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HOLECYSTECTOMY IS A WELL-ESTABLISHED AND FREQUENTLY PERFORMED

procedure.! The criteria for diagnosing acute cholecystitis and for grading

its severity are shown in Table 1.2 The demand for safer and less-invasive
interventions continues to promote innovations in the management of gallbladder
disease. Whether the approach to the management of gallbladder disease is surgi-
cal, endoscopic (as in the fairly recent introduction of natural orifice transluminal
endoscopic surgery [NOTES]), or percutaneous, the most important considerations
in selecting an approach are the patient’s overall medical condition and the local
and systemic consequences of the disease (Tables 1 and 2).

SURGICAL APPROACHES TO CHOLECYSTECTOMY

LAPAROSCOPIC APPROACH
Laparoscopic cholecystectomy, which was introduced in 1985,®> has markedly re-
duced the need for open cholecystectomy* and its attendant complications.” The
procedure has become the standard treatment for symptomatic cholelithiasis and
mild-to-moderate acute cholecystitis. Recent data favor early laparoscopic chole-
cystectomy over medical management with delayed laparoscopic cholecystectomy.®
In one randomized trial involving patients with uncomplicated acute cholecystitis,
laparoscopic cholecystectomy, when performed within 24 hours after the onset of
cholecystitis, significantly reduced morbidity, length of hospital stay, and costs with-
out increasing the need for conversion to open surgery.’

Patients who undergo laparoscopic cholecystectomy generally have few adverse
effects, but bile-duct injury occurs more frequently during this procedure than dur-
ing open cholecystectomy and may have dire consequences.®’ Dissection may be more
technically demanding when there is marked inflammation, which can distort local
anatomy and increase the risk of bile-duct injury. The prevention of bile-duct inju-
ries requires a mind-set that puts safety first,' which means maintaining a low
threshold for conversion to open cholecystectomy when there is a lack of progress
with dissection, avoiding dissection when the anatomy is poorly defined, and be-
ing willing to abandon total cholecystectomy in favor of subtotal cholecystectomy!
or cholecystostomy. Open cholecystectomy remains an alternative to laparoscopic
cholecystectomy, but laparoscopy is usually attempted first, assuming that the pa-
tient is a candidate for general anesthesia and has no contraindications to safe
laparoscopic peritoneal access or carbon dioxide insufflation.

Ongoing efforts to minimize surgical trauma to the abdominal wall have led
to the use of smaller and fewer laparoscopic ports (Fig. 1). In single-incision lapa-
roscopic cholecystectomy, one large, transumbilical, multi-instrument port is used
instead of four incisions, leaving only a periumbilical scar. Theoretical but unproven
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Table 1. Guidelines for the Diagnosis and Determination of Severity of Acute Cholecystitis.*

Diagnostic Criteria
Local signs of inflammation
Murphy’s sign
Mass, pain, or tenderness in right upper quadrant
Systemic signs of inflammation
Fever
Elevated levels of C-reactive protein
Leukocytosis
Findings on imaging characteristic of acute cholecystitis

Gallbladder-wall thickness =5 mm, pericholecystic fluid, or direct tenderness when probe is pushed against gall-
bladder (i.e., ultrasonographic Murphy’s sign)

Diagnosis
Suspected
Positivity for one item in local signs of inflammation and one item in systemic signs of inflammation
Definitive

Positivity for one item in local signs of inflammation, one item in systemic signs of inflammation, and findings
on imaging characteristic of acute cholecystitis

Disease severity
Grade | (mild)

Acute cholecystitis in otherwise healthy patient with mild local inflammatory changes and without organ dys-
function

Criteria for grade Il or Ill not met
Grade Il (moderate) — any one of the following characteristics
Leukocytosis (>18,000 cells per mm?)
Palpable, tender mass in right upper quadrant
Symptom duration >72 hr

Marked local inflammation (gangrenous or emphysematous cholecystitis, pericholecystic or hepatic abscess,
biliary peritonitis

Grade Il (severe) — organ dysfunction in any one of the following systems
Cardiovascular
Hypotension requiring administration of =5ug/kg/min of dopamine or any dose of norepinephrine
Neurologic
Decreased level of consciousness
Respiratory
Pao,:Fio, <300
Renal
Oliguria
Creatinine >2.0 mg/d| (>177 ymol/liter)
Hepatic
International normalized ratio >1.5
Hematologic

Platelet count <100,000/mm?

