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Acute cholecystitis: When to operate and
how to do it safely

Andrew B. Peitzman, MD, Gregory A. Watson, MD,
andJ. Wallis Marsh, MD, Pittsburgh, Pennsylvania

would like to thank the AAST and President Ciofp for the great honor to present this Master
Surgeon Lecture. On this date, | must acknowledge that it is September 11, and we need to take a
moment of silence for our fallen colleagues and countrymen on that day.

My topic today is, OOAcute Cholecystitis: When to Operate and How to Do It Safely.00 The
obvious question is why did | select such a mundane topic? It is estimated that 30% to 49% of
surgeons will produce a bile duct injury during their careers. This event is difPcult both for the
patient and the surgeon. The premise of my talk is - ng cho-

lle. Approximately 700,000 cholecystectomies are performed per year in
the United States, with an estimated incidence of bile duct injury in 0.5% (3,500 patients). When
laparoscopic cholecystectomy was initially introduced, bile duct injury was four times more fre-
quent than for open cholecystectomy. Current estimate is th. ~ ctinjury
remains e asfrequentw opic ve ; open cholecysté&dmpopulation-based
study from Sweden, reviewing 153,000 cholecystectomies from 1987 through 2002, showed a
slight increase in the incidence of bile duct injury despite decades of experience with laparoscopic
cholecystectomy (0.3D.47%)2° Similarly, the incidence of bile duct injury in Japan is unchanged
from 1990 to 2009 (0.6%.62%)2° Thus, laparoscopic cholecystectomy is clearly an operation that
we have not perfected, despite how often it is performed.

The goals in todayOs talk are as follows:

Discuss the timing of operation for cholecystitis

Discuss factors that predict the difbcult cholecystectomy

Discuss the role of percutaneous cholecystostomy in the management of acute cholecystitis
Discuss how to minimize the risk of bile duct or vascular injury during cholecystectomy
Discuss techniques and tricks for the difbcult cholecystectomy, both open and laparoscopic
Discuss what to do once an injury has been recognized.

Ro Ro Ro Qo Ro Ro

of Operation for Acute Cholecystitis
Indications listed by SAGES [Society of American Gastrointestinal and Endoscopic Sur-
geons] for Iaparoscopic cholecystectomy incl matic cholelitt - skinesia,
3 is,ar " ary pancreafiti / 1t of cholecystectomies are performed
for 2 is. The Tokyo guidelines for the diagnosis of acute cholecystitis are shown
in Table 12°"41 Asymptomatic gallstones are gener: ~ not considere - ~ication for laparo-
scopic cholecystectomy. The b stion to address is whether cholecystectomy should be
performed during th € - tion for acute cholecystitis or the patient treat ~ with an-
vand ed fc ~  yed cholecystectomy, us ks after the
hospitalization. A series using the national Medicare sample claims data on 29,818 patients older
than 65 years hospitalized for acute cholecystitis from 1996 to 2005 demonstrated that 75% of
patients underwent cholecystectomy during that admiéSidedian time to operation wi lay,
with - n from laparoscopic to open cholecystector | 29% of patients. Percutaneous
cholecystostomy was applied in only 0.5% of patients. Thus, 25% of patients did not undergo
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KEY CONCEPT: Cholecystectomy should be performed

Xﬁl?tléE 1. Tokyo Guidelines (TG13) i A for during 'gheir)dex hospitalizatio_n fqracute ch_olec_ystitis, unless
the patient is deemed a prohibitive operative risk.
A. Local signs of inRammation, etc. The next issue to be addressed is at v time point
1) % sign, (2) RUQ mass/pain/tenderness - ythe - n cholecystectomy should be
B. Systemic signs of inRammation, etc. performed. In an article presented at the AAST, using the
(1) Fever, (2) elevated CRP, (3) elevated WBC count American College of SurgeonsO National Surgical Quality Im-
C. 3 bndings provement Program bles from 2005 to 2010, emergency cho-
Imaging Pndings characteristic of acute cholecystitis lecystectomy for acute cholecystitis in 5,268 patients was
Suspected diagnosis: one item in A + one item in B evaluated” The primary predictor variable was preoperative
Debnite diagnosis: one item in A + one item in B + C hospital length of stay, reported as 0, 1, 2, 3, or 4 to 7 days. In
Acute hepatitis, other acute abdominal diseases, and chronic cholecystitis should BQIS StUdy' 83% of the p_atlents underwe_nt_ ChOIeCySteCtme
excluded. at Day 0 or 1. As shown in Table 2, morbidity and mortality
CRP, C-reactive protein; RUQ, right upper abdominal quadrant; WBC, white blood cellincreased signiPcantly from Days 0 to 2 throi 1to 7.

