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Background: The purpose of this observational cohort study was to assess patient and operator-dependent factors which
could have an impact on total fluoroscopy time during ultrasound and fluoroscopy-guided percutaneous tran-
shepatic biliary drainage (PTBD).

Material/Methods: Between October 2016 and November 2020, 127 patients with malignant biliary obstruction underwent ultra-
sound- and fluoroscopy-guided PTBD with the right-sided intercostal approach. The initial bile duct puncture
was ultrasound-guided in all patients, and the puncture angle was measured by ultrasound. Any subsequent
steps of the procedure were performed under continuous fluoroscopy (15 fps). The patients were divided in 2
groups based on the puncture angle: <30° (group 1) and >30° (group II). In a retrospective analysis, both groups
were compared for inter- and intragroup variability, technical success, total fluoroscopy time, and complications.

Results: In group II, the recorded total fluoroscopy time (232.20+140.94 s) was significantly longer than that in group |
(83.44+52.61 s) (P<0.001). In both groups, total fluoroscopy time was significantly longer in cases with a less-
er degree of bile duct dilatation, intrahepatic bile duct tortuosity, presence of liver metastases, and multiple in-
trahepatic bile duct strictures.

Conclusions: The initial bile duct puncture angle was identified as an operator-dependent factor with the possible impact
on total fluoroscopy time. The puncture angle of less than 30° was positively correlated with overall procedure
efficacy and total fluoroscopy time reduction.
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Background

Malignant biliary hilar obstruction is primarily caused by hilar
cholangiocarcinoma, gall bladder cancer, and hepatocellular
carcinoma, and less frequently caused by metastatic lymph-
adenopathy and advanced gastric and duodenal malignan-
cies [1]. Most patients with hilar malignancy present late in
the advanced stage of the disease when curative-intent sur-
gery is no longer feasible [2]. In selected cases, percutaneous
biliary drainage (PTBD) is performed as a preoperative proce-
dure or prior to neoadjuvant chemotherapy; however, in most
cases, it is performed as a palliative intervention [3]. The main
goals of PTBD are to decompress the obstructed biliary sys-
tem, improve liver function, and, if possible, provide physio-
logical bile flow [1]. Although endoscopic techniques for bil-
iary drainage are widely used, PTBD remains the criterion
standard procedure in patients with endoscopically inacces-
sible bile ducts, particularly in patients with hilar biliary ma-
lignancies [4]. According to the available literature, a standard
PTBD technique has not been established. In most cases, the
employed technique depends on the experience of an institu-
tion and its available infrastructure. The initial bile duct punc-
ture is frequently achieved by fluoroscopy or ultrasound guid-
ance [2,4-12]. After initial puncture and entrance to the biliary
tree, most interventional radiologists prefer to have fluoros-
copy guidance for the remaining steps of PTBD. Repeated flu-
oroscopy leads to concerns about the control of radiation ex-
posure and to a search for appropriate ways of decreasing
radiation doses without compromising the effectiveness and
safety of the procedure.

Total fluoroscopy time is one of the few controllable variables
that impacts radiation exposure and is frequently used as a
parameter for estimating radiation doses for interventional ra-
diology personnel and patients.

To the best of our knowledge, there have been no published
data on assessing the variability in total fluoroscopy time dur-
ing ultrasound- and fluoroscopy-guided PTBD or on the im-
pact of the bile duct puncture angle on reducing fluoroscopy
time. The hypothesis of this study was to confirm the positive
correlation of the angle between the puncture needle and tar-
geted bile duct with total fluoroscopy time during ultrasound-
and fluoroscopy-guided PTBD.

Material and Methods

Study Design

The study was designed as a single-center-based clinical obser-
vational cohort study. The study protocol was approved by the
Ethics Committee of the Clinical Center of Serbia (protocol no.