* Pao, denotes partial pressure of arterial oxygen, and Fio; the fraction of inspired oxygen.

advantages include improved cosmesis and reduc- operative hernias are significantly more common
tions in postoperative pain, recovery time, and after laparoscopic cholecystectomy than after open
wound-related adverse events.!*’* However, post- cholecystectomy,”® and the likelihood of bile-duct
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INTERVENTIONAL APPROACHES TO GALLBLADDER DISEASE

Table 2. Advantages and Disadvantages of Interventional Approaches to Symptomatic Gallbladder Disease.*

Approach Advantages

Laparoscopic
cholecystectomy

Percutaneous
cholecystostomy bedside

duct stones

Peroral endoscopic
transmural
drainage stones

Is associated with minimal or no visible scarring Is technically difficult in patients with se-

NOTES Is associated with minimal or no visible scarring Is limited in terms of availability of proce-

Is widely available and can be performed at

Peroral endoscopic Does not require external catheters, can be per-  Is technically difficult and is not widely
transpapillary formed in patients with ascites or coagulopa- available
drainage thy, allows for simultaneous treatment of bile-

May allow placement of stent with large diameter  Is not widely available; may interfere with
and permits endoscopic extraction of gall-

Disadvantages

vere cholecystitis or prior abdominal
surgery; is associated with increased
incidence of bile-duct injury

dure; transvaginal approach is restricted
to women

Is associated with frequent adverse events
and tube dislodgement; is a poor long-
term solution; diminishes quality of life
while drainage catheter is in situ

subsequent surgeries

* NOTES denotes natural orifice transluminal endoscopic surgery.

injury is increased because visualization, dissec-
tion, and intraoperative cholangiography are more
challenging with laparoscopic cholecystectomy.'

Another less invasive technique, mini-laparos-
copy, involves the use of access ports and instru-
ments with a small diameter (2 to 5 mm). The
cosmetic results are better than with standard
laparoscopic cholecystectomy, but randomized tri-
als have not shown other advantages.

Single-incision laparoscopic and mini-laparo-
scopic cholecystectomy have failed to gain wide-
spread acceptance because the techniques are
more challenging to learn, and the procedures
prolong operative time and increase costs.” Simi-
larly, robotic-assisted laparoscopic cholecystecto-
my, which has technological appeal, has not been
widely adopted for these reasons, in addition to
the lack of proof of clinical benefit, limited ac-
cess to the technology, and dramatically increased
costs.”®

NOTES

NOTES is a technique in which surgery is per-
formed through a naturally existing orifice and
does not leave a cutaneous scar (Fig. 2). NOTES
cholecystectomy was first performed in 2007.3 It
is typically performed by means of transgastric
or transvaginal access with the use of flexible or
rigid endoscopes, alone or in combination with
limited laparoscopic access (which is known as
hybrid NOTES)."** A major advantage of NOTES

over laparoscopic approaches is the fact that re-
moval of the resected gallbladder does not require
an incision in the abdominal wall, which can be
a source of postoperative pain and complications
in wound healing. The procedure has been per-
formed only a few thousand times, most often
through the transvaginal route in patients without
acute cholecystitis.’® Outcomes have been simi-
lar to those achieved with laparoscopic cholecys-
tectomy, although it is associated with a better
aesthetic outcome, a shorter recovery time, and
less pain.?*?? Overall sexual function does not ap-
pear to be adversely affected,?® and there have been
no reports of the development of fistulae or fertil-
ity problems after transvaginal cholecystectomy.
NOTES requires special equipment and is techni-
cally very difficult. Consequently, adoption of this
technique has been limited to a few select medi-
cal centers.

