal cavity, the resistance of the abdominal
wall against the shield decreases and the spring mechanism pushes the shield over the sharp
tip of the trocar. The device locks so that the tip of the trocar cannot be exposed again while
it is in the abdomen. However, the so-called “safety-shield” has not prevented serious trocar
related injuries or even deaths (Bonjer ef al, 1997; Champault et a/, 1996; Dunn & Watson,
1992; Go et al, 1993; Hashizume et al, 1997; Semm, 1995). There is a delay between initial
penetration of the trocar tip and activation of the shield device as it has to overcome the

resistance of the peritoneum and abdominal wall and in practice does not activate until most
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of the {rocar tip is within the abdomen (Dunn & Watson, 1992; Scoun, 1995). Failure to
vealise this “often leads (o a false sense of security” and injury (Nathanson, 1995). In

America, the Food and Drog Administration has requested that all references to “safety” be

removed from shielded trocars due to the lack of evideuce of protection from injury (ECRI,

1998).

1.8.2.2 Methods overview — technigques of access

Methods of primary access can be broadly divided into two categorics:

a) Closed access involves the insertion of the Veress needle (Figure 1.1), usaally at the

umbilicus, with upward traction on the abdominal wall, to establish pneumoperitoneum,

followed by insertion of the primary trocar. This technique appears to predominate in
general clinical practice and is used for 60 to 80% of procedures (Borgotta ef al, 1990;
McMahon et @i, 1993(b); Wherry et al, 1996). Intraperitoneal placement is checked by

moving the needle to ensure that the tip is [ree, by injecting saline (which should run

without resistance) and the “drop” test where a drop of saline placed on the top of the
Voress needle should run into the abdomen on opening the gas tap and elevating the
abdominal wall. These tests however, are not infallible and do not exclude visceral
trawma (McKernan & Champion, 1995), When insufflation i3 initiated and the Veress
needle is correcily placed, the pressure reading on the insufflator is low and the rate of
flow of the gas is high. The converse situation of a high pressure and low flow rate
indicates that the tip of the needle is not within the peritoneal cavity or is lodged within
the viscera (Thomas ef af, 1996). An alternative closed approach employed by some
surgeons {mostly gynaecclogists) is insertion of the primary trocar without prior
nsulfation (Borgotia ef af, 1990; Copeland ef ¢f, 1983; Dingfelder, 1978; Jarrett, 1990,

Nezhat ¢f af, 1991). Subsequent cannulae are inscried under guidance of the laparoscope.

b} Open access {or the llasson technigue) requires a direct cut-down under vision at the

umbilicus, incision of the linca alba, followed hy incision of the peritonewn, ail under
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visual guidance. A blunt trocar and cannula ave inserted, the trocar is removed and
insufflation performed (FHasson, 1971). Subsequent cannulae are inserted uwnder guidance
of the Japaroscope. Numerous modifications of the original technique are in common use,
for example, blunt opening of the peritoneum with artery forceps, addition of an integral
thread to screw the cannula into position, sweeping a finger inside the peritoneal cavity to
check for adhesions or checking the position of the canunla prior to insufflation (Hurd &
Ohl, 1994; Thomas e af, 1996). Some surgeons employ open acceess routinely while
others adopt a selective approach, reserving it for patients who have undergone previous
abdominal surgery or in whom there is a greater risk of adhesions (McMahon et o/,

1993(b); McKeman & Champion, 1995; Thomas ef af, 1996).

1.8.3 Comparison of technigues of access

Considerable controversy exists in the litcrature over the retative merits of the techniques of
open and closed access. Most of the debate centres on the incidence of visceral and vascular
tramma. However, due 1o the inflrequent occurrence of these complications, it would require
an exceptionally large mulii-centre study to address the issne properly (Bonjer ez ai, 1997).
Data must therefore be gleaned from published series,

A prospective, consecutive series of laparoscopic cholecysiectomies was reported from the
MeGill University Teaching Hospitals, Toronto (Sigman ef ¢/, 1993). It contained 1,028
patients who had pneumoperitonewmn established by closed (n=781) or open access (n=247).
The closed access group contained three visceral injuries and one vascular injury (it was not
stated whether the Veress needle or the primary trocar was the canse of the injuries) while the
open access group had none. This difference was not statistically significant, Despite this,
practice in the unit changed dwing the study. Initially, the authors prefemed closed access,
believing that it shortened the duration of surgery. However, as individual surgeons
experienced complications related to access, they moved towards au open access technique.
Procedures in the open access group were faster (inean 72.6 min vs 81.4 mins, p<0.001) but

it is not possible to establish from the data whether the reduction in operative time was
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related to the method of access or accruing experience with LC. Other studies that have
specifically measured the time taken to establish access have shown that in experienced
hands, it is similar for both techniques, taking about 3% tao 5 minutes (mean) (Hurd & Ohl,

1994; Hurd et af. 1994),

A study from Spain prospectively followed 403 patients and reported a higher incidence of
incistonal bernias with a closed technique of access (6/203) than an open technique (0/200).
However, all of these hernias occurred in patients whose fascial wound at the umbilicus was
widened for specimen retrieval. No differences in wound infection, haematoma or visceral
injury rates were detected between the iechniques (Mayol ez o/, 1997). In another study, the
inctdence of hernias at the primary site of accoss was similar whether open or closed access

techniques were employed (Azurin ez af, 1995).

A group int the Netherlands perforined a review of the literature and identified papers with a
collective total of 489,335 patients who had pnevmoperitonenn established by a closcd
access technique and 12,444 who had open access. In addition, the authors analysed data
from their own institution for closed and open access on 1,293 and 438 patients respectively

(Bonjer ¢r al, 1997),

In the literature, 404 visceral injuries (0.083%) and 368 (0.075%) vascular injuries occurred
with closed access. Gas embolism occured in 0.001% of patients. Among the open access
group, viscerat injury was recorded in only one study, giving a rate of 0.048%. There were 1o
records of vascular injuries or gas embolism. In the serics of procedures reported by the
authors, there was one vascular and three visceral injuries among the closed group and none
among tle open group. It was concluded, using a Pearson y° analysis, that there was no
difference in visceral injury rates but that open access prevented vascular injuries and gas

embalism (Bonjer ef af, 1997).
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The patients included in this study, both in the literature review aud the casc series, were not
randornised. Some surgeons adopt a selective policy to open / closed access and select open
access for patients who have had previous luparotomies or have known adhesions. The data
within this study did not take account of this selection bias. As a result, the paticnts were not
matched and it is possible that the open group may have contained a population who were at

high risk of visceral injury whichever technique was nsed.

In addition, most of the series that were examined were retrospective and therefore subject to
under-teporting of coraplications. While no vascunlar injuries resulting from the Hasson
technique were noted in the review, the data only support a conclusion that the Hasson
technique may reduce vascular injury. The claim that the techmigne “prevents” vascular
injury is ill fouaded as injuries to the aorta and a common iliac vessel during open access,
previously reported in an audit performed for the US Depactment ol Delence and in a review
of medicolegal claims in Australia, were not included in this review (Hannay ef af, 1995,
Wherry ef af, 1996). Furlhermore, while injuries may be avoided during primary access, care
must be exercised to prevent major vascular injuries during subsequent trocar insertions

(Rashizume ef al, 1997).

With closed access, the Veress needle is often cited as the culprit but often, it is the primary
trocar to blame, The literatmae roview just discussed, identified the Veress needle as the
culprit for 40% of visceral injuries. However, this figire is subject to the accuracy of the
original articles that were collected from the literature for this review and the fact that the
review was not exhaustive (Bonjer ef o, 1997). In support of this figure though, a review of
patients who sustained tatrogenic injuries while under the care of the Study Group of
Endoscopic Surgery in Kyushu, Japan, suggested that the trocer was the cause of injury in

70% of vascular injuries and 100% of visceral injuries (Hashizume ¢z al, 1997).

The tendency for gas leak after open access which can occur in up to 14% of cases, with
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subsequent difficulty in maintaining pneumoperitonewn, is a factor in the favour of the
closcd approach, which ensures a tight seal aronnd the canunla (Hurd et a/, 1994; Thomas ef

al, 1996).

1.8.4 Anatomical considerations during access

Even among proponents of the closed technique, there is contention over the angle of
insertion of the Veress needle and the optiinal method for insertion of the primary trocar.
Kurt Scmm strongly advocates perpendicular placement as the best method of avoiding aortic
mjuries, despitc the fact that the umbilicus classically overlies the aortic bifurcation. He
argues that angled insertion {urns the Veress needie into “an optimal slitting instrument™
(Semm, 1995). However, the dangers of perpendicular placement were highlighted during the
1970’s in a report of two cases of aortic tramma in thin women. Both injuries were directly

posterior to the wnbilicus (McDonald er af, 1978),

In the last decade, a group from Michigan, USA examined this question with measurements
derived from ahdominal CT scans aud Magnetic Resonance Imaging (Hurd ef af, 1991; Hurd
et al, 1992). In non-obese women (normal body mass index), the umbilicus was a mean of
6cin direetly anterior to the bifurcation of the aorta and slightly cephalad to the comnion iliac
vein. In obese patients (Body Mass Index over 35kg/m?), it was situated 2.9cm caudal and
13cm anterior to the aortic bifurcation but was directly anterior to the conmunon iliac vein, In
practice, this mcans that a needle directed at an angle of 90° to the abdominal wall in thin
women, is aitned directly at the aortic bifurcation. In obese patients, the commnon iliac veiu is
in the path of the needle but is further away from the wnbilicus due to the presence of fat in
the abdominal wall and the mesentery. The authors therefore recommended an angle of
ingertion of 45° for thin women but an almost perpendicular technique in obese women, to
reduce the instance of insufflation of the thicker pre-peritoneal plane (1Iurd ¢/ of, 1991; Hurd
et af, 1992). However, pre-peritoneal insufTlation with carbon dioxide gas is much less

serious than a major vascular injury. Angled insertion of the Veress needie, aiming away

i ——— e e i s
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from the vessels into a “triangle of safety,” is employed in the Leeds Institute for Minimally

Invasive Therapy (LIMIT) (Figure 1.6).

In an attempt to combine the benefits of closed access with direct vision, a number of devices
have been introduced that allow the laparoscope to be placed within the trocar during
insertion. So far, they have failed to find widespread acceptance, they have a learning curve

and do not prevent visceral trauma (Melzer et al, 1993; Schaller et al, 1995).

Figure 1.6 The “triangles of safety.”

)
-

Trocars inserted obliquely from the
umbilicus into the white areas of the
diagram (arrowed) will avoid the major

retro-peritoneal vascular structures.

It has been suggested that high force during the insertion of trocars will result in higher rates
of visceral injury (Corson et al, 1989; Nezhat et al, 1991). Presumed mechanisms include
deeper inward deflection of the abdominal wall and the “overshoot” phenomenon.
“Overshoot” (when the trocar suddenly thrusts forward) is a result of the physiological time
lag between the surgeon sensing loss of resistance from the abdominal wall as it is breached,
and the release of pressure on the handle of the trocar. If deeper inward deflection of the
abdomen has occurred as a result of a high force of insertion, the tip of the trocar will be

closer to the underlying viscera or retroperitoneal structures and may cause injury.

To counteract “overshoot” and the inward deflection of the abdominal wall, Dr Harry Reich
of New Rochelle, NY, USA, has proposed a high-pressure, two-handed technique for trocar
insertion (Reich, 1995). The abdomen is insufflated to 25mmHg with carbon dioxide. The

trocar and cannula assembly is taken in two hands, with the palm of the right hand on the
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handle of the trocar and the lelt hand on the canmula handle. The tip of the trocar is engaged
wilh the linea alba, just below the wnbilicus, at 90° and pressure is applied to the trocar
handle. During insertion, the trocar is tilied by approximately 30° and the wrist of the right
hand is rotated by 90°in one thrusting rmuotion. The left hand acts as a resteaint to prevent a
sudden “overshoot™ of the frocar tip as it perforates the peritoneum and the high intra-
abdominal pressure reduces the amount of inward detlection of the abdominal wall.
Theoretically this should keep the tip of the frocar away from the underlying viscera and
vasculature and the manocuvre to angle the trocar during insertion should direct it away from
major blood vessels into a “triangle of safety™ (Figure 1.6). Once the primary trocar is in the

abdomen, the pressute of the pnenmoperitoneui is reduced to 15munHg or fess,

1.8,5 'Theorctical advantages relating to the profile of the trocar fip

Proponents of the pyramidal tip insist that it requives the least force to facilitate entry and
therefore gives optimal control of the manoesuvre. They also advocate that optimal sharpness
is essential, as any blunting of the trocar will increase the force of entry and the likelihood of
visceral damage (Corson ef al, 1989; Nexzhat et af, 1991). In one study, reusablc but regutarly
and professionally sharpened trocars (n=50) were compared with disposable trocars (n=50).
The peak force generated during insertion of the reusable frocars was double that of the
disposable devices (inean, 14.55 + 6.46 (SD) 1b vs 7.14 £ 5.35 (8D) Ib respectively,
p<0.001}). The authors concluded that the lower force transtated into greater control of the
trocar during the pracess of insertion and that female surgeons would benefit from
disposable, pytamidal trocars because they did not have the same upper body strength as men
(Corson ef al, 1989)t While there was little doubt that there was a difference in the amount
force required for each of the two systems, there were no data to support the claim that this

resuited in greater control during the process of insertion and less visceral damage.

For many years, Professor Kurt Senun of Kiel, Germany, has proposed the use of conical

trocars. He has argued that the conical trocar only stretches the tissue, allowing it to return to
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its normal configuration once the cannula is removed at the end of the procedure. As it does
not cut the wound up to the size of the cannula, there should be less tissuc injury, a tighter
seal and a reduction in hernia formation. In addition, the conical trocar should deflect vessels
in the abdominal walf, which would otherwise be sliced if contacted by a blade on the
pyramidal trocar, Even if the sharp tip of a conical trogar fimpinges a blood vessel of the
abdominal wall, it should only puncture it rather than divide it, theoretically simplifying

haemostasis (Semaz, 1995).

1.8.6 Laboratory evidence for the influence of {rocar tip profiles on weund
characteristics

Laboratory data to endorse these opinions are scarce.

A group from Michigan, USA set up a model using the mesenteric vessels of rabbits (Hurd ¢/
al, 1995). Using u Jiy, pyramidal and conical trocars, Smm and 10mm diameter, were aimed
at the vessels. The Smm trocars were aimed at the centye of the vessels, then lmm and 2mumn
from the centre. Similarly, the 10mm wocars were aimed at the centre and then at fiym
increments up to Smm from the centre point of the vesscl.

When ihe 5nun conical trocar was aimed directly at the centre of the vessels, there was an
88% rate of injury. However, when the trocar came tnfo contact with the vessels at cither
Imm or 2mm from the centre, none of the vessels were injured. When a Smm pyramidal
frocar was used, injury rates of 100%, 88% and 62% were noted when the initial point of
contact of the frocar was 0, 1 and 2mm from the centre of the vessels, respectively.
Introduction of the 10mm pyrantidal trocar caused a 100% injury rate at tmm to 3mm from
the ceutre of the vessels and rates ot 80% and 40% at 4 and 5mm firom the centre. Whilst
rabbit vessels may be more delicate than human vessels, it was claimed that the profile of
conical trocars pushed the vessels aside while pyramidal trocars sliced through tissue within
their path. An increase in the diameter of the pyramidat trocar also increased the rate of

injury of the vesscl.
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Evaluation of a new radially dilating access system (fnnerDyne Medical Inc, Sunnyvale,
Califormia, USA) by the team headed by Professor Lawrence Way in San Francisco
confirtred some of the theoretical advantages of a dilating system (Bhoyrul ¢/ al, 1996).
Comparison with conveational pyramidat trocars in anaesthetised pigs confirmed a different
wound pattern and a lower incidence of bleeding. The cutting trocars caused a steliute wound
and bleeding in 21% of trocar sites. The expandable device caused only a slit-like defect that
ran in the divection of the muscle fibres, was smaller and was not associated with bleeding,

QOverall, the defects were 52% smaller than those created by the pyramidal trocar.

A study from Germany has also confirmed that less force is required to insert pyramidal
trocars than conical tracars (Béhm ef /, 1998). A series of 10min reusable and disposable
trocar tips (n=19) were selected and divided into six categories, defined by the profile and the
angle of the taper of the tip. Two categories included conical trocars with “blunt” (angle of
tip, 30°-45°, group 1) or “sharp” (angle of tp, 18°-30°, group 2) profiles and unother two,
pyratidal trocars with “blunt” (angle of iip 25°-35°, group 5) or “sharp” (angle of tip, 18°-
25°, group 6) profiles. The two remaining catcgorics (groups 3 and 4) contained six different
trocars that were speciatly manufactured for the study. These trocars had a range of conicat
profiles with different angles of taper, but the extren:xc tip on each was ground into a sharp,
pyramidal shape that was 5 to JOumun in length (group 3) or 12 10 15mn in length (geoup 4).
All trocars were inserted into the abdominal wall of anaesthetised swine and the force of
entry, removal force and wound sizes were all recorded, with four measuremenis made for

each trocar. The results are shown in table 1.5.

Pyramidal frocars required the least mean force of insertion (p<0.001), were removed most
easily (p<0.01) and created a wound the same diameter as the trocar. Conical trocars on the
other hand, required a higher mean force of insertion, were more difficult to remove and
created a smaller defect. The highest mean removal force though was recorded in group 3,
one of the groups of specially prepared trocars with a combination of conical and pyrarmidal

profiles. The conclusion was that a low iusertion force cannot be combined with a high
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removal force by simply changing the profile of the trocar tip and that no tip was optimal.

Overall, the anthors suggested, “that some kind of conical shaped {rocar should be preferred.™

Group - ¥Entry foxce Removal force Wound size |
{(Newtans) (Newtons) {n1at)
1 820+153 68413 85£09 |
“—2——" o ’538;: 243 T6+£24 7.8+0.6
3 542+ 78 9.1+28 75+18
4 292+ 13.6 84126 9125 |
5 234 ﬂ: 2'? - 6.6x2.1 10.1+0.6
6 | 2942107 4.7%05 102+ 0.3

‘Table 1.5 Entry force, removal force and size of abdominal wound in relation to different
profiles of trocar tips (Bohm e/ @/, 1998). For explanation of the groups, see the preceding

paragraph.

The concept of the study was good but its execution lacked uniformity. Although each
category contained sitmitar profites of trocar tips, the categories were not uniform as there

were subtle intra-group differences in the angle or length of the tip. Ideally, each individual

rocar should have been compared so that the effect of changing the angle of taper could have

been assessed more accurately. Further breakdown of the results for the specially prepared
trocars (gronps 3 aud 4) would have been an interesting attempt to explain why the entry
force was less than for conical trocars vet the removal force was much higher. In fact, the
results from groups 4 would appear to contradict the conclusion that a low insertion force
cannot be combined with a high removal force by simply changing the profile of the trocar

tip (Table 1.5).

During the discussion of this study, the theoretical relationship between increased force for
insertion and higher rates of injury was mentioned. However, no data were collected during
the study to examine if and by how much, the higher force of insertion for conical trocars

trauslated into less control, preater displacement of the abdominal wall and deeper

i b i e snraied e wihdi s &
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penetration of the peritoneal cavity by the tip of the {rocar.

1.8.7 Clinical studies of different trocar tip profiles
Clinical data concerning the mexits of pyramidal and conical trocars are sven sparser than

laboraiory data.

One clinical but non-randomised series compared pyramidal and blunt trocars for closed
primary access in 2,457 laparoscopies. There were no complications among 1,889
laparoscopies that were performed with the blunted conical trocar and one perforation of the
intestine from 568 insertions of the pyramidal trocar (Tews ef af, 1921). The authors
concluded that the blunted trocar was safer. However, the fact that no mention was made of
any minor complications (e.g. wound haematomas) suggests that follow-up and data.
collection were less than rigorous. Furthermore, the data presented in the paper do not
support the conclusion that the blunted trocar was safer. When subjected to statistical
analysis, the difference in the rate of bowel injury between the two groups was not

statistically significant (p=0.231, Fishcr’s exact tost).

Tn a survey of 103,852 operations in I'rance, there were 131 episodes of haemorrhage from
the abdominal wall. Although pyramidal trocars were implicated in 104 cases and conical
trocars in the rematning 27 instances, no conclusions can be drawn from these figures. There
was no mention of the total numbers of pyramidal and conical trocars that were used, which
means that the frequency of these episodes cannot be calculated or compared (Champault e/

al, 1996).

A small, non-randomised trial (n=19 patients) was perfotmed in which the InmerDyne
radially expanding access system {(IonciDyne Medical Inc, Sunnyvale, CA, USA) was
compared with size-matched, disposable, shielded, pyramidal trocars in patients who

nnderwent a variety of gynaecological procedures. The radially expanding access system was
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alternated belween. the right and left sides of the abdomen in consecntive paticnts and size-
matched, pyramidal trocars were placed in the contratateral side. The women, who were
unaware of the orientation of the trocars, were followed for one month and were asked to rate
the severity of pam in each wound. Consistently, after one day, one week and one month, the
side on which the radially expanding device had been used was associated with less pain
(P<0.001). There were five complications in the series, all related to the pyramidal trocar,
which just reached statistical sipnificance (p=0.046). These included bleeding (n=2) and

cannula slippage with loss of pnewmoperitonenm (n=3) (Turner, 1996).

1.9 Summary of aspects of trocar and cannula design that require further study

1.9.1 Diameter

Recently, the use of small diameter trocars and instruments (3.3mm or less) has been
described for laparoscopic cholecystectomy. Data from case sertes and cohort strdies have
lent credence to suggestions that smaller wounds may result in up to 70% less pain and

analgesic consumption, a faster recovery and virtually invisible wounds (cf. section 1.7.2).

However, a reduction in the diameter of the laparoscope reduces the image quality and the
consequent reduction in the diameter ol ihe instruments increases flexibility and makes
retraction and dissection more difficult, especially in the presence of fibrosis or
inflammation. There may also be a learning curve associated with smaller instruments (cf,

section 1.7.3).

As atesult, there is uncertainty over the clinical benefits of laparascopic cholecystectomy
with sinall mstrurnents and calls for randomised controlled trials in specialist units {(Berci,
1998; Hunter, 1998; Mar Fan & Chan, 1998; Svanvik, 1997). No data are available about the

impact on the stress response, il any, of the smaller trocar and cannula systems.
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1.9.2 Profile

Some authors argue that increased force during the insertion process will result in higher
rates of visceral injury (Bohin et al, 1998; Corson ef al, 1989; Nezhat ef o, 1991). Presumed
mechanisms include deeper inward deflection of the abdominal wall and the “overshoot”

phenomenon (cf section 1.8.4).

While it has been shown that trocars with a conical profile require more force to traverse the
abdominal wall, the assumption that this transiates to a higher rate of visceral or vascular
mjury has not been proven. In fact, there is some evidence that injury is less likely, less
serious and smealler with a conical trocar than a pyramidal trocar (cf. scction 1.8.6). The
evidence also alludes to a lower rate of injury with trocars of a smaller diameter (Hurd e? &/,
1995). Whether the findings of these studies can be applied to bowel or major vessels is not
known. Since bowel and major vascular injuries cause the most sertous morbidity and

mortality, this is an important omission in the literature that requires further study,

1.10 Hypotheses and Aims

1.10.1 The trauma of aceess in Minimally Invasive Surgery can be reduced through
the use of thinner instruments

As discussed ewlier, the advantages of laparoscopic cholecystectomy over open
cholecystectomy are now well established. These include lower release of cytokines, less
impairmeni of cell-mediated immunity, less pain, beiter pulmonary funciion, faster
postoperative recovery, fewer complications and improved cosmetic appearance. Data from
case series and cohort studies suggest that a finther reduction in the size of the wounds

could result in greater patient comfort and a faster postoperative recovery,

The effect of the use of thinner ingtruments will be investigated in a randomised controlled
trial of conventional laparoscopic cholecystectomy (performed with two 10mm and two

5.5mm cannulac) and micropuncture cholecystectomy (performed with on 10mm and three




113

3.5mm cannulac). The aims of the study are to compare patient recovery, the stross

response to surgery and the relative difficulty of the two procedures. These objectives will

be achieved by measurement of:-

1.

2.

abdomen n Minimally Yavasive Surgery, can be influcnced by the choice of profile of

Visual analogue pain scores.

Analgesic requirements.

The presence of nausea and vomiting.

Pulmonary function as measured by peak expiratory flow rate (PEFR), forced vital
capacity (FVC) and forced expiratory volune in the first second (FEV)).

Quality of life, using the EuroQol EQ-5D assessment tool.

Postoperative fonction of the patients.

The responses of interteukin-6, adrenocorticotropic hormone and vasopressin over
the first 24 hows after induction of anaesthesia.

Total operative times and times taken to perfonn cach step of a cholecyslectomy.

1.10.2 Iatrogenic visceral injury, sustained during the process of gaining access to (he

the trocar tip

In the literature, it has been established that conical trocars require a higher force of entry

but cause smaller wounds and are less likely to injure small vessels that they encounter

during the process of insertion. Cutting trocars slice through fissue, create a wound of the

same diameter and are more likely to injure small blood vessels. However, it has been

assumed from these data by some authors that the bigher foree tequired 1o insert a conical

or blunt trocar results in deeper incursion into the abdominal cavity and higher rates of

visceral or vascular injury, while other authors have suggested that conical trocars may

push aside viscera upon contact and are less likely to cause major vascular tranma. There

are no data to support these asswmptions.
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The influence of the profile of the tip of the trocar on the depth of penetration of the
abdomen during the process of insertion will be studied in-vitro, nsing an abdominal wall
simulator designed for the experiment, The aim is to compare the distance of travel of the h
tip of pyramidal, sharp conical and blunt conical trocars when:-

1. The tip of the trocar initially penetrates the peritoneum.

2. The leading edge of the cammula is first observed to breach the peritoneum.

3. The entire cannula has penetrated the peritoneum,

In the subsequent experiments, the influence of the profile of the tip of the frocar on the rate
and severity of bowel and aortic injury will be examined in-vitro, using models designed
for the experiments. The aims of these studies will be to compare:-
1. The incidence of deflection and injury.

2. The size and shape of the injuries.
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CHAPTER 2

THE IMPACT ON POSTOPERATIVE OUTCOME AND THE SURGICAL STRESS
RESPONSE OF A REDUCTION IN THE DIAMETER OF THE TROCARS,
CANNULAE AND INSTRUMENTS.

A RANDOMISED COMPARISON OF CONVENTIONAL LAPAROSCOPIC AND

MICROPUNCTURE LAPAROSCOPIC CHOLECYSTECTOMY.

2.1 Introduction

Recently, the nse of trocars, cannnlae and msttwments with a diaweter of 3.3vm or less has
been described for laparoscopic cholecystectomy. Although data from case series and cohort
studies have tent credence to suggestions that smaller wounds may result in Jess pain and
analgesic consumption, a faster recovery and virtually invisible wounds, uncertainties over
the feasibility and benefits of such surgery remain (¢F, section 1.7), As the technique of
micropuncture laparoscopic cholecystectomy (MPIL.C) has been used within the Leeds
Ingtitute for Minimally Invasive Therapy since 1996, it was decided to conduct a randomised

trial to compare it with conventional laparoscopic cholecystectomy.

2.2 Hypothesis and aims
2.2.1 Hypothesis
The trautna of access in Minimally Invasive Surgery can be reduced through the use of

thinner instruments

2.2.2 Aims

The effect of the use of thinner instrumenis will be investigated in a randomised controlled
trial of conventional laparoscopic cholecystectomy {performed with two 10mm and two
3.5 canmilae) and mwicropuncture cholecystectomy (pertformed with on 10mm and three
3.5mmmn cannulae). The aims of the study are to compate palient recovery, the stress response

to surgery and the relative difficulty of the two procedures,
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2.3 Methods

2.3.1 Operative procedures

2.3.1.1 Conventional laparescopic cholecystectomy : The Leeds technigue

Under general anaesthesia and with the patient in the supine position, pneuwrnoperitoneum
was established using the Veress needle. A 10mm cannula was inserted at the umbilicus and
general laparoscopy was performed. The yemaining three cannulac were inserted as per the
Reddick-Olsen technique (Figure 2.1} with one cannula of 10mm diameter in the epigastrinm
and a fucther two 5.5mm cannulae in the right upper quadrant {Reddick & Olsen, 1989). All
cannula sites were pre-swptively infiltrated with a total of 20 mls of 0.5% plain bupivicaine.
The pressure was reduced from 15mmHg (o 7ounHp once (he cannulae had been inserted.

Conical trocars were used throughout the study.

A Diamond-Flex™ retractor (Snowden Pencer, Tucker, GA, USA) was placed through the
lateral canmala to retract the liver and facilitate dissection of Calot’s triangle. These retractors
have a blunt profile and can be placed under the liver without causing trauma (Figures 2.2
and 2.3). They avoid the distortion of Calot’s triangle caused by fundal traction and facilitate
opening of the angle between the cystic duct and bile duct (M°lntyre e o/, 1996). In the

presence of severe mflatmation, they facilitate a findus-first dissection (Martin et o/, 1995).

~

(%7} o
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Smm ’
i - f

N

Figuare 2.1 Position of the cannulae for conventional laparoscapic cholecystectomy.
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Dissection was commenced at Calot’s triangle and a window equating to 50% of the
gallbladder length was created to identify the cystic duct and artery and any anomalous,
anatomical features. Routine intraoperative cholangiography was used (Martin et al, 1992).

