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I am pleased to write a foreword to Dr. Amar 
Mukund’s book Basics of Hepatobiliary 
Interventions. Dr. Mukund who has been one of 
the pioneers in this subspecialty has been instru-
mental in establishing a robust protocol-based 
interventional management in liver diseases and 
portal hypertension, and I have been keenly 
observing his meteoric growth for over 10 years. 
He was key to establishing one of the most aca-
demic and vibrant departments at the Institute of 
Liver and Biliary Sciences (ILBS).

Interventional radiology has been one of the most dynamic, fascinating, 
and upcoming branch of medicine. Hepatobiliary interventions being a fur-
ther superspecialized subdivision of interventional radiology provide a mini-
mally invasive and intricate treatment option to patients with liver diseases. 
There has been an increasing need for skilled interventional radiologists in 
the management of sick patients before and after the organ transplant. Apart 
from having extremely sophisticated skills for successful procedure perfor-
mance, it requires a deep understanding of the disease itself. The operator 
needs to maintain a delicate balance between treating a complicated disease 
and not causing complications while treating.

Being a new subspecialty there are very few dedicated textbooks on this 
subject. Moreover, there are only a few trained interventional radiologists 
working in the HPB field in the country. This book may serve as a guide for 
trainees and practicing interventional radiologists in this specialized field. 
This book provides a detailed but simple description of all relevant topics of 
hepatobiliary interventions. The contributors and editor should be congratu-
lated for their efforts to create this book, which would not only benefit readers 
but also the patients in getting a highly sophisticated treatment and care. I am 
sure the feedback from readers and growth of hepatology would help the edi-
tor to improve the contents with every new edition, which I hope to see in the 
next few years.

Shiv Kumar Sarin, MD, DM, DSc (Hony.), FNA, FNAS
Institute of Liver & Biliary Sciences

New Delhi, India

Foreword
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Liver disease is the latest epidemic affecting a majority of population and so 
is the need for management of various hepatic disorders, ranging from liver 
infection (abscess) to liver tumors, portal hypertension, and vascular diseases 
of the liver to post-liver transplant complications. Interventional radiology 
plays an important role in salvaging these conditions which are otherwise 
medically untreatable or unfit for surgery. Further it is an adjunct to various 
surgical procedures. During the course of my focused work on hepatobiliary 
interventions, I strongly felt the need for additional teaching and training in 
this subspecialty.

Interventional radiology being a rather new specialty with hepatobiliary 
interventions being further subdivision of the same, no book was available to 
shed light on the topic. So, I collaborated with various eminent and accom-
plished interventional radiologists, experts in their subspecialty, to give their 
valuable inputs into the making of this book with the intent to give the readers 
focused guidance into the subject. I feel this handbook will bridge this gap 
and cover most aspects of hepatobiliary interventions. This may serve as an 
important guide for the practicing interventional radiologist as well as the 
beginners wishing to pursue hepatobiliary interventions.

Further, I would like to add that the various changing facets of the medici-
nal practice and addition of advanced and newer technology and devices fre-
quently remain a challenging matter, and hence, the readers should consider 
it as a basic handbook in this new subspecialty. The authors have worked hard 
compiling the chapters, and a further review of the content has been done by 
peers as well, despite some shortcomings; hence, I request all the readers to 
communicate and email their observations personally so that rectification of 
contents may be carried out subsequently. A further note of thanks to all the 
contributors for putting their hard work and completing the project in a rea-
sonable time frame. Lastly, my heartiest gratitude to my readers for choosing 
this book.

New Delhi, India Amar Mukund  

Preface
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Percutaneous FNA/Biopsy 
and Drainage Procedures

Krishna Bhardwaj, Chander Mohan, 
and Amar Mukund

Percutaneous nonvascular imaging-guided diag-
nostic as well as therapeutic procedures are one 
of the important tools in the armamentarium of 
interventional radiologist. These procedures are 
less invasive and can be performed on outpatient 
basis or daycare admission [1].

Percutaneous FNA/Biopsy is essential in estab-
lishing diagnosis and guiding further management 
protocol in various disease particularly with ongo-
ing advances in oncologic treatment. Similarly, 
many conditions complicated by infected fluid 
collections were traditionally treated with open 
surgical drainage which was associated with high 
morbidity. Percutaneous drainage procedures have 
now become the treatment of choice in these con-
ditions even in critically ill patients obviating the 
need for surgery [1].

In this chapter, we will discuss about basic 
technique, image guidance, indications, and con-
traindications of the percutaneous procedures 
with emphasis on procedures involving hepatobi-
liary system.

1.1  Image Guidance

Percutaneous procedures are generally done 
under USG or CT guidance.

Ultrasound is the most common imaging modal-
ity used for guiding the procedure with many 
advantages like wide availability, portability, inex-
pensive, real-time visualization, shorter procedure 
time, ability to guide angled trajectory in any plane 
and lack of exposure to ionizing radiation (Fig. 1.1) 
[2]. However, for deep-seated lesions or in case of 
significant obesity visibility may be impaired and 
alternate imaging modality may be required.

Free hand technique is most commonly used 
with proper alignment of needle and axis of 
transducer for visualization of needle. Complete 
visualization of needle with ability to localise the 
needle tip while advancing the needle into the tar-
get is the key for successful procedure.

CT is advantageous in providing greater char-
acterization of retroperitoneal and deep-seated 
structures [3] and precise planning of needle path 
particularly in retroperitoneal structures. It has 
the disadvantage of exposure to ionizing radia-
tion with increased procedure time and difficulty 
in planning angular approaches [1, 3]. CT fluo-
roscopy can be used for real-time or intermittent 
visualization; however, it is limited by increased 
radiation dose [1].

MRI guidance is limited by cost constraints 
and need for dedicated MR compatible instru-
ments [4].
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Fusion imaging is helpful in cases where 
lesions are not clearly visible on gray-scale 
 ultrasound. In this cross-sectional imaging, data 
are fed in the ultrasound machine and superim-
posed on real-time US images to locate the target 
lesion with help of electromagnetic markers and 
tracking software [4].

1.2  General Considerations

• The indication of the procedure should be 
properly defined and decision to be taken after 
multidisciplinary consultation with referral 
team and due consideration of all the risk 
involved. Patient’s medical history, prior 
imaging, laboratory findings, etc. should be 
carefully reviewed by the interventional radi-
ologist himself.

• Informed consent is a must before performing 
any kind of elective procedure with all the 
potential complication explained to the patient 
and his attendant, preferably in their own 
language.

• The choice of imaging modality should be 
based on the location of the lesion, available 
resources and operator experience. The 
planned needle path should be the safest and 
possibly shortest avoiding critical structures 
like blood vessels, large bowel, lung, etc. 
Small bowel or stomach can be safely trans-
gressed with thin FNA needles [5].

• Evaluation of coagulation status is not 
required in low-risk procedures, however, 
should be routinely done in procedures with 
high risk of bleeding. In general platelet 
count of more than 50,000 platelets/μL and 
INR in the range of 1.5–1.8 can be used as 
threshold for moderate and high-risk cases 
otherwise should be corrected with the 
administration of blood components in peri-
procedural period [6].

• Similarly, the antiplatelet medication and anti-
coagulants need not to be withheld before low-
risk procedure. In cases of high-risk procedures 
Aspirin and Clopidogrel should be withheld 
five days before procedure. Low molecular 
weight heparin ( LMWH) should be withheld 
for one or two doses for high-risk procedure. 
The patient’s individual risk should also be 
taken into consideration before these strategies 
like recent history of bleeding, coagulopathic 
disorders, etc. Bridging therapy with heparin 
can be considered in patients with increased 
risk of thrombosis [6].

• Most of the procedures can be done under 
local anesthesia with minimal sedation. Nil 
per oral (6 h for solids and 2–3 h for clear liq-
uids) is only required in deeper lesions and 
those requiring moderate sedation [7].

• Intravenous access should be secured before 
the start of the procedure. Moderate sedation 
should be preferably administered by anesthe-
siologist with all the equipment’s available for 

Fig. 1.1 Needle placement under USG guidance for liver lesion using free hand technique

K. Bhardwaj et al.
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monitoring of vital parameters and emergency 
resuscitation [8, 9].

• Optimal positioning of the patient is required 
depending upon the planned trajectory.

• Strict asepsis should be maintained in all the 
procedures. Routine use of periprocedural 
antibiotic cover is recommended only in cases 
with infected collections or any ongoing 
sepsis.

• The sample should be correctly labeled and 
promptly transported to the laboratory for fur-
ther analysis.

• Post-procedure patients should be screened 
for any complications and kept under observa-
tion for few hours before discharge. The com-
plications, if any should be promptly identified 
and managed accordingly. Patient and their 
attendants should be advised to report to emer-
gency in case of any procedure- related com-
plication observed after getting discharged 
from the hospital.

1.3  Percutaneous FNA/Biopsy

Percutaneous needle biopsy (PNB) means pro-
curing sample of tissue, cells, or fluid for diag-
nosis through image guided percutaneous 
insertion of needles into a suspected lesion or 
organ [8]. PNB thus helps in confirmation of 
clinical diagnosis and planning management 
algorithm.

PNB consists of Fine Needle Aspiration 
(FNA) using thin Spinal needles 22–25G for 
aspirating cells for cytopathological analysis or 
Core Biopsy (CB) using needles/devices 20G or 
larger to obtain tissue for histopathological anal-
ysis which are required for tissue architecture 
like in lymphoma or any other tumor subtype 
detailed analysis.

Core biopsy is done mostly by True-Cut nee-
dles/devices with spring-loaded side-cutting 
mechanism consisting of the outer cannula and 
inner notched trocar.

True-Cut needles/devices can be of semiauto-
matic or automatic firing mechanism (Fig. 1.2) 
[2]. In fully automated biopsy guns, both steps of 
forward advancement of central trocar and cut-

ting cannula are automated and rapid, whereas in 
semiautomated devices inner trocar is manually 
advanced. The manual placement of trocar 
ensures more precise targeting with lesser chance 
of injury to surrounding critical structures. 
However sometimes the target lesion can be dis-
placed while forwarding the trocar. In case of 
fully automated systems before firing, needle tip 
position should be calculated/anticipated while 
positioning the biopsy gun to avoid any inadver-
tent injury.

Coaxial needles can be used when multiple tis-
sue cores are required thus avoiding multiple 
passes. It theoretically reduces the procedure time 
and chance of bleeding; however, studies compar-
ing coaxial and non-coaxial methods show similar 
complication rates. This can be explained by larger 
bore of coaxial needle and longer dwell time. 
Coaxial needles can also be used in plugged biop-
sies for embolizing the needle tract using gelfoam 
slurry or embolization coils [1].

The choice of needle length depends upon the 
distance of the target lesion from the skin, 
whereas needle throw size depend on the size of 
the lesion.

1.4  Indications 
and Contraindications

The main indications for image guided percuta-
neous needle biopsy are as follows [8–10]:

 1. To confirm the nature (benign or malignant) 
of the suspected lesion and its staging in case 
of tumor spread or metastasis.

Fig. 1.2 Different type of biopsy needles/devices. 
Automatic biopsy device, semiautomatic biopsy device, 
and coaxial needle for obtaining multiple sample from 
single needle puncture (from bottom to top) 

1 Percutaneous FNA/Biopsy and Drainage Procedures
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 2. To obtain tissue for molecular analysis thus 
aiding in the classification of certain malig-
nancies and subsequently in guiding the ther-
apy and monitoring the treatment.

 3. To obtain material for microbiologic analysis 
in patients with proven or suspected 
infections

 4. To pathologically confirm the nature and 
extent of diffuse parenchymal diseases (liver 
and renal parenchymal disease, graft rejec-
tion, etc.).

The contraindications are few with most of 
them being relative contraindication after consid-
ering risk versus benefits like uncorrectable coag-
ulopathies, absence of a safe access path, ascites, 
severe cardiopulmonary insufficiency or hemo-
dynamic instability and patient inability to coop-
erate or proper positioning not possible [8–10].

1.5  Percutaneous Drainage/
Aspiration

Percutaneous drainage procedures are minimally 
invasive methods to deal with abnormal fluid col-
lections/abscesses which needs to be evacuated 
for fast recovery or not responding to medical 
management [7]. Drainage procedures may be of 
two types: Percutaneous catheter drainage with 
continuous drainage by indwelling catheter or 
single time aspiration where needle or catheter is 
removed after drainage.

Different techniques—Trocar or Seldinger—
are used depending upon the indications, opera-
tor choice, etc with their own advantages or 
disadvantages [1, 7, 11].

Trocar technique is a simple and one step pro-
cedure where a catheter mounted over a trocar is 
inserted directly under image guidance inot the 
collection/abscess. It is useful in superficial eas-
ily accessible lesions and in bedside procedures. 
However, chances of injury to adjacent structures 
while inserting the drainage catheter are more 
with this technique as compared to Seldinger 
technique.

In Seldinger technique access is established 
by 18G needle and subsequent passage of 0.035 
inch guidewire. Sometimes 21G needle are used 

with 0.018 inch guidewire. Coaxial dilator and 
sheath system are used for converting 0.018 sys-
tem into 0.035 system [12–14]. The tract is seri-
ally dilated with fascial dilators up to or just 
more than the required catheter size followed by 
catheter deployment over the guidewire. A 8–12 
F drainage (pigtail or Malecot) catheter should 
be inserted over the guidewire into the cavity 
under direct sonographic guidance. After remov-
ing the guidewire, catheter is fixed to the skin 
using skin sutures and connected to the collec-
tion bag [13, 14]. After placement, proper cath-
eter care is required to avoid accidental removal 
or kinks within the catheter/connecting tubes. 
The catheter should be gently irrigated using 
5–10 ml saline with all aseptic precautions two 
to three times daily to maintain the patency of 
the catheter [13, 14].

Seldinger technique is more controlled and 
suitable for deeper lesions like in retroperito-
neum. However, due to multiple steps involved it 
requires assistance and is time consuming as 
compared to trocar technique. In certain cases 
like Hydatid cyst there is theoretical risk of fluid 
leakage during the manipulation of guidewire 
and dilators.

1.6  Indications 
and Contraindications

The indications for image guided percutaneous 
drainage/aspiration are to characterize the nature 
of the fluid collection or to relieve any symptoms 
due to sepsis or pressure effect [14, 15].

The contraindications are same as discussed 
above for PNB.

1.7  Organ Specific Special 
Considerations

1.7.1  Liver Parenchymal Biopsy

Liver biopsy plays an important role in diagnosis, 
staging, and planning management of diffuse 
parenchymal disease [16]. Another important 
role of liver biopsy is to establish diagnosis in 
case of deranged liver function in transplant 

K. Bhardwaj et al.
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recipients. It helps in differentiating graft rejec-
tion from other etiologies.

The US guided percutaneous liver biopsy is safe 
and results in lesser complications as compared to 
blind approch as it helps in selection of relatively 
avascular area avoiding larger intrahepatic vessels 
[17, 18]. Generally right lobe is preferred through 
low intercostal or subcostal approach; however, 
either right or left lobe approach can be used 
depending upon the sampling requirement, operator 
or institutional preference. Left lobe subxiphoid 
approach is associated with lesser risk of pleural 
transgression.

Tissue sample measuring 1.5 cm mostly suf-
fices as a tissue containing 6–8 portal triads is 
considered adequate [19]. The tissue sample is 
mostly obtained by inserting 16/18G automated 
or semiautomated biopsy devices. Coaxial nee-
dles (17G if 18G biopsy needles are used) can be 
used to avoid multiple insertions and for per-
forming plugged biopsy.

Complications are mostly rare with pain and 
mild hypotension due to vasovagal phenomenon 
being most frequent minor complications. 
Localized intraparenchymal or subcapsular 
hematomas can also be seen and are managed 
conservatively. The most serious complication 

consists of active intraperitoneal hemorrhage, 
which is rare but needs immediate intervention 
[19]. Fluid resuscitation should be started imme-
diately and CT angiography should be done and 
transcatheter embolization of the bleeding vessel 
should performed along with blood tranfusion as 
per the requirement.

Plugged biopsy reduces the risk of post- 
procedure bleeding in patients at high risk of 
bleeding [20]. It is easier to perform than tran-
sjugular biopsy (TJLB) and is procedure of 
choice especially in transplant recipients [21]. 
Gelfoam is commonly used agent (Fig.  1.3) 
though various other agents like coils or glue 
may also be used. The risk of bleeding can be 
further reduced by manually compressing the 
skin entry site or by positioning the patient ipsi-
lateral side down.

1.7.2  Liver Abscess

Image guided percutaneous drainage combined 
with broad spectrum intravenous antibiotics has 
become the mainstay of treatment for pyogenic 
and amoebic liver abscesses, refractory to medi-
cal treatment alone. Surgical interventions are 

Fig. 1.3 Preparation of gelfoam slurry

1 Percutaneous FNA/Biopsy and Drainage Procedures



6

usually reserved only for those patients failing to 
respond to percutaneous minimally invasive 
methods [22]. Percutaneous catheter drainage 
with indwelling catheter appears to be more 
effective; however, needle aspiration can be alter-
natively used with similar efficacy in abscesses 
smaller than 50 mm in largest diameter [23, 24]. 
For multiple abscesses, drainage using multiple 
catheters for large abscesses and needle aspira-
tion for smaller abscesses may be performed.

Under real-time US guidance 18G Chiba or 
Spinal needle can be used for single time aspira-
tion. Puncture should be done with a rim of nor-
mal liver parenchyma before entering into the 
abscess cavity avoiding vessels or dilated biliary 
channel.

Similarly, PCD is done by Seldinger or Trocar 
technique and 8–12 Fr catheter can be placed for 
continuous drainage [7]. After placement the 
catheter is sutured to the skin and connected to the 
collection bag. After the procedure the connec-
tions and catheter hygiene is regularly evaluated 
at follow-up. Follow-up should be done for cath-
eter position and  drain output. Frequent flushing 
with normal saline should be done to prevent 
catheter blockage. Catheters can be removed if 
there is no or insignificant liquefied contents on 
imaging and output falls to less than 10 mL per 
day for two to three consecutive days. Persistent 
high output may suggest biliary communication.

1.7.3  Splenic Interventions

Percutaneous interventions in spleen are infre-
quently done due to relative low incidence of 
splenic involvement and concerns regarding high 
risk of complication, particularly hemorrhage 
[25, 26]. However, image guided procedures like 
splenic biopsy, fluid aspiration, and catheter 
drainage are considered safe and clinically effec-
tive [27].

The main indications for splenic FNA or 
biopsy are to determine the etiology of focal 
lesion and to sometime evaluate splenomegaly of 
unknown cause [27]. The most common clinical 
indication being focal splenic lesion in known or 
suspected case of lymphoma or extra-splenic 
malignancy [25, 27].

Splenic abscesses are generally rare and usu-
ally treated with antibiotics and splenectomy, 
however, recent trend is toward spleen preserving 
approach. Minimal invasive percutaneous treat-
ment shows comparable effectiveness and suc-
cess rate to surgery and has the advantage of 
avoiding splenectomy related complications [25, 
26].

Pre-procedure imaging evaluation should be 
done beforehand to plan the access path in a man-
ner to traverse the least amount of splenic paren-
chyma [11]. Most of the procedures are done 
under the US guidance with subcostal approach 
avoiding adjacent structures like colon, kidney, 
lung, and pleura. Limited pleural transgression is 
considered safe in case of biopsies or FNA, how-
ever, not in catheter drainage [27].

The major complication is hemorrhage with 
lesser risk in FNA compared to core biopsy. 
Small hematomas can be managed conserva-
tively whereas life-threatening hemorrhage 
requires urgent fluid resuscitation and blood 
transfusion with transcatheter embolization. 
Splenectomy may be needed in refractory cases 
[25].

1.7.4  Percutaneous FNA/Biopsy 
in Pancreatic Lesions

Pancreatic adenocarcinoma is one of the leading 
causes of cancer-related deaths with dismal 
5-year survival rate, therefore accurate diagnosis 
by cytological or histopathological analysis is of 
paramount importance. Percutaneous image 
guided, endoscopic or surgical procedures are 
performed for obtaining samples [28]. With 
advancement in endoscopic ultrasound (EUS) 
and its ability to obtain cytological sample, EUS 
guided FNA has become the procedure of choice 
for diagnosis and staging of pancreatic lesions 
with lesser rate of complications and similar 
accuracy compared to percutaneous FNA [29]. 
However, in places where EUS is not available, 
 percutaneous image guided methods can be used. 
Limitations of percutaneous sampling include 
lack of safe path or difficulty in visualising body 
or tail region of pancreas and marginally 
increased risk of complications [29].

K. Bhardwaj et al.
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Direct access should be preferred but fre-
quently not possible, so transhepatic or trans- 
gastric approach may be used in difficult 
situations [28].

1.7.5  Postoperative Collections

Postoperative intra-abdominal collections are 
important cause of morbidity in post-surgical 
patients. Majority of them can be managed by 
percutaneous drainage mostly using ultrasound 
or CT guidance. Different approaches are used 
keeping in mind the location of collection and 
proximity to vital structures.

Subphrenic collections are quite common in 
upper abdominal surgeries. Generally subcostal 
or low intercostal approach is used with angled 
needle trajectory to avoid pleural transgression 
[11]. Similarly, deep pelvic collections can be 
accessed by trans-gluteal, transrectal or transvag-
inal approaches [30].

 Appendix

Basic knowledge of the hardware for these proce-
dures is mandatory for IR persons for optimal 
results. Tables 1.1 and 1.2 comprises of list of 
hardware needed in basic percutaneous proce-
dures which can be tailored as per individual pro-
cedures [1].
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Percutaneous Biliary Procedures

Kumble Seetharama Madhusudhan

2.1  Introduction

Percutaneous biliary interventions (PBI) are 
common procedures performed in the manage-
ment of various pathologies involving the biliary 
system. They mostly include percutaneous tran-
shepatic biliary drainage (PTBD), biliary stent-
ing (BS), and percutaneous cholecystostomy. An 
interventional radiology (IR) specialist plays a 
pivotal role in performing these procedures and 
has become an integral part of the multidisci-
plinary team managing patients with biliary dis-
eases. In view of increasing incidence of various 
biliary diseases, e.g., gallbladder cancer, post- 
surgical biliary complications, the need for these 
procedures has increased tremendously. Hence, a 
thorough knowledge of these biliary procedures 
is necessary for optimal patient management. 
This chapter describes the indications, contrain-
dications, basic steps, and complications of vari-
ous biliary interventions.

2.2  Hardware

A complete familiarity with the required hard-
ware is necessary for performing any successful 
intervention. The hardware necessary for PBI is 

shown in Figs. 2.1 and 2.2. The list is not exclu-
sive and the IR specialist may choose any other 
hardware which he or she feels appropriate for 
the procedure.

The puncture needle chosen, usually 17G or 
18G, should allow passage of a 0.035 inch guide-
wire. Its length should be appropriate (7–15 cm), 
as a too long needle will be difficult to control 
and a too short needle may not reach the target. 
This should be assessed prior to the procedure. 
For non-dilated or mildly dilated system, 21G or 
22G needle with 0.018 guidewire is used.

The soft, teflon coated, hydrophilic guidewire 
(0.035 or 0.032 inch, 145  cm long) is used to 
obtain access after the initial puncture and for 
crossing the strictures. The extrastiff or ultrastiff 
guidewire (0.035 inch, 145 cm long) is used dur-
ing dilatation of the tract or stricture, placement 
of catheters, and deployment of stents. Longer 
length of stiff wire (260 cm) may be necessary 
when stents are deployed, especially ones with 
long shaft length (135  cm). Dilators required 
depend on the final size of the catheter placed, 
usually range from 6F to 12F. A 8F catheter is 
usually sufficient to drain the bile in most situa-
tions. Only when there is too much debris or 
sludge in the biliary system, a large bore catheter 
(10F or 12F) is necessary for drainage. The cali-
ber of the metallic biliary stents used is usually 
8 mm or 10 mm, usually self-expandable uncov-
ered stents. The length varies, depending on the 
length of the stricture. Cytology brush and biopsy 
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 forceps are used when the diagnosis of malignant 
or indeterminate strictures has failed by standard 
techniques.

2.3  Methods of Drainage

There are three methods of drainage (Fig.  2.3) 
[1]. First is external drainage, wherein a pigtail/
malecots catheter is placed proximal to the 
obstruction, to allow the bile to drain to an exter-
nally connected bag (Fig.  2.3a). This, however, 
cannot be a permanent solution as there is a loss 
of fluid and bile salts which cause dehydration 
and electrolyte imbalance. Thus, internal drain-
age should always be attempted. But in some 
situations like where the stricture could not be 
crossed or there is cholangitis, external drainage 
catheter is placed. Combined, i.e., internal–exter-
nal drainage is placed in such a way that there are 
holes in the catheter proximal and distal to the 
stricture (Fig. 2.3b). This allows the bile to flow 
into the duodenum resulting in normal anatomi-
cal drainage. The external portion of the catheter 
may be connected to a bag for external drainage. 

Internal drainage is done after internalization and 
resolution of cholangitis. This catheter has the 
advantage of better stability, reduced loss of flu-
ids, and the option of allowing internal drainage 
whenever necessary after capping the external 
end and an option of external draibage if internal 
drainage is not optimal. The third type is total 
internal drainage when the bile is drained only 
internally (Fig. 2.3c). This is possible by either 
capping the external end of the internal–external 
drainage catheter or by placing a biliary stent.

2.4  Percutaneous Transhepatic 
Biliary Drainage (PTBD) 
for Malignant Biliary 
Obstruction

PTBD, as the name indicates, is a percutaneous 
interventional procedure performed for the drain-
age of the bile, externally, internally, or both, 
through a catheter positioned in the biliary tract. 
Malignancies causing biliary obstruction, like 
gallbladder cancer or cholangiocarcinoma, result 
in the dilatation of intrahepatic bile ducts (IHBD). 

a b d e g

f

c

Fig. 2.1 Hardware used for PTBD. (a) 18G, 15 cm long 
two-part puncture needle. (b) Soft hydrophilic J-tip 0.035 
inch guidewire. (c) Extrastiff 0.035 inch guidewire. (d) 
Serial dilators. (e) Short length angled 5F catheter for bili-

ary manipulation. (f) 8F pigtail catheter for external drain-
age. (g) 8.3F ring biliary catheter for internal–external 
drainage
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a b c

Fig. 2.2 Hardware for non-dilated biliary system. (a) Set 
of accessories including 22G, 15  cm puncture needle 
(black arrow), 0.018 inch guidewire (white arrow), and 
three-part introducer set (open arrow). (b) Introducer set 

with central stiffening canula, and coaxial 4F and 6F 
sheaths. (c) Another set with 21G, 7  cm needle (black 
arrow), and 5F coaxial dilator with 0.018 inch guidewire 
(white arrow)

a b c

Fig. 2.3 Methods of biliary drainage. (a) External drain-
age where pigtail catheter (arrow) drains bile externally. 
(b) Combined external–internal drainage, where ring bili-
ary catheter (black arrow) drains bile externally as well as 

internally through its tip in the duodenum (white arrow). 
(c) Internal drainage where a stent (arrows) drains the bile 
into the duodenum, allowing physiological drainage

2 Percutaneous Biliary Procedures



12

The obstruction causes jaundice, pruritus, liver 
dysfunction, and cholangitis, due to stasis of bile 
[2, 3]. The purpose of PTBD is to relieve patient’s 
symptoms (jaundice, pruritus), prepare the 
patient for chemotherapy or surgery (usually 
serum bilirubin <5  mg/dL) [4] and to drain 
infected bile (in cholangitis).