This was probably more a factor of the patientOs comorbid
disease than the operation itself. If we specibcally look at the

cholecystectomy at the initial admission. The lack of cholecysmpact of early operatior tly in-
tectomy resulted ir % gallstone-rela =~ isions durir led) i ‘nue  crease
the rs (occurred in only 4% of the patients who hadaily. The operative time increased signibcantly with delay to

undergone cholecystectomy). Thus, it was concluded that lapeholecystectomy. Obviously, the length of stay was increased as
roscopic/open cholecystectomy for acute cholecystitis in eldertpe operation was delayed. The authors concluded that @Opatients
patients should be performed during initial hospitalization. hospitalized for 2 or more days preoperatively had longer
In a population-based study from Ontario, 25,397 adulbperative times and were signibPcantly more likely to undergo

patients admitted from 2004 to 2011 with the Prst episode afonversion to open cholecystectomy. Any delay in operation
acute cholecystitis were reviewetf Median follow-up was beyond the day of admission resulted in a signiPcantly longer
3.4 years. Fifty-nine percent of patients underwent cholecys$enath of stay.0O
tectomy during the index admission; 41% (10,304 patients) A population-based study from the SALTS [Swiss Asso-
were discharged without cholecystectomy. Of the patients disiation of Laparoscopic and Thoracoscopic Surgery] reported
charged without cholecystectomy, the incidence of gallston&,100 patients undergoing emergency laparoscopic cholecys-
related event after discharge was 14% at 6 weeks, 19% tctomy from 1995 to 200%. They were grouped by day of
12 weeks, and 29% at 1 year. Importantly, of these eventadmission debned as Days 0, 1, 2, 3, 4 or 5, or 6 or later. The

1% were for bilian ¢ on ititis, signibcannedian age in this study was 60 years. Conversion rate from
complications of cholelithiasis. Interestingly, these events welaparoscopic to open cholecystectomy was 12% at Day 0 and
more frequent in patients aged 18 years to 34 years. At 1 yeamcreased to 28% at Day 6 or later. Postoperative complications
the incidence of recurrent biliary tract disease was 42% in péacreased from 5.7% to 13%, from Day 0 to Day 6. Need for
tients 18 years to 34 years, 32% in patients age 50 years teoperation tripled from Day 0 to Day 6, from 0.9% to 3%. Thus,
64 years, 27% in patients age 65 years to79 years, and 24te authors showed that delaying laparoscopic cholecystectomy
in patients older than 80 years. The authors concluded thédr acute cholecystitis resulted in signibcantly higher conversion
increased risk in younger patients with recurrent gallstone digsates and complications. The authors stated =~~~ 5 investi-
ease reinforced the value of early cholecystectomy. ystitis

The(Cochrane review published in 2013 reviewed si» n.0o0

trials with 488 patient$>  + cholecystectomy was debned In the study presented at the American Surgical Associa-
as ~ 5 of clinical presentatic “ayed cholecystedion recently, 35 centers from Germany and Slovenia reported
tomy was debned. ) reeks. The authors conclude@dndomized prospective study evaluating early versus delayed
that there was no signibPcant difference in the incidence aholecystectontf Early cholecystectomy was within 24 hours
bile duct injury, similar rate of conversion from laparoscopic
to open cholecystectomy, and obviously shorter stay in patients
who underwent early cholecystectomy. However, this Cochra . - .
review is underpowered to evaluate signibcant difference rﬁ;ﬁﬂi‘;igh fﬁ?i\'ﬁﬁg ocfk:g;zgr;'izgff Cholecystectomy During
bile duct injury. It is estimated to document a 50% difference
(statistically signibcant, appropriately powered) in incidencéime to cholecystectomy, d

of bile duct injury that 30,000 patients would need to be in-outcome variable, d 0d 1day 2d 3dvYwud
cluded. In addition, the authors concluded that OOall trials we&) mortality, % 08 09 1.8 20 53

at high risk of bias and might have overestimated the benebis-d morbidity, % 6.0 7.6 12.7* 152 19.1
or underestimated the harms of either early laparoscopic ch@onversion to open cholecystectomy, % 16.3 21.3 28.9* 30.9 37.0
lecystectomy or delayed laparoscopic cholecystectomy. Hovigperative time, mean, min 82 87 89 91 98
ever, trials with high risk of bias indicate that early laparoscopigotal length of stay, median, d 1 3 4 6 9

cholecystectomy during acute cholecystitis seems safe and may;

. Signibcantly different from Day 0.
shorten total hospital stay.OO 9 Y Y

2 * 2015 Wolters Kluwer Health, Inc. All rights reserved.
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. . ) | do think it is ' - ' ’ d at
TABLE 3. Tokyo Guidelines 2013 (TG13) Severity Grading for cted
Acute Cholecystitig®¥4! . el
Y nts. The patient admitted late
Grade | (Mild) Acute Cholecystitis at night or early in the morning should be on the operating
Grade | is acute cholecystitis in a healthy patient with no organ dysfunctionroom schedule as the brst case, when the team is fresh and

and mild inBammatory changes in the gallbladder, ready to deal with a difbcult cholecystectomy.

making cholecystectomy a safe and low-risk operative procedure. Next, we need to discuss the Tokyo guidelines. These are
Grade Il (Moderate) Acute Cholecystits important contributions generated by two dozen international
Associated with any one of the following conditions: experts on cholecystitis and biliary tract dise2%€-An entire