Images were produced by fluoroscopy and printed as a permanent record (Figure 2.3).

The gallbladder was placed in an impervious bag (Cook, Bloomington, IN, USA) for
retrieval through the umbilical cannulation site and a 3mm silicone drain (Osteotec Ltd,
Christchurch, Dorset, UK) was inserted via the lateral subcostal cannula site. The fascial
defect at the umbilicus was closed with ‘0’ calibre polydioxanone sutures (PDS, Ethicon,
Edinburgh, West Lothian, UK), inserted by an Endoclaw device (Surgical Innovations,
Leeds, West Yorkshire, UK) under direct vision. The skin was closed with 4/0 subcuticular

sutures. All wounds were dressed with opaque dressings (Op-site, Smith and Nephew

Medical Limited, Hull, UK).

Figure 2.2 A 5mm Diamond-
Flex™ retractor, placed under the

liver

Figure 2.3 An intraoperative
cholangiogram taken during CLC. The
liver retractor can be seen clearly (solid
arrow). In this film, a second retractor
(outline arrow) is retracting the

omentum that was obscuring the view

of Calot’s triangle.
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2.3.1.2 Micropuncture laparoscopic cholecystectomy

The technique described above was modified by using three, 3.3mm cannulae (with conical
trocars) subcostally and in the epigastrium (Figure 2.4). The liver was retracted with a 3mm
Diamond-Flex™ retractor (Snowden Pencer, Tucker, GA, USA). Cholangiography was
performed after securing a catheter in the cystic duct with a grasping clamp (Surgical
Innovations, Leeds, West Yorkshire, UK), inserted through the epigastric cannula (Figure
2.5). The cystic duct and artery were clipped with a 10mm clip applicator, placed through the
umbilical cannula and guided by a 3mm laparoscope in the epigastric cannula (Expanded

Optics, Barnet, Hertfordshire, England).

Figure 2.4 Position of the cannulae
for the Micropuncture technique.
Note that all three sub-costal

! cannulae are the same diameter.

Figure 2.5 An intraoperative cholangiogram obtained during MPLC. The catheter is secured

within the cystic duct by the grasper (arrow).
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2.3.2 Inclusion and exclusion criteria

Patienis with an American Socicty of Anesthesiologists Physical status score (ASA) of 1 or 2
(cf. appendix 1) and kisted for cholecystectomy were considered. Patients with evidence of
choledocholithiasis, acute cholecystitis, previous abdominal surgery or who were consuming
regular opiate analgesia, were excluded. Patients with an ASA status of 3 or higher (cf.

appendix 1) were excluded to crable standardisation of anaesthesia.

2.3.3 Randomisation
A randomisation list was generated by The North Yorkshire Clinical Trials Unit with
separate stratification for consultant and traince, Patients were randomised at the time of

induction of anaesthesia.

2.3.4 Anaesthesia and analgesia

The anaesthetists who regularly provide cover for the elective operating lists agreed a
standardised protocol of anaesthesia (cf. appendix 1), Intraoperatively, all cannula silcs wore
pre~emptively infiltrated with a total of 20 mls of 0.5% plain bupivicaine and each patient
received a diclofenac supposttory (100me) and 5mg of intravenous diamorphine.
Postoperatively, all paticnts were prescribed co-codamol 30/500 as required for pain amd
cyclizine 50mg as required for nausea. If the oral medication was inadequate, patients could
request 10mg of intramuscular morphine from a nurse, who was blinded to the procedure.
Analgesic and anti-emetic requirements were recorded on the hospital drog administcation
chart and alter discharge, patients recorded their consumption of analgesia on a pain score
sheet (cf. appendix 2). Three patients preferred “weaker”, non-prescriplion opiate analgesia
at home. To accommodate this, opiates were converted into morphine equivalents using
standard published values (Table 2.1, Twycross ef o/, 1998). The prescuce of nausea and

vomiting was also recorded (cf. appendix 2).
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Opiate Morphine equivalent
Diamorphine Smg 10mg

Codeine 30mg 3mg

Dihydrocodeine 30mg 3mg
Dextropropoxyphene 32.5mg 1.5mg

Table 2.1 Morphine equivalents for opiate analgesia {(values from Twycross et al 1998),

2.3.5 Operative time

The total time for the procedure was recorded, from skin incision to skin ciosure, In addition,

the procedurc was sub-divided and when the surgeon completed each step, the circulating

nurse recorded the thme. These steps were:-

1. lime to establish pneumoperitoneum and insert four cannulac.

2. Time to complete the dissection of Calol’s (riangle (1.e. to open u “window” eqguivalent (o
50% of the length of the gallbladder} and to corvectly identify the anatomy.

3. Time to successtully complete cholangiography. It cholangiography was unsuccessful,
the time this step was abandoned was recorded.

4, Time from the completion of cholangiography, to clip application and division of the

cystic duct.

o

Time to remove the remaining attachments of the gallbladder from the hver,

6. Time to msert the speciinen refricval bag and place the galibladder within it.

2,3.6 Pain scores

Pain is a highly personal and subjective experience that is difficult to guantify objectively. 1
is inflnenced by previous expericnce, cthnicity, affoct and anxiety. The fact that so many
systems have been developed to facilitate comparative measurement for clinical and rescarch
purposes speaks volumes to their limitations. However, there are specific clinical setlings
where one systern will have an advantage over another. Common categories of scoring

systemns are:
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a) Visual analogue pain scale (VAPS) — This system employs an unmarked 10cm line,
labelled at cither end with the extremes of “no pain™ and “worst pain” (Collins ef o/, 1997,
Scott & Huskisson, 1976). Patients have to place one mark, to record cuurent pain intensity

and this is measured from the left side, in millithetres (Fignie 2.0).

The advantages of this system are that is easy to vse, provides au tnfinite number of
responses without resirictive subcatogories and has been shown to be reproducible
{Choiniére & Amsel, 1996; Scott & Huskisson, 1976), Older patients may find it morc
difficult to use (Kremer ef af, 1981; Jensen et a/, 1986) but this can be circumvented when
instructions are implicit or supervision is available (Choiniére & Amsel, 1996). Potential
disadvantage are that verbal respouses are not possible in the clinical setting, care must be
exercised during production of the VAPS (photocopies can alter the length of the baseline)
and errors can occur during measureinent of the response (Jensen ef o, 1986). It is therefore

used primarily as a research tool rather than a clinical aid to pain management.

No pain ﬁ Worst pain

A
/

38mm

Figure 2.6 Example of a completed Visual Analogue Pain Scale. The mark represents a

score of 38.

b) Numerical scales — These are systems with anchored numerical points which operate on a
similar principle to the VAPS, except that patients choose a number on a predefined scale
instead of placing a mark on a line. This has been validated as casy to use, sensitive, reliable
and reproducible. It is advantageous in the clinical setting as it can be given verbaily,
although it has been criticised because the values are fewer, absolute and subject to
numerical preference by paticnts (Scott & Huskisson, 1976). While good correlation between
the results of the two methods exists, the numerical scale is not directly interchangeable with

the VAPS (Choiniére & Amsel, 1996; Jensen ef o, 1986; Kremer er af, 1981).
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¢) Multi-dimensional assessment tools — The most widcly accepted and respected example
is the McGill Pain Questionnaire (Melzack, 1975). Unlike the VAPS and numeric scales that
only record intensity, this system uses pain descriptors to collect and score detailed
information about several aspects of the persoual pain experience (the categories are labelled
“sensory”, “alfective” and “evalnative”). This makes the McGill Pain Questionnaire score
less suscepiible to alterations of the psychological state of the patient. However, thore arc
some disagreements over appropriateness and comprehension of the vocabulary employed
and one study has demonstrated that 40% of sensory descriptors arc subject (o
incomprehension, underuse and ambiguity (Fernandez & Towery, 1996), Due to 1is length,
repeated measurements can be cumbersome - it takes between 10 to 20 minutcs to completc
(Melzack, 1975). Also, if a patient chooses a ward from a category that was not selected at
an earlier thme point, the scoring system records an infinite increase in the pain scorc — such
valucs must be omitted from analysis. Careful interpretation is therefore required (Choiniére

& Amsel, 1996).

For the purposes of this irial, the VAPS wag chosen due (o its ease of use, sensitivity and
reproducibility. Documentation by the patient in written as opposed to verbal format was
considered essential for accurate and impartial data cotlection and ease of analysis.
Participants were given explicit oral and written instrictions to minimise the risk ot incorrect
responses due to misunderstanding (cf, appendix 2). Measurements were made
preoperatively to act as baselie controls, then at eight, twelve and 24 hours to assess the
time period during which “day-cases” could potentially be discharged. Further measorements

were recorded daily for one week.

2.3.7 Pulmonary function
Laparoscopic cholecystectomy is associated with beiter preservation of postoperative
respiratory function compared with open cholecystectomy (cf. section 1.4.3). Pulmonary

function tests were measured in the sitting position, with a portable Vitalograph 2120

PO PRV V- T I
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Electronic Storage Spirometer and results were downloaded onto 2170 Serial Spirofrac
Software (Vitalograph Lid, Buckinghamm, UK). All patients were taught the technique
preoperatively and were given the opportumity to practice until the spirometer confirmed
correct technique and consistent results. Measurements were made prevperatively to act as
baseline controls, then at eight and 24 howrs to assess the time period during which “day-
cases” could potentially be discharged. Further measurements were recorded one week and

four weeks later.

2.3.8 Quality of life assessment: The FureQol. EQ-5D questionnaire

The EuroQoL EQ-5D questionnaire is a generic measurement tool for recording health
status, developed by an international research network group (EuroQoL). It is designed for
self-completion and enables paticnts to record information concerning their health, simply
and quickly with completion typically taking less than five minutes (Brooks ef af, 1996;

Kind et al, 1998; MacDonagh et ai, 1997;).

On the first page, there is a list of [ive “dimensions”; mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. These dimeusions are sub-divided inio three
categories; no problems, some problems, and cxtreme problems. The respondent ticks one
box that corresponds to the category that best applies to them at that moment in time and
from this, a total combination of 243 health states can be defined (if death and
uncounsctousness are included, 245 states can be ascertained). Bach of these states has a
weighted index, derived fiom population data that ave used to score the response, with a
value of “1” representing perfect health, The third page comprises of a vertical, visnal
analogue “health thenmometer,” with “0” representing the “worst imaginable health state”

and “100” the “best imaginable health state.” (¢f. appendix 4) The weighted index and the

health thenmometer scotes can be analysed as ordinal data. The responses to the dimensions
can be compared with the Chi-squared test (Brooks ef af, 1996; Kind et af, 1998), The chief

statistician at EuroQoL advised further analysis with the ¢* test, with the dimensions
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reproupced as “problem present” and “problem absent” (Kind P, personal communication).

The tool ig available m all major languages and a published review of the available literature

has confirmed that:-

a) the instrminent is “user-friendly” due to its simplicity and that completion rates of 98-
100% can be achieved,

b) respomnse rates are not affected by age or educational level,

c) testi-retest reliability has been ascertained by the EuroQOL groups in York, UK and
Rotterdam, Holland,

d) comparison of the EuroQoL questionnaire with the SF-36 and the Nottingham Health

Profile demonstrate broad agreement (Brooks ef af, 19906),

Some surgical studies have already employed the EQ-5D questionnaire and reported that it
has sufficient sensitivity to detect differences in the study populations (Sculpher ez af, 1996,
MacDonagh ef a/, 1997). As patients participating in this study would supply blood samples,
VAP scores, undergo respiratory function testing and assessment of functional activity, the
CuroQOL LQ-5D was selected for its simplicity and speed of completion. Measurements
were made preoperatively to act as baseline controls, then at eight and 24 hours to assess the
time period during which “day-cases” could potentially be discharged. Further measurements

were recorded one week and fowr weeks later.

2.3.9 Stress response
It is nowmal practice within LIMIT for most routine ASA 1 and 2 patients to be discharged
within 24 hours. In order not to interfere with this practice, it was decided prior to the trial

that blood sampling would not occur beyond 24 hours.

Interleukin-6 (11-6), adrenocorticotropic hortone (ACTH) and arginine vasopressin {AVP)

were measured as markers of the cyiokine and neuro-humoral responses to surgical stress.




These were specifically chosen because ACTH, AVP c;llld Ii-6 all rise and fall within 24
hours of surgery and correlate with the degree of trauma (cf. section 1.5.2). The sample times
were selected on the basis that ACTH and AV are highest in the iinmediate postoperative
period (around 2 hours after induction), 11-6 peaks by eight hours after induction and all
return towards baseline concentrations within 24 hours of a laparoscopic procedure, Samples

were collected at the following time points:-

Sample 1 - preoperatively (baseline),

Sample 2 - after induction of anaesthesia but prior to surgery,
Sample 3 - two bours after induction

Sample 4 - eight hours after indoction

Sample 5 - twenty-four hours post induction.

Samples were collected in pre-chilled EDTA and lithium heparin tubes and were spun at
3000 rpm for 7 minutes at 4°C. Ahquots of plasma were frozen within 20 minutes of
collection to —20°C then transferred to a freezer in the main laboratory at Leeds General
Infirmary within 48 hours where they were stored at —~70°C until they were analysed in

batches.

Interlevkin-6 and ACTH were analysed using quaniitative sandwich enzyme-linked

imrmunosorbent assay kits (E1.ISA). The technique is summarised in appendix 3.

Vasopressin assays were not performed with a commercial kit as it is technically difficult to
achieve adequate quality control for a single batch. Samples were therefore couriered on diy
ice to an external laboratory (Department of Biochemistry, Royal Gwent Hospital, Newport,
UK) in which a reproducible technique for extraction and analysis of vasopressin by

radioiminunoassay has been developed. This has been demonstrated to result in a mean

g e
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recovery of 96.4% (+£5.5%) of vasopressin from plasima samples and (o have an assay

detection limit of 0.25pmol/L, (Penney ef al, 1992).

2.3.10 Postoperative function

Patients must be able to mobilise and perform basic activities of daily life to ensure a safe
discharge from hospital. Review of the literature revealed no simple, satisfactory tests,
specific to cholecystectomy that would allow a comparison of postoperative function of
patients undergoing different techniques of laparoscopic cholecystectomy. Exercise tests
with a treadmill and measurement of maximum oxygen uptake require specialised
equipment, are not easily performed on the ward setting and are not uffected by lapavoscopic
cholecystectomy (ef. section 1.4.4). However, studies of inguninal hernia repair have
effectively incorporated a functional comparison of treatment groups with straight leg raising
and sit-ups. The rationale for these tests is that that postoperative pain restricts the use of the

muscles that are involved in these activities (Liem ef @/, 1997, Payne ef af, 1994).

Advice was sought from Professor CB Cocke of the Sports Science Department of Leeds
Metropolitan University. Ideally, any tests for cholecystectomy should assess the function of
the rectus abdominis, transversus abdominis and the internal and external obliques, without
inducing maxinium cffort. Suggestions for tests included timing patients to rise from the
supine position in bed, to stand from a chair and walk a set distance of 20m (equivalent to
the distance from a ward bed to the toilet). A further repetitive test to measure impairment of
torso rotational movements (i.¢. using the external and internat oblique muscles) was devised
whereby patients would nmove 10 objects of equivalent size and weight from right to left with
their left hand, then back again with their left hand. A cheap, reliable and robust source of
objects of identical shape and size was chosen (Baked Beans, HJ Heinz Company Limited,
Hayes, Middlesex, UK). Preoperative iesting was used to ensure that each patient acted as
his or her own control, then as with pulmonary function, measurements were recorded at

eight hours, 24 hours, one week and four weeks.
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2.3.11 Statistics

2.3.11.1 Study size

‘This was estimated in collaboration with the hospital biomedical statistician at the outset.
Among published studies of laparoscopic versus open cholecystectomy, patients who
underwent a laparoscopic procedurc typically reported mean visual analogue pain scores
(VAPS) of avound 40mm to 50mm during the first 24 hours after the operation (Joris e &/,
1992; Mealy et af, 1992; McMahon ef of, 1994(b); Karaviannakis ef af, 1997). As no such
VAPS data were available for the micropuncture or needlescopic techniques, an estimate of

the score had to be made.

Using the VAPS system, paw that does not require anatgesia or a pain that s been
successfully relieved by analgesia is widely accepted to be represented by a score of less
than 30mm. Moderate pain is represented by a score of 30mm to 54mm and severe pain by
scores of 35mm or more {Collins ¢£ af, 1997; Geoxge e/ af, 1992; Mantha ef af, 1993;

Salomiki et ¢f, 1991 ; Tauzin-Fin et af, 1992).

As 17 of 25 patients (68%) in the pilot study of the micropuncture techniqus performed in
Leeds required no analgesia (Davides ¢? a/, 1997b), it was therefore assumed for the
purposes of the power calculation that their mnean visual analogue pain score would have
been 30mm or less. This meant that to have 80% power to detect a 25% reduction it1 pain
scores from a mean of 40mm to 30mm, the study required a minimum of 17 patients in each
group. This assumed equal patterns of distxtbution and a two-tailed significance level of

0.05.

2.3.11.2 Methods of analysis
"I'he Mann-Whitney test was used for metric and ordinal data and the ¥* test for calegorical
data, unless a cell frequency was less than five, in which case Fisher’s exact test was

ewnployed. Where repeated metric or ordinal samples wore encountered, comparisons of the
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areas under the curves (AUC) were made (Matthews er af 1990). Tatra-group comparisons
were made with the Wilcoxon signed ranks test. All data were analysed using SPSS soitware
(Statistical Package for Sacial Sciences v 9.0, SSPS UK Ltd, Woking, Surrey, UK).

Analyses were conducied on an “mtention to treat” basis.

2.3.12 Ethics committee approval
Approval was obtained from the local ethics copmmiftee. All patients received an information

sheet and gave their written informed consent to participate in the study (cf. appendix 5).

2.4 Results

Forty~-four patients agreed to participate in the trial. Four were withdrawn; three due to
unsuspected choledocholithiasis detected during intraoperative cholangtography with the
need for duct exploration and one because it was necessary to reschedule the operation.
Three of the four withdrawn patients were in the CLC arm and one in the MPLC arm of the
irial (p=0.607, Tisher’s exact test). Forty patients were entered into the study; nineteen to

CLC and 21 to MPLC,

2.4.1 Patient characteristics

Both groups of patienis were well matched by body mass index, length of symptoms, time on
the waiting list, presence of caleuli or polyps, stone size, thickening or contraction of the
gallbladder wall, adhesions or presence of a dilated comumon hile duct (Tables 2.2 and 2.3).
The median ages of the groups differed by 9 years, but the range of ages was wide and did
not reach statistical significance, More patients in the CLC group had previous emergency

admissions, (6 vs 2) but this was not statistically significant (p=0.120, Fisher’s exact test).
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CLC (n=19)

MPLC (n=21) p value
. 49 58 e
Age (years) (47 — 54) (44 - 63.5) 0.193
Sex . . u
(inale:female) 415 1:20 0.172
Body Mass Index 2707 24.5 04401
(kg/m®) (24.6 - 30.8) {23.2 - 32.45) '
Symptom time 125 18 0420
(months) (9.5 -21.25) (7.0-33.0) o
Time on list 7 6.9 0481t
(months) (3.1-12.2) (2.0-9.%) '
ASA status . . i
(ASA 1:ASA 2) 13:6 15:6 1.000

Table 2.2 Comparison of the characteristics of the patients within the two groups. Values arc

medians with the interquartile ramge (IQR). *-Mann-Whitney test, *-Fisher’s exact test

Variable CLC (n=19) MPLC (n=21) p value
Emergency admissions 4 BC, 2ZAC 2BC 0.120%
| Cal;cull present 18 19 1000i .
Stone size (em) 0.5(.4-1.5) 1.0(0.25-2.0) 0.380 i
Polyps present 1 1 1.000%
 Contracted GB 3 2 0.654" |
Thick walled GB 13 12 {}52’?i
Adhesions present 10 11 1.000%
Dilated CBD (>0.8cm) 1 1

1.000%

o

Table 2.3 Comparison of the extent of biliary discase in the two groups. Single figures

denote the total numbers of patients in each group. Stone size is expressed as median (IQR).

AC — acute cholecystitis, BC -- bilary colic, CBD — conumon bile duct, GB - gallbladder

. Manu-Whitney test, ¥ - Fisher’s exact test

2.4.2 Operative details, times and complications.

There were no significant differences between groups with yespect to the grade of the

operating surgeon, number of cannulae used or the presswe of pnenmaoperitonenm. Apart

from the size of the instrurnents, both CLC and MPLC were performed in a similar manner,
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All micropuncture procedures were compleled without conversion to CLC. However, in two
procedures, one 3,3mum cannuia was changed 1o a Sunn canmula to facilitate control of
refractory haemaorthage from the gallbladder bed with the argon diatheirmy (a 3.3mwm argon.
probe was unavailable). An extra cannula was used in the left upper quadrant in five patients
in each group, to relract a bulky omentum that was obscuring the view of Calot’s friangle.
This is standard practice in the unit to avoid the need to strugple and to maintain safc

visualisation of the cystic duct.

Cholangiography was successfully completed in 15 patients in each group but there were
four failures in the CLC group and five in the MPLC group due to the presence of a narrow
or occluded cystic duct. Cholangiography was not performed in one patient in the MPT.C

group beeause of an iodine allergy (Table 2.4)

There were no major complications and only eight miner complications. In the CLC group,
there was a minor bile leak that spontaneously resolved, three haematomas and two
infections of the mmbilical wound. In the MPLC group, one patient had post-
cholecystectomy diarrhoea and another was readmitied with abdominal pain. This seitled
spontancously and no cause was cstablished (Table 2.4). The study was nol powored to

detect any difference in the rate of complications.

There was no significant difference in total operative time. However, breakdown of the times
taken to perform individual stages of the procedure demmonstrated that it took ahmost 2
minutes longer to establish pneumoperitoneum and place the cannulae with the
micropuncture technique (p=0.0135, Mamn-Whiiney test). In addition, it took over 2 minutes
longer to clip the cystic duct after cholangiography in the MPLC group (p<0.001, Mann-
Whilney {est). There were no differences in time fo dissect Calot’s triangle, perform

cholangiography or remove the gallbtadder from the liver (Tabie 2.5).
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ﬁ Variable CLC (u=19) MPLC (n=21) p value
. Consultant 16 17
;_aperator U 1.000%
Trainee operator 3 4
Number of 4 4 ¥
cannulae BCED (4-5) 077
Number requiring 5 5 1 000t
extra cannula ~ N
Workiag pressure 7 7 0.657"
(mmHg) (7=7) 7-=7 )
Peak pressure 7 7 05121
(mmHg) (7~ 10) (71-1.5) ‘
. 92.3 76.2 i
7 g N ¢
0, Volume ikes) | (66.6-130.2) (593-1250) | "
Successi.'u] (5 15 1 000"
cholangiograms
Complications 6 2 0.12¢

Table 2.4 Comparison of operative details. When medians ave quoted, the interquartite range

follows in brackets. Solitary values represent absolute numbers in each group.

T . Mann-Whitney test, * - Fisher’s exact tost.

Time pexiod (11(1_;"11;1?33) N (11:123 uLlcCs,) N | pvalue’
g:::aﬁve Tine (52:2(;4215;;J 100y | 1° (57;414?;)4; sy | 12| 0126 J
:Ijlg:l“tllli::l (3:42:‘—426:3?) 16 (5;57713180:15) 19 0.015
Fmection (12:1!7912297;05) 13 (14;3?;01157;13) 18 | 0.573
Cholangiogram (5:'23?:--{-]?{:36) 16 (6:50810?1:51) 19 0.139
gi'f.f ﬂﬂ:: e (0:43:1] ?:35) 6 _ (2-.2§ ?é§:49) 191 <0.001
rbad (3:23:5?7;55) Bl as 1713{}4:33) 18 1 0254
g::altl:ﬁre(::ll‘:;;nm (1 :Oé —1149) 15 (1 ;25 ?.03122) 19 0.095

Table 2.5 Compatison of total operative time and the times taken for each step of the

procedure. Valucs are the median (IQR),

N — numher of times recorded. * - Mann-Whitney test.
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The need to collect the data was realised after five patients had already been enrolled into the
study and was therefore collected for 35 patients. Seven time points out of a possible 245
were missed because the circulating nurse was out of theatre on an errand. For five patients,
a fundus-first dissection was performed due to the presence of inflammation, with the result
that full and safe dissection of Calot’s triangle occurred after the gallbladder had been
removed from the liver. In these patients the time to remove the gallbladder was designated

as a missing value.

2.4.3 Visual analogue pain scores

Two patients (one in each group) did not record entries for the 12-hour pain score and one
patient in the micropuncture group failed to return the sheet at either follow-up visit. Median
visual analogue pain scores were lower in the MPLC group on every occasion but due to the
large variation there was no statistically significant difference between the groups (Figure

2.7, Table 2.6).

Visual Analogue Pain Scores

-CLC -MPLC |

8 24 Day Day Day Day Day Day Day
hours hours 1 2 3 4 5 6 7

CLC 19 18 19 19 19 19 19 19 19
MPLC | 20 19 20 20 20 20 20 20 20

Figure 2.7 Visual analogue pain scores for the first postoperative week. Values are the
median with the interquartile range. The number of responses at each time point is annotated

below the graph.
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!

Time period CLC (mm.hw) MPLC (. hy) p value'
First 24 hours (18;51-534.7) (16;(1.332.1) 0.325
First threedays | (sg ]_sf'lso&o) » i 0 0.249
ek | goemig | oseciog | 0%

Table 2.6 Comparison of the median areas under the curves (interquartile range) for visual

analoguc pain scores for CLC and MPLC. .Mann-Whitney test,

2.4.4 Analgesic requirements

As described in the methods section, oplates were converted into morphine equivalents using

standard published values (Tabla 2.1), It was intended to count the number of tablets

remaining on day seven to check the total recorded on the pain. sheets but very few of the

patients returned with their medication so this was not possible, One patient in the MPLC

group did not return their data sheet.

Total opiate consumption - There were no statistically significant differences in total opiate

consumption (sum of parenteral and oral, intra-operative and postoperative) over the initial

24 hours or during the first postoperative week (Table 2.7).

Tinte period CLe MPLC value'
' P {mg of morphine) {mg of morphine) P
22 22
24 hours (22— 32) (16 - 28) 0.099
67 40
1 week (38 - 100) (235 -82) 0.205

Table 2.7 Total consumption of opiate analgesia (intra-operative and postoperative doses,

parcnteral and oral) measured as morphine equivalents (ing). Values are expressed as the

median with the interquartile range. ' - Mann-Whitney test.
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Oral and parenteral opiate consumption — There were no differences in total consumption

of oral codeine based opiates during the initial 24 howrs or the following week. However,

during the initial 24 hours on the ward, 6 patients in the CLC group but only one patient in

the MPLC group required parenteral opiate (p=0.04, Fisher’s exact test), The quantity of

pareniteral opiate used was also significanily lower for the MPLC group (Table 2.8).

Table 2.8 Breakdown of post-operative parenteral and oral analgesic consumption (intra-

operative diamorphine not included). Values are expressed in milligrams us the median

morphine equivalent (interquartile range). -Mann-Whitney test.

2.4.5 Nausea and vomiting

Oral/ CLC MPLC ! ?
Parenteral {mg of morphine) (mg of morphine) pvalu §
Parenteral 0 0

consumption (0 -10) ©0-0) 0.038

Oral intake 12 12 0481

- 24 hours (12 - 18) (6 —18) el

Oral intake 57 30 0217
~ 1 week (24 —84) (15 - 69) ‘

One patient in the MPLC group failed to return the data sheot and one patient in each arm of

the trial did not respond at 12 hours, Review of the contingency tables prepared for analysis

of the data with the % test, revealed that between 50 — 75% of cells contained an expected

frequency count below five {cf. appendix 6). The data were therefore re-categorised to the

presence (score of 1,2 or 3) or absence (score of 0) of nausea and vomiting and were

analysed with the Fisher’s exact test which demonstrated no statistically significant

differences between the groups at any time point (T'able 2.9). Likewise, there was no

difference in the mamber of paticnts in each group who requested an anti-emetic (CLC 5

patients vs MPLC § patients, p=0.511, Tisher’s exact test).
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.  Number with | Number with +
Time Group no NIV NV pvalue’
CLC 11 8
8 hn“rs e e e 1 0.751
MPLC 10 10
CLC 13 5
12 hours 1.060
MPLC 14 5
CcicC 12 7
DBay 1 ¢.301
MPIC 16 4
CLC 3 6
Day 2 0.127
MPLC 18 2
CLC 13 6
Day 3 0.273
MPLC 17 3
C1.C 17 2
MPLC 17 3
CLC 15 4
Day 5 0.407
MPLC 18 2
CLC 18 1
Day o 1.000
MPLC 18 2
CLC 17 2
Day 7 0.695
i MPLC 19 i

Table 2.9 Presence or absence of nansea and vomiting (N/V). ¥ - Fisher’s exact test,

2,4.6 Pulmonary function tests
Three patients did not attend for follow up at four weeks, two patients refused spiometry at

8 hours and one at 24 hours. One patient refused to undergo further spiromeiry becanse she

did not enjoy it. The number of patients who completed spirometry at each time point is

annotated below the graph of peak cxpiratory flow rate (Figure 2.8).