2.4.1  Indications

The most common indication for PTBD in malig-
nant obstruction is cholestsasis with tumor-caus-
ing hepatic hilar obstruction, i.e., involving 
primary biliary confluence (high biliary obstruc-
tion). The advantage of PTBD is this situation is 
that one can choose which duct to drain and that 
when a stent is placed, the ampullary sphincter 
function is not disturbed [1]. Other indications 
include mid or low biliary obstruction where endo-
scopic biliary drainage (EBD) is either not possi-
ble due to patient’s comorbid conditions or failed 
due to difficult anatomy or cannulation or in cases 
of altered anatomy (Roux-en-Y hepaticojejunos-
tomy, Billroth II surgery, gastric bypass). PTBD is 
also indicated in patients presenting with acute 
cholangitis due to obstruction at any level, as the 
patient is often not fit for an EBD. Further, this is 
also the route for performing some biliary proce-
dures like brush biopsy, radiofrequency ablation 
(RFA), and photodynamic therapy (PDT) [2, 5].

2.4.2  Contraindications

There is no absolute contraindication for per-
forming a PTBD.

Relative contraindications include—deranged 
coagulation parameters, ascites, presence of skin 
site infection, large abscesses or tumors preclud-
ing a safe access route, lobar atrophy (unless it is 
infected), and uncontrolled hypertension. In 
patients with coagulopathy, which is not uncom-
mon in these patients due to associated liver dys-
function caused by biliary obstruction, PTBD is 
done after its correction [6]. This can be done 
with fresh frozen plasma, if the indication for 
PTBD is urgent (e.g., cholangitis) or with correc-

tion after administering Vitamin K injection for 
few days, in nonurgent cases. Ascites increases 
the risk of bleeding during the procedure and 
makes the procedure technically difficult as the 
liver frequently gets pushed during the insertion 
of dilators or catheter. Also, there are higher 
chances of pericatheter leak of ascitic fluid. 
Hence, it should be drained as much as possible 
prior to PTBD.  In patients with mild ascites, 
often there is no fluid anterior to the left lobe 
when the patient is in supine position, and a left 
PTBD is possible.

2.4.3  Clinical Presentation

Patients with malignant biliary obstruction usu-
ally present with painless progressive jaundice of 
short duration (usually few months). There may 
be associated loss of weight and appetite. 
Sometimes, high-grade fever with chills may be 
the initial presentation due to cholangitis. 
Laboratory investigations reveal elevated serum 
bilirubin (direct component), usually above 
5–10 mg/dL. Alkaline phosphatase is also raised 
in these patients.

2.4.4  Pre-Procedure Imaging

As with any radiological intervention, prior 
imaging is necessary to plan a PTBD [2, 3]. 
Optimal imaging in these cases is typically a 
contrast enhanced computed tomography 
(CECT) scan (preferably multiphase as it helps 
in staging of the disease as well) or magnetic 
resonance imaging (MRI) with magnetic reso-
nance cholangiopancreatography (MRCP). This 
gives information about the cause and level of 
obstruction. The level of obstruction determines 
whether a PTBD (high/hilar obstruction) or 
EBD (mid or low obstruction) should be done. 
The local staging of the disease helps determine 
the possible surgical procedure (hepatectomy or 
extended hepatectomy) and accordingly a right 
or left PTBD is decided. Similarly, the longitu-
dinal extent of biliary involvement (i.e., involve-
ment of secondary biliary confluence) also 
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determines the side to be drained (uninvolved 
side to be drained) and the need of multiple 
drains. It is important to drain the remnant liver 
and not the part of the liver which will be 
removed at surgery. The volume of the lobes or 
segments of the liver can also be evaluated, 
which again determines the lobe or segment to 
be drained. Ascites, when present, should be 
drained as described above.

2.4.5  Patient Preparation

Once it is decided that the patient needs PTBD, 
urgent or elective, the patient is to be prepared 
for the procedure. The patient should be admit-
ted, in elective cases, at least 6  h prior to the 
procedure. A minimum of 4 h of fasting is nec-
essary. Any derangement in the coagulation 
parameters should be corrected. Ascites, if pres-
ent, should be drained. The international nor-
malized ratio should be <1.5 and platelet count 
should be more than 50,000/mL [7]. The part 
(epigastrium to right later lower chest wall) 
should be prepared.

The patient should be given a dose of broad- 
spectrum antibiotic (penicillins or cephalospo-
rins), 12 h prior to the procedure and continued 
for 2–5 days after the procedure [8]. We usually 
inject 1  g ceftriaxone intravenously. Adequate 
hydration is needed and intravenous fluids should 
be infused. The blood pressure (BP) should be 
measured. If high, a dose of antihypertensive 
medication should be given to bring the BP to 
normal.

2.4.6  Procedure of PTBD

Once the patient is prepared, he should be shifted 
to the fluoroscopy table in the interventional suite 
for the procedure. The patient is positioned 
supine and connected to the pulse monitor to 
check the vital parameters. Initial screening ultra-
sonography (USG) is done to check for dilatation 
of IHBD, level of obstruction, volume of the liver 
lobes/segments, status of primary and secondary 
biliary confluence, and ascites.

2.4.6.1  Selection of Site/Side
Depending on the findings on the initial imaging 
and USG at the time of the procedure, the site of 
PTBD is decided (Fig.  2.4). When the primary 
confluence is patent, either left or right-sided 
PTBD can be performed. When the primary con-
fluence is blocked, the side should be chosen 
based on the type of surgery planned, involve-
ment of secondary confluence, and the volume of 
the lobe drained.

2.4.6.2  Right PTBD or Left PTBD
Drainage of only 25–30% of liver parenchyma is 
sufficient to improve serum bilirubin level and 
improve liver function. Hence, in cases of hilar 
obstruction, drainage of one lobe is adequate. The 
left PTBD is more comfortable for the patient and 
there are fewer chances of pleural complications, 
but is associated with higher radiation dose and 
difficult manipulation [6]. In such situations, either 
right or left PTBD may be chosen. Our experience 
has suggested that there is no difference between 
right and left PTBD in terms of technical diffi-
culty, radiation dose (to operator and patient), 
patient comfort, and complications [9]. However, 
since the most common cause of malignant biliary 
obstruction with hilar involvement is carcinoma of 
the gallbladder, a left PTBD is preferred as the left 
lobe of the liver is the remnant liver.

2.4.6.3  Preparation of the Part
Once the side of PTBD is decided, the area 
around the puncture site, beginning from the 
level of mid chest to the level of umbilicus, is 
cleaned with povidone-iodine and chlorhexidine 
solution. The area is draped with a long drape 
extending down to cover the lower limbs com-
pletely. This is helpful to maintain sterility of the 
long wires used during the procedure.

2.4.6.4  Anesthesia/Analgesia
The procedure is done under light to moderate 
sedation, using fentanyl, midazolam, propofol, 
and ketamine intravenously. Occasionally, 
patients may need general anesthesia. The site of 
puncture is anesthetized using 2% lignocaine, 
about 10  mL.  It is injected along the puncture 
tract, from the liver capsule to the skin.

2 Percutaneous Biliary Procedures
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2.4.6.5  Initial Puncture
Once the part is ready, it is important to identify a 
peripheral bile duct for puncture. Usually, the 
segment 3 duct on the left side and the segment 6 
duct on the right side is preferred, as they are 
superficial and form a smooth curved course with 
the common bile duct (CBD) (Fig.  2.4) [6]. 
Segment 3 duct is superficial and more in line 
with the puncture compared to the segment 2 
duct. Nevertheless, any duct may be punctured 
for drainage depending on the situations and the 
IR specialist’s preference.

The puncture is best done under USG guid-
ance (Figs. 2.5 and 2.6). Some may prefer to do 
it under fluoroscopic guidance as well. The USG 
probe is positioned in such a way that a 3–4 cm 
length of the duct is visualized. The point of 
puncture of the duct is important. Too peripheral 
puncture will result in the liver being pushed 
during manipulations, thus increasing the diffi-
culty of the procedure. More central puncture 
increases the risk of hemorrhagic complications 
due to proximity to central vasculature. A rea-
sonable site would be somewhere close to the 

a b

c d

Fig. 2.4 Anatomy of segmental bile ducts of the liver. (a, 
b) Ultrasonography (a) and oblique axial CT scan (b) 
shows the relation of segment 2 (white arrow) and seg-
ment 3 (black arrow) ducts in the left lobe. Note that seg-
ment 3 duct is superficial and easier to puncture. (c) 
Ultrasonography of right lobe of the liver shows the seg-

ment 6 duct (white arrow) which is easier to puncture for 
right PTBD under ultrasonographic guidance. (d) MRCP 
image shows the preferred segment 3 duct (open arrow) 
and right posterior duct (arrow) for puncture as they form 
a smooth curve with common bile duct
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midpoint of the dilated segmental duct to be 
punctured, ensuring adequate surrounding 
parenchyma is present.

An 18G, 10 cm long, two-part needle is used 
for puncturing the duct. If the duct is only mini-
mally dilated, a 21G or 22G needle should be 
used for the puncture. After the skin site is incised 
with a small surgical blade (No 11), the needle is 
advanced into the liver parenchyma toward the 
identified bile duct, under USG guidance. Once 
the needle tip is inside the duct, the trocar is 
removed to check for the backflow of bile. In an 
uninfected system, the bile is clear and light 
green in color. In infected cases, it is dark green 
and thick and may show debris or may be entirely 
purulent.

2.4.6.6  Cholangiogram
Once there is backflow of bile, a cholangiogram 
may be done at this point. However, it is not sug-

gested, as there is a risk of displacement of the 
needle tip during this process. Hence, it is better 
to exchange the needle to a 5F catheter or 6F dila-
tor over a soft hydrophilic guidewire (0.035 or 
0.018 inch depending on the puncture needle 
used). This allows a longer length of the device 
(catheter or dilator) within the bile duct with 
secure access and thus less risk of displacement 
(Fig. 2.5b) [1]. Then a cholangiogram is done to 
identify the location and morphology of the 
obstruction (Figs. 2.5c and 2.6b).

While doing a cholangiogram, minimal 
diluted iodinated contrast should be used and 
contrast is injected gently and slowly to avoid it 
spilling into the obstructed undrained system. If 
it leaks, then there is a risk of chemical cholangi-
tis caused by iodine itself. In cases of PTBD done 
for cholangitis, the use of contrast should be 
avoided, if possible or minimal contrast should 
be used to avoid bacteremia.

a

d e f g

b c

Fig. 2.5 Standard left PTBD. (a) Initial USG guided 
puncture (arrow) of segment 3 duct. (b) Exchanging the 
needle for 5F catheter (arrow) over a soft guidewire. (c) 
Initial cholangiogram showing the level of obstruction 
(arrow). (d) Soft guidewire (arrow) used to cross the stric-

ture. (e) Extrastiff guidewire (arrow) replacing the soft 
guidewire. (f) Dilatation of the tract (arrow) and stricture. 
(g) Ring biliary catheter (arrow) allowing internal and 
external drainage
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2.4.6.7  Crossing the Stricture 
(Internalization)

After localizing the level of obstruction with 
cholangiogram, the initial catheter or dilator is 
exchanged for a 5F KMP/multipurpose catheter 
(cut to a shorter length of about 35–40 cm) over a 
guidewire. With the tip of the catheter at the level 
of obstruction, J-tipped soft hydrophilic guide-
wire is used to cross the stricture (Figs. 2.5d and 

2.6c). With a few attempts, the stricture can be 
crossed and the wire is passed through the 
ampulla into the third part of the duodenum. The 
catheter is pushed over the wire into the duode-
num and the soft wire is exchanged for extrastiff 
or ultrastiff guidewire (Fig. 2.5e). The catheter is 
removed, leaving the wire in place.

In cases where the morphology of obstruction 
is rounded or when the dilatation is much, 

a b

c d

Fig. 2.6 Standard right PTBD. (a) Initial USG guided 
puncture (arrow) of segment 6 duct. (b) Initial cholangio-
gram with 5F catheter showing the level of obstruction 

(arrow). (c) Soft guidewire (arrow) used to cross the stric-
ture. (d) Ring biliary catheter (arrow) allowing internal 
and external drainage, placed over an extrastiff guidewire
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 crossing the stricture may not be possible. Then, 
the stiff guidewire is passed into the bile duct, 
proximal to the obstruction, for an external drain-
age. Internalization should be attempted at a later 
date. Once the biliary system decompresses, 
which usually occurs in about a week, it is less 
roomy and less inflamed. This results in a suc-
cessful internalization in most cases.

2.4.6.8  Tract and Stricture Dilatation
After the stiff wire is in place, the tract and the stric-
ture are dilated serially, initially with 6F and then 
with 8F dilators (Fig. 2.5f). Since the final catheter 
to be placed is of 8F or 8.3F, dilatation with 8F dila-
tor is sufficient. But, occasionally, if the stricture is 
hard, over dilatation with 9F or 10F dilator may be 
needed. Over dilatation should usually be done if 
the final catheter does not easily slide over the wire 
across the stricture as over dilatation may have a 
potential risk of pericatheter leak.

Similarly, where the stricture has not been 
crossed, only the tract is dilated with 6F and 8F 
dilators over the stiff guidewire.

2.4.6.9  Placement of the Catheter
After dilating the tract, an 8.3F ring biliary cath-
eter (for combined external and internal drain-
age) is placed over the wire, with few holes 
proximal as well as distal to the stricture 
(Figs. 2.5g and 2.6d). The position is confirmed 
by injecting iodinated contrast slowly so that the 
location of the proximal holes is clearly visual-
ized. It is important to ensure that there are ade-
quate number of holes proximal to the obstruction 
within the duct and there are no holes in the 
hepatic parenchyma. If so, the position should be 
adjusted over the stiff guidewire and reconfirmed 
with contrast. In cases where the stricture could 
not be crossed, an 8F pigtail catheter is placed for 
external drainage. In both cases, the free flow of 
bile should be seen from the catheter. Finally, the 
hub of the catheter is connected to a drain bag.

2.4.6.10  Catheter Fixation 
and Dressing

After satisfactory position of the catheter is con-
firmed, it should be fixed to the skin. Since these 
catheters are placed for a long time, especially in 

situations where PTBD is done for palliative pur-
poses, adequate fixation is critical to prevent its 
dislodgement (Fig. 2.7). It is usually done with 
2–0 suture (silk), which is used to suture the cath-
eter to the surrounding skin. A stay suture may 
also be applied to further ensure its stability. 
Then, a small piece of gauze is placed at the skin 
site, surrounding the catheter over which stick 
tapes are applied. A technique that is followed is 
to place a pair of stick tapes on either side of the 
catheter, extending to the skin, to reduce the 
chances of dislodgement (Fig.  2.7b). Few fixa-
tion devices are also commercially available and 
avoid placement of suture, however, these require 
changing after few weeks (Fig. 2.7c).

2.4.6.11  Post-Procedure Monitoring
After the procedure, the patient should be 
observed for 4–6 h. The vital parameters should 
be continuously monitored. The drain and the 
dressing should be observed for any bleeding. 
Bloodstained bile may be seen after the proce-
dure, which clears over 12–24  h. The dressing 
should also be observed for any soakage from 
bile. If the patient is stable after 6 h, he or she 
may be discharged. If PTBD is done for cholan-
gitis, the patient should remain admitted until he 
or she is fit to be discharged.

2.4.6.12  Patient Instructions
At the time of discharge, few instructions should 
be given to the patient. These include:

 1. Taking proper care of the catheter.
 2. Monitor output from the catheter.
 3. Adequate fluid intake to match for the bile 

loss.
 4. To visit the hospital on the said date for inter-

nalization/capping of the catheter.
 5. To visit the hospital in cases of fever, pericath-

eter leak, reduction in the drain of bile, blood 
in the drain, and blood-soaked dressing.

2.4.6.13  Capping
Once the stricture has been crossed (in first or 
subsequent attempts) and a ring biliary catheter is 
placed, the external end of the catheter should be 
closed or capped (Fig. 2.7d). This allows internal 
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drainage of the bile into the intestine allowing 
physiological drainage. External drainage results 
in loss of fluids and electrolytes, which should be 
balanced by adequate fluid intake. Once the cath-
eter is capped, the drainage bag is not needed, 
which further improves the catheter’s stability. 
Hence, internalization and capping of the cathe-
ter should be the aim of PTBD for malignant dis-
eases as they are kept for a long duration.

Depending on the patient’s requirement, mor-
phology of the stricture, extent of hilar ducts 
involved and technical difficulty, unilobar or 
bilobar, and external or internal drainages are 
done (Fig. 2.8). Attempts should always be made 
to internalize the catheter. Multiple attempts (up 
to 5) may be necessary for some strictures with a 
gap of 1–2 weeks between two attempts.

2.4.7  Complications 
and Management

Since it is an invasive procedure, complications 
do occur. The incidence of the complications is in 
the range of 3–10% and mortality is very rare, 
with an incidence of <1% [10]. They can be clas-
sified into immediate and late. Immediate com-
plications are the ones that occur within 48 h of 
PTBD. Late complications occur after 48 h. Any 
of the following complications can occur in the 
immediate or late period.

Bleeding—The incidence of significant bleed-
ing is in the range of 2–2.5% in large centers 
[11]. The factors increasing the incidence of 
bleeding are renal failure, antiplatelet agents, 
multiple passes, central puncture, non-dilated 

a b

c d

Fig. 2.7 Fixing the catheter. (a) Fixing the catheter with 
suture (2–0 silk). (b) Stabilizing the catheter with adhe-
sive tapes (arrow). (c) Fixation device (arrow) used to fix 

catheters to skin. (d) Capping the ring biliary catheter 
(arrow) allowing internal drainage
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ducts, cirrhosis, and advanced age [12]. Majority 
of the bleeding complications (blood in the drain/
hemobilia or pericatheter bleeding) are self- 
limiting. The patient should be observed for 
24–48 h with the monitoring of vital parameters 
and gastrointestinal bleeding. The presentation is 
in the form of blood in drain, pericatheter bleed-
ing, hematemesis or melena, or silent, when 
blood collects in the cavity like peritoneum, 
hepatic subcapsular space or pleural cavity. If the 
bleeding is persistent or if there is tachycardia or 

hypotension, the patient should be evaluated. 
After stabilization of the patient with blood prod-
ucts and intravenous fluids, the first thing to be 
done is a cholangiogram with iodinated contrast 
agent, to see if there are any holes of the catheter 
in the portal or hepatic vein or if there is any com-
munication of the biliary system with hepatic 
artery or portal vein branches (Figs.  2.9 and 
2.10). If holes of catheter are abnormally placed, 
it should be  repositioned (Fig. 2.10a). If hepatic 
artery is opacified, then, depending on the 

a b

c d

Fig. 2.8 Different types of drainage. (a) Left external 
drainage with pigtail catheter (arrow). (b) Right external 
drainage with pigtail catheter (arrow). (c) Bilateral exter-

nal–internal drainage with ring biliary catheters (arrows). 
(d) Bilateral external drainage with pigtail catheters 
(arrows)
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patient’s condition, a CT angiogram followed by 
DSA or a DSA directly should be done (Fig. 2.9c). 
The bleeding artery should be catheterized selec-
tively and embolized with coils (Fig.  2.9d) or 

n-butyl cyanoacrylate (NBCA). If portal vein is 
opacified, the management depends on the level 
of  communication. If it is in the periphery, simple 
clamping of the catheter will cause the tampon-

a b

c d

Fig. 2.9 Arterial injury. 30-year-old male presenting with 
bleeding from the ring biliary catheter, 1  week after 
PTBD. (a) Cholangiogram shows multiple filling defects 
(arrows) within the bile ducts suggesting clots. (b) On fur-
ther contrast injection, gastroduodenal artery is seen 

opacified (arrows) close to the catheter. (c) Angiogram of 
gastroduodenal artery shows bilobed pseudoaneurysm 
(arrow). (c) Digital subtraction angiography shows embo-
lization of the pseudoaneurysm with microcoils (arrow)
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ade effect and stop bleeding as it is a low pressure 
system. If the communication is central, clamp-
ing may not stop the bleeding. Then, a covered 
stent should be placed in the biliary system or the 
portal vein to close the biliovenous fistula and to 
control bleeding [13]. If the cholangiogram does 
not show any vascular opacification, CT angio-
gram will be required to identify the source of 
bleeding. CT angiogram may show hepatic artery 
pseudoaneurysm, catheter eroding into the artery 
or an arterio-biliary fistula, or uncommonly, 
pseudoaneurysms of intercostal or superior epi-
gastric arteries, all of which requires emboliza-
tion. If the bleeding occurs after 48 h, the patient’s 
coagulation parameters need to be evaluated 
along with radiological assessment, as it may be 
deranged, especially in patients with sepsis.

Fever—this indicates cholangitis, often due to 
the procedure itself and caused by manipulation 
of the infected biliary system, introduction of 
infection, and injection of more contrast. This 
should be treated by intravenous (admitted 
patient) or oral (outpatient) antibiotics and intra-

venous fluids. If the catheter has been capped, it 
should be opened and connected to a bag to drain 
the infected bile externally. The catheter can then 
be capped after a week. Although cholangiogram 
during this period should be avoided, it is often 
important to assess the position of the catheter. 
Partial dislodgement of the catheter results in 
inadequate internal drainage and thus cholangitis 
(Fig. 2.11a, b). Hence, with cholangiogram, any 
displacement will be identified and can be cor-
rected. It may also identify cholangitic abscesses 
(Fig. 2.11c). USG should be done to look for any 
undrained biliary system, which may need drain-
age or any collections or bilomas which may be 
infected (Fig. 2.11d).

Pericatheter leak of bile—this usually indi-
cates displacement or occlusion of the catheter 
(Fig.  2.12). Cholangiogram should be done to 
assess the position of the catheter. The catheter 
may be put on external drainage for a week to 
clear it of sludge and debris. Ascites, if present, 
may be a cause of pericatheter leak and should be 
drained. If the leak continues despite these mea-

a b

Fig. 2.10 Venous injury. (a) Cholangiogram shows 
opacification of portal vein branches (black arrows) sug-
gesting bilio-portal fistula due to proximally displaced 
ring biliary catheter (white arrow). (b) Cholangiogram 

shows opacification of right hepatic vein (white arrows) 
due to pericatheter leak (arrowhead) around a 5F pigtail 
catheter which as passed through the hepatic vein
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sures, then the catheter should be upgraded, from 
8F to 10F or 10F to 12F. If the leak persistently 
occurs with 12F, then a colostomy bag may be 
placed around the capped catheter to collect the 
leaked bile.

Catheter-related problems—since the catheter 
is left for a longer duration, problems like cathe-
ter displacement, complete dislodgement, and 
fracture are not uncommon (Figs. 2.11 and 2.12). 

If complete displacement occurs in the immedi-
ate period, repeat PTBD should be done. But, it is 
often difficult as the biliary system is likely to be 
decompressed. Depending on the extent of dilata-
tion, immediate need for drainage and IR special-
ist’s expertise, repeat PTBD may be done either 
immediately or later, when the dilatation is 
 adequate. If catheter is pulled-out in a later period 
(after 2  weeks), the tract is usually mature. 

a b

c d

Fig. 2.11 Other complications of PTBD. (a, b) 
Displacement of ring biliary catheter. (a) Radiograph 
shows displaced ring biliary catheter (arrow). (b) 
Repositioning of the catheter to its appropriate position 
(arrow). (c) Cholangitis. Cholangiogram shows multiple 

small fluffy opacities (arrows) suggesting cholangitic 
abscesses. (d) Biloma. CT scan shows biloma formation 
in perihepatic (white arrow) and perisplenic (open arrow) 
regions due to pericatheter bile leak
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Probing the tract with soft hands, using a 6F dila-
tor/MPA catheter and J-tipped soft hydrophilic 
guidewire, will allow access into the biliary sys-
tem, after which further steps of PTBD are fol-
lowed and catheter is placed. Partial displacement 
of catheters should be repositioned under fluoros-
copy guidance and cholangiogram (Fig.  2.11a, 
b). If there is a fracture of the catheter, it should 
be replaced. The catheter may get occluded with 
sludge over time and it is suggested that the cath-
eter be exchanged every 6–8 weeks.

Pleural complications are uncommon and 
seen with right-sided PTBD and are in the form 
of pneumothorax or hemothorax. Symptomatic 
patients may need intercostal tube drainage.

Bile leak may occur infrequently, often due to 
catheter displacement, and may lead to biloma 
formation (Fig. 2.11d) and rarely, biliary perito-
nitis. Treatment is drainage of biliary collections 
and antibiotics.

Pancreatitis is seen in up to 1% of cases, usu-
ally due to the occlusion of the pancreatic ductal 
opening by the catheter or by a clot. It is usually 
mild, but occasionally, it may be severe.

2.4.8  Trouble Shooting

Unable to pass the initial access catheter or 
dilator over the soft wire—this is often seen in 
patients with long-standing obstruction (slow- 
growing tumors) or with recurrent cholangitis, 

where the wall of the ducts is thick and fibrous. 
One can try and pass a 4F catheter over the wire, 
which is often successful. If not, a vascular 
sheath (6F) could be inserted to bridge the space 
between the skin and the duct wall (Fig. 2.13). 
This prevents buckling of the catheter and 
allows its passage over the wire. If this also 
fails, a stiff dilator (usually 8F) may be pushed 
over the wire, with the aim of widening the 
puncture hole in the wall of the duct. In most 
cases, these measures help.

Unable to cross the stricture—this occurs 
mostly when the dilatation is moderate to gross 
and it is difficult to guide the wire through the 
stricture. It is better to allow external drainage 
and attempt after a week (Fig.  2.14). This will 
make the system less roomy and reduces the 
inflammation, which will allow the wire the pass 
in majority of cases. It is suggested that for all 
crossing, a J-tipped soft guidewire is used. A 
straight tip wire, although may be used, will 
invariably create a false tract leading to a failed 
attempt at internalization.

Stiff wire is across the stricture, unable to 
pass the catheter or dilator—this typically hap-
pens when the stricture is due to a hard fibrous 
mass. To pass the catheter, a vascular sheath 
(6F) can be used to bridge the gap, as described 
above (Fig. 2.13). If it is difficult to pass dilator 
across the stricture, there are two options. One 
is placing an external drainage catheter and 
attempting internalization later, after a week. 

a b c d

Fig. 2.12 Catheter-related complications. (a, b) 
Displaced catheter. After initial external drainage with 
pigtail catheter (arrow in a), patient presented 2 days later 
with non-draining of bile. Cholangiogram (b) shows a dis-

placed catheter lying in the peritoneal cavity (arrow in b). 
(c, d) Catheter fracture. Clinical picture (c) and radio-
graph (d) shows the fractured ring biliary catheter with 
fractured ends (arrows)
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The second option is to balloon dilate the stric-
ture, using a 4–6  mm balloon catheter 
(Fig. 2.15a, b). However, this increases the risk 
of bleeding. Either option may be chosen 
depending on the preference.

