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ABSTRACT

INTRODUCTION:

Laparoscopic cholecystectomy is the treatment of choice for symptomatic gall
stone disease and for selected cases of acute cholecystitis. Difficult laparoscopic
cholecystectomy and conversion to open surgery are known to increase post-operative
morbidity. Thus, it is essential to have a simple pre-operative indicator to predict the

Same.

OBJECTIVE:
To find out if blood CRP levels can predict intra-operative factors that can
objectively be used to assess difficulty in laparoscopic cholecystectomy and to

evaluate C reactive protein as a predictor for conversion to open surgery.

MATERIALSAND METHODS:

This one-year cross-sectional study was done with the Department of Surgery,
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi from
January 2017 to December 2017. A total of 100 patients posted for |aparoscopic
cholecystectomy were studied. Pre-operative hs-CRP (High sensitivity C-reactive
protein) levels were analysed with conversion to open procedure and intra-operative
difficulty based on findings including adhesions, empyema, wall thickening, difficulty

in grasping and perforation.

RESULTS:
Y oden index was calculated using different levels of hs-CRP as cut-off. It was found

to be optimum (77.98) at 4mg/L. It was found that patients with hs-CRP>4mg/L had a
v



higher incidence of intra-operative difficulty that was dstatistically significant
(P<0.001) with a sensitivity of 88.89% and a specificity of 89.09%. Conversion to
open surgery had a higher incidence in patients having hs-CRP higher than 10mg/L

(P=0.005).

CONCLUSION:
Based on these results, C-reactive protein (by measurement of hs-CRP) can be used as
an effective independent predictor of difficult laparoscopic cholecystectomy above

4mg/L and conversion to open procedure above 10mg/L.

Key words: choldlithiasis, C reactive protein, difficult lapar oscopic

cholecystectomy, conversion.
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INTRODUCTION

Cholecystectomy is currently one of the most commonly performed operative
procedures'. Laparoscopic cholecystectomy (LC), as we know today, was introduced
for the first time in 1987 and has eventually become the preferred method for
cholecystectomy?. This procedure has changed the face of treatment of gall stones by
reducing postoperative pain, risk of surgical siteinfection and incisional hernia®. This
surgery is still evolving with time and size and the number of portsis reducing day by
day.

Despite vast experience, multiple advances and updates in technique, there are
few circumstances in which the surgery becomes difficult leading to prolonged
operating time, injury to surrounding structures like the common bile duct (CBD) and
vessels. These cause significant morbidity to the patient, may lead to prolonged
admission, shock and increased cost of care and increased risk of mortality*>. To
avoid these circumstances, many a times, a decision to convert the laparoscopic
procedure to an open surgery has to be taken.

There are multiple studies done to evaluate factors that could possibly predict
a difficult laparoscopic cholecystectomy and the probability of conversion in such
cases. These include male gender, advanced age, co-morbidities, high ASA grade,
recurrent attacks of acute cholecystitis, ongoing active infection, thickened gall
bladder (GB) walls and pericholecystic collection on pre-operative imaging”°. C-
reactive protein has recently come in sight as a factor that could predict difficult
laparoscopy in afew studies™ ™.

C-reactive protein (CRP) is a phylogenetically highly conserved plasma

protein which is an integral part of the systemic response to inflammation. Its plasma
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concentration increases during inflammatory states, a characteristic that has long been
employed for clinical purposes. CRP is a pattern recognition molecule, that binds to
specific molecular configurations that are typically exposed during cell death or found
on the surfaces of pathogens. Its synthesis rapidly increases within hours of tissue
injury or infection. This suggests that it contributes to host defense and is a part of the
innate immune response™.

Most of the predictors of difficult |aparoscopy mentioned above are directly or
indirectly related to the degree of inflammation in and around the gall bladder. As
CRP has been proven to be a direct predictor of ongoing inflammation, it shows a
correlation between CRP and the probability of a difficult laparoscopic
cholecystectomy™. There has been considerable evidence pointing towards the
predictive value of CRP for conversion to open cholecystectomy™*2.

It is fairly obvious to note that conversion to open surgery also depends upon
the skill and choices of individua surgeons. It is, thus, a subjective criterion for
analyzing difficult laparoscopy. In this study we intend to analyze CRP as a predictor
of difficult laparoscopic cholecystectomy using intra-operative findings as a

parameter for analysis.
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OBJECTIVE

Primary- To find out if blood CRP levels can predict intra-operative difficulty in

laparoscopic cholecystectomy.

Secondary- To evaluate C-reactive protein as a predictor for conversion to open

surgery.
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Review Of Literature

REVIEW OF LITERATURE

Laparoscopic cholecystectomy (LC) has been established as the gold standard
for the elective treatment of cholecystolithiasis, and is now being increasingly used
for the treatment of acute cholecystitis as well®. The advantages of laparoscopic over
open cholecystectomy have been well documented which include earlier return of
bowel function, less postoperative pain, improved cosmesis, shorter length of hospital
stay, earlier return to full activity, and decreased overall cost™*’.

HISTORICAL REVIEW:

Gallstones have been described since ancient times with even autopsies of
Egyptian mummies revealing their presence. There was an improved learning of the
anatomy of the gall bladder and biliary system in the 17" and 18" centuries. After
initial attempts at treating this condition medically, surgical approaches were applied
starting in the second half of the 19" century™® 2.

In the year 1867, John S. Bobbs successfully performed cholecystotomy with
extraction of gallstones. For his work he is regarded as the father of gall bladder
surgery. After a decade, James Marion Sims, performed the first planned
cholecystostomy for the treatment of cholecystitis®*. In 1882, Carl Langenbuch
revolutionised the treatment of gallstone disease by performing the first successful
cholecystectomy following his work on animals and cadavers which led to him being
convinced that surgical removal of the gall bladder should lead to permanent cure®.

The treatment of gallstones underwent another revolution in the late twentieth
century with Eric Muhe performing the first laparoscopic cholecystectomy in 1985

with his ‘galloscope’, hemoclips and pistol grip scissors, paving the way for a new

generation of therapy®. Shortly thereafter, laparoscopes coupled with CCD video
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cameras came into picture that allowed the entire team to visualise the operative field,
giving rise to the current technique of |laparoscopic cholecystectomy®. In 1992, the
National Institutes of Heath (NIH) Consensus Development Conference stated that
laparoscopic cholecystectomy provides a safe and effective treatment for most
patients with symptomatic gallstones®™. Currently it is estimated that over 80% of
cholecystectomies are performed using the |aparoscopic approach?®.

SURGICAL ANATOMY:

The classic anatomy of the biliary treeis present in only 30% of individuals. It
is therefore said that anomalies are the rule and not the exception in gall bladder
surgery. The knowledge of norma anatomy and common variants is critica to the
success of surgical intervention like most procedures?®. The gallbladder is a muscular
sac situated beneath the liver. The normal capacity of the gallbladder is 30 mL but it
can distend to allow up to 300 mL of fluid in case of chronic distal obstruction. The
wall of the gallbladder is composed of the visceral peritoneum (on areas not in direct
contact with the liver), sub-serosa, muscularis, lamina propria, and columnar
epithelium. The parts of the gallbladder are named as seen in Illustration 1. They are

the fundus, body, infundibulum (Hartman pouch), and the neck?’.

Page 5



Review Of Literature

FUNDUS

BODY

INFUNDIBULUM
NECK

CYSTIC
DUCT

Ilustration 1. Parts of the Gall Bladder

The neck of the gall bladder drains into the cystic duct. The lumen of the
cystic duct has characteristic mucosal folds called the spiral valves of Heister?®®. The
cystic duct can run a very short course draining into the right hepatic duct or it can
also course alongside the common hepatic duct for a distance, inserting into it just
above the pancreas.

The blood supply to the gallbladder is from the cystic artery, which is usualy
a branch of the right hepatic artery. Significant variation in the course of the cystic
artery has been reported. Rarely, it may branch from the left hepatic artery or hepatic
artery proper, running anteriorly to the hepatic duct on its course to the gallbladder. It
may also arise from areplaced right hepatic artery from the superior mesenteric artery
(SMA)*'.

Venous drainage of the gallbladder includes veins that follow the cystic and
hepatic ducts to drain into the liver via the portal system as well as veins draining

directly into the liver?’.
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LAPAROSCOPIC ANATOMY:

The advent laparoscopy led to a new approach into biliary anatomy especially
that of the Calot’s triangle and the term ‘laparoscopic anatomy’ has been devel oped.
The ‘laparoscopic view’ of the area around the GB especialy the Calot's triangle
contributes to misidentification of structures®.

The triangle of Caot was originally described to have the common hepatic
duct as the |eft border, the cystic duct inferiorly and the cystic artery superiorly®. The
commonly accepted working definition of the triangle of Calot, however, is described
as having the inferior surface of the right lobe of the liver as the upper border and the
cystic duct as the lower border (lllustration 2)?. The content of this triangle is the
cystic lymph node of Lund. Dissection of this triangle is of key significance during
cholecystectomy, because in this triangle runs the cystic artery, often the right branch
of the hepatic artery, and occasionally a bile duct, which should aways be displayed
before cholecystectomy. In case there is a replaced or accessory common or right
hepatic artery, it usually runs behind the cystic duct to enter the triangle of Calot™.