Results were converted to a percentage of the pre-operative values so that every patient acted
as their own control and the trends could be directly compured. Compatisons of the areas
under the curves for Peak Expiratory Flow rate (PEFR), Forced Vital Capacity (FVC) and

Forced Expiratory Volume over one second (FEV;) showed no difference between the two

groups (Figure 2.8, Table 2.10.
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Function Time CLC MPLC p value'

24 howrs 61 H ?-':;0.4) (64.23 6—‘26.2) 0.832

(l:/f;dpdly% 1 week (4851.;;2%9.1) (5 105.!2)?(;;2.0) 0.713
fweeks (221%?-3.‘?72.6) (2273?73?77.0) 0.629

24 hours (70.7711'30.1) (75; %23.1) 0.316

(Cigfy) 1 week (567%—26.27.6) (564%-16;7.2) 0,543

4 weeks (247;5325'7763.8) (247?23%482.5) .

24 hours 7 N 7:%4.0) (73.??;3.4) R

(%:;) 1 week (580%?6'37.5) (586%?6;6.5) 0.887
- 4 weeks (2495?/(3;}52.4) (25 12312:;)28.6) (69

Table 2.10 Comparison of the areas under the curves for pulmonary function in the two

groups, expressed as a percentage of preoperative values. The values in the table represent

the median areas under the curves (with interquartile ranges) for 24 houts, one week and four

weeks. ' - Mann-Whitney test
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Peak Expiratory Flow Rate
19 21 19 19 19 20 19 20 18 18

-

Percent of baseline value

Baseline 8 hours 24 hours 1week 4 weeks

l Forced Vital Capacity

110 19 21 19 .19 19 20 19 20 18 18

100

70
60

Percent of baseline value
3

Baseline 8 hours 24 hours 1week 4 weeks

Forced Expiratory Volume - 1 Second

110 19 21 19 18 19 20 19 20 18 18

100

80
70

Percent of baseline value

Baseline 8 hours 24 hours 1week 4 weeks

Figure 2.8 Comparison of the trend of change (% of preoperative values) for PEFR, FVC
and FEV, in CLC (blue) and MPLC (red) groups. Values are medians (interquartile ranges).

The number of patients who performed the tests is listed above each time point.
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2.4.7 Quality of life

Two patients did not complete a questionnaire (one prior to theatre and the other at the final
follow-up visit) and three defaulted from follow-up. One patient ticked two boxes in the
aclivity dunension of the first post-operative questionnaire so this was treated as a missing
value in accordance with the recommended instructions for the (ool. Review of the
contingency tables prepared for analysis with the * test tevealed that for most of the
dimensions, more than 20% of the cells would contain an expected frequency count of less
than five (cf. appendix 6). The data were therefore re~-categorised to the presence or absence
of probloms and analysed with Fisher’s exact test. There were no differences between the
groups, either preoperatively or postoperatively for any of the dimensions (Figure 2.9, Table
2.11), weighted indices (Figure 2.10, Table 2.12) or the heatth thermometer scores (Figure

2.11, Table 2.12).

Comparison of preoperative and postoperative ITealth Thermometer Scores demonstrated a
reduction in the perceived health state by the patients in both groups 8 hours and 24 hours
atter surgery with a return to baseline values at one week postoperatively. Four weeks after
surgery, both groups reported an improvement in their perceived health state fiom

preoperative values (Figure 2.11).

Dimension Preop 3 hours 24 hours 1 weekﬂ | I....ti-;ccks
Mobility 1.000 1.000 0.333 1.000 0.487
Self-care 1.000 0.753 (.281 1.000 0.487
Activities 1.600 0.716 0.738 0.75(3 ] -__1-.000
Pain 0.488 1.000 0.331 1.000 0.299
g;‘l’)‘f_ﬁ?;un 1 0200 1000 | 0607 0.233 0.231

Table 2.11 Probability values derived from comparison of the dimension responscs for the
CLC and MPLC arms of the trail. Values were derived with Fisher’s exact test. The

responses are porirayed graphically in Figure 3.9,
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Pain |
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g 100%
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Figure 2.9¢

Figure 2.9 (a-e) Graphical representation of the responses to each of the dimensions in the
EuroQoL questionnaire. The number of responses for each time point is recorded above each
bar. There were no statistically significant differences between the two groups.

LC - conventional laparoscopic cholecystectomy

MP - micropuncture cholecystectomy
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Weighted Index Scores
19~ 20 19 21 19 21 17 19

18 2]

=CLC =MPLC

Baseline 8 hours 24 hours 1 week 4 weeks

Figure 2.10 Median Weighted Health Index Scores with interquartile ranges.

Health Thermometer Scores
100 18 21 19 21 19 21 19 21

=CLC ~MPLC

Baseline 8 hours 24 hours 1 week 4 weeks

Score
888383388

Figure 2.11 Median Health Thermometer Scores with interquartile ranges.

' p=0.026, *- p=0.002, positive ranks from preop values, Wilcoxon signed ranks test.

Score CLC MPLC p value'
. 22.85 24.10

Weighted Index | 5; 13 7615) | (21.78-259) 0981

Health 2494 2367 po

Thermometer @191-2572) | (2124 -2615) '

Table 2.12 Median values (interquartile range) of the areas under the curves for the
EuroQoL weighted index scores (days.units) and health thermometer scores (days.units) for

the two groups of patients. " - Mann-Whitney test.
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2.4.8 Stress response
Only one sample was omitted. In preparation for discharge, the nursing staff removed a
venflon from a patient (in the CLC group) before the 24-hour sample was collected. Due to a

needle phobia, she refused further venesection.

2.4.8.1 Interleukin 6
The highest concentrations of 11-6 were measured eight hours after induction of anaesthesia.
Analysis of the areas under the curves demonstrated no significant difference between the

groups (Figure 2.12, Table 2.13).

Interleukin-6

]

35
=CLC -MPLC

IL-6 (pg/ml)
ey —k N N
(%] o (6] o o

10 mins 2 hours 8 hours 24 hours

Baseline

]

Figure 2.12 Median interleukin-6 concentrations with interquartile ranges. Sample times

were relative to induction and the number of samples collected is recorded above each bar.

il

CLC MPLC P value'
Area under the 190.0 3423 0.185
curve (hr.pg.ml") (142.7-354.7) (157.6-673.7) :

Table 2.13 Median areas under the curves (interquartile range) for I1-6.

' Mann-Whitney test.
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2.4.82 ACTH
ACTH concentrations were highest in the samples taken two hours after induction. Analysis
of the areas under the curves demonstrated no significant difference between groups (Figure

2.13, Table 2.14).

oo |
| -CLC -MPLC

ACTH

g

8

ACTH (pg/ml)

3

Baseline 10 mins 2 hours 8 hours 24 hours

Figure 2.13 Median ACTH concentrations with interquartile ranges. Sample times were

relative to induction and the number of samples collected is recorded above each bar.

CLC MPLC p value

Area under the 1335.4 1014.4
curve (hr.pgml™) (474.8-2139.6) (477.4-1872.8)

0.778

Table 2.14 Median areas under the curves (interquartile range) for ACTH.

' . Mann-Whitney test.

2.4.8.3 Vasopressin

Levels were elevated in samples collected from both groups at two hours and eight hours
after induction of anaesthesia, although the median values did not exceed 10 pg/ml.
Analysis of the areas under the curves demonstrated no significant difference between the

groups (Figure 2.14, Table 2.15).
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Vasopressin (pg/ml)

Baseline 10 mins 2 hours 8 hours 24 hours

Figure 2.14 Median vasopressin concentrations with interquartile ranges. Sample times were

relative to induction and the number of samples collected is recorded above each bar.

€I MPLC p value'
Area under the 187.6 145.8 0.800
curve (hr.pg.ml’ 5 (89.4 —229.2) (61.6 —303.0) )

Table 2.15 Median areas under the curves (interquartile range) for vasopressin.

' . Mann-Whitney test.

2.4.9 Postoperative function

One patient in the CLC group and four in the MPLC group felt unable to get out of bed eight
hours after induction of anaesthesia (p=0.345 Fisher’s exact test). There were no statistically
significant differences between the MPLC and CLC groups for any of the baseline times.
Analysis of the areas under the curves for each exercise demonstrated no statistically

significant difference between the groups (Figure 2.15 to 2.19, Tables 2.16 to 2.20).
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Time to mobilise from bed ‘
12 19 21 18 17 19 21 19 21 18

10

Time (seconds)
(]

Baseline 8 hours 24 hours 1 week 4 weeks

Figure 2.15 Median times (interquartile range) to rise from bed.

AUC (days.seconds) CLC MPLC p value'
. 90.8 90.4
Rise from bed (80.6 — 100.9) (85.2 - 121.2) 0:806

Table 2.16 Median areas under the curves (interquartile range) for time to rise from bed.

The number of completed tests is stated above each time point. "-Mann-Whitney test.

Time to rise from chair

Time (seconds)

Baseline 8 hours 24 hours 1 week 4 weeks

Figure 2.16 Median times (interquartile range) to rise from chair.

AUC (days.seconds) CLC MPLC p value'
: 375 35.7
s oy (31.4-40.4) (298-472) i

Table 2.17 Median areas under the curves (interquartile range) for time to rise from chair.

The number of completed tests is stated above each time point. ' - Mann-Whitney test.
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Time to walk 20 metres
18 17

19 21 19 21 18 19

45

35
30
25
~ 20
15
10

seconds)

Time

Baseline 8 hours 24 hours 1 week 4 weeks

Figure 2.17 Median times (interquartile range) to walk 20 metres.

AUC (days.seconds) CLC MPLC p value'

479.0
(447.7 - 519.6)

464.7

Walk 20 metres (442.2-514.8)

0.610

Table 2.18 Median areas under the curves (interquartile range) for time to walk 20 metres.

The number of completed tests is stated above each time point. ' - Mann-Whitney test.

Time to move objects to left
30 19 21 18 17 19 21 19 21 18 19
25
3 20
c
§ 15
]
g 10
5
0
Baseline 8 hours 24 hours 1 week 4 weeks
Figure 2.18 Median times (interquartile range) to move objects to left.
AUC (days.seconds) CLC MPLC p value’
2 427.5 433.8
MoveohisB Rt | Glii-2) | (G967-52.5) il

Table 2.19 Median areas under the curves (interquartile range) for moving objects left.
The number of completed tests is stated above each time point. ' - Mann-Whitney test.
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Time to move objects to right i

1921 18 17 19 21 19,21 18 19

w
o

Time (seconds)
o o N N
o (4} o o

L8]

Baseline 8 hours 24 hours 1 week 4 weeks

Figure 2.19 Median times (interquartile range) to move objects to right.

AUC (days.seconds) CLC MPLC p value'
Move objects to 423.9 416.1 0955
right (370.8 — 482.8) (367.8 - 516.8) ;

Table 2.20 Median areas under the curves (interquartile range) for moving objects right.

The number of completed tests is stated above each time point. ' - Mann-Whitney test.

2.5 Discussion

This study demonstrates that MPLC is feasible for the majority of elective
cholecystectomies. MPLC was completed in 90% of patients randomised to the procedure
and it was not necessary to convert to CLC or open cholecystectomy in any patient, although
two cases did require conversion of one 3.3mm cannula to a Smm cannula. If a 3.3mm argon
diathermy probe had been available, this could have been avoided. This figure compares
favourably with the five randomised trials that have been published in the literature since the
inception of this study, in which the conversion rates to CLC or open cholecystectomy range
from 3% to 38%(Bisgaard et al, 2000; Bisgaard et al, 2002; Cheah et al/, 2001; Look et al,

2001; Schwenk et al, 2000).

In one randomised study, the duration of the operation was a median of 30 minutes longer

when performed with 2mm instruments and was associated with a 38% conversion rate to
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CLC (Bisgaard et al, 2000). In the present study and the other four trials, there were no
significant increases in the overall times for micropuncture cholecystectomy and conversion
rates were lower (Bisgaard er al, 2002; Cheah ef al, 2001; Look ¢t al, 2001; Schwenk et a/,
2000). The common factor among these latter trials was the use of at least one 3mm or Smm
canmula for the grasping instruments. Tt is probable that the use of more rigid instruments is
an important factor in ensuring adequate traction and manipulation of the tissue during

dissection.

The anticipated reduction in analgesia of up to 70%, suggpested by our pilot series and an
earlier cohort study (Davides ef a/, 1999; Gagner & Garcia-Ruiz, 1998) was not apparent in
this study. While median pain scores were consistently lower at all time points in the MPLC
group there was no statistically significant difference between the groups. However,

parenteral analgesic consumption was significantly less in the MPLC group.

Touwr of the five published randomised studies have detected small, statistically significant
differences in pain. The frst trial in the literature that used 2mm instruments, ended
prematurely due to a conversion rate of 38% to CLC. However, the authors noted a reduction
in pain among the eight patients who had a completed “micro-LC™ (Bisgaard et af, 2000).
Another study that compared a technique of cholecystectomy that used a combination. of two
2mm and two Smm caunulae, with CLC, reported lower VAPS scores while coughing, on
the evening of surgery that persisted until the third postoperative day (Schwenk ef ¢/, 2000).
1n the largest study so {ar, with 75 patients (using a 10mn, one 3mm snd two 2num
cannulag), there was a statistically significant reduction in pain scores at 24 hours (2.2 versus
3.6; p<0.003) and a lower consumplion of parenteral analgesia (7 versus 12 injections;
p=0.05) in the “needlescopic™ group when compared with the CLC group {Cheah e/ 4/,
2001). Bisgaard and colleagues, undaunted by provious difficulties with 2mm instruments,
went on to compare 3. 5mm instruments with CLC in a randomised trial that contained 60

patients. Patients in the microfaparoscopic group recorded significantly lower total incisional

a0 € b
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pain scores on a visnal analogue scale for the first 24 hours than patients in the CLC arm of
the trial (39 vs 66; p<0.05) and lower incisional pain scores over the first postoperative week
(p<0.01). However, there were no statistically significant differences between he (wo groups
for averall pain scores (p=0.42). Analgesic consumption was not recorded. The clinical
significance of snch small differences in pain scores and/or analgesic consumption in. these

studies is uncertain.

The breakdown of the operative times was used to abjectively compare the difficultty of
cholecystectomy using micropuncture and conventional instrumentation, The rationale
behind this approach was that any increase in the difficulty of the procedure caused by the
smaller instruments would be manifest by an increase in operative times. There were no
statistically significant increases in time taken to perform the dissection of Calot’s triangle,
remtove the gallbladder from the liver, perform cholangiography or manipulate the

gallbladder into the retrioval bag.

The finding of an increase in fime taken to insert the cannula with the MPLC technique is
probably an artefacl. A similar apalysis of operative times in a recent, large cohort study
found that the smaller cannulae were inserted more quickly than historical controls from an
earlier, muiti~centre study (Traverso er al, 1997; Unger et af, 2000). The data from the
original series also demonstrated that operative times could be affected by the familiarily of

the theatre staff with the procedure (Travorso ef al, 1997).

However, the extra two to three minutes required with MPLC to apply clips the cystic duct
after cholangiography is readily explained by the need to change to the 3mm laparoscope
and reorientate the view of the operative field. This difference is of minar significance
though, because the overall operative times did not differ significantly between the groups in

this study.
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Pulmonary function was remarkably similar ia the two groups and these results are
comparable to those of two recently published trials of microlaparoscopic cholecystectomy
(Bisgaard er al, 2002; Schwenk et a/, 2000). This suggests that the reduction in size of the

incisions is too small to have much impact on postoperative pulmonary function,

The stress response to cholecystectomy with small calibre instruments has not been
previously reported. The profile of the interleukin-6, ACTH and vasopressin responses was
similar in both groups, suggesting that like pulmonary function, the reduction in the size of

the incisions had little irmapact on the response.

There are also no reports on the influence of smaller instruments on quality of life scores.
Similar results were obtained in both groups of patients for overall scores, health
thermometer ratings and each of the individual dimensions. Self-assessed overall health

ratings at four weeks postoperatively were better than those taken preoperatively.

"There were some difficulties that were encountered while setting up and running this study.

While the study size was cstithated at the outset with a biomedical statistician, the
calculation assumed nonmal variance and was based on estimated pain scores among the
micropwncture patients for the first 24 hows (cf. section 2.3.11.1). Re-analysis of the scores
obtained for the fivst 24 hours, has supgested that this study was underpowered and that a
25% reduction in pain was over optimistic. A sample size of 82 in each group would have
had 80% power to detect a 20% reduciion in the mean area under the curves for pain scores

over the 1itial 24 hours.

Due to {he limited number of persunnel within the unit and the timings of the operating lists,
it was not possible to blind the principle observer. Where possible, data that could be subject

to ohserver bias were avoided, The circulating nurse recorded operative times, Blood
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samples were collected at preset times and the patient recorded pain and quality of life scorcs
without assistance. Analgesia was requested by the patient and was administered and
recoided by nursing staff who were blinded to the procedure. Pulmonary fanction tests were
collected on a portable, computerised device that independently monitored the quality and

consisteticy of the tests,

Although the study was randonyised, there were some faciors that interfered with consecutive
recruitinent of patients. Firstly, 10 patients refused to participate in a.trial. In addition, after
the study commenced, a new anaesthetist who did not agree with the concept of
standardisation of anaesthesia, was assigned to one of the operating lists. This meant that it
was nol possible to recruit nine further patients, However, as all 40 patients who were
enrolled into the study received a standardised anaesthetic and similar perioperative care, this
ensured that the two groups were tightly controlled and that opportunities for extransous
factors other than the size of the instruments to impact on the outcome measures of the study
were minimal. In this respect, refusal 1o recruil these nine patients and tolerate any deviation

from the anaesthetic protocol was a strength of the study.

Four different surgeons participated in this trial (three consultants and onc trainee). All were
competent at both techniques prior to the study and stratification was employed so that
procedures undertaken by a consultant or trainee had an equal chance of allocation to either
arm of the wial. [n this way, experience was equally apportioned between the two groups and

the results were representative of clinical practice within the departinent.

As no suitable funclional tests for recovery from cholecystectomy were found despite
extensive literature searches, the concept was adapted from tests devised for patients
undergoing inguinal hernia repair. Advice was sought from a Professor in Sports Science and
simple tasks that are necessary to allow independent function were selected. All patients

must be able to get out of a bed or chair, walk to the toilet or move small objects in order to
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function effectively outside the hospital. Failure to perform these tasks would decm a patient
unsuitable for discharge. However, the functional tests were not previously validated and the
only control built into the measurements was the preoperative baseline assessment. Most
measurements returned to normal by the end of the first postoperative week, but at the tinal
visit four weeks after surgery, the fimes were faster than the baseline values, This would
indicate that the tests were subject to an element of increased familiarity due to repetition
and not suitabie for sequential assessment of postoperative finctional recovery. As a resul,

no conclusions concerning the procedures were derived from the data.

‘While this study suggests that elective cliolecystectomy using 3.3mm instruments is feasible
in a westernised population and may be associated with a reduction in the consumption of
parenteral analgesia, it has not demonstrated any obvious, major clinical benefits for patients

who stay in hospital overnight.
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CHAPTER 3,

THE EFFECT OF TROCAR TIP PROFILE ON ABDOMINAL WALL
PENETRATION

3.1 Introduction

There are several schools of thought concerning the advantages and disadvantages of trocar
tip profiles (cf. section 1.8). ‘Pyramidal-shaped’ cutting ivocars incise the tissue as it is
traversed by the trocar and create a defect of the same diameter. The sharp profile ensures a
low entry force against tissue resistance but the caunula is easily remaoved, sometimes
accidentally during an operation. Trocars with a conical, non-~cutling profile stretch the
tissues, thereby creating a smatler wound with a tighter seal around the canmuila. They are
associated with a reduction in bleeding from the abdominal wall but require a higher force of

insertion (Bhoyrut ef ¢f, 1996; Bohm et af, 1998).

It has been snggested that increased force during the insertion process will result in higher
rates of visceral injury (Corson et al, 1989; Nezhat et o/, 1991). Preswmed mechanisms
include deeper inward detlection of the abdominal wall and the “overshoot” phenomenon (cf,

section 1.9.2).

3.2 Hypothesis and Aims
3.2.1 Hypothesis
The lip of a conical {rocar passes more deeply info the abdomimal cavity than the tip of a

pyramidal trocar during the process of cannula placement.

3.2.2 Aim

The aim of the study is to compare the distance of travel into the abdominal cavity of the tip
of pyramidal, sharp conical and blunt conical trocars when the tip of the trocar initially
penetrates the peritoneumn, the leading edge of the cannula is first observed to breach the

peritoneum and the entire cannula has penetrated the peritonenm.
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3.3 Materials and methods

3.3.1 Trocars and cannulae

Trocars with pyramidal, sharp conical and blunt conical profiles were selected from the
10.5mm “YelloPort”™ range (Surgical Innovations, Leeds, West Yorkshire, UK) (Figure
3.1). Only one range was used to ensure that the sole variable was the design of the tip. The
outer diameter and surface profile of the cannula, factors that could influence friction

between the tissue and the cannula, were therefore standardised.

Figure 3.1a The profiles of the trocar tips from left to right are sharp conical, pyramidal
and blunt conical. They are all part of the standard “YelloPort” ™ range.
Figure 3.1b Inset. Enlarged view of the profile of the trocar tips.

Figure 3.1¢ The “YelloPort” ™ trocar and cannula assembly. In this example, a Hasson

trocar has been used.

3.3.2 Development of the abdominal wall model and insertion technique

Fresh sections of abdominal wall from pigs, obtained from an abattoir, were stretched across




and clamped to the metal bars of a jig (prepared from an obsolete laparoscopic trainer),
which allowed the skin and peritoneal surfaces to be visualised (Figure 3.2). A ruler was
attached to the posterior wall of the device to facilitate the measurement of abdominal wall
deflection during insertion of the trocars and cannulae. Each insertion was recorded on video
using a camera (Handycam PRO Hi8, Sony, Japan) that was placed level with the peritoneal
surface at a distance of 3 metres on a tripod stand. All levels were confirmed to be horizontal

with a spirit level.

Trocar/cannula

Specimen

Ruler

=~

Figure 3.2 Insertion of a trocar and cannula with the “Laparolift”™ arm. The abdominal wall
specimen was clamped firmly to the modified laparoscopic trainer. The ruler was attached to

the posterior wall of the apparatus.

Transverse incisions of length 20mm were made in the skin and adipose tissue to the level of
the muscle, so that the cannula would not snag or grip on the wound edge. The trocars, with a
cannula placed over them, were pushed through the fascial and muscle layers until the
peritoneum was breached. The three types of trocar were inserted in rotation, ensuring that
the sites were evenly spread over the specimen to minimise any effect of inherent variations

in the physical structure of the abdominal wall and any effect that previous trocar insertions




would have had on the tension of the specimen.

This model evolved fiom a number of different attempts to create a reproducible simulation
of the abdominal wall that would tacilitate measurement of the relative depth of the tips of
the trocars during inscrtion. Tt became evident early in the process that the concept of a
sealed unit, insufflated with CO, and covered by a “skin” to represent the asbdominal wall

through which the trocars would be inserted, was not practical for several reasons.

In order to guarantee consistency in the thickness, resistance and elasticity of the “abdominal
wall” through which the trocar and cannula systems would be inserted, two types of
synthetic material were initially tested. The first was black neoprene rubber sheeting as used
on some of the laparoscopic iraining boxes within the departinent (Diver’s Warehouse,
Dradford, West Yorkshire, UK). Subsequently, “Training Box Skin,” a laminate of high
density, tow density and high density foam with a base layer of thin latex rubber, designed to
simitlate the skin, subcutaneons fascia, deep fascia and peritonewm for surgical training
courses, was assessed (Limbs & Things T.td, Bristol, Somerset, LJK). These materials had
the advantage that they could be clamped to a laparoscopic frainer 10 maintain an airtight
seal. However, they could not be used for multiple insertions becanse of gas leak from the
“wound” inflicted by the first trocar. Moreover, repanr of the puncture site with palches to the
inner aspect of a sheet risked interfering with the resistance, tension and elasticity of the
model to subscquent trocar inscrtions. Replacement with a new shoet of matcrial was a
possible, albeit costly option but there was no simple method to measure and standardise the
tension across the sheet with each change, It was also found that that there was a
disproportionately high degree of friction between the material and the cannula-sieeve that
increased the resistance to the leading edge of the cannula as it followed the tip of the trocar

through the specimen. This could have affected the measurements of depth of the trocar tip.

Porcine abdominal wall, obtained from the abattoir was therefore tested as it had been used
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in a laboratory by several authors as an alternative to human tissue because of a sitnilar,
although thinner, anatomical structure (Bhoyrul ef al, 1996; Bohm et af, 1998; Tarnay ef al,
1999). While no direct comparisons between the insertion characteristics of trocars in
hunans and swine exist i the literatare, two separate studies have recorded a mean pressure
of 7.14 1bs to place a reusable, pyramidal trocar in humans (Corson ef af, 1989) and a. mean
pressure of 9.01 Ibs to place a similar, disposable pyramidal trocar in swine (Farnay ef al,

1999),

It was not possible to place a specimen of porcine abdominal wall across a jig or a
laparoscopic trainer and produce a seal for insufflation with canbon dioxide. Jt was therefore
decided to produce tension in the specimen by clamping it tightly across the open-frame
teainer with G-clamps and a melal bar. As there was no pnenmoperitonemn to escape after
insertion of the first trocar, multiple trocar insertions could be performed on each abdominal
wall specimen, so that every insertion within the expertment would be standardised as it had
been performed on tissue with similar charactetistics and held under similar tension. This
method also had the advantage of displaying the undersurface of the specimen so that
measurements of the depth of penetration of the trocar tip could be made with a video
camera as the trocar / cannula assembly breached the peritonenm. This was not possible with
a closed, insulllated system without the addition of a2 small Parspex window through which

there would have been limited vision.

Initially, as a pilot study, trocars were inserted by hand but the experiment was subsequently
modified to incorparate an antomated insertion device. The “Laparolift”™” (Origin
Medsystems Inc, California, USA} is normally employed for gasless laparoscopy and
consists of a “T” arm which is raised and lowered by a motor at a speed of 1.2cm/s and
gencrates a foree of up to 18kg (Laparolift manual, Origin Medsystems Inge, California,

USA), A miniature vice was attached to the underswrtace of the arm and was used to grasp
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the trocar handle. This standardised the insertion technique and force and removed the human

element with potential for inconsistency and bias (Figure 3.2).

3.3.3 End-points

3.3.3.1 Definition of the end-points

The distance of travel of the tip of the trocars below the starting level of the peritoneal

surface (baseline) of the abdominal wall was derived using superimposed lines on the video

monitor. The travel of the tip was measured at:-

a) Stage 1 - when the tip initially penetrated the peritoneum (Figure 3.3a),

b) Stage 2 - when the leading edge of the cannula was first observed to breach the
peritoneum (the tip of the “YelloPort”™ cannula is bevelled) (Figure 3.3b),

¢) Stage 3 - when the entire cannula penetrated the peritoneum (Figure 3.3c).

Figure 3.3(a-c) Stages of the insertion process at which the travel of the tip of the trocar was

recorded. Each stage is described in section 3.3.3.1. The horizontal line represents the
measurement that was recorded for each stage. The arrows point to (b) the leading edge of
the cannula and (c¢) the point at which the entire cannula breached the peritoneum. In this

example, the cannula had a sharp, conical tip.
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3.3.3.2 Measurement and calculation of the end-points

The measurement taken from the monitor screen was scaled due to the effect of perspective.
To rectify this, a simple mathematical equation was devised. The distance (f) between the
camera and jig, and the visualised deflection (d) created a right-angled triangle with the
hypotenuse running between the lens and the observed measurement on the posterior wall of
the jig. Tan a is equal to f/ d, and is common to the right-angled triangle created by the true
deflection (D) and the distance from the lens to the trocar (f — p), where p is the distance from

the trocar and the posterior wall of the jig (Figure 3.4). This created the formula:-

D (millimetres) = d (3000 — p) / 3000

i Trocar insertion
Video :

Camcorder

(f-p) ; P

'y
) 4
A
4

f=3000 mm

'\
v

= Abdominal wall

Figure 3.4 Measurements required to correct the error incurred by perspective. The values
were used to calculate the true penetration of the tip of the trocar below the baseline level of

the peritoneum (D).

3.3.4 Statistics
3.3.4.1 Selection of sample size
No literature or prior experience was available to assist in the calculation of a suitable sample

size. It was therefore elected to introduce each trocar ten times during this pilot study.
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3.3.4.2 Method of analysis
Statistical analysis was performed using the Mann~-Whitney test for inter-group comparisons.
All data were analysed on SPSS (Statistical Package for Social Sciences v 9.0, SSPS UK Litd,

Woking, Swrey, UK). Results were considered significant at the 5% level (i.e. p <0.05).

3.4 Results

3.4,1 Experiment 1 ~ Manual insertion of trecars

All trocar insertions were performed on the one specimen of abdominal wall. The depth of
penetration of the tip of the pyramidal trocar was significantly less at all three stages than that
recorded for the sharp and blunt conical trocars. Therc were no statistically significant
differences in the depth of penetration between the sharp and blunt conical groups. Using the
Mann-Whitney test, p-values for comparisons of the distance of the trocars from the posterior
wall of the apparatus were not statistically significant. This indicates that the trocars were

inserled in similar positions on the abdominal wall model. (Tables 3.1 and 3.2, Figures 3.5 to

3.8).
Distance from
. Stage 1 Stage 2 Stage 3 .