Unable to dilate the tract—sometimes, the 
duct wall is thick due to repeated cholangitis and 
it would be difficult to push the dilator over a stiff 
wire. In such cases, a smaller caliber pigtail cath-
eter (5F or 6F) may be placed for external drain-
age (Fig. 2.15c). This is then exchanged for 8F 
catheter after a week, during which time, the duct 
wall undergoes pressure necrosis by the smaller 
caliber catheter.

2.5  Biliary Stenting

2.5.1  Indications

Biliary stenting allows internal drainage of bile 
into the intestine. The main indication for it is 
malignant biliary stricture, in the palliative set-
ting. The causes include gallbladder cancer, chol-
angiocarcinoma, pancreatic cancer, metastatic 
lymphadenopathy, and duodenal carcinoma. 
Since surgical removal of the stent is challenging, 
it should ideally be placed in inoperable malig-
nancies. However, it is also indicated in benign 
diseases not manageable by routine treatments.

a b

Fig. 2.13 Trouble shooting—support of sheath. (a) The 
5F catheter buckles (white arrow) due to the resistance at 
stricture level (black arrow) despite the extrastiff guide-
wire. (b) Placing a vascular sheath (black arrow) provides 

support, preventing buckling of the catheter and allowing 
it to slide over the guidewire across the stricture (white 
arrow)
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a b

Fig. 2.14 Trouble shooting—Delayed internalization. 
(a) Cholangiogram at the time of PTBD shows gross dila-
tation of bile ducts (black arrow) causing failure of inter-
nalization. (b) Cholangiogram after a week shows 

partially decompressed bile ducts (black arrow) helping in 
internalization and placement of ring biliary catheter 
(white arrow)

a b c

Fig. 2.15 Trouble shooting. (a, b) Cholangioplasty. (a) 
Balloon dilatation of the tight stricture due to cholangio-
carcinoma using 6 × 40 mm balloon catheter (arrow). (b) 
Easy placement of ring biliary catheter after cholangio-

plasty (arrow). (c) Another case where a smaller caliber 
(5F) catheter was placed for external drainage due to dif-
ficulty in dilatation of the tract. After a week, 8F catheter 
placement is usually successful
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2.5.2  Primary Versus Secondary 
Stenting

Biliary stent placement may be primary or sec-
ondary [14]. Primary stenting is when stent is 
placed during the initial procedure of 
PTBD.  Secondary stenting is when the stent is 
placed in a subsequent session after a catheter 
PTBD is done. In both these settings, crossing the 
stricture is necessary, before a stent is placed.

Primary stenting is the preferred method in 
noninfected system. Secondary stenting adds to 
the cost in terms of additional procedure and 
radiation [15]. A benefit of secondary stenting is 
that planning is better once internalization has 
been done. However, secondary stenting should 
be done in patients presenting with cholangitis 
after complete resolution of the infection.

2.5.3  Procedure

Primary stenting requires admission of the patient 
and observation overnight after the procedure. 
However, for secondary stenting, admission is not 
necessary and may be done as a day care procedure.

Once the biliary stricture is crossed and a stiff 
guidewire is placed with tip in the duodenum 
(preferably third part for safety), biliary stent is 
placed (Fig. 2.16). Depending on the compatibil-
ity of the stent device, a vascular sheath (usually 
6F) is placed into the biliary system over the 
wire. A cholangiogram through the sheath is use-
ful to define the length of the stricture. The ideal 
position of the stent is to have at least 2 cm of the 
stent proximal and distal to the stricture. The 
stent device is inserted through the sheath, over 
the wire, and positioned such that the proximal 
and distal radio-opaque markers of the stent are 
optimal in relation to the stricture. Once in posi-
tion, the stent is deployed. As soon as the stent 
expands, the pooled contrast proximal to the 
obstruction is seen to pass through the stent into 
the duodenum. Balloon dilatation of the stricture 
prior to stenting is not necessary as it does not 
alter complication or stent patency rates [14].

In most cases, the stent expands fully. If not, it 
expands over 24–48 h, once the stent reaches the 

body temperature. Routinely, an access catheter 
(5F catheter) is placed through the stent into the 
duodenum after removal of the sheath and kept 
for 48 h. The patency and expansion of the stent 
are rechecked after 48 h, using a vascular sheath. 
If it is satisfactory, then the catheter is removed. 
In case of partial expansion (> 60 to 70%) with 
free flow of contrast no balloon dilatation may be 
required. However, for <50% expansion or no 
free flow of contrast through the stent, balloon 
dilatation may be done using an undersized bal-
loon catheter (Fig.  2.17). After dilatation, an 
access catheter must be left in situ and again reas-
sessed after 48 h. In most cases, this is sufficient 
to expand the stent.

2.5.4  Types of Stents

Two common types of stents used are uncovered 
and covered [16].

The most commonly used stent is the uncov-
ered self- expandable metallic stent (SEMS). The 
diameter of the stent is usually 10 mm for CBD 
and 8  mm for hepatic ducts. The length of the 
stent varies with the length of the stricture. One 
has to place the ends of the stent, 2 cm proximal 
and 2 cm distal to the ends of the stricture. If the 
stricture is long, two overlapping stents may be 
necessary.

Uncovered stents are usually preferred as 
they do not cause occlusion of the undrained 
ducts, cystic duct, and pancreatic duct [16]. 
Further, there is a very low chance of migration 
and the stent costs less than a covered stent. 
However, there is a higher incidence of tumor 
ingrowth, occluding the stent. On the other hand, 
covered stents improve stent patency by prevent-
ing stent ingrowth [17]. However, there are 
higher risks of cholangitis, cholecystitis, and 
pancreatitis due to occlusion of the ducts. The 
risk of migration and occlusion by sludge is also 
higher [18]. A modified covered stent with prox-
imal and distal bare ends of about 2  cm each 
improves anchoring and helps in preventing 
migration [18]. Studies have, however, shown no 
significant difference in long- term patency and 
survival between the two stent types.
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2.5.5  Suprapapillary Versus 
Transpapillary Stent

For mid and distal CBD strictures, it is still not 
clear if the lower end of the stent should remain 

proximal to the ampulla (suprapapillary) or 
should cross the ampulla (transpapillary) 
(Fig.  2.18) [19]. Suprapapillary placement may 
cause dysfunction of the sphincter of Oddi (SOD) 
resulting in its spasm and reduced clearance of 
bile across it. Transpapillary stenting increases 

a b

c d

Fig. 2.16 Unilateral secondary biliary stenting. (a) 
Cholangiogram showing ring biliary catheter after inter-
nalization. (b) Placement of a vascular sheath (black 
arrow) over an extrastiff guidewire (white arrow). (c) 
Appropriate positioning of self-expandable metallic stent 

with the help of the platinum end markers (arrows). (d) 
Fully deployed stent (black arrow) with distal flow of con-
trast. The narrowing of the stent at the site of stricture 
(white arrow) usually expands over 24–48 h
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the risk of reflux of duodenal contents into the 
biliary system and thus cholangitis. It is sug-
gested that transpapillary stenting should be done 
for distal bile duct strictures which show 
 angulation at its junction with normal duct [19]. 
In a comparative study, it was shown that supra-
papillary stent was associated with higher inci-
dence of tumor growth, but lower incidence of 
pancreatitis and occlusion by sludge [20]. 
However, there was no difference in stent patency 
or patient survival between the groups.

2.5.6  Y or T stents

In cases of hilar obstruction, unilateral stenting is 
often sufficient for improving patient’s symp-

toms due to biliary obstruction [21]. However, 
frequently, bilateral stenting may be necessary, 
especially if the serum bilirubin is not dropping 
or if the undrained system is infected [18]. This 
can be done by two methods [22].

Y stent—here, the biliary system is accessed 
through both sides (right and left) and wires are 
passed across the stricture into the duodenum 
(Fig.  2.19). Subsequently, two SEMS are 
deployed simultaneously to drain both biliary 
systems. This procedure requires additional 
drainage of the opposite biliary system.

T stent—here, the biliary system is accessed 
percutaneously through one side (right or left) 
(Fig.  2.20). Then, through this side, two soft 
hydrophilic guidewires are passed crossing the 
stricture, one to the bile ducts of the contralateral 

a b c

d e f

Fig. 2.17 Post-stenting balloon dilatation. (a) Radiograph 
shows fully expanded stent (black arrow) with 5F access 
catheter (white arrow). (b) Cholangiogram obtained using 
a vascular sheath placed over a wire shows restricted flow 
of contrast at the site of the tumor (arrow) with stasis. (c) 
Position of 10  ×  40  mm balloon catheter across the 

obstruction with the help of radio-opaque markers 
(arrow). (d) On inflation of the balloon catheter, waist 
(arrow) is seen. (e) Fully expanded balloon catheter 
(arrow). (f) Post dilatation cholangiogram shows free dis-
tal flow of contrast across the tumor (arrow)
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side and the other into the distal CBD or duode-
num. After exchanging these soft wires for stiff 
guidewires, SEMS (preferably 8  mm diameter) 
are passed over each wire and deployed.

2.6  Additional Procedures 
Through PTBD Route

2.6.1  Brush Cytology/Forceps 
Biopsy

Once the biliary system is accessed percutane-
ously, the same route may be used to obtain sam-
ples of tissue responsible for the obstruction [23]. 
The devices for cytology or biopsy are not over 
the wire (OTW) and hence a longer vascular 
sheath, which can reach the point of obstruction, 
is necessary. Once the tip of the sheath is at the 
tumor, the cytology brush or biopsy forceps is 
introduced through the sheath to obtain samples 
from the lesion. The sensitivity of brush cytology 
variably ranges from 40% to 75% [24]. The use 
of forceps biopsy or combination of cytology and 

biopsy improves the sensitivity of the sampling. 
This is especially useful in cases of biliary stric-
tures where the mass is small and a standard 
method of sampling is not possible.

The initial procedure is similar to PTBD [25]. 
Once, the wire is across the stricture, a longer vas-
cular sheath (6–8F) is placed with its tip just across 
the stricture (Fig. 2.21). Then the cytology brush 
or the biopsy forceps is passed through the sheath 
to enter the stricture. Then the brush is scraped 
over the stricture a few times, under fluoroscopy, 
and removed. The sample is then either spread on 
the slide or immersed in a bottle with fixative for 
pathological evaluation. If a biopsy forcep is used, 
samples of tissue are obtained from the stricture 
site and transferred to a bottle with fixative.

2.6.2  Endobiliary Radiofrequency 
Ablation

The PTBD tract may also be used to ablate the 
tumors causing biliary obstruction. Radiofrequency 
ablation (RFA) is one such technique. During 

a b

Fig. 2.18 Stent positioning. (a) Transpapillary (arrow) biliary stent placement. (b) Suprapapillary placement of stent 
with the lower end of the stent (black arrow) above the ampulla (white arrow)
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PTBD, once the stiff wire has been placed across 
the stricture, the flexible RF probe is passed over 
the wire, through a sheath and positioned at the 
level of the tumor (Fig.  2.22) [26]. By applying 
adequate RF energy, the tumor can be ablated, 
without causing significant complications. After 
RFA, SEMS is usually placed. The same technique 
is frequently used to recanalize an occluded SEMS 
due to tumor ingrowth [27]. Post RFA, a balloon 
catheter is used to sweep down the debris into the 
duodenum. RFA has shown to improve the patency 
of the stents placed in palliative setting.

2.6.3  Endobiliary Brachytherapy

Similar to RFA, malignant biliary stricture 
may be treated with radiotherapy through the 

PTBD tract [28, 29]. This is usually indicated 
in patients with inoperable malignant biliary 
strictures due to locally advanced disease. It is 
better than external beam radiotherapy as 
higher dose of radiation can be given to a 
defined target area, without much affecting the 
surrounding normal tissues. Since around 1 cm 
of tissue is irradiated, it may improve stent 
patency.

Iridium-192 is used as the radiation source 
[29]. Once a catheter, 10F size, is placed across 
the stricture, the Iridium-192 pellets with 
applicator are inserted through the catheter and 
positioned across the stricture with 1–2  cm 
proximal and distal margins. High dose rate is 
commonly delivered. Post-procedure, the 
applicator is removed and the ring biliary cath-
eter is left in situ.

a b c

d e f

Fig. 2.19 Bilateral secondary stenting (Y stent). (a) 
Bilateral ring biliary catheters placed after internalization. 
(b) Cholangiograms from both sides after placement of 
the sheaths (black arrows) over extrastiff guidewires to 
define the stricture (white arrow). (c) Simultaneous posi-
tioning of self-expandable metallic stents (arrows; 
8  ×  100  mm) with the help of end markers. (d) Fully 

deployed bilateral stents across the stricture (arrow). (e) 
Cholangiogram from the left side shows partial expansion 
of the stents at the site of stricture (arrow). (f) 
Cholangiogram obtained from the left side (white arrow) 
after 2 days shows complete expansion of both stents at 
the site of stricture (black arrow) with free distal flow of 
contrast
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2.7  PTBD for Benign Biliary 
Obstruction

Benign biliary strictures are frequently an indica-
tion for PTBD [30]. Although, in many cases, 
EBD is attempted, there are few specific situa-
tions where PTBD is the treatment of choice. 
Procedure is mostly similar to that described 

above, except for some minor variations and pre-
cautions. The follow-up protocol is different.

2.7.1  Clinical Presentation

Majority of these patients present with recur-
rent episodes of fever with chills due to recur-

a b

c d

Fig. 2.20 T-stenting. 40-year-old female with gallblad-
der cancer-causing hilar obstruction and right lobar chol-
angitic abscess. (a) Fluoroscopic spot image shows two 
guidewires, one passing from left lobe to duodenum 
(black arrow) and the other from left lobe duct to right 
lobe duct (white arrow) along with a pigtail catheter in the 
abscess (arrowhead). (b) Positioning of the stents in T 

morphology, one from the left duct to the right duct (white 
arrow; 8 × 80 mm) and other from the left duct to duode-
num (black arrow; 8 × 100 mm). (c) Fully deployed stents 
in T morphology (black and white arrows). (d) 
Cholangiogram shows free flow of contrast in both stents 
(black and white arrows)
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a b

Fig. 2.21 Brush cytology. (a) Cytology brush (black arrow) positioned right at the point of stricture after pulling back 
the sheath (white arrow) to take sample. (b) Brush cytology device with thin bristles near its tip (arrow)

a b

c d

Fig. 2.22 Biliary radiofrequency ablation (RFA). (a) 
Cholangiogram obtained by a sheath (black arrow) placed 
over a wire (white arrow) shows obstruction of common 
hepatic duct. (b) Positioning of the RFA probe (arrows) 
over the wire at the site of tumor. (c) Cholangiogram after 

RFA shows flow of contrast across the stricture (arrow). 
(d) Placement of biliary stent after RFA (arrow). (Images 
courtesy: Dr. Amar Mukund, Additional Professor, 
Institute of Liver and Biliary Sciences, New Delhi)
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rent cholangitis [30]. Uncommonly, they may 
present with jaundice or pain abdomen. 
Occasionally, the patients may be asymptom-
atic and liver function tests show abnormally 
elevated alkaline phosphatase. Chronic 
obstruction may result in secondary biliary 
cirrhosis and patient may present with features 
of portal hypertension like hematemesis or 
ascites.

2.7.2  Indications

Two most common indications are stricture of a 
bilio-enteric anastomosis (commonly hepaticoje-
junostomy) and post-liver transplant biliary stric-
ture (Figs.  2.23 and 2.24). Other indications 
include CBD stones (Fig. 2.25), chronic pancre-
atitis, and infective/inflammatory strictures 
(recurrent pyogenic cholangitis, Immunoglobulin 
G4 cholangitis, ischemic cholangitis), when EBD 
is difficult or failed.

2.7.3  Special Considerations 
for PTBD

The steps of the PTBD procedure is similar to 
that described previously for malignant biliary 

obstruction. However, there are some special 
considerations. In obstruction due to benign 
strictures, the lesion gradually narrows the lumen 
and hence the dilatation of IHBD is mild in 
majority of cases. Hence, the absence of adequate 
dilatation should not be a reason to not do 
PTBD. Accordingly, the hardware for punctur-
ing mildly dilated ducts are required (Fig. 2.2). 
For the same reason, the serum bilirubin is not 
much elevated and the patient is often not 
icteric. Elevation of serum alkaline phosphatase 
is a more consistent feature. Further, due to 
slow progression and recurrent episodes of 
cholangitis, the walls of bile ducts are fre-
quently thick with periductal fibrosis. Hence, 
small caliber catheters, particularly 4F cathe-
ter, is useful to gain access into the system 
after the initial puncture. Crossing the obstruc-
tion is tougher than in malignant cases. The 
obstruction is mostly a fibrotic stricture and 
penetrating in with a wire is difficult compared 
to a softer tumor. The flow of contrast across 
the stricture to opacify the distal segments dur-
ing the initial cholangiogram is a positive sign. 
The catheters which are inserted have to be in 
place for long duration to allow the stricture to 
remain patent after the catheter’s removal. 
Catheter maintenance is often challenging in 
such conditions.

a b c

Fig. 2.23 Post-liver transplantation biliary stricture. (a) 
MRCP image shows tight anastomotic bile duct stricture 
(arrow) in a case of right lobe living donor liver transplan-

tation. Endoscopic drainage failed. (b) Right PTBD with 
external drainage. (c) Ring biliary catheter (arrow) place-
ment across the stricture after balloon dilatation
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a b

Fig. 2.25 PTBD for stone disease. (a) Left PTBD in a 
case of Mirrizzi’s syndrome caused by a calculus seen as 
a filling defect (arrow) in the neck of gallbladder. (b) Left 
PTBD in a case of choledocholithiasis (arrows) with cho-

ledochal cyst. PTBD was done in both patients as endo-
scopic drainage was not possible due to associated cardiac 
comorbidities

a b c

d e f

Fig. 2.24 Benign biliary stricture. (a) Initial cholangio-
gram shows complete stricture at the bilio-enteric anasto-
motic site (arrow). (b) Passage of guidewire across the 
stricture (arrow). (c) Dilatation using balloon catheter 
(10 × 40 mm) shows waist at the site of stricture (arrow). 

(d) Fully inflated balloon (arrow). (e) Cholangiogram 
after balloon dilatation shows free flow of contrast into the 
jejunum. (f) Final placement of 8.3F ring biliary catheter 
(arrow) across the stricture
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2.7.4  Modifications

There are a few modified steps which are neces-
sary or may be performed with PTBD when it is 
done for benign strictures.

Balloon dilatation (cholangioplasty) of the 
strictures is an important step to open up the 
strictures (Figs. 2.23 and 2.24). Once the stricture 
is crossed with a soft guidewire, it is exchanged 
for a stiff guidewire. Then, a vascular sheath (6F) 
is placed into the biliary system over the wire. 
Through the sheath, a balloon catheter, 8 or 
10 mm (15–20% oversized compared to the size 
of the duct), is inserted [31]. With the markers of 
the balloon positioned appropriately, the balloon 
is dilated with an inflation device and kept for 
3–5 min. A waist is usually seen, which has to be 
fully dilated. After this, the balloon is deflated 
and inflated again, to check for waist formation. 
Usually, after full inflation, waist is not seen on 
repeat dilatation of the balloon. Later, the balloon 
catheter is removed along with the sheath and an 
8–10F ring biliary catheter is placed. For short 
segment strictures, short term and long-term 
patency rates for balloon dilatation are 90% and 
74%, respectively [1, 32]. Lower patency is seen 
when the strictures are long segment and 
multiple.

Serial upgradation of catheters is a better 
option for the successful treatment of benign bili-
ary strictures (Fig.  2.26) [33]. Even though the 
stricture is dilated with a 10 mm balloon catheter, 
it gradually heals and remodels around the cath-
eter which is inserted. Once a smaller caliber ring 
biliary catheter (usually 8F) is placed, it is 
upgraded in a staged manner, every 4 weeks, to 
10F, 12F, and then to 16 or 18F. Once the final 
size is reached, it should be kept for 3–6 months 
to allow the stricture to completely heal around 
the catheter and maintain patent [33]. After the 
end of the treatment, patency of the stricture may 
be evaluated by a cholangiogram using a vascular 
sheath, after removal of the catheter over a wire. 
Prompt distal flow of contrast across the stricture 
and absence or little proximal stasis suggest suc-
cessful treatment. This protocol has good long- 
term results, with failure or recurrence rates in 
the range of 12–44% [34, 35].

Cutting balloon and high-pressure balloon 
catheters have also been used in the dilatation of 
hard fibrotic strictures with reasonable success 
rates [36, 37]. Cutting balloon catheter, as the 
name indicates, has thin metallic blades on the 
surface of the balloon, which creates cuts in the 
fibrotic wall and opens up the stricture on the 
dilatation of the balloon. Similarly, high-pressure 
balloon catheters endure high inflation pressure 
without bursting of the balloon. Hence, they are 
useful in the opening up of tight strictures.

Stents have also been used in the management 
of benign biliary strictures [38, 39]. Although it is 
not usually advisable, in chronic and inoperable 
cases, this may be the only practical option. 
Typically, retrievable or spontaneously migrating 
covered stents are preferred, although it is 
 technically challenging to remove them. Non- 
retrievable stents usually get occluded by sludge 
and debris in 8–12 months. Compared to balloon 
dilatation, the stent placement has higher 3-year 
patency rates (53% versus 85%) [39]. Currently, 
there is ongoing research on the use of biode-
gradable stents for benign biliary strictures and it 
has shown promising results, with a stricture 
recurrence rate of about 30% at 3 years [40].

Stone removal should be attempted when there 
are calculi obstructing the biliary system or when 
there are secondary calculi proximal to a benign 
stricture (Fig.  2.27) [41, 42]. It is important to 
remember that only handful of stones may be 
successfully removed by percutaneous interven-
tions. If there are too many calculi, surgery is the 
better option after PTBD for their removal. 
Removal of the stones is done with the use of a 
balloon catheter (6–10 mm). Since most are sec-
ondary calculi, majority of them are not calcified 
and are soft stones which could be macerated by 
balloon catheters. Access of the biliary system 
should be planned carefully as it should be proxi-
mal to the site of the location of the stones [1, 5]. 
Cholangiogram will confirm the location and 
number of filling defects. After insertion of a stiff 
guidewire across the obstruction and a vascular 
sheath proximally, the balloon catheter (prefera-
bly compliant) is inserted to reach proximal to 
the calculi. Then it is partially inflated and pushed 
over the wire to push the calculi into the duode-
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num or bowel loops (Fig. 2.27c, d). Multiple such 
attempts may be necessary to clear larger or mul-
tiple calculi. However, impacted stones may pose 
a bigger challenge and may require a cholangio-
scope to fragment them with holmium laser. 
Success rates of percutaneous stone extraction 

are about 90% for common bile duct calculi and 
60% for intrahepatic bile duct stones [43].

Duct localization is an important procedure 
performed for benign biliary strictures involving 
the hepatic hilum. Hilar strictures, mostly after a 
cholecystectomy, pose a problem for the surgeon, 

a b

c d

Fig. 2.26 Serial upgradation of catheter. (a) 10F ring 
biliary catheter (arrow) across the bilio-enteric anasto-
motic stricture after 4 weeks of placement of 8.3F cathe-
ter. (b) 12F catheter (arrow) placed after 4 weeks. (c) 16F 
catheter (arrow) placed after another 4 weeks. This cath-

eter is placed for a minimum of 3  months. (d) 
Ultrasonography after 3 months of removal of 16F cathe-
ter shows pneumobilia (arrows) suggesting patency of the 
anastomosis
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as they are frequently difficult to identify due to 
extensive surrounding adhesions and fibrosis. 
Hence, prior to a definitive bilio-enteric anasto-
motic surgery, PTBD (unilateral or bilateral, 
often the latter) is done with catheters placed just 
proximal to the stricture (Fig. 2.28). This helps 
the surgeon as he can palpate the catheter at sur-
gery and thus identify the ducts. The procedure is 
similar to any PTBD.

2.8  PTBD for Bile Leaks

Bile leak occurs as a complication of many bili-
ary procedures, commonly, cholecystectomy, 
pancreatic surgery, hepaticojejunostomy, and 
hepatectomies, with an incidence ranging from 
0.5% to 20% depending on the type of surgery 
[44, 45]. Leak may occur either due to bile duct 
injury or anastomotic site leak. Bile leak leads to 
formation of collections (bilomas) which may get 
infected. Also, constant leak of bile from the sur-

gical site prevents internal healing. Although 
endoscopic drainage is the initial option, in cases 
where there is complete separation of proximal 
and distal ends (which leads to difficult cannula-
tion of proximal segments), bile duct ligation, 
altered anatomy (hepaticojejunostomy) or dis-
ruption of an aberrant duct, EBD may not be pos-
sible or successful [46]. PTBD in such cases is 
the treatment of choice. It helps in diverting the 
bile to an external collector bag and thus allows 
healing of the surgical site internally. However, 
imaging with USG, CT scan, MRI, and/or cho-
lescintigraphy should be done to look for collec-
tions, duct caliber, and level of bile leak prior to 
performing PTBD.

2.8.1  Indications

Any hepatobiliary or pancreatic surgery with sus-
pected or confirmed bile leak, when EBD is not 
possible or contraindicated.

a b c

d e f

Fig. 2.27 Stone extraction in a case of bilio-enteric anas-
tomotic stricture. (a) Initial cholangiogram shows multi-
ple filling defects (arrow) within the bile ducts suggestive 
of calculi. (b) Balloon dilatation of the anastomotic stric-
ture using balloon catheter (10 × 40 mm). (c, d) Pushing 
of the calculi into the jejunum by sweeping the partially 

distended balloon catheter over the wire from the bile 
ducts into the duodenum (arrow). (e) Post multiple bal-
loon sweeps, cholangiogram shows reduction in the intra-
biliary filling defects (arrows). The residual calculi were 
removed in the second session. (f) Placement of ring bili-
ary catheter across the anastomotic stricture (arrow)
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2.8.2  Procedure

The patient should be prepared with broad- 
spectrum antibiotics, to reduce the risk of cholan-
gitis and sepsis.

The most critical step of the procedure of 
PTBD done for bile leaks is the initial puncture 
of the ducts. Since there is bile leak, there is 
hardly any dilatation of the IHBD.  In fact, the 
ducts are decompressed due to leak. Hence, USG 

guided puncture is mostly difficult. Fluoroscopy 
guidance along with USG is the preferred choice, 
usually from the right side.