Filipovi¢ A.N. et al:
Adjusting the puncture angle in PTBD
© Med Sci Monit, 2021; 27: €933889

717/3) and was reviewed and approved by the ClinicalTrials.
gov identifier (NCT number: NCT04653987). During this re-
search, we took care to protect the privacy and anonymity of
patient data. Research was performed in compliance with the
relevant laws and institutional guidelines.

Participants

The inclusion criteria for this study were pathological confir-
mation or imaging data confirming malignant disease in the
hilar region of the liver causing biliary obstruction with per-
formance status to -1.

The exclusion criteria were terminally ill patients, performance
status >2, hepatic decompensation (including ascites), severe
underlying cardiac or renal diseases, and coagulation disor-
ders (prothrombin activity <40% or platelet count <50x10°/L).

Selection bias was minimized by the inclusion of all consec-
utive cases that met the selection criteria within a specified
time frame. Between October 2016 and November 2020, 127
patients with malignant biliary obstruction underwent PTBD.
The patients were divided into 2 groups based on the punc-
ture angle: <30° (group 1) and >30° (group I1).The efficacy of
the method was retrospectively analyzed in relation to the
puncture angle. Demographic and clinical parameters in rela-
tion to the puncture angle are presented in Table 1.

Study Sample Size and Power

Post hoc power analysis was performed to ensure that the
sample size of the study was sufficient to show a clinically
significant difference between groups with puncture angles
<30° and »30°. The calculation was done using G Power 3.1.9.2
(University Kiel, Germany). The result showed that a final sam-
ple size of 127 would achieve 100% power.

Clinical and Laboratory Data Recording

Clinical and laboratory data were collected from all patients
prior to PTBD. Clinical data included patient age, sex, history
of previous intervention, and cause of the obstruction. Imaging
data included level of obstruction, dilatation of the intrahe-
patic bile ducts defined by ultrasound, diameter of the punc-
tured bile duct, and puncture angle. In addition, imaging data
were analyzed based on ultrasound, multi-detector computed
tomography (CT), or magnetic resonance imaging.

Follow-Up
After the first follow-up visit 7 days after the intervention, the

patients who had normal ultrasound and cholangiography find-
ings with adequate catheter function were followed thereafter
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Table 1. Demographic and clinical parameters in relation to puncture angle.

Puncture angle <30° >30° p*
Mae s2 e15 9 0
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.002

Female 25 32.5 31 62.0
Age  eas1l09  6592£1094 0587
 Diameter of peripheral bile duct ~ 506:164  490¢131 0980
 Diameter of central bile duct 1019:283 1080£294 0200
Tortwosty no 43 5 300 0032
 Metastases s 04 4 80 0889
 Multiple strictures | 2 26 2 480 0001
Total fluoroscopy time ~ 8344s5261 232.20:14094 0001

* The Chi-squared test; ** t test; *** Mann-Whitney test.

Angle1l A 16 deg

Angle2 A 164 deg

Figure 1. Chiba needle tip and puncture angle measurement.
Software used for creation of the figure: Ultrasound
Software V2.0, Toshiba Xario 200.

on a monthly basis until catheter removal or death. In cases of
catheter malposition or malfunction leading to insufficient bile
drainage or bile leak, the catheter reposition was performed
and the patients were followed for any signs of further leak.

Complications were classified in accordance with the guide-
lines of the Society of Cardiovascular and Interventional
Radiology [7].

PTBD Procedure

PTBD was performed in patients under sedation and with con-
tinual monitoring of vital parameters, including heart rate and
oxygen saturation. With patients in the supine position, the ini-
tial puncture of the periphery biliary radicle was performed un-
der ultrasound guidance. The Chiba needle (22 G/20 cm with an

Figure 2. Control radiography performed after drainage catheter
placement. Software used for creation of the figure:
Advantage Workstation Software V4.6, General Electric.

