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Background: Cholangitis after endoscopic retrograde cholangiopancreatography (ERCP) is a major
problem for patients with hilar biliary obstruction. To date, it remains unclear whether air-contrast
cholangiography (ACC) can reduce cholangitis in these patients. For this reason, our study assesses the
efficacy of reducing cholangitis through ACC.

Methods: This paper presents a retrospective study conducted at a tertiary university hospital. We
enrolled patients who were diagnosed with hilar structures and underwent ERCP between January 2012 and
December 2018. From 2015 onwards, ACC was performed following the successful selective cannulation into
the dilated intrahepatic bile duct of these patients. The primary aim was to assess patients with cholangitis in
both an ACC group and iodine contrast cholangiography (ICC) group.

Results: This study included 80 patients, 35 of whom received ACC and 45 who received ICC. There
were no differences between the 2 groups in terms of the number of patients who underwent endoscopic
papillotomy, endoscopic nasobiliary drainage, endoscopic biliary stent placement, or other technical
procedures or complications. A total of 19 patients (23.8%) presented with fever (cholangitis) after the
ERCP procedure (4 ACC, 15 ICC; 11.4% vs. 33.3%, respectively; P=0.03). One patient in the ICC group
who obtained a plastic stent for palliative drainage died 2 weeks post-ERCP. Among the other 18 cholangitis
patients, 8 (1 ACC, 7 ICC) were treated with additional ERCP or percutaneous transhepatic biliary drainage
(PTBD), while the remaining 10 only received antibiotics. One patient in the ICC group who obtained a
plastic stent for palliative drainage died 2 weeks post-ERCP.

Conclusions: We found that ACC significantly reduced the incidence of cholangitis in patients with hilar

obstruction.
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Introduction

Perihilar cholangiocarcinoma (PHC) is an uncommon
malignancy with a poor prognosis that accounts for more
than 60% of bile duct carcinomas (1-3). Although doubt
still exists around the effectiveness of preoperative biliary
drainage in patients with malignant biliary obstruction, it
has been shown that preoperative drainage reduces jaundice
and bacterial translocation, improves liver function and
nutritional status, and enhances the ability of the liver
to regenerate postoperatively (4). Despite controversy
concerning the 2 primary drainage approaches, which
include endoscopic retrograde cholangiopancreatography
(ERCP) and percutaneous transhepatic biliary drainage
(PTBD), studies have concluded that ERCP is more suitable
than is PTBD in terms of compliance among perihilar
tumor patients (5-7). In the case of inoperable hilar biliary
obstruction, ERCP is one of the major palliative methods
for treating obstructive jaundice or cholangitis. Biliary
drainage not only relieves jaundice and associated pruritus
but improves related symptoms such as anorexia, diarrhea,
and disturbed sleeping patterns. It can also enhance a
patient’s quality of life (1,8).

In this study, we found post-ERCP cholangitis to be a
major problem for hilar biliary obstruction patients. It has
been reported that early cholangitis increases when both
lobes are opacified using contrast (diluted iodine contrast
agent), but only if 1 is drained (9). The present study
performed both air contrast cholangiography (ACC) and
the more established iodine contrast cholangiography (ICC)
to reduce post-ERCP cholangitis. We present the following
article in accordance with the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
reporting checklist (available at https://dx.doi.org/10.21037/
qims-21-462).

Methods
Study design

This retrospective study was performed at a tertiary
university hospital that treats more than 1,500 cases of
ERCP annually. In the past, conventional cholangiography
had been performed using an iodine contrast, but starting
in 2015, we began using air as a contrast for performing
cholangiography for hilar structures. The technical and
clinical characteristics between ACC and ICC were
assessed, and the endoscopic data and clinical presentation
of patients who underwent endoscopic biliary drainage of
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hilar structures were collected.

Patients

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). It was approved
by the Ethics Committee of Nanjing Drum Tower Hospital
of the Nanjing University Medical School (Nanjing, China).
Written informed consent for inclusion in the study was
obtained from each patient prior to undergoing ERCP.