PERCUTANEOUS CHOLECYSTOSTOMY

Percutaneous cholecystostomy, which was intro-
duced in 1980,* is a technique that involves punc-
ture of the gallbladder during ultrasonographic
or computed tomographic guidance, followed by
wire-guided placement of a pigtail catheter.”> This
approach effectively resolves acute cholecystitis in
approximately 90% of patients. It is particularly
useful for patients who cannot safely undergo
laparoscopic cholecystectomy owing to contrain-
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Conventional Laparoscopic Cholecystectomy

Mini-Laparoscopic Cholecystectomy

Single-Incision
Laparoscopic Cholecystectomy

~ 5mm

[
10 mm

Figure 1. Comparison of Access-Port Locations and Diameters for Conventional Laparoscopic Cholecystectomy, Mini-Laparoscopic
Cholecystectomy, and Single-Incision Laparoscopic Cholecystectomy.

dications to anesthesia, severe cholecystitis, late
presentation (>72 hours after symptom onset), or
the lack of improvement after several days of
medical therapy (Table 1).%?® External drainage
allows time for resolution of both the systemic
illness and local inflammation; resolution of lo-
cal inflammation also reduces the probability that
conversion to open cholecystectomy will be need-
ed at subsequent surgery.”

Adverse events occur in up to one quarter of
patients. Inadvertent dislodgement of the cathe-
ter within the first few weeks after initial insertion
may result in peritonitis. Cholecystostomy tubes
are uncomfortable and have a negative effect on
quality of life.>® Elective removal of the catheter can
be considered once the tract is mature (a process
that usually requires 3 to 6 weeks) and cholecystitis
has resolved,® particularly if the cystic duct is pat-
ent, few gallbladder stones remain, and there are
no bile-duct stones.?>* Extraction of gallbladder
stones through the mature percutaneous tract>**
can facilitate the removal of the cholecystostomy
tube and may obviate the need for surgery.

The use of percutaneous cholecystostomy in
the Medicare population increased from 0.3% to
2.9% of all gallbladder procedures performed from
1994 to 2009.3¢ Although results of controlled tri-
als comparing the effectiveness of surgical and
percutaneous management of cholecystitis have
not been published, a large randomized study of
laparoscopic cholecystectomy and percutaneous

cholecystostomy in severely ill patients with acute
calculous cholecystitis is ongoing.*”

PERORAL ENDOSCOPIC
GALLBLADDER DRAINAGE

Endoscopic drainage of the gallbladder can be es-
tablished through the transpapillary route (i.e.,
through the papilla of Vater, guided by endoscopic
retrograde cholangiography [ERCP]) or through
the transmural route (i.e., directly into the adja-
cent gastrointestinal tract, guided by endoscopic
ultrasonography [EUS]).3® Although these proce-
dures are conceptually similar to percutaneous
cholecystostomy, they differ in the technical as-
pects of tube design, the tube diameter, and the
capacity to apply suction. Endoscopic procedures
may be a plausible alternative when percutaneous
drainage is contraindicated, such as in patients
with ascites and coagulopathy.®®

TRANSPAPILLARY DRAINAGE

Transpapillary drainage of the gallbladder, which
was first reported more than 25 years ago,* fol-
lows the standard procedure for cannulation of
the bile duct with the use of ERCP. A guidewire
is advanced through the cystic duct and into the
gallbladder. One end of a pigtail stent is deployed
within the gallbladder (Fig. 3), and the other end
is either brought out through a nasobiliary cath-
eter that exits through the nose or left to drain
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Gallbladder

"N ““H

Transvaginal
approach |

Transrectal
approach

Figure 2. Sites of Entry for Cholecystectomy with Natural Orifice Transluminal Endoscopic Surgery (NOTES).
Transgastric, transvaginal, and transrectal approaches are shown.

internally within the duodenum (double pigtail
stent). When the procedure is technically success-
ful, transpapillary drainage provides effective
treatment in more than 90% of patients with acute
cholecystitis. Like percutaneous cholecystostomy,
transpapillary drainage can provide definitive ther-
apy for acute acalculous cholecystitis,* although
a subsequent endoscopic procedure may be re-
quired to remove the stent once the cholecystitis

has resolved. Transpapillary drainage can also be
used to facilitate removal of a percutaneous cho-
lecystostomy tube® and is helpful in patients with
symptomatic cholelithiasis who are not good can-
didates for percutaneous therapy* or surgery,®
particularly those with advanced liver disease,
ascites, or coagulopathy.** The risk of bleeding is
low provided that an endoscopic sphincterotomy
is not performed.
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Figure 3. Peroral Endoscopic Approaches to Gallbladder Drainage.