The skin site chosen should be below the 
tenth intercostal space, in the mid axillary line, 
to avoid puncturing the pleura (Fig. 2.29) [47]. 
Further, central puncture of the ducts should be 
avoided. The puncture needle (22G, 15  cm) 
should be guided cranially by about 200 and 
anteriorly by about 200, and inserted for about 

a b

Fig. 2.28 Preoperative PTBD for duct localization in 
benign biliary strictures. (a) Left PTBD with external 
drainage catheter (arrow) in a case of benign biliary stric-

ture with patent primary confluence. (b) Bilateral PTBD 
with external drainage catheters in a case of benign biliary 
stricture involving hepatic hilum

a b c

Fig. 2.29 PTBD for bile leak from bilio-enteric anasto-
mosis. (a) Cholangiogram using 22G Chiba needle shows 
opacified bile ducts. (b) Guidewire (0.018 inch; black 
arrow) is passed into the duodenum through the anasto-

mosis. Contrast leak (white arrow) is also seen. (c) Final 
placement of 8F pigtail catheter (arrow), proximal to the 
anastomotic site
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5–7  cm. The direction may be adjusted using 
USG as guidance to target the portal tract (bile 
ducts run parallel to the portal vein radicles). 
Then, contrast is injected slowly while with-
drawing the needle. Once the biliary system is 
opacified, a wire (0.018 inch) is passed into the 
ducts (Fig. 2.29b). Subsequently, standard steps 
are followed. In most cases, an 8F pigtail cath-
eter is placed for external drainage, with its tip 
proximal to the site of leak, so as to reduce the 
amount of bile reaching the site of leak 
(Fig. 2.29c). Internalization should be attempted 
in patients without signs of infection [48]. This 
gradually heals the surgical site, usually with 
the formation of fibrosis and often stricture. 
Similarly, the left duct may be punctured with a 
combination of USG and fluoroscopy, whenever 
the right duct puncture is difficult due to the 
small right lobe or large adjacent biloma 
(Fig. 2.30). Frequently, the drainage of biloma 
is also necessary.

The technical success of performing a PTBD 
for bile leak is in the range of 40–100% [49]. The 
complications are similar to that of PTBD done 
for malignant obstruction, but have a higher inci-
dence due to non-dilated ducts [50].

2.9  Percutaneous 
Cholecystostomy

This is a technique where the gallbladder is 
drained percutaneously under USG guidance 
with the help of a catheter. This assists in decom-
pressing an obstructed gallbladder or indirectly 
the biliary system.

2.9.1  Indications

The common indications include acute cholecys-
titis with impacted stone in the neck, empyema of 
the gallbladder, and bile duct obstruction (malig-
nant or benign) with non-dilated IHBD, espe-
cially in patients who are poor candidates for 
surgery or EBD [51, 52]. It is also indicated in 
patients with malignant biliary obstruction when 
transhepatic biliary drainage is not possible due 
to multiple metastases or other diffuse liver 
diseases.

2.9.2  Procedure

The procedure is usually done under USG guid-
ance or uncommonly under CT guidance, using 
the standard trocar or Seldinger technique per-
formed for collection drainage [53]. The aim is to 
place a catheter into the distended gallbladder. It 
is performed usually under local anesthesia and 
mild sedation.

There are two approaches described in the lit-
erature. They are transhepatic route and transperi-
toneal route [54]. Both routes have their advantages 
and disadvantages. In transhepatic route, the nee-
dle path traverses some part of liver parenchyma 
before entering the gallbladder (Figs.  2.31 and 
2.32). In transperitoneal route, the catheter enters 
the gallbladder directly from the abdominal wall, 
without liver intervening. The former approach is 
associated with reduced risk of bile leak, lesser 
chances of catheter dislodgement and earlier mat-
uration of the tract, but higher risk of bleeding 
complications and fistula formation whereas the 
latter approach has higher incidence of biliary 
peritonitis [53, 55, 56]. However, a recent study 

Fig. 2.30 PTBD for bile leak. Left PTBD with internal–
external drainage catheter in a patient of post cholecystec-
tomy bile leak from common hepatic duct (arrow)
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has shown that there is no significant difference 
between the two approaches in terms of complica-
tions [54]. The choice, thus, depends on the IR 
specialist and the patient factors like body habitus, 
intervening bowel loops, size of the gallbladder, 
and the thickness of the liver segment. It is impor-
tant to note that there is a high chance of catheter 
dislodgement after cholecystostomy once the gall-

bladder decompresses after drainage. It is thus 
suggested that the puncture is made close to the 
region of the fundus of the gallbladder with suffi-
cient length of the catheter pushed towards the 
neck region to reduce the chances of catheter dis-
placement. Once cholecystostomy is done, the 
catheter should preferably be left in place for at 
least 2 weeks. This will lead to the formation of 
tract around the catheter and thus avoids any com-
plications due to bile leak. After catheter removal, 
the tract will eventually close, provided the normal 
drainage path of the gallbladder is patent.

2.9.3  Complications [56]

Bile leak—it is one of the important complica-
tions of percutaneous cholecystostomy. It is more 
common when a transperitoneal approach is 
used. There may be bile leak around the catheter 
or through partial displaced catheter into the peri-
toneal cavity. This leads to biliary peritonitis and 
biloma formation. It is best to try and prevent 
such complications. The removal of catheter 
should be avoided before 2 weeks. Few studies 
suggest doing a cholecystogram before removal 
of the catheter to check for any leaks (Fig. 2.32c). 
Biloma, once formed, should be drained with a 
pigtail catheter.

Fig. 2.31 Cholecystostomy. Ultrasonography guided 
percutaneous cholecystostomy (open arrow) through tran-
shepatic route (arrow) in a case of complicated cholecys-
titis with perforation (arrow head) and pericholecystic 
collection (asterisk)

a b c

Fig. 2.32 Percutaneous cholecystostomy in a case of 
gallbladder empyema with gall stones. (a) USG guided 
transhepatic cholecystostomy (arrow). (b) USG image 
shows pigtail catheter in the lumen of gallbladder (white 
arrow) with calculi and sludge (black arrow). (c) 

Cholecystogram shows multiple calculi in the gallbladder 
(white arrow) as filling defects with dilated common bile 
duct (black arrow). This route can be used to perform bili-
ary interventions
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Hemorrhage—it is mostly self-limiting. In 
cases of persistent hemorrhagic fluid draining 
from the catheter, CT angiogram should be done 
to look for the cause of bleeding. If any arterial 
source is found, e.g., cystic artery or hepatic 
artery pseudoaneurysm, DSA and embolization 
should be done.

Catheter dislodgement—this is a common 
complication. Adequate care must be taken to 
ensure insertion of a good length of the catheter 
into the gallbladder lumen, optimal fixing the cath-
eter and its maintenance. Locking pigtail catheter 
should be placed, if possible. If the catheter is par-
tially displaced, it should be repositioned. If repo-
sitioning fails or if the catheter is completely 
dislodged, performing a repeat procedure may be 
difficult as the gallbladder will be completely col-
lapsed. Depending on the need for a repeat chole-
cystostomy, the patient may be kept under 
observation until gallbladder distends sufficiently 
or the patient does not respond to treatment.

Pericatheter leak and low or absent drain out-
put may suggest occlusion of the catheter with 
debris and sludge and need replacement of the 
catheter, with a larger size.

Other complications, like cholangitis, skin 
infection, and abscess, require treatment with 
antibiotics. Local pain is managed by analgesics.

2.9.4  Transcholecystic 
Interventions

Percutaneous cholecystostomy may be used as an 
access route for performing some biliary inter-
ventions [57, 58]. This is done in benign as well 
as malignant biliary obstructions. The procedures 
done include placement of internal drainage cath-
eters, stent placement, and stone extraction. 
These are done under fluoroscopy guidance.

The procedures should be performed after 
maturation of the tract which takes 2–3  weeks. 
The drainage catheter is exchanged for a sheath 
(6–8F) over a wire. Then with the use of an 
angled catheter and hydrophilic guidewire, the 
cystic duct is crossed and the bile duct is entered. 
Then, the obstruction is crossed with the same 
wire and catheter to enter the duodenum. 

Subsequently, a stiff guidewire is placed to 
replace the hydrophilic soft wire. This can then 
be used to perform various interventions. A ring 
biliary catheter or SEMS may be placed as indi-
cated, for internal drainage. Removal of bile duct 
stones may also be attempted with the help of a 
balloon catheter. The tract may be widened from 
20F to 26F for removal of gall stones in patients 
who are not fit for surgery due to comorbid con-
ditions. Tortuous cystic duct may pose a problem 
sometimes, especially if the obstruction is mild. 
Major complications like hemorrhage, bile leak, 
and pneumothorax are uncommon, seen in <5% 
patients [56].

2.10  Conclusion

Biliary interventions are important non-vascular 
interventional procedures which should be 
learned by every IR specialist. Being well versed 
with the basic steps of the commonly performed 
biliary interventions described here is critical for 
a successful procedure with minimal complica-
tions. Knowledge of the complications will help 
in their appropriate evaluation and treatment, 
when necessary. The protocol for managing 
benign biliary strictures percutaneously is evolv-
ing; long-term placement of larger catheters 
seems to be the feasible option. Further research 
in this aspect is ongoing and their results may 
help optimize the protocol.
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Percutaneous Image Guided 
Management of the Cysts 
and Cyst-Like Lesions of Liver
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3.1  Historical Perspective

The term Interventional Radiology was coined 
by Margulis, describing the percutaneous 
removal of residual gall stones [1, 2]. Hacncke 
first describes tissue sampling under A-mode 
ultrasound guidance for pancreatic lesion 
biopsy [3]. Haaga and Alfridi first used CT 
scan guidance for pancreatic biopsy and liver 
abscess drainage [4]. Ultrasound guided inter-
ventional procedures began in the early 1970s 
with Holm et al. and Goldberg et al. who devel-
oped special transducers (“bioptic probes”) 
with central holes in it for needle insertion [5, 
6]. Real-time guidance by ultrasound began in 
the late 1970s and early 1980s, with several 
publications from Japanese investigators using 
real-time sonographic guidance for needle 
puncture [7]. Soon ultrasound guidance for 
abdominal fluid collections became increas-
ingly popular and thereafter became part of 
routine management strategy [8].

3.2  Approach to Liver Cyst

Cystic lesions of liver (Fig.  3.1) consist of the 
near fluid attenuation lesions of various etiolo-
gies. They can be broadly categorized into devel-
opmental, neoplastic, infective, and miscellaneous 
group [9]. Over the last two decades, the advent 
of high-resolution USG, CT scan, and MRI com-
bined with diligently obtained clinical history has 
enhanced our ability to differentiate between 
these lesions, which has significantly improved 
the management course [10, 11]

USG is the most accurate and effective modal-
ity in diagnosing and characterizing cystic lesion 
of the liver is often the first modality to identify 
the presence of these lesions. In most of cases 
diagnosis of cystic lesion of the liver is straight-
forward on sonography, however, sometimes 
imaging features of etiological diagnosis of cyst 
overlap and can be confusing. Evaluation of these 
cysts on Imaging (USG, CT, or MRI) should 
include a step by step characterization of the cyst 
contents, shape, wall, border, septations, solid 
nodule, calcification, and adjacent hepatic tissue. 
Strong posterior wall echoes suggest well-defined 
fluid tissue interface [10–12]. In addition, color 
Doppler evaluation of the lesions should comple-
ment USG evaluation to distinguish between cys-
tic lesion and hypoechoic cyst-like mass. 
Assessment of contrast uptake on CT and MRI 
can provide supportive evidence to characterize 
the lesion.
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3.3  Infective Lesions

3.3.1  Liver Abscess

Percutaneous drainage is the first-line treatment 
of pyogenic, amoebic, or fungal abscess. 
Percutaneous needle aspiration and percutaneous 
catheter drainage both are equally effective for 
smaller abscesses, however, percutaneous cathe-
ter drainage is more effective in lesions >5  cm 
[13]. For multiple abscesses, multiple catheters 
are well tolerated and should be performed [14, 
15]. Catheter drainage is most commonly per-
formed using Seldinger’s technique [16]. The 
exact drainage procedure has been described in 
detail in the first chapter of this book.

3.3.2  Hydatid Cyst

Various treatment options are available for hyda-
tid cysts ranging from pharmacotherapy to percu-
taneous treatment and surgical procedures, and 
the best option is still debated. Medical treatment 
alone is associated with high relapse rate (up to 
30%) and low success rate (20–50%) [17]. 
Surgical resection has been considered gold stan-
dard for the treatment of hepatic Hydatid cysts. 
Percutaneous aspiration, injection (of scolicidal 
agents) and re-aspiration (PAIR) is a reliable and 
efficient therapeutic option, which has become 
increasingly as an alternative to surgery. 
Treatment of these lesions requires individual-
ized approach based on cyst morphology 

a b

c d

Fig. 3.1 Cystic lesions of liver. (a) Simple hepatic cyst in 
right lobe of liver. Note thin but minimally enhancing wall 
(long black arrow) which is likely due to secondary infec-
tion. (b) Hydatid cyst in segment IV of liver showing mul-
tiple intralesional septations (long white arrow). The 
lesion shows frank biliary communication with intrahe-
patic biliary dilatation (curved white arrow) and atrophy 

of left lobe of liver. (c) Von Meyenberg complex. Multiple 
tiny (few mm) cysts (short black arrows) scattered in both 
lobes of liver without any communication with biliary 
channels suggestive of biliary Hamartoma. (d) Cystic 
metastasis. Multiple variable sized cystic lesions in both 
lobes of liver with enhancing walls (short white arrows). 
Note is made of a cystic tumor of pancreatic body (P)
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(Fig.  3.2), location, and clinical status of the 
patient. An ultrasound-based classification sys-
tem devised by the WHO for hydatid cysts is 
given in Table 3.1.

Size of all these lesions is added to the classi-
fication as s (<5 cm), m (5–10 cm) and l (>10 cm).

Indications and contraindications of PAIR 
technique have been summarized in Table  3.2. 
[19]

Pre-procedure: informed consent should be 
obtained with detailed counseling of the patient 
regarding the risk of anaphylaxis. If the patient is 
on beta-blocker, it should be replaced by any 
other suitable drug for 1 week before the proce-
dure. Epinephrine, hydrocortisone, antihista-
minic agents, basic resuscitation equipment, 

blood pressure monitoring should be available 
before the procedure and IV cannula should be 
inserted for emergency drug administration. In 
case of anaphylaxis mild skin reaction can be 
managed with injection hydrocortisone and anti-
histaminic agents. For moderate hypotension, 
procedure should be temporarily stopped and BP 
should be monitored. For marked hypotension 
(<95/50 mm Hg), 1/3 mL of epinephrine (1 mg/
mL) IM or (3 mL of a saline solution of epineph-
rine- 1  mL/10  mL-through should be injected 
through the IV catheter and emergency team 
should be informed [19–22].

Procedure: The procedure should be done 
under albendazole prophylaxis at least 4 h before 
the procedure. Puncture of the cyst should be done 

a b c

Fig. 3.2 Hydatid cysts. (a) Unilocular, thick walled cyst 
in right lobe of liver (CE1 cyst). (b) Unilocular, multisep-
tated, multivesicular cysts with multiple daughter cyst 

demonstrating honeycomb pattern (CE2 cyst). (c) Solid 
appearing heterogenous hyperechoic unilocular cyst (CE4 
cyst)

Table 3.1 WHO-IWGE classification of ultrasound images of cystic echinococcosis cysts [18]

Classification Loculation Content Additional feature Wall
CL Unilocular Anechoic None Hyperechoic rim or 

thin imperceptible wall
CE1 Unilocular Anechoic Fine echoes

Hydatid sand
Snowflake sign

Thick wall

CE2 Unilocular 
mother cyst

Multiseptated
Multivesicular
Daughter cysts

Spoke wheel appearance
Rosette/Honeycomb appearance

Thick wall

CE3 Unilocular 
mother cyst

Anechoic content Laminated detached membrane 
(water lily sign)

Thick wall

CE4 Unilocular Heterogenous (Hypo 
to hyperechoic)
No daughter cyst

Degenerating membranes (ball of 
wool sign)

Thick wall

CE5 Variable Variable Variable Thick calcified wall 
(partial/complete)
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under ultrasound guidance and puncture should be 
done via normal hepatic parenchyma. A drainage 
catheter can be used if the cyst is large. After the 
puncture of cyst, 10–15 ml fluid is aspirated and 
evaluated for biliary content (if fast dipstick test 
for bilirubin is available). Otherwise, iodinated 
contrast is injected into the lesion and biliary com-
munication should be ruled out under fluoroscopy. 
In the presence of bilirubin content or biliary com-
munication, the procedure should be stopped. 
Otherwise, the contents of the cyst should be com-
pletely aspirated. After complete aspiration, injec-
tion of 95% ethanol or 20% hypertonic saline 
should be injected (1/3rd of the original cyst vol-
ume). After 5 min (20 min for hypertonic saline), 
the contents should be re- aspirated. [19–22]

Various modification of this PAIR technique 
has been attempted with variable results.

• The cysts with solid component, multi- 
vesiculated, and daughter cysts (type CE3B) 
tend to relapse after PAIR. Those cysts have 
been treated by percutaneous evacuation or 
modified catheterization technique (MoCaT) 
using a 14/16F drainage catheter inserted into 
the cyst and complete aspiration of cyst con-
tents including membranes, solid components, 
daughter cysts, and/or infected material by 
irrigation with hypertonic saline. After the 
complete evacuation, a smaller catheter (8/10 
F) is placed into the cyst until fluid drainage is 
<10 mL/day [23]. (Fig. 3.3)

• Another technique is percutaneous aspiration 
and injection (PAI) of albendazole into the 

cyst cavity and no subsequent re-aspiration, 
which has been found to be equally effective 
to PAIR technique [24].

• Nayman et  al. have performed the PAIR by 
direct catheterization of the cyst using trocar 
catheter and have advocated its use over punc-
ture needle or catheterization by Seldinger’s 
technique [25].

• A modification of PAIR used an especially 
designed coaxial catheter system to achieve 
concomitant evacuation of cyst contents while 
infusing hypertonic saline followed by injec-
tion of 95% ethyl alcohol into the residual cyst 
cavity. [26]

• A technique by Örmeci et al. [27] uses 22-gage 
Chiba needle for puncture and aspiration of 
12–40 ml of content with subsequent injection 
equal amount of 2/3 volume of pure alcohol 
(95%) and 1/3 volume ethoxysclerol (1% poli-
docanol) into the cyst and no subsequent re- 
aspiration. The study justifies small amount of 
content aspiration to prevent negative pressure 
in the cyst and thus preventing filling-in of 
bile into cyst in cases of unrecognized biliary 
fistula (Fig.  3.4). Thin puncture needle has 
been advocated to prevent content leakage 
into the peritoneum.

• PEVAC (percutaneous evacuation of cyst con-
tent) is another modification of PAIR which 
consists of (1) puncture and aspiration of cyst 
fluid, (2) insertion of a large-bore catheter, 
aspiration and evacuation of daughter cysts 
and endocyst by repetitive injection and re- 
aspiration of isotonic saline (3) cystography to 
rule out biliary fistula (4) injection of hyper-
tonic saline in absence of fistula. A second 
session is also performed with replacing the 
catheter with a 14–18 F stiff sheath and evacu-
ation of residual cyst content by a suction 
catheter. [28]

• Saremi et al. have used a special cutting instru-
ment to fragment and evacuate daughter cysts 
and laminated membrane while the cavity is 
continuously irrigated with scolicidal [29].

• Percutaneous aspiration, injection with cath-
eter drainage, and injection of sclerosing 
agents (PAIDS) procedure has been described 
for cysts larger than 6 cm, in which, punc-

Table 3.2 Indications and contraindications of PAIR 
technique

Indications Contraindications
•  Solitary CE1m, CE1, 

CE2, CE3 lesions
•  Multiple lesions if 

safe percutaneous 
approach available

•  Infected Hydatid cyst
•  Patients who do not 

respond to 
medications, having 
contraindication to 
surgery.

•  CE4, CE5 (inactive) 
lesions

•  Cyst with biliary 
communication

•  Presence of fat density 
contents within the 
lesion on CT scan

•  Cyst with rupture into 
peritoneum, lungs, or 
urinary tract

•  Risky percutaneous 
approach
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ture, aspiration, and injection of the scolici-
dal agent is done and 8 F drainage catheter is 
inserted into the cavity contents are re-aspi-
rated through. The catheter is kept until fluid 
drainage becomes <10 mL/day. Then, a cys-
togram is done to rule out biliary fistula fol-
lowing which, 95% absolute alcohol 
(25–35% of the estimated cyst volume) is 
injected for 15  min. Complete re-aspiration 
is subsequently done and the catheter is 
removed [23].

• Vuitton et  al. have used a device named 
dilatable- multifunction trocar (DMFT) for 
multi-vesiculated abdominal cysts, which was 
linked to an aspiration apparatus to extract the 
endocyst, daughter cysts, and other cystic con-
tents. Thereafter, the cavity was irrigated with 
10–20% saline and if necessary curettage was 
performed [30].

a

c d e

b

Fig. 3.3 Modified catheterization technique (MoCaT) 
for cysts with solid component, multi-vesiculated and 
daughter cysts. Ultrasound image (a) shows thick walled 
multi-vesiculated cyst (b) shows drainage being per-
formed with wide bore catheter (14/16F) inserted into the 
cyst and complete aspiration of cyst with image (c) show-

ing cyst contents comprising of membranes, solid compo-
nents, daughter cysts. Ultrasound image (d) shows change 
in internal echogenicity post alcohol injection (after con-
tent aspiration) and CT image (e) shows complete evacu-
ation of cyst with contents

Fig. 3.4 Contrast injection into liver cyst under fluoro-
scopic guidance to rule out biliary fistula before 
sclerotherapy
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3.4  Simple Cyst

Simple cysts are identified as anechoic thin, 
imperceptible walled, rounded, or ovoid lesion 
with a smooth border on sonography [31, 32]. 
They can be present in up to 3% of the normal 
population [33]. They are usually <5  cm, how-
ever, they can be of large size. These lesions are 
often multiple and show variable sizes. Rarely 
septation or calcification can be seen in these 
lesions. Echogenic contents on USG or higher 
attenuation value on CT can be present if there is 
intralesional hemorrhage or infection. On 
Imaging, note should be made if the lesions cause 
mass effect over the intrahepatic vessels, biliary 
channels, leading to segmental biliary dilations 
or deforming the liver capsule (Fig. 3.5) [10]

Majority (90%) of the simple hepatic cysts are 
asymptomatic and do not require treatment [34–
36]. Uncommonly these lesions can lead to 
abdominal pain, epigastric fullness, flatulence, 
nausea, vomiting, early satiety, dyspnea, irregu-
larities in liver function tests, and jaundice [37]. 
Pain can be caused due to its rapid enlargement 
or bleeding into cyst walls (Fig.  3.5). Other 
causes of the associated symptoms such as chole-
lithiasis, gastritis, reflux esophagitis, renal colic 
should be ruled out before commencement of 
treatment [34, 38]. Traditionally liver cyst is 
treated with surgical excision, cyst marsupializa-
tion, laparoscopic fenestration, or laparoscopic 

partial excision [39, 40]. Percutaneous drainage 
of the simple hepatic cysts is associated with high 
relapse rate (70–100%) [34, 41] Percutaneous 
drainage along with chemical obliteration of the 
cyst wall is associated with the better outcome 
both in terms of symptomatic relief as well as 
radiological resolution. [34] Indications and con-
traindications of percutaneous sclerotherapy 
have been summarized in Table 3.3.

Aspiration of simple hepatic cysts should be 
done using a 7–9 F drainage catheter (Malecot/
pigtail drainage catheter) insertion using 
Seldinger’s technique. The fluid aspirated from 
the cyst should be sent for bacteriological evalu-
ation, detection of biliary content, as well as 
cytological evaluation for neoplastic cells. Before 
the injection of sclerosant, contrast should be 
injected into the cyst under fluoroscopic guid-
ance to rule out biliary communication or perito-
neal rupture. After complete aspiration of the cyst 
content, 94% ethyl alcohol is injected into the 

a b

Fig. 3.5 Simple hepatic cyst: Coronal T2 weighted (a) and axial post contrast (b) image showing large simple hepatic 
cyst near completely occupying right lobe of liver causing upward displacement of right hemidiaphragm

Table 3.3 Indications and contraindications of percuta-
neous sclerotherapy in Simple Hepatic cysts

Indications Contraindications
A large cyst or 
significant symptoms
Mass effect over biliary 
channels/IHBRD
Infected cyst
Diagnostic uncertainty

Asymptomatic or 
incidentally detected cysts
Communication with 
biliary channels
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cyst cavity for causing dehydration and subse-
quent fibrosis of the cyst wall ependyma. Amount 
of alcohol injected should be roughly equal to 
roughly 20–25% of the original cyst volume, not 
exceeding 100–120  ml. The drainage catheter 
should be subsequently clamped and injected 
content should be left in the cavity for 20–30 min. 
The patient should be made to change the posi-
tion from supine to right and left decubitus every 
8–10 min. The content should be completely re- 
aspirated. Injection of alcohol may sometimes 
lead to pain, vomiting, pyrexia, alcohol intoxica-
tion, or hemorrhage in the cyst cavity [34, 42]. In 
cases of severe pain, the procedure should be 
stopped, and alcohol should be completely aspi-
rated, followed by injection of lidocaine via the 
catheter. Owing to the side effects of the alcohol 
injection various agents have been tried for cyst 
obliteration such as tetracycline, doxycycline, 
povidone-iodine, cyanoacrylate, ethanolamine 
oleate, minocycline hydrochloride, polidocanol, 
and concentrated hypertonic 10% sodium chlo-
ride solution [34]. The follow-up of the patients 
should be done with clinical and radiological 
parameters. On sonography recrudescence of the 
lesion has been considered if the cyst diameter 
becomes more than 75% of the pretreatment 
diameter [41].

3.5  Polycystic Liver Disease

Polycystic liver disease is associated with autoso-
mal dominant polycystic kidney disease and is 
characterized by multiple (often innumerable) 
liver cysts with variable sizes [10, 43]. Secondary 
complications such as hemorrhage and infection, 
and calcification (due to old hemorrhage) is more 
common than simple hepatic cyst. [10]

Treatment of polycystic liver disease is con-
troversial and challenging. Since polycystic liver 
disease is associated with polycystic kidney dis-
ease, it is difficult to ascertain whether the symp-
tom of patient is due to renal complications, or 
liver disease. The presence of liver nodules or 
frank hepatic malignancies should be excluded 
on imaging. Management strategies for polycys-
tic liver disease include percutaneous aspiration 

with sclerotherapy, surgical drainage with cysto-
jejunostomy, surgical deroofing, segmental hepa-
tectomy, liver transplant, or hepatic artery 
embolization. [44–46]. Percutaneous drainage 
combined with sclerotherapy is considered as an 
appropriate first-line therapy [38]

For percutaneous treatment of PCLD, a 
7–9  mm drainage catheter (Pigtail/Malecot) 
should be first inserted within the cyst cavity 
using Seldinger’s technique. Cyst contents should 
be entirely aspirated and should be sent for evalu-
ation for bacteriological and neoplastic cell eval-
uation. Before the injection of sclerosant, contrast 
should be injected into the cyst under fluoro-
scopic guidance to rule out biliary communica-
tion or peritoneal rupture [44]. For occlusion of 
the cyst wall, studies have shown that injection of 
ethanol is associated with high degree of relapse 
[38, 47] and injection of ethanolamine oleate has 
been shown to have better outcome [44]. A vol-
ume approximately 10% of the initial cyst vol-
ume of ethanolamine oleate is injected into the 
cyst and the catheter is clamped for 30  min. 
Patient is made to change position every 8–10 min 
to ensure adequate contact between cyst wall and 
the sclerosing agent. Subsequently, the content of 
the cyst is completely aspirated. Nakaoka et al. 
have advocated retaining the catheter for 24 h of 
open drainage and subsequent removal to facili-
tate sustained sclerosis of the cyst wall [44]. In 
cases of recurrence, the procedure can be repeated 
after 6 months.