Echo Tip for enhanced visibility under ultrasound) was placed
along the longitudinal axis of the convex, sterile in-plane ultra-
sound probe (2-6 MHz, Toshiba Xario 200). After puncture of
the targeted bile duct, the angle between the needle tip and
the targeted bile duct (puncture angle) was measured by an
ultrasound angle measurement tool (Figure 1), and the value
was recorded. The puncture tract was determined by provid-
ing sufficient catheter depth insertion to achieve optimal bile
drainage volume and the absence of interposed blood ves-
sels. Any subsequent steps of the procedure were performed
with fluoroscopy guidance (Innova 540, General Electric, USA).
Fluoroscopy was performed in continuous mode with 15 frames
per s (fps) and controlled by the interventional radiologist,
by foot pedal. The peripheral bile duct cholangiography was
performed by injection of the diluted iodine-based contrast
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(lomeron 400 mg/mL, Bracco Imaging, Italy) under fluorosco-
py guidance. The opacification of the bile duct confirmed the
correct needle tip position. After the cholangiogram was ob-
tained, a 0.018” nitinol guidewire was inserted toward the liv-
er hilum. The needle was then removed, and the sheath (4/6
Fr) was inserted over the wire. The guidewire was changed to
a 0.035” guidewire. After the path dilatation over the wire,
the catheter was placed. The multipurpose drainage catheter
(8.5 Fr with a 10-mm locking loop) was used for external bil-
iary drainage (Figure 2).

Total fluoroscopy time (the total time of exposure to X-rays dur-
ing intervention) was automatically recorded as a part of the
radiation dose report (GE Innova 540 Advantage Workstation
software V4.6).

The technical success of the procedure was defined as a suc-
cessful catheter placement into the biliary system if either in-
ternal external or external drainage was accomplished. The cri-
teria for successful clinical management of cholestasis were
the following: decrease in serum bilirubin for >25% within 7
days and reduction of clinical signs and symptoms (jaundice,
pruritus, dark urine).

Statistical Analysis

All statistical analyses were performed using SPSS version
20.0 (IBM Corp, Armonk, NY, USA). The data are presented as
arithmetic mean and standard deviation and minimum and
maximum values, in the form of absolute and relative num-
bers. The comparison of numerical variables was performed
by the t test and Mann-Whitney test. The chi-squared test
was used for categorical variables. Multivariable linear regres-
sion was performed to identify factors associated with the to-
tal fluoroscopy time and to control for confounding variables.
Multicollinearity between variables was assessed in models
by examining variance inflation factors, which were all were
less than 2. Patients were stratified by the puncture angle
(<30°) as a subgroup analysis. A complete case analysis was
performed, and the hypothesis was tested with a significance
threshold value of P<0.05.

Results

The study included 127 patients: 71 men (55.9%) and 56 wom-
en (44.1%). The causes of biliary obstruction were bile duct
carcinoma, gallbladder carcinoma, pancreatic cancer, recur-
rent disease at the choledochojejunostomy, and metastasis to
the liver hilum. The mean values for the examined population
were as follows: age 65.26+11.04 years (39 years, 87 years);
peripheral bile duct diameter 5.00+1.52 mm; and central bile
duct diameter 10.43+2.88 mm. Most of the study population
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had a PTBD performed with a single puncture (96.9%). A to-
tal of 123 interventions were performed with a single ultra-
sound-guided puncture, and 4 interventions were performed
after repeated ultrasound-guided puncture (second puncture).
The mean puncture angle was 29.16+13.52°. In 60.6% of pa-
tients, the initial puncture angle was <30°. Total fluoroscopy
time in the whole population was 142.01+121.32 s. There was
no statistically significant difference between the study groups
in patient age (P=0.587) and intrahepatic bile duct diameter,
neither peripheral nor central (P=0.980; P=0.200). In group Il
(puncture angle >30°), there was a significantly longer total
fluoroscopy time recorded (232.20+140.94 s) than in group
| (puncture angle <30°; 83.44+52.61 s) (P<0.001) (Table 1).

Total fluoroscopy time was statistically significantly longer in pa-
tients with intrahepatic bile duct tortuosity (P=0.002), liver me-
tastases (P=0.040), and multiple strictures (P<0.001) (Table 2).