Transpapillary and transmural (transduodenal) drainage are shown.

The use of transpapillary drainage of the gall-
bladder is limited by the technical difficulty of
advancing a guidewire from a retrograde position
through the cystic duct, which is often long, nar-
row, and tortuous and is sometimes occluded by
an impacted gallstone. In addition, the cystic duct
can accommodate only small-caliber plastic stents
(5 to 7 French), which are prone to occlusion with
biofilm. It is not know whether stent occlusion
limits the long-term efficacy of the procedure,
since bile can often flow around the stent.*

TRANSMURAL DRAINAGE
The most recent alternative to percutaneous cho-
lecystostomy is transmural EUS-guided gallblad-

der drainage, which was described in 2007.* The
gallbladder is usually closely apposed to the gas-
trointestinal tract and is conspicuous on endo-
sonography. The use of Doppler imaging allows
the endoscopist to avoid vessels while introduc-
ing the needle into the gallbladder. A guidewire
is then positioned within the gallbladder, which
allows for the deployment of transnasal drainage
catheters or internal stents (Fig. 3).

Although assessments of EUS-guided gallblad-
der drainage have been limited to small studies
conducted at expert centers, the procedure has
been effective in the treatment of more than 95%
of high-risk surgical patients who have acute
cholecystitis. In a recent review of 155 patients

N ENGLJ MED 373;4 NEJM.ORG JULY 23, 2015

The New England Journal of Medicine

Downloaded from ngim.org at FLORIDA STATE UNIVERSITY on November 22, 2016. For personal use only. No other uses without permission.

Copyright © 2015 Massachusetts Medical Society. All rights reserved.



INTERVENTIONAL APPROACHES TO GALLBLADDER DISEASE

Symptomatic
cholelithiasis

. Grade |
Operative
Candidate
Grade Il
Nonoperative
Candidate

NOTES

Laparoscopic
Cholecystectomy Cholecystectomy Cholecystostomy

Open Percutaneous Transpapillary

Drainage

Transmural
Drainage

and Disease Severity.

endoscopic surgery.

Figure 4. Procedures for the Treatment of Symptomatic Gallbladder Disease, Stratified According to Patient Operative Status

Grades |, II, and 11l denote mild, moderate, and severe gallbladder disease, respectively. NOTES denotes natural orifice transluminal

with acute cholecystitis who were treated with
EUS-guided drainage, technical and clinical suc-
cess were reported in 97% and 99%, respective-
ly.3° It remains unclear whether these stents are
appropriate for the treatment of the full spectrum
of acute and chronic inflammatory gallbladder
diseases. Transmural gallbladder drainage is fea-
sible in patients with advanced liver disease and
ascites. 3

When endoscopic transmural drainage was
used as a bridge to subsequent laparoscopic cho-
lecystectomy in a prospective randomized trial
involving patients with acute calculous cholecys-
titis who did not have a response to medical
treatment, it was found to be as effective as per-
cutaneous cholecystostomy.® Postprocedural pain
was significantly lower among patients treated
with the endoscopic approach.