LIVER

CALOT'S
TRIANGLL
COMMON
LILPATIC
nucT
CYSTIC
ARTTERY

CYSTIC
DUCT

GI

Illustration 2. Calot’s triangle
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The Rouviere's sulcusis afissure on the liver between the right lobe and
caudate process and is clearly seen during a LC during the posterior dissectionin a
majority of patients. It corresponds to the level of the porta hepatis where the right
pedicle enters the liver. It has hence been recommended that all dissection be kept to a
level above (or anterior) to this sulcus to avoid injury to the bile duct. Also, this being
an ‘extrabiliary’ reference point it does not get affected by distortion due to
pathol ogy.

A clear delineation of the junction of the cystic duct with the GB along with
the demonstration of a space between the GB and the liver clear of any other structure
other than the cystic artery is also recommended as an essential step to prevent bile
duct injury. Thisis called safety window or critical view of safety®. A difficulty in
achieving this critical view of safety mainly arises due to adhesions or difficulty in
grasping the gall bladder.

PHYSIOLOGY:

Bile flowing from the liver drains to the CBD. The resting tone in the
sphincter of Oddi prevents the flow of bile into the duodenum and allows the bile to
fill the duct followed by retrograde filling of the cystic duct and gallbladder. The bile
is concentrated by the gallbladder epithelium, which contains channels that actively
transport sodium chloride. Water follows along with sodium chloride, thereby
concentrating the bile?’.

Contraction of the galbladder is under the control of multiple signals. The
maor positive mediators of contraction are cholecystokinin  (CCK) and
parasympathetic innervation. CCK is a hormone secreted by the epithelium in the
duodenum in response to intraluminal nutrients. Its secretion results in contraction of

the gallbladder in the post-prandial period to move bile into the duodenum for
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digestion. The hepatic branch of the vagus nerve supplies parasympathetic
innervation, which al'so promotes contraction. Like the rest of the intestinal tract, the
gallbladder is innervated by the enteric nervous system, promoting coordination with
the migratory motor complex?’.

There are aso multiple modulators of gallbladder contraction. The
sympathetic innervation to gallbladder is via the celiac plexus. It promotes relaxation
of the gallbladder smooth muscle. Recent literature also supports that components of
bile itself dampen gallbladder contractions through G-protein coupled receptors™,
Stasis of bile in the gallbladder is thought to contribute to the formation of
cholelithiasis.

PATHOGENESISOF CHOLELITHIASIS:

Gallstones are divided into the 3 following types: cholesterol stones, black and
brown pigment stones. Cholesterol stones (>50% cholesterol content) are the most
common in the Western world and account for approximately 70% of all stones.
Black pigment stones account for the remainder of stone carriersin the Western world
and can be caused by haemolytic disorders or cirrhosis. Brown pigment stones are
seen most commonly in East Asia and are associated with infection of the biliary
tree*. The prevalence of cholesterol gallstones seems to be increasing worldwide
nowadays as a result of socioeconomic and lifestyle changes associated with an
increase in a more Western diet®. The formation of cholesterol gallstones has been
illustrated since the 1960s with variations of Admirand’s triangle, which is essentially
an equilibrium diagram of bile salt, cholesterol, and lecithin. Supersaturation with
cholesterol, a decrease in the quantity of bile salt or lecithin, or a combination of these
factors promotes gallstone formation (Illustration 3)*. Many of the previously

mentioned risk factors like female gender, increasing age and body mass index, rapid
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weight loss, pregnancy, sex steroids, comorbidities such as diabetes mellitus,
cirrhosis, hypertriglyceridemia, Crohn’s disease and conditions that lead to bile stasis

alter the composition of hile, thus leading to the formation of gallstones® .

Cholesterol
crystals

Cholesterol
sofution

7
/ B 0
0 4 . ‘ : “ ¢
100 80 60 40 20 0
e =

Percentage bile salt

[lustration 3. Admirand’s triangle
MANAGEMENT:

Asymptomatic gall bladder (GB) stone is treated conservatively in mgjority of
cases because complications develop in only 1% to 2% of patients annually®. The
current standard for management of uncomplicated gallstone disease, or symptomatic
choldlithiasis, is laparoscopic cholecystectomy. Medical management consists of ord

dissolution therapy with oral bile acids and is reserved for patients who are not
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candidates for surgery and have small (equal to or less than 5 mm in size),
uncalcified, cholesterol stonesin afunctioning gallbladder with a patent cystic duct.

Ord litholysis involves use of ora hydrophilic bile acids for dissolution
therapy for cholesterol gallstones. Ursodeoxycholic acid is currently used as it leads
to decreased biliary cholesterol secretion, increased solubility of cholesterol by
forming liquid crystals, and reduced intestinal absorption. However, this approach is
successful only in asmall subset of patients; as recurrence is common (30%-50% at 5
years) and the cost-benefit ratio is unfavourable™. A variety of other medications and
pathways have been studied in their effect on gallstone formation, including statins,
aspirin, ezetimibe, and nuclear receptors that drive lipid homeostasis in the
hepatobiliary and gastrointestinal systems™ .

Studies have reported that nutritional modifications, such as increased dietary
polyunsaturated or monounsaturated fatty acids, fibre, caffeine, vegetable protein, and
a diet low in refined carbohydrates, may aid in reduction of symptoms®. Overall,
most patients will undergo laparoscopic cholecystectomy as a definitive and effective
management for symptomatic cholelithiasis™.

LAPAROSCOPIC CHOLECYSTECTOMY:

Laparoscopic cholecystectomy has been described as the “gold standard’ for
the treatment of symptomatic gallstones presenting as chronic cholecystitis®.
However, the laparoscopic approach was initialy considered to be relatively
contraindicated or unsafe in acute cases. It was believed that inflammation of the
tissues makes the dissection difficult, thus increasing the risk of serious complications
aswell as the rate of conversion to open surgery™'. In 1990s, the feasibility, safety and
benefits of early laparoscopic surgery in acute cholecystitis were proved by several

studies and it soon became the treatment of choice for acute cholecystitis as well*. In
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1990, 10% of cholecystectomies were being performed laparoscopically in the United
States. This figure has risen dramatically over the past two decades and stands at
90.5% in 2010. Never before had a surgical revolution occurred so quickly®.

The mgor advantage of the laparoscopic approach was improved recovery,
which alowed patients to have better quality of life in the immediate postoperative
period®®. Even in cases of acute cholecystitis patients undergoing laparoscopic
cholecystectomy had a significantly lower rate of complications, shorter hospital stays
and more comfortable postoperative period when compared to those undergoing open
cholecystectomy™.

A few disadvantages have been pointed out against laparoscopic
cholecystectomy. Three-dimensional depth perception is limited by the two-
dimensional monocular image of the videoscope. In case of significant haemorrhage
there is more difficulty in control using laparoscopic technology than in an open
surgical field. Also, thereis less haptic discrimination of structures with laparoscopic
instruments as opposed to manual palpation during open cholecystectomy. Carbon
dioxide insufflation to create the pneumoperitoneum is associated with numerous
potential risks, including reduction of vena caval flow and systemic hypercarbia with
acidosis™.

The mgor indication for elective LC is symptomatic cholélithiasis, also
known as “biliary colic.” In one of the large studies from Europe published recently,
the indications for LC were cholelithiasis in 75.5%, pancredtitis in 13.3%,
cholecystitis in 6.3%, choledocholithiasis in 3.05%, and other complications in 1.2%
of cases™.

Absolute contraindication for Iaparoscopic cholecystectomy is the inability to

tolerate abdominal insufflation with carbon dioxide.
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Relative contraindications include:

Suspicion of gallbladder cancer

Cirrhosis, portal hypertension, or bleeding disorders

Previous abdominal operations precluding minimal invasive approach

Pregnancy (first or third trimester)>®

Pregnancy is not an absolute contraindication to LC and can be performed
safely with a few modifications such as the Hasson technique for abdominal access, a
left-sided bed tilt, and appropriate placement of trocars to accommodate the size of
the gravid uterus. LC is considered the preferred technique for the pregnant patient as
it offers a faster postoperative recovery, reduced opioid usage, and fewer wound
complications®,

DIFFICULT LAPAROSCOPY AND CONVERSION:

Laparoscopic cholecystectomy (LC) can be the easiest or the most difficult
laparoscopic operation. A traditional marker of difficult LC has been conversion to
open surgery and anticipation of conversion can help in counselling patients and
preparing them for longer stay and complications. Difficult LC can also have similar
implicationsin terms of operating time, expertise required and training of juniors™.

Bile duct injuries (BDI) can be a complication in selected cases of LC and
their importance cannot be underestimated®”®. The incidence of such injuries ranges
between 0% to 6%°>%°. Many times, these injuries are attributed to intra-operative
difficulty which can be termed as difficult laparoscopic cholecystectomy for further
references.

It was previoudy thought that LC has less morbidity than open
cholecystectomy (OC) even if it takes longer time®.. However, Giger et al. in their

analysis from Swiss database have shown that risk of complications of LC is
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increased with conversion as well as with longer operating time that is typically seen
in difficult LC. They claimed that addition of each 30 min duration increases chances
of both local and systemic postoperative complications®. This finding demonstrates
why predicting difficult LC is asimportant as predicting conversion.