1. Elevated white blood cell cour@18,000KL) issue of theournal of Hepato-Biliary-Pancreatic Surgemas

2. Palpable tender mass in the right upper abdominal quadrant devoted to this in 2007. These guidelines have been updated

3. Duration of complaints @72 h . with other articles in 2013 and 2014 (Table 3). The Tokyo
4. Marked local inSammation (gangrenous cholecysititis, guidelines stratiped acute cholecystitis into mild cholecystitis
pericholecystic abscess, hepatic abscess, biliary peritonitis, .
emphysematous cholecystitis) (Grade 1), moderate cholecystitis (Grade 2), and severe cho-
Grade Ill (Severe) Acute Cholecystitis lecystitis (Grade 3)Mild cholecystitis (Grade 1) debned
Associated with dysfunction of any one of the following organs/systems: @S Cholecystitis in a healthy patient with no organ dysfunction
1. Cardiovascular Hypotension requiring treatment with dopamine and only r_n_'ld infammatory ch_anges in the ga!lbladclederate
dysfunction Q5 Kg/kg/min or any dose of norepinephrine Ccholecystitis (Grade 2)as evidence of local infammatory re-
2. Neurologic dysfunction Decreased level of consciousness sponse orcomplaints for more than 72 houiSevere chole-
3. Respiratory dysfunction B#FIO, ratio G300 cystitis (Grade 3)s acute cholecystitis accompanied by any
4. Renal dysfunction Oliguria, creatinife2.0 mg/dL evidence of organ dysfunction. As shown in the Row chart,
5. Hepatic dysfunction Prothrombin time/international debning the grade of acute cholecystitis determines manage-
normalized rati® 1.5 ment (Fig. 1). The patient with mild cholecystitis, that is,
6. Hematologic dysfunction Platelet co@100,000KL without complicating factors, should undergo early laparo-

scopic cholecystectomy. Severe, Grade 3 acute cholecystitis is
best served by urgent gallbladder drainage, usually percuta-
neously. Less well debned is the ideal treatment for patients
of admission, and late cholecystectomy was debPned as Daysvith moderate acute cholecystitis, where either percutaneous
to 45. Six hundred eighteen adult patients were randomized.
Morbidity was signibcantly different, 12% in early cholecys-
tectomy versus 34% in late cholecystectomy. They noted no
difference in conversion rate, 10% versus 12%. Hospital length Diagnosis of
of stay was signibcantly increased in those who underwent acute
delayed cholecystectomy. The authors concludec = “Qimme- cholecystitis

nts.00

apy of |

An interesting study by Catani showed correlation be- Severity

tween duration of symptoms, rather than hospitalization, and assessment

length of operative tim&’ They reported a linear relationship I

between timing of surgery relative to duration of symptoms and [ [ |

operative time. There was an inf3ection point at 60 hours. At thi Mild Moderate Severe

point, each hour delay in cholecystectomy doubled the time add: (Grade 1) (Grade 11) (Grade IIl)

to the operation compared with operation earlier than 60 hour
Another population-based study from Ontario, looked at

22,202 patients admitted with acute cholecystitis and under- | .
going cholecystectomy from 2004 to 2042 Early chole- . EarlylLC B Early/elective LC || = U'ge(';‘rg':r‘:;ﬂ)"age

cystectomy was within 7 days of admission and compared with [preferred)
delayed cholecystectomy. The primary goal of the study was
determination of the incidence of bile duct injury. They repor-
ted a doubling of the incidence of bile duct injury in delayed
versus early cholecystectomy, 0.53% versus 0.28%, respec i
tively (p = 0.025). The relative risk ratio with an advantage
to early cholecystectomy was 0.53 (95% conbdence interval
0.31Y0.90). As stated by the authors, this is the prst study with Readmit for

signibcant power to detect a difference in bile duct injury, showing — F S EE A e

Urgent GB
dramage =] Urgent cholecystectomy
a clear advantage to early surgery for acute cholecystitis.

KEY CONCEPT: For acute cholecystitis IC  Figure 1. Tokyo guidelines for management of acute cholecystitis.
lIS- (Source: Miura et al* Reproduced with permission from
IS. John Wiley and Sons.)

= Observation

w

* 2015 Wolters Kluwer Health, Inc. All rights reserved.
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drainage or laparoscopic cholecystectomy is appropriate bas Cholecystostomy
on a combination of factors. In patients with an elevated white The indications for percutaneous cholecystostomy are

blood cell count, palpable mass in the right upper quadrant, efill not well debned”"®° For the less common cases of Grade
signs of signipcant local inBammation, percutaneous drainageacute cholecystitis, cholecystostomy insertion is recommended
as an acute treatment followed by delayed cholecystectonty the Tokyo guideline&*3334|n addition, = ny

may be the safest option. The management of a patient whojisa e option in patients with less severe cholecystitis who
classibed as Grade 2 solely based on the duration of complaiafge considerer” ¢ c " lates or when a difbcult
for more than 72 hours is a more difPcult decision. Oftengissection is encountered. Predictors of failure of antibiotic