3.6  Caroli’s Disease

Caroli’s disease (Fig.  3.6) is characterized by 
segmental or diffuse saccular or fusiform dilata-
tion of intrahepatic biliary channels, intraluminal 
bulbar protrusion, portal radicles surrounded by 
dilated biliary channels, or intrahepatic cysts 
communicating with biliary channels [48]. 
Stones, sludge, infective debris, and rarely chol-
angiocarcinoma are reported complications [49]. 
Treatment of Caroli’s disease is partial hepatec-
tomy in partial involvement and in cases of 
bilobar involvement cholecystectomy, hepatico-
jejunostomy in both lobes is performed [50].
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Recurrent suppurative cholangitis, cholangitic 
abscess, intrahepatic calculi are the main compli-
cation of Caroli’s disease which may mandate a 
long-term or emergency percutaneous transhe-
patic biliary drainage before definitive surgical 
treatment. [51, 52]. Percutaneous drainage should 
be done using a long-term ring biliary catheter 
with its tip placed in the duodenum.

Intermittent external drainage should be done 
to decompress the biliary system and prevent 
bacterial overgrowth. The biliary access via the 
ring biliary catheter can be used for tube 
exchange, stone extraction, or infusion of antibi-
otics when necessary [52].

3.7  Neoplasm

Biliary cystadenoma and cystadenocarcinoma 
are slow-growing, multilocular cystic tumors 
arising from biliary channels (Fig.  3.7). On 
sonography, these are identified as multilocular 
cystic lesion with multiple septations, thick 
wall, mural nodules, papillary infolding, and 
wall calcification [53]. Hydatid cyst should 
always be considered as a differential diagnosis. 
Upstream bile duct dilatations, adjacent tran-

sient hepatic attenuation differences, left lobe 
location have been found to be suggestive CT 
findings present in the biliary cystic neoplasms 
[54]. Image guided aspiration is sometimes 
obtained which yields bile tinged fluid, unlike 
hydatid or other cysts [55]. Role of cyst fluid 
CA 19-9, carcinoembryonic antigen (CEA) 
analysis has been reported in diagnosis of bili-
ary cystic neoplasms, however, not uniformly 
replicable in other studies [56–58]. Moreover, 
fine needle aspiration or biopsy has been associ-
ated with pleural and peritoneal dissemination 
and should be routinely avoided unless there is 
considerable diagnostic dilemma. Management 
is complete surgical resection and considering 
the high malignant potential, attempts at percu-
taneous aspiration, ethanol injection sclerother-
apy should not be performed [56]. Hepatocellular 
carcinoma, intrahepatic papillary mucinous 
neoplasms, and hemangioma can sometimes 
present as cyst-like lesions. The cystic appear-
ance of HCC is usually due to internal necrosis 
of large and rapidly growing tumors. Cystic 
degeneration in HCC may be a result of chemo-
embolization. [59]. A rare truly cystic  variant of 
HCC has been reported in the literature with 
only few case reports. [60, 61]

Fig. 3.7 Biliary cystadenoma: Thick walled multisep-
tated cyst with enhancing thick septations (white arrow) 
and papillary infolding from the wall (black arrow). Note 
that Hydatid cyst is an imaging differential consideration

Fig. 3.6 Caroli’s disease. Bilobar cystic dilatation of bili-
ary channels (arrowhead) with central portal venous 
branch (arrow)
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Various metastatic lesions from hypervascular 
tumors (neuroendocrine, breast, lung carcinoma, 
melanoma) or mucinous adenocarcinoma (colon, 
ovarian carcinoma) have been reported to have 
cystic appearance [62, 63]. Mural nodule, irregu-
lar border, peripheral halo on USG, peripheral 
enhancement on CT/MRI point towards meta-
static lesions [62]. Many of these lesions mimic 
liver abscesses, and biopsy is highly recom-
mended before precautious catheter placement in 
case of atypical looking abscess, especially if 
multiple lesions are present. Placing a percutane-
ous catheter in cystic metastasis can lead to track 
seeding of the tumor and is contraindicated [64].

3.8  Miscellaneous

3.8.1  Biloma

Extravasation of bile into liver parenchyma or 
subcapsular space can lead to intrahepatic biliary 
collection (biloma) (Fig. 3.8). These may be due 
to a traumatic or iatrogenic surgical or ERCP 
procedures injury to intrahepatic bile duct 
branches. ERCP, laparoscopic cholecystectomy, 
percutaneous microwave/radiofrequency abla-
tion, percutaneous ethyl alcohol injection, PTBD 

have been associated with intrahepatic biloma 
[65, 66]. Large or symptomatic biloma requires 
percutaneous drainage.

Procedure: A drainage catheter (pigtail/
Malecot) should be inserted using Seldinger’s 
technique. Contrast should be injected by the 
catheter to identify the site of biliary injury. 
Catheter drainage should be continued until the 
bile output stops. Sometimes the drainage might 
be required to be converted to percutaneous tran-
shepatic biliary drainage to divert bile for defini-
tive treatment [65].

3.8.2  Intrahepatic Pseudocyst

The liver is a rare location for pancreatic pseudo-
cyst and hence intrahepatic pseudocyst is not 
often included in the differential diagnosis of 
hepatic cysts. Furthermore, pancreatic and peri-
pancreatic changes may be absent at the time of 
imaging in cases of delayed presentation. 
Percutaneous aspiration and demonstration of 
high amylase contents provide definitive diagno-
sis. Although there is no unequivocally optimal 
therapeutic option, Percutaneous aspiration or 
catheter drainage is the most common method 
with minimal complication. Upto 38% patients, 
however, require additional surgical or endo-
scopic intervention such as pancreatic duct bal-
loon dilatation and stenting, transpapillary 
nasopancreatic drainage, or ERCP guided aspira-
tion [67–69].

3.9  Summary

The most logical management of cystic lesions 
would depend upon the imaging morphology of 
the lesion (Fig. 3.9), this gives an added advan-
tage as diagnostic impression can be made simul-
taneous to management and then tailored 
accordingly if additional information mandates 
so as in the case of biliary communication.

Fig. 3.8 Biloma: Large thick walled collection in liver 
parenchyma after cholecystectomy
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Interventions in Pancreatitis: 
Drainage Procedures

Pankaj Gupta and Pratyaksha Rana

4.1  Introduction

Acute pancreatitis represents acute inflammation 
of pancreatic parenchyma caused by various eti-
ologies. Gallstone disease and alcohol use are the 
most common causes [1, 2]. Depending on the 
etiology, the underlying mechanism leading to 
pancreatic inflammation is an obstruction to the 
drainage of pancreatic enzymes or acinar cell 
destruction. In either case, this leads to autodi-
gestion of pancreatic parenchyma by the pancre-
atic enzymes. The pancreatic enzymes also 
invoke a systemic inflammatory response [1]. 
Revised Atlanta classification provides standard-
ized lexicon for acute pancreatitis [3–5]. 
According to the revised Atlanta classification, 
acute pancreatitis is diagnosed in the presence of 
two of the following three criteria (1) abdominal 
pain suggestive of pancreatitis (2) serum amylase 
and lipase levels three times the upper normal 
value (3) typical radiological features. Contrast- 
enhanced computed tomography (CECT) is the 
most commonly used imaging modality. 
Magnetic resonance imaging (MRI) is an alterna-
tive in patients who cannot undergo CECT due to 
renal dysfunction or concerns regarding radiation 

exposure [6]. Two phases and three severity 
grades of acute pancreatitis are recognized, 
which are essential for prognostication and man-
agement (Tables 4.1 and 4.2) [3–6].

Acute pancreatitis is classified into two sub-
categories based on imaging appearance [3–6]. 
Acute interstitial pancreatitis is characterized by 
non-necrotising pancreatic inflammation. It con-
stitutes most of the cases of acute pancreatitis. 
Acute necrotizing pancreatitis comprises 20% of 
the cases. It is further subdivided into three 
types—pancreatic necrosis, peripancreatic necro-
sis, and both pancreatic and peripancreatic necro-
sis (most common type). Pancreatic necrosis is 
characterized by a lack of enhancement or 
hypoenhancement (attenuation<30  HU) of pan-
creatic parenchyma [7]. It is challenging to diag-
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Table 4.2 Severity of acute pancreatitis

Mild pancreatitis
Moderately severe 
pancreatitis

Severe 
pancreatitis

No organ failure 
or local 
complications

Transient organ 
failure (<48 h) or 
local complications

Organ 
failure 
>48 h

Table 4.1 Phases of acute pancreatitis

Early phase (first week after 
onset)

Late phase (after second 
week of onset-months)

(1)  Manifested by systemic 
inflammatory response

(2)  Clinical severity and 
treatment based on type 
and degree of organ 
failure

(1)  Moderately severe 
and severe 
pancreatitis

(2)  Persistent organ 
failure and local 
complications
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nose pancreatic necrosis within the first 72 h of 
the onset of acute pancreatitis. Thus, CECT is 
ideally performed between 5th and 7th  days of 
pain onset [4]. The collections in the setting of 
acute interstitial pancreatitis contain only fluid 
and those in the setting of acute necrotizing pan-
creatitis contain both fluid and necrotic debris 
(Table 4.3, Fig. 4.1). The most common site for 
pancreatic collection is retroperitoneum. The 
lesser sac is the most commonly involved site due 
to its contiguity with the pancreatic parenchyma 
[8]. From the lesser sac, the collections may 
extend to gastrosplenic ligament, perinephric 
spaces, and paracolic gutters [9]. Though mesen-
teric inflammation is relatively common, mesen-
teric collections are less commonly reported [9]. 
Peritoneal cavity, anterior abdominal wall, and 
posterior mediastinum are less commonly 

affected. Rarely the pancreatic collection may 
extend or rupture into the adjacent organs like 
liver and spleen [10, 11].

It is vital to diagnose the necrotic component 
within collections as 90% of acute peripancreatic 
fluid collections (APFC) resolve within 4 weeks 
and do not require intervention. Necrotic collec-
tions are identified by heterogeneity within the 
fluid collection or presence of fluid as well as fat 
attenuation areas within the collection [12]. 
However, identification as  well as quantification 
of necrotic component may be a challenging task 
on CT. MRI has higher accuracy in identifying 
extrapancreatic necrosis [13].

Both necrotic and non-necrotic collections 
may get infected. Infection of both pancreatic 
and peripancreatic necrosis increases morbidity 
and mortality. About one-third of patients with 

a b

Fig. 4.1 Axial CECT image (a) 10  days after onset of 
pain in a 60-year-old female with gallstone pancreatitis 
shows acute necrotic collection (arrow). Axial CECT 

image (b) obtained 5 weeks following the pain onset in a 
43-year-old man with alcohol-related acute pancreatitis 
shows a large walled-off necrosis (arrow)

Table 4.3 Nomenclature of fluid collections in acute pancreatitis

Type of collection
Time after onset of 
pain (weeks) Location Imaging features

Acute peripancreatic fluid 
collection (AFPC)

≤ 4 weeks Extrapancreatic Homogenous, fluid attenuation, no 
wall

Pseudocyst >4 weeks Extrapancreatic Homogenous, fluid attenuation, 
circumscribed with wall

Acute necrotic collection (ANC) ≤ 4 weeks Intra and/or 
extrapancreatic

Inhomogeneous, non-liquefied 
component, no wall

Walled-off necrosis (WON) >4 weeks Intra and/or 
extrapancreatic

Inhomogeneous, non-liquefied 
component, encapsulated with wall
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necrosis develop infection. Peak occurrence is 
after 3–4 weeks but may occur anytime during 
the disease. Infected collections are essential to 
diagnose as they invariably require drainage 
[14]. Clinical deterioration, new or persistent 
organ failure, and high total leukocyte counts are 
important clinical signs of infection [1, 14, 15]. 
Gas within the collection in absence of interven-
tion is a specific sign of infection, although it can 
also be seen with enteric fistula [3, 4]. Diffusion-
weighted imaging, CT perfusion, and positron 
emission tomography (PET)-CT are newer 
methods to diagnose infected collections. The 
volume of necrosis can predict the development 
of infection. Studies report that if necrosis 
exceeds 50%, there are higher chances of infec-
tion occurring later in the course of the disease 
[14, 16, 17]. Over time, the clinical relevance of 
diagnostic aspiration has substantially dimin-
ished. It is preferable to obtain cultures at the 
time of therapeutic drainage rather than to sub-
ject patients to diagnostic aspiration due to the 
fear of iatrogenic infection, false positive, and 
false negative results [18].

4.2  Management of Acute 
Pancreatitis

A multidisciplinary approach is key to the suc-
cessful management of acute pancreatitis [14, 
18]. Initial resuscitation, fluid therapy, pain 
management, supplemental oxygen, and nutri-
tional support are the basic supportive mea-
sures provided to all patients with acute 
pancreatitis. The role of prophylactic antibiot-
ics is controversial [19–21]. Intravenous anti-
biotics should be administered in cases of 
suspected or proven infection or when inter-
vention is being planned [22].

Mild acute pancreatitis is usually managed 
conservatively. Acute peripancreatic fluid collec-
tions resolve within 4 weeks and usually do not 
require intervention. Sterile pancreatic and peri-
pancreatic necrosis are also managed conserva-
tively [23]. Indications of drainage of pancreatic 
collections are outlined in Table 4.4. Interventions 
for collections in the setting of acute pancreatitis 

can be percutaneous, endoscopic, or surgical. In 
recent years, minimally invasive techniques are 
more commonly used than conventional open 
necrosectomy [14, 24]. A classification system of 
invasive procedures for treating the local compli-
cations of acute pancreatitis known as the VRP 
classification (visualization, route, and purpose) 
was developed by the Pancreas Network of New 
Zealand [25].

In this chapter, percutaneous catheter 
drainage (PCD) of pancreatic collections will be 
discussed.

4.3  PCD of Pancreatitis 
Associated Collections

Despite advances in endoscopic and surgical tech-
niques for minimally invasive drainage of pancre-
atic collections, image-guided PCD remains the 
most common method of drainage. The advan-
tages of PCD are easy availability and lower cost 
compared to endoscopic methods. Moreover, 
being external drainage it can be flushed/irrigated 
frequently to fecilitate drainage of thick and 
necrotic collections and can be upsized regularly 
for optimal drainage of necrotic collections. 
Compared to surgical techniques, it is less inva-
sive. PCD also provides a gateway for both endo-
scopic and minimally invasive surgical 
necrosectomy. Additionally, PCD may be per-
formed in the crtitically ill patients, even at the 
bedside in intensive care units. Several studies 
including meta-analysis have shown that the non-
operative approach with PCD is successful in up to 
50% of patients with infected necrosis [26]. The 

Table 4.4 Indications of drainage of collection in acute 
pancreatitis

Clinically suspected or documented infected necrosis
Non-resolving organ failure for several weeks or new 
onset organ failure
Mass effect from collection: pain, gastric outlet 
obstruction, vascular compression, biliary obstruction, 
intestinal obstruction, etc.
Disconnected duct syndrome with persistent 
symptoms
Other: abdominal compartment syndrome, ongoing 
acute bleeding, bowel ischemia, gastrointestinal fistula
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overall mortality rate is lower in patients who 
undergo PCD.  Freeny et  al. first described the 
preferential treatment of infected pancreatic necro-
sis using PCD in 34 patients and reported a clinical 
success rate of 47% with PCD alone [27]. Since 
then, many studies have shown a high success rate 
of PCD in acute pancreatitis [26–32]. The out-
come of PCD for necrotizing pancreatitis is sum-
marized in Tables 4.5 and 4.6 [33–53, 58]. A 
step-up approach comprising of initial percutane-
ous or endoscopic drainage followed by  minimally 
invasive necrosectomy has been found to improve 
the outcomes in patients with acute pancreatitis 
[49, 59–61]. The PANTER trial by the Dutch pan-
creatitis group popularized the step-up approach 
[49]. In this trial, among the patients with infected 
pancreatic necrosis assigned to the step-up proto-
col, one-third could be treated with PCD alone. 
The step-up approach comprising initial PCD 
reduced the mortality as well as the rate of major 
complications compared to open necrosectomy.

Endoscopic drainage of pancreatic collections 
is a minimally invasive procedure. The advances 
in endoscopic techniques have increased the inter-
est and applications of this procedure. Bakker 
et al., in their randomized control trial compared 
the efficacy of endoscopic necrosectomy and sur-
gical necrosectomy in 22 patients and found a 
lower post-procedure inflammatory response, 
complication rate, lesser pancreatic fistula devel-
opment and lesser endocrine and exocrine defi-
ciency in patients with endoscopic drainage [62].

Various studies have compared percutaneous 
with endoscopic drainage [63–65]. The disad-
vantages with the use of percutaneous drainage 
are external catheters which compromise the 
quality of life and localized skin complication. 
Additionally, larger stents and drains can be 
placed with endoscopic drainage, which allows 
better drainage of heterogeneous collection. The 
drainage with endoscopic route is more physio-
logical with lesser loss of pancreatic fluid. 

Table 4.5 Outcome of PCD for necrotising pancreatitis

Author, Year No. of patients
Infected necrosis, n 
(%)

Timing of drainage 
(days after 
presentation)

Need for 
necrosectomy, n (%)

Lee, 1992 [33] 30 6 (20) NA 5 (17)
Rotman, 1992 [34] 14 12 (86) 21 11 (79)
Sunday, 1994 [35] 8 0 NA 6 (75)
Aultman, 1997 [36] 19 10 (53) NA 3 (16)
Freeny, 1998 [27] 34 34 (100) 63 (7 to >300) 18 (53)
Echenique, 1998 [37] 20 20 (100) NA 0
Gambiez, 1998 [38] 10 3 (30) 17 (10–25) 3 (30)
Fotoohi, 1999 [39] 60 44 (73) NA 3 (5)
Baril, 2000 [40] 25 19 (76) NA 7 (18)
Baron, 2002 [41] 38 38 (100) NA 7 (18)
Cheung, 2005 [42] 8 8 (100) 55 (21–154) 5 (63)
Olah, 2006 [43] 25 15 (60) 12 12 (48)
Navalho, 2006 [44] 30 30 (100) 18 10 (33)
Lee, 2007 [45] 18 18 (100) 10 (1–58) 3 (17)
Szentkereszty, 2008 [46] 61 NA >28 15 (25)
Bruennler, 2008 [47] 80 80 (100) >15 24 (30)
Mortele, 2009 [48] 35 35 (100) 11a (2–33) 13 (37)
Rocha, 2009 [58] 28 9 (32) NA 17 (61)
Van santvoort, 2010 [49] 43 43 (100) 30b (11–71) 26 (60)
Sugimoto, 2015 [50] 47 17 (36) 22 (2–73) 0
Sugimoto, 2016 [51] 39 12 (31) 23 0
Mallick, 2018 [52] 375 214 (57) NA 50 (13.3)
Bellam, 2019 [53] 51 11 (21.56) 20 4 (7.8)

NA-not available, aMean, bMedian. Modified from freeman et al. [14]
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However, general anesthesia may be required 
for endoscopic drainage, whereas percutaneous 
drainage can be done under local anesthesia and 
even at bedside in critically ill patients. In a 
study by Keane et  al. endoscopic drainage of 
symptomatic pancreatic fluid collection was 
associated with a higher rate of treatment suc-
cess, a lower rate of reintervention, and shorter 
hospital stay [63]. Khan et al. [64] in their meta-
analysis also found similar results with the 
superiority of endoscopic versus percutaneous 
drainage.

4.4  Timing of Percutaneous 
Drainage

Acute sterile collections early in the course of the 
disease seldom require intervention and are man-
aged conservatively. Similarly, patients with acute 
collections with clinical deterioration, persistent 
systemic inflammatory response syndrome, and 
multiorgan failure with no features of infection are 
managed conservatively. Early invasive interven-
tions have been shown to be associated with a risk 
of bleeding and perforation of adjacent hollow vis-
cus [65–67]. Later in the course of the disease, 
when the collection gets encapsulated, interven-
tion may be required in cases of symptoms or 
obstructive features (Table  4.4). Infected acute 
necrotic collections may require intervention early 
in the course of the disease. The preferred method 
is PCD.  Abdominal compartment syndrome 
requires decompression early in the course of the 

disease, which can be done by both surgical and 
percutaneous route. Infected walled-off necrosis 
with at least partial liquefaction and encapsulation 
more than 4–6 weeks after the onset of the disease 
require intervention, especially when symptom-
atic. There is evidence that delayed intervention is 
superior to early intervention in terms of reduced 
morbidity and mortality [65–67]. The current rec-
ommendation to postpone interventions until 
4 weeks after the start of the disease were formu-
lated from studies on primary open surgical 
necrosectomy. As currently drainage is employed 
as the first intervention in step-up approach, post-
ponement of catheter drainage until encapsulation 
might not be necessary. However, robust clinical 
data is lacking in this aspect. Grinsven et al. did a 
systematic review of the timing of catheter drain-
age in patients with infected collections [68]. 
Early catheter drainage of the symptomatic fluid 
collection can lead to the removal of pancreatic 
necrotic and/or infected tissue and decrease intra-
bdominal pressure resulting in interruption of the 
inflammatory cascade. A recent study by Mallick 
et al. comprising 258 patients with ANC and 117 
patients with WON reported that early PCD is as 
efficient and safe as delayed PCD [52]. Postponed 
versus immediate drainage of infected  necrotizing 
pancreatitis (POINTER trial) is a randomized 
control trial being undertaken to investigate 
whether immediate catheter drainage in infected 
necrotizing pancreatitis reduces the risk of com-
plications as compared with the current protocol 
of delaying intervention until the stage of walled- 
off necrosis [69].

Table 4.6 Studies reporting outcome of PCD in sterile fluid collection

Author, Year Number Success Surgery Mortality Remarks
Walser, 2006 [54] 22 NA 4 (22%) 2 (9.1%) Increased risk of catheter 

infection
Mortele, 2009 [48] 22 11 (50%) 6 (27.3%) 5 (22.7%) High mortality due to MOF at 

baseline
Zerem, 2009 [54] 20 17 (85%) 3 (15%) 1 (5%) 11 patients had secondary 

infection
Kotan, 2015 [55] 4 4 (40%) 6 (60%) 1 (10%) PCD resulted in decrease in 

CRP level
Wang, 2016 [56] 248 NA 21 (8.6%) 27 (10.9%) None

NA-not available, MOF-multiorgan failure, CRP-C-reactive protein. Modified from Sharma et al. [57]
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4.5  Image Guidance

PCD of pancreatic collections can be performed 
under ultrasound or CT guidance. Ultrasound is 
easily available, inexpensive, and radiation-free 
modality in which real-time needle placement 
can be done. Ultrasound-guided PCD may be 
performed even at the bedside in intensive care 
units. However, since the pancreas is a retro-
peritoneal organ, some of the collections are 
not well visualized and may not be amenable to 
drainage under ultrasound guidance. Deeper 
collections are better accessed with CT guid-
ance. With CT fluoroscopy, real-time place-
ment of the needle is feasible. Fusion 
techniques, including ultrasound/CT image 
fusion achieve a higher technical success rate 
[70]. Upgradation of the catheter can be done 
under ultrasound, CT, or fluoroscopic guidance. 
The feasibility of MRI guided percutaneous 
catheter drainage of pancreatic collections has 
also been reported [71].

4.6  Drainage Procedure

4.6.1  Pre-Procedure Evaluation 
and Planning of the Procedure

CECT is available before PCD in most patients. 
However, in some patients, especially those with 
acute kidney injury, PCD may be planned with 
ultrasound alone. Proper assessment of collection 
site, size, character, relationship with adjacent 
organs, and vessels is critical. Coagulation profile 
and hemogram of the patient are assessed and 
optimized (platelet count >50,000/μl and 
INR  <  1.5). Informed written consent of the 
patient is obtained. Hardware required for PCD is 
listed in Table 4.7 and shown in Fig. 4.2. Strict 
sterile conditions should be maintained during 
each step of the procedure. Equipment for moni-
toring and resuscitation must be available at the 
time of the procedure. PCD is feasible under 
local anesthesia in most of the patients. 
Analgesics, antispasmodics, and antiemetics may 
be required based on the patients’ condition.

4.6.2  Technique of Catheter 
Placement

The two primary techniques of PCD anywhere in 
the body are the trocar technique and the 
Seldinger technique. The former is a single-step 
technique. Though it is a faster method, it has the 
potential for complications. A relatively smaller 
catheter may be inserted using this technique. 
Seldinger technique involves multiple steps, 
involving the introduction of a needle, followed 
by placement of a guidewire and dilatation of the 
access tract (Fig. 4.3). Finally, the desired cath-
eter is placed over the guidewire. Seldinger tech-
nique is the preferred method for drainage of 
pancreatic collections. Though there are no stan-
dard recommendations regarding the initial cath-
eter size, most of the expert interventional 
radiologists involved in the care of patients with 
acute pancreatitis agree that a larger bore cathe-
ter should be used. In the authors’ interventional 
radiology unit, 14 Fr catheter is routinely used 
for initial PCD. Following the initial PCD, upsiz-
ing of the catheter is required to allow drainage 
of necrotic debris. The final catheter size may be 
as large as 30–48 Fr. Smaller size catheters are 
used for drainage of liquefied collections having 
no/ little solid necrotic material, pancreatic asci-
tes, and pleural effusion. The large-bore and 
multiple catheters are required for heteroge-
neous collections with solid necrotic material 
(Fig. 4.4). In a retrospective study by Bruennler 
et al. there was no change in outcome in patients 
with infected pancreatic necrosis depending on 
the initial size of the catheter [47]. However, 
prospective randomized studies are required to 
prove this.

In recent years, there have been several reports 
on proactive drainage of pancreatic collections. A 

Table 4.7 Hardware required for PCD of pancreatic 
collections

18G needle
Stiff guidewire (0.035 inch)
Set of dilators
Catheter pigtail or Malecot or self-locking catheter
Other suture material, dressing.
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proactive protocol involves more frequent upsizing 
of the catheters with the aim to drain the entire col-
lection, including the liquid component as well as 
the necrotic debris. In the study by Grinsven et al. 
117 patients with infected necrosis underwent 
PCD: 42 patients with proactive protocol and 75 
patients with a standard protocol [72]. The 
authors reported a reduced need for necrosec-
tomy in patients undergoing proactive 
PCD.  Sugimoto et  al. also reported a reduced 
need for necrosectomy, low incidences of organ 
failure, and reduced mortality in the proactive 
protocol [51].

4.6.3  Approach for Percutaneous 
Drainage of Pancreatic 
Collections (Site and Route)

Most direct, shortest path for drainage should be 
used. Vital organs should be avoided. The route 
will depend on the site, size, extent of the collec-
tion, and relationship with adjacent organs. The 
placement of the catheter should be comfortable 
to the patient, not hampering day to day neces-
sary activities. The following routes may be uti-
lized for PCD of pancreatic collections (Figs. 4.5 
and 4.6).

a

b

d

c

e f

Fig. 4.2 Hardware for 
percutaneous drainage 
of pancreatic collections. 
(a) 18G needle; (b) Stiff 
0.035″ guidewire, (c) 
Blade, (d) Fascial 
dilators, (e) Malecot 
catheter, (f) Pigtail 
catheter
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 1. Retroperitoneal route
 2. Transperitoneal route
 3. Transgastric route
 4. Transhepatic route

The organs to be avoided are bowel loops, 
spleen, and gallbladder. Retroperitoneal access via 
the left posterolateral approach between the left 
kidney and colon is preferred as the catheter can be 
placed along the long axis of the collection [73].