Difficult LC has the following predicting factors: %

Age greater than 60 years

Male sex

Obesity

Presence of acute cholecystitis

Chronic cholecystitis and fibrosis

Liver cirrhosis

Clinically palpable gall bladder®

Increased wall thickness™

History of prior upper abdominal surgery

Cystic duct stones

Large liver and big gall bladder

Cholangiocarcinoma of gall bladder and biliary tract

Anatomic variation

Biliodigestive fistula

Diabetic patients

L ess experienced surgeon

Surgeon’s experience is an important factor in the management of difficult
LC. In a study by Gabriel et al, surgeons with high caseload and those who have
performed >100 cholecystectomies were more able to do difficult LC®. It has also

been noted that surgeons who have high caseload, have less complications and
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conversion®’. Huang et a reported 6 bile duct injuries among the first 10 to 15
laparoscopic operations performed by a surgeon. However, these findings were not
concurrent with those of a few other investigators who reported no difference in the
incidence of complications between the first and the second series of 1500 LCs®°.
Targarona et a have reported that the highest incidence of complications occurs with
surgeons who had done >50 operations’.

A scoring system has also been proposed which takes into consideration the
time taken for surgery, bile/stone spillage, injury to cystic duct or cystic artery and
conversion to open cholecystectomy and further divides the procedure into 3 grades as
per the criteria mentioned”.

Difficult laparoscopic cholecystectomy has been sub-divided as per the step in
which the difficulty is encountered and they are mentioned in the following table with

measures to tackle them:®*
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DIFFICULTY SOLUTION

Difficult access and pneumoperitoneum | Hasson technique, optical port, avoiding
Veress needle insertion in midline and

near previous scars.

Difficult in grasping/retraction of GB Applying suture at fundus

Difficult dissection of Calot’s triangle Laparoscopic subtotal cholecystectomy,

fundus first approach

Short and wide cystic duct Careful suturing, endolooping

Abnormal anatomy Open cholecystectomy, finger

dissection, stenting of CBD pre-

operatively, percutaneous
cholecystostomy, intra-operative
cholangiogram, intra-operative

methylene blue injection technique,

intra-operative fluorescence imaging

Difficult retrieval of specimen Suction, crocodile grasper, retrieval bag

Table 1: Difficulties encountered in laparoscopic cholecystectomy and their suggested
solutions

Every surgeon has a different approach towards difficult LC. Diversity of the
techniques and methods to manage difficult LC are based on experience of the
surgeon. Current evidence from research does not specify if any approach is superior
to the other as there is no randomized controlled trial to compare laparoscopic
subtotal cholecystectomy (LSTC), fundus first or antegrade or other techniques to
manage difficult LC. However, many studies involving large numbers of patients

have demonstrated the safety and efficacy of certain techniques. There has been found
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No consensus among surgeons to manage difficult GB but there has been a growing
interest in LSTC and fundus first techniques.

Currently 5 popular approaches are being practiced for difficult LC. These are
in order of preference (based on current conversion rate and complications), LSTC if
possible, fundus first or antegrade LC, intraoperative cholangiogram and LC, OC, or
stop the procedure and consider another date. Conversion and rescheduling should not
be considered as a failure. In many situations rescheduling is helpful as a difficult GB
can be removed easily after some time when storming inflammation is under
control*.

The conversion rate has come down in comparison with the previous decade.
However, complete avoidance of bile duct injury and conversion is not achievable in
the current era of surgical practice. Unfortunately, iatrogenic injuries and other
potential difficulties direct the procedure to open cholecystectomy (OC) with definite
increase in complications and cost®. Occasionally anatomical or physiological
considerations cause a hindrance to the minimal access approach, and conversion to
open surgery in such cases reflects sound clinical judgment and should not be
considered a complication®®. The conversion rate can be correlated to access
problems, abnormal or unusual anatomy due to acute or chronic inflammation, patient
comorbidities, bleeding, visceral injuries, and surgical experience’. It is reported that
approximately 2% to 15% of patients require conversion to open surgery for various
reasons®”,

Conversion to open surgery is a safe choice in cases of extreme difficulty”".
Surgeons having insufficient laparoscopic experience, also have a high conversion
rate as discussed earlier’®. Despite this, OC is a valuable option in certain cases in

which dense adhesions, abnormal anatomy, GB malignancy, choledochal cyst, Mirizzi
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syndrome, or enterobiliary fistulas are diagnosed. Performing LC for these patients
(except GB cancer) is a secondary consideration; however, intraoperative diagnosis of
the unexpected pathologies requires prompt decision-making and change of the
operative plan, which often necessitate a complicated operation.

The maor causes of conversion are dense adhesions in Calot’s triangle or a
friable gallbladder®. Emergency conversions are usualy due to bleeding from the
cystic artery and injuries to CBD.

Schrenk et a. have analyzed pre- and perioperative risk factors for conversion
to OC in 1300 patients and found that right upper abdominal quadrant rigidity,
thickening of the gallbladder wall on ultrasound scans, evidence of dense adhesions,
and acute cholecystitis were significant indicators for conversion to OC in 56 (4.3%)
converted cases’. In another study Fried et a. reported 5.6% conversions to OC. Age
above 65, acute cholecystitis, thickened gallbladder wall on ultrasound scans, obesity,
and male sex were determining factors for conversion in that study®. It was seenin a
study by Alponat et a that in addition to acute cholecystitis and thickened gallbladder
wall on ultrasound scans elevated total leucocyte counts (TLC) and ALP levels were
significant predictors. These biochemical abnormalities commonly accompany acute
inflammation of biliary tree and are indicators of a complicated disease®.

Rattner et a report that patients with acute cholecystitis who had laparoscopic
cholecystectomy that required conversion to open cholecystectomy had a higher TLC
than those who had an uneventful laparoscopic procedure’’. Halachmi et al showed
that with TLC of more than 18 x 10%/L or more, the incidence of conversion was three
times that of the group with alower TLC. Additional explanatory factors associated

with conversion were empyema or gangrene of the gallbladder, male sex, and age

Page 18



Review Of Literature

over 60 years. It was aso noted that if the temperature was 38°C or more, the
complication rate was twice that of the group with lower temperatures®.

Rosen et a reported that for elective laparoscopic cholecystectomy, morbidly
obese patients with chronic cholecystitis and a thickened gallbladder wall were more
likely to require conversion’.

COMPLICATIONS:

There are various complications encountered during LC. Some are specific to
this technique while some are common to laparoscopic surgery in general. It should
be emphasized that LC is a surgical procedure that should have a low incidence of
complications and efforts should be concentrated on prevention rather than treatment
of these complications™. A few of them are discussed here.

Hollow viscus injury should be recognized early and repaired.

Bile leak may be from the cystic duct stump, an aberrant Luschka duct, or a
bile duct injury (BDI). Its management depends on the presence of abdominal
drainage and if intraoperative cholangiography was performed.
Ultrasonography or computed tomography scan of the abdomen is required for
evauation of free fluid and collection the abdomen. ERCP with stenting,
gphincterotomy, or both should be considered early. Placement of a
percutaneous abdominal drain should be done for drainage of bilomas™.

BDI most frequently results from a failure to recognize the anatomy of the
triangle of Calot (e.g., common bile duct or right hepatic duct are at times
mistaken for the cystic duct), but may aso result from excessive use of
electrocautery or clips to control bleeding in the porta hepatis, or excessive

traction on the cystic duct and common bile duct during dissection. (Dezi€l)
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Its management depends on the timing of recognition (intraoperative vs
postoperative), nature, and severity of theinjury.

Retained spilled stones: every effort should be made to profusely irrigate the

operative area and to recover spilled stones when they occur.

Retained CBD stones can usually be managed endoscopically if identified in

the postoperative period®®.
C-REACTIVE PROTEIN:

C-reactive protein (CRP) is an acute-phase protein with a half-life of 19
hours™. It synthesised and secreted by the liver, mainly in response to interleukin-6
and other pro-inflammatory cytokines. It is a member of pentraxin family of
proteins’®. It is also produced by certain cells present in the vascular wall such as
endothelial cells, smooth muscle cells, and adipose tissue® . It was discovered by
Tillett and Francisin 1930%. CRP is a 224-residue protein with a molecular weight of
25106 Da. The CRP gene is located on chromosome 1%. The protein was named C-
reactive protein because of its capacity to precipitate the somatic C-polysaccharide of

Streptococcus pneumonia’®. It has no relationship with protein C or C-peptide.

[llustration 4 Image depicting C-reactive protein
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CRP binds to numerous ligands including phospholipids exposed on bacterial
surfaces, damaged or dying eukaryotic cells, and cellular nuclear debris. Once bound,
it activates the classical complement cascade, binds to the Fcy receptors and
stimulates phagocytosis™. High CRP concentrations in serum may be seen in cases of
infection, inflammation, trauma, malignancy and tissue infarction. It is, therefore, not
specific for a particular disease. A rise in CRP may be seen earlier in a disease
process when compared to other non-specific markers (e.g. fever), and fals rapidly on
resolution of inflanmation®. Therefore, CRP may be useful as a screening test to
detect an inflammatory response early in its course, and also for monitoring disease
activity and response to therapy in conditions where CRP is raised™.

The reference range for C-reactive protein is as follows:

CRP: 0-10mg/L

High-sensitivity CRP (hs-CRP): < 3 mg/L®

CRP is known to increase in acute or chronic inflammatory conditions, tissue
necrosis or tissue injury, ischemia or infarction of issues, infection, inflammation,
metabolic syndrome, malignant tumours especialy of breast, lung and gastrointestinal
tract, acute pancredtitis, post-surgery, burn, leukaemia, tobacco smoking, hormone
replacement therapy, obesity. It is known to decrease in states of exercise, weight loss
and moderate alcohol consumption, medications like statins, niacin and fibrates®.