cholecystectomy in such a patient is straightforward. At othegeatment alone and thus consideration for cholecystostomy
times, acute inBammation and scarring are encountered, afifbe include being older than 70 years, history of diabetes, and

the operation is difbcult. This is an issue where we do not ha\/@ersistent leukocytosis of more than 15,8004t 48 hour<?
a clear answer. Several authors have recommended that durdgntinued drainage must be established bec Jiration

the index hospitalization, unless there are clear reasons otherwigiyne is  ac . Success rates of more than 80%
any patient with acute cholecystitis should undergo operatiomyre similar whether the procedure is performed for calculous
despite the duration of symptorti&!®49However, they do  or acalculous cholecystif€®5 and Il nt is
concede that the surgeon must accept a longer and more difenerally seer - HUF$86.57 Mortality following
Pcult operation, and the skill set of the surgeon must be cofthe procedure i ~ '3 )) but generally is related to the

sidered as well. severityofthe 1 ase proc®® As stated in a
recent systematic review of percutaneous cholecystostomy,
L N Obthere is no doubt o together
Antibiotics in Acute Cholecystitis non-
There is a relative paucity of high-quali dies ex- n®Mowever, specibc indications and criteria
amining the stitis. Positivgre still not well debnetd:6°
bile cultures, however, correlate with progression of chole- Of the patients who undergo percutaneous cholecystostomy
cystitis to a more severe forfi® so the decision to begin and those whose tubes are removed, the need for delayed
antibiotics should be made shortly after the diagnosis has begRolecystectomy remains controversial, with reports ranging
established. According to the Tokyo guidelines, antibiotics argom 0% to 87%:8:5%74 de Mestral et &i° reported in their
not necessary in patients with minimal abdominal pain an@opulation based study that approximately 40% will have
mild inBammatory Pnding$:*”In these patients, who may be recurrent biliary tract disease within 1 year following chole-
experiencing biliary colic as opposed to true acute cholecygystostomy. In their review of 47 articles and 1,724 patients,
titis, nonsteroidals may prevent progression to acute cholgyinbladh et af® observed that more than 40% of patients
cystitis and may improve gallbladder functfdror the 5t eventually underwent cholecystectomy. A prospective ran-
artediomized trial (the CHOCOLATE Trial) in the Netherlands is

~ 1. According to the Surgical Infection Society andunderway, comparing early cholecystectomy with percutaneous
Infectious Diseases Society of America guidelitfemild cholecystostom{?

cases of acute cholecystitis can be adequately treated with a
prst- (cefazolin), seconc =~ =~ ime), or third- (ceftriaxonefractors the C _holecystectomy
generation cephalospor R inued  Conversion from laparoscopic to open cholecystectomy
my unless infection has spreathould not be viewed as a failure. With a difbcult cholecys-
outside the gallbladder wat:>*>>For "~ d Grade Il tectomy, itis critical to operate under the premise that bile duct
(pericholecystic abscess - ated gallbladder) or Grade IHjury is never an acceptable outcome and thus, if necessary,
cholecystitis, antibiotics should | - ued until the patientonversion is the safest option. Preoperative factors predict the
is afebrile, has normalized white blood cell count, and is fregatient for whom difbcult cholecystectomy or need for a
of abdominal Pnding®t conversion can be expected. These include male patients, age
For more re cases or in those ~ inced age greater thai b i ©oatic stoms for
who are_ sed, coverage should be broaderwé acute episodi =~ ity and duration of symptoms with
to include :ci by using either ¢ - «ctruracurrent disease, ¢ > tone, gallbladder | thick-
or cephalosporin, a carbapenem, or a quinolone i s, pericholecystic Buid, eleval ~ /hite blood cell count,
combination with metronidazole. The Tokyo guidelii€d " s upper abdominal surge rated bouts of chole-
are similar except that they recommet e cystitis, or & ed gallbladder on imagifg?-49:60.7e4
inhibitor in even mild (Grade 1) casesbecausec ~  ihood
of ;e production by intestinal organisms. Furthermor¥yhy Do Bile Duct Injuries Still Occur?
these authors suggest that cultures of bile and the gallbladder KEY CONCEPT: We would agree that we each want
wall OOshould be performed at all available opportunities, e duct injury to be on the list of complications that we
pecially in severe casesOO and that antibiotic coverage shouldeser have.

tailored depending on sensitivity resu’ ~ Htics should not So,why dobileduc = 2sstilloccur? Common factors
be selected on the basis ___& ation bec e bileclude it - on,act it r > scar-

" n by the antibiotic in the setting ction (acutdng, misperception, and error traps. Misperception by the
cholecystitis k. surgeon of what he or she is seeing in the operative peld is a
4 * 2015 Wolters Kluwer Health, Inc. All rights reserved.
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A B
(
|« CHD
/
cBD
CD
Figure 2. . Dangerous anatomic

variants of right posterior hepatic duct draining into the
following: A, cystic duct; B, gall bladder neck; and C, common
hepatic duct. (Source: Strasberg et al*® Reproduced with
permission from Elsevier, Inc.)

major factor in generating bile duct inju§:*"?28%n short,

recognize an aberrant right hepatic duct or posterior right
hepatic duct intraoperatively as well.) o

4. Injury to the common bile duct in the case of a OOparallel
union®O cystic duct.

The usual approach to the gallbladder is starting from the
infundibulum and then working toward the fundus. It is taught
that the taper between infundibulum and cystic duct identibes
cystic duct. In a single view, this can be misleading, especially
with any infBammation, and the common duct can be mis-
takenly divided, believing it is the cystic duct (Gbinfundibular
view error trapOO) (Fig. 2). This produces the classic injury with
resection of a portion of the common bile duct.