Long-term data regarding the use of endo-
scopic transmural drainage as definitive therapy
are limited. In one retrospective study involving
63 patients with acute calculous cholecystitis for
whom surgery was considered unsuitable, trans-
mural placement of a 10-mm self-expandable
metal stent was highly successful, with late ad-
verse events noted in only 6% of patients.” Long-
term outcomes were evaluated in 56 patients, and
54 of these patients (96.4%) had no recurrence
of acute cholecystitis during a median follow-up
period of 275 days; the median duration of stent
patency was 190 days. In a prospective long-term
evaluation of 30 high-risk surgical patients with

N ENGL) MED 373;4

acute cholecystitis, the use of lumen-apposing
stents as definitive therapy was technically suc-
cessful in 90% of the patients and clinically suc-
cessful in 96% of the patients. Recurrent chole-
cystitis occurred in 7% of the patients owing to
stent occlusion.*

Adverse events include perforation, bleeding,
and intraperitoneal bile leakage, which can oc-
cur if access to the guidewire is lost during the
procedure. Delayed leakage after successful stent
placement appears less likely since the introduc-
tion of self-expandable, covered, lumen-apposing
metal stents (although these stents are not yet
approved by the Food and Drug Administration
for use in gallbladder drainage). These stents,
which measure 10 mm and 15 mm in diameter,
allow endoscopic access to the gallbladder for the
purposes of decompression and stone removal.”

The development of endoscopic transmural
access to the gallbladder introduces new ques-
tions, such as whether the stent can be easily re-
moved, as well as whether the stent should be re-
moved and, if so, when it should be removed. The
question of whether adherence of the gallbladder
to the stomach or duodenum will interfere with
subsequent cholecystectomy or other intraabdomi-
nal surgeries must also be addressed.

CONCLUSIONS

The decision as to whether cholecystectomy or
gallbladder drainage is more appropriate for a
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patient with symptomatic gallbladder disease
should be based on the severity of the acute ill-
ness,’? the patient’s overall health, and the lo-
cally available expertise and technology (Table 2
and Fig. 4, and Table S1 in the Supplementary
Appendix, available with the full text of this ar-
ticle at NEJM.org). There have been few compara-
tive trials of the various approaches. Limited data
on recently developed endoscopic methods for
gallbladder drainage suggest that these proce-
dures may be useful alternatives to percutaneous
cholecystostomy and are associated with fewer
adverse effects. Controlled trials will be required

to assess both the short-term and long-term
outcomes of these emerging endoscopic inter-
ventions.

Dr. Baron reports receiving consulting fees from Boston Sci-
entific, Cook Endoscopy, Olympus America, W. L. Gore, and
ConMed, travel support from Xlumena, and grant support from
Cook Endoscopy; Dr. Grimm, receiving consulting fees and
grant support from Boston Scientific; and Dr. Swanstrom, re-
ceiving consulting fees from Fractyl, Aponos Medical, Titan
Medical, and Apollo Medical, equipment and teaching grants
from Boston Scientific, and grant support from Olympus Amer-
ica and Applied Medical and holding stock options in Cardica
and Titan Medical. No other potential conflict of interest rele-
vant to this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

REFERENCES

1. Tucker JJ, Grim R, Bell T, Martin J,
Ahuja V. Changing demographics in lapa-
roscopic cholecystectomy performed in
the United States: hospitalizations from
1998 to 2010. Am Surg 2014;80:652-8.

2. Yokoe M, Takada T, Strasberg SM, et
al. TG13 diagnostic criteria and severity
grading of acute cholecystitis (with vid-
eos). J Hepatobiliary Pancreat Sci 2013;20:
35-46.

3. Soper NJ. Cholecystectomy: from Lan-
genbuch to natural orifice transluminal
endoscopic surgery. World J Surg 2011;35:
1422-7.

4. Talseth A, Lydersen S, Skjedlestad F,
Hveem K, Edna TH. Trends in cholecys-
tectomy rates in a defined population
during and after the period of transition
from open to laparoscopic surgery. Scand
J Gastroenterol 2014;49:92-8.

5. Ingraham AM, Cohen ME, Ko CY,
Hall BL. A current profile and assessment
of North American cholecystectomy: re-
sults from the American College of Sur-
geons National Surgical Quality Improve-
ment Program. ] Am Coll Surg 2010;211:
176-86.

6. Zafar SN, Obirize A, Adesibikan B,
Cornwell EE III, Fullum TM, Tran DD.
Optimal time for early laparoscopic cho-
lecystectomy for acute cholecystitis. JAMA
Surg 2015;150:129-36.