Additionally, this approach allows for mini-
mally invasive surgical necrosectomy. In a study 
by Horvath et al. video assisted retroperitoneal 
debridement (VARD) was found to be feasible 

in 60% of the patients requiring surgical treat-
ment [74]. In more than three-fourths of the 
patients, open necrosectomy was not required. 
VARD was used as the standard approach for 
necrosectomy in the landmark PANTER trial 
[49]. The transperitoneal route should be used 
when there is no safe window for retroperito-
neal drainage. With the increasing utilization of 
endoscopic drainage, transgastric route for 
drainage of pancreatic collections is less com-
monly employed [75, 76]. However, in patients 
who are not candidates for retroperitoneal or 
transperitoneal drainage, especially patients in 
the intensive care unit may benefit from trans-

a b

c d

Fig. 4.3 Seldinger technique for ultrasound-guided PCD 
of pancreatic fluid collection. (a) Fluid collection is seen 
in lesser sac (arrow). (b) Ultrasound-guided needle 
(arrow) insertion is performed. (c) A guidewire (arrow) is 

placed through the needle. (d) After the tract is serially 
dilated using fascial dilators (6–14 Fr), 14Fr pigtail cath-
eter is inserted into the collection (arrow)
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a b

c

Fig. 4.4 CT scanogram (a) in a 32-year-old female with 
gallstone pancreatitis (pot-necrosectomy status) shows 
multiple (three) catheters in the peripancreatic location 

(arrows). Axial CT images (b and c) show multiple large- 
bore Malecot catheters in the lesser sac (arrows) 

a b

Fig. 4.5 (a) Retroperitoneal catheter insertion along the 
long axis of the pancreatic collection was performed 
under CT guidance (arrow). (b) A transperitoneal catheter 

was inserted in this peripancreatic collection under CT 
guidance (arrow)
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a b

Fig. 4.6 (a) Coronal reformatted CECT image shows an extensive left paracolic gutter collection (arrows). (b) Two 
percutaneous catheters were placed into the collection via the retroperitoneal approach (arrows)

gastric drainage. The transhepatic route has 
been described for inaccessible lesser sac fluid 
collections. In the published studies on the tran-
shepatic drainage of intra-abdominal abscesses 
and fluid collections in the postoperative set-
ting, 100% technical success and no significant 
complications have been reported [77, 78].

4.6.4  Catheter Management

 1. Proper dressing and suturing of the catheter 
should be done to prevent dislodgement. Locking 
catheters can be used to avoid dislodgement.

 2. Active flushing: Gravity drainage of the col-
lection with regular flushing with normal 
saline should be done.

 3. Exchange: Because of the solid debris, the cath-
eters get frequently blocked. Upsizing is needed 
to allow continued drainage of the collection.

 4. Repositioning of catheter in case of displace-
ment or dislodgement.

 5. Additional catheter: if there is no improve-
ment even after 72 h of initial PCD, imaging 
is done to identify residual or new collection 
for other PCD.

 6. Adequate local hygiene should be maintained 
to prevent superadded infections and cellulitis.

The decision to remove the catheter and stop 
the drainage is usually a multidisciplinary deci-
sion based on clinical improvement (control of 
sepsis, resolution of fever, hemodynamic stabil-
ity, and relief of pressure symptoms), improve-
ment of laboratory parameters (total leucocyte 
counts, decrease in CRP and procalcitonin lev-
els) and radiological improvement (reduction in 
the size of collection) with drainage less than 
20 mL/day at least for two or three consecutive 
days [57].
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4.7  Complications of Catheter 
Placement

 1. Local site complications (cellulitis, scar for-
mation): local hygiene prevents or reduces the 
severity of these complications.

 2. External pancreatic fistula (EPF): it is defined 
as the drainage of clear pancreatic secretions 
of greater than 100 mL/ day beyond 3 weeks 
of catheter insertion [79]. A majority of EPFs 
can be managed conservatively. However, in 
the case of refractory EPF, pancreatic stenting 
is required.

 3. Blockade of catheter: regular saline flushing 
helps prevent catheter blockade. However, 
catheter upsizing is frequently required to pre-
vent/ treat this event.

 4. Slippage of catheter: it requires reinsertion of 
the catheter if there is a residual collection and 
patient is symptomatic.

 5. Bleeding from catheter: it may be related to a 
vascular injury secondary to catheter insertion 
or vascular damage induced by pancreatic 
enzymes in the course of severe acute necro-
tizing pancreatitis. A CT angiography is per-
formed to investigate the cause of bleed from 
the percutaneous catheter. Arterial pseudoan-
eurysm is one of the most significant compli-
cation causing bleeding from the catheter. It is 

managed effectively with endovascular embo-
lization [80].

 6. Fistulous communication with bowel loop: It 
can be iatrogenic. However, more commonly, it 
is the result of inflammation/ ischemia of the 
bowel wall resulting from the effect of pancre-
atic secretion. The most common site for bowel 
fistulisation is the colon [81]. Other common 
sites are stomach and duodenum. The fistulisa-
tion with the upper GI tract may be managed 
conservatively while the colonic fistula requires 
surgical management [82]. However, recent lit-
erature suggests that some colonic fistulae may 
be managed conservatively. Other methods 
described for the management of colonic fistu-
lae are over the scope clips and stents.

4.8  Factors Predictive 
of the Outcome of PCD

It is essential to predict which patients are going 
to benefit from PCD. Several predictive factors, 
including the presence of multiorgan failure, 
non-liquefied necrotic collections with higher CT 
density, the volume of the collection, etc. have 
been described to predict the outcome of PCD 
[48, 54–56, 83–89]. The studies reporting these 
factors are summarized in Tables 4.7 and 4.8.

Table 4.8 Predictors of outcome of PCD in patients with pancreatic necrosis

Author, year Number Success

Necrosectomy/
Further 
intervention Mortality Predictors

Predictors of failure
Babu, 2013 [86] 56 26 (26.4%) 27 (48%) 16 (28.5%) Renal failure, APACHE II score 

at first intervention and number 
of bacteria isolated

Hollemans, 2016 [83] 130 45 (35%) 76 (58.5%) 26 (20%) Male gender, MOF, pancreatic 
necrosis amount, heterogeneous 
collection

Guo, 2016 [84] 51 35 (68.6%) 16 (31.3%) 3 (6%) Higher CT density of collection
Li, 2016 [85] 54 18 (33.3%) 32 (59.3%) 4 (9.3%) Heterogenous collections, 

multiple infected collections, 
higher CTSI

Predictors of success
Bellam, 2019 [53] 51 34 (66.6%) 4 (7.84%) 15 (29.4%) Percentage reduction of volume 

of collection, organ failure 
resolution

MOF-multiorgan failure. Modified from Sharma et al. [57]
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5.1  Introduction

The incidence of major vascular involvement in 
pancreatitis is 1.2–14 % with a higher frequency of 
involvement in chronic pancreatitis (7–10%) com-
pared to acute pancreatitis (1–6%). Mortality in 
patients with bleeding from major vascular involve-
ment has been reported to be between 34% to 52% 
[1]. Bleeding in pancreatitis is usually due to the 
direct involvement of a vessel (mostly causing 
pseudoaneurysm formation) resulting in rupture 
into gastrointestinal tract/pseudocyst/abscess cav-
ity/pancreatic duct/peritoneal cavity/retroperito-
neum. Bleeding can also occur from varices due to 
the portal or splenic or mesenteric vein thrombosis. 
Other causes of bleeding include peptic ulcer dis-
ease (more prevalent in pancreatitis patients than 
the general population), Mallory- Weiss tears, 
splenic infarction, and splenic rupture [1, 2].

The risk factors described for vascular com-
plications are necrotizing type of pancreatitis, 
organ failure involving multiple organs, sepsis, 
and pancreatic or peripancreatic fluid collec-

tions, history of necrosectomy, vasculitis, and 
patients on anticoagulants [3]. In a study by 
Bergert et al., major bleeding was due to pseu-
doaneurysm in 69.4% cases, peptic ulcers or 
varices in 22.2%, and splenic infarction or rup-
ture in 8.4% cases [2].

5.2  Pathophysiology

Several pathogenic mechanisms are involved in 
the development of vascular complications. One 
is due to the adjacent extension of the inflamma-
tory process, ischemic necrosis, and exocrine 
enzymes of the pancreas. If abscesses develop 
weeks to months later during the course of pan-
creatitis, associated infective organism also con-
tributes to the vascular injury.

Pseudocysts can result in vascular injury due to 
compression, and elastolytic enzymes from their 
walls. Venous involvement is also due to the similar 
pathogenic mechanisms resulting in sinistral portal 
hypertension. Iatrogenic causes include surgery 
(necrosectomy) and percutaneous drain insertion 
due to direct vascular injury or mechanical irrita-
tion [1, 4]. Boudghene et al. reported the source of 
arterial bleeding as splenic artery in 42.4% cases, 
gastroduodenal artery (GDA) in 21.7%, pancreati-
coduodenal arteries in 25.5%, hepatic artery and 
superior mesenteric artery (SMA) in 2.8% each, 
jejunal arteries in 1.9%, other intestinal arteries and 
renal arteries in 0.9% each [5].
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5.3  Vascular Anatomy 
and Anastomotic Pathways

The various branches of celiac and superior mes-
enteric arteries supplying the pancreas are 
depicted in Fig.  5.1. Various anastomotic path-
ways described are between superior and inferior 
pancreaticoduodenal arteries, between DPA and 
SPDAs, between DPA, TPA, and GPA, between 

caudal pancreatic arteries and TPA, GPA. Arc of 
Buhler is the persistent embryonic connection 
between the celiac artery and SMA independent 
of GDA and DPA. Arc of Barkow is formed by 
communication between the right and left gastro-
epiploic arteries [6–8]. Knowledge of these anas-
tomoses is important for effective endovascular 
treatment and to prevent recanalization of the 
pseudoaneurysm.

a b

c d

Fig. 5.1 Arterial supply to the pancreas: Maximum 
Intensity Projections of CT Angiography in coronal 
oblique plane (a, b and d) and selective digital subtraction 
angiogram of common hepatic artery (c) showing arterial 
supply to pancreas. Anterior superior pancreaticoduode-
nal artery (ASPDA), Caudal pancreatic arteries (CPA), 
Celiac artery (CA), Common hepatic artery (CHA), 

Dorsal pancreatic artery (DPA), Gastroduodenal artery 
(GDA), Great pancreatic artery (GPA), Inferior pancreati-
coduodenal artery (IPDA), Left gastric artery (LGA), 
Posterior superior pancreaticoduodenal artery (PSPDA), 
Proper hepatic artery (PHA), Right gastroepiploic artery 
(RGEA), Splenic artery (SPA), Superior mesenteric artery 
(SMA), Transverse pancreatic artery (TPA)
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5.4  Clinical Features

Bleeding in pancreatitis can be gastrointestinal 
(GI) bleed or non-gastrointestinal bleed. GI bleed 
presents as hematemesis, melena, or rarely hae-
matochezia. Non-GI bleed presents as abdominal 
pain or hemorrhagic shock. Most of these patients 
have a drop in hemoglobin of at least 2–3 gm/dl. 
Some of the pseudoaneurysms may be inciden-
tally detected on imaging [3]. The role of imag-
ing modalities is described in Table 5.1.

5.5  Treatment Approach 
to Vascular Complications 
of Pancreatitis

Most authors advise treatment of all the pseudoa-
neurysms detected at the earliest as the mortality 
rates of their rupture can be up to 100%. There 
are no guidelines for the timing of treatment in 
pseudoaneurysms. However, regarding the choice 
of treatment, the International Association of 
Pancreatology/American Pancreatic Association 
guidelines for acute pancreatitis and United 
European Gastroenterology guidelines for 
chronic pancreatitis recommend endovascular 
treatment as the initial choice of treatment for 
pseudoaneurysms [9, 10].

Bergert et  al and Balachandra et  al reported 
higher mortality rates in surgery first approach 
compared to endovascular first approach [2, 11]. 
Hemorrhagic shock and the number of units of 
blood transfused (>10) were found to be signifi-
cant predictors of mortality. The endovascular 
approach required fewer units of blood and 
shorter hospital stay [2, 12]. The algorithm pro-
posed by various authors for the management of 
bleeding in pancreatitis is given in Flowchart 5.1 
[2, 3, 13]. Hardware required for endovascular 
intervention is described in Table 5.2.

5.6  Endovascular Therapy 
of Pseudoaneurysms/
Arterial Bleeding 
in Pancreatitis

Standard pre-procedural preparation and contra-
indications for catheter-directed angiography 
are also applied here [14]. The femoral arterial 
access is the preferred route with brachial or 
axillary approach reserved for those with acute-
angled origins of feeders from the aorta. Angled 
catheters like MPA are used for cannulating the 
arteries arising from the aorta with an angle of 
origin between 0 to 60 degrees and curved cath-
eters like Cobra 2 are used if the angle is 

Table 5.1 Role of different imaging modalities in vascular complications of pancreatitis

Ultrasound CT angiography DSA angiography
Advantages
  • Can be done on bedside
  • Easily available
  • Cheaper
  • No radiation exposure
  •  Contrast enhanced ultrasound 

can be useful in patients where 
iodinated contrast cannot be 
used

Disadvantages
  • Operator dependant
  •  Meteorism and obesity can 

obscure visibility

Most commonly used investigation 
for diagnosis
Advantages
  • Not operator dependant
  • Fast
  • Highly accurate
  •  Shows extraluminal features of 

pseudoaneurysm
  •  MIP, 3D, and VR reformats 

helpful before intervention for 
planning

Disadvantages
  • Radiation exposure
  •  Contrast cannot be used in 

allergic or renal compromise 
patients

Gold standard investigation
Advantages
  •  Real-time evaluation of 

collateral supply to assess the 
expendability of artery

  •  Treatment can also be done 
during angiography

  •  Most sensitive to detect active 
bleeding and small 
pseudoaneurysms

Disadvantages
  •  Apart from sharing the 

disadvantages of CT 
angiography, there are other 
risks of this invasive modality 
discussed in complications 
section of this chapter
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Bleeding in
pancreatitis

GI bleed

Endoscopy

Successful
Not

successful

Non GI bleed

CT
angiography

Endovascular
intervention

Successful
Not

successful

Surgery

Flowchart 5.1 Approach to management of bleeding in pancreatitis

Table 5.2 Hardware required for endovascular management of vascular complications in pancreatitis

1. 18G puncture needle
2. Micropuncture set 4F
3.  Arterial sheath (5F or 6F, 11 cm for initial access and other sizes and lengths depending on the stent size and 

vessel). E.g., Super ArrowFlex® (Teleflex): 5F–11F, 11–90 cm, Destination® (Terumo): 5F–8F, 45–90 cm, 
PerformerTM Guiding sheath (Cook Medical): 5F–16F, 48–85 cm.

4. Hydrophilic guidewire. E.g., Glidewire® (Terumo): 0.035″–150 cm, 260 cm, angled tip
5. Stiff guidewire. E.g., Amplatz® (Cook Medical): 0.035″–150 cm, 260 cm
6. Diagnostic catheters. E.g., MPA, C2, SIM1, H1, Picard: 5F or 4F
7.  Microcatheters. E.g., Progreat® coaxial (Terumo): 2.7F, 2.8F, RenegadeTM (Boston Scientific)-2.4F-2.8F, 

DirexionTM (Boston Scientific): 2.4F, 2.8F.
8.  Pushable coils-0018″ and 0.035″. E.g., MReye® (Cook Medical), Nester® (Cook Medical), VortX® (Boston 

Scientific)
9. Detachable coils. E.g., GDC® (Stryker), Target® (Stryker), Hydrocoil® (MicroVention)

10.  Covered stent grafts. E.g., Fluency® Plus (BD Interventional): 6–13.5 mm, Graft master® (Abbott): 2.8–4.8 mm 
diameter.

11. Thrombin
12. Glue
13. Heparin
14. Nitroglycerin (used in case of vasospasm)
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between 60 to 120 degrees and reverse curve 
catheters like Simmons 1 are used if the angle is 
greater than 120 degrees [15].

After diagnostic angiograms, the smaller feed-
ing arteries can be selectively catheterized using 
microcatheters. Cannulating the left gastric artery 
can be difficult. Various techniques described 
are: forming Waltman loop, using a reverse 
curved catheter, side hole creation in the shep-
herd’s hook catheter, and passing microcatheter 
through this side hole [16].

The choice of endovascular treatment depends 
on the expendability of the artery, tortuosity/
angle of origin of the arteries. The expendable 
arteries are the splenic, gastroduodenal, and infe-
rior pancreaticoduodenal arteries. SMA, intesti-
nal arteries, celiac artery trifurcation 
(pseudoaneurysm arising from trifurcation) are 
considered as nonexpendable arteries. There are 
case reports in which proper hepatic artery was 
embolized if there is sufficient collateral circula-
tion from SMA with patent portal vein. The pro-
posed selection of treatment by various authors is 
given in Flowcharts 5.2 and 5.3 [17–19].

5.6.1  Embolization with Coils

This is the most commonly described technique 
for the endovascular management of pseudoan-
eurysms. If an expendable bleeding vessel could 
be selectively cannulated, then the coils can be 
placed on either side of the neck of pseudoaneu-
rysm in distal to the proximal direction (“sand-
wich” technique). This is to prevent the 
revascularisation of the pseudoaneurysm by the 
collaterals (Figs.  5.2, 5.3, and 5.4). Twenty to 
thirty percent oversizing of coils is recommended 
relative to the vessel. In case of a nonexpendable 
bleeding vessel, if the pseudoaneurysm (with 
narrow neck) can be selectively cannulated, then 
detachable coils can be implanted directly. The 
detachable coils offer the advantage of precise 
placement and they can be withdrawn if not 
placed appropriately.

In case of a nonexpendable bleeding vessel 
with wide neck, coils cannot be directly placed 
into the pseudoaneurysm in this scenario, as there 
is a risk of coil migration into the parent artery 
(up to 3%). If the covered stent could not be 

 

Expendable artery

Narrow neck of
pseudoaneurysm

Feeder accessible

Packing with coils, glue
or thrombin

Coils-sandwich
technique 

Feeder not accessible

Distal collaterals
present

Percutaneous injection
of thrombin or glue or

coils
Proximal injection of

glue or onyx 

Distal collaterals
absent

Proximal AVP
Proximal coiling

Wide neck of
pseudoaneurysm

Feeder accessible

Coils-sandwich
technique

Feeder not accessible

Distal collaterals
present

Proximal injection of
glue or onyx

Percutaneous injection
of thrombin 

Distal collaterals
absent

Proximal AVP
Proximal  coiling

Flowchart 5.2 Approach to endovascular treatment in expendable artery
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placed due to tortuous anatomy or nonavailabil-
ity, then stent-assisted coiling can be done. In this 
technique, an uncovered stent is placed across the 
pseudoaneurysm neck followed by the insertion 
of coils into the pseudoaneurysm through the 
interstices of the stent. Another technique is the 
“balloon-assisted remodeling” in which a balloon 
is inflated across the neck and a catheter is passed 
adjacent to inflated balloon into the pseudoaneu-
rysm sac for coil packing [1, 19].

However, there are situations in which nonex-
pendable artery needs to be embolized proxi-
mally if the patient is hemodynamically unstable, 
unfit for surgery and the pseudoaneurysm cannot 
be accessed by endovascular or percutaneous or 
endoscopic ultrasound (EUS) route [1]. In 
patients with coagulopathy or shock adjuvant use 
of gelfoam or thrombin is needed for occlusion of 
the vessel [1, 20]. Technical success of 67% to 
100% has been described in literature, rebleed in 
5.7% to 17%, and complications in 0% to 17% 
[12, 21, 22]. Udd et al. reported decreased techni-

cal success for the embolization of splenic artery 
bleeders due to pseudocysts located in the body 
and tail of the pancreas [12].

5.6.2  Liquid Embolic Agents

Thrombin (bovine or human), an adhesive liquid 
embolic agent can be used by the endovascular 
route in a nonexpendable artery where covered 
stent insertion is not feasible or not affordable. 
This is also used for occlusion of pseudoaneu-
rysms arising from the expendable artery if coil 
insertion is not feasible [18]. USG or CT guided 
percutaneous injection using 22G needle is also a 
described technique, if the neck is not accessible 
by the endovascular route. Some authors rou-
tinely use this technique for all the pseudoaneu-
rysms [23]. The amount of thrombin injected 
depends upon the pseudoaneurysm cavity size 
and flow rate. Most authors used 1000 to 1500 IU 
during percutaneous injection [24]. Zabicki et al 

Nonexpendable
artery

Narrow neck of
pseudoaneurysm

Feeder accessible

Packing with coils,
glue or thrombin
Covered stent

insertion

Feeder not accessible

Percutaneous
injection of thrombin

or glue or coils

Wide neck of
pseudoaneurysm

Feeder accessible

Covered stent
Stent assisted coiling

Balloon assisted
coiling

Feeder not accessible

Percutaneous
thrombin

Flowchart 5.3 Approach to endovascular treatment in nonexpendable artery
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initiated endovascular injection with 400 IU for 
cavity diameter less than 2  cm and 800  IU for 
>2 cm cavities and adjusted the dose depending 
on the residual flow in the pseudoaneurysm [18].

Thrombin is not effective in pseudoaneurysms 
with high flow rate and in coagulopathic patients. 
In these situations, adjuvant insertion of coils is 
proposed by authors if the pseudoaneurysm neck 
is narrow. This adjuvant use of other embolizing 
agents is also recommended in critical situations 
where immediate occlusion is needed. 
Complications reported with the use of thrombin 
include parent artery occlusion, AV fistulas. 
Allergic reactions can be minimized with the use 
of human thrombin [18]. Among the case reports 
on visceral artery pseudoaneurysm embolization 
with thrombin, 100% technical success rate was 

reported, with adjuvant use of coils in only 5.3%. 
The rebleed rates were reported in up to 21% 
cases, so close surveillance for revascularisation 
is recommended [24].

Other liquid embolic agents like onyx and 
glue (n Butyl Cyanoacrylate) are injected when 
the bleeding vessel cannot be accessed. These are 
mostly used for expendable arteries [18]. 
However, some authors used glue injection for 
selective embolization of pseudoaneurysm in 
nonexpendable arteries [25]. These agents have 
the advantage of occluding all the downstream 
smaller branches, collaterals from the point of 
injection, and also the potential for occlusion in 
coagulopathic patients. The disadvantages 
include adherence of the embolising agent to 
catheter and embolization of non-target vessels in 

a b

c d

Fig. 5.2 38 years old male with acute pancreatitis and 
hemoglobin drop. (a) Axial CECT image showing pseu-
doaneurysm arising from the left gastric artery. (b) 
Oblique coronal MIP image shows pseudoaneurysm aris-

ing from the left gastric artery. (c) Selective angiogram 
showing pseudoaneurysm from the left gastric artery. (d) 
Coiling (arrow) of pseudoaneurysm was done and check 
angiogram shows no flow in the pseudoaneurysm
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the hands of inexperienced interventionists [18]. 
Loffroy et al. advised against the use of glue in 
pseudoaneurysms arising from the proximal 
aspect of large nonexpendable arteries [26].

Lipiodol is mixed with glue to adjust the rate 
of polymerization. The amount of mixture 
injected at a time depends on the microcatheter 
dead space (usually 0.1–0.3 ml), size of parent 
artery, size of the pseudoaneurysm, and flow 
dynamics. Slower injection to prevent reflux, 
test injection with contrast, immediate with-

drawal of microcatheter and residual glue aspi-
ration through guiding catheter are recommended 
 techniques to prevent complications. 
Madhusudhan et  al proposed a “sequential 
injection flushing technique” to improve the 
safety of glue embolization. Microcatheter was 
flushed with 5% dextrose after glue injection. 
Recent studies on glue embolization reported 
technical success of 94% to 100%, rebleed in 
0% to 15% and major complications in 0% to 
25% [25, 27].

a

c

b

Fig. 5.3 30 years old male with acute pancreatitis and 
hemorrhagic shock. (a) Axial CECT shows arterial blush 
within the acute necrotising collection in the peripancre-
atic region. (b) Selective angiogram showing pseudoaneu-

rysm from the right gastroepiploic artery. (c) Coiling of 
pseudoaneurysm was done and check angiogram shows 
no flow within the pseudoaneurysm
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5.6.3  Stents

Covered stent insertion is a commonly described 
technique for the treatment of pseudoaneurysms 
arising from a nonexpendable artery. These are 
mostly preferred in arteries with a straight course 
and a caliber ≥ 6 mm (e.g. SMA) [18]. However 
recent studies reported usage of flexible covered 
stents in tortuous visceral arteries (common 
hepatic artery, celiac trunk, gastroduodenal 
artery, splenic artery, and renal artery) with the 
technical success of 84.2% to 100% [28, 29]. 
Stent thrombosis is a potential complication par-
ticularly in those with smaller vessels, smokers, 

chronic diseases like diabetes mellitus. Occlusion 
of the branches arising from the parent artery is 
also a potential complication [18].

Flow diverter stents are the self-expandable, 
uncovered stents with multiple layers which 
modulate the flow leading to a decrease in the 
velocity and turbulence in the aneurysm/pseudo-
aneurysm leading to gradual thrombosis. If there 
is a side branch arising from the aneurysm/pseu-
doaneurysm, the flow will be preferentially 
directed to that side branch due to Venturi effect 
thereby preventing its occlusion.

These stents are used in many extra cranial 
nonexpendable arteries like hepatic artery, celiac 

a b

c d

Fig. 5.4 Forty two years old female with chronic pancre-
atitis and asymptomatic. (a) Axial CECT shows small 
focal collection adjacent to tail of pancreas with arterial 
blush within. (b) Oblique axial MIP image shows pseu-

doaneurysm arising from splenic artery. (c) Selective 
angiogram showing pseudoaneurysm from splenic artery. 
(d) Coiling of pseudoaneurysm was done and check 
angiogram shows no flow within the pseudoaneurysm
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trunk, SMA [19]. Ruffino et al reported a techni-
cal success rate of 100% and stent thrombosis of 
11.1% at the end of 1 year [30]. Antiplatelet ther-
apy is routinely prescribed after covered or flow 
diverter stent insertion. Clopidogrel (75 mg/day) 
for 4–6 weeks and lifelong aspirin (75–100 mg/
day) are the drugs which are commonly pre-
scribed [24, 28].

5.6.4  Amplatzer Vascular Plugs

Amplatzer vascular plugs are well suited for 
large caliber expendable vessels which do not 
have collaterals distally leading to revasculari-
sation of the pseudoaneurysm. They have the 
advantages of faster, reliable embolization, 
accurate positioning, short landing zone, ability 
to retrieve and reposition if malpositioned. The 
requirement issues of larger sheaths and a 
straighter vessel are solved by the new genera-
tion AVPs. All manufacturers advise 30–50% 
oversizing of the AVP compared to the vessel 
[18]. In one study, there was technical success 
of 96% for gastroduodenal artery occlusion with 
AVP II and only one patient (4%) required addi-
tional coils placement [31]. However, Zhu et al. 
reported the use of additional embolization 
agents in 78% patients for occlusion of the 
proximal splenic artery [32].