The error trap with an open, top-down cholecystectomy
again is caused by what is normally safe, applied in a dangerous
situation. Strasberg states that the worst injuries occur in those
patients who undergo conversion from laparoscopic to open
cholecystectomy, performed top-down because of marked in-
Rammation and difbcult dissection. This initially seems
counterintuitive but will make sense as we explain it. The
perceived, safe operative plane coming down the medial wall of
the gallbladder is now obliterated by an inBammatory reaction,

the surgeon sees what he or she believes and does not beligutich incorporates the right-sided porta hepatis and the

what he or she sees, and thus, the injury ocetftdlong the

common bile duct. Thus, this injury is commonly associated

same lines, Strasberg and colleag(i€$ discuss error traps. with major biliary and vascular injury, at times requiring liver
As noted by several authors, during the past two decades msection for the ischemic injury.

laparoscopic cholecystectomy, the bile duct injuries seen

The variability of the right posterior hepatic duct includes

may be less common but more seVElé:# Strasberg and drainage into the cystic duct, gallbladder neck, or common

colleague¥™?? debne ai

roachepatic duct (Fig. 3)>86-87With the infundibular approach to

o _ ) faithe gallbladder, injury to such an aberrant posterior right he-
>es. Similar to the misperception ipatic duct is nearly unavoidable. However, with a top-down

sues, with an error trap, because the technique usually workgsproach on the gallbladder, the aberrant right posterior he-
the surgeon develops conbdence in it and fails to recognizgatic duct can generally be seen and protected; leave a rim of
when dangerous circumstances are present. The error traps th@lindibulum to protect the duct. In addition, this aberrant
Strasberg and colleagues described are as folitffs: posterior right hepatic duct will often not be seen on an 10C
because the cholangiocatheter is introduced into the cystic duct
1. The O0infundibular viewOO error trap below insertion of the aberrant duct.
2. Fundus down cholecystectomy in the face of severe If a posterior right hepatic duct is transected and not
inBammation recognized, the clinical presentation is uncommon but classi-
3. Failure to perceive the absence o ~ 2 tright hepatal. Generally, a clip is on the proximal duct, but the liver side
duct on cholangiography (I0C). (I would add failure to of the duct is draining freely (Fig. 4). This case shows an I0C

A \ B RPHD C RPHD

Figure 3. Common anomalies of the posterior right hepatic duct. (Source: Wojcicki et al.2® Reproduced with permission from
Baishideng Publishing Group Co.)

* 2015 Wolters Kluwer Health, Inc. All rights reserved. 5
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Figure 4. Studies from a patient with a transected posterior right hepatic duct. A, An I0C interpreted as normal. B, An ERCP
a week postoperatively interpreted as normal.C, A sinogram showing Plling of the posterior right lobe.

and endoscopic retrograde cholangiopancreatography (ERC®)Lateral traction on the infundibulum
a week later (for a bile leak), which are both interpreted a& Finding the gallbladder wall and staying on it
normal. Sometimes, what you do not see is as important & Dissecting from above down to the neck
what you do see on these studies. Absent on both the I0OC a&d Widely opening the hepatocystic triangle
ERCP is Plling of the posterior right lobe. When contrast i Moving the infundibulum back and forth (wave the Rag),
injected through the drain as a sinogram, the transected right repeatedly looking at both sides of the gallbladder
posterior sectoral duct blls (FigC¥ This requires either & Critical view of safety
Roux-en-Y to the duct remnant or liver resection (as wa& Dividingthe cystic duct as close to the gallbladder as possible
performed in this case). & Never dividing the cystic duct with any cauterizing instruvient
The most common conbguration of the cystic duct if it turns out to be the common bile duct, the resulting is-
joining the common duct is angular (75%). However, the chemic injury will only lessen the chances for a good repair
parallel union occurs in 20%. Especially with any degree of
inBammation, this fused cystic duct and common duct generate
a situation where injury is more likely. Similarly, a spiral union
between cystic duct and common duct can be misinterpreted.
Chronic scarring from recurrent or neglected bouts of
cholecystitis is as dangerous as acute infBammation. This con-
tracts all of the portal structures from the inlBammatory response,
thus obliterating the usual safe planes. This can be predicted
based on preoperative history and imaging that shows a shrunken,
contracted gallbladder. Cholecystectomy in these circumstances
can be particularly difpcult.