7. Gutt CN, Encke J, Koninger J, et al.
Acute cholecystitis: early versus delayed
cholecystectomy, a multicenter random-
ized trial (ACDC study, NCT00447304).
Ann Surg 2013;258:385-93.

8. Landman MP, Feurer ID, Moore DE,
Zaydfudim V, Pinson CW. The long-term
effect of bile duct injuries on health-related
quality of life: a meta-analysis. HPB (Ox-
ford) 2013;15:252-9.

9. Booij KA, de Reuver PR, Yap K, et al.
Morbidity and mortality after minor bile
duct injury following laparoscopic chole-
cystectomy. Endoscopy 2015;47:40-6.

10. Strasberg SM. A teaching program for
the “culture of safety in cholecystectomy”
and avoidance of bile duct injury. ] Am
Coll Surg 2013;217:751.

11. Elshaer M, Gravante G, Thomas K,
Sorge R, Al-Hamali S, Ebdewi H. Subtotal
cholecystectomy for “difficult gallblad-
ders”: systematic review and meta-analy-
sis. JAMA Surg 2015;150:159-68.

12. Lee PC, Lo C, Lai PS, et al. Random-
ized clinical trial of single-incision lapa-
roscopic cholecystectomy versus minilap-
aroscopic cholecystectomy. Br J Surg 2010;
97:1007-12.

13. Rosenmiiller MH, Thorén Ornberg M,
Myrnis T, Lundberg O, Nilsson E, Haa-
pamidki MM. Expertise-based random-
ized clinical trial of laparoscopic versus
small-incision open cholecystectomy. Br J
Surg 2013;100:886-94.

14. Jorgensen LN, Rosenberg J, Al-Tayar
H, Assaadzadeh S, Helgstrand F, Bisgaard
T. Randomized clinical trial of single-
versus multi-incision laparoscopic chole-
cystectomy. Br J Surg 2014;101:347-55.

15. Marks JM, Phillips MS, Tacchino R, et
al. Single-incision laparoscopic cholecys-
tectomy is associated with improved cos-
mesis scoring at the cost of significantly
higher hernia rates: 1-year results of a
prospective randomized, multicenter, sin-
gle-blinded trial of traditional multiport
laparoscopic cholecystectomy vs single-
incision laparoscopic cholecystectomy.
J Am Coll Surg 2013;216:1037-47.

16. Strasberg SM. Single incision laparo-
scopic cholecystectomy and the introduc-
tion of innovative surgical procedures.
Ann Surg 2012;256:7-9.

17. Saad S, Strassel V, Sauerland S. Ran-
domized clinical trial of single-port, mini-
laparoscopic and conventional laparoscopic
cholecystectomy. BrJ Surg 2013;100:339-49.
18. Rosemurgy A, Ryan C, Klein R,
Sukharamwala P, Wood T, Ross S. Does
the cost of robotic cholecystectomy trans-
late to a financial burden? Surg Endosc
2014 December 10 (Epub ahead of print).
19. Rattner DW, Hawes R, Schwaitzberg
S, Kochman M, Swanstrom L. The Second
SAGES/ASGE White Paper on natural ori-
fice transluminal endoscopic surgery:
5 years of progress. Surg Endosc 2011;25:
2441-8.

20. Auyang ED, Santos BF, Enter DH,
Hungness ES, Soper NJ. Natural orifice
translumenal endoscopic surgery (NOTES):
a technical review. Surg Endosc 2011;25:
3135-48.

21. Sodergren MH, Markar S, Pucher PH,
Badran IA, Jiao LR, Darzi A. Safety of
transvaginal hybrid NOTES cholecystec-
tomy: a systematic review and meta-
analysis. Surg Endosc 2014 November 26
(Epub ahead of print).

22. Bulian DR, Knuth J, Cerasani N, Sau-
erwald A, Lefering R, Heiss MM. Trans-
vaginal/transumbilical hybrid — NOTES
— versus 3-trocar needlescopic cholecys-
tectomy: short-term results of a random-
ized clinical trial. Ann Surg 2015;261:
451-8.