Schéfer et al. reported that, CRP levels on admission were found to be
determinants of surgical approach-laparoscopic or open along with American Society
of Anaesthesiology grade, duration of symptoms, age and TLC on admission in a
study for acute cholecystitis®. Another study done for acute cholecystitis by Gurbulak

et a concluded that CRP can be accepted as a strong predictor in classifying the
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disease into different grades and treatment can be reliably planned according to this
classification.

Another study found that CRP level at admisson and male gender were
strongly related to conversion of emergency LC in patients with acute cholecystitis'®.
Wevers et al aso concluded in their study of acute cholecystitis that higher age and
elevated CRP level were independent predictors for conversion. Surgery for acute
cholecystitis in patients with age >65 years and/or CRP level >165 mg/L should be
considered as high risk for conversion?,

Mok et a studied CRP level of patients during their index admission for acute
cholecystitis. They then correlated the conversion rates to these values and concluded
that patients with high index CRP values were at an increased risk of difficult LC and

conversion irrespective of timing of operation™.
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METHODOLOGY

The present study was conducted in the Department of Genera Surgery,
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi, from
January 2017 to December 2017 on 100 patients undergoing laparoscopic
cholecystectomy.

Study design

The study design was a cross-sectional study.
Study period and duration

The present study was carried out for a period of one year from January 2017
to December 2017
Place

This study was done under the Department of General Surgery of a tertiary
care teaching hospital attached to KAHER’s Jawaharlal Nehru Medical College,
Belagavi.

Sour ce of Data
All patients undergoing laparoscopic cholecystectomy were included in the
study.
Samplesize
The study sample was comprised of 100 patients.
Formula:
n = 4pg/d?
where,
p= incidence of difficult laparoscopy in patients with high CRP
= (100-p),

d= permissible error
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Statistical analysis: Pearson’s Chi Square test
Sampling procedure
Systematic Random Sampling
SELECTION CRITERIA
Inclusion criteria
Patients with symptomatic cholelithiasis/acute cholecystitis requiring LC.
Patients aged 16 years and above.
Patients of either sex.
Exclusion criteria
Uncooperative and unwilling patients.
Patients with history of anaphylaxis to opioids.
High BMI (>35)
Previous upper abdominal surgery
Those who refuse surgery
As the study aims to look at the association between CRP and difficult
cholecystectomy/conversion due to GB pathology only, the following patients are
excluded to avoid confounding effect of these factors on difficulty/conversion as
these co morbidities could cause derangement of CRP levels:
Lymphoma
Known malignancy of breast, lung, gastrointestinal tract
Acute pancreatitis
Concurrent appendicitis
Hormone replacement therapy

Autoimmune disorders (e.g.-Systemic lupus erythematosus, Behcets,

Rheumatoid arthritis)
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Inflammatory bowel disease

Bacterial infections at sites apart from the biliary tract

Tuberculosis

Pregnant women

Hepatic failure
Ethical clearance

The Ethical Clearance was obtained from the Institutional Ethics Committee,
Jawaharlal Nehru Medical College, Belagavi prior to the commencement.
Informed Consent

Those patients who fulfilled selection criteria were briefed about the nature of
study and a written informed consent regarding the study, investigations sent and
procedure involved was obtained (Annexure |) prior to the enrolment.
Method of collection of data

Patients satisfying selection criteria were interviewed and the demographic
data such as age and sex, presenting complaints were noted. Further the patients were
subjected to clinical and systemic examination and the findings were noted on a
predesigned and pretested proforma (Annexure 11). Blood samples were sent for all
the included patients for analysis of hs-CRP by immunoturbidometric analysis.
Procedur e of lapar oscopic cholecystectomy
Position

Patient was placed in classical supine position with surgeon standing at the
patient’s left side. Nasogastric tube was used to ensure complete gastric deflation
during the procedure, since a distended stomach and duodenal cap can obscure the
operative field. The urinary bladder was emptied by a catheter prior to creation of

pneumo-peritoneum. If catheterization was not done, percussion the suprapubic
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region to exclude a distended urinary bladder was done before inserting the Veress
needle. The nasogastric tube was removed at the end of the operation. Part preparation
and draping was done in the standard manner.

Accessto peritoneal cavity

Open technique using the modified Hasson’s cannula or closed technique using
Veressneedle.

Insufflation of the peritoneal cavity was done with carbon dioxide through the
supraumbilical/ infraumbilical/ transumbilical trocar if open technique was adopted,
or following insertion of Veress needle if closed technique was adopted to a pressure
of approximately 10 to 15 mmHg. During the insufflation all quadrants of the
abdomen were percussed to confirm uniform distension. Once pneumoperitoneum
was established, a 10mm port was inserted at the transumbilical/ supraumbilical/
infraumbilical region, through which the camera (30 degree) was introduced.
Following this the abdomen was inspected for the following;

a. To detect any injury to organs or vessels caused during insufflations and insertion
of main trocar.

b. Exclusion of additional unsuspected intra abdominal pathology.

c. Assessment of the feasibility of LC.

After inspection, three more ports were inserted under vision. A 10-mm port
was placed in the epigastrium, a 5-mm port in the middle of the clavicular line, and a
5-mm port in the right flank, in line with the gallbladder fundus. Through the lateral -
most port, a grasper was used to grasp the gallbladder fundus. It was retracted over
the liver edge upward and toward the patient’s right shoulder to expose the proximal

gallbladder and the hilar area. Exposure of the hilar area may be facilitated by placing
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the patient in reverse Trendelenburg position with slight tilting of the table to bring
the right side up.

The presence of adhesions, pus in gal bladder (empyema), gangrene,
increased wall thickness, difficulty in grasping the gall bladder, perforation were
looked for:

Through the midclavicular port a second grasper was used to grasp the
galbladder infundibulum and retract it laterally to expose the triangle of Calot. Before
this, any adhesions between the omentum, duodenum, or colon, and the gallbladder
were taken down. Most of the dissection was carried out through the epigastric port
using a dissector, hook cautery, or scissors. The dissection started at the junction of
the gallbladder and the cystic duct. A helpful anatomic landmark was the cystic lymph
node of Lund.

The peritoneum, fat, and loose areolar tissue around the gallbladder and the
cystic duct—gall bladder junction were dissected off toward the bile duct. This was
continued until the gallbladder neck and the proximal cystic duct were clearly
identified. The next step was the identification of the cystic artery, which usualy runs
parallel to and somewhat behind the cystic duct. Once the cystic duct and artery were
well exposed, the cystic duct was clipped and cut between the two clippings. A wide
cystic duct that was too big for clips, required the placement of a pre-tied loop ligature
to close. The cystic artery was then clipped and divided. Finally, the gallbladder was
dissected out of the galbladder fossa, using either a hook or scissors with
electrocautery. Before the gallbladder was removed from the liver edge, the operative
field was carefully searched for bleeding points, and the placement of the clips on the

cystic duct and cystic artery was inspected. The gallbladder was removed through the
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umbilical or epigastric incision. The fascial defect and skin incision were enlarged if
the stones were large.

If the gallbladder was acutely inflamed or gangrenous, or if the gallbladder
was perforated, it was placed in aretrieval bag before it was removed from the
abdomen. Any bile or blood that has accumulated during the procedure was sucked
away, and if stones were spilled, they were retrieved, placed inside aretrieval bag,
and removed. If the gallbladder was severely inflamed or gangrenous or if any bile or
blood was expected to accumulate, a closed-suction drain was placed through one of
the 5-mm ports and |eft underneath the right liver lobe close to the gallbladder fossa.

After this final inspection was done to look for any oozing, if present,
haemostasis was achieved. All ports were removed under vision after decompressing
the abdominal cavity to evacuate the carbon dioxide. Ports were closed using 1 no.
Polyglactin (Vicryl) port closure for the rectus sheath and skin using 3-0 Nylon
(Ethilon). Sterile dressing was applied.

In case of difficult dissection methods like subtotal cholecystectomy and

conversion to open cholecystectomy were used at the surgeon’s discretion.

ANALYSISOF OUTCOMES
Demographics
Patients’ age, sex, site of pain abdomen, mean weight, vitals, co- morbidities
like hypertension and diabetes were assessed.
Difficult lapar oscopic cholecystectomy
Intra-operative findings were noted. The presence of following intra-operative
findings were considered as a case of difficult laparoscopy and a predesigned,

pretested and pre-validated proformawas filled. (Annexure I1)
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. Adhesions
. Pusin gall bladder (empyema)
. Gangrene
. Increased wall thickness
. Difficulty in grasping the gall bladder
. Perforation

Modification of the procedure due to difficulty (like subtotal cholecystectomy
was al so noted.
Conversion

The conversion of laparoscopic to open procedure and the reason for
conversion was also be noted.
Statistical analysis

All the relevant data was tabulated. Mean hs-CRP level was calculated. The
hs-CRP levels were compared to the difficulty encountered and sensitivity, specificity
and Yoden’s index was calculated at various levels of hs-CRP to get the most
desirable cut-off value. Pearson’s chi square test was applied using that cut-off value
and P value was calculated. A P-value of <0.05 was considered significant. An
arbitrary cut-off of 10mg/L was used to determine significance of relationship of hs-

CRP with conversion.
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RESULT

The data obtained was tabulated and analysed using Pearson’s Chi square test.