Cholecystectomy: t

The essentials for safe laparoscopic cholecystectomy begin
with a 30-degree or 45-degree high-depPnition laparoscope.
Take full advantage of the angled scope, visualizing from dif-
ferent angles continuously as the operation proceeds. Bfinter
describes many of these key principles nicely in his 1991 article.
The assistant grasps the fundus cephalad and retracts this to-
ward the patientOs right shoulder. This reduces redundancy in
the infundibulum and exposes the cystic duct. A second grasper
retracts the infundibulum laterally to make the cystic duct per-
pendicular to the common bile duct and again separate the _
gallbladder from the common bile duct (Fig. 5). The keyFlgure 5. The assistant grasps the fundus cephalad and retracts

.t : ; is toward the patientOs right shoulder. This reduces
Pg;lgﬁbﬁ’ri‘;‘f‘l;%rzigfe laparoscopic cholecystectomy include th%;dundancy in the infundibulum and exposes the cystic duct. A

second grasper retracts the infundibulum laterally to make the
cystic duct perpendicular to the common bile duct, and again

& 30-degree or 45-degree high-depPnition laparoscope separate the gallbladder from the common bile duct. (Source:
& Cephalad traction on the dome of the gallbladder Hunter.®8 Reproduced with permission from Elsevier, Inc.)
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KEY CONCEPT: Operative dissection technique the liver. Gently retracting the liver surface will generally
versus method to identify anatomy. stabilize this. On occasion, a liver retractor may be necessary.
Related but different principles include how we dissect The semYtop-down technique of laparoscopic chole-
the gallbladder and how we safely identify the anatomy. Diseystectomy combines the advantages of both approaches and
section techniques include timéundibular techniquevhichis  minimizes the disadvantages. Dissection is started higher on
most commonly used; tHendus brst (top-downand whatwe  the gallbladder, above the infundibulum of the gallbladder
call thesemMop-down techniquérheinfundibular technique  (Fig. GAYE). The peritoneum is scored circumferentially, lateral
is how most of us have learned. As mentioned, this is a techniq@&de Prst, coming across the peritoneum over the infundibulum
that works majority of the time but will fail in predictable cir- of the gallbladder, then opening the peritoneum coming up
cumstances, specibcally anatomic variation or inBammationthe medial side of the gallbladder, being careful not to enter
KEY CONCEPT: What is safest and best for an open the cystic artery as you do so. Then, by rolling the gallbladder
procedure is safest and best for a laparoscopic procedure. back and forth, the gallbladder can be largely detached from
With infundibulum-pbrst cholecystectomy, we violatethe liver, leaving only the fundus attached to again provide
this principle. Thus, it should not be a surprise at times thagasy retraction. At this point and only at this point is the in-
this generates problems. The fundus Prst (top-down) has befemdibulum and its junction with the cystic duct approached,
well described, mimicking what we do for open cholecy-thus generating a top-down approach to the cystic duct and
stectomy?*? Certainly, with acute inBammation, this is the cystic artery. When proceeding with the s#wp-down taking
preferred approach. However, this can be awkward becauseaifly tissues that you see through clearly, any structures that
the Roppiness of the gallbladder when it is fully detached frormay be encountered such as an aberrant duct, right hepatic

Figure 6. Technique of semivtop-down laparoscopic cholecystectomy. A, Dissection is started on the gallbladder, above the
infundibulum of the gallbladder. The peritoneum is scored circumferentially, lateral side Prst, coming across the peritoneum

over the infundibulum of the gallbladder, then opening the peritoneum coming up the medial side of the gallbladder, being careful
not to enter the cystic artery as you do so. Dissection of the gallbladder off the liver is being completed here on the lateral aspect of the
gallbladder. Band C, Then by rolling the gallbladder from one side to the other, the gallbladder can be fully detached from

the liver, leaving only the fundus attached, to provide full exposure. D, At this point and only at this point is the infundibulum and its
junction with the cystic duct approached, thus generating a top-down approach to the infundibulum, cystic duct, and cystic artery.
When proceeding with the semiYtop-down taking only tissues that you see through clearly, any structures that may be encountered
such as an aberrant duct, right hepatic artery, or posterior cystic artery can be seen and avoidedE, An exaggerated critical

view of safety has resulted. The cystic artery has been divided, and the cystic duct is clearly debPned and ready for

clipping and dividing.
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artery, or posterior cystic artery can be seen and avoided. &san again be identibed from within the gallbladder; determine
you proceed with this dissection, often, the cystic artery widelyhe junction of cystic duct and infundibulum. Dissection can
separates from the gallbladder. At this point in the operatiorgften be continued in a safe plane, circumcising the inBamed
what you have generated is an exaggerated critical view of safeperitoneum off the gallbladder wall and continuing the dis-
It is now clear which structures are cystic artery and cystisection. As applied earlier, oversewing the cystic duct from
duct, having proceeded in essentially a top-down dissection.within may be the safest option in this setting. If you cannot

KEY CONCEPT: The safest plane for dissectionina safely close the cystic duct from within, in uncommon cir-
cholecystectomy, open or laparoscopically, is on the wall of cumstances where it is not clear that a stitch can be placed
the gallbladder. Dissection away from the wall of the gall- safely, a drain is left.