23. Wood SG, Solomon D, Panait L, Bell
RL, Duffy AJ, Roberts KE. Transvaginal
cholecystectomy: effect on quality of life
and female sexual function. JAMA Surg
2013;148:435-8.

24. Radder RW. Ultrasonically guided
percutaneous catheter drainage for gall-
bladder empyema. Diagn Imaging 1980;
49:330-3.

25. Venara A, Carretier V, Lebigot J, Ler-
mite E. Technique and indications of per-
cutaneous cholecystostomy in the man-
agement of cholecystitis in 2014. J Visc
Surg 2014;151:435-9.

26. Karakayali FY, Akdur A, Kirnap M,
Harman A, Ekici Y, Moray G. Emergency
cholecystectomy vs percutaneous cholecys-
tostomy plus delayed cholecystectomy for
patients with acute cholecystitis. Hepato-
biliary Pancreat Dis Int 2014;13:316-22.

27. Simorov A, Ranade A, Parcells J, et al.
Emergent cholecystostomy is superior to
open cholecystectomy in extremely ill pa-
tients with acalculous cholecystitis: a large
multicenter outcome study. Am J Surg
2013;2006:935-40.

28. Atar E, Bachar GN, Berlin S, et al. Per-
cutaneous cholecystostomy in critically ill
patients with acute cholecystitis: compli-
cations and late outcome. Clin Radiol
2014;69(6):e247-e252.

29. Horn T, Christensen SD, Kirkegard J,

364 N ENGLJ MED 373;4 NEJM.ORG JULY 23, 2015

The New England Journal of Medicine
Downloaded from ngim.org at FLORIDA STATE UNIVERSITY on November 22, 2016. For personal use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.



INTERVENTIONAL APPROACHES TO GALLBLADDER DISEASE

Larsen LP, Knudsen AR, Mortensen FV.
Percutaneous cholecystostomy is an effec-
tive treatment option for acute calculous
cholecystitis: a 10-year experience. HPB
(Oxford) 2015:17:326-31.

30. Peflas-Herrero I, de la Serna-Higuera C,
Perez-Miranda M. Endoscopic ultrasound-
guided gallbladder drainage for the man-
agement of acute cholecystitis (with video).
J Hepatobiliary Pancreat Sci 2015;22:35-43.

31. McKay A, Abulfaraj M, Lipschitz J.
Short- and long-term outcomes following
percutaneous cholecystostomy for acute
cholecystitis in high-risk patients. Surg
Endosc 2012;26:1343-51.

32. Cha BH, Song HH, Kim YN, et al. Per-
cutaneous cholecystostomy is appropriate
as definitive treatment for acute cholecys-
titis in critically ill patients: a single cen-
ter, cross-sectional study. Korean J Gas-
troenterol 2014;63:32-8.

33. Jang JW, Lee SS, Song TJ, et al. Endo-
scopic ultrasound-guided transmural and
percutaneous transhepatic gallbladder
drainage are comparable for acute chole-
cystitis. Gastroenterology 2012;142:805-11.

34. Abu Dayyeh BK, Baron TH. Develop-
ment of a hybrid percutaneous-endoscop-
ic approach for the complete clearance of
gallstones. Clin Gastroenterol Hepatol
2012;10:947-9.

35. Kim YH, Kim YJ, Shin TB. Fluorosco-
py-guided percutaneous gallstone remov-
al using a 12-Fr sheath in high-risk surgi-
cal patients with acute cholecystitis.
Korean J Radiol 2011;12:210-5.

36. Duszak R Jr, Behrman SW. National
trends in percutaneous cholecystostomy
between 1994 and 2009: perspectives from
Medicare provider claims. J Am Coll Ra-
diol 2012;9:474-9.

37. Kortram K, van Ramshorst B, Bollen
TL, et al. Acute cholecystitis in high risk
surgical patients: percutaneous cholecys-
tostomy versus laparoscopic cholecystec-
tomy (CHOCOLATE trial): study protocol
for a randomized controlled trial. Trials
2012;13:7.

38. Itoi T, Coelho-Prabhu N, Baron TH.
Endoscopic gallbladder drainage for man-
agement of acute cholecystitis. Gastroin-
test Endosc 2010;71:1038-45.