The final results and observations were tabul ated as bel ow

TABLE 2: GENDER DISTRIBUTION

GENDER NUMBER

FEMALE 62
MALE 38
TOTAL 100

GRAPH 1: GENDER DISTRIBUTION

GENDER DISTRIBUTION OF THE SAMPLE

= FEMALE = MALE

In the present study 38% of the patients were males and 62% were females.
The male to female ratio was 1:1.63. The sex distribution in group A and B was

comparable
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TABLE 3: AGE DISTRIBUTION

AGE NUMBER
15-24 8
25-34 12
35-44 27
45-54 13
55-64 21
65-74 13

275 6
TOTAL 100

GRAPH 2: AGE DISTRIBUTION

AGE DISTRIBUTION OF THE SAMPLE

30
25

NUMBER

YEARS

A“A‘Al\

15-24 25-34 35-44 45-54 55-64 65-74

275

In this study the commonest age group in patients was 35 to 44 years (27%)

followed by 55-64 years (21%).
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TABLE 4: DIFFICULT LC

Difficult Number
Yes 45
No 55

Total 100

GRAPH 3: DIFFICULT LC

Number

mYes mNo

According to the mentioned criteria, 45% of the laparoscopic

cholecystectomies were classified as difficult and 55% were not difficult.
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TABLE 5: GENDER DISTRIBUTION OF DIFFICULT LC

GENDER NUMBER

FEMALE 24
MALE 21
TOTAL 45

GRAPH 4: GENDER DISTRIBUTION OF DIFFICULT LC

NUMBER

= FEMALE
= MALE

47% of the difficult cholecystectomies were in males and 53% in females. The
chi-square statistic was 2.6084. The p-vaue was 0.106297. This result is not

significant at p < 0.05
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TABLE 6: AGE DISTRIBUTION OF DIFFICULT LC

AGE NUMBER
15-24 1
25-34 2
35-44 7
45-54 4
55-64 16
65— 74 10

=75 5
TOTAL 45

GRAPH 4: AGE DISTRIBUTION OF DIFFICULT LC

18
16
14
12

10

o]

0

15-24

25-34 35— 44

NUMBER

55—-64 65—-74

Magjority of the difficult cases were in the age-group of 55-64years followed by 65-74

years.
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TABLE 7: DIFFICULTIESENCOUNTERED INLC

Difficulty Number
Adhesion 43
Empyema 13
Gangrene 2
Thickened wall 22
Difficulty in grasping 29
Perforation 3

GRAPH 5: DIFFICULTIESENCOUNTERED INLC

Number

Perforation
Difficulty in grasping
Thickened wall
Gangrene
Empyema

Adhesion

Adhesions were the most commonly encountered difficulty seen in
43(95.56%) of the difficult cases followed by difficulty in grasping seen in

29(64.44%).
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The mean hs-CRP levels were 6.57mg/L.

A table was constructed using "Receiver's Operating Characteristic" (ROC)
curve technique using continuous variable values of hs-CRP and sensitivity,
specificity and Yoden’s index was calculated taking each value as cut-off. An hs-CRP

of 4mg/L was found to be optimum to predict adifficult LC as per its results.

TABLE 8: DIFFICULT LC AT CUT-OFF 4mg/L

Difficult Not difficult Total
hsCRP>4 40 6 46
hsCRP<4 5 49 54
Total 45 55 100

Sensitivity= 88.89%

Specificity= 89.09%

Positive predictive value= 86.96%
Negative predictive value= 90.74%

Y oden index= 77.98%
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GRAPH 6: DIFFICULT LC AT CUT-OFF 4mg/L

Difficult laparoscopy with cutoff at 4mg/L
80
70
60
50
40
30
20
10

hs-CRP>10 hs-CRP<10

®m CONVERSION = NO CONVERSION

The chi-square statistic is 60.5882. The p-value is <0.001. This result is

significant at p < 0.05.
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TABLE 9: CONVERSION TO OPEN SURGERY AT CUT-OFF 10mg/L

CONVERSION
hs-CRP>10 Y N TOTAL
Y 6 21 27
N 3 70 73
TOTAL 9 91 100

Sensitivity = 66.67%

Specificity = 76.92%

Positive predictive value=

22.22%

Negative predictive value= 95.89%

Y oden index= 43.59%

GRAPH 7: CONVERSION TO OPEN SURGERY AT CUT-OFF 10mg/L

CONVERSION TO OPEN SURGERY AT CUT-OFF

80
70
60
50
40
30
20
10

0 jER—
CONVERSION

10mg/L

m hs-CRP>10 m hs-CRP<10

NO CONVERSION

The chi-square statistic was 7.8953. The p-value was 0.004956. This result is

significant at p < 0.05.
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DISCUSS ON

The undisputed benefits of laparoscopic cholecystectomy make it the
procedure of choice for symptomatic cholelithiasis. With growing experience,
laparoscopic cholecystectomy is becoming increasingly safe and cost-efficient in an
ambulatory setting®®®’.

At times LC becomes difficult. It takes longer time even with bile/stone
spillage and occasionally it requires conversion to open cholecystectomy. It is very
difficult to say preoperatively whether it is going to be easy or difficult. The degree of
difficulty is again impossible to predict clinically.

Difficult LC is a hot issue; it creates arguments and debates among surgeons
till date. There has been a constant search for the factors that predict this difficulty
and many studies have been carried out with this mindset. There is cumulative
evidence, based on retrospective studies, that identifies certain factors predicting
difficult LC*. Randhawa et a even developed a scoring system for evaluating the
same’.

Halachmi et a reported in their study that raised TLC and fever correlated
with difficult LC. As both manifestations are definite results of ongoing
inflammation, there was an increased interest in evaluation of a universa
inflammatory marker as a predictor of difficult LC®. C-reactive protein is a sensitive
serum marker of inflammation which has been used previously for varying purposes
in the peri-operative period™. Schafer et a demonstrated that CRP was a strong
predictor of severity of inflammation in cases of acute cholecystitis. In their study,
patients with LC were significantly younger, in better condition, with a shorter
duration of symptoms and lower CRP levels and TLC compared with primary open

cholecystectomy and conversions (P<0.001)°.
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Another study by Gurbulak et a found CRP levels to be highly and
significantly correlated with the grade of acute cholecystitis as per Tokyo guidelines
(P<0.0001). A CRP level of 198.95mg/L as cut-off was found to have a sensitivity of
75.5%, in predicting patients with grade 3 acute cholecystitis™,

Tekchandani et a also reported that high serum C-reactive protein levels in
acute cholecystitis were found to be strongly associated with failure of early
laparoscopic cholecystectomy and could significantly predict the intraoperative and
histopathological severity of acute cholecystitis. Serum C-reactive protein level of
>3.6 mg/dl at admission was found to be strongly related to failure of early
laparoscopic cholecystectomy in acute cholecystitis™.

In a study by Wevers et a, an increase in CRP of 50 mg/L resulted in an
Odd’s ratio of 1.64. This association is likely to reflect the inflammatory response
associated with more acute disease and its related changes to the gallbladder. In
contrast to the findings in previous literature the TLC did not show significant
predictive value for conversion™.

Mok et a analysed CRP as the sole predictor of conversion and successfully
demonstrated it as an independent predictor for difficult LC and for conversion to
open procedure. 3.2% cases were converted to open surgery if CRP was <220mg/L
whereas 61.9% patients who had CRP >220 mg/L during their index admission were
converted irrespective of the nature of operation (emergency or delayed), thus proving
its value as a predictor. Here index admission was considered as the one for acute
cholecystitis™. In this study we have sent CRP levels on admission when surgical
intervention by laparoscopic cholecystectomy was planned and not exclusively during

acute episodes.
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All of the aforementioned studies except the last only compared conversion to
open procedure as a marker of difficulty. As previously mentioned, surgeon expertise
plays an important role in labelling the procedure as difficult and thus, becomes a
very subjective way of analysing. In our study, analysis was done by classifying into 2
groups of difficult (45%) or not (55%) using a checklist of intra-operative findings
which were marked by a blinded observer and not the surgeon himself. Thus, this was
an unbiased analysis of stating intra-operative difficulty.

Majority of the cases seen in our study were elective unlike previous studies
which comprised of CRP values in acute cholecystitis, which has led to an overall low
mean CRP levels (6.57mg/L). Also, the laboratory parameter used was hs-CRP which
has lower cut-offs when compared to CRP.

Using "Receiver's Operating Characteristic® (ROC) curve technique, an
optimum cut-off of 4mg/L was calculated and used for analysis. At 4mg/L, the
sensitivity and specificity were at 88.89% and 89.09% respectively. The Yoden’s
index at that value was optimum in comparison to all other values as seen by the ROC
curve technique (77.98%). P value of predicting difficult LC with that cut-off was
<0.001, confirming the strong relation between CRP and difficult LC.

The procedure was converted to open in 9% of the patients out of which 6%
had a hs-CRP of >10mg/L and 3% having lesser which was statistically significant,
confirming the predictive value of conversion. P values for difficulty and conversion
do not match as it was not a single surgeon study and thus, conversion rates may vary
as per expertise.

It can be argued that conversion is an objective criterion and is a definite
marker for difficulty but there cannot be a cut-off decided for the same as the decision

to convert to an open procedure depends on the surgeon’s judgement, skill, expertise
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and experience with laparoscopy. Even then, most studies with CRP have compared
conversion rates and have consistently shown that there is a definite correlation
between CRP levels and conversion to open surgery, indirectly making it an indicator
of difficult laparoscopy.