bladder will lead to trouble. As mentioned, identibcation methods and technique
_ _ _ of dissection are related but different. We will discuss three
Operative Tricks and Tips methods to identify the anatomy during cholecystectomy: the

Operating on an acutely inRamed gallbladder for acuteritical view of safety, IOC, and intraoperative ultrasonography.
cholecystitis or hydrops is challenging and difbcult. WheriThe critical view of safety, espoused by Strasberg for two de-
placing the laparoscope and seeing this, you must stop awcddes, has been conbrmed in multiple studies to be an effective
ask the following questions. How sick is my patient? Will hemethod?17:22.10¥103
or she tolerate an open cholecystectomy? Will he or she tolerate KEY CONCEPT: There are three essential compo-

a long operation? How do | protect the structures in the portaents of the critical view of safety as follows:
hepatis? Maybe most critical, can | protect the structures in

the porta hepatis? If it is clear that the patient is too ill or the1. = - o T T 2d

anatomy is hazardous from the inBammation, then cholecystostomy

is the appropriate option. If it is decided that cholecystectomy2. The ~ ° of =~ : must be widely cleared

can be performed safely, then the gallbladder generally mustbg. = - ik "and cystic ~ tremain as the two struc-

decompressed. tures between the gallbladder and the hepatic ligament
Importantly, performing a cholecystectomy on an acutely In an interesting study, adequacy of the critical view of

inBamed, hydroptic gallbladder involves a paradigm shift irsafety was reviewed in photos from 100 cd$&sAll three
operative strategy as compared with the straightforward cheriteria were met in only half, with inadequate dissection of the
lecystectomy. Now, the strategy for the protection of the portajallbladder off the liver plate as the most common debciency.
structures is to Pnd and stay only on the wall of the gallbladderhus, in application of the critical view of safety, all three
(at times submucosa) and know where not to be. The surgeeniteria are required to safely identify anatomy.

must know that attempts or persistence in obtaining the classical

critical view of safety will lead to biliary or vascular injury. Intraoperative Cholangiography

One of the difpculties in this operation is bnding the wall . . .
and staying on the wall of the gallbladder. In my mindOs eye I0C has also been applied as a method for the identip-

i 3Y5,8,10,14,15,23,10
what | see when | encounter  hycoptc, acutely insameff100. oL SRECIER o T PUBREES BT
gallbladder is analogous to an onibwith multiple peels of g.top

inBammatory tissue. Carefully dissect through these layers giones, to dePne the biliary anatomy, and to prevent or identify

safely get onto the wall of the gallbladder, often the submucosa,

and complete the dissection in this plane. Again, emphasizing

the fact that the safest plane for dissection, open or laparoscopic,
is on the wall of the gallbladder.

Partial Cholecystectomy

KEY CONCEPT: Attimes, the safest plane is viewing
the anatomy from within the gallbladder itself.

Partial cholecystectomy has been documented by several
authors as a safe and durable option in treating acute chole-
cystitis®3¥190 | ateral, medial, and anterior walls of the gall-
bladder are excised using electrocautery. The densely adherent
posterior wall is left on the liver. The mucosa is fully cauter-
ized. As you proceed proximally, you are now within the in-
fundibulum of the gallbladder and visualizing infundibulum
and cystic duct from within the gallbladder. Be certain that all [
stones are extracted. The mucosa is then oversewn with a pugse - Computed tomography of a 61-year-old woman,

string suture, being certain not to get deeply enough such th potensive and tachycardic on presentation, which shows a

portal structures are at risk. Another option in the setting Ofyer abscess contiguous to marked cholecystitis. She was taken
acute inBammation if the gallbladder can be safely taken off thg the operation room for cholecystectomy and drainage of the

liver but the infundibulum is markedly inBamed is ampu-liver abscess. The patient died of bleeding from the middle
tation of the gallbladder at the infundibuld®?.The anatomy hepatic vein.
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bile duct injury. For those who perform cholangiography seeonbrming free RBow of bile (contrast) into the duodenum.
lectively, which is our approach, the indications include historyOnce probciency with LUS is attained, itis less time consuming
suggestive of common duct stones including pancreatitis ahan IOC, without radiation exposure, and can be repeated
jaundice or any question of the biliary anatomy during cholecysduring the operation. BifRR et & reported 842 cholecystec-
tectomy. Multiple studies have evaluated routine I0C as a meatmmies, with their practice initially split regarding routine LUS.
to make laparoscopic cholecystectomy shfép810.14.15.23.104  They reported LUS to be associated with fewer bile duct
the data are conBicting. Several observational cohort studiesmplications (bile duct injury, retained stones, cystic duct leaks)
suggest that routine a use of IOC can reduce the risk of commaiman without LUS. In their meta-analysis assessing accuracy
bile duct injury by 5094°1%In a large meta-analysis by Ludwig of LUS in the detection of choledocholithiasis, Aziz etal.