Multivariate regression analysis showed that the time of
fluoroscopy was significantly affected by age (beta=0.118,
P=0.034), multiple strictures (beta=0.672, P<0.001), and an-
gle >30° (beta=0.232, P=0.001) (Table 3).

There was only 1 patient with mild intrahepatic bile duct dila-
tation and multiple strictures in whom the drainage catheter
could not be placed, but there were no patients without bile
drainage after catheter placement. Two other patients had in-
sufficient bile drainage after catheter placement in the appro-
priate position, which was most likely due to liver failure. For
those 2 patients, no additional interventions were performed.
Thus, sufficient bile drainage was accomplished in 98% of pa-
tients (124/127). In this study, the overall rate of procedure-
related complications ruled out by clinical findings and follow-
up imaging was less than 10%. A few patients had transient
hemobilia, and 1 patient had pancreatitis. No major compli-
cations, such as bleeding requiring transfusion, bilioarterial
fistula, or portal vein thrombosis, were recorded. In the pre-
sented series, no procedure-related mortality was recorded.
All deaths were related to patients’ poor condition before the
procedure and underlying disease.

Discussion

In a recent meta-analysis, Duan et al proposed that selection
for endoscopic biliary drainage or PTBD in patients with ma-
lignant biliary obstruction should depend on the following: lo-
cation of the obstruction, purpose of drainage (preoperative
procedure or palliative treatment), and level of experience
of the treatment center [13]. Interventional radiologist ex-
perience decreases the possible impact of the learning curve
on the outcome. Therefore, all of the procedures included in
the present study were performed in a tertiary care specialist
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Table 2. Total fluoroscopy time in relation to the examined parameters.

Parameter n Total fluoroscopy time p*
Tortuosity
Yes 26 209.38+143.12
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.002
No 101 124.66+109.28
Metastases
Yes 12 168.83+70.92
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.040
No 115 139.21+125.30
Multiple strictures
Yes 26 329.46+129.15
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— <0.001
No 101 93.75+£53.74
Number of puncture
1 123 135.98+112.10
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.063
2 4 327.50+244.56
Puncture angle >30 and mild bile duct dilatation
Yes 8 284.25+163.95
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.002
No 10 104.90+66.97

* Mann-Whitney test.

Table 3. The association of total fluoroscopy time and demographic and clinical characteristics.

Unstandardized coefficients

Standardized coefficients

(Constant) -66.064 53.079 0.216
Gender w27 13445 0050 0363
A 128 o064  o0u8 0034
 Peripheral bile duct diameter 2499 s78s o001 0666
| Centralbile duct diameter 2640 304 0063 0383
CTortwesty - 15376 17473 w0051 0381
Metastases 28140 22584 0068 0215
 Muttiple strictures 201318 2079% o0&z 0000
CAnge>soc s7.415 6142 022 0001

Adjusted R?=0.661; B — regression coefficient; SE — standard error.

center by a single interventional radiologist with more than
10 years of experience in performing ultrasound- and fluoros-
copy-guided PTBD.

The appropriate bile duct dilatation for performing the PTBD
procedure is a common bile duct diameter greater than 7 mm
and a diameter greater than 3 mm of the intrahepatic seg-
mental branches (measured by ultrasound) [12]. Nondilated
ducts were defined as peripheral bile ducts that measured less
than 2 mm in diameter or were smaller than the adjacent por-
tal vein [14]. Therefore, patients with mild bile duct dilatation

(18/127) were those who had a peripheral bile duct measur-
ing between 2 to 3 mm and a central bile duct measuring 5
to 8 mm. Achieving sterile cannulation of a mildly or nondi-
lated peripheral intrahepatic bile duct during PTBD is a chal-
lenging procedure, with a reported success rate of 65% to 95%
[6,12,15-35]. In comparison with the reported success rates, in
the present study, we achieved a high technical success rate
of 94% (17/18), with an acceptable low complication rate.