In our study important to note was the approach of subtotal cholecystectomy
used in 7% of the patients. This method is used at the discretion of the surgeon and is
useful in avoiding the complications of open surgery, though it needs considerable
skill. For practica purposes, an analysis should idealy include a combination of
procedures converted and modified (e.g. subtotal, fundus first). It poses the technical
difficulty of finding a suitable cut-off to compare the efficacy of CRP in predicting
the type of procedure.

Thisis only the second study of its kind and the first in India within the limits
of our knowledge that was not exclusively done for cases of acute cholecystitis but
also included cases of chronic symptomatic cholelithiasis which formed the major
chunk of the patient population. The promising significance, sensitivity and
specificity of hs-CRP at cut-off of 4mg/L provides an increased scope for counselling
even in cold cases.

A limitation of using CRP can be the number of conditions that can interfere
with the values leading to false positive cases. Though these cases were eliminated
during case selection, the presence of alatent condition cannot be eliminated.

A large-scale prospective study analysing the effect of CRP during admission
for surgery in presence of these conditions will be desirable to further confirm the
findings of this study and for a larger application of this investigation for routine

usage pre-operatively for both elective and emergency cases of |aparoscopic
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cholecystectomy. A large-scale study with a greater number of conversions and

modifications will also lead to the calculation of a cut-off value for those procedures.
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CONCLUSION

Based on the findings of this study, it may be concluded that C-reactive
protein by measurement of hs-CRP is an effective independent predictor of difficult
|aparoscopic cholecystectomy above 4mg/L and conversion to open procedure above
10mg/L.

Multi centric studies with larger sample size are required to support this

hypothesis
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SUMMARY

The present study aimed to find out if blood C-reactive protein (CRP) levels
can predict intra-operative difficulty in laparoscopic cholecystectomy and to evaluate
it as apredictor for conversion to open surgery.

This one-year cross-sectiona study was done with the Department of Surgery,
KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, Belagavi from
January 2017 to December 2017. A total of 100 patients posted for laparoscopic
cholecystectomy were studied. Pre-operative hs-CRP (High sensitivity C-reactive
protein) levels were analysed with conversion to open procedure and intra-operative
difficulty based on findings including adhesions, empyema, wall thickening, difficulty
in grasping and perforation.

In the present study, Y oden index was calculated using different levels of hs-
CRP as cut-off. It was found to be optimum (77.98) at 4mg/L. It was found that
patients with hs-CRP>4mg/L had a higher incidence of intra-operative difficulty that
was statistically significant (P<0.001) with a sensitivity of 88.89% and a specificity of
89.09%. Conversion to open surgery had a higher incidence in patients having hs-
CRP higher than 10mg/L (P=0.005).

C-reactive protein (by measurement of hs-CRP) is, thus, an effective
independent predictor of difficult laparoscopic cholecystectomy above 4mg/L and

conversion to open procedure above 10mg/L.

Page 45



Bibliography

BIBLIOGRAPHY

. Karam J, Roslyn JR. Cholelithiasis and cholecystectomy. In: Maingot’s
abdominal operations. 12th edn. Vol 2. Prentice Hall Internationa Inc
1997:1717-38.

. Gurusamy KS, Samrg K. Early versus delayed laparoscopic cholecystectomy
for acute cholecystitis. Cochrane Database Systematic Reviews. 2006;4:71-96.
. Squirrell DM, Mgeed, AW, Troy G, Peacock JE, Nicholl JP, Johnson AG. A
randomized, prospective, blinded comparison of postoperative pain, metabolic
response, and percelved health after laparoscopic and small incision
cholecystectomy. Surgery. 1998;123:485-95

. Asbun HJ, Ross RL, Lowell JA, et a. Bile duct injury during laparoscopic
cholecystectomy: mechanisms of injury, prevention and management. World J
Surg 1993;17:547-52.

. Randhawa JS, Pujahari AK. Preoperative prediction of difficult lap chole: a
scoring method. Indian journal of surgery. 2009 Aug 1;71(4):198-201.

. Alponat A, Kum CK, Koh BC, Rajnakova A, Goh PM. Predictive factors for
conversion of |aparoscopic cholecystectomy. World journal of surgery. 1997
Jul 1;21(6):629-33.

. Rosen M, Brody F, Ponsky J. Predictive factors for conversion of laparoscopic
cholecystectomy. The American journal of surgery. 2002 Sep 1;184(3):254-8.

. Haachmi S, DiCastro N, Matter |, Cohen A, Sabo E, Mogilner JG,
Abrahamson J, Eldar S. Laparoscopic cholecystectomy for acute cholecystitis:
how do fever and leucocytosis relate to conversion and complications?. The

European journal of surgery. 2000 Jan 1;166(2):136-40.

Page 46



10.

11.

12.

13.

14.

15.

16.

Bibliography

Schéfer M, Krahenbuhl L, Buchler MW. Predictive factors for the type of
surgery in acute cholecystitis. The American journa of surgery. 2001 Sep
1;182(3):291-7.

Teckchandani N, Garg PK, Hadke NS, Jain SK, Kant R, Mandal AK, Bhalla
P. Predictive factors for successful early laparoscopic cholecystectomy in
acute cholecystitis. a prospective study. International Journal of Surgery. 2010
Jan 1;8(8):623-7.

Mok KW, Goh YL, Howell LE, Date RS. Is C-reactive protein the single most
useful predictor of difficult |aparoscopic cholecystectomy or its conversion? A
pilot study. Journal of Minimal Access Surgery. 2016 Jan;12(1):26.

Wevers KP, van Westreenen HL, Patijn GA. Laparoscopic cholecystectomy in
acute cholecystitis. C-reactive protein level combined with age predicts
conversion. Surgical Laparoscopy Endoscopy & Percutaneous Techniques.
2013 Apr 1;23(2):163-6.

Gurbulak EK, Gurbulak B, Akgun IE, Duzkoylu Y, Battal M, Celayir MF,
Demir U. Prediction of the grade of acute cholecystitis by plasma level of C-
reactive protein. Iranian Red Crescent Medical Journal. 2015 Apr;17(4).

Black S, Kushner I, Samols D. C-reactive protein. Journal of Biological
Chemistry. 2004 Nov 19;279(47):48487-90.

Cole DS, Watts A, Scott-Coombes D, Avades T. Clinical utility of peri-
operative C-reactive protein testing in general surgery. The Annals of The
Royal College of Surgeons of England. 2008 May;90(4):317-21.

Soper NJ, Barteau, JA, Clayman RV, Ashley SW, Dunnegan DL. Comparison
of early postoperative results for laparoscopic versus standard open

cholecystectomy. Surgery, gynecology & obstetrics. 1992 Feb;174(2):114-8.

Page 47



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Bibliography

Bass EB, Pitt HA, Lillemoe KD. Cost effectiveness of l|aparoscopic
cholecystectomy versus open cholecystectomy. The American jorna of
surgery. 1993 Apr 1;165(4):466-71.

Glenn F, Grafe WR. Historical events in biliary tract surgery. Archives of
Surgery. 1966 Nov 1;93(5):848-52.

Coe T. A treatise on bhiliary concretions. or, stones in the gall-bladder and
ducts. D. Wilson & T. Durham; 1757.

Andree J. Considerations on bilious diseases: and some particular affections of
the liver and the gallbladder, London, 1788, J Murray and W Lowndes.

Ellis H. John Stough Bobbs: father of gallbladder surgery. British Journal of
Hospital Medicine 2009; 70:650.

Halpert B. Fiftieth anniversary of the removal of the gallbladder. Archives of
Surgery. 1932;25:178-182.

Walker R. The first laparoscopic cholecystectomy. Journa of the Society of
Laparoendoscopic Surgeons. 2001 Jan; 5(1):89-94.

Soper NJ, Stockmann PT, Dunnegan DL, Ashley SW. Laparoscopic
cholecystectomy: the new “gold standard”. Archives of Surgery
1992;127:917-21.

Conference, NC. Galstones and laparoscopic cholecystectomy. JAMA.
1992;269:1018-1024.

Auyang ED, Soper NJ. Cholecystitis and choldithiasis. In: Zinner MJ, Ashley
SW, eds. Maingot’s Abdominal Operations. 12" Ed. New York: McGraw-
Hill; 2013. p. 995-1007

Keplinger KM, Bloomston M. Anatomy and embryology of the biliary tract.

Surgical Clinics. 2014 Apr 1;94(2):203-17.

Page 48



Bibliography

28. Wood M. Eponyms in biliary tract surgery. The American Journal of Surgery.

29.

30.

31

32.

33.

34.

1979 Dec 1;138(6):746-54.

Strasberg SM, Hertl M, Soper NJ. An analysis of the problem of biliaryinjury
during laparoscopic cholecystectomy. J Am Coll Surg 1995;180: 101-25.
Rocko JM, Di Gioia JM. Cdlot's triangle revisited. Surgery, gynecology &
obstetrics. 1981 Sep;153(3):410.

Blumgart LH, Schwartz LH, DeMatteo RP. Surgical and radiologic anatomy
of the liver, biliary tract, and pancreas. In: Janargin WR, Blumgart LH, eds.
Blumgart’s Surgery of the Liver, Biliary Tract, and Pancreas. 6" ed. New
York. Elsevier; 2016. p. 41.

Nagra S. Anatomy relevant to cholecystectomy. J Minim Access Surg
2005;1(2):53-58. 26)

Lavoie B, Baemba OB, Godfrey C, Watson CA, Vassileva G, Corvera CU,
Nelson MT, Mawe GM. Hydrophobic bile salts inhibit gallbladder smooth
muscle function via stimulation of GPBARL receptors and activation of KATP
channels. The Journal of physiology. 2010 Sep 1;588(17):3295-305.