39. Feretis CB, Manouras AJ, Apostolidis
NS, Golematis BC. Endoscopic transpap-
illary drainage of gallbladder empyema.
Gastrointest Endosc 1990;36:523-5.

40. Pannala R, Petersen BT, Gostout CJ,
Topazian MD, Levy MJ, Baron TH. Endo-
scopic transpapillary gallbladder drainage:
10-year single center experience. Minerva
Gastroenterol Dietol 2008;54:107-13.

41. Elmunzer BJ, Novelli PM, Taylor JR,
Piraka CR, Shields JJ. Percutaneous chole-
cystostomy as a bridge to definitive endo-
scopic gallbladder stent placement. Clin
Gastroenterol Hepatol 2011;9:18-20.

42. Itoi T, Sofuni A, Itokawa F, et al. En-
doscopic  transpapillary  gallbladder
drainage in patients with acute cholecys-
titis in whom percutaneous transhepatic
approach is contraindicated or anatomi-
cally impossible (with video). Gastrointest
Endosc 2008;68:455-60.

43. McCarthy ST, Tujios S, Fontana R, et al.
Endoscopic transpapillary gallbladder stent
placement is safe and effective in high-risk
patients without cirrhosis. Dig Dis Sci 2014
October 7 (Epub ahead of print).

44, Tujios SR, Rahnama-Moghadam S, EI-
munzer JB, et al. Transpapillary gallblad-
der stents can stabilize or improve decom-
pensated cirrhosis in patients awaiting

liver transplantation. J Clin Gastroenterol
2014 November 26 (Epub ahead of print).
45. Lee TH, Park DH, Lee SS, et al. Out-
comes of endoscopic transpapillary gall-
bladder stenting for symptomatic gallblad-
der diseases: a multicenter prospective
follow-up study. Endoscopy 2011;43:702-8.
46. Baron TH, Topazian MD. Endoscopic
transduodenal drainage of the gallblad-
der: implications for endoluminal treat-
ment of gallbladder disease. Gastrointest
Endosc 2007;65:735-7.

47. Baron TH, Zacks S, Grimm IS. Endo-
scopic ultrasound-guided cholecystoduo-
denostomy for acute cholecystitis in a pa-
tient with thrombocytopenia and end-stage
liver disease awaiting transplantation. Clin
Gastroenterol Hepatol 2015;13(2):e13-e14.
48. Choi JH, Lee SS, Choi JH, et al. Long-
term outcomes after endoscopic ultraso-
nography-guided gallbladder drainage for
acute cholecystitis. Endoscopy 2014;46:
656-61.

49. Walter D, Teoh AY, Itoi T, et al. EUS-
guided gall bladder drainage with a lu-
men-opposing metal stent: a prospective
long-term evaluation. Gut 2015 June 3
(Epub ahead of print).

50. Kamata K, Kitano M, Kudo M, Imai
H, Sakamoto H, Komaki T. Endoscopic
ultrasound (EUS)-guided transluminal
endoscopic removal of gallstones. Endos-
copy 2010;42:Suppl 2:E331-E332.

51. Takada T, Strasberg SM, Solomkin JS,
etal. TG13: Updated Tokyo Guidelines for
the management of acute cholangitis and
cholecystitis. ] Hepatobiliary Pancreat Sci
2013;20:1-7.

Copyright © 2015 Massachusetts Medical Society.

SPECIALTIES AND TOPICS AT NEJM.ORG

Specialty pages at the Journal’s website (NEJM.org) feature articles in cardiology,
endocrinology, genetics, infectious disease, nephrology, pediatrics, and many other
medical specialties. These pages, along with collections of articles on clinical and
nonclinical topics, offer links to interactive and multimedia content and feature
recently published articles as well as material from the NEJM archive (1812-1989).

N ENGL) MED 373;4 NEJM.ORG JULY 23, 2015

The New England Journal of Medicine
Downloaded from ngim.org at FLORIDA STATE UNIVERSITY on November 22, 2016. For personal use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.

365