Trocar tip posterior wall

{(mm) {mm} (mm) (rum)

Pyramidal 21.0 40.6 55.2 142.5
y (15.9- 25.5) (38.7 - 45.6) (50.7 - 57.6) (116.2 -168.8)

Conical 37.0 60.6 71.0 142,5
Sharp (31.2 - 40.6) {57.9 - 65.8) (65.2-76.7) {116.2-153.3)

Conical 40,6 58.8 68.8 127.5
Blunt {38.0-51.69) (55.2-68.6) (66.1 - 76.6) {116.2-153.8)

Table 3.1 Experiment 1 (manual insertion). The median and interquartile values of trocar
tip depth from baseline levels of the peritoneum at each stage of insertion (for the definition
of the stages, see section 3.3.3.1). The column on the right lists the median distances of the

trocars from the postecior wall of the apparatus.




Figure 3.5 Scatterplot of the depth of the tip of each type of trocar at the point of initial
penetration of the peritoneum (manual insertion, stage 1). The median and interquartile

ranges are displayed to the right. Inter-group comparisons were made with the Mann-

Whitney test.
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Figure 3.6 The depth of the tip of each type of trocar, when the leading edge of the cannula

initially appeared through the peritoneum (manual insertion, stage 2). The median and

interquartile ranges are displayed to the right. Inter-group comparisons were made with the

Mann-Whitney test.
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p<0.001

Pyramidal Conical Sharp Conical Blunt

Figure 3.7 The depth of the tip of each type of trocar, when the cannula had completely
penetrated the peritoneum (manual insertion, stage 3). The median and interquartile ranges

are displayed to the right. Inter-group comparisons were made with the Mann-Whitney test.

Trocar tip Stage 1 Stage 2 s | e
g,;’;::‘;’(:',,;;p) <0.001 0.001 <0.001 0.789
2{,;‘;;‘;2‘;,,‘,;;,, <0.001 0.001 <0.001 0.618
e e 0.059 0.52 0.734 0.73

Table 3.2 Experiment 1 (manual insertion). Probability values, derived with the Mann-
Whitney test, for comparisons of the depth of the trocar tip at each stage of insertion and the
distance of the trocars from the reference point on the posterior wall of the apparatus.

Statistically significant results are highlighted in bold text.

3.4.2 Experiment 2 — Insertion of trocars using a mechanical device

All trocar insertions within this experiment were performed on the one specimen of
abdominal wall. As before, there was a statistically significant difference between pyramidal
and conical trocars at stages 1 and 2, with penetration occurring earlier in the pyramidal

group (Tables 3.3 and 3.4, Figures 3.8 to 3.10). While this difference was preserved between
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pyramidal and sharp, conical trocars at stage 3, the difference between pyramidal and blunt,
conical trocars just failed to reach significance. However, two inadequate penetrations of the
blunt trocar, as a result of a technical error, were not noticed during the experiments. There
was a significant difference between conical sharp and blunt trocars in the depth of the tip of

the trocar at initial penetration but not at stages two and three.

Distance from
X Stage 1 Stage 2 Stage 3 ¢
Trocar tip (mm) (mm) (mm) post:::)wall
wiiai 20.6 42.2 53.6 150
Pyransida (17.8-23.7) (37.4-452) (51.0 - 56.8) (120 - 180)
Conical 34.6 58.4 66.0 150
(sharp) (28.0-36.5) (51.9-65.2) (60.4 -72.3) (120 - 180)
Conical 39.2 55.1 60.2 150
(blunt) (35.4-43.2) (48.0-61.9) (53.8-70.5) (120 - 180)

Table 3.3 Experiment 2 (mechanical insertion). The median and interquartile values of
trocar tip depth from baseline level of the peritoneum at each stage of insertion (for the
definition of the stages, see section 3.3.3.1). The column on the right lists the median
distances of the trocars from the posterior wall of the apparatus that served as the reference

point for the calculations. All measurements are in millimetres (mm).

p<0.001

Distance (mm)
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Figure 3.8 Scatterplot of the depth of the tip of each type of trocar at the point of initial
penetration of the peritoneum (mechanical insertion, stage 1). The median and interquartile
ranges are displayed to the right. Inter-group comparisons were made with the Mann-

Whitney test.
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Figure 3.9 The depth of the tip of each type of trocar, when the leading edge of the cannula

initially appeared through the peritoneum (mechanical insertion, stage 2). The median and
interquartile ranges are displayed to the right. There are only eight data points for the blunt

conical group due to incomplete insertion. Inter-group comparisons were made with the

Mann-Whitney test.
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Figure 3.10 The depth of the tip of each type of trocar, when the cannula had completely

penetrated the peritoneum (mechanical insertion, stage 3). The median and interquartile

ranges are displayed to the right. Again, there are only eight data points for the blunt conical

group. Inter-group comparisons were made with the Mann-Whitney test.
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Distance from

Trocar tip Stage 1 Stage 2 Stage 3 posterior wall
Fyramida’ vs <0.001 0.001 0.004 1.000
onical (sharp)
Pyramidal vs '
Conical (blunt) <{L901 4.001 0.056 0,779
Copical (sharp) vs 0.023 0.374 0.286 0.779

Conical (blunt)

‘Lable 3.4 Experiment 2 (imechanical insertion). Probability values, derived with the Mann-
Whitney lest, for comparisons of the depth of the trocar tip al each stage of insertton and the
distance of the trocars from the reference point on the posterior wall of the apparatus.

Statistically significant results ave highlighted in bold text,

3.5 Discussion

Irocars with a conical tip are known to require more torce for insertion than trocars with a
pyramidal tip (Bohm ez af, 1998). In this study, it was noted that this difference in profile and
force translated into deeper ingression of the abdominal cavity by (he tip and cannuda, prior
to complete penetration of the peritoneum. The difference in the depth of initial penetration
of the peritoneum by the trocar tip was up to 93% more for the bluat conical and 76% morc
for the sharp conical trocar than the pyramidal trocar and equated to a difference of almost
2cm. However, when coniplete entry of the trocar and cannula assembly was attained, this
difference only equated to approximately 30% extra distance for both types of conical wocar

(1.2t0 1.6 cn),

In the notmal abdomen (i.¢ without a pnewmoperitonetun), the abdominal aoria lies between
6 to 13cm behind the base of the umbilicus, depending on the degree of obesity (Fhad er o,
1991). Bowel will obviously lie more anteriotly. This distance increases with the introduction
of pneumoperitoneum bit no data for this measurement are available. It would be tempting to
make direct comparisons of these imeasurements with the results of this current study but this

is not appropriate for several reasons.
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Firstly, the abdominal wall of pigs is thinuner than the human equivalent but it has however,
been previously regarded as an acceptable alternative for experimental purposes (Bhoyrul ez

al, 1996, Bohm et af, 1998; Tamay ¢f al, 1999).

Also, under norinal circumstances, the pnelunoperitonewn exerts an outward force that
distends and places the abdominal wall nnder tension. Withont the creation of a closed
compartment (that would make measurement of displacement from within extremely
difficult), it is not possible to exactly mimic this ¢lindcal sitvation, ‘The force of the
pnewmoperitonen, as it pushes against the surgeon who is inserting the trocar, provides
resistance Lhat will inflnence the depth of penetration. Within the mode! used for this study,
the tonsion in the abdomninal wall was created in a longitudinal plane and maintained with
clamps, attached to the modified laparoscopic trainer. All 30 trocar insertions within each
experiment were performed on the one specimen to ensure consistency of the thickness of
tissue throwgh which they had to pass. Tt is concoivable though, that both the position of and
the multiple insertions and extractions of the trocars could have affected abdominal wall
tension as the experitments progressed. For this reason, the insertion order of the trocars was
performed sequentiaily rather than in batches to minimise and evenly spread any possible

changes.

A further aspect that this study does not address is the influence of a rotational movement
during the insertion of the conical trocar, Rotation of the trocar is used in the clinical setiing
to facilitate its passage. Despite the intention to avoid rotation and therefore standardise the
technique of insertion, this may have occurred while inserting trocars by hand in experiment
1. The mechanical insertion of the trocars for experiment 2 ensured that there was no

rotational clement, but this deviates from clinical practice.

Despite its shortcomings, this study suggests that the sharpness of the leading point of the

trocar and the profile of the remainder of the tip both exert an influence on the passage of the
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trocar through the abdominal wall.

The pyramidal trocar with a sharp point and three sharp blades created the least deflection of
the tissue at all stages of insertion. ‘Vhe sharp, conical rocar, known to require a highor foree
for insertion (Bohm ef of, 1998), caused a greater deflection at all stages. However, the
deflection at stage 1 (i.¢. the point at which the tip breached the peritonewmn) was
significantly less in experiment 2 and when compared with the degree of deflection caused
by the conical frocar with a blunt tip. Thig difference vanished once the tip had progressed
beyond the peritoneum and the conical componeut of the trocar tip passed through the
wound. In other words, the sharp tip passed more easily through the tissue than the blunt tip
but the resistance of the conical profile as it stretched the tissuc apatt impeded both trocars to
a similar extent. This difference fatled to reach statistical sigunificance in experiment 1 but

further study will be required to assess whether or not this was a type 2 esror,

This study has not evaluated the effect of the “shielded trocar,” which was introdnced in an
attempt to obviate worry about an unprotected tip in the abdominal cavity. This was ot
studied because the resistance of the shield would have introduced another variable in
addition to the profile of the tip of the trocar. Neither has it considered the effect of a
disposable sharp blade, which is known to reduce the resistance to insertion (Corson ef &,
1989). The latter would have introduced the new variables of slightly different diameter and
surface profile of the trocar and cannula. It would be interesting though in future work to

evaluate these aspects of trocar and cannula design.

While differences are evident among the groups, the experiments have not evaluated any
potential injury pattern o the underlying viscera, Since it is this aspect of trocar insertion that
has the most potential for serious morbidity and even mortality, it is necessary to investigate
this further before conclusions are drawn over the clinical significance of the findings within

this study.

AP I LRSI

.1
i
4

.32
2
1

g

3

3
!
5
t

]

4
<
£
kY
!




168

CHAPTER 4

THE EFFECT OF TROCAR TIP PROFILE ON BOWEL INJURY

4.1 Introduction

Tn the last chapter, it was noted that the depth of penetration of the trocar tip, during the
process of insertion into the abdominal cavity, was affected by both the sharpness and the
profile of the tip of the trocar. It is assmned in the literaturc that a sharp pyramidal trocar is
morg casily inserted and is therefore less likely to thrust forward and penetrate the viscera
(Corson et al, 1989, Nezhat e ai, 1991). It would also seemn logical to assume that minimal
incursion of the peritoneal cavity should reduce the opportunity for a irocar to come into
contact with the bowel. However, there are no data available that describes the pattern or

severity of any injury sustained by the bowel upon contact with a trocar.

4.2 Hypothesis and Aim
4.2.1 Hypothesis
Iatrogenic injury, sustained during the process of gaining access fo the abdomen in

Minimally Invasive Surgery can be influenced by the choice of profile of the trocar tip.

4.2.2 Aim
The aim of this study is to compare the incidence and characteristics of any injury sustained
by the bowel, when impinged centrally or off-centre, by pyramidal, sharp conical and biunt

conical trocats.

4.3 Materials and methods

4,3.1 Trocars and cannulae

The same trocars from the 10.5mm “YelloPort”™ range (Surgical Innovations, Leeds, West
Yorkshire, UK), as described in section 3.3.1, were used (Figure 3.1). Only one range was

used to ensure that the sole variable was the design of the tip.
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4.3.2 Bowel model and insertion technique

Small bowel from pigs, complete with the mesentery, was obtained from the local abattoir.
Lengths of bowel, 20cm long were filled with 20mls of 0.9% normal saline (Baxter
Healtheare Lid, Thetford, Norfolk, UK), dyed with red foud colouring (Supercook, Leeds,
West Yorkshire, UK) to highlight any leakage that may occor. The ends were tied and

rendered watertight with 2.0 prolene (Ethicon, Edinburgh, West Lothian, Scotland).

A section of firm, foam material was placed across the botiom of a box and was covered by a
layer of mesentery so that a layer of peritoncum lined the base ol the apparains, Each
specimen was placed into the box, on top of the mesentery and both the bowel and mesentery
were lubricated with 0.9% saline 1o minimise friction and allow free movement of the
specimen. A perspex cover, with a central hole just wide euough for the trocar and cannula
assembly, was placed over the box and lined up with either the centre of the bowel
(experiment 1) or Smm from the midline, towards the anti-mesenteric border (experiment 2).
To aid in the process of alignment, the ends of the prolene ties on the specimens were lefi
long and were bronght up throngh additional small holes in the perspex cover. Once the
specimen was in the correct position, all tension on the prolene was released so that the

howel was not tethered and the ties were kopl away from the centre of the jig with clips.

The “Laparolifi”™ device, as modified for the previous set of experiments (section 3.3.2),
was used to ensure perpendicular insertion and standardise the rate and force of trocar
insertion. A restraint was placed to ensure that the tip of the trocar was inserted to 4 coustant

depth, just level with the upper aspect of the foam base in the box (Figure 4.1).

4,3.3 End-points
The rates of injury and deflection were rccorded. The characterisiics of the wounds were also

noted.




170

4.3.4 Statistics

4.3.4.1 Selection of sample size

While the clinical literature suggests that bowel injury occurs with a frequency between 0.4
to 1.5 / 1000 cases during laparoscopy (Bonjer et al, 1997; Champault ef al, 1996; Copeland
et al, 1983; Deziel et al, 1993; Riedel ef al, 1986; Schrenk et al, 1996), no literature was
available to assist in the calculation of a suitable sample size for an experiment where the

bowel was deliberately targeted. It was therefore elected to introduce each trocar ten times.

Laparolift® Perspex cover

Restraint Specimen box

Figure 4.1 General view of the jig used to ensure perpendicular and standardised placement
of the trocars. Each specimen was lined up with the tip of the trocar so that it impinged the
bowel on the centre of the specimen or Smm towards the anti-mesenteric border. The buttons

to raise and lower the “Laparolift”™ on the upper surface were activated by hand.

4.3.4.2 Methods of analysis
Fisher’s exact test was used for comparisons between the groups. All data were analysed
using SPSS (Statistical Package for Social Sciences v 9.0, SSPS UK Ltd, Woking, Surrey,

UK). Results were considered significant at the 5% level (i.e. p < 0.05).

4.4 Results
4.4.1 Experiment 1 — Central bowel injury
4.4.1.1 Deflection

Only one specimen of bowel, in the blunt conical group, deflected when impinged by a
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trocar. This was not statistically significant (Figure 4.2).

p=1.000* p=1.000*

@Deflection |
| MNo deflection |

i Pyramidal Conical Conical
! Sharp T S R

Figure 4.2 The incidence of deflection of the bowel when impaled centrally. As there were
no episodes of deflection among the specimens impaled by the pyramidal and conical sharp
trocars, it was not possible to calculate a probability value. By definition, there was no
statistically significant difference between these two groups.

*Fisher’s exact test.

4.4.1.2 Penetration of the bowel wall

Every pass with a sharp tipped trocar punctured both the anterior and posterior walls of the
bowel and resulted in leakage of the saline. None of the sections of bowel impinged by the
blunt conical trocars were penetrated although a small, non-penetrating crush mark could be
seen at the site of contact. The difference in the incidence of penetration between sharp
tipped and blunt tipped trocars was statistically significant (Figure 4.3). This difference
occurred although there were no differences among the groups in the incidence of visible

evidence of contact with a trocar on one or both walls of the bowel (Figure 4.4).




—
m—

@ Crush injury
B Penetrating mjgry

Number
O = N W & 00 O N © © ©

Pyramidal Conical Conical
sharp blunt a Sra)

Figure 4.3 The incidence of central penetrating and crush injuries. *Fisher’s exact test.
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Figure 4.4 The incidence of visible evidence of contact with a trocar on one or both walls of
the bowel when caught centrally by a trocar. The pyramidal and conical sharp groups caused
a penetrating injury whereas the conical blunt group only caused a non-penetrating

indentation (see Figure 4.3). *Fisher’s exact test.

4.4.1.3 Shape of the injury
All ten passes with a trocar with a pyramidal tip created tri-radiate wounds (Figure 4.5a). The
sharp conical trocar caused a small round puncture wound (Figure 4.5b) and the blunt conical

trocar, a small, non-penetrating dimple.
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Figure 4.5a Stellate injury caused by a pyramidal trocar.

Figure 4.5b Small round puncture wound caused by a sharp conical trocar.

4.4.2 Experiment 2 — “Off-centre” bowel injury

4.4.2.1 Deflection

Seven sections of bowel deflected when they were impinged by a blunt, conical trocar,
whereas none of the specimens in the pyramidal or sharp conical groups moved aside. This

was statistically significant (Figure 4.6).

4.4.2.2 Penetration of the bowel wall

Again, every pass with a sharp tipped trocar punctured the bowel and resulted in leakage of
the saline. None of the sections of bowel impinged by the blunt conical trocars were
penetrated but evidence of indentation was visible in all cases. The difference in the
incidence of penetration between sharp tipped and blunt tipped trocars was statistically
significant (Figure 4.7). Both anterior and posterior walls were pierced by all of the
pyramidal and sharp conical trocars. Crush marks were evident on both walls in eight of the
specimens and on the anterior wall only in two specimens in the blunt conical group. There
were therefore no statistically significant differences among the groups in the incidence of

visible evidence of contact with a trocar on one or both walls of the bowel (Figure 4.8).
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Figure 4.6 The incidence of deflection of the bowel when it was contacted “off-centre.”
As there were no episodes of deflection among the specimens impaled by the pyramidal
and conical sharp trocars, it was not possible to calculate a probability value. By
definition, there was no statistically significant difference between these two groups.

*Fisher’s exact test.

p<0.001*  p<0.001*
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Figure 4.7 The incidence of penetrating and crush wounds for “off-centre” injuries.

*Fisher’s exact test.
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Figure 4.8 The incidence of injury to one or both sides of the bowel wall when impaled “off-

centre.” *Fisher’s exact test.

p=0.001*
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Figure 4.9 Characteristics of the wounds obtained with different shapes of trocars. For
probability values derived from comparisons of the rates of penetrating and crush injuries
between pyramidal / conical blunt and conical sharp / conical blunt trocars, see Figure 4.7.
* Fisher’s exact test - comparison of the incidence of puncture and stellate wounds between

pyramidal and conical sharp trocars.

4.4.2.3 Shape of the Injury
Eight out of ten passes with a trocar with a pyramidal tip created tri-radiate wounds. In two
cases, a small puncture wound was obtained. As previously noted, the sharp conical trocar

caused a small round puncture wound and the blunt conical trocar, a small, non-penetrating




176

dumnple. Non-penetrating crush injuries occurred exclusively with (he conical blunt tracar.
The characteristics of the wounds were related to the profile of the tip of the oftending trocar

(Figure 4.9).

4.5 Discussion

Ongce again, there was a clear difference in the injury pattern related to the profile of the tip
of the trocar. The most imporftant factor thongh in this experiment was the sharpness of the
extreme tip of the trocar. Both the pyramidal and shatp conical trocars perforated all
specimens of bowel, albeit with different shapes of wounds. None of the blunt trocars caused
a penetrating injury, even though there was evidence of pressure on the posterior wall of the
bowel in most cases. In fact, il was noted in this latter group that the crush mark disappeared
within a few minutes of the trocar injury. Dug to the use of cadaveric lissue, it is not possible
to determine whether or not in-vivo, this area would heal spontaneously ov pexforate at a later

date, 'This is a potential weakness of the experiment but it does not detract from the findings.

It is difficult to recreate the exact cnvirotungnt of the abdoimen, However, the current
experirent was set up in a manner that aliowed freedom of moverent of the bowel over a
peritoneal surface as found in-vivo yet altowed standardisation of the technique, position and

depth of trocar insertion thut would have been virtually impossible in a live maodel.

'The theoretical advantage of a conical frocar is that it will encourage mobile viscera to
deflect (Semm, 1995; Tews ef al, 1991). This only accurred when a blunt conical trocar was
used and was most pronounced when initial contact was made away from the centre of the
bowel. Bowel was impaled by the conical trocar with a sharp tip regardless of whether the
nijury was contral or off-cenire, suggesting that the sharp tip caught the serosa and prevented
lateral movement. Contrary to the opinions of some anthors (Corson ef af, 1989; Nezhat ef
al, 1991), the presence of a sharp tip actually facilitates visceral injury and should be avoided

if at all possible.
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CHAPTER S

THE EFFECT OF TIIE TROCAR TIP PROFILE ON THE PATTERN OF
VASCULAR INJURIES

5.1 Introduction

In Chapter 1, it was noted that the profile of the tip of the trocar influences the ease of
passage through the tissue and the nature of the wonnd. Cutting pyramidal trocars incise
tissue within their path and create a defcct that is the same diameter. Conical trocars stretch
the tissue aside thereby creating a smalier wound. [t has also been proposed that conical

trocars can deflect both the abdominal viscera and biood vessels (cf. scetion 1.8).

5.2 Ilypothesis and Aim
5.2.1 Hypothesis
Iatrogenic injury, sustained during the process of gaining access to the abdomen in

Minimally Invasive Surgery can be influenced by the choice of profile of the trocar tip.

5.2.2 Aim
The aim of this study is to compare the incidence and characteristics of anv utjuwy sustained

by the aorta when impinged by pyramidal, sharp conical, blunt conical and Hasson trocars.

5.3 Materials and Metheds

5.3.1 Trecars and Cannulae

Trocars with pyramidal, sharp conical and blunt conical profiles were selected from the
10.5mm “YelloPort”™ range (Swrgical Innovations, Leeds, West Yorkshire, UK). In
addition, because a trocar can potentiatly come in contact with the aorta during open access,
a rounded Hasson trocat was included for these experiients (Figure 5.1), Only one range

was utilised to ensvre that the sole variable was the design of the tip.
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5.3.2 Abdominal Aorta

Abdominal aortas from pigs, reared for heart valve xenografts, were obtained from the
abattoir. Each aorta was carefully examined for lumbar and mesenteric branches, all of which
were clipped. Proximally, an intravenous giving set, attached to a bag of normal (0.9%)
saline (Baxter Healthcare Ltd, Thetford, Norfolk, UK) was secured with No.1 prolene

(Ethicon, Edinburgh, UK). Five millilitres of red food colouring (Supercook, Leeds, West

Figure 5.1a The profiles of the trocar tips from left to right are rounded (Hasson), blunt
conical, sharp conical and pyramidal. All come from the “YelloPort”™ range (Surgical
Innovations, Leeds, West Yorkshire, UK).

Figure 5.1b Enlarged view of the trocars that displays the different profiles.

Yorkshire, UK) were added to the saline to highlight any leakage. The fluid was run through
the aorta to expel air and the distal aorta was cross-clamped to create a closed system. A
pressure infusion cuff (Medex Medical Ltd, Rossendale, Lancashire, UK) was used to create
a pressure of 120mmHg, the peak of the normal aortic wave-form. The aorta was placed in

the centre of a jig.

5.3.3 Development of the Apparatus for the Study

Initially, the aortas were pinned to a wooden backplate and placed within an abdominal
simulation box (AnnexArt, Beaumaris, Anglesey, UK). A neoprene skin (Diver’s
Warehouse, Bradford, West Yorkshire, UK) was placed over this to represent the abdominal

wall. Markers placed on this surface were used to indicate the location of the aorta. However,
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early trials of this device demonstrated that it was not possible to ensure consistent

perpendicular and central placement of the trocar in relation to the specimen.

An alternative device was designed. It consisted of a wooden back plate that served as a base
to which the specimen was secured and also represented the vertebral column. An inverted
“U”-shaped cover was constructed, with enough space to permit lateral deflection of the
aorta, when this occurred. In the roof, a central hole was drilled to allow the insertion of a
trocar and cannula. This was 24.5mm thick and was a snug but not a tight fit, to ensure
consistent perpendicular, central placement of the trocar (Figure 5.2). A dial calliper gauge
was used to ensure the specimen was equidistant from the sides of the device and therefore

central.

Figure 5.2(a-c) Superior, anterior and side elevations of the apparatus used for the series of
experiments. The aorta was situated within the device, directly below the hole in the upper
surface (b) and with sufficient space to deflect (c¢). The infusion line, from the pressurised

reservoir of 0.9% saline, entered from the right.
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Figure 5.2(d,e) The snug fit of the cannula within the device ensured perpendicular

placement with every insertion.

5.3.4 End-points

Each trocar was inserted, by hand, a total of ten times and was pushed through until the
resistance of the back wall of the jig was felt. The trocar was left in position until the aorta
had been inspected for evidence of deflection. The aorta was then removed from the device
and was examined for injury to the adventitia and any fluid leak. The specimen was then
opened to evaluate the intimal aspects of both the anterior and posterior walls. The maximum
width of the injury was measured with a dial calliper gauge, accurate to 0.1mm (Squires

Model and Craft Tools, Bognor Regis, West Sussex, England).

5.3.5 Statistics
5.3.5.1 Selection of Sample Size
No literature or prior experience was available to assist in the calculation of a suitable sample

size. It was therefore elected to introduce each trocar ten times during this pilot study.

5.3.5.2 Methods of Analysis

All data were analysed on SPSS (Statistical Package for Social Sciences v 9.0, SSPS UK Ltd,
Woking, Surrey, UK). The Kruskal-Wallis test was used to compare continuous data among
all of the groups and the Mann-Whitney test for direct comparisons of two selected groups.

The Wilcoxon signed ranks test was utilised for analysis of paired continuous data and
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Fisher’s exact test was used for comparisons of nominal data. Results were considered

significant at the 5% level (i.e. p < 6.05).

5.4 Results

5.4.1 The incidence of deflection

None of the aorlas impinged by a ltocar with a pyramidatl tip or sharp conical tip
deflected. However, three of the aortas deflected upon contact with the blunted conical
trocar and eight on contact with the Hasson trocar, Deflection occurred more frequently
when a non-sharp tipped trocar (Iasson and blunt conical) was used rather than a sharp
tipped trocar (pyramidal and sharp conical) (Fisher’s exact test, p<0.001). There was a
tendency for dellection to oceur move oficn in the Hasson group than in the blunt conijeal

group, although this was not statistically significant (p=0.07, isher’s exact test).

5.4.2 The incidence of injury and relation to tip profile

All ten aortas in the pyramidal and sharp conical groups were injured by the trocars. Seven
aortas in the blunt conical group and three in the Hasson twocar group were injured during the
process of trocur insertion. The tips were re-categorised by profile to sharp and blunt and
analysis demonstrated a difference in the incidence of injury (p<0.001, Fisher’s exact test).
There was no statistically significant difference in the injury rate between Hasson and blunt

conical trocars (p=0.179, Fishet’s exact test).

5.4.3 Type of leakage

It became obvious that the trocar injurics resulted in two patterns of leakage. The Dirst and
most comumon (n=22) was a brisk, “spurting” leak, which occurred in all aortas that were
impinged by the pyramidal and sharp conical trocars and in two aortas that were injured by
the blunt conical tip (Figure 5.3). The sccond type (n=8) was a contained “hacmatoma®
(essentially a pseudoaneurysmy) that limmited the loss of fluid in the tissues around the aorta

(Figure 5.4). This occurred with five aortas in the blunt conical group and three aortas in the
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Hasson group. This difference in the pattern of haemorrhage was statistically significant
when the blunt conical trocar was compared with the pyramidal or sharp conical trocars
(p=0.003, Fisher’s exact test) and when the Hasson trocar was compared with the pyramidal
or sharp conical trocars (p=0.003, Fisher’s exact test) (Figure 5.5). There was no statistically
significant difference in the incidence of the “contained” leak between the groups that were

injured by the Hasson trocar and blunt conical trocar (p=1.000, Fisher’s exact test).

haematoma

Figure 5.3 The aorta has been removed from the device to demonstrate the spurting jet of
fluid that occurred after injury with a pyramidal trocar. Note the “haematoma” due to the
injury of the posterior wall. The clipped vessel to the right is the superior mesenteric artery

(SMA).

Figure 5.4 This specimen demonstrates a contained “haematoma,” (essentially a pseudo-

aneurysm) within the peri-aortic tissue after an injury with a blunted conical trocar.
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5.4.4 Injuries to the wall of the aorta

There was a statistically significant difference among the groups in the median size of the

Pyramidal Sharp Conical Blunted Rounded
Conical Conical

Figure 5.5. Graphical
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illustration of the incidence

of “spurting” leakage and

contained “haematoma”

caused by the four different

trocar tips. Ten aortas were

used for each group.

adventitial defect in the front wall and the back wall (p<0.001, anterior wall defect, p=0.002,

posterior wall defect, Kruskal-Wallis test). There was no statistically significant difference

among the groups for the size of the intimal injury (p=0.296, anterior wall defect, p=0.321,

posterior wall defect, Kruskal-Wallis test) (Table 5.1 and Figure 5.6).

3 Conical Conical

Pyramidal Siarn Sl ol Hasson

» Antoitor 3.1 1.78 0 0
Adventitial (2.5-4.22) (1.15-2.75) (0-1.28) (0-0.98)

defect (cm) Patrior 1.5 0.6 0 0
(1.28 — 1.85) (0.38 - 0.8) (0-1.1) (0-0.4)

Aniterboe 5.15 4.95 5.8 0
Intimal (3.15-17.3) (3.7-5.75) (0 - 6.55) (0-7.12)

defect (cm) Pistivior 2.65 1.95 2.5 0
(1.28 — 1.85) (1.0 - 2.48) (0-3.35) (0-5.42)

Table 5.1 The median size of the injury created by the four types of trocar on the anterior

and posterior adventitial and intimal walls of the aorta. The interquartile range is quoted in

parenthesis.
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Figure 5.6 The median size of the defects in the aortic wall after injury by pyramidal (blue),
conical sharp (red), conical blunt (green) and Hasson (yellow) trocars. The error bars

represent the interquartile ranges.