Cafasso DE, Smith RR. Symptomatic cholelithiasis and functional disorders of

the biliary tract. Surgica Clinics. 2014 Apr 1;94(2):233-56.

35.Venneman NG, van Erpecum KJ. Pathogenesis of gallstones.

Gastroenterology Clinics. 2010 Jun 1;39(2):171-83.

36. Admirand WH, Small DM. The physicochemical basis of cholesterol gallstone

formation in man. The Journal of clinical investigation. 1968 May

1;47(5):1043-52.

Page 49



37.

38.

39.

40.

41.

42.

43.

45.

Bibliography

Everhart JE, Khare M, Hill M, et al. Prevalence and ethnic differences in
gallbladder disease in the United States. Gastroenterology 1999;117(3):632-9.
Functional Disorders of the Biliary Tract 249

Yoo EH, Lee SY. The prevalence and risk factors for gallstone disease. Clin
Chem Lab Med 2009;47(7):795-807.

Sampliner RE, Bennett PH, Comess LJ, et a. Gallbladder disease in pima
indians. Demonstration of high prevadence and early onset by
cholecystography. N Engl J Med 1970;283(25):1358-64.

Festi D, Dormi A, Capodicasa S, et al. Incidence of gallstone disease in Italy:
results from a multicenter, population-based Italian study (the MICOL
project). World J Gastroenterol 2008;14(34):5282-9.

Amara JF, Thompson WR. Gallbladder disease in the morbidly obese. Am J
Surg 1985;149(4):551-7.

Maurer KR, Everhart JE, Ezzati TM, et a. Prevalence of gallstone disease in
Hispanic populations in the United States. Gastroenterology 1989;96(2 Pt
1):487-92.

Friedman GD. Natura history of asymptomatic and symptomatic gallstones.

Am J Surg. 1993;165:399-404.

. Portincasa P, Ciaula AD, Bonfrate LE. Therapy of gallstone disease: what it

was, what it is, what it will be. World J Gastrointest Pharmacol Ther
2012;3(2):7-20.

Portincasa P, Di Ciaula A, Wang HH, et a. Medicina treatments of
cholesterol gallstones: old, current and new perspectives. Curr Med Chem

2009;16(12):1531-42.

Page 50



Bibliography

46. Di Ciaula A, Wang DQ, Wang HH, et al. Targets for current pharmacologic
therapy in cholesterol gallstone disease. Gastroenterol Clin North Am
2010;39(2):245-64, viii—ix.

47. Wang HH, Portincasa P, de Bari O, et a. Prevention of cholesterol gallstones
by inhibiting hepatic biosynthesis and intestinal absorption of cholesterol. Eur
J Clin Invest 2013;43(4):413-26.

48. Cariati A, Piromalli E. Limits and perspective of ora therapy with statins and
aspirin for the prevention of symptomatic cholesterol gallstone disease. Expert
Opin Pharmacother 2012;13(9):1223-7.

49. Gaby AR. Nutritional approaches to prevention and treatment of gallstones.
Altern Med Rev 2009;14(3):258-67.

50. Gui GP, Cheruvu CV, West N, et al. Is cholecystectomy effective treatment
for symptomatic gallstones? Clinical outcome after long-term follow-up. Ann
R Coll Surg Engl 1998;80(1):25-32.

51. Cushieri A, Dubois F, Mouiel J. The European experience with laparoscopic
cholecystectomy. American Journal of Surgery 1991;161:385-8.

52. Stevens KA, Chi A, Lucas LC, Porter JM, Williams MD. Immediate
laparoscopic cholecystectomy for acute cholecystitiss no need to wait.
American Journa of Surgery 2006;192:756-61.

53. Hunter JG, Fischer LE. Laparoscopic Cholecystectomy, Intraoperative
Cholangiography, and Common Bile Duct Exploration In: Fischer JE, ed.
Fischer’s Mastery of Surgery. 7" Ed. Philadelphia: Wolters Kluwer; 2018. p.

3907-3910

Page 51



54.

55.

56.

57.

58.

59.

60.

61.

62.

Bibliography

Siddiqui T, MacDonald A, Chong PS, Jenkins JT. Early versus delayed
laparoscopic cholecystectomy for acute cholecystitis. a meta-analysis of
randomized clinical trials. American Journal Surgery 2008;195:40-7.

Priegp P, Ramiro C, Molina JM, et a. Results of laparoscopic
cholecystectomy in a third-level university hospital after 17 years of
experience. Rev Esp Enferm Dig. 2009;101:20-30.

Ferreres AR, Asbun HJ. Technica aspects of cholecystectomy. Surgica
Clinics. 2014 Apr 1;94(2):427-54.

Ahrendt SA, Pitt HA. Surgical therapy of iatrogenic lesions of biliary tract.
World J Surg. 2001;25:1360-1365.

MacFadyen BV, Vecchio R, Ricardo AE, et a. Bile duct injury after
laparoscopic cholecystectomy. The United States experience. Surg Endosc.
1998;12:315-321.

Calvete J, Sabater L, Camps B, et a. Bile duct injury during laparoscopic
cholecystectomy. Myth or reality of the learning curve? Surg Endosc.
2000;14:608-611.

Bachellier P, Nakano H, Weber JC, et a. Surgical repair after bile duct and
vascular injuries during laparoscopic cholecystectomy: When and how? World
J Surg. 2001;25:1335-1345.

Habib FA, Kolachadam RB, Khilnani R, Preventza O, Mittal VK. Role of
|aparoscopic cholecystectomy in the management of gangrenous chol ecystitis.
The American journal of surgery. 2001 Jan 1;181(1):71-5.

Giger UF, Michel JM, Opitz I, Th Inderbitzin D, Kocher T, Krdhenbuhl L, et
al. Risk factors for perioperative complications in patients undergoing

laparoscopic cholecystectomy: Analysis of 22,953 consecutive cases from the

Page 52



Bibliography

Swiss Association of Laparoscopic and Thoracoscopic Surgery database.
Journal of American College of Surgeons. 2006;203:723-8.

63. Ibrahim S, Hean TK, HO LS, et al. Risk factors for conversion to open surgery
in patients undergoing laparoscopic cholecystectomy. World J Surg
2006;134:308-10.

64. Hussain A. Difficult laparoscopic cholecystectomy: current evidence and
strategies of management. Surgical Laparoscopy Endoscopy & Percutaneous
Techniques. 2011 Aug 1;21(4):211-7

65. Fried GM, Barkun JS, Sigman HH, Joseph L, Clas D, Garzon J, et al. Factors
determining conversion to laparotomy in patients undergoing laparoscopic
cholecystectomy. Am J Surg. 1994;167:35(1 9.

66. Gabriel R, Kumar S, Shrestha A. Evauation of predictive factors for
conversion of laparoscopic cholecystectomy. Kathmandu Univ Med J
(KUMJ). 2009;7:26-30.

67.Bala M, David G, Willmott S, et a. Conversion after laparoscopic
cholecystectomy in England. Surg Endosc. 2009;6:2338-2344.

68. Huang SM, Wu CW, Hong HT, et a. Bile duct injury and bile leakage in
|aparoscopic cholecystectomy. Br J Surg. 1993;80:1590-1592.

69. Morgenstern L, Berci G, Pasternak EH. Bile leakage after biliary tractsurgery:
alaparoscopic perspective. Surg Endosc. 1993;7:432-438.

70. Targarona EM, Marco C, Balague C, et a. How, when, and why bile duct
injury occurs. a comparison between open and laparoscopic cholecystectomy.
Surg Endosc. 1998;12:322-326.

71. Khetan AK, Yeola M. Preoperative prediction of difficult laparoscopic

cholecystectomy using a scoring system. Int Surg J 2017;4:3388-91.

Page 53



Bibliography

72. Tang B, Cuschieri A. Conversions during laparoscopic cholecystectomy: risk
factors and effects on patient outcome. J Gastrointest Surg. 2006;10:1081—
1091.

73. Sanabria JR, Gallinger S, Croxford R, Strasberg SM. Risk factors in elective
laparoscopic cholecystectomy for conversion to open cholecystectomy. J Am
Coll Surg. 1994;179:696-704.

74. Abdulloev DA, Kurbonov KM, Isoev AO, et a. Surgical treatment of patients
with complicated forms of choldithiasis. Vestn Khir Im | | Grek.
2007;166:68-71.

75. Jenkins PJ, Paterson HM, Parks RW, et al. Open cholecystectomy in the
laparoscopic era. Br J Surg. 2007;94:1382-1385.

76. Schrenk, P., Woisetschlager, R., Wayand, W.U.. Laparoscopic
cholecystectomy: cause of conversion in 1300 patients and analysis of risk
factors. Surg. Endosc. 9:25, 1995

77. Rattner DW, Ferguson C, Warshaw AL. Factors associated with successful
laparoscopic  cholecystectomy for acute cholecystitiss.  Ann  Surg.
1993;217:2331 6.

78. Vigushin DM, Pepys MB, Hawkins PN. Metabolic and scintigraphic studies of
radioiodinated human C-reactive protein in health and disease. The Journal of
clinical investigation. 1993 Apr 1;91(4):1351-7.

79. Casas JP, Shah T, Hingorani AD, Danesh J, Pepys MB. C-reactive protein and
coronary heart disease: a critica review. Journa of Internal Medicine. 2008
Oct. 264(4):295-314.