5.7  Venous Complications 
in Pancreatitis

The role of interventional radiology is in two sce-
narios. One is in patients with bleeding from 
sinistral portal hypertension. If the patients are 
not fit for surgery (splenectomy), then partial 
splenic artery embolization can be performed in 
this scenario. Also, preoperative embolization 
can be done if the patient is fit for surgery to min-
imize bleeding during splenectomy. The other 
scenario is in the cavernous transformation of the 
portal vein with bleeding. If the bleeding is not 
controlled by endoscopy, TIPS can be performed 
if feasible [33].

5.8  Complications

Apart from puncture-related complications, the 
embolization procedure-related complications 
include pseudoaneurysm rupture, arterial dissec-
tion, and non-target embolization leading to organ 
ischemia. Pseudoaneurysm rupture during endovas-
cular embolization is dealt with liquid embolic 
agents or gelfoam embolization. Rupture during 
percutaneous embolization requires emergent endo-
vascular or surgical management. Flow limiting 
arterial dissection of a large proximal vessel is 
treated by heparin injection and balloon angio-
plasty/stent insertion. Splenectomy or bowel resec-
tion may be needed in patients with severe persistent 
symptoms due to organ ischemia. Complications 
after embolization include post embolization syn-
drome which is managed by symptomatic treatment 
and abscess formation in target organ which requires 
percutaneous drainage. Post-procedure vitals and 
hemoglobin monitoring are recommended for early 
detection of rebleed [1, 19].

5.9  Conclusion

Vascular complications are one of the significant 
causes of mortality in patients with pancreatitis. 
Careful evaluation, early detection, and multidis-
ciplinary treatment approach can significantly 
reduce the mortality. Most of the guidelines rec-
ommend endovascular treatment as initial choice 
of treatment for non-gastrointestinal bleed. 
Assessing the bleeding vessel, pseudoaneurysm, 
collaterals, affordability, local availability of 
expertise, and hardware determine the choice of 
the endovascular technique.
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IR Management of Liver 
and Splenic Trauma

Santhosh Poyyamoli, Pankaj Mehta, 
and Mathew Cherian

6.1  Liver Injury

Interventional radiology, in many ways, has trans-
formed the management of patients with liver 
trauma who present to the hospital with hemody-
namic instability or features of active bleeding. 
The indication for embolization in liver trauma 
can be summarized from the consensus statement 
of the world society of emergency surgery wherein 
any patient with hemodynamic instability or with 
major liver injury could be considered for emboli-
zation [1]. Several papers have been published 
where the emphasis has been on CT when the 
patient is hemodynamically stable and surgery or 
angiography with embolization without CT in a 
hemodynamically unstable patient [2–4]. 
However, it has been our experience that if a 
patient can be stabilized to some extent with the 
help of anesthetists or intensivists, a CT should be 
attempted whenever possible, since it helps plan 
the procedure better and further enables us to 
complete the procedure quickly and efficiently.

Current indications for embolization are [1, 
5–7]:

 1. Hemodynamically unstable patients
 2. Active extravasation of contrast during CT
 3. Vascular blush on CT

6.2  CT in Abdominal Trauma

Trauma is very rarely limited to a single organ 
structure. CT is the most accurate way to look for 
injuries to the solid and hollow organs and further 
pickup active bleeding when present. Further, 
modern multi-slice CTs allow excellent visual-
ization of the arterial anatomy which is crucial in 
planning appropriate hardware necessary to per-
form successful embolization, especially, in 
patients who are otherwise sick, where time is 
crucial in the final outcome.

CT should ideally be done in a multi-slice 
system with a minimum of 16 rows of detec-
tors in both the arterial and the venous phase. 
A delayed phase is useful in small vessel 
bleeds where puddling of contrast is better 
appreciated with time. The liver receives sup-
ply predominantly from the portal vein, how-
ever, hemodynamic instability is usually 
associated with extravasation from the hepatic 
artery. The main hepatic artery arises from the 
celiac trunk and usually divides into the left 
and right hepatic arteries, however, it is impor-
tant to keep in mind, that the origin of these 
arteries and the area supplied can be variable 
(Table 6.1) [8]

In elderly patients, the celiac axis can be 
elongated, tortuous, and angulated, making 
transfemoral access to the vessel difficult and 
prior planning based on the anatomy can enable 
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us to take a trans-radial access. CT also can 
demonstrate the actual vessel which is bleed-
ing or supplying the injured region with much 
greater clarity due to its ability to be reformat-
ted in any plane and further volume rendered 
3D images can be used to study the vascular 
supply to the injured region in exquisite detail.

Things to look for in a CT scan

 A. The culprit vessel can be identified by the 
presence of
 (a) Active bleeding
 (b) Vascular blush
 (c) Pseudoaneurysm/Arteriovenous (AV) or 

arterioportal fistula
 B. Vascular anatomy

 (a) Look for origin of the vessel, especially, 
to see the angle at which it takes off from 
the aorta. Evaluate the vessel in its entire 
length, especially, looking for tortuosity, 
dissections, and difficult loops to ensure 
that your hardware is appropriately 
selected.

 (b) Look for the number of vessels supplying 
the liver, especially, since the right 
hepatic artery can often arise from the 
superior mesenteric artery at a difficult 
angle. Similarly, the left hepatic artery 
can arise from the left gastric artery.

 (c) Look for the portal vein. Embolisation of 
the hepatic artery in a patient with 
occluded portal vein can lead to ischemic 
necrosis of the liver.

6.2.1  Angiography in Hepatic 
Trauma

Equipment: The ideal equipment should be a cath 
lab with a 30 × 40 cm flat panel detector with DSA 
and facility to do 3D and cone beam CT. Although 
DSA is ideal, it can be extremely difficult in a 
patient who is not ventilated and is restless. In 
these cases taking advantage of the CT anatomy, 
the segmental artery can be accessed and then 
angiography of the selected region can give clarity 
regarding the vessel to be embolized. A ventilated 
paralyzed patient gives us the advantage of control 
over the respiration which in turn gives excellent 
DSA images and helps detect areas with abnor-
mality with greater clarity. Typically, angiography 
is done at 4 or more frames/sec.

6.2.2  Access

Femoral access continues to be the commonest 
site. However, if the takeoff of the celiac axis, 
SMA or a hepatic artery arising directly from the 
aorta is at a steep angle, then cannulating these 
vessels and navigating a catheter distally can 
prove to be difficult and in these patients a trans- 
radial or trans-brachial approach can be taken.

If the patient is young and the vascular anatomy 
is not complicated with loops, then a diagnostic 
catheter like Yashiro (Terumo Corporation), 
Simmons 1, or Cobra can be used to cannulate the 
common hepatic artery over an angled 0.035″ guide 

Table 6.1 Hepatic arterial variations and their frequencies

Type Frequency (%) Description
I 55 RHA, MHA, and LHA arise from the CHA
II 10 RHA, MHA, and LHA arise from the CHA; replaced LHA from the LGA
III 11 RHA and MHA arise from the CHA; replaced RHA from the SMA
IV 1 Replaced RHA and LHA
V 8 RHA, MHA, and LHA arise from the CHA; accessory LHA from the LGA
VI 7 RHA, MHA, and LHA arise from the CHA; accessory RHA
VII 1 Accessory RHA and LHA
VIII 4 Replaced RHA and accessory LHA or replaced LHA and accessory RHA
IX 4.5 Entire hepatic trunk arises from the SMA
X 0.5 Entire hepatic trunk arises from the LGA
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wire (Terumo). The target vessel is best catheterized 
by using a microcatheter using a 0.025″ (Progreat-
Terumo, Headway 21- microvention, XT 27-stryker) 
lumen to allow embolization with 0.018″ microcoils, 
500–700 microns PVA (polyvinyl alcohol parti-
cles), gelfoam scrapings, or n-Butyl cyanoacrylate 
(NBCA/glue).

However, if the vessel is tortuous or if the cul-
prit vessel comes from a branch which may be dif-
ficult to cannulate, then using a 40 cm, 5 Fr Ansel 
sheath (cook) not only helps in support but also 
allows multiple injections during the procedure to 
enable localization of the bleeding vessel. So, a 
Simmons or Yashiro catheter is taken through the 5 
Fr long sheath and the sheath is taken into the 

common hepatic artery over the diagnostic cathe-
ter-guide wire combination. Long sheath also 
gives stability to the diagnostic catheter which is 
helpful when coiling the target vessel.

6.2.3  Materials Used 
for Embolisation

When a proximal vessel needs to be sacrificed, then 
the best choice would be to place multiple coils 
across the rent in such a way that there are multiple 
coils both proximal and distal to the diseased seg-
ments (Figs. 6.1 and 6.2). However, when the bleed-
ing vessel is distal one can use gelfoam, PVA 

a b

c d

Fig. 6.1 Forty-five-year-old male with history of trauma 
1 month back. Presented with melena. CECT revealed 
AAST 4 injury with right hepatic artery pseudoaneurysm 

(a, b). (c) DSA revealed a pseudoaneurysm form right 
hepatic branch. (d) Successfully embolized with coils

6 IR Management of Liver and Splenic Trauma
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particles, or a little bit of dilute glue (20–25%) 
(Figs. 6.3, 6.4, 6.5, and 6.6). Making the glue in an 
appropriate percentage is done by mixing it with 
lipiodol. Thus, to make 20% glue, 0.5 ml of histoac-
ryl is mixed with 2  ml of lipiodol. The catheter 
needs to be flushed thoroughly with dextrose and 
then the glue is injected as the N-BCA polymerizes 
when it comes in contact with ionic materials like 
blood and normal saline. In case of a major injury to 
the liver, where the liver is split across multiple seg-
ments and the angiography shows a vascular blush 
in the region, then the best embolic agent is gelfoam 
scrapings or slurry injected to ensure that the whole 
segment is embolized to prevent bleeding.

Once the post-procedure angiograms show no 
further bleeding, it is important to take another 
angiogram from a proximal location to ensure 
that bleeding through a collateral pathway is not 
present.

6.2.4  Post Procedure

If the patient is hemodynamically unstable, it is 
advisable to not remove the sheath immediately. 
It should be kept for 12–24 h, till any bleeding 
diathesis is corrected. It also allows rapid access 
to the culprit vessel if there is clinical or radio-
logical evidence of rebleed.

After removal of sheath and compression, immo-
bilization for 6–12 h is advised so that no pseudoan-
eurysm is formed at the arterial puncture site.

6.2.5  Complications 
of Embolisation

Other than the standard complications of any 
angiographic procedure like pseudoaneurysm of 
the puncture site and dissection or thrombosis, 
complications specific to hepatic embolization is 
rarely provided that the portal vein is patent. 
Rarely, the cystic artery may get embolized lead-
ing to gangrene of the gall bladder. It is better to 
keep the catheter distal to the origin of the cystic 
artery to prevent it.

6.2.6  Conclusion

Liver injury is not uncommon in polytrauma. CT 
scanning plays a pivotal role in the diagnosis of 
hepatic injury and locating the site of active 
bleeding. Embolisation is a safe and effective 
way to stabilize such patients.

6.3  Splenic Injury

Spleen is part of the lymphopoietic tissue and 
constitutes 25% of the total lymphoid tissue in the 
human body. It is responsible for the opsonization 
of encapsulated organisms. Spleen is a highly vas-
cular organ which is often a casualty in blunt 
injury to the abdomen, although it is relatively 
well protected by the rib cage against penetrative 

a b

Fig. 6.2 (a) Thirty- year-old male with grade III AAST liver injury and segment IVa branch Pseudoaneurysm. (b) 
Embolized with coils
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a b

c d

e f

Fig. 6.3 (a–d) Active extravasation in segment VII branch (red arrow). (e) Selective segment VII injection demonstrat-
ing the active extravasation. (f) Successfully embolized with glue
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trauma. The foremost concern is to stop ongoing 
bleeding, even at the cost of losing the organ in 
the process.

The most common etiological factor is a blunt 
injury to the abdomen and/or left side of the 

chest, as in high-velocity trauma or a fall. 
Penetrating splenic injuries are rare. The other 
common cause is iatrogenic injury during opera-
tive procedures in the abdomen, most commonly 
distal pancreatectomy or transverse colectomy.

a b

c

e

d

Fig. 6.4 (a and b) AAST grade II liver injury with Segment IVB pseudoaneurysm. (c) Angiography showing pseudoa-
neurysm in segment III. (d) Post-glue embolisation–angiogram shows complete obliteration of the aneurysm
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6.4  Initial Assessment

Most of these patients are debilitated and uncon-
scious/ intubated at assessment. History is usu-
ally not forthcoming. Examination findings 
include abdominal distention, left upper quad-
rant or diffuse abdominal tenderness, peritoneal 
signs, bruises in the left upper quadrant or lower 
chest, left-sided lower rib fractures. The absence 
of any abdominal signs does not preclude sig-
nificant splenic injury. A rapid focused assess-
ment with sonography in trauma (FAST) 

examination is the most cost-effective and opti-
mal bedside investigation to triage patients with 
suspected intra- abdominal injury. Detection of 
free intra-abdominal fluid with positive abdomi-
nal signs portends significant organ injury.

6.5  Triage

Management of a patient with splenic injury will 
depend on a host of factors, the most common 
being the grade of injury, hemodynamic stability, 

a b

dc

Fig. 6.5 (a) CECT showing Pseudoaneurysm in segment 
VII branch. (b) DSA showing Pseudoaneurysm in seg-
ment VII branch. (c) Selective segment VII hepatic artery 

angiogram revealing pseudoaneurysm. (d) Post emboliza-
tion with PVA particles (300–500 microns)—complete 
obliteration of the pseudoaneurysm
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and the presence of other life-threatening inju-
ries. FAST positive hemodynamically unstable 
patients must proceed for an emergency opera-
tive procedure which may involve sacrificing the 
organ. Those that are stable, shall undergo a mul-
tiphase contrast CT scan of the abdomen. Imaging 
in this scenario is helpful in grading the splenic 
injury as well as identify co-existent solid or hol-
low viscus injury. The AAST grading scale [9] is 
widely used to triage the injured patient.

The AAST imaging criteria for splenic injury 
are as follows:

• Grade I—Subcapsular hematoma <10% sur-
face area. Parenchymal laceration <1  cm in 
depth. Capsular tear.

• Grade II—Subcapsular hematoma 10 to 50% 
surface area; intraparenchymal hematoma 
<5  cm. Parenchymal laceration 1–3  cm in 
depth.

Fig. 6.6 (a and b) Extravasation from segment VIII branch. (c and d) Active extravasation from right segment VIII 
branch

a

c d

b
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• Grade III—Subcapsular hematoma >50% of 
surface area; ruptured subcapsular or intrapa-
renchymal hematoma ≥5  cm. Parenchymal 
laceration >3 cm in depth.

• Grade IV—Any injury in the presence of a 
splenic vascular injury or active bleeding con-
fined within the splenic capsule. Parenchymal 
laceration involving segmental or hilar vessels 
producing >25% of devascularization.

• Grade V—Any injury in the presence of 
splenic vascular injury with active bleeding 
extending beyond the spleen into the perito-
neum. Shattered spleen.

Grade I, II, and III are patients who have non- 
life- threatening injuries, whereas grades IV and 
V include those that require operative manage-
ment more often than not.

6.6  Management

After the completion of imaging, the patient 
should be triaged to either surgery or nonopera-
tive management with or without embolization. 
A shattered or devascularized spleen requires 
splenectomy. Patients with active contrast extrav-
asation and salvageable spleen are candidates for 

splenic arterial embolization. Rest of the hemo-
dynamically stable patients with grade I to III 
injury can be observed for a period of 48 to 96 h 
before discharging from the acute care facility.

Splenic arterial embolization has been 
proven to be successful in salvaging the spleen 
and stopping hemorrhage in a high percentage 
of patients [10]. It avoids the operative proce-
dure and its attendant risks, risk of anesthesia in 
an acutely sick patient, and risk of post-sple-
nectomy overwhelming sepsis due to encapsu-
lated microbes. In the hands of a trained 
Interventional Radiologist, this procedure is 
quick, effective in reliable hemostasis, and rela-
tively complication-free.

Two different techniques of splenic arterial 
embolization are described in literature [11]. The 
choice of the technique is most often decided by 
the imaging and angiographic findings. In cases 
of focal bleeding demonstrated from an accessi-
ble intra-splenic arterial branch on the angio-
gram, it is preferable to selectively catheterize the 
culprit branch with a microcatheter through 
coaxial technique and embolise with 0.018″ 
coils, particles (PVA, gel foam) or glue, depend-
ing on the microcatheter position and technical 
expertise of the operator (Fig. 6.7). Care should 
be taken not to miss the short gastric bleeder if 
the distal splenic angiography is negative, par-
ticularly in the context of a CT demonstrated 
active extravasation. Nonselective, high-quality, 
breath- hold, digitally subtracted angiograms are 
necessary for performing this “distal emboliza-
tion” technique.

If there are multi-site bleeding foci within the 
spleen, or if a satisfactory angiogram could not 
be obtained due to technical or patient-related 
factors, proximal splenic embolization can be 
performed to obtain control of hemorrhage [12]. 
It is quick, easy to perform and works by reduc-
ing the pressure head on the bleeder(s). The clas-
sic site of occlusion is distal to the origin of the 
dorsal pancreatic artery. The distal splenic vascu-
lature will be collateralized via the short gastric 
and gastro-epiploic arcades, maintaining tissue 
perfusion. There is spontaneous cessation of the 
parenchymal hemorrhage due to reduction in 
pulse pressure. Preferred embolic agents are vas-

e

Fig. 6.6 (continued)
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cular plugs (Amplatz plugs II and IV), 0.035″ 
fibered coils, or sometimes concentrated glue. 
Sometimes a combination of both techniques 
(proximal and distal) is needed to control the 
hemorrhage (Fig. 6.8).

Complications due to the procedure include 
puncture site bleeding/ pseudoaneurysm, splenic 

infarction, and abscess formation or loss of 
splenic function. Major adverse events are rare in 
cases of proximal splenic artery embolization as 
compared to distal embolization, as collaterals 
preserve the parenchyma and function. There are 
no standardized guidelines on post-procedure 
antibiotic prophylaxis or immunization.

a

b c

Fig. 6.7 Distal embolization in grade 3 stable splenic 
injury. (a) Axial arterial phase contrast CT showing two 
sites of extravasation in the spleen and lesser sac from the 
splenic (arrow) and left gastric (arrow head) arteries, 
respectively. (b) Splenic artery digital subtraction angio-

gram (DSA) showing active extravasation at the two sites 
(arrow head and arrow). (c) DSA post super-selective 
embolization with 0.018″ fibered coils (arrow head and 
arrow) through a Progreat (Terumo) microcatheter
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IR Management of Hemobilia

Ujjwal Gorsi

7.1  Introduction

Hemobilia is the presence of blood in the lumen 
of the biliary tree and commonly results from fis-
tulous communication between the biliary ductal 
system and hepatic vasculature. It is an uncom-
mon, nevertheless important cause of gastrointes-
tinal bleeding and can be fatal if not recognized 
and treated in time.

Hemobilia was reported first by Francis 
Glisson in 1654 who reported fatal biliary bleed-
ing one week after a liver laceration sustained 
during a sword fight [1]. Philip Sandblom coined 
the term hemobilia in 1948 [2].

Clinically patients may present with 
abdominal pain, melena, hematemesis, and 
jaundice. Iron deficiency anemia may be the 
presenting feature if the bleeding is minor but 
chronic. Clinical trial of upper abdominal 
pain, jaundice, and upper GI bleeding is known 
as Quincke’s triad and points towards the bili-
ary tract as source of bleeding [3]. All these 
three symptoms, however, are present in 
a minority of patients, i.e., between 22% to 
35% [4].

7.2  Etiologies and Mechanism 
of Hemobilia

Majority of cases of hemobilia now occur as a 
result of invasive percutaneous radiological and 
endoscopic interventions. Hemobilia resulting 
from these procedures involving the hepatopan-
creatobiliary system has superseded trauma 
which used to be the most common etiology of 
hemobilia until recently [5, 6]. Main etiologies 
of hemobilia are listed in Table 7.1 Hemobilia is 
responsible for 3% of major complications of 
percutaneous liver biopsy [7]. The presence of 
chronic portal vein thrombosis specially if asso-
ciated with presence of portal cavernoma or col-
lateral vessels has higher risk for this 
complication to occur [6, 8]. Percutaneous tran-
shepatic biliary drainage (PTBD) has a higher 
rate of hemobilia as compared to percutaneous 
transhepatic cholangiography (PTC) with one 
study reporting rate of 2.2% in PTBD vs 0.7% in 
PTC. This increase in risk of hemobilia is con-
sidered secondary to both the larger size of the 
opening made in the bile duct in PTBD and also 
due to the continuous presence of foreign body 
which may incite inflammation and subsequent 
erosion of adjacent vasculature. Non-dilated bil-
iary system may also be associated with higher 
chances of hemobilia [6, 8].

Endoscopic retrograde cholangiopancreatog-
raphy (ERCP) is the most common endoscopic 
procedure accounting for hemobilia. Chances of 
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it increase significantly if associated with sphinc-
terotomy. An important emerging cause of hemo-
bilia is endoscopic ultrasound-guided procedures 
[6, 9]. Surgeries like cholecystectomy (both open 
and laparoscopic), pancreaticoduodenectomy 
and liver transplant can be complicated by hemo-
bilia with injury to right hepatic artery and cystic 
artery being the most common cause [10–12].

Hepatobiliary malignancies are responsible 
for 10% of all hemobilia cases. Increased vascu-
lar supply in friable tissue of malignancy is 
thought to be the cause of hemorrhage in these 
tumors [7].

In addition, portal hypertensive biliopathy, 
chronic duct obstruction, and intraductal infec-
tion due to parasitic infestation of the biliary sys-
tem, i.e., Chinese liver fluke (Clonorchis 
sinensis), roundworms (e.g. Ascaris lumbricoi-
des), sheep liver fluke (Fasciola hepatica) and 
Echinococcal infections are considered impor-
tant causes of hemobilia [6].

The onset of hemobilia after trauma or an 
interventional procedure is variable. Hemobilia 
commonly occurs within 4  weeks of bile duct 
injury. ERCP-related hemobilia may occur 
immediately after or within few days of the pro-
cedure. Causes of delayed onset of hemobilia are 

slowly expanding pseudoaneurysm, bile stasis, 
and hepatic necrosis [9, 13] Hemobilia is com-
monly due to biliary-arterial communication as 
there is high pressure differential between 
branches of hepatic artery and bile ducts. On the 
other hand, there is low pressure gradient between 
biliary-venous communications hence such 
bleeds tend to cease spontaneously unless accom-
panied by portal hypertension [9, 14].

Due to difference in density and biochemical 
properties between bile and blood, a distinct sep-
aration of two is created with in the biliary ductal 
system irrespective of location of haemorrhage. 
Frequently it results in formation of intraductal 
clots which acts as a physical barrier to smooth 
biliary flow. These clots over time cause stasis of 
bile and may lead to acute cholangitis clinically 
manifesting as a right upper quadrant or epigas-
tric pain [9, 15].

7.3  Diagnosis

Typical clinical features along with history of 
recent instrumentation can help in arriving at a 
correct diagnosis. Standard protocol for upper GI 
bleeding starting with endoscopy is followed if 
suspicion of hemobilia is low. At endoscopy, the 
source of bleeding can be localized to the biliary 
system if blood or clot can be seen coming out of 
the papilla or if fresh blood is present in the sec-
ond portion of the duodenum [6, 9].

If endoscopy is nondiagnostic, CT 
Angiography (CTA) is routinely ordered next. 
Findings seen in cases of hemobilia are active 
contrast extravasation from culprit artery, pseu-
doaneurysms, arteriovenous fistulas, or vascular 
malformations. Biliary ductal dilatation, throm-
bus, or calculi within bile ducts or the gallbladder 
may also be noticed. Features of blunt hepatic 
trauma or presence of hepatobiliary malignancy 
are usually apparent on CT. CTA also has valu-
able role in planning endovascular interventions 
as it provides road map for the same specially 
when surgically altered anatomy such as with 
transplanted livers is encountered [9].

Table 7.1 Etiologies of hemobilia

Percutaneous transhepatic cholangiography (PTC), 
percutaneous liver biopsy and percutaneous 
transhepatic biliary drainage (PTBD)
Transjugular intrahepatic portosystemic shunt
ERCP, especially when accompanied by 
sphincterotomy
EUS-guided fine needle aspiration or biopsy
EUS-guided choledochoduodenostomy and 
hepaticogastrostomy
Blunt hepatic trauma
Liver transplantation, cholecystectomy(open and 
laparoscopic) and pancreaticoduodenectomy
Radiofrequency ablation (RFA) for HCC
Cholangiocarcinoma, pancreatic adenocarcinoma, gall 
bladder carcinoma, HCC, and metastatic lesions to the 
liver
Portal biliopathy
Chronic duct obstruction
Intraductal infections
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7.4  Management

Management of hemobilia consists of two com-
ponents. Haemostasis has to be achieved quickly 
and bile flow has to be maintained. Maintaining 
bile flow and resorting to uninterrupted bile flow 
is important in management of hemobilia as the 
presence of blood clots with in biliary tree can 
cause obstructive jaundice and acute cholangitis. 
Acute cholecystitis and acute pancreatitis have 
also been reported [9]. Hemobilia can be minor 
or major and interventional.

Radiologists play an important role in manag-
ing both of these types.

7.4.1  Minor Hemobilia

Minor hemobilia clinically can present either as 
small drop of hemoglobin or blood-tinged bile 
from a PTBD catheter. Liver function tests may be 
normal or show transient abnormality. Bleeding in 
these cases usually result from venous injury either 
during needle placement or during dilatation of 
track. Local tissue irritation can also lead to minor 
hemobilia. In cases where PTBD catheter is in situ, 
simple maneuvers by interventional radiologist like 
adjusting catheter position such that its side holes 
are not adjacent to site of suspected venous trans-
gression or exchanging the PTBD catheter with a 
larger diameter catheter will resolve minor hemo-
bilia as a result of the tamponading effect. When 
due to PTBD insertion, minor hemobilia usually 
settles when the catheter tract gets matured and if 
underlying coagulopathy if any is corrected [6].

7.4.2  Major Hemobilia

Major hemobilia is defined as bleeding which is 
associated with persistent hemorrhage and sig-
nificant hemoglobin drop despite the best sup-
portive care. It is often dealt with vascular 
radiological interventions. Surgery may be 
required in rare instances. Patients with hemody-
namic instability should be taken directly to inter-
ventional radiology suite as arterial bleed is the 
usual cause. Patients with persistent /recurrent 

hemobilia due to arterial sources identified either 
on endoscopy or imaging are also taken for endo-
vascular procedures.

An algorithm followed in our institute for sus-
pected hemobilia is given in Flowchart 7.1. 
Details of hardware required for interventional 
radiology management of hemobilia are given in 
Table 7.2.