5.4.5 Injuries to the anterior adventitia

The pyramidal trocar caused a larger defect than the sharp conical, blunt conical and Hasson
trocars. The sharp conical trocar created a wider injury than the blunt conical or Hasson
trocars. There was no statistically significant difference in the size of injury created by the

blunted conical or Hasson trocars (Table 5.2).

Blunt Sharp
Hasson Conical Conical
Pyramidal 0.001 0.002 0.007
e 0.021 0.025
Conical
Blunt
Conical 0.657

Table 5.2 Probability values for comparisons of the size of the trocar induced injuries of the
adventitia of the anterior wall of the aorta, derived with the Mann-Whitney test. For the

median wound sizes and interquartile ranges, see Table 5.1.
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5.4.6 Injuries to the posterior adventitia

The pyramidal trocar caused a significantly larger defect than the sharp conical, blunt conical
and Hasson trocars. The sharp conical frocar created an injury that was statistically larger
than the Hasson trocar but was the same as that caused by the conical blunt trocar, There was
no statistically significant difference in the size of injury created by the blunted conical or

flasson trocars (Table 5.3).

R I L R T I I T R T et

Hasson Blunt Sharp
Conical Conical
Pyramidal 0.0} 0.001 0.001
gmﬁl 0.03% 0.618
Blunt
~ Conical 0.375

Fable 5.3 Probability values for compartisons of the size of the trocar induced injurics of the
adventitia of the posterior wall of the aorta, derived with the Mann-Whitney test. For the

median wound sizes and interquartile ranges, see Table 5.1.

5.4.7 Injuries to the anterior and posterior intima

There were no statistically significant differences in the sizes of the intimal wounds of the
anterior or posterior walls, although the dilference between wounds created by the sharp
tipped trocars and the Hasson trocars were approaching significance in the anterior wall
(Tables 5.4 and 5.5). Although there were less injuries among the aortas impaled by the
blunted conical and Hasson trocars, the ranges of the size of the injuries when they ocourred
were of similar magnitude (Figure 5.6). The shape of the intimal injuries varied with the type
of trocar. Most of the wounds caused by pyramidal trocars were tri-radiate and the wounds

created by the conical and Tlasson trocars were typically linear (Figures 5.7 to 5.9).




Hasicn Blunt Sharp
o Conical Conical
Pyramidal 0.053 0.677 0.677
CS;‘:i';‘;l 0.089 0.596
Blunt
Conical 0.333

Table 5.4 Probability values for comparisons of the size of the trocar induced injuries of the

intima of the anterior wall of the aorta, derived with the Mann-Whitney test.

For the median wound sizes and interquartile ranges, see Table 5.1.

Hasson Blunt Sharp
Conical Conical
Pyramidal 0.122 0.939 0.096
TEA 0.122 0.448
Conical
Blunt
Conical 0.443

Table 5.5 Probability values for comparisons of the size of the trocar induced injuries of the
intima of the posterior wall of the aorta, derived with the Mann-Whitney test.

For the median wound sizes and interquartile ranges, see Table 5.1.

Figure 5.7 The aorta has been opened longitudinally to display the wound in the intimal
surface. In this specimen, a pyramidal trocar created the injury and left a characteristic tri-

radiate wound in the anterior (a) and posterior walls (b).
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Figure 5.8. On this occasion, a sharp, conical trocar was used. Note the small, central, round
defect with a linear transverse wound in the intima of the anterior wall (a). Although the

wound in the posterior wall is much smaller, it is longer in the transverse diameter (b).

Anterior

wound

Posterior
wound

Figure 5.9. Injury with a blunted conical trocar (a) and a Hasson trocar (b) produce a similar
pattern and size of wound when viewed from the intimal surface. Specimen (b) has stained
strongly with the colouring in the saline. The reason for this is unclear as the specimen was
obtained from the same batch of aortas and there was no change in the concentration of the

dye in the saline used for this specimen.

5.4.8 Comparison of the size of the adventitial and intimal wounds within groups
Injuries to the adventitia, caused by sharp tipped trocars were significantly smaller in the
back wall compared with the front wall (pyramidal trocars, p=0.005 and sharp conical

trocars, p=0.012, Wilcoxon signed ranks test). When an injury was caused by a blunt tipped
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trocar, there was no statistically significant difforence in size between the anterior and
posterior defects (blunt conicat trocar, p= 0.216 and Hasson trocar p=0.593, Wilcoxon signed
ranks test). However, due to the small number of injarics in these latter groups, the results

have to he treated with cantion.

Wounds in the intima, caused by the sharp tipped trocars and the blunted conical trocar were
smaller i the posterior wall compared with the anterior wall (pyramidal trocar, p= 0.005,
sharp conical trocar, p= 0.005, blunt conical trocar, p=0,18, Wilcoxon signed ranks test).
There was a similar tendency for the Hasson trocar (p=0.109, Wilcoxon signed ranks test) but
due to the small nuntber of injuries, no fivm conclusion can be drawn from the result.

Injuries in the adventitia of the anterior and posterior walls of the aorta, ereated by
pyramidal, sharp conical and blunt conical trocars, were typically smaller than the
cortesponding wound in the intima. A similar trend was obscrved for the Hasson trocar but
due to the smaller munber of total injuries observed in this group, it was not statistically

significant (Table 5.6).

Anterior wall Posterior wall
Trocar type Adventitial vs Intimal Adventitial vs Intimal
wound wound
Pyramidal 0.022 0.607
Conical (Sharp) 0.005 0.007
Conical (Blunt) 0.018 0.018
Hasson 0.109 0.109

Table 5.6 p-values, derived by comparison of the adventitial and intimal wound
measurements with the Wilcoxon Signed Ranks test. For the median wonnd sizes and

interguartile ranges, see Table 5.1.

5.5 Discussion
It is quite clear from the data, that a trocar with a shavp tip, regardless of whether it has a

pyramidal or conical profile, readily inpales the aorta npon contuct as all aortas in these




189

groups were injured and “bled.” A trocar with a blunt tip is more likely {0 deflect the acrta
and reduce the incidence of injury although it does not completely abolish the risk. Logically,
the relalive “bluntness™ might increase the deflection rate and decrease the likelihood of an
injury, However, comparison ol the data derived in this experiment for blunt conical and
Hasson (rocars does not support this theory but as the numbers involved in his study were

small, caution has to be exercised in the interpretation of this statistical comparison.

These resnlts cast some light on the theories previously discussed in the introduction and
demonstrato that the sharpness of the tip can obviate the benefit of a conical fip. The theory
that trocars with a conical profile “should be preferred” because they deflect vessels is
correct (Bohm e/ af, 1998; Hurd ez al, 1995; Serum, 1995) bul only as long as the tip is blunt.
However, it has been demonstraied in this study that a blunt tip docs nol completely obviate
the risk of injury and caution should be exercised during the insertion of any type of trocar. A
sharp tip may increase the ease with which the trocar is inserted but this does not
automatically translate into a lower rate of visceral injury as previously suggested, since
contact with the viscera will inevitably result in injury (Corson et al, 1989; Nezhat ef i,
1991). This current study confirms eartlier assertions that these authors drew conclusions that

were not supported by their data (¢l section 1.8.5).

Although the size of the adventitial wound was related to the profile of the trocar tip, the size
of the corresponding wound mn the intima was relatively uniform in all groups. This tsin
contrast to the pattern found n the anterior abdominal wall where the conical tip creates a
sialler wound. As regards the shape, the majority of the wounds created by the pyrantidat
trocar were tri-radiate, yet all the intimal wounds, created by conical frocars, were orientated
in a transverse direction and were linear. Examination of the structure of the aorta may

explain these findings.

The aorta consists of three layers - the tunica adventitia, tunica media and tunica intima, The
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adventitia mainly consists of a network of collagenous fibres and some elastic fibres. The

et s

tunica media is the thuckest of the three aorlic layers and comnsists of concentric lamellae of
elastic material with intervening layers of simooth muscle and fibrous tissue. The smooth
muscle forms a spiral but as it has a very low pitch, it appears to be arranged
circumforentially, The intima consists of an endothelial layer with its basal laming and a
subendothelial layer with siooth mnscle cells, collagen and elastic tissue (Ross & Reith,

1985).

The small adventitial wound oblained with the conical trocar indicates that the randomly
arranged fibres were displaced by the trocar and subsequently returned to almost their

original position. The transverse orieniatton of the intimal wound suggests that the

underlying media (which is attached to the inﬁma} split along the linc of the smooth muscle
fibres, in a manner analogous to that of the striated muscle of the abdomen (Bhoyrul ef @/,
1996), and resuited in a wound that was longer in the transverse dimension. It is not ¢lear,
from the available datz, whether or not a similar mechanism occwired with the blunted
trocars, as both the blunt conical and Hasson trocars lack a sharp tip to initially penetrate the

tissue. Conceivably though, the pressure effect could actually split apart the smooth muscle

fibres and allow passage of the trocar. The mechanism of injury for the pyramidal trocar was
obvious - as previously seen in the abdominal wall maodel, the pyramidal trocar cut a wound
through the tissue regardless of its composition, Histological confirmation would strengthen

these conclusions and it is planned to pursne this in future experiments,

It is not clear if one injury pattern is more sinister than the other. A blunt tip and a conicat

profile may result in deflection of the aorta, but the trocar can still cause an injury that will

compromise the integrity of the vessel. However, the relatively small adventitial wound in

the blunted trocar groups was accompanied by a small defect in the peri-aoitic tissue that

effectively resealed the wound and created a pseudo-aneuryvsm.
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Initial logic would suggest that a spurting vessel is a more serious injury because it can resule
in a rapid loss of blood into the peritoneal cavity. However, this type of injury should be
obvious and readily recognised in most cases, prompting conversion o laparotomy. An
injury that resuits in intimal disruption and a contained leak, with minimal or slow blood
loss, could afford slightly more time for contro! and repair. In the operative setting thougly, it
may pass unnoticed, as bowel and omentum overlying the refroperitoneutn may obscure the
damage. The consequences of s misscd injury are delayed haemorthage or even distat
ischagmia (as a result of embolic phenomena) (Hannay ef ¢, 1995). Extreme caution and a

high index of suspicion are mandatory.

There are some potential weaknesses of this study.

Firstly, it did not use uman tissue. However, porcine tissue is an acceptable aliernative to
human tissue (Bhoyrul ef af, 1996; Boln e/ «f, 1998), which would be difficult to obtain it
the climate of current public opinton over the use of cadaveric tissue. The fluid within the
pressure system was crystalloid, which is less viscous than blood and this cotdd conceivably
influence the pattern of leakage through the wound. The influence of clotting and the natural
history of a “contained” leak were not followed. In addition, while the pressare wave in the
abdominal aorta in vivo is dynamic, the experiments were performed on a static model, A
pump mechanism could recreate this but the changing intra-aortic pressure would introduce
another variable of pressure at the time of injury. This would require the development of a

mechanism Lo coordinate trocar insertion and pressure.

Blinding of the investigator was not possible, However, the device to standurdise the position
of the aorta, the angle and initial point of contact between the trocar and the aorta, cnsured
ihat these factors were not influenced by observer bias. The only aspect that was not
standardised was the rate of insertion, which could conceivably influence the injury rate and

patiem,
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Although differences were detected between blunt tipped and sharp tipped trocars, it must be
conceded that this study was underpowered. The absence of a statistically significant result
for the comparison of deflection and injury rates between the two groups of blunt trocars {(i.e.
blunt conical and Hasson trocars) requires cautions interpretation due to the low injury rates.
There were only seven injuries in the biunt conical group and three injuries in the Hasson
group, which makes a type 2 error a real possibility, Further investigation is indicated and

planned.
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CHAPTER 6

OVERVIEW OF THE THESIS

6.1 Summary

The advantages of laparoscopic cholecystectomy over open cholecystectomty are now well
cstablishect. These include lower 1elease of cytokines, less impainnent of cell-mediated
immunity, less pain, better pulmonary function, faster postoperative recovery, fewer
complications and iproved cosmctic appearance, Nevertheless, it has been shown by several
authors that small changes in techmique and careful attention to detait can further reduce
aspects of the physiological insult of laparoscopic surgery and result in improvements in
oulcome (or (he patient (cf. section 1.6), The aim of this thesis was to take this concept and
apply it to trocars and cannulae and the process of access. Althouglt the trocar and cannula
sysiern is central to laparoscopic surgery and numexous theories abound over its use (cf.
section 1.8), there are relatively little prospective data in the literature concerning the impact
of size (cf. section 1.7) and the pattern of visceral and vascular injwry related to the profile of

the tip {cf. section 1.8).

In chapter 2, the impact of a reduction iu ihe size of the trocars, cannulae and mstruments was
addressed in a clinical study. Smaller instruments are now fieely available and there have
been a number of reports that have described their use for diagnostic and therapeutic
purposes. Data from these reports have been used to suggest {hat smaller wounds may resuit
in up to 70% less pain and analgesic consumption, a faster recovery and virtnally invisible
wounds (¢f section 1.7.2). However, uncertainty remains over the value of the technique due
to reductions in the image quality, the flexibility and resilience of the instruments and the fact
that there could be a learning curve, even for experienced laparoscopic surgeons. As the
micropuncture technique was already in use in Leeds, it was logical that a randomised

controlied trial should be performed to address these questions.

The study was designed to address several issues, namely clinical outcome for the patient, the

L
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effect on respiratory physiology and the stress response and thirdly, the feasibility of the
procedure. The procedures and the anaesthetics were carefully standardised to ensure that the
only variable that differed between groups was (he size of the cannviae and much effort was

excrted to ensure that the protocol was not significantly breached duaring the study

The most important issue for patients is clinical outcome as that is what they can see and
perceive. The patients who agreed to parficipate were inviled to provide objeciive information
that covered their pain experience, presence of nausea and vomiting, use of analgesia and
quality of life. Analysis of the data collected, suggested that after the micropuncture
technique, although less parenteral analgesia was required, there was no significant
reductions in pain scores. Nausea and vomiting were not a major feature after either
technique of cholecystectomy and quality of life scores were similar throughout the study.
Interestingly, quality of life was significamly better for both technigues at four weeks after

surgery when compared to preoperative values.

Physiological and biochemical measurements of pulmonary function and the stress response
failed to reveal any significant differences between the two techniques and would suggest that
the reduction in size of the incisions is too small to have much impact on these parameters. It

is worth noting that to date, no other study has addressed the impact on the siress response.

Rather than vy fo assess the surgeons’ subjective perceptions of the level of difficulty of
MPLC compared to CILC, operative times were measured. The rationale behind this was that
any potential difficulties that arose from the use of the smaller laparoscope or instruments
would be mantifest as an increase in operative times that could be objectively compared.
Furthermore, a breakdown of the procedire would highlight any particular aspect that was
most affected by the new technique. It was demonstrated that it took longer to clip and divide
the cystic duct and artery (probably due io the change to a 3mm laparoscope during the

manoeuvre) but this did not significantly increase overall operative titnes, In support of the
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concept that the micropuncture technique was no more techuically demanding was the fact

that none of the procedures were converted to a conventional laparoscopic cholecystectomy.,

The remaining experiments in chapters 3 to 5, were devoted to examination of the influence
of the tip of the trocar on its passage through the abdominal wail and its effects should it
comg iugo contact with bowel or a ajor blood vesscl. The facts that have beon cstablished in
the literature are that conical trocars require a higher force ot entry but cause smaller wounds
and are less likely to injure small vessels that they encounter during the insertion process.
Cutting tvocars slice through tissue, create a wound of the same diameter and are more likely

to injure small blood vessels {cf. section 1.8.6),

It has been asswmed that the high entry force associated with a conical or blunt trocar results
in less control and that the deeper incursion into the abdominal cavity combined with an
increased risk of “overshoot,” results in higher vates of visceral or vascular injury, However,
some authors have contended that while a conical trocar requires a higher insertion force, it
pushes aside viscera upon contact and is less likely to cause major vascular trauma. No data

have been reported that support these claims {(cf, section 1.8.5).

Investigation of these aspects proved somewhat of a challenge. A clinical study of bowel and
major vascular injuries was not possible due to the infrequent nature of the events. Likewise,
it was difficult to envisage how the point at which a lrocar and cannula assembly penetrated
the peritoneum could be measured in the clinical setting. The conditions found in-vivo though

would be difficult to replicate in the laboratory.

The experiment in chapter 3 was designed so that the depth at which the trocar and cannula
penetrated the abdomen could be seen and measured. 'I'he investigations in chapters 4 and 5
concentrated on the injury pattern of the trocar tips on bowel and aorta and were designed so

that the specimens could he deliberately targeted in a standardised fashion. Although the
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experiments that were performed represent pilot studies on which future work will be based,

sorne interesting fndings emerged.

The first exporiment demonstrated that the conical trocar depressed the abdominal wall to a
greater extent than the pyramidal trocar before it penetrated the peritoneum and facilitated
entry of the catnula. This is in keeping with the assumptions in the literature (cf. section
1.8.5). However, this study also suggested that the sharpness of the leading point of the
conical trocar and the profile of the remainder of the tip both exerted an influence on the
passage of the trocar and cannula through the abdominal wall, Although the tip of the sharp
conical trocar penctrated the peritoneum with less displacement of the abdominal wall than
the blunt conical trocar, the final depth of incursion into the abdomen was similar for both
blunt and sharp, conical trocars. The subsequent studies suggest that there are potentially

serious sequelae to this observation.

Sharp tipped trocars (both pyramidal and conical) resulted in penetrating injuries upon contact
with the bowel or aorta in all cases. Presumably, the sharp tip canghf the serosa or adventitia
and prevented lateral movement so that the bowel or aorta could not deflect. The implications
of this are that any contact with abdominal viscera is potentially serious and that sharp conical
trocars, which are introduced further into the abdontinal cavity than pyramidal trocars before
the cannula is completely inscrted, will be more tikely to come into contact with the visceta

and cause injury.

The blunted conical trocars however, only caused a simall depression in the bowel wall that
did not penetrate the serosa, that could not be seen on the posterior wall in up 1o 40% of cases
and vanished within a couple of minntes, Also, deflection vccurred in most inslances of “off-
centre™ contact. This implics that in rclation fo bowel, although the blunt conical trocar may
penetrate further into the abdomen than the pyramidal trocar to achieve complete insertion of

the cannula, it is unlikely to result in injury.
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In the aortic model, dellection was more likely to occur and injurics, ess likely to occur with
blunt trocars than with sharp trocars, When the blunt tracars did cause an injury, the intimal
wound was similac in size to the sharp trocars but the “bleed” was usually contained in a
pseudo-aneurysm. There was a trend for the Hasson trocar to cause more deflections and
Tewer ingurics but this did naot reach statistical significance, presmmnably because the nuinber
of injuries was relatively low (n= 3). Ii is probable that these finding conld improve the

clinical outcome in the event of vascular trawmna during insertion of a blunted trocar.

6.2 Conclusions

6.2.1 The influence of diameter

Cholecystectoiny usiug simaller trocars, cannulae and instruments is widely applicable to
elective cholecystectomy in a westernised population. Although the change from a 10mm o a
3mm laparoscope increased the time to clip and divide the cystic duct and artery, this had no
iimpact on the overall time of the procedure. Despite a reduction in the consumption of
parenteral analgesia among the patients in the micropuncture group, there was no
corresponding reduction in pain scores, Overall, this study found no evidence that fine calibre

instruments conterred any obvious major clinical benefits to the patients.

6.2.2 The influence of profile of the trocar tip

Pyramidal trocars encroach iess info the abdoininal cavity during the process of insertion, bt
will injure bowel or aorta upon contact. Sharp conical rocars depress the abdominal wail to a
greater extent before they facilitate entry of the canmula and will injure bowel or aorta upon
contact. Blunt conical {rocars require to be inserted o the same depth as sharp conical trocars
bul ate extremely unlikely to traumatise bowel. They can deflect aorta and are less likely to

cause injury than sharp tipped trocars.

It i3 not possible from these data to quantity the risk of injury from a pyramidal trocar that

facilitates entry of the cannula with less depression of the abdominal wall or a blunt conkcal

-

-t bt
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trocar that encroaches further into the abdomen but is less likely than a sharp {eocar to cause
tnfury should it contact bowel or aorta. However, it can be deduced that a blant conical trocar
is unlikely to cause injury if bowel is tnadvertently contacted duwring open or closed access

and that trocars with a shavp tip should probably be avoided.

6.3 Future Work

There are a number of questions that have arisen from the work presented in this thesis.

In relation to the size of the trocars, the impact on ambulatory cholecystectomy remains b
unknown. As 75% of day cases in the unit are discharged on the same day, a much larger

study will be required to assess whether the reduction in parenieral analgesia improves same-~

day discharge rates. Due Lo the volume of work, the expertise and the organisation of the unit,
this should be a feasible project. It would also allow an opportunity to coltect visual analogue

pain scores to assess whether or not the study was underpowered (as suggested by the

retrospective analysis of the power of the data) or there is indeed no difference in pain scores.

Future experiments emanating from the work on profile of the trocar tip will include
gvaluation, with larger groups, of the influence of the diameter of the trocar, the shielded
trocar and the relative “bluniness” of the tip. Some of this work is already underway using a
modification of the apparatus described in chapter 3. Confirmation by histology of the
mechanism of the injury sustained by the individual components of the aortic wall will also
be performed. The injury pattern sustatned by large veins (i.e. the vena cava) requires
evaluation and it is also necessary o quantify the distance between the peritoncal surface of
the abdominal wall and the viscera in an attempt to establish the relative safety of the

pyramidal and blunt conical trocars.

The modified “Laparolift”™ device that was cmployed in chapters 3 and 4 promoted

discussions with a local instrument manufacturer to create a device that will not only give
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variable control aver the rate of insertion but will also measure the force generated through a
load cell within the system and store the information on computer. 1s addition, a device to
standardise the tension of the abdominal wall specimen has been designed to circumvent the
lack of pressure from the pneumoperitoneum. This has taken much longer than anticipated but

Iias now Lecome available.

Looking beyond thie laboratory, a randomised clinical (rial of conical and pyramidal trocars
has been proposed and granted ethical approval. Intraoperatively, this will examine the peak
forces penerated during insertion of the trocar and removal of the cannula using the above
device. The number of cannula displacement episodes and the incidence of gas lcak will be
assessed to determine if the smaller wound created by a conical trocar reduces the incidence
of these irritating probiems. Postoperatively, wound related complications will be recorded.
The two main difficulties iz commencing this {rial however, have been frstly the design of a
robust device for the insertion and removal of the trocars / canmulae that will incorporate a
load cell but can still be sterilised and secondly, the developrent of a computer program that
will record the information. It is anticipated that these difficulties should be overcome now
that an instrument manufacturer has expressed an intcrest in providing technical assistance in

the development of the equipment for the project.
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6.4 Publications and presentations

6.4.X Publication

Micropuncture Cholecystectomy: A randomised conirolled trial.

Aanslie WG, Catton JA, Davides I, Dexter §, Gibson J, Larvin M, McMahon MJ, Mooirc M,
Smith S, Vezakis A.

Surgical Endoscopy 2003;17(5):766-772

6.4.2 Oral Presentations

Micropuncture Cholecystectomy: A randemised controlled trial.

Ainslie WG, Catton JA, Davides D, Dexter S. Gibson J, Larvin M, McMahon M), Moore M,
Smith 8, Vezakis A.

8" World Congress of Endoscopic Surgery hosted by SAGES. New York

13" March 2002

Prize paper, also presented as poster under presenfation regulations.

Less Invasive Instruments,
Ajnslie WG, Larvin M, McMahon MJ.
Invited presentation.

What’s new, what’s true? The T.eeds Gastro-intestinal Course, 3™ June 1999

Micropunciure Laparoscopic Cholecystectomy.
Adnslie WG, Larvin M, McMahon MJ.
Invited presentation,

The Livingstone Surgical Travelling Club, Leeds. 14" May 1999

6.4.3 Poster presentation

Micropuncture Cholecystectomy: A randomised controfled trial.

Ainslie WG, Catton JA, Davides D, Dexter S, Gibson J, Larvin M, McMahon M, Moore M,
Smith S, Vezakis A.

Association of Endoscopic Surgeons of Great Britain and Ireland, Dublin, 24" May 2002
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APPENDIX 1
Anaesthetic regime for the randomised trial of conventional laparoscopic and

micropuncture laparoscapic cholecystectomy.

Preop Patienis ASA I or I (see below).
No premed
Drip ~ Hartinann’s 1000mls all patients, but extra fluids as clinically

required.

Induction Propofol + lignocaine
Atracurium
Diamotphine 5 mg (for patients 50-90 kg: reduce/ increase if
light/heavy)
Droperidol 2 mg
Atropine (.3 mg
Diclofenac 100 mg PR after induction

Orogasfric tube

Maintenance Atracurinm (PRN)
Nitrous oxide 70% : oxygen 30% + isoflurane to ¢, § MAC on
CAPNOMAC (modify isoflurane according to blood pressure if necessary)

and EtCQ, maintained @ 4.53%. Record maximum MAC value used.

Reversal Neostigmine + glycopyrrolate : Qs in recovery.

Post-ap Anti-emetic requirements - to be scored : Cyelizine 50 mg 6 hrly as required.

Analgesic requirements - to be scored : Cocodamol */sqo 4-6 huly as

required.




Physical Status Scale: American Society of Anesthesiologists (ASA)

ASA | Physical Status

1 A normally healthy individual. No organie, physiological, hiochemical or
psychiatric disturbance.

2 | A patient with mild to moderate systemic disease. This may or may not
be related to the disorder requiring surgical treatment e.g. diabetes
mellitus, hypertension.

3 | A patient with severe systemic discase which is not incapacitaling c.g.
heart disease with lmited exercise tolerance, uncontrolled hypertension
or diabetes.

4 | A patient with incapacitating systemic disease that is a constant threat to
life with or without surgery e.g. congestive cardiac failure, severe and
persistent angina.

5 { A moribund patient whe is not expected to live and where surgery is
performed as a last resort e.g. ruptured aertic aneurysm.

E | A patient who requires an emergency operation.
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APPENDIX 2

o gy ool e 3 open ead SR N S wp Bone pom iy aem Ry oy st go
Lasas Instituie For Mininally Invasgive Therspy

(LMD
Pain and Sickness Scores
We would like to know how much pain or discomfort you might feel
after your operation. You can show us by drawing a small cross on
the tines as shown here.

For example,

If you have very little discomfort then you might mark it like this:-

No pain 3% Worst pain

However, if you feel you have just about the worst pain you can
imagine, you might mark it like this :-

No pain *=~  Worst pain

If your pain was somewhere in between, then you might do this:-

No pain = Worst pain

There is also a space to write in how many painkillers you take each
day and where you feel any pains. If you feel sick then you can tell
us about it by circling a number using the system:-

1

| do not feel sick at all

| feel sick but am not vomiting
| am retching

- | am vomiting

WN-=2O0
i

Please add any comments you wish o make about the operation at
the end of the sheet. These would be most welcome. Please
remember to bring this completed sheet with you to the outpatient
clinic.

Thank you for your help.

The i_iMIT team.
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8 hours post-op

No pain Worst pain

Pain location -
Number of tablets -
Sickness score - 0 1 2 3

12 hours post-op

No pain Worst pain

Pain {ocation -
Number of tablets -
Sickness score - 0 1 2 3




Day 1

No pain

Day 2

No pain

Day 3

No pain

Pain location
Number of tablets
Sickness score

Pain location
Number of tablets
Sickness score

Pain location
Number of tablets
Sickness score
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Worst pain

Worst pain

Worst pain




Day 4

No pain

Day 5

Na pain

Day 6

No pain

Pain location
Number of tablets
Sickness score

Pain location
Number of tablets
Sickness score

bS]

Pain location
Number of tablets
Sickness score
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Worst pain

Worst pain

Worst pain
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Day 7

No pain Worst pain

Pain location -
Number of tablets -
Sickness scoare - ] 1 2 3

Comments?
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APPENDIX 3

Interleukin-6 and ACTII assay methods

Interieukin-6 - This was measured using a quantitative sandwich enzyme-linked
immunosorhent assay kits (ELISA). Each plate contained 96 wells, pre-coated with a muruie
monoclonal antibody, highly specific for human I1.-6. The minimum detectable
concentration of the kit was 0.7pg/ml, with an intra-assay sensitivity of 2.6% and inter-assay
sensitivity of 4.5% (Quantikine Human I1-6 immunoassay, R&D Systems Inc, Minneapolis,

USA).

116 standard was reconstituted with 5mi of calibrator diluent to produce a stock solution at
300pg/ml and gently agitated for 15 minutes. 333pl. of solution was mixed with a further
667ul, of diluent to produce a standard of 100pg/ml. 500uL of this new standard was mixed
with 500pL of diluent to produce a standard of 50pg/ml. This process was vepeated until
standards of 25pg/ml, 12.5 pg/ml, 6.25pg/mi and 3.12pg/ml were obtained. Pure diluent was

used as a standard of Opg/ml.

Buffered surfactant wash solution was supplied as 21 mi of concentrate that was diluted

with distilled water to a volume of 500mi,

Substrate solution was produced by mixing 12.5 ml of stabilised hydrogen peroxide with

12.5 ml of tetramethylbenzidine, 15 minutes prior to use.