In our study, patients who had mild bile duct dilatation and a
bile duct puncture angle >30° had a statistically significantly
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longer fluoroscopy time (284.25+163.95 s) than did patients
with mild bile duct dilatation and a puncture angle <30°
(104.90+66.97 s) (P=0.002), reflecting the greater complexity
of the procedure in this subgroup of patients.

Real-time ultrasound guidance with modern technology is prov-
en to increase accuracy during initial steps of ultrasound- and
fluoroscopy-guided PTBD. A reduction in the number of needle
passes through the liver to enter bile ducts has been reported
when ultrasound guidance was used for the initial bile duct
puncture [15-20]. This technique provides an appropriate angle
for the biliary tree entrance. Obtaining the precise and planed
access to a bile duct is the first and most important step for a
successful and safe percutaneous biliary drainage. Whenever
possible, our aim was to enter the bile duct with an angle of
less than 30° [21] to reduce the risk of vascular lesion (bilio-
vascular fistula) and maintain the adequate needle tip position
during the respiratory movement of the liver. This technique
provided an almost straight route for the guidewire, thus en-
hancing the efficacy of the remaining part of the PTBD proce-
dure. Any subsequent step of the procedure was fluoroscopy-
guided and dependent from the previous ultrasound-guided
step, exaggerating the importance of the initial puncture angle.

Because the greatest part of this procedure is performed under
fluoroscopy and is frequently associated with repeated exposure
of interventional radiology personnel and patients to radiation,
there is a rising concern over radiation exposure. Radiation ex-
posure is linearly correlated to exposure time [36]. Through our
literature review, we found a wide range of success rates and
an average effective patient radiation dose that could be at-
tributed to the use of different interventional strategies [12,37].
Kiihn et al [12] reported various measures that were not included
in the standardized protocol used to facilitate PTBD in patients
with nondilated bile ducts, such as CT-guided puncture of the
bile ducts, and used a fluoroscopy time as an indirect measure
of the complexity of the intervention. Knowing that radiation
exposure time is a controllable variable, which depends on the
complexity of the intervention, our aim was to find a practical
technique to simplify the biliary system approach and reduce
radiation doses without compromising the safety and efficacy
of the procedure. By identifying operator-dependent and con-
trollable factors with a possible impact on fluoroscopy time, we
were able to improve the PTBD technique. There are not many
studies that have investigated the importance of the initial bile
duct puncture angle during PTBD [15,21], and none of them re-
vealed the practical importance of the puncture angle on over-
all procedure efficacy and radiation exposure.

All procedures in this study were performed by following the
already established principle of as low as reasonably achiev-
able (ALARA) and by adjusting image quality by reducing ra-
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The current study has several limitations. First, it was a ret-
rospective study, and selection bias would be difficult to de-
termine. Second, we included only cases with malignant hilar
biliary obstruction and intercostal approach PTBD procedures
without considering cases with other causes of obstruction,
different level of biliary obstruction, and a left-sided approach.
This might diminish the power of our statistical conclusions.
Further investigation is needed to evaluate our findings, regard-
less of the puncture site and the cause of obstruction. Third,
this was a single-center study and all procedures included in
this study were performed by single operator with more than
10 years of experience in performing ultrasound- and fluoros-
copy-guided procedures. The final limitation was the lack of
analysis of inter-observer agreement.

Conclusions

Ultrasound- and fluoroscopy-guided PTBD was shown to be a
safe and effective procedure for palliation of biliary obstruction
in patients with malignant hilar biliary obstruction. Ultrasound-
guided initial puncture and entrance to the biliary tree with
an angle <30° was an operator-dependent factor with an im-
pact on total fluoroscopy time reduction during ultrasound-
and fluoroscopy-guided PTBD. According to the presented re-
sults, which need further external validation in larger samples,
it can be concluded that adjusting the initial puncture angle
could be an additional valuable practical technique in reduc-
ing radiation dose without compromising the safety and effi-
cacy of the PTBD procedure, with emphasis on its advantage
in reducing complications.
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