7.5  Endovascular Techniques 
in Management of Hemobilia

7.5.1  Embolization

Embolization is the cornerstone in managing 
patients who present with major hemobilia or per-
sistent minor hemobilia if source of bleed is sus-
pected to be arterial [5]. Embolization of branches 
of hepatic artery can safely be done without sig-
nificant concern for ischemic complications due to 
unique dual blood supply of liver (25% via hepatic 
artery and 75% via portal vein). Only notable 
exceptions to this rule being liver transplant 
patients and the patients who have portal vein 
thrombosis [9] Standard pre-procedural prepara-
tion and contraindications for catheter- directed 
angiography are applied [16]. The femoral arterial 
access is the preferred route. Brachial or axillary 
approaches are rarely needed. Catheter most com-
monly used for cannulating celiac axis at our insti-
tute is Cobra catheter. For difficult cannulations, 
we resort to reverse curve catheters like Simmons.

A celiac arteriogram is performed to delineate 
the hepatic arterial anatomy. Delayed imaging is 
done to look for patency of the portal vein if CECT 
was not acquired prior to embolization. Selective 
cannulation of the common hepatic, proper 
hepatic, right and left hepatic arteries is done if no 
culprit source is identified on celiac arteriography. 
Any vessels along the path of the biliary drain 
should be interrogated. If still no obvious bleeder 
is identified, PTBD catheter can be removed over 
a guidewire. This maneuver may unmask tampon-
ade effect of catheter and reveal previously 
obscured bleeder [9]. Superior mesenteric artery is 
also interrogated to exclude any bleeder arising 
from accessory/replaced right hepatic artery.
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Flowchart 7.1 Algorithm for managing patients with suspected hemobilia

Suspected hemobilia 

High suspicion of hemobilia Low suspicion of hemobilia 

Endoscopy

Minor bleed
Conservative
management

Hemodynamically stable  

hemobilia other cause 

Angio embolization 

No Yes

angio embolization/
surgery(rarely)   

CTA

Source localized No localization of source

Angio embolization Conservative therapy 

Not responding

Endoscopic therapy 

Not responding

Angio embolization/ surgery
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Table 7.2 Hardware required for interventional radiol-
ogy management of hemobilia

1 18G puncture needle
2 Arterial sheath (5F or 6F, 11 cm) for initial 

access. Bigger sizes and lengths needed if 
stenting is planned

3 Hydrophilic guide wire– 0.035″-150 cm
4 Diagnostic catheters. E.g., C1, C2, SIM1-5F
5 Microcatheter
6 Push able microcoils usually 0.018″
7 Detachable coils
8 nBCA glue
9 Lipiodol
10 Stent grafts
11 Thrombin

Angiographic findings of hemobilia include 
active contrast extravasation into the biliary tree 
or the parenchyma. Other signs like pseudoaneu-
rysm, vessel irregularity, vessel spasm, and its 
abrupt cut off or arteriovenous fistula may also be 
seen [17]. Hemobilia can occasionally be inter-
mittent and may be missed on angiography.

Once the site of the bleeding is identified, 
super-selective catheterization with a microcath-
eter followed by embolization is recommended.

Embolization is most commonly done using 
microcoils. Pseudoaneurysms should be emboli-
zed with coils from distal to proximal across the 
neck (Fig. 7.1) to prevent its refilling from collat-
erals. Coils are usually 20% oversized relative to 
the vessel to prevent their migration. Pushable 
microcoils are usually preferred as they are easy 
to use, cheap, and have proven efficacy. In some 
cases, coils may need to be supplemented by 
either gelfoam or polyvinyl alcohol (PVA) parti-
cles to achieve hemostasis. In cases where artery 
bearing pseudoaneurysm cannot be sacrificed 
(e.g., transplant liver) and if the pseudoaneurysm 
has favourable anatomy (with narrow neck), these 
pseudoaneurysms can directly be cannulated, and 
embolized using detachable coils. The detachable 
coils can be implanted precisely and can also be 
withdrawn if not placed satisfactorily.

Liquid embolic agents (n-BCA or Onyx) are 
useful in situations when extremely tortuous arte-

rial anatomy is encountered (Fig.  7.2), when 
source of bleed cannot be reached due to small 
calibre of culprit artery or when a pseudoaneu-
rysm is fed by multiple arterial branches. These 
agents have the advantage of occluding branches 
distal to the neck of pseudoaneurysm without 
having needed to cross the neck. Another major 
advantage is potential to be used in coagulopathic 
patients in which other embolic agents may fail 
to achieve hemostasis.

Liquid embolic agents, however, require 
greater skills and experience as reflux into non-
target vessels can cause inadvertent ischemia 
[18]. Adherence of the catheter to glue may also 
occur. Glue is mixed with lipiodol before injec-
tion to adjust the rate of polymerization as well as 
to aid in its visualization. The amount of glue 
lipiodol mixture injected will depend upon the 
flow dynamics, dead space of microcatheter, and 
size of culprit artery and size of the pseudoaneu-
rysm. Using higher frame rate, test injection with 
contrast, giving injection slowly to prevent reflux, 
immediate withdrawal of microcatheter after 
injection, and immediate aspiration of residual 
glue through diagnostic catheter can help reduc-
ing the complications.

Gelfoam and PVA particles either alone or in 
combination are usually used as embolic agents 
when tumours are the cause of hemobilia. 
Selective cannulation of culprit arteries limits the 
chances of nontarget embolization. Gelfoam and 
PVA particles are mixed with appropriately 
diluted contrast to render them radio opaque.

Empirical embolization of the branches of 
hepatic artery supplying the probable area of 
concern is usually not advised even with normal 
portal vein. Complications such as hepatic 
necrosis and abscess formation and delayed 
complications like biliary stenosis have been 
described as a result of hepatic arterial emboli-
zation. Biliary strictures occur because the bile 
ducts are supplied primarily by hepatic artery 
branches rather than portal venous branches. If 
bleeding source is identified but selective embo-
lization cannot be performed in cases of mas-
sive life-threatening hemobilia, nonselective 
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Fig. 7.1 Post-cholecystectomy hemobilia. (a) Coronal 
reformatted CECT image shows a large pseudoaneurysm 
arising from RHA (arrow). (b) Selective angiogram of 
common hepatic artery and (c) Right hepatic artery shows 
Pseudoaneurysm (arrow in b and c) arising from right 

hepatic artery. (d) Post-coil embolization angiogram of 
common hepatic artery shows obliteration of pseudoaneu-
rysm (arrow). Coiling is to done across the neck of pseu-
doaneurysm to avoid refilling by collaterals

a b

c d

embolization of the right or left hepatic artery 
may be considered with increased risk of 
impairment of liver function [9].

Endovascular therapy is technically success-
ful in 75% to 100% of cases of hemobilia [4]. 
Treatment failure is due to the inability to find 
bleeder on angiography or missed collaterals.

7.5.2  Stent Placement

Placement of a covered stent across the site of 
bleed is an attractive alternative to embolization. 
Preservation of distal flow is extremely beneficial 

in cases in which embolization of hepatic artery 
can lead to severe ischemic complications like in 
patients with portal vein thrombosis and liver 
transplant patients. Balloon-expandable coronary 
stent grafts can be used in stenting small segmen-
tal hepatic arterial branches as they are similar in 
size to coronary arteries. The stent diameter is 
oversized by 10% to 20% and the extending 
10  mm on either side of site of leak is recom-
mended [19].

In addition, covered stent can also be used for 
treating pseudoaneurysms arising from a hepatic 
artery if they have straight course. Flow diverters 
are self-expandable, uncovered stents with mul-
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Fig. 7.2 Post-ERCP assisted CBD stenting, massive 
hemobilia. (a) Coronal reformatted CECT image shows 
active contrast extravasation into the second part of duo-
denum (circle). (b) Selective angiogram of gastro duode-
nal artery shows tortuous narrow caliber branches with 

active contrast extravasation(arrow). (c) Post-endovascular 
glue embolization, common hepatic artery angiogram 
shows cessation of active bleed. (d) Superior mesenteric 
artery angiogram ruled out any refilling from collaterals. 
(e) Fluoroscopy image showing glue cast (arrow)

a b

d

c

e
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tiple layers which modulate the blood flow lead-
ing to a decrease in the velocity and turbulence in 
the pseudoaneurysm leading to its gradual throm-
bosis. These stents have successfully been used 
in the treatment of hepatic artery pseudoaneu-
rysms [20, 21]. Antiplatelet therapy is routinely 
prescribed after covered or flow diverter stent 
insertion. Clopidogrel (75 mg/day) for 4–6 weeks 
and lifelong aspirin (75–100  mg/day) are the 
commonly used drugs.

In cases of portal biliary fistula which fail to 
resolve spontaneously, stent placement within the 
biliary system, rather than portal venous system 
may be considered. Stent graft can be placed with 
in biliary system through existing PTBD tract or 
through endoscopy. It obviates the challenge of 
accessing the portal venous system and is usually 
successful [9].

7.6  Percutaneous Techniques 
in Management of Hemobilia

7.6.1  Percutaneous Thrombin 
Injection

Percutaneous thrombin injection (PTI) is also an 
option for cases of hemobilia secondary to 
hepatic artery pseudoaneurysm. The most com-
mon reason for resorting to percutaneous throm-
bin injection in our practice is failure to assess 
culprit artery via endovascular route. Though in 
some cases, if suitable anatomy is there and pseu-
doaneurysm is well visualized on USG we 
directly embolize pseudoaneurysms under USG 
guidance without considering endovascular route 
(Fig.  7.3). Targeted pseudoaneurysms should 
have a narrow neck to avoid distal embolization.

Under ultrasound guidance, a 22-gauge needle 
is advanced into the pseudoaneurysm and recon-
stituted thrombin (500  IU/ml or 1000  IU/ml) is 
slowly injected using real-time colour Doppler to 
assess flow cessation. In most of the cases, pseu-
doaneurysm gets thrombosed within seconds of 
injecting thrombin. We follow these pseudoaneu-
ryms with USG and colour Doppler 24  hours 
post-procedure and then a week later to asses for 
recanalisation which may happen occasionally.

Percutaneous thrombin injection is quicker, 
cheaper, and less invasive though complications 
like nontarget embolization, bleeding as a result 
of needle placement may occur [9].

7.6.2  Percutaneous Glue Injection

Percutaneous glue injection is another option 
for cases of hemobilia secondary to hepatic 
artery pseudoaneurysms and has also been used 
as a primary treatment to treat such pseudoaneu-
rysms [22]. Percutaneous glue injection can be 
considered if pseudoaneurysm meets the fol-
lowing criteria: the presence of favourable neck-
to-dome ratio (<1), favourable anatomical 
location for percutaneous needle placement 
with minimal risk of injury to major vessels and 
lack of arteriovenous fistulous communication 
[22]. Pseudoaneurysms arising from arteries 
which cannot be assessed via endovascular 
route can be embolized by percutaneous glue 
injection (Fig. 7.4).

A 1:1 mixture of n-Butyl cyanoacrylate 
(nBCA) and lipiodol to attain 50% concentration 
of glue mixture is prepared followed by place-
ment of 22G spinal needle within the pseudoan-
eurysm sac under colour doppler guidance. After 
placing the needle, it is flushed with 5% dextrose 
solution and glue mixture is injected slowly 
under fluoroscopy guidance until glue cast is seen 
completely filling the pseudoaneurysm sac [22].

7.7  Choice of Embolizing Agent 
in Specific Situations

If the culprit vessel is end artery and can be 
reached super selectively, the choice of embolis-
ing agent is coil. If coil embolization alone fails 
to achieve hemostasis, the embolizing effect is 
supplemented by either gelfoam or PVA or glue 
as sandwich technique. If the pseudoaneurysm is 
arising from major artery like common hepatic 
artery, choice would either be stent graft or embo-
lizing the pseudoaneurysm sac with detachable 
coils or glue [23]. If hemobilia is due to tumours, 
gelfoam and/or PVA embolization is done to 
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Fig. 7.3 Blunt trauma abdomen with grade IV liver 
injury and hemobilia. (a) Axial CECT image showing 
pseudoaneurysm in relation to right hepatic artery (arrow) 
anterior to a large hematoma. (b) On colour doppler, pseu-
doaneurysm with yin-yang sign is seen. (c) Percutaneous 

thrombin into pseudoaneurysm injected using 22 G spinal 
needle. Echogenic needle tip is seen with in the sac of 
pseudoaneurysm (arrow). (d) Post-thrombin injection, no 
colour filling is seen (arrow). No recanalization was seen 
on Doppler done on subsequent days (not shown)

a b

c d

achieve hemostasis. If the pseudoaneurysm can-
not be accessed via endovascular route, direct 
percutaneous thrombin or percutaneous glue 
injection can be considered.

7.8  Results

As hemobilia is a rare condition, only few studies 
have evaluated the success of endovascular inter-
ventions and have shown good technical and 
clinical outcomes with transarterial embolization 
[17, 23]. Data regarding the use of stents and 
flow diverters is limited to small case series [20, 
21] and has shown good results so far. Use of per-
cutaneous thrombin and percutaneous glue injec-

tions is limited to few cases reports only though 
have shown encouraging results [22].

7.9  Post-Procedure 
Management

Routine post-angiography and puncture site 
management are advised. Vital signs and hemo-
globin monitoring should be looked for as persis-
tent hypotension or tachycardia could be signs of 
ongoing hemorrhage and may require repeat 
endovascular/surgical management. Post- 
embolization syndrome in the form of abdominal 
discomfort, pain, and mild fever can be seen in 
most of patients. These symptoms are usually 
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Fig. 7.4 Post-cholecystectomy day 17 with hemorrhagic 
output from drain. (a) Common hepatic artery angiogram 
showing attenuated right hepatic artery and pseudoaneu-
rysm (arrow). (b) Guide wire could not be negotiated 
across the attenuated right hepatic artery. (c) Colour 

Doppler showing pseudoaneurysm (arrow). (d) 22G spi-
nal needle in pseudoaneurysm with glue cast, placed 
under USG/fluoroscopy guidance. (e) Post-glue emboli-
zation angiogram of common hepatic artery shows oblit-
eration of pseudoaneurysm

a b

c

e

d
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mild, may require occasional symptomatic treat-
ment, and subside spontaneously in 2–5 days.

7.10  Complications and Their 
Management

Standard complications common to all angiog-
raphy procedures can occur during endovascu-
lar/percutaneous management of hemobilia. 
Other than puncture-related complications, 
embolization procedure-related complications 
include pseudoaneurysm rupture, arterial dis-
section, and nontarget embolization leading to 
organ  ischemia. Pseudoaneurysm rupture dur-
ing endovascular embolization is dealt with 
immediate liquid embolic agents or gelfoam 
embolization. Ruptures during percutaneous 
embolization will need emergent endovascular 
or surgical management. Flow limiting arterial 
dissection involving a major artery is managed 
by balloon angioplasty/stent insertion. Nontarget 
embolization leading to ischemia is extremely 
rare due to the dual blood supply of the liver. 
However, it can be catastrophic in a patient who 
has portal vein thrombosis or in a transplant 
liver. Biliary strictures which are usually a 
delayed complication of hepatic artery emboli-
zation will require treatment with endoscopic 
and/or percutaneous techniques such as cholan-
gioplasty and stenting [4].

7.11  Surgery

Surgical interventions are rarely needed in hemo-
bilia cases when endovascular and percutaneous 
procedures fail to control hemorrhage. Surgery is 
however treatment of choice for pseudoaneu-
rysms which are infected or which are compress-
ing adjacent vital structures [10]. Surgical 
treatment options for hemobilia include hepatic 
artery ligation or excision of hepatic artery pseu-
doaneurysm. Hepatic segmentectomy or lobec-
tomy is performed as last resort. Success rates of 
surgery are high (approximately 90%) however 
relatively high mortality (10%) may be encoun-
tered [4].

7.12  Bile Clearance

As already stated, clot formation within biliary 
tree can lead to jaundice, by obstructing bile flow 
with resultant acute cholangitis, acute cholecysti-
tis, or acute pancreatitis [7, 9]. Timely drainage 
of bile is an important adjunct in managing 
patients of hemobilia.

Placement of a PTBD catheter with regular 
saline flush can be done to manage biliary 
obstruction due to thrombus. ERCP with sphinc-
terotomy, nasobiliary drainage, and/ or biliary 
stenting can also be performed to relieve biliary 
obstruction [9].

7.13  Conclusion

Hemobilia is an uncommon but important cause 
of GI bleed. Clinical diagnosis can be challeng-
ing in patients without history of recent hepatobi-
liary interventions, trauma or malignancy. CT 
angiography and endoscopy are initial diagnostic 
modalities, choice of which depends on clinical 
probability of hemobila. Interventional radiolo-
gist plays central role in managing patients of 
hemobilia primarily via endovascular emboliza-
tion. Vascular stenting however is invaluable in 
conditions where preservation of distal blood 
flow is paramount. Patients in whom endovascu-
lar therapies fail percutaneous thrombin or glue 
injection can be a reasonable alternative in cer-
tain situations. Surgery is reserved as a last resort 
and is rarely performed in patients of hemobilia 
due to its relatively higher complication rate and 
invasive nature.
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IR Management of Budd–Chiari 
Syndrome

Amar Mukund and Basavaraj Biradar

8.1  Introduction

Budd–Chiari syndrome (BCS) is characterized by 
obstruction of hepatic venous outflow in the 
absence of cardiac pathology. BCS is categorized 
as primary or secondary based on the etiology of 
obstruction of hepatic veins. Primary BCS results 
from primary venous disease like venous throm-
bosis/venous stenosis or venous membrane 
occluding the hepatic venous outflow [1, 2]. 
Secondary BCS results from extrinsic compres-
sion/invasion of hepatic venous outflow due to 
hepatic/parasitic cyst, abscess, or any tumor [1]. 
BCS may have a varied presentation. It may be 
asymptomatic or may present as fulminant/acute/
subacute and chronic forms, with subacute/chronic 
form being the most common presentation. 
Primary causes include congenital webs, inherited 
or acquired hypercoagulable and prothrombotic 
states which result in vascular stasis, thrombosis, 
eventually web/membrane formation, and obliter-
ative venopathy [1, 2]. Secondary causes include 
extrinsic compression or tumor invasion of hepatic 
veins and/or inferior vena cava (IVC). Obstruction 
to venous outflow along the drainage pathway can 
occur at various sites right from hepatic venules to 
IVC entry into the right atrium [3].

Acute BCS results due to sudden thrombosis 
of hepatic vein (HV) and/or intrahepatic IVC and 
manifests as abdominal pain, jaundice, and dis-
tension, secondary to hepatomegaly, and/or asci-
tes [1–4]. Histologically, acute form is 
characterized by hepatic sinusoidal congestion, 
dilatation, and hepatocyte necrosis [3–5]. Chronic 
BCS is usually insidious in onset and presents 
with impaired liver biochemical parameters and 
signs of portal hypertension or complications 
such as bleeding varices. Histologically, it is char-
acterized by centrilobular fibrosis with atrophy of 
involved segments and compensatory hypertro-
phy of spared segments in the background of 
chronic liver disease [3–5]. Formation of multiple 
intrahepatic veno-venous collaterals, regenerative 
nodules, and ultimately cirrhosis is seen in chronic 
form [3–5]. Both acute and chronic forms result in 
reduced hepatic perfusion and eventually rise in 
portal pressure leading to portal hypertension [4]. 
Imaging by various modalities like ultrasound, 
CT/MRI usually confirms diagnosis without the 
need for biopsy (Figs.  8.1 and 8.2). Biopsy is 
advised only when the diagnosis is uncertain or if 
obstruction to outflow at the level of small intra-
hepatic veins is suspected [5].

Anticoagulation and beta-blocker therapy 
form initial management strategy but do not 
address underlying outflow obstruction pathol-
ogy. Surgical shunts are more invasive in nature 
and have high risk of shunt thrombosis, periop-
erative morbidity, and mortality in decompen-

A. Mukund (*)
Interventional Radiology, Institute of Liver and 
Biliary Sciences, New Delhi, India

B. Biradar 
Manipal Hospital, Bengaluru, Karnataka, India

8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6856-5_8&domain=pdf
https://doi.org/10.1007/978-981-15-6856-5_8#DOI


108

sated patients [6, 7]. Liver transplantation 
although has shown excellent results but avail-
ability of organ, risks of long-term immunosup-
pression, expertise, and cost factor have been the 
limiting factors particularly in developing coun-
tries [8].

Interventional radiology has emerged as a prom-
ising, minimally invasive, and effective treatment in 
managing BCS patients. Various image-guided 

interventions such as percutaneous angioplasty with 
thrombolytic therapy, stenting, creation of transjug-
ular intrahepatic portosystemic, or direct intrahe-
patic portocaval shunt creation are described which 
have prolonged 5-year survival to about 75% in 
patients having BCS [9]. Endovascular treatment 
has been very effective in relieving hepatic conges-
tion and symptoms of portal hypertension. These 
treatments are aimed at restoring the venous out-

a b

Fig. 8.1 US image (a) shows intrahepatic veno-venous, comma-shaped bridging venous collaterals, (b) shows long 
segment occlusion of IVC

a b

Fig. 8.2 Axial CECT shows heterogeneous enhancement with caudate lobe enlargement in arterial phase (a) and 
venous phase (b) images
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flow or creating a portosystemic shunt leading to the 
improvement in the liver functions and providing 
long-term transplant free survival. Factors deter-
mining IR approach for the management of BCS 
include presentation of disease (acute or chronic), 
length of occlusion of HV/IVC, caliber of diseased 
HV, status of IVC (length of occlusion/presence of 
thrombus), status of portal vein (patent/thrombosed/
cavernomatous), and presence of accessory inferior 
hepatic vein. Therapeutic stepwise approach to 
BCS begins from anticoagulation, diuretics, medi-
cal management of portal hypertension, angioplasty 
with or without stenting for venous stenosis, cre-
ation of portosystemic shunts and ultimately liver 
transplantation. Addressing underlying hematologi-
cal cause supplementing radiological intervention is 
crucial as restenosis or treatment failure is common 
in its absence. An algorithmic approach for manag-
ing BCS patients is presented in Fig. 8.3.

8.2  Acute BCS

8.2.1  Thrombolysis

The use of local as well as systemic thrombolytic 
therapy has been described for acute and sub-
acute disease having hepatic venous IVC throm-
bosis in the absence of membranous obstruction/
stenosis. Local thrombolysis is done by access-
ing the thrombosed hepatic vein through the jug-
ular access and initiating an intra-clot 
catheter-directed thrombolysis. Additional 
mechanical thrombolysis can be performed 
depending upon the age of the thrombus. 
Pharmacological thrombolysis using tPA (5 mg 
bolus followed by 0.5 mg/hour for six hours) or 
urokinase (3000  units/kg bolus followed by 
50,000 units/hr. for 6–12 h) is preferred in hyper-
acute stage, whereas older thrombus may require 

Clinical suspicion of BCS/HVOTO

Imaging classical for HVOTO

Yes

Patient symptoms

Minimal/No symptoms Ascites and/or high risk varices

Endovascular management

TIPS/DIPS

Failure of endovascular
management

No
recanalizable
vessel

Recanalizable
vessel

Appearance of
ascites/varices

HV/IVC
recanalization

Acute liver failure

Liver TransplantMedical management

No

Biopsy

s/o BCS

USG/Doppler ± CECT/CE-MRI

Fig. 8.3 Proposed algorithm for the management of BCS patients
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additional mechanical thrombolysis [10, 11]. 
Thrombolysis is best suited for thrombus not 
older than 3–4 weeks. Stent placement in the HV 
should be avoided in acute disease and should be 
used only in cases with ostial stenosis of HV. Few 
studies have described the direct infusion of 
thrombolytic drugs into the hepatic artery to 
achieve high concentration in hepatic veins but 
no significant benefit was achieved [11, 12].

8.3  Subacute/Chronic BCS

8.3.1  Angioplasty of IVC and/or 
Hepatic Vein

Ideal treatment for symptomatic patients with 
short segment stenosis or membranous obstruc-
tion of hepatic veins or IVC consists of recanaliz-
ing these occluded segments by endovascular 
techniques and angioplasty of the stenosed 
venous segment [13].

Short segment/membranous occlusion of supra-
hepatic IVC is one of the commonest causes of 
BCS in Asia. IVC occlusions may be approached 
by femoral or jugular venous access and recanaliza-
tion with dilatation of the occluded/stenosed seg-
ment may be performed (Figs.  8.4 and 8.5). 
Crossing a tight stricture may be difficult and may 
require additional maneuver like coaxial placement 

of long sheath with its tip reaching the occluded 
segment along with the guiding catheter and a 
straight tip guidewire being used to cross the stric-
ture. If the stricture is too tight then a combined 
jugular and femoral approach may be employed 
with long sheaths placed up to the stricture from 
both the access and probing the stricture from both 
sides. If all maneuver fails then a balloon may be 
inflated just below the occlusion and it may be tar-
geted from the opposite end of stenosis/membrane 
(after confirming the hardware on either side of 
stricture are in straight line by obtaining views in 
orthogonal plane, both antero-posterior and lateral 
view) using a long chiba needle/colapinto needle. 
Use of needle to cross the stricture should be done 
with a great caution as a wrong puncture may have 
a catastrophic sequel. Once the stenotic segment is 
crossed then serial dilatation is performed, initially 
by smaller diameter balloon catheter followed by a 
larger balloon catheter [1]. Post- angioplasty estab-
lishment of a good forward flow with the disappear-
ance of collateral filling indicates a good technical 
success (Fig. 8.5). The procedure is termed clini-
cally successful if there is alleviation of symptoms 
with improvement in liver function tests.

In cases with hepatic venous obstruction, 
identifying the suitable hepatic vein for recanali-
zation is of utmost importance to achieve a long- 
term patency after the intervention. The hepatic 
vein being considered for recanalization should 

Fig. 8.4 Schematic diagram showing BCS with short segment occlusion of IVC which can be treated by crossing the 
stricture and balloon dilatation of the strictured segment with or without stent placement
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be a native hepatic vein, straight in course, echo- 
free lumen on ultrasound with a caliber of atleast 
7–8 mm in adults. It should be draining sizable 
hepatic parenchyma with evidence of veno- 
venous collaterals joining this vein (Fig. 8.6).

The target hepatic vein is approached through 
transjugular access using an angled catheter and 
guide wire with or without long sheath and/or 
angled metallic cannula (RUPS set, Cook, 

Bloomington, Indiana). After successful negotia-
tion of the guide wire across the stenosis, the 
catheter is advanced over it and the floppy guide 
wire is replaced by a stiff guide wire and serial 
angioplasty of the stenosed segment is performed 
using high pressure noncompliant balloon. After 
performing the angioplasty, venogram is per-
formed and the pressure gradient across the 
recanalized segment is measured.

a b c

Fig. 8.5 DSA image (a) shows IVC gram being per-
formed through femoral access with long segment occlu-
sion of the intrahepatic IVC (red arrows) with enlarged 
azygous venous system (black arrows) as an alternate 

venous drainage pathway. Fluoroscopic image (b) shows 
balloon angioplasty being performed and (c) shows post 
venoplasty IVC gram showing good flow of contrast in 
the previously occluded IVC

Fig. 8.6 Schematic diagram showing BCS with short segment occlusion of HV and patent IVC. Such occlusions