Our study screened for patients who, from January 2012
to December 2018, had been diagnosed with hilar structures
including PHC, gallbladder carcinoma, hepatic cancer, and
metastatic tumors. Patients who underwent preoperative
or palliative ERCP drainage were enrolled. Patients who
underwent PTBD or received self-expandable metallic stent
(SEMS) placement as an initial drainage procedure were
excluded as were patients who received emergency ERCP.

The ERCP procedure

All ERCP procedures were carried out by 6 experienced
endoscopists who had cumulatively performed
more than 1,000 ERCPs in the past. Preprocedure,
computed tomography, and magnetic resonance
cholangiopancreatography (MRCP) specifics were obtained
for all the included patients and were used to confirm the
diagnosis and grade of hilar block. This information was
also used to preselect the intended lobe or segment for
drainage (based on the liver volume being drained and
ductal dilatation). Prophylactic intravenous antibiotics
(third generation cephalosporins) were initiated 1 hour
before the procedure and continued for 3 days. The ERCP
was performed using the standard procedure noted in
our previous paper (10). After bile duct cannulation had
been successfully performed, a hydrophilic guidewire
(Radifocus Guide Wire M, RF-GA35263M, TERUMO,
Japan) was advanced through the malignant stenosis into
the preselected intrahepatic dilated duct based on MRCP
under fluoroscopic guidance. A papillotome was then
passed over the guidewire across the stenosis until bile was
aspirated (minimum 5-10 mL) to confirm the position
and to decrease the intraductal pressure. ACC was then
performed by injecting 10 to 15 mL of air, and the opacified
ductal system was compared with the segment intended for
drainage using MRCP images. If the guidewire failed to pass
through the structure into the dilated duct, iodine contrast
was injected to obtain a roadmap (these patients were then
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Figure 1 Single ENBD preoperative drainage for PHC. This patient, a 66-year-old male, had Bismuth type IIla strictures caused by hilar

cholangiocarcinoma. His initial serum bilirubin level increased to 12.2 mg/dL. One 7-Fr ENBD catheter was inserted into the left lateral

bile duct (future remnant lobe), and the externally drained bile was replaced by a nasointestinal tube. His serum bilirubin level decreased to

2.0 mg/dL at 42 days post-ENBD, and he had undergone segments 1, 5-8 hepatectomy. (A) Axial computed tomography with contrast shows

the mass in the right liver. (B) Coronal computed tomography shows dilated left bile duct. (C) Cholangiography contrast in the common bile

duct shows the distal part of the structure. (D) Air cholangiography of the left intrahepatic duct. (D) ENBD drainage for left intrahepatic

duct. (E) ENBD drainage for left intrahepatic duct. ENBD, endoscopic nasobiliary drainage; PHC, perihilar cholangiocarcinoma.

enrolled into the ICC group). A cytology brush (Cytomax
II, Cook Medical LLC, Bloomington, IN, USA) was then
used for cytopathologic examination. After the targeted bile
duct was cannulated, an endoscopic nasobiliary drainage
(ENBD) tube (with or without plastic stent) was placed in
the bile duct. The stents used were 7- and 8.5-Fr biliary
plastic stents, and the drainage tube was a 7-Fr ENBD
tube. In our institution, we prefer a unilateral ENBD to the
future lobe as an initial preoperative drainage procedure
with hilar cholangiocarcinoma (Figure 1), a method that is
accepted in Japan (7,11). For palliative treatment, a plastic
stent (with or without ENBD) was implanted in the dilated
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bile duct (Figure 2).