et al® of more than 300,000 laparoscopic cholecystectomieseported sensitivity of 0.87 and specibcity of 1.00, nearly
which included 405 major bile duct injuries, the incidenceidentical to IOC (sensitivity, 0.87; specibcity, 0.99). Machi et al.
of major bile duct injury was 0.21% in the group where rou-have drawn similar conclusiod®>*1! The SAGES guide-
tine cholangiography was used as compared with 0.43% iines’®determined that the literature provided Level I, Grade B
the selective cholangiography group, representing a statistidata for both LUS and IOC as means to delineate biliary
ally signibcant reduction. Furthermore, 87% of the injurieanatomy and prevent bile duct injury. Other technologies
were diagnosed at the time of surgery in the routine groufp delineate biliary anatomy and avoid bile duct injury in-
compared with only 45% in the selective group. Proponents aflude passive infrared cholangiography, light cholangiography,
routine cholangiography cite this reduction in incidence, earliemear-infrared RBuorescence cholangiography, and hyperspectral
recognition of the injury, and perhaps, more successful repatholangiography.

and outcomes as the major reasons to use cholangiography KEY CONCEPT: ' o U ’ R

routinely>1%-1>Opponents, however, claim that routine chol- The middle hepatic vein bisects right and left lobes
angiography is not cost-effective, adds unnecessary time &nd normally runs withiir irs of ti - I ossa.
the operative procedure, and is not always effective at préa ) of patients, ichof t ‘idle hep ~ veinis es-
venting or identifying injur$® A recent editorial in support sentially’in the ~~ ‘er platé? Particularly when per-

of routine cholangiography asked, OOwhy are we still delfarming cholecystectomy for acute cholecystitis, drifting off
ting?3M contrast, in a systematic review of I0C publishedthe wall of the gallbladder may result ) he-
recently, eight randomized trials with 1,715 patients wert 2 with injury to the middle hepatic vein (Fig. 7).

evaluated. There were only two cases of bile duct injury,

conbrming that it was underpowered. The authors concludag/hat to Do When a Bile Duct Injury Occurs
that OOthere is no robust evidence to support or abandon the ¢ recognized intraoperatively, one must assess his or her

use of IOC to prevent retained stones or bile duct injury.Qgiir, to repair the injury. The best result comes from an early

Another recent review of 92,392 OMedicare_ patients Withenair and the brst repair has the best outcome. Except in the
matched cohorts reported that 40% of patients underwegiog: ynusual of circumstances, avoid a duct-to-duct anasto-

I0C and 60% did not. The authors concluded that, when COMkosis: do a tension-free Roux-Y. If the surgeon is inexperi-

founders were controlled, OOintraoperative cholangiography, is. 4 with such a repair, leave the bile duct alone and simply

not effective as a preventive strategy against common bile duGfce 4 drain immediately next to the duct and transfer the

injury during cholecystectomy.60 atient. The expertise of the surgeon dealing with this com-
lication will impact long-term outcome. If the hepatic artery

Ys also been injured, it is probably best not to repair the bile

described previously. In addition, failure of 10C to preventy,ctimmediately, but wait several months until collaterals have

bile duct injuries is predictable and relates ap Klling the
CBD only to the bifurcation and not completely Plling the liver
and, perhaps more importantly, (b) the lack of experience ¢ S
the general surgeon in reading cholangiograms, particularty Perform the = my duringt ' " ration for acute
the concept of what you do not see is often more important cholecystitis.
than what you do see. In contrast, bile duct injury found early Perform the cholecystector "~ -
on IOC leading to prompt diagnosis and treatment improves Know the error traps; avoid them.
outcome from injury to the bile duct. h /n technique
h Critical =~ sof vy
h ]
Intraoperative Ultrasonography h e ultrasonography
T dhy (LUS) is ’ ative td The safest plane for dissectibopen or laparoscopitis on thi e
for intraoperative assessment of biliary anatoffiy.°¥111 - S o
LUS can delineate the common bile duct: cysticmmhmon h s, the safest plane is viewing things { vithin the gallbladder.
bile duct junction; hepatic artery; portal vein; anomalous ana: AI‘.’Oid the use of ry near th fluct or previously placed
tomy, particularly vascular; and choledocholithiasis. A debnitﬁ cIps.

learning curve is associated with LUS, estimated to be 30 t0 ggggtgv hen ny is thght operaddmow when "t to
50 cases. Visualization of the distal common bile duct is
more difbcult with LUS, and 10C also has the advantage aof
* 2015 Wolters Kluwer Health, Inc. All rights reserved. 9
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developed. The liver parenchyma can easily survive on the3.

portal vein alone as approximately 70% to 75% of the paren-
chymal blood RBow comes from the portal vein; however, the
biliary system is heavily dependent on arterial blood 3ow.

If the injury is recognized after surgery, place a drain
percutaneously and transfer the patient. The ideal treatment

if a delayed repair is required is to place a percutaneous trang>-

hepatic cholangiocatheter (PTC) (which is difbcult because of

neously if possible) to limit/drain the bile peritonitis. The
common hepatic duct will scar down around the PTC and, the

abdominal drain will cease draining bile. The abdominal drainzis.

can then be removed, and the bile duct can be repaired months

later. Obviously, the PTC cannot be clamped but must remaird®:

connected to external drainage.

20.
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