Procedure - All samples and standards were plated in duplicate. 100pk. of assay diluent
(huffered protein) was inserted into each well, to which 100uL of sample or standard were
added and incubated at room temperature for 2 hours. Each well was aspicated and washed
three times (400uL of wash buffer per rinse) and after the last wash, the plate was blotted

against clean towelling paper. 200uL of IL-6 conjugate (polyclonal antibody against I1-6,
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conjugated to horscradish peroxidase) was added to each well and incubated for a furthes 2
hours at room temperature. After a further wash, 200uL aliquots of substrate sofution were
added and incubated in the dark for 20 minutes, Stop solution (50uk, of 2N sulphuric acid)

was added to cach well,

A Labsystems Multiskan RC micro plate reader and Genesis v3.00, PC based software (Life
Sciences Intervational (UK) Limited, Basingstoke, Hampshire, UK) measured the optical
density at a wavelength of 4500m, wiih correction sct for 540nm. A standard curve was
generated for each set of samples and values for the duplicate specimens were averaged by

the PC software package.

ACTH - This was measured using a quantitative sandwich ELISA kit Each plate contained
96 wells and was pre-coated with streptavidin, The minimum detectable concentration of the
kit is 0.46pg/ml, with an intra~-assay sensifivity of 3.6% and inter-assay sensitivity of 6.0%

{ACTH ELISA #SDX018, Sangni BioTech Inc, California, USA).

ACTH standuards A-I" (Table app3.1) were reconstituted with 2mi of distilled wator and after

standing for 10 minutes, were gently inverted.

Procedure - All samples and standards were plated in duplicate. 200uL of sample or
standard was pipetted into each well after which, 25ul. of biotinylated antibody, followed by
25pL of enzyme labelled antibody were added. The microplate was covered with aluminium
foil to protect it from light and then placed on an orbital shaker set at 170 rpm for 4 hours at
room (cmporature. Each well was aspirated and washed five times with 350ul. of the wash
solution, then lofted dry. 150pL of tetramethylbenzidine substraie was dispensed into each
well. Once again, the plates were covered in foil and placed on the orbital shaker for 30

minutes, 100pL of 1N sulphuric acid was added as a stop solution.

"
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Buffered surfuctant wash solution was supplied as 30ml of concentrate that was diluted

with distilled water to a volume of 600mi.

Standard Concentration of ACTH
{(pg/ml)

A 0 :

43 ‘
C 153 “
b 47
E 140 |
B 425

Table A3.1 Concentration of ACTH standards

A Labsystems Multiskan RC micro plate reader and Genesis v3.00, PC based sofiware (Lite
Sciences International (UK) Lintited, Basingstoke, Hampshire, UK) measured the optical
deunsity at a wavelength of 450mm, then at 405nm and a siandard curve was generated for
cach microplate, Sample values beltow 150pg/ml were interpolated from the calibration curve
generated at a wavelength of 450nm and those greater than 150pg/mi, from the curve

generated at 405mn. Values of the duplicate specimens were averaged.




Official use only BCENM]

Health Questionnaire )

EQ-5D

An Instrument to Value Health




Jescribing your own hea

By placing a tick in one box in each group below, please indicate which
statements best describe your own health state today.

Mobility

| have no problems in walking about

| have some problems in walking about
| am confined to bed

Self-Care

| have no problems with self-care

| have some problems washing or dressing myself
| am unable to wash or dress myself

Usual Activities (e.g. work, study, housework, family or leisure activities)
| have no problems with performing my usual activities

| have some problems with performing my usual activities

| am unable to perform my usual activities

Pain/Discomfort

| have no pain or discomfort

| have moderate pain or discomfort
| have extreme pain or discomfort

Anxiety/Depression
| am not anxious or depressed
| am moderately anxious or depressed

L ) ) b 11D

| am extremely anxious or depressed



To help people say how good
or bad a health state is, we
have drawn a scale (rather
like a thermometer) on which
the best state you can
imagine is marked 100 and
the worst state you can
imagine is marked 0.

We would like you to indicate
on this scale how good or
bad your own health is today,
in your opinion. Please do
this by drawing a line from
the box below to whichever
point on the scale indicates
how good or bad your health
state is today.

Your own

health state
today

Best
imaginable
health state

100

“II
1 @0

0
Worst
imaginable
health state

N

W)



It will help us to understand your answers better if you complete the following
questions.

1. What is your age in years? l:

2. Are you: male female Please tick

appropriate
a0

3. Are you:
a current smoker ]
Please tick
an ex-smoker > appropriate
box
a never smoker 3
4. Which of the following best describes your main activity?
in employment or self employment .
retired
2
housework 3 Please tick
appropriate
student 4 box
seeking work &
other (please specify) =
5. Did your education continue after yes no Please tick
the minimum school leaving age? D . D " aP°L°P"a‘e
OX
6. Do you have a degree or equivalent yes no Please tick

professional qualification? D 1 |:I , appg")"xﬂa‘*’

7. If you know your post code would you
please write it here I'é

Thank you for taking the time to complete this questionnaire.
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APPENDIX 3

Randomised Trial of Standard and Micropuncture
Laparoscopic Cholecystectomy.

Patient Information Shect.
This is an invitation to pasticipate in a research study.

You are going to have your gallbladder removed by laparoscopic surgery (“keyhole”
surgery.) We have recently developed a madification of the keyhole technique using thinner
instruments. This may reduce discomfort caused by the operation but it is not known for
certain. We think that both variants of the operation are equally safe.

We invite you to join a study to compare the two types of “keyhole” operation.

If you agree to take part, you will be atlocated at raudom to one or other type of operation
once you have been anaesthefised. This means the type of operation would he determined by
chance, like tossing a coin. You would therefore have an equal chance of having cither
operation. "T'his is the fairest and most exact way of finding out if one kind of surgery is
better. Neither you nor the nursing staff will be aware of the variant of the vperation which
you have received - but the information would be available if needed for your care.

After the operation we will ask you 1o record yonr level of discomfort and perform some
basic functional tests such as getting out of bed, getting out of yowr chair and moving small
objects, We will also take five blood samples and perforin some simple breathing tests. n afl
other respects, your treatment will he routine,

After leaving the hospital, we will review your progress one week and then four weeks later
in the outpatient clinic.

Partivipation in this research is entirely voluntary and you can decline to tzke part or
withdraw at any time without affecting your care,

All information collected about you will be kept confidential and it will not be possible for
anyone else to identify you from it The findings of the stedy will be published in the
medical researclh literature and as part of an MD thesis.

In the unlikely event that you are harmed by taking pait ia this study, there are no special
compensation arrangements. If you are hatmed due to someone’s negligence, then you may
have grounds to a legal action. Regardless of this, if you have any cause to complain about
any aspect of the way you have been approached or treated during the course of this study,
the normal Nationa! Health Service complaints mechanisms are available (o you.

If yon have any queries, you can contact Mr W Ainslie at LIMIT (Leeds Institute for
Minimally Invasive Therapy) at 0113 392 3466 or the address overleaf.
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Leads Institute For Minimally invasive Therapy
LI

Patient Consent Form

A randomised comparison of postoperative pain and recovery after standard
laparoscopic cholecystectomy and micropunciure laparoscopic

cholecystectomy.
Please deiete
as applicable
1. | have read the Patient Information Sheet. Yes/No
2. | have had the opportunity to ask questions
and discuss the research study. Yes/No
3. | am satisfied with the answers to¢ my questions. Yes/No
4. | have received enough information about this study. Yes/No
5. 1 have spokento ProffMrifMs ............................ Yes/No
6. [ understand that | am free to withdraw from the study
at any time without giving a reason and that it will
not affect my future care. Yes/No
7. | agree to take part in this research study. Yes/No
Signature. ... Date................
NamE. ..
Signature of witness...............ocoe i Date................




APPENDIX 6: DATA

CHAPTER 1
Introduction
Yo
reduction
in FYC
OoC | LC
Randomised studiey
Frazce ef al, 1991 43 | 27 -
McMahon ¢t al, 1994 46 | 35
Coclho et al, 1993 40 | 26
Putensen-Himmcr et al, 1992 43 | 30
Cohort studies
Joris et al, 1992 41 | 15
Mealy ef al, 1992 48 | 22 |
Peters ¢f af, 1993 35 | 23
Radeﬁﬁker at a!,l 1992 71 | 42
Schauer ef af, 1993 ‘ 51 :9:]

Values for the percentage reduction in forced vital capacity after open cholecystectomy

and laparoscopic cholecystectomy as reported in the literature (Figare 1.3).
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CHAPIER2

Micropuncture Resulis

Patient Characteristics (Table 2.2)
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.- . Symptom S
e G| 15 s Fl Ve iy VUL vl o
MPO0T MPLC 40 Female 1.66 76.3 27.7 19 7.5 2
MP002 LC 49 Female 1.67 61 21,9 19 12.8 1
MP003 TC 53 Male 1.88 107.5 30.4 10 7.0 1
MP0OO4 NPLC 39 Female 1.35 581 24.2 36 10.3 1
MPGOS LC 63 Female 1.04 72.8 271 12 4.2 2
MPOO6 MPLC 61 Female 1.64 062.2 231 12 7.0 2
MP0O7 T1.C 48 Temale 1.69 88.2 309 37 4.0 1
MP0O0& MPLC 71 Male 1.71 64.5 221 3 0.7 1
MPOLG MPLC 52 Female 1.69 92.2 32.3 30 7.2 i
MPOIL MPLC 61 Female 1.56 85.3 35.1 10 5.9 i
MPO1Z 1L.C 39 Male 1.74 79.4 26,2 8 7.5 1
MPO14 MPIC 42 Female 1.36 8938 36.9 58 6.9 1
MP015 MPLC 58 Female 1.55 60.9 25.3 10 1.9 1
MPPOl6 LC 47 Female 1.58 74 29.6 10 5.0 1
MPO17 MPLC 62 Female 1.58 s2 20.8 18 2.1 2
MPO18 MPLC 60 Female 1.57 574 233 60 9.4 1
MP01¢ LC 47 Female 1.69 72.7 255 Q 2.0 1
MPO26 MPLC 64 Female 1.58 57 228 24 12.2 i
MP0O21 MPLC 29 Female 1.63 86.5 32,6 1 0.2 1
MPO22 LC 48 Female 1.63 82.2 309 6 1.5 1




Patient Characteristics (Tuble 2.2) continued

Patient

MIM023

Mpo24

MPO26

©MP027

MPGO28

MP029

MPO30

MPO31

MP032

MPO33

MP0O34

MP033

MPO36

MPO37

MPO38

MPQ39

Mi*041

MP042

MP043

MPQO44

Group

LC
L
MPLC
MPLC
1.C
LC
MPLC
MPLC
1.C
LCc
LC

LC

MPLC
LC
MPLC
LC

MPLC

Age
(years)

58
52
7
47
53
20
68
46
29
53
43
43
70
53
71
63
54
52

55

Sex

Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
TFemale
Male
TFemale
Female
Female
Female
Female
Temale
Male

Temalo

Height Weight

(m)
1.46
1.54
1.54
1.61
1.56
1.66
[.59
1.67
1.59
1.62
1.59
175
1.64
1.75
1.45
1.68
1.59
1.65

17

1.61

(ke)

71.5
73
56.8
68.2
67.3
54
83.2
68.4
68.95
80.8
62.2
90.7
€1
98.5
48.6
69.2
77.6
79
70.75

61

BMI
(kg/m”)

33.5
30.8
24.0
26.3
271
19.6
32.9
24.5
273
30.8
24,6
29.6
22.7
34.3
23.1
24.5
30,7
29.0
24.5

235

Symptom
time
(months)

36

20

14
13
21

24

13
0

420

18

32
13
10

39

219

‘Waiting list

time (nonihs}) ASA
3.5 1
0.7 2
22 1
28 1
11.3 1
13.2 1
1.6 1
118 1
16.2 1
5.6 2
12.0 2
2.9 1
15,5 i
2.8 2
12.3 2
20 1
30.2 2
78 2
1.0 1
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Extent of Biliary Disease (Table 2.3)

Patien.t Grqup f:;::‘f::ﬁg Calculi Ec'::; Polyp .. "Contracted ‘Thickened Adhesions (!fl‘aBt]e)d .
MPOOl MPLC No Yes I No No Yes No No
MP002Z LC No Yes 2 No No No No No
MP00O3 LC No Yes 1.6 No No Yes No No
MPO0O4 MPLC No Yes 2 No Mo No No No
MP0O0OS LC BC Yes 0.5 No No Yes Yes Yes
MP0O06 MPLC No Yes 4  No No Yes Yes No
MP007 LC AC Yes 2 No No Yes No No
MP0O3 MPLC BC Yes 0.5 No No Yes Yes No
MP010 MPLC No Yes 0.2 No No Yes No No
MPG11 MPLC No Yes 2 No No Yes Yes No
MPO12 LC AC Yes 2 No No Yes Yes No
MP0O14 MPLC No Yes 1.5 No No Yes Yes Nao
MPOIS MPLC BC Yes 025 No No Yes No No
MP0O16 LC No No 0 No No Yes No No
MPO17 MPLC No Yes I WNo No Yes Yes No
MPo18 MPLC Nou No 0 No No No Yes No
MPO19 LC No Yes 0.5 No No Yes No No
MP020 MPLC . No Yes 1 Ne No No No No
MP0Z1 MPLC | No Yes 025 No No Mo No No
MPO22 1.C BC Yes 0.5 No Na No Yes No

CBD - common bile duct

AC - geuto cholecystitis,  BC - biliary colic




Extent of Biliary Discase (Table 2.3) continued
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Patient Group E::E:ﬁf:ﬁ: Calculi zl::; Polyp Contracted Thickened Adhesions dg:ﬁ’ d
MPO23 LC No Yes 05 No No No No No
MIP024 1.C No Yes 0.5 No No Yes Yes No
MP0O26 MPLC No Yes 05 No No No No No
MPN27 MPLC No Yes 3 No Yes No Yes No
MPOZ28 LC BC Yes 025 No No No No No
MP0O29 T.C Ne Yes 05 No No No Yes No
MP03Q MPLC No Yes 2 No No Yes Yes No
MPG31 MPLC No Yes 0.5 No No No No No
MP032 LC Na Yes 0.4 No Yes Yes Yes No
MPO33 LC Nao Yes 1 Yes No No Yes No
MP034 L1LC No Yes 05 No No Yes Yes No
MPO35 LC BC Yes 0.4 No Yes Yes Yes No
MP0O36 MPLC No Yes 1 No No Yes No Yes
MPO37 MPLC No Yes 2 No Yes Yes No No
MPO3g 1.C No Yes 0.1 No No Yes No No
MP039 MPLC Ne No 0.1 Yes No No Yes No
MPO41 1.C No Yos 1.5 No Yes Yes Yes No
MPO42 MPLC Ne Yes |l No No No Yes No
MP0O43 LC No Yes 0.25 No No Yes No No
MPO44 MPLC No Yes 025 No No Yes Yes No
CBD - commen bile duet
AC - acute cholecystitis, BC ~ biliary colic
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Operative Details (Table 2.4) i
Patient Group | Operator Nc“{:::]l:ﬁf‘,l: f }(]l::‘:‘?;;i M‘ggﬁfg re “g?ci) 10C Coml?lications
MPOO1T MPLC |Consgltant 4 7 7 713 No  Readmission - pain i
MPOOZ LC Consultant 4 7 7 - Yes

MP003 LC Trainec 4 7 7 486 Yes

MPOG4 MPLC | Consullant 4 7 7 102 Yes

MPO0O5 LC Consultant. 4 7 7 - Yes

MP0O06 MPLC | Consultant 4 7 7 120 Yes Diarrhoea

MPO07 LC Consultant 4 15 13 131 Ne

MP0O0O8 MPLC |Consultant 4 7 7 - Yes

MP010 MPLC |Trainee S 10 10 222 Yes

MPOIl MPLC | Traince 4 7 15 194 Yes

MPO1Z LC Consultant 4 7 i0 143 No

MP014 MPLC | Consuitant 5 7 9 - Yes

MPO15 MPLC | Consultant 4 8 8 - No

MPO16 LC Consultant 4 7 7 794 Yes Huematema - umbilicus

MP017 MPLC |Consuitant 4 7 7 564 No

MP0OI8 MPLC ! Consukant 4 7 7 140 No

MPY9 LC Consultant 4 7 7 624 Yes Haemaloma - ymbilious 4
MPG20 MPLC [ Consultant 4 7 7 268 Yes

MP0O21 MPLC | Consultant 5 7 7 403 Yes

MP022 LC Consaltani 4 7 7 516 Yes Haematama ~umbilicus

IOC - infraoperative cholangiogram
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Operative Details (Table 2.4) continued

Patient Group | Operator h:::::::;d:ﬂ 2;33’;‘;;;; Mﬁ;:g;;"'e (lggzs} IO_C Complications
MP0O23 LC ; Consultant 4 7 10 125 Yes

MPO24 1C Consultant 5 7 7 879 Yes

MP026 MPLC |Consultant 4 7 7 69 Yes

MP027 MPLC | Consultant 4 7 15  89.9 Yes

MPo28 LC Consultant 5 7 7 519 Yes Bile leak
MPo29 LC Trainee 4 7 7 92.3 Yes

MPO30 MPLC | Consuitant 5 7 7 120 Yes

MP031 MPLC |Trainee 4 7 7 140 Yes

MP032 LC Consultant 4 7 7 99.3 Yes Stitch granuloma
MP0O33 LC Consultant 5 7 7 53.6 Yes Infection Sthport
MP034 LC Trainee 4 7 7 92.3 Yes

Mro3s LC Consultant 4 7 i5 128 Yes

MPO36 MPLC | Consultant 4 7 7 675 Yes

MP037 MPLC | Consultant 5 7 7 81.1 No*

MP038 LC | Consultant 4 7 12 843 No

MP039 MPLC | Consultant 4 7 7 33.6 No

MPO41 LC Cousultant 6 7 10 276 No

MP042 MPLC |Trainee 4 0 7 62.5 Yes

MP0O43 T.C Consultant 5 7 7 - Yes

MP0O44 MPLC |Consuiiant 4 7 7 603 Yes

10C - intraoperative cholangiogram

*

- 1adine allergy
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Operative Times {Table 2.5)

) Cannulae Calot’s A Cholan- Ainct ang GB off 5 . Tota!

Patient Group | ., . R arfery .o placed in | operative
inserted dissected giogram o liver .

divided bag tinie

MPODIT MPIL.C - - - - - - 1:14:00
MPOOZ  1.C - - - - - - 12500
MPOD3 LC - - - - - - 2:20000
MPOO4 MPLC - - - - - - 1:04:00
MPOD5 LC - - - - - - 1:21:00

MPOO6 MPLC | 0:02:42 3718 0:07:25  0:04:13  0:08:12  0:01:32 | 1:29:48

MPCOO7 LC 0:06:58 :37:02  0:02:00 0:00:30 O:10:56 :01:1 1:26:30

MPO08 MPLC 0:07:38 0:41:29  0:03:53 0:06:49 - 0:01:57 | 1:23:08
MPO1O MPLC 0:06:24 1:05:36 0:08:30 0:04:29 - 0:02:23 1:42:47

MPO11 MPLC | ®:06:34  0:20:13  0:07:58 0:03:09 (026121 0:01:13 | 1:50:20
MPO12 LC 0:03:30  0:27:.10 - - 0:13:48 - 1:11,06
MPO14  MPLC 0:19:35 1:15:33 0:02:27 0:02:51 0:01:16 0:00:54 2:00:30
MP0O1S MPLC | 0:02:00 0:26:07  0:07:03  0:00:;51 0:06:49  0:02:02 | 0:59:32
MPO16 LC 0:01:42 0:16:50 0:05:33 0:02:50 - 0:01:19 0:46:18
MPe17  MPLC | 0:06:03 3745 00733 0:12:23 003114 0:02:22 | 1.40:27
MIPP018 MPLC 0:05:.57 0:32:12 0:04:33 0:04:56 0:04:14 0;02:05 1:12:50
MPC1e  LC 0:05:55 0:11:18 0:10:33 0:00:54 0:06:55 0:02:12 5:04:02
MP0O20 MPLC 0:09:58 0:07:19 0:08:08 0:03:15 0:06:14 0:01:58 0:44:40
MP0O21 MPLC | 0:10:15 01343 0:06:11  0:05:20  0:03:44  0:00:38 | 0:;51:45

MP022 1.C 0:06:15 0:06:30  :08:34  0:01:30  0:04:54  0:00:50 | 0:47:45

Quoted times are hourssminutes:seconds. For the first five procedures, only total operative
times were collected. For a complete explanation of the timed segments of the procedures,
see section 2.3.5

(-) — missing data.




Operative Times (Table 2.5) continued
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. Cannulae Calots A Cholan- Puctand oy o =kt . tois)
Patieni  Group inserted  dissected giowram artery liver placed in | operafive
eried ¢ glogr divided " bag fime
MP023 1C 0:05:57  G¢:17:03  0:06:04  0:00:19  0:04:15 - 1:02:59
MP024 LC 0:04:33  :26:50  0:05:42  ®:01:22  0:01:36 00412 | 0:54:49
MP0O26 MPLC | @:10:23 017219 0:08:01  0:10:58 0:15:35 - 1:16:52

MP027 MPLC | 0:07:59  14:37  0:1539  0:01:01 0:14:59  (:02:20 | 1:22:53
MP028 LC ¢:05:07 0S5 0538 0:00:30 0:03:34 (010131 0:38:27
MP029 T1.C 0:06:45  0:19:3¢  0:.07:39  0:01:40 0:04:28  0:01:02 | 1:08:02
MPO30 MPLC | 0:10:40  (0:22:42 0:20:58 (:10:49  0:01:01 0:05:36 1:27:08

MPO31 MPLC | 0:05:1¢  0:27:00  0:10:02  ©:10:50 0:22:06  0:02:07 | 1:40:05

MP032 LC 0:09:35 03442 0:23:47  0:03:31 0:08:35  O:01:31 1:39:10
MPO33 1.C 0:01:53 0:23:57 0:08:38 (0105 - 0:01:42 | 0:52:42
Mra34 LC 0:01:52 0:26:08  0:03:50  0:01:01 0:04:49  0:01:00 | 0:56:06
MPo3s LC 0:04:50 0:27:38 0:00:37  0:00:50 - 0:01:00 | 0:52:23

MPO36 MPLC | 0:06:36  0:14:54  0:21:20  0:02:23 0:04:38  0:02:43 1:02:50
MPO37 MPLC | 0:11:00  0:08:12 - - 0:13:37  0:01:28 | 0:56:00
MPO38 LC 0:08:56 0:09:33 - ~ 0:.07:16 0:00:52 1:03:54
MPO39 MPI.C | :03:00  O:11:00 00945  0:02:27  0:09:33  0:06:21 | 0:50:00
MPO41 LC 0:06:12 0:08:48 -~ - 0:03:G6 0:01:16 0:54:12
MP04Z2 MPLC 0:08:05 0:19.05 0:11.22 0:01;54 0:13:14 0:01:50 1:03:10
MP43  LC 0:05:29 0:19:23 :05:14 0:01:24 n02:44 0:03:21 0:45:43

MP044 MPLC 0:10:07 0:15:08 0:13:18 0:03:17 - 0.00;55 0:50:00

Quoted times are hours:minutes:seconds. For the first five procedures, only total operative
times were collected. For a complete explanation of the timed segments of the procedures,
see section 2.3.5.

(-} —missing data.
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Visual Analogue Pain Scale Scores igure 2.7, Table 2.6)

Patient Group [8hrs 12hrs Dayl DPay2 DPay3 Duy4 Dayd DayG Day7

MP00LI  MPLC 21 14 53 45 42 52 57 9 8
MP002 CLC 16 12 34 12 0 0 0 0 0
MPO03 CLC 31 30 23 16 12 13 14 12 10
MPO04  MPLC 5 7 64 35 60 28 13 3 2
MPOD5 CLC 13 13 14 38 23 21 24 24 27
MPOBG MPIC 13 19 43 33 15 7 138 13 7
MPOO7  CLC 13 38 44 46 36 28 25 24 19
MPO0S  MPLC 10 10 14 6 6 8 7 5 8
MPOI0O  MPLC 28 30 30 45 12 8 4 0 0
MPO11  MPLC 20 38 36 39 18 38 6 3 2
MPO12 CLC 49 46 44 48 47 43 36 30 40

MP014  MPLC 64 50 64 58 51 48 36 55 55

MPG1S MPLC 29 22 23 15 15 18 3 9 8
MPO16  CLC 26 48 48 27 14 11 15 3 38
MP017 MPLC 29 19 15 15 12 4 4 3 4
MPOI8  MPLC 21 22 21 19 9 6 7 42 16
MEO19  CLC 10 48 47 34 22 17 11 6 7

MPO20  MPLC 37 28 33 29 26 30 26 24 25
MPG21  MPLC 40 37 39 31 27 24 10 4 4

Mroz22 CLC 37 41 37 33 29 14 12 Y 13
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Visual Analogue Pain Scale Scores (Figure 2.7, Table 2.6) continued

Patient Group |8hrs 12hrs Dayl Day2 Day3 Day4 Day5S Day6é Day7

MPO23  CLC 36 37 41 34 39 42 37 35 72
MP0O24 CLC 7 6 37 31 37 3 2 2 0
MPO26  MPLC 21 16 12 25 0 10 5 3 2
MPR27 MPLC 50 67 80 65 26 18 53 6 3
Mproz8  CLC 29 25 34 22 15 6 7 5 6
MP02¢  CLC 10 3 10 19 6 10 3 2 2
MP0O30  MPLC 78 22 35 24 7 0 5 3 1

MP03}  MPLC - - - - - - - “

MPO032  CLC 47 36 54 490 28 12 15 14 10
MP033 CLC 51 68 69 70 50 42 22 12 12
MPO34 CLC 24 21 26 24 29 21 14 6 4
MPO35  CLC 42 0 38 41 41 15 2 2 1
MP0O36  MPLC 20 20 18 14 I3 10 7 4 2
MP037 MPLC 19 13 24 14 12 11 7 5 5
MP0O38 CLC 65 - 72 64 58 42 67 67 60
MPO392  MPLC 4 i2 20 22 23 4 8 5 1
MP041  CLC 31 51 54 66 59 35 20 20 13
MPO42  MPLC ' 12 - 32 73 12 14 20 13 7
MPO43  CLC ; 34 20 18 13 7 5 3 3 2

MP044  MPLC : 79 57 32 34 40 40 43 44 24




Analgesia (Tables 2.7 and 2.8)

Patient Group ';‘:; tlal‘* Total* Par‘ex;l'- Oral  Oral
s 1wk eral' 24lus 1wk

MP0Q1 MPI.C 22 73 0 12 63
MPo02 LC 22 28 0 12 13
MP0O03 LC 20 38 10 0 18
MPO04 MPLC 22 32 ¢ 12 42
MPOOs  LC 16 04 0 6 54
MPOO6 MPLC 16 40 0 6 30
MPOO?7 1.C 22 34 0 12 24
MP0OO8 MPLC 10 10 ¢ 0 0
MPO1O MPLC 22 40 0 12 30
MPO11 MPLC 34 85 0 24 75
MPOI12 T.C 32 134 16 12 114
MPO14 MPIC 23 142 0 18 132
MPO15 MPLC 22 46 0 12 36
MPOIG LC 28 67 0 18 57
MP017 MPLC 16 34 0 6 24
MP0O18 MPLC 28 58 0 18 48
MPOl9 LC 28 94 0 18 84
MP0O20 MPLC 10 19 0 0 9
MPO21  MPLC 28 136 0 i8 126
MP0O22 LC 22 91 0 12 81

228

Al values are expressed as equivalents of morphine (mg). For conversion values, see table 2.1

X

¥

Total quantity of intra-operative and post-operative doses (parenteral and oral)

Postoperative only
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Analgesia (Tables 2.7 and 2.8) continued

Patient Group ';‘;ltl::]* Total* Pal'el;t- Omf Oral
rs 1wk erall 245 1wk

MPO23 LC 34 79 0 24 69
MP024 LC 22 40 0 12 30
MP026 MPLC 16 22 0 6 12
MP027 MPLC 14 20 0 4 10
MP0O28 LC 16 40 0 65 30
NMPO29 T.C 42 108 20 12 78
MPO30 MPLC 22 28 0 12 18
MP031 MPLC 34 - 0 24 -
MP032 LC 38 110 1a 18 90
MP033 LC 22 22 0 12 i2
MP034 LC 32 56 10 12 36
MPO3s LC 22 100 0 12 90
MPO36 MPLC 16 22 0 6 12
MPG37 MPLC 16 34 0 6 24
MPo3gt 1.C 33 135 10 18 120
MP039 MPLC 10 34 0 0 24
MPO41 LC 22 76 0 12 66
MP042 MPI.C 28 113 0 18 105
MpPo43 J1.C 22 22 0 12 12
MP044 MPLC 64 160 30 24 120

All valugs are expressed as equivalents of morphine {mg), For conversion values, sce table 2.1
* - Total quantity of intra-operative and post-operative doses (parenteral and oral)
- Postoperative only

- Reduced intraoperative diamorphine (weight < 50 kg)

b
-’
1

Missing data (not supplied by patient)




Nausca and vomiting (Table 2.9)

Patient Group| 8 12 Day Day Day Day PDay Day DPay Anti-emetic
hes  hos 1 2 3 4 $ 6 7 regquested

MP0O01 MPLC ¢ 0 i 1 1 0 0 Yes
MP002 LC 0 o 0 1 0 0 0 No
MI003 LC 2 3 Q 0 2 0 0 Yes
MP004 MPLC 0 a Q 0 0 0 4] No
MPCOS LC 0 0 0 G 0 0 0 No
MPPO06 MPLC 0 0 0 0 0 0 0 No
MPOO7 LC 0 0 ) 0 0 Q 0 No
MPO08 MPLC 0 0 O Q 0 0 0] No
MPO10 MPLC | 2 1 0 0 0 0 a Yes
MPOLY MPLC 1 )] 0 0 0 1] 0 No
MPO12 LC 0 0 0 0 0 0 0 No
MPO14 . MPLC 2 1 1 I 1 1 1 Yes
MPO15 MPLC 0 0 0 1 6] 1 0 No
MPO16 LC 3 1 3 0 1 0 ¢ Yes
MPO17 MPLC 3 o 1 0 0 a ¢ No
MPOI8 MPLC 0 0 0] 0 0 D a No
MPO19 LC 1 0 0 0 0 0 0 No
MP020 MPLC 1 0 0 G 0 4] 0 Yes
MPO21 MPLC | O 1 0 0 0 0 0 No
MPO22 LC 1 0 1 0 0 a Q Na

~ 10 nausea or vomiting

—nausea only

—~ vomiting

-)  —missing data

it
]
2 - retching, no vomiting
3
(
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Nausgea and vomiting (Tuble 2.9) continwed

Patient Group | 8 12

Pay Day Day Day Day Day DPay Anti-emetic

) hys  hrs 1 2 3 4 5 6 7 requested
MPO25 LC , 0 O O O 0 0 Qo 0 @2 No
MPOZ4 IC | 0 © o o 1 0o 0o o o Yes
MPO2Z6 MPLC| ¢ © © 0 0 0 0 0 0 No
MPO27 MPLC{ 2 O © 0 ©0 0 0 0 O Yes
MPO28 1.C ©o 3 0 0o © 0 0 0 o No
MP029 LC o o0 2 3 1 0 1 0 Yes
MPO30 MPLC| ¢ 6 2 0 0 0 0 0 0 No
MP0O31 MPLC| - - - - - - - - - Yes
MP032 LC o 0 3 0 ©0 0 0 0 o Yes
MPO33 LC 1 2 3 1 o 0 6 0 0 No
MPO34 LC 3 6 ¢ 0 0 0 © 0 © No
MPO35 LC Lo 1 1 1 o 0 0 0 No
MPO36 MPLC| 0 1 0 o0 0 1 0 0 0 No
MPO37 MPLC| 3 1 o0 0 o0 o0 0 0 0 No
MP38 LC O - 0 o0 1 © © 0 o0 No
MPO39 MPLC| 1 ¢ © 1 0 ¢ 0 o 0 No
MP04] LC 3 02 11 3 3 3 1 1 No
MPO4Z MPLC| 3 - 0 0 0 0 0 0 © Yes
MPO43 LC 0 ©6 0 o 0 © 0o © o0 No
MPO44 MPLC| 2 B 0 0 © 0 0 0 0 Yes

0
1
2
3

— N nauses Or vomitng
—~ nausey only
—retching, 10 vomiting
— vomiting

— missing data
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Summary of nausea and vomiting scores for the first posteperative week (cf. section 2.4.5)

. ) Number with a score of: Total
Time Growp 4 T, 2 3 number
CLC 11 4 1 3 19
8 hours
MPLC | 10 3 4 3 20
CLC 13 1 2 2 18
12 hours
MPLC | 14 5 0 0 19
CLC 12 3 1 3 19
Day 1 : -
MPLC | 16 3 1 0 20
CLC 13 S 0 1 19
Day2 e
MPLC | 18 2 0 0 20
CLC 13 5 0 1 19
Day3 o
MPLC 17 3 0 0 20
CLC 17 1 0 1 19
Day4 —
MPLC | 17 3 0 G 20
_ CLC 15 2 1 1 19
Day$s
MPLC | 18 2 0 0 20
cLC 18 1 0 0 19
Day6 R R
MPLC 18 2 0 0 20
CLC 17 1 1 0 19
Day7 :
MPLC 19 1 0 Q 20




Peak Expiratory Flow Rate (Figure 2.8, Table 2.10)

Patient  Group PEFR 1 PEFR2 PEFR3 PEFR 4 PELVR 5§
MPoel  MPLC 397.08 343.2 343.62 411,54 -
MPO02  1C 342.84 314.16 314.94 367.02 366.12
MEPOO3 LC 616.2 601.92 589.38 71512 -
MPO04  MPLC 435 337.62 355.68 424.5 -
MPOOS LC 450.9 410.22 382.26 487.5 418.8
MPOOG  MPLC 413.22 386.04 393.12 401 .4 341.52
Mpoo7  LC 402.6 183.72 283.98 316,38 369.96
MPODE  MPLC 653.58 617.4 562.68 549.6 165.6
MPOLC  MPLC 488.46 316.74 368.22 470,82 500.4
MPOI}  MPLC 284.46 - 315,72 359,94 330.48
MPO12 LC 612.9 225.34 432.9 589.38 605.7
MPO14  MPLC \ 279.72 130.8 67.08 287.58 311.22
MP015 MPLC 349,14 151.8 226.44 298.98 331.8
MPois  1.C 421.26 361.56 384.6 397.2 442.98
MP017  MI'LC 323.82 223.14 229.8 286.5 289,38
MPOI8  MPLC 398.46 271.74 312.06 3762 422,82
MPG19  1.C 387.12 323.34 338.1 373,74 364,44
MP0O20  MPLC 298.62 162.66 229,02 294,34 272,46
MP0O21  MPLC 401.4 318.72 291.06 438.3 434.58
Mpo22  1.C 381.3 168.12 208.86 336.36 394.74

PEFR -~ Peak Dxpiratory Flow Rate (litres/second)
Timel - Preoperatively

Time2 - 8 hours postoperatively

Time3 - 24 hours postoperatively

Time4 — | week postoperatively

Time§ — 4 weeks postoperatively

)

|

missing data (non-attendance or declined test)




Peak Expiratory Flow Rate (Figure 2.8, Table 2.10) continued

Patient  Group PEFR i PEFR 2 PEER 3 PEFR 4 PEER 3
MP023 LC : 252.48 208 86 225.6 225,24 243,78
MP024 LC l 274.74 304.92 278.94 357.36 330.84
MP026  MPLC 291.48 248.28 232.8 269.1 253.26
MPO27 MPLC 481.86 241,26 215.64 37278 410.34
MPO28  LC 326.76 290.22 288.54 34536 380.4
MPO29  LC 344.58 21432 155.04 253.74 311.52
MPO3C MPLC 435.78 226.02 205.08 285.54 331.92
MPCG31  MPLC 265.44 232.32 212.04 301.14 2955
MIP032 1.C 475,74 255.66 382.14 500.94 A470.04
MPO33  1C 364.38 201.42 237.42 382.98 317.7
MPO34 LC 288.12 168.48 135.54 280.38 233.76
MP0O3s LC 565.92 292.92 335,34 436.52 434.1
MP336 MPPLC 305.88 152.04 228.3 283.8 305.94
MP037 MPLC 435.9 326.28 346,62 431.64 370.26
MP038 LC 190,74 93.48 04,26 116.82 173.22
MP0O39 MPLC 438.78 325.62 - 445.44 437 88
MPO41  1.C 350,64 151.92 203.28 27714 281.76
MPO42 MPLC 106,98 - 246.24 - -
MP0O43 1LC 354.4 452.1 409,98 450.84 439,56
MPQ44  MPLC 337.68 245.88 232,92 251.22 249.6
PEFR — Peak Expiratory Flow Rate (litres/sccond)

Time 1 — Preoperatively

Time2 - 8 hours posioperatively

Time3 - 24 hours postoperatively

Time 4 ~ 1 week postoperatively

Time 5 — 4 weeks postoperatively

) — missing data (non-attendance or declined test)
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Forced Vital Capacaity (Figure 2.8, Table 2.10)

Patient Group rvC1 FvC2 FYC3 FVC4 FVCS
MP001 MPLC 3.3% 2.94 33 3.55 -
MP002 1.C 2.85 2.5 2,55 2.54 2.64
MP0O3 LC 191 5,12 5.05 5.32 -
MPO04 MPLC 3.15 3.16 3.08 31 -
MPO0S LC 3.35 212 2.32 2.49 2.58
MPOO6 MPLC 3.3 3.58 3.22 3.49 3.55
MPOO7 LC 278 1.8 2.03 2.88 278
MPQ08 MPLC 4.09 3.94 433 4.5 4.34
MPC10 MPLC 4.16 276 2.83 3.83 3.95
MPO11 MPLC 275 - 2.54 2.71 2.6
MP012 LC 531 2.48 3.81 4.73 5.13
MPro14 MPLC 2.99 0.83 0.67 2.8 2.94
MI*O15 MPLC 3,55 234 2.94 3.14 3.21
MPO16 LC 3.88 301 324 3.92 4.03
MPO17 MPLC 2.57 2,33 227 2.45 2.42
MPO18 MPLC 2,83 2.47 27 2.64 2.75
MPO1S 1.C | 4.23 2.79 36 3.96 4.06
MP020 MPLC I 1.72 1.45 1.47 1.62 .58
MP021 MPLC | 3.5 1.58 3.14 3.47 3.38
MPG22 1.C 3.5 1.64 2,35 3.3 3.16
FvC  — Forced Vital Capacity (lifres)

Timel — Prcoperatively

Time 2 8 hours postoperatively

Time3 — 24 houss postoperatively

Timed4 — 1 week postoperatively

TimeS — 4 weeks postoperatively

) — missing data (non-attendance or declined test)
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TForeed Vital Capacaity (Figure 2.8, Table 2.10) continued

Patient  Growp | _FVC1  FVC2  FVC3_ KVC4 _ FVCS
MP023 LC 1.71 1.39 1.45 1.55 1.65
MP324 LC 2,78 2,45 2.38 25 2.39
MP0O26 MPLC 1.99 1.61 1.53 1.93 1.87
MPO27 MPLC 372 2.91 2,19 3.35 3,52
MPO28 LC 2.84 2.91 2.5 2.79 293
MPQ025 ILC 3.98 3,45 3.54 3.94 4,08
MPO30 MPLC 3.05 2.37 235 2.64 294
MP031 MPLC 3.71 2.76 2.39 3.48 3.58
MPO32 LC 3.4 2.57 2.09 3.4 3.19
MPO33 LC 3.04 1.47 2.5 3.01 3
MP(O34 LC 3.03 2.63 2.73 28 2.4
MPQO35 1.C 4.71 3.15 3.77 4.37 4,24
MP0O36 MPLC 2.55 1.71 2.2 2.37 2.42
MPO37 MPLC 33 3.07 313 3.43 3.22
MP038 LC 1.43 0.89 0.89 [.49 1.58
MPO39 MPLC 3,06 2,67 - 3.08 3.21
MP0O41 LC 2.67 1.64 1.87 2.66 212
MPo42 MPLC 3.48 - 2.72 - -
MPO43 LC 4.03 3.1 3.85 3.98 4.2
MP044 MPLC 3.27 2.2 245 2,93 2.95
FVC Forced Vital Capacity (hitres)

Time 1 Preoperatively

Time 2 8 howrs postoperatively

Time 3 24 hours postoperatively

Time 4 1 week postoperatively

Time 5 4 weeks postoperatively

-) missing data (non-attendance or declined test)




Forced Expiratory Volume in 1 second (Figure 2.8, Table 2.10)

Patient Group FEV, 1 FEY;: 2 FEV, 3 FEV, 4 FEV, &
MPOOI1 MPLC 2.95 2.68 2.72 3 -
MPG02 LC 2.24 2.19 2.25 2.13 2,19
MPOD3 LC 39 4.23 4.03 419 -
MPOoo4 MPLC 2.93 2.8 2.69 273 -
MPO0S LC 2.13 1.92 206 232 2.27
MPOOG MPLC 2.69 2.74 2.67 2.82 2,65
MP007 .C 2.54 1.57 1.85 2.46 2.4
MPO08 MPI.C : 3.57 3.49 3.52 3.56 3.53
MPO10 MPLC 3.41 2.45 2.4 32 3.27
MPO11 MPLC 212 - 2.03 2,13 2.04
MP012 LC 4,39 215 3.17 4.01 4.44
MPO14 MPLC 228 0.81 0.42 227 2.31
MP0O15 MPLC 269 1.74 231 2.47 2.5
MPOI16 Lc 2.83 2.33 2.30 29 3.05
MPO17 MPILC 2,04 1.88 1.86 1.95 2.01
MPO18 MPLC 2.46 1.97 2.26 2.26 2.37
MPOLS LC 33 237 2.94 3.1 3.18
MP020 MPLC 1.41 1.23 1.27 1.4 1.38
MPO21 MpLC 3.07 - 277 313 2.98
MP0O22 LC 2,98 1.32 1.96 2.79 2.83
KEV, — Forced Expiratory Volume in 1 second (litres)

Time1 - Preoperatively

Time2 - 8 hours postoperatively

Time3 - 24 hours postoperatively
Time 4 -~ 1 week postoperatively
Time5 - 4 waeks postoperatively

)

missing data (non-attendance or declined test)




Forced Expiratory Volume in 1 second (Fignre 2.8, Table 2.10) continned

Patien¢

V023
MP024
MP026
MPG27
MPO28
MPO28
MPaQ30
MPG31
MP032
MPO033
MPOo34
MP035
MPO36
MPO37
MP038
MP0O39
MPO41
MP042
MP(43

MP044

FEV,

Time 1
Time2
Time 3
Time 4
Time 5

)

Group_
LC

LC
MPLC
MPLC
1.C

IC

MPLC

MPI.C

LC

Lc

LC

MPLC

MEBLC

LC

MPLC

e

MPLC

LC

MPLC

FEV:1 _ FEV,2 FEV,3 FEV,4 _FEV,5
1.48 1.34 1.36 1.47 1.4
2.34 2.15 2.04 2,01 2
1.68 1.41 £.29 1.56 1.58
2.82 2.31 1.78 2.57 2.66
2.44 2.45 2.15 2.35 245

33 2.8 224 2,95 276
2.55 1.99 2.03 2.24 2.56
2.69 2,41 1.89 2.62 2.69
3.08 2.39 2.94 3.12 2.93
2.61 1.38 2.19 2.66 2.48
2.55 1.92 2.07 2.38 2.08

4 271 3.24 3.74 3.61
2.16 1.3 1.81 1.91 1.99
2.66 2.43 25 2.79 2.63
1.06 0.7 0.73 1.1 1.12
2.24 2.15 . 2.24 231
2.31 1.46 1.59 214 1.81
2,85 . 2.33 . .
3.45 3.29 3.28 3.43 3.58
2.71 2.05 2.14 2.5 2.48

Forced Expiratory Volume in 1 second (litres)

Preoperatively

8 hours postoperatively

24 hours postoperatively

1 weck postoperatively

4 weelcs postoperatively

missing data (non-attendance or declined test)
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EuroQoL EQ-5D Dimension Responses (Figare 2.9, Tabie 2.11)

Patient Group M1 M2 M3 M4 MS|C1 C2 C3 C4 C5 IAI A2 A3 A4 AS

MPOOI MPLC| 2 2 2 1 - 1L 1 2 1 ! 2 o2 2 2 -
MPOD2Z LC L 1 2 1 1 < 1 1 1 1 - ' 12 2 2 -
MPOOZ  LC L2 11 1t 1 1 -1 2 2 1 -
MPoO4 MPLC| t 1 ot 1 - 1 1 1 1 - 1 1 1 2 -
MP0O5S  LC 11 11 i1 o1 o1 o111 2
MPOO6 MPILC| 1 1 2 1 1| 1 1 t 1 1] 1 «~ 2 2 |
MP0O07 LC t 1 1 1 11t o1 o1 o1 2 3 3 2 1

MPOO8  MPRLC 1 1 1 1 1 1 1 1 1 1 T2 2 1 1

MP0O10 MPLC I 2 1 1 ( i 2 1 1 1 1 2 i ] 1

MPO1l  MPLC 1 3 1 1 1 1

Ny
—
s
—
—
b
w
ot
[

MPOIZ LC | 1 2 2 2 1 1

(8]
—
o
—_
_
w
o
w
r

MPO14  MPLC 1 2 2 2 2 1 3 2 2 2 1 3 2 2 2
MPOS  MPLC 1 3 2 1 1 1 2 2 1 1 1 3 2 2 1
MPGOl6 LC 1 1 1 1 1 1 1 1 1 1 1 2 2 1 i
MPO17 MPLC 1 1 i 1 1 1 1 1 I l 1 2 2 2 1
MPQ18  MPLC 1 2 1 1 i i i I I 1 1 2 1 1 1
MPOI9 LC 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

MPQ20  MPLC 1 2 1 1 1 1 2 | 1 ] 1 2 2 2 2

MPO2L  MPLC L 2 2 il 1 ] 2 2 1 L 1 2 2 2 1

MPG22  LC 2 2 2 1 ] 1 2 2 | ! | 2 3 2 2 1

Responses 1o each of the BQ-5D dimensions at time points 1 (preop), 2 ( 8 howrs), 3 (24 hours),
4 (1 week), 5 (4 weeks). For EQ-5D questionnaire, refer to appendix 4

Dismneasions M - Mobility Responses 1 - No problems
C - Self-carc 2 - Some problems
A - Activities 3 - Unable to

(-} - Missing value

e
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EnroQoL EQ-5D Dini ension Responses {(Figure 2.9, Table 2.11) continned

Patient Group M1 M2 M3 Md MSICT C2 C3 C4 C5 [Al A2 A3 Ad AS

MPO23  ILC 1 2 1 2 1 1 2 1 | 1 1 3 2 2 2

MPO24 LC 1 2 1 1 1 1 1 1 1 1 i 2 2

™~
—

MPC26  MPLC 1 1 1 1 1 i 1 1 1 1" 2 1 2 2 1
MP027 MPLC 1 1 2 1 1 1 2 2 1 -1 3 3 2 1
MPO28  1IC 1 2 2 1 1 i 2 i 1 it 2 2 ] i
MPO22  LC 1 1 1 1 1 1 1 1 1 1 j 1 1 1 1 1
MPO30  MPLC 1 2 1 1 1 1 1 1 1 15 1 3 i 1 1

MPO31  MPLC 1 1 1 1 1 1 1 i l 1 1 1 1 2 1

MP032 LC i 3 1 1 1 1 3 1 1 1 1 2 1 1 1
MP033 LC - 1 1 1 1 - 1 1 1 1 - 1 1 i I
MP0O34 LC 1 2 2 1 1 1 2 2 1 1 1 2 2 1 i
MPO35 LC 1 2 2 1 1 | 2 2 1 1 1 3 3 2 1

MP0O36  MPIC 1 2 2 1 1 1 1 2 1 1 1 2 2 1 1

MP0O37 MPLC 2 2 1 1 1 2 1 1 1 1 2 2 1 1

MPO38 LC L 3 1 1 1 1 1 1 1 1 2 2 2 2 1
MPO39  MPLC 1 1 1 1 1 i 1 1 1 101 1 3 2 1
MPO41  I1.C 1 1 1 1 1 1 1 l i 1 1 1 i 2 1_
MPU42 MPLC 1 2 1 1 1 1 1 i 1 1 i 2 1 1 1
MP0O43  LC 1 2 1 1 1 1 1 1 1 1 1 2 1 1 1

MP0O44  MPILC 2 3 2 2 21 2

(93]
(VX
™~

2[23322

Responses to each of the EQ-5T dimensions at time points 1 {preop), 2 (8 howrs), 3 (24 hours),
4 (1 week), 5 {4 wocks). For EQ-51 questionnaire, refer 1o appendix 4

Dimensions M - Mobility Responses 1 - No problems
C - Self-care 2 - Some problems
A - Activities 3 - Unable to

(-} - Missing value




EuroQoL EQ-5D Dimension Responses (Figure 2.9, Table 2.11) continued

MPOO1

MPO02

MPOO03

MPQ04

MPO05

MPooe

MPOO7

MP008

MP010

MPO11

MPO12

MP014

MPOLS

MPO16

MPO17

MPO18

MP019

MPOzZ0

MP021

MPO22

Paticut

Group (PL P2 P3 P4 P3S {({AD1 AD2 AD3 AD4 ADS
MPLC 2 2 . 2 2 1 1 -_
LC 2 1 1 1 ! 1 .
LC 2 2 1 1 1 1 -
MPLC 1 2 2 2 I 1 -
LC 2 2 2 1 1 1 1
MPLC 2 2 2 1 i 1 i
LC 2 2 2 2 1 1 1
MPLC 2 2 1 1 1 1 1
MPI.C 2 2 1 1 1 1 1
MPLC 2 2 2 2 [| 1 [
c 2 2 2 1 1 1 1
MPLC 3 2 2 2 2 2 2
MPI.C 2 2 2 2 2 2 2
LC 2 2 2 1 1 1 1
MPLC 2 2 1 1 i 1 i
MPI.C 2 2 1 2 1 1 1
LC 2 2 2 | 1 1 !
MPLC 2 2 2 1 1 1 1
MPI.C 2 2 2 i i 1 1
LC 2 2 2 1 | 1 1

241

Responses to cach of the EQ-5D dimensions at time points 1 (preop), 2 ( 8 hours), 3 (24 hours),

4 (1 week), § (4 weeks). For EQ-3D qucstionnaire, refer 1o appendix 4

Dimensions P

AD

- Pam

- Anxicty/ Depression

Responses 1
2
3

)

- Nong
- Sone
~ Severe

- Missing value




EuroQolL EQ-5D Dimension Responses (Wigure 2.9, Table 2.11) continued

Patient

Group

P1

P2

P3

P4

P5

AD]1 AD2 AD3 AD4 ADS

MP023

MP024

MPO26

MPQ027

MP0O28

MPO29

MPO30

MPO31

MP032

MEO033

MPO34

MP035

MP(O36

MP037

MPO38

MPro39

MP04]

MP2042

MPO43

MPO44

1.C
LC
MPLC
MPI.C
LC
I1C
MPLC
MPLC
LC
LC
c
LC
MPLC
MPLC
1c
MPLC
1LC
MPLC
LC

MPLC

|
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Responses to each of the EQ-5D dimensions at time points 1 (preop), 2 ( 8 hours), 3 (24 hours),

4 (1 week), 5 (4 weeks). For LQ-5D questionnaire, refer to appendix 4

Dimensions P

AD

- Pan

- Anxiety/ Depression

Responses

- Missing value




Summary of the responses to the EnreQoL dimengions (Fignre 2.9, Table 2.11)

Mobility Self-care
T Number with a Number with a
Time Group score of: Time Group score of:
1 2 3 1 2 3
CLC 17 1 0 CIL.C 18 0 0
Preop IR — _ Preop
MPLC 19 2 0 ! MPLC 20 1 0
CY.C 7 10 2 CLC 12 6 1
Shows | : 8 hours -
MPLC 8 10 3 MPLC | 12 7 2
CLC 14 5 0 CLC 16 3 0
24 hours - 24 hour's — p - .
I B ![_PLC P12 9 O N MPLC 1 6
CLC 17 2 0 CLC 18 1 0
1 week ; 1 week
MPLC § 19 | 2 0 MPLC 19 2 0
cLe | 17 o 0 ac |1z o o
4 weeks 4 weeks -
MPLC 17 2 0 MPLC | 17 2 ¢]
Usnal activities Pain
Nuniber with a Number with a
Time Group score of: Fime Group | score of:
_ ] 2 3 1 2 3
CLC 15 3 0 CLC 11 7 0
Preop Preop
MPLC | 18 3 0 MPLC 16 S f]
CLC 5 9 5 CLC 1 18 0
8 hours 8 hours
MPLC 4 1i 5 MPLC 1 18 2
CLC 7 10 2 CLC 3 16 0
24 hours 24 honrs -
MPLC 6 11 4 MPLC 1 20 0
CLC 9 o 1 CLC 8 10 1
1 week 1 week —
MPLC 8 13 0 MPLC 8 i3 0
CLC 15 2 0 CLC 9 8
4 weeks : dweeks | -
MPLC 16 3 0 i MPI.C 14 5 5]




Summary of the responses to the EuroQoL dimensions (Figure 2.9, Table 2.11) continued

Anxiety and depression

—- Number with a
Time Group score of:
- 1 2 3
CLC | 15| 3 0
Preop ]
MPLC 14 7 0
CLC 17 2 0
8 how's
MPLC | 18 3 0
CLC 18 1 O
24 hours :
MPIL.C 18 3 0
CLC 19 0 o
1 weck
MPLC 18 3 0
CLC 17 0 ¢
4 weeks
MPLC 16 3 0




EuroQol. EQ-5D Scores (Figure 2.10-11, Table 2.12)

2458

Patient Group | Thl Th2 Th3 Thd4 ThS Wil WI2 WI3 WId4 WIS
MPOO01 MPLC 70 RO a5 20 - Q.62 0.69 059 076 -
MP002 LC 85 55 75 89 - 1 069 088 0.388 -
MP003 1cC 90 75 80 20 - 1 069 076 1 -
MP004 MPLC | 34 85 65 75 -l 085 i 0.8 076 -
MPG0S LC 80 80 85 90 90| 0.8 0.8 0.8 076 08
MPOO6 MPLC 80 70 66 60 80 1 - 069 076 1
MPoO7 e 73 71 73 79 97; 0.69 043 043 0.76 1
MP0OO8 MPLC 89 85 B8 98 99 1 076 076 1 1
MPO10 MPLC 20 75 87 91 o1 1 059 08 3 1
Mpoll MPLC | 50 63 77 75 8! 0B85 Q07 043 0.8 i
MPO12 LC | 98 50 81 70 98 1 026 069 026 076
MPO14 MPLC 25 20 30 80 85 08 -018 052 032 4052
MPO15 MPLC 84 44 80 79 95| 0.85 -D06 052 069 085
MPO16 LC 85 20 75 85 99 i 076 076 038 1
MPO17 MPLC 90 78 88 91 99 1 0.76 076 .88 1
MPO18 MPL.C G0 39 50 65 79 073 069 08 1 1
MPO19 LC 90 50 60 80 80 1 0.8 0.8 0.8 08
MPO20 MPLC 80 55 65 70 Q0 1 0.59 076 076 088
MP021 MPILC S0 75 85 90 98 1 059 0.59 Q.76 0.8
MPO22 1.C 85 45 60 85 20| 0.69 0.26 059 076 0.8

Scores tor the EQ-5D questionnaires at time points 1 (preop), 2 ( 8 hours), 3 (24 hours),

4 (J week), 5 (4 weeks). For BEQ-5D questionnaire, refer 1o appendix x

Th
WI
)

— Missing values

~ Weighted Index Scores

— Ifcalth Thermometer Scores
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EuroQoL EQ-5D} Scores (Figure 2,10-11, Tahle 2.12) continned

Patient Group | Thl Th2Z Th3 Thd ThS| WI1 WI2 WI3 WI4 WIS

MP023 LC &7 76 70 6l 70 08 026 076 016 076
M)P024 LC S0 0 99 99 100l 085 069 076 088 1
MPO26 MPLC 80 80 83 79 9gn| 0.76 08 076 076 1

MPO27 MPLC a5 30 25 81 100 1 033 026 076 1

MP028 Lc 80 60 70 90 100 68 039 069 i 1
MP029 LC 50 4a 55 98 30 1 1 { 0.8 0.8
MP03Q MPLC 75 53 05 98 100: 08 036 1 0.8 1

MPO31 MPLC 95 88 20 96 26 1 0.8 0.8 0438 1

MPO32 Lc 93 50 50 100 99 1 -0.04 0.8 1 1
MPO33 LC ~ 50 45 70 85 - 0.8 0.8 0.8 1
MNPO34 T.C ]9 49 79 95 95 1 052 0359 1 1
MPO3S LC 94 60 60 95 93 1 026 026 088 0.8
MP036 MPLC 84 63 70 76 78 1 0.69 059 1 0.8
MPO37 MPLC 80 A5 44 88 98 1 059 Q.69 1 1
MP0338 LC 60 51 &0 65 651 069 011 069 076 0.8
MI039 MPLC 98 83 89 96 Q9 1 08 043 038 1
MP041 1c 78 74 76 91 28 1 0.8 08 076 1
MPO42 MPLC 85 =1 60 o8 9R 1 0.69 0.8 0.8 0.8
MP0OA3 Lc 80 70 80 89 94 0.8 0.9 1 1 1

MPo44 MPLC 31 22 30 40 35y 052 -043 008 052 052

Scores for the EQ-5D guestionnaires at time points 1 (preop), 2 { 8 hours), 3 {24 hours),
4 (1 week), 5 (4 weeks). For EQ-5D questionnaire, refer to appendix x

Th - Health Thermomeater Scores

Wi — Weighted Index Scores

) — Missing vatues




interlenkin-6 (Figure 2,12, Table 2.13)

Patient Group | Samplel Sample2 Sample3 Sampled SampleS
MPOO1 MPLC 2.2 1 1.2 13 _2’”-__ 08 |
MPQO2Z  LC 0.2 0.1 2.2 16.4 2
MPOO3 LC | 0.7 1.4 11.1 43 10.1
MPQ04  MPLC 0.3 7.9 15.8 35.6 4.6
MP0OOS LC 1.7 0 [ 111.3 20.4
MP0O06  MPLC 33 2 29 19.1 14.6
MP007 LC 0.9 1.6 14.8 19.4 14,7
MPOO8  MPLC 1.9 0.6 30 8 2
MPO10 MPLC 35 2 6.8 19.1 59
MPO11  MPLC 1.3 0.5 4.5 20.6 77
MPO12  LC 1.2 1.2 2.4 4 11.7
MPOl4 MPLC 42 2.3 7.5 325 2.8
MPO1s  MPLC 0.1 0 1.3 94 6
MPO16 LC 0.8 09 7.2 2.9 5.8
MPO17 MPLC 0.7 56 2.1 24 1.7
MPO18 MPLC 0 0 1.8 4.6 279
MPO12 LC 0.6 1.1 36.8 6.9 8.2
MPO20 MPLC 0 0.7 7.5 4.4 4.9
MP0O21 MPLC 22 1.6 7.1 5.8 15.6
MP022  LC 1.6 2.9 8.8 18.5 7.4

Sample times are defined in section 2.3.9. Results are expressed in pg/ml.
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Interleukin-6 (Figure 2.12, Table 2.13) continued

Patient  Group 'i Samplel Sample2 Sample3 Sampled SampleS
IQPOZ'S - LC 3 3.7 9.6 15.4 -
MP024  LC 0.9 0.6 172 7.4 2.4
MPO26 MPLC 1.5 1.7 2.2 48.7 11.1
MP0O27 MPLC 1.7 12 8.7 25.7 284
MP0O28 LC 1.8 0.5 7.9 G 7.6
MP0O29 LC 1.8 03 4 4.4 4.8
MPO30 MPLC 228 26.1 43 179.24 130,28
MPO31  MPLC . 0.4 0.7 5.4 7.7 6.1
MPO32  1.C \' 0.1 1.1 3.8 17.5 13.6
MPO33 LC | 1.6 0.6 4.8 5.9 9.5
MPO34 LC a3 0.1 44 4.8 5.7
MIO35  LC 0.9 3 36 5 6.2
MP036  MPLC 38 3] 30.4 204 45
MP037 MPLC 2.2 34 195 52.6 388
MP038 LC 3.2 32 20.1 36.8 272
MP0O3%  MPLC 1.7 1.6 109 423.94 73.9
MP0O41  1LC 22 1.7 151 40 922
MP042 MPLC 1.1 1.7 187 5.9 10.9
MP043 LC 1.7 0.4 24.5 9 18
MP044  MPLC | IN| 0.2 21.8 199 25
Sample times are defined m section 2.3.9. Results are expressed in pg/ml.




Adrenocorticotrophic Hormone (Figure 2,13, Table 2.14)

Patient Group | Sample i Sample2 Sample3 Samipled
MPOO1  MPLC 28.2 14,.4 319 .1”1.5
MPON2 LC 162 12.5 37.4 9.3
MPOO3  LC 251 19 370.06 85.4
MP0OO4  MPLC 11.7 106.5 104 33.2
MPOOS  I.C 6.6 7 161 6.6
MPOO6  MPLC 52.1 34.7 25.7 35
MP0O0O7 LC 17.5 317 33556 15.6
MPO0O8  MPLC 25.6 33 136.4 352
MPO10  MPLC I3.8 254 172.6 383
MPOT1  MPLC 23.2 163 3144 31.8
mMrolz  1.C 29.4 25.1 110.2 16.5
MPO14 MPLC 14.5 14.6 302.3 32.4
MPOI5 MPLC B&.1 68.2 40.3 13.5
MPOl6 1C 34.8 283 686.3 282
MP0O17 MPLC 25,5 72.4 45,6 192.57
MPO18  MPLC 344 40 227 13.6
MP019  1LC 16,7 10.1 105.6 166.3
MP020 MPLC 299 22.6 63.3 8.1
MP0O2i MPLC 14,3 16 10.2 10.7
Mpo22  LC 357 70.3 181.3 47.4

6.3

15.4

5.6

4.5

1.3

33.2

41

6.7

10.3

337

81

10.8

8.4

5.7

7

9.7

9.4

10.8

Sample times are defincd in section 2.3.9. Results are expressed in pg/ml.
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Adrenocorticotrophic Hormone (Figure 2.13, Table 2.14) continued

Sample I Sample2 Sampie3 Samplcd Sample 5

Patient  Group

MPOZ3  LC 10.5 204 110“;
MPO24  LC 50.4 54 123

MP026 MPILC 21.2 17.2 13.9
MP027 MPLC 327 32 360.3

MP028 LC 15 12.6 10
MP0O29  LC Q.5 24 29.7
MP030 MPLC 28.8 272 21135

MPO31 MPLC 23.4 49.6 61

Mpro32  LC 186 1209 118
MPO33 LC 71.7 84.3 382.9
MPO34 L1LC 298 63.2 49.8

MPO35  1LC 18.7 19.3 171.1

MPUO36  MPLC 18.8 26.1 196.4
MP0O37 MPLC 338 28.7 24.4
MIO38  LC 324 3a6.1 42
MP039 MPLC 21.8 27.7 19.3

MPO41 LC 41.9 50.3 162.8
MP042  MPLC 15.7 27 32.5

MP043 L.C 40.7 289 14.4
MP044 MPLC 89 8 264.7

lo.e

7.5

155.5

2977

133.2

26.2

6.7

16.7

0.4

36

309.4

56

24.8

15.5

227.9

34.6

13.2

187

303.2

6.9

7.7

30,9

12.8

4.1

6.1

5.2

10

7.8

6.1

13

14.3

15.4

9.6

14.8

15.2

12.9

13.5

7.6

Sample times are defined in section 2.3.9. Resulis are cxpressed i pg/m!.
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Vasopressin (Figure 2.14, Table 2,15)

Patient Group | Samplel Sample2 Sample3 Sample4 Sample S
.WOOI | MPLC 1.95 - 1.7...5. 1.65 _ 2.25 o
MPOO2  1.C 1.95 1.7 2.25 3.75
MPoU3  LC 1.13 1.25 11.55 14.5
MP0O04 MPLC 2.4 5.6 26.45 17.45
MPQOS LC 2.55 1.4 2.35 8.75
MPOO6  MPLC 245 2 2.7 23
MPOO7 LC 1.8 2.35 31.15 4,65
MP008  MPLC 1.95 2 3.95 1.9
MPPOI0 MPLC 2 1.95 344 28.55
MPO11 MPLC 215 2.15 41 3.2
MPO12 LC 1,95 245 2.45 1.75
MPOI1  MPLC 2.55 1.95 14.15 18.5
MPO1S MPLC 1.5 2 3.3 2.4
MPO16 LC 2.1 1.55 19.55 29
MPO17 MPLC 11.6 5.2 206.55 78.05
MPO18 MPLC 1.5 23 3.55 825
MP019 LC 353 23 322 27
MP020 MPLC | 2.55 23 2.15 16.14
MP0O21 MPLC 3.21 1.85 494 531
MP022 LC 1.6 2.3 25.4 7.05

Sample fimes are defined in section section 2.3.9. Results are expressed in pg/ml.

1.85

2

1.7

1.9

4.05

2.1

2.05

3.35

213

329

475

2.2
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Vasopressin ([Figaye 2.14, Table 2,15) continued

Patient Group | Samplel Sample2 Sample3 Sample4 SampleS
l\;lP023 LC 1.75 719 ’ 3.61 B 2 -
MP024 1.C 3.05 12.86 471 433 23
MP026 MPLC 0.85 0,95 7.75 9.7 2.25
MI027 MPLC 2.08 3.6 51.88 2417 7
MP028  LC . 2.25 2.55 3.55 14,44 273
MPO29 IC I 3.06 7.94 2.85 24 3.75
MPO30 MPLC Ir 5.25 1.1 20.8 5.56 5.63
MPO3L  MPLC l' 4.94 4.4 7.15 2.85 3
MP032 LC ‘ 2.22 13.45 2.86 8.86 6.71
MPO33 LC 4.55 6.05 27.17 10,35 4.5
MP0O34 LC 1.21 1,28 14.55 11.14 1.38
MPO35 LC 1.31 0.5 27.1 11.38 2,25
MPO36 MPLC 1.21 0.78 16.64 12.08 0.88
MP0O37 MPLC 1.25 1 3.6 238 1.04
MPo3g LC 0.86 L7 3.6l 1.43 0.81
MP039 MPLC 1.31 0.55 1.13 11.19 213
MPOAT  1C 1.5 1 25.2 17.9 31
MP0O42 MPLC 1.6 0,95 3 1e 1.5
MPro43 LC 5.38 4.25 4,38 2.7 4.75
MPO44 MPLC 2.33 i.1s 16.25 39.92 117

Sanple times are defined n section section 2.3.9. Results are expressed in pg/ml.




Mobility Data (Figure 2.15-19, Tables 2.16 — 20)

Tine to rise from bed Tinze to rise from chair

Thmne to walk 20m

2353

Patient Group |[Pre 8 24 1 4 |Pre 8 24 1 4 [ Pre 8 24 1 4

<op_his brs whk wks|-op hrs hrs wl wks| -op  hrs  hrs  wk  wks
MPO01 MPLC | 43 59 064 3 -l 24 3 42 13 <1 15.6 203 22 133 -
MP002 LC 39 59 44 26 2814 25 23 12 12} 17 282 213 158 155
MP003 LC 23 53 54 23 -1 13 14 12 09 -1 13.3 155 138 115 -
MPO04 MPLC | 35 27 28 27 -t 13 L4 14 14 -[166 165 17 142 -
MPOO5 LC 37 4 41 27 28) 1 L2 12 11 Li1[16t 172 176 144 145
MPOOG MPLC | 26 46 61 32 29[ 12 1.5 1.5 15 1.3]|148 157 174 157 151
MPoe7 LC 26 58 5.7 4 2113 2 15 18 I 144 175 155 144 147
MP008 MPLC 2 42 32 21 25711 18 1.2 1 1.1[154 154 135 125 1228
MPOIG MPLC | 3.2 91 51 3 25115 25 16 1.3 1.2|169 31.9 202 156 156
MPOIl MPLC | 56 R 64 42 41}17 R 1.8 13 11}205 R 31.2 201 185
MPOI1Z LC 32 82 38 39 26|14 27 16 14 11[174 289 21.1 123 133
MPO14 MPLC | 42 R 294 56 32|13 R 36 (8 1.2/182 R 334 215 176
MPO15 MPLC | 2.7 144 56 28 25 1 26 1.7 09 08 18 366 267 186 156
MP016 LC 36 48 44 27 2417 12 13 13 08175 229 20 173 156
MPO17 MPLC | 23 52 35 22 L9 1.1 14 1.1 1 11f 15 193 186 165 154
MPO13 MPLC 3 64 31 19 17 1 22 12 09 09155 252 187 147 14
MPO1S LC 21 44 28 24 237 1 L1 09 1(146 218 17 151 15
MPO20 MPLC | 3.5 89 351 3.8 31| 14 34 1.6 1.6 1.6|193 372 249 217 212
MP02]1 MPLC 3204 116 57 3909 79 36 14 1.4|164 386 293 16 152
MPO22 LC @ 32 165 54 56 3.8 13 33 19 14 13|183 449 307 198 168

For an explanation of the tests, see section 2.3,10. All times are in seconds.

)
R

L
v

- missing data — patients did not return for follow-up

- patients declined to mobilise.




Mobility Data (Figure 2.15-19, Tables 2.16 — 20) continued

254

Time fo rise from bed 1 Time to rise from chair Fine to walk 20m

Patient Group (Pre 8 24 1 4 Pre 8 24 1 4 |Pre 8 24 1 4

op hrs hrs wk wksi-op s lus wk whs| -op Jws Jus wk whks
MP0O23 LC 6 132 165 43 42{ 1.6 29 25 16 14|21.8 573 278 24 20
MP0O24 LC 29 113 47 34 27| 1.2 37 15 13 12(173 62 25 18 162
MPO26 MFPLC 3 48 38 33 28} 14 1.3 12 13 09171 224 196 161 16
MPO27 MPLC | 29 83 153 32 26| 13 24 34 1.5 14|173 285 274 168 162
MPO28 LC 24 92 69 31 26 1 2 23 1.3 13167 399 362 146 148
MP029 LC 3 45 31 25 25| 1 13 13 11 L1166 20 179 144 13
MPO30 MPLC | 43 82 62 32 51 1.9 22 19 1.6 L7|192 243 192 183 202
MPO31 MPLC | 29 54 48 3 27 1 1.2 12 1 L1168 21,8 173 139 157
MPO32 LC 33 124 54 24 327 1.1 39 28 12 1| 17.8 362 324 179 17
MPO033 LC 32 66 53 23 28)12 17 14 1 11187 233 209 (59 158
MP034 LC 3.1 67 58 27 26| 1.1 25 21 13 1.1]182 377 268 163 16.1
MP035 LC 38 64 63 41 2917 28 2 1.8 1.5]182 299 205 168 158
MPO36 MPLC | 42 99 93 36 36| 23 21 25 17 17 19 339 229 18 167
MP0O37 MPLC | 36 49 41 335 3] 1.5 13 14 1.3 12f151 I[83 186 154 153
MPO38 LC 67 R 94 48 49| 27 R 42 19 23(272 R 442 223 209
MP0O39 MPLC | 41 5.1 5 25 31 12 1.6 18 1.1 121164 271 30 153 154
MP041 LC 26 63 39 41 3108 24 1.5 14 12'168 302 208 184 157
MP042 MPLC | 25 R 74 28 27/ 08 R 21 08 (1.95 17.1 R 279 142 157
MP043 LC 36 49 26 23 24115 19 13 1.3 1.3]208 251 176 171 1641
MPO44 MPLC | 34 R 138 64 65} 12 R 32 29 18234 R 357 266 218

For an explanation of the tests, see section 2.3.10. All times are in seconds.

)
R

- missing data — patients did not retwrn for follow-up

- patients declined to mobilise.
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Mobility Data (Figure 2.15-19, Tables 2.16 — 20) continued

Time to move objeets left | Time (o move objects riglit
Patient Group (Pre- 8 24 1 4 Pye- 8 24 1 4
op hrs his wk wk| op hrs hrs wk whks

MP001 MPLC 1353 17 182 152 - 14 182 152 124 -

MPOg2  LC 15.3 203 185 168 15.5|13.2 21.4 186 158 14.1
MP0o03 LC 11.9 148 123 109 -1 12.1 142 122 IL.5 -
MP004 MPLC [17.7 154 14,1 129 ~| 177 154 141 13.7 ~
MPOO5 LC 14,5 147 139 11.6 13| 13.4 139 135 11.8 123

MP0O06 MPLC {109 13.7 134 129 11.5(122 151 139 125 126

MPOO7 LC 145 156 13,9 149 14.7[ 153 17.7 15 157 14.1

MProog MPLC §;13.7 11 11 97 114115 11.2 97 92 10
MPGIG MPLC §18.6 286 183 176 143|172 23.6 184 146 135
MPOIT MPLC |18.1 R 23.6 188 18.35 13 R 219 187 173 '
MPOI2Z LC 17 209 19 204 18.7' 18.6 237 198 19 173
MPO14 MPLC 1238 R 326 239 206 19.8 R 278 224 195
MPO15S MPLC [14.7 27.7 21.8 189 168|142 296 21.9 21.1 135
MPOl6 LC 151 174 158 144 146| 15 167 18 137 138
MPOL7 MPULC |149 185 158 145 13| 134 16 142 13.8 11.8
MP0O18 MPLC [15.9 21.8 175 142 152|161 223 175 142 1453
MPO19 LC 13.6 14 135 123 11.7] 11.9 149 122 122 114
MPO20 MPLC 189 23.4 20,1 185 189|193 25 185 19.1 179
MPO21 MPLC [13.3 204 187 11.5 11.6| 11,2 225 186 12 11.1

MpP022  LC 188 277 228 18 174| 18 333 21.7 177 164

For an explanation of the tests, see section 2.3.10. All times are in seconds,
) - missing data — patients did not return for follow-up

R - patients declined to mobilise.




Mobility Data (Figure 2.15-19, Tables 2,16 — 20) continued

Patient

Group

Time to move objeets lefi

Pre-
op

8
hys

24
hs

1
wk

4
wk

Time to move objects right

Pre-
op

8
hrs

24
s

i

4

wk wks

MPOQ23

MP024

MP(O26

MPO27

MPG28

MPQO29

MP030

MPO31

MP0O32

MP033

MPQ34

MP0O35

MP036

MPO37

MP0O38

MPQ39

Mpro4i

MP042

MP043

MP044

For an explanation of the tests, see section 2.3.10. All times are in seconds.

1.C

LC

MPI.C

MPI.C

LC

L.C

MPLC

MPLC

LC

LC

LC

LC

MPLC

MPLC

LC

MPLC

LC

MPLC

LC

MPLC

1229

14.4

204

21.5

16.8

14.4

15.9

18

18.5

18.6

21.9

22.8

16.3

247

13.9

16

13.3

15.4

17.3

259 238 229

18.9

26

329

199

25.3

18.4

25.1

20,5

21

24.3

294

18.8

16,5

17.9

16.7

13

20.2

258

19.7

14.7

20,6

174

20.6

17.9

18.7

25

22.4

17.9

21.2

214

18.2

26.4

13.2

14

18,5

20

152

13.2

12.5

16.1

21.8

22.8

21.4

13.6

16.4

14

13.6

19.9

12,7

18

18.4

13.7

13.8

12

14.2

14,9

12

164

21.7

18.5

15.5

215

13.3

13.7

14.3

13.2

26.4 185 209

21.6

14.7

204

21.8

15.1

13.7

£4.8

14.7

16.9

14.4

16.1

20.6

221

16

28

13.8

17.3

158

14.5

17.8

24.8

19

249

30.1

183

13.3

221

19.7

24,1

18.8

23.5

222

17.4

15.6

17.8

R

16.9

R

213

121

19.7

26.3

189

192

174

20.2

16.3

209

21.9

22.3

17.7

27.8

18.2

17.2

203

14.8

27.5

) - misstng data ~ patients did not return for follow-up

R - patients declined (o mobilise.

23

13.2

17.9

19.8

14.9

13

15.1

15.1

16

13.2

16.4

20.1

21.8

154

27.5

13.8

16,7 |

3.8

14

20.3

18.6

12,5

17.1

18

14.1

137

13.5

137

109

13.1

19.3

1%

14.3

20.9

12

13

13.9

21.3

256
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CHAPTER 3. Manua! insertion of trocars

Trocar D1 D2 D3 Distance Di{cale) D2{cale) D3{cale)
Pyramidal 16 40 58 180 15.0 37.6 54.5
Pyramidal 17 41 34 180 16.0 38.5 50.8
Pyramidal 24 43 60 120 23.0 41.3 57.6
Pyramidal 16 40 35 Q0 155 38.8 53.4
Pyramidal 27 48 61 165 25.8 454 57.6
Pyramidal 27 48 6l 165 255 454 57.6
Pyramidal 33 65 66 135 31.5 62.1 3.0
Pyramidal 26 48 58 105 251 463 56,0
Pyramidal 20 42 53 150 19.0 399 50.4
Pyramidal P19 41 5l 120 18.2 39.4 49.0
Conicalsharp | 28 356 66 180 26.3 52.6 62.0
Conical sharp 42 68 80 150 39.9 64.6 76.0
Conical sharp 36 61 73 150 34.2 58.0 69.4
Conicalsharp | 28 60 67 90 272 58.2 65,0
Conical sharp 40 65 81 163 37.8 61.1 76.5
Conical sharp 42 67 76 135 40.1 64.0 72.6
Conical sharp 44 73 Bl 135 42.0 69.7 77.4
Conicalsharp | 45 72 81 105 43.4 69.5 78.2
Conical shatp | 38 63 72 150 36.1 39.9 68.4
Conical sharp 34 060 68 120 32.6 57.6 65.3
Conical blunt 37 56 66 180 34.8 32.6 62.0
Conical blunt 45 63 7 150 428 59.9 67.5
Conicul blunt s 72 B8l 120 557 G69.1 77.8
Conical blunt 41 &0 73 120 39.4 57.6 70.1
Conicalblunt | 43 68 75 165 40.6 64.3 70.9
Conical blum 42 59 70 105 40.5 56.9 67.6
Conical blunt 59 76 B85 135 56.3 72.6 81.2
Conical blunt 52 717 105 50.2 68.5 76.2
Conical blunt 41 59 71 150 39.0 56.1 67.5
Caonical blunt 36 351 63 120 34.6 49.0 60,5
D1 ~ distance at stage 1, D2 — dislance at s{age 2, D3 — distance at stage 3
The measurements are in millinetres.

The last three columuns on the right are the caleulated distances using the formula
D{calc)=D{3000-distance)/3000. For explanation, see section 3.3.3.2




CHAPTER 3. Insertion of trecars by mechanical device

Type
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical shurp
Conical sharp
Conical sharp
Conical sharp
Conical hlunt
Conical bluut
Conical blung
Conical blunt
Conical blunt
Conical blung
Conical blunt
Conical blunt
Conical blunt

Conical blunt

D1 — distance at stage 1, D2 - - distance at stage 2, D3 ~ distance al slage 3

The measnrements are i millimetres.

The last three columns on the right are the calculated distances using the formula

D1 D2 DI Distance Dl(calc) D2(cale) D3(cale)
14 39 52 180 13.2 367 489
16 38 46 180 15.0 35.7 432
21 42 55 150 20.0 39.9 52.3
23 45 58 150 21.9 42,8 55.1
24 44 55 120 23.0 422 52.8
27 50 60 120 25.9 48.0 57.6
21 45 58 180 19.7 42.3 54.5
20 40 55 180 18.8 37.6 51.7
28 52 66 150 26.6 49.4 62.7
22 46 59 120 21.1 44,2 56.6
127 49 55 180 25.4 46.1 51.7
30 51 60 180 28.2 47.9 56.4
29 61 66 150 27.6 58.0 62.7
38 56 65 150 36.1 53.2 61.8
34 61 68 120 32.6 58.6 65.3
36 63 71 120 34.6 60.5 68.2
43 73 80 180 40.4 68.6 75.2
38 68 75 150 36.1 64.6 71.3
40 62 71 18D 37.6 58.3 66.7
36 70 80 120 34.6 67.2 76.8
32 50 54 180 30.1 47.0 50.8
31 48 S5 180 29,1 45.1 51.7
39 38 63 150 37.1 55.1 59.9
41 58 63 150 39.0 55.1 39.9
42 62 68 120 40.3 59.5 65.3
40 53 63 120 38.4 50.9 60.5
42 . . 180 39.5 . -
45 66 76 150 42.8 62.7 72.2
56 70 80 150 53.2 66.5 76.0
46 - - 120 44.2 . .

D{eale)=DE00M)-distance)/3000. For explanation, see section 3.3,3.2

P DL A
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CHAPTER 4. Central injurics of the bowel

Trocar gDeflection Shape of Injury*  Side

Pyramidal No Stellate Anterior/posterior
Pyramidal No Stellate Auterior/postetior
Pyramidal No Stellate Anterior/posterior
Pyramidal . No Stellate Anterior/posterior
Pyramidal i No Stellate Anterior/posterior
Pyramidal Ne Stellate Anteriot/posterior
Pyramidal No Stellate Aunterior/posterior
Pyramidal No Stellate Anterior/posterior
Pyramidal No Stellaie Anterior/posterior
Pyramidal No Sicllate Anlerior/posterior
Conical sharp No Puncture Auterior/posterior
Conical sharp No Punciure Anterior/posterior
Conical sharp No Puncture Anterior/posterior
Conical sharp No Puncture Anterior/posterior
Conical sharp No Puncture Anterior/posterior
Conical sharp No Puncture Anlerior/posterior
Conical shatp Ne TPuncture Anterior/posterior
Conical sharp No Puncture Anterior/pusterior
Clonical sharp No Puncture Anferior/posterior
Conical sharp No Puncture Anterior/posterior
Conical blunt Yes Crash Anterior

Conical blunt Na Crush Anterior

Conical blunt No Crush Aunterior

Conical blunt No. Crush Anterior/posterior
Conical bluat No Crush Anterior/posterior
Conical blunt No Crush Antertor/posterior
Conical blunt No Crush Anteriot/posterior
Conical bluni No Crush Anterior/posterior
Conical blunt No Crush Anterior

Conical blunt No Crush Anterior/posterior
* Stellate wound  ~ tri-radiate incision through bowel wall

Puncture wound - pin-point defect through bowel wall

Crush wound ~ circular crush inpury, no penetration of the bowel wall




CHAPTER 4. “Ofi-centre” injuries of the bowel

"Lrocar
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical blunt
Conical blunt
Conical blunt
Conical blunt
Conical blunt
Conical blunt
Conical blunt
Conical blunt
Conical blunt

Conical blunt

* Stellate wound

Defleciion
No

Yes
Yes
Yes
Yes
Yes
No

No

Shape of Injiry*
Stellate
Stellaie
Stellate
Puncture
Stellate
Stellate
Punchure
Stellate
Stellate
Stellate
Puncture
Puncture
Puncture
Puncture
Puncture
Puncture
Puncture
Puyncture
Puncture
Punciure
Crush
Crush
Crush
Crush
Crush
Crush
Crush
Crosh
Crush
Ciush

Side
Anterior/Posterior
Anteriot/Posterior
Anterior/Posterior
Anterior/Posterior
Anterior/Posterior
Anlcrior/Posterior
Anterior/Posterior
Antertor/Posterior
Anterior/Posierior
Anterior/Posterior
Anterior/Posterior
Anterior/Posterior
Anterior/Posterior
Anterior/Postetior
Aunterior/Posterior
Anterior/Posterior
Anterior/Posterior
Antecior/Posterior
Anterior/Posterior
Aunteriot/Posterior
Anterior/Posterior
Anterior/Posterior
Anterior/Posterior
Anterior/Posterior
Anterior/Posterior
Anterior/Posterior
Anierior
Anterior/Posterior
Anterior

Anterior/Posterior

— tri-radiate ineision through bowel wall

Puneture wound - pin-point defect through bowel wall

Crush wound

— circular crush injury, ne penetration of the bawel wall




CHAPTER 5. Effect of trocar tip profile on aortic injuries

Trocar profile Front

Adv
Pyramidal

Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyramidal
Pyrantidal
Pyramidal
Pyramidal
Pyramidal
Conical sharp
Conical sharp
Conical sharp
Caonical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp
Conical sharp

Conical sharp

2.5

1.3

4.2

28

3.2

23

3.8

2.5

3.5

3.2

22

1.4

2

26

1.2

1.5

Front
Int

73

0.4

7.3

3.2

6.2

4.7

5.2

3.1

7.8

5.9

35

4

2.9

34

4.8

5.1

5.7

338

Shape  Back

fromi Int
Stellate

Stellate
Linear
Stellate
Linear
Linear
Linear
Linear
Stellate
Steliate
§.inear
Linewr
Linear
Linear
Linear
T.inear
Linear
Linear
Linear

Linear

Front adv - adventitial wound, front wall

Front int — intimal wound, front wall

Shape - wound shape

Measurements are in millimetres

32

3

3

2.3

23

27

2

3.7

24

0.6

1.1

1.7

0.7

1.9

24

Back ady - adventitial wound, back wall

Back int — intimal wound, back wall

2.2

2

1.5

1.5

1.5

1.8

1.3

Q.7

1.5

1.2

0.3

0.5

0.7

0

0.8

0.8

0.4

0.4

0.7

LS

Shape
back

Stellate
Stellate
Stellate
Stellate
Stellate
Lincar
Linear
Stellate
Stellate
Stellate
Linear
Liiear
Lingar
Linear
Linear
1.inear
Linear
Lincar
Linear

l.inear

Deflect

No
No
No
No
No
No
No
No
No
No
No

No

No

Leakage

Spurter
Spurter
Spurter
Spurter
Spurter
Spurler
Spurter
Spurter
Spurter
Spurter
Spurier
Spurter
Spurter
Spurter
Spurter
Spurier
Spurter
Spurter
Spurter

Spurter
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Effect of trocar tip profile on aortic injuries (continued)

Trocar profile Jront Front Shape
Adv Int front
Conical blunt 0.7 % Linear
Conical blunt 4,5 6 Linear
Conical blunt 1.1 6.5 Linear
Conical blunt 0 5.9 Linear
Conical blunt 0 6.7 Linear
Conical blunt 0 0 -
Conical blunt 0 0 -
Conical blunt 0 5.7 Linear
Conical blunt 0 0 -
Couaical blunt 1.8 4,7 Linear
[lasson 0 0 -
Hasson 0 0 -
Hasson 0 0 -
Ilasson 0 0 -
Hasson 2,1 7 Linear
Hasson 0 0 -
Hassen 0 0 -
Hasson 0 0 -
Hasson 4.1 8.2 Linear
Hasson 0.6 7.5 Linear

Front ady — adventitial wound, front wall

Front int - ntimal wound, front wall

Shape - wound shape

Measurements are in mallimctres

Back

Int

2.5

2.5

3.3

4.1

2.4

6.9

6.4

Back
Adyv

Shape
back

1.1 Lioear

1 Linear
1.5 linear
1.1 Tnear

0,5 Linear

0 Linear

0 Linear

0 -
1.6 Linear

0 Linear

Dellect

No
No
No
No
No
Yes
Yes

No

No
Yes
Yes

Yes

No

Yes
Yes
Yes
Yes

No

Leakage

Containedl
Spuiter

Conlained
Contained

Contained

Contained

Spurter

Contained

Contained

Contained

Back adv — adventitial wound, back wall

Back int — intimal wound, back wall
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