Patient follow-up

After completing the ERCP procedure, patients were
admitted to a ward for at least 1 week. Their symptoms,
physical signs, amylase, full blood picture, and blood
biochemistry were recorded. The candidates for curative
surgery were admitted until their surgery date. For
palliative drainage, if the total bilirubin level decreased
more than 20%, the ENBD was removed or another ERCP
was performed to replace the ENBD catheter with a plastic
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Figure 2 Palliative drainage for perihilar cholangiocarcinoma (Bismuth type IV). (A) Air cholangiogram of the right and left intrahepatic

duct. (B) Plastic stents were inserted into the right and left intrahepatic duct.

stent. After being discharged, patients were followed up in
the hospital’s outpatient clinic after 1 month. If the patient
presented with cholangitis, additional ERCP or PTBD was
performed if necessary. Considering cholangitis is directly
related to the ERCP operation due to poor retention and
drainage of the intrahepatic bile duct with the contrast
agent (bacteria introduced), we only conducted a 1-month
follow-up.

Definitions

Cholangitis is considered to be present in patients who
present with the onset of fever (a temperature higher than
38 °C) and elevated total bilirubin, with or without septic
shock syndromes (e.g., hypotension and tachycardia). The
diagnostic criteria and severity classification criteria of the
Tokyo Cholangitis Guidelines are not applicable to the
diagnosis and classification of postoperative cholangitis.
Post-ERCP pancreatitis (PEP) and post-ERCP bleeding
and perforation were defined by consensus criteria as noted
in our previous studies (10,12).

Outcomes

The primary end point was cholangitis in the ACC and
ICC groups. Secondary end point included the success rate
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of ERCP and its related complications.

Statistical analysis

In our study, quantitative variables are described as mean =
standard deviation (SD), and a Student’s z-test and Mann-
Whitney U test were used if the variables did not conform
to normal distribution. Qualitative variables are presented
as numbers and were compared by Pearson’s chi-square
test. All tests were two-tailed, and P values smaller than
0.05 were considered statistically significant. All statistical
analyses were performed using SPSS Statistics 23 software
(IBM Corporation, Armonk, NY, USA).

Results
Patients

During the study period, 141 patients were admitted for
biliary evaluation and drainage. Among them, 130 were
diagnosed with PHC. Sixty-one patients were excluded for
the following reasons: initial PTBD (n=48), placement of
metal stent (n=3), emergency ERCP (n=3), and previous
drainage (n=7). Two ERCP procedures were unsuccessful
due to the failure of selective cannulation of the future
remnant lobe and were converted to PTBD. Subsequently, a
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total of 80 patients were included in this study, 35 of whom
received ACC, and 45 who received ICC (Figure 3). Prior to
2015, 27 procedures were performed, 3 of which included
cholangiography with ACC and 24 with ICC. After

Drainage of hilar structure
(n=141)

Excluded (n=61)
() PTBD (n=46)
(Il) Mental stent (n=3)
(I) Emergency ERCP (n=3)
(IV) Previous drainage (n=7)
(V) Initial ERCP failed (n=2)

Y

Y

r Assessed (n=80) W

ACC group (n=35) ICC group (n=45)

Figure 3 Flow diagram. PTBD, percutaneous transhepatic biliary
drainage; ACC, air contrast cholangiography; ICC, iodine contrast
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2015, 53 procedures were performed, 32 with ACC and
21 with ICC. Among the 80 patients, 45 were scheduled for
preoperative drainage and the remaining 35 were scheduled
for palliative drainage.

The demographic parameters and purpose for ERCP did
not significantly differ between the 2 groups (Zable 1). Of
the 35 patients in the ACC group, 1 (2.9%) was diagnosed
with Bismuth-Corlette (B-C) type I, and 8 (22.9%),
14 (40.0%), and 12 (34.3%) were diagnosed with B-C type
II, III, and IV, respectively. The tumors in the ICC group
were classified as B-C type I (n=0), II (n=7), III (n=20), and
IV (n=18). There were no significant differences between
the ACC and ICC groups (Table I). The initial serum total
bilirubin level in the ACC group was 12.4+7.3 mg/dL, which
was comparable to the findings for the ICC group (P>0.05).

Technical characteristics

Table 2 shows the technical characteristics of the ACC
and ICC groups. There were no differences between the
2 groups in terms of the number of patients who underwent
endoscopic sphincterotomy (EPT), ENBD, and endoscopic
biliary stenting (EBS); or in the remaining technical

cholangiography. characteristics.
Table 1 Demographics and indications for ERCP
Variables ACC ICC P value
No. of patients, n (%) 35 (100.0) 45 (100.0)
Gender, n (%) 0.649
Male 25(71.4) 30 (66.7)
Female 10 (28.6) 15 (33.3)
Age (years), mean + SD 64.5+11.0 61.6+14.0 0.301
Bismuth-Corlette type, n (%) 0.550
| 1(2.9) 0
Il 8 (22.9) 7 (15.6)
1] 14 (40.0) 20 (44.4)
I\ 12 (34.3) 18 (40.0)
Purpose of drainage, n (%) 0.168
Preoperative drainage 24 (68.6) 24 (53.3)
Palliative drainage 11 (31.4) 21 (46.7)
Thbil (mg/dL), mean + SD 12.4+7.3 15.2£9.5 0.158

ACC, air contrast cholangiography; ICC, iodine contrast cholangiography; ERCP, endoscopic retrograde cholangiopancreatography; SD,

standard deviation; Tbil, total bilirubin level.
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Table 2 Technical characteristics

Characteristics ACC, n (%) ICC, n (%) P value
EPT 17 (48.6) 24 (53.3) 0.822
ENBD 29 (82.9) 40 (88.9) 0.521
EBS 11 (31.4) 19 (42.2) 0.360
PDGA 13 (37.1) 15 (33.3) 0.815
PDS 14 (40.0) 15 (33.3) 0.641
Rectal indomethacin 6(17.1) 3(6.7) 0.169

ACC, air contrast cholangiography; ICC, iodine contrast cholangiography; EPT, endoscopic Sphincterotomy; ENBD, endoscopic
nasobiliary drainage; EBS, endoscopic biliary stent; PDGA, pancreatic duct guidewire assistant cannulation; PDS, pancreatic duct stent.

Table 3 Clinical presentation and adverse events

Variables ACC, n (%) ICC, n (%) P value
PEP 2 (5.7) 9 (20.0) 0.101
Cholangitis 4 (11.4) 15 (33.3) 0.033
Bleeding 2(5.7) 2 (4.4) 1.000
Perforation 0 0 -
Death 0 1.2 1.000
Tbil improvement (mg/dL)*, mean + SD 0.43+0.45 0.47+0.36 0.680

*, Tbil improvement was presented with the decrease of total bilirubin everyday. PEP, post-ERCP pancreatitis; ACC, air contrast
cholangiography; ICC, iodine contrast cholangiography; Thbil, total bilirubin level; ERCP, endoscopic retrograde cholangiopancreatography;

SD, standard deviation.

Outcomes and adverse events

Two patients (1 in the ACC group and 1 in the ICC group)
did not complete a follow-up after being discharged. One
patient in the ICC group, who obtained a plastic stent for
palliative drainage, died 2 weeks post-ERCP (initial total
bilirubin level 50.5 mg/dL). 7able 3 shows the total bilirubin
level improvement and the incidence rate of overall
complications in the 2 groups, including PEP, cholangitis,
hemorrhage, and perforation. In total, 19 patients (23.8%)
presented with cholangitis following the ERCP procedure
(4 ACC, 15 ICC; 11.4% wvs. 33.3%; P=0.03). One patient in
the ICC group, who obtained a plastic stent for palliative
drainage, was diagnosed cholangitis and died 2 weeks post-
ERCP (initial total bilirubin level 50.5 mg/dL). Among
the other 18 patients with cholangitis, 8 (1 ACC, 7 ICC)
were treated with additional ERCP or PTBD, while the
remaining 10 only received antibiotics. For the 8 patients
who received additional ERCP or PTDB, the location was
the other intrahepatic bile duct (4 cases, including the 1
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ACC), the other segment (2 cases), and the original drainage
location (2 cases). The total bilirubin level decreased more
than 50% 1 month after the ERCP procedure for 30 ACC
and 38 ICC patients. The rate of decline in the ACC group
and ICC group was 0.43+0.45 and 0.47+0.36 mg/dL,
respectively (P>0.05). Two patients in each group developed
post-sphincterotomy bleeding, 1 of whom (in the ACC
group) was diagnosed as moderate in this regard with a
blood transfusion requirement and endoscopic hemostasis.
A total of 11 patients (13.8%) met the criteria of mild PEP,
including 2 in the ACC group and 9 in the ICC group.
There was no statistical difference in the PEP rates between
the ACC and ICC groups (P=0.10).

Discussion

Malignant hilar obstruction requires a more challenging
endoscopic drainage operation than do other types of
ERCP. Cholangitis is the most common post-ERCP
complication and occurred in 36-65% of cases reported in
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a recent meta-analysis (13). One of the main risk factors
of post-ERCP cholangitis is inadequate drainage of all
obstructed intrahepatic ducts (14). It is important for
endoscopists to avoid filling all intrahepatic segments and
to drain all segments that are filled with contrast in the
case of malignant hilar strictures. Fluid contrast can easily
introduce bacteria into the intrahepatic duct, and it can be
technically difficult to completely drain all segments filled
with contrast. It was reported that air, rather than the typical
iodine contrast, can be used as a contrast for cholangiograms
and can reduce the incidence of cholangitis when a metal
stent is being placed (15,16). Accordingly, we hypothesize
that ACC may be applicable for PHC patients receiving
ENBD and EBS drainage. Our study showed that ACC
was significantly associated with a lower incidence of post-
ERCP cholangitis in the ENBD and EBS for malignant
hilar biliary obstruction patients (11.4% vs. 33.3%; P<0.05).
In other words, we found that the rate of cholangitis was
significantly reduced in the ACC group of our study. Based
on our experience, the main reason for these results were as
follows: selective cannulation into the dilated intrahepatic
bile duct was followed by ACC, which enabled better
implantation of the ENBD (particularly in our preoperative
group), and assisted ENBD/EBS placement was conducted
with minimal intervention and procedure duration. Two
prospective randomized controlled studies have found
similar results. Sud ez /. (17) found that using ACC was
as safe and as effective as dye cholangiography in patients
with malignant hilar biliary obstruction, and it decreased
the risk of post-ERCP cholangitis (4% vs. 16.6%; P<0.05).
In the study of Zhang ez al. (18), they also confirmed that
ACC can reduce the incidence of cholangitis (5.6% wvs.
33.3%, P=0.04). In our study, 8 patients were treated with
additional ERCP or PTBD (1 ACC, 7 ICC). Since there
was only 1 ACC patient, we were unfortunately unable to
further refine the analysis.

Kawashima er al. (19) also reported that the only
significant risk factor associated with post-ENBD
cholangitis was if EPT had been previously conducted.
In their study, the incidence of cholangitis was 43.8%
(21/48 patients). In our study, only minor EPT was
performed to prevent PEP and to assist in inserting the
stent and/or ENBD catheter.

Air embolism is a rare but lethal complication of
air insufflation during ERCP. However, no cases of air
embolism have been directly associated with ACC (20). To
the best of our knowledge, no reports have been published
to date denoting the occurrence of an air embolism in an
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ACC procedure (15-17).

It is important to note that this study also included some
limitations: it was a retrospective study that included a small
sample size, the follow-up period was only 1 month, and we
did not report the overall patient survival rates. The efficacy
and safety of ACC should thus be further investigated in

prospective multicenter studies.

Conclusions

In summary, ACC significantly reduced the incidence of
cholangitis in patients with malignant hilar obstruction.
Accordingly, the use of this procedure deserves further
consideration and evaluation.
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