80. Devarg) S, Singh U, Jidal 1. Human C-reactive protein and the metabolic

syndrome. Current Opinion in Lipidology. 2009 Jun. 20(3):182-9.

Page 54



81.

82.

83.

85.

86.

87.

Bibliography

Burris CA, Ash wood ER, Burns DE. Tietz Textbook of Clinical Chemistry
and Molecular Diagnostics. 4th ed. St. Louis: Elsevier Saunders; 2006. 1633:
962-967.

McPherson RA, Matthew R. Pincus MR. Henry's Clinica Diagnosis and
Management by Laboratory Methods. 22nd ed. Elsevier Saunders:
Philadelphia; 2011. 254-5.

Williamson MA, Snyder LM, Wallach JB. Wallach's interpretation of
diagnostic tests. 9th ed. Philadelphia: Wolters Kluwer/Lippincott Williams &

Wilkins Health; 2011.

.Barr WG RJ. Rheumatology in the ICU. In:Hall JB SG, Wood LD, ed.

Principles of Critical Care. 3rd ed. New Y ork McGraw-Hill: 2005.

Pepys MB, Hirschfield GM. C-reactive protein: a critical update. The Journal
of clinical investigation. 2003 Jun 15;111(12):1805-12.

Rosen M. Mam JA, Tarnoff M, et a. Cost-effectiveness of ambulatory
laparoscopic  cholecystectomy. Surg Laparosc Endosc Percutan Tech
2001;11:182-4.

Arregui ME, Davis CJ, Arkush A, Nagan RF. In selected patients outpatient
laparoscopic cholecystectomy is safe and significantly reduces hospitalization

charges. Surgical laparoscopy & endoscopy. 1991 Dec;1(4):240-5.

Page 55



Annexures|: Consent Form

ANNEXURES|: CONSENT FORM

CONSENT FOR PARTICIPATION IN RESEARCH STUDY

Mr/Mrs/Miss. we are requesting you to

enroll yourself in study titled “Assessment of blood c-reactive protein levels as a
predictor of difficult laparoscopic cholecystectomy - a hospital based cross-sectional
study” in KLES HOSPITAL & MRC, BELAGAVI conducted by
Dr.___ |, Post Graduate in M.S. General Surgery under the guidance of

Dr. , Department of General Surgery, JN. Medical College,

Belagavi under KAHER, Belagavi.

Respected Sir/Madam, We request you to enroll yourself to participate in our
study as you are eligible for participating in the study. During the study your clinical
presentation, need for pre-operative investigations and operative outcome will be
accessed by some questions which will be answered by your operating surgeon.
Purpose of the study:

In this study we are assessing the role of raised C-reactive protein on
admission as a predictor of difficult laparoscopic cholecystectomy in patients
undergoing elective laparoscopic cholecystectomy and for conversion to open
surgery.

Procedure I nvolved:

If you agree to enroll yourself in my study, you will be interviewed regarding
your present, past and family history then you will be clinically examined in detail
and investigated routinely.

On admission, regular pre-operative care and treatment shall be given. Routine

investigations shall be sent along with blood for CRP levels on admission itself. The
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Annexures|: Consent Form

planned surgery shall be carried out uninterrupted in the most ideal way possible. The
findings of laparoscopy will be assessed and noted. The proforma shall be filled
accordingly.

In the event of the procedure being converted to open surgery (if separate
consent given for the same), the conversion shall be accounted and reason for
conversion will be noted.

No further intervention or follow-up will be required.

Risks and Benefits:

Risk-There is no risk involved. Benefits- Any co existing upper gi pathologies
which could be the true of of your symptoms will be identified and treated
accordingly, thus reducing the incidence of post operative persistence of symptoms.
Alternatives:

Even if you decline the participation in the study, your operative outcomes
will not be documented. Your participation in this research is voluntary. You may
choose not to enrol yourself in this study. If you decide to withdraw from the study at
any time, you will still receive the standard heath care by the treating doctors. If you
decide to participate you are free to withdraw at any time.

Privacy and Confidentiality:

The only people to know that you are a research subject are members of the
research team. No information about you or information provided by you during the
research will be disclosed to other without your written permission except:

1. Inemergency to protect your rights and welfare.

2. If required by law.
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Annexures|: Consent Form

I nstitutional/sponsor s policy:
There is no possibility of any harm or injury during your participation in this

study.

Authorization to Publish Results:

When the results of the research are published or discussed, in a conference,
no information will be displayed that would disclose your identity. Any information
that is obtained in connection with this study and that can be identified with your

identity remaining confidential.

Questions.

In case you have any questions related to the study, in future or in case of

study related injury or illness, you can contact Dr.

Department of General Surgery, KLES Hospital and MRC, Belagavi, phone number
or Dr.___ | Dept of General Surgery, KLES Hospital and

MRC, Belagavi, phone number

If you have any queries about your rights as a study subject, you may cal
Dr. Ganga Pilli, Professor, Department of Pathology and Chairman, J.N. Medical
College Institutional Ethical Committee for Human Subjects Research, Phone

number- 9448863866, or extension 1529 at J.N. Medical College, Belagavi.
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Annexures|: Consent Form

Consent for participation in prospective study

I, Mr/Ms/Mrs. voluntarily agree for the

participation as a subject of study. By signing this consent form | am not giving up
any of my lega rights, | may withdraw from the study anytime. | am signing the
consent form after having read or been read for me in vernacular language, including

the risks and the benefits and having all my questions answered.

Subject Name :

Signature or the Left Thumb Print of Subject :

Date:

Witness Name;

Signature:

Date:

Investigators Name:

Signature:

Date:

Place :
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Annexures||: Proforma

ANNEXURESII: PROFORMA
PROFORMA

ASSESSMENT OF BLOOD C-REACTIVE PROTEIN LEVELS AS A
PREDICTOR OF DIFFICULT LAPAROSCOPIC CHOLECYSTECTOMY - A
HOSPITAL BASED CROSS-SECTIONAL STUDY

PATIENT DETAILS:

|.P.D/O.P.D NO.: D.O.A:
NAME: D.O.D:
SEX:

AGE:

ADDRESS:

Chief Complaints:

Co-morbid illness:

GENERAL EXAMINATION:
Built and Nourishment:

Weight: kg

BMI: kg/m?

PULSE: /min

BP : mmHg

RIR /min
TEMPERATURE: °F

INVESTIGATIONS:

Page 60



Annexures||: Proforma

hsC-reactive protein:

Cholecystitis diagnosed by:

(Name of investigation)

Finding:

I ntra-operative findings:

Adhesions

Pusin gall bladder (empyema)

Gangrene

Increased wall thickness

Difficulty in grasping the gall bladder

Perforation

Subtotal cholecystectomy/Converted to open surgery?

If yes, reason:
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Annexures||1: Photographs

ANNEXURESIII: PHOTOGRAPHS

Port placement for lapar oscopic cholecystectomy
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Annexures||1: Photographs

Retraction of gall bladder towardstheright shoulder

Frozen Calot’s triangle
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Annexures||1: Photographs

Establishment of critical view of safety

Clip applied over cystic artery
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Annexures||1: Photographs

Sample hsCRP report
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Key To Master chart

KEY TO MASTERCHART

1. Age Inyears

2. Sex-

Male- M
Female- F
3. hsCRP- High sensitivity C reactive protein (mg/L)
4. ‘Difficult?’: Difficult laparoscopy (Also applicable for subtotal and
conversion)
Y:Yes
N: No
5. Other findings:
Y: Present

N: Absent
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Serial IPNumber [ Age | Sex | hsCRP | Difficult? | Subtotal | Conversion| Adhesions | Empyema| Gangrene Thickened leflcul_tyln Perforation
number wall grasping
73 795399 73 M 23.2 Y N Y Y N N Y Y N
74 800948 65 M 15.4 Y Y N Y N N Y Y N
75 820405 75 F 36.2 Y N N Y Y Y N Y Y
76 823802 70 F 12.2 Y N N Y Y N Y N N
77 824415 75 F 17.8 Y N N Y Y Y N Y N
78 832716 84 F 8.9 Y N N Y Y N N Y N
79 796937 45 F 18 N N N N N N N N N
80 797625 45 F 9.3 Y N N Y N N Y Y N
81 797955 75 F 13 N N N N N N N N N
82 797421 40 F 2 N N N N N N N N N
83 800358 65 F 6.5 Y N N Y N N N N N
84 800671 64 F 3.1 Y N N Y N N N N N
85 802754 50 M 10.3 Y N N Y N N N Y N
86 804051 62 F 5.2 N N N N N N N N N
87 803957 22 F 0.6 N N N N N N N N N
88 804663 60 F 5.2 Y N N Y N N N N N
89 805960 35 F 16 N N N N N N N N N
90 811868 52 M 0.9 N N N N N N N N N
91 814100 20 F 0.4 N N N N N N N N N
92 813849 57 F 8.2 Y N N Y N N N N N
93 815197 47 F 2.2 N N N N N N N N N
94 815371 47 F 1.7 N N N N N N N N N
95 817484 29 M 7.4 Y N N Y N N N N N
96 819254 60 F 4.8 N N N N N N N N N
97 819487 24 F 0.6 N N N N N N N N N
98 819829 58 F 18 N N N N N N N N N
99 821224 39 F 2.3 Y N N Y N N N N N
100 822003 24 M 1 N N N N N N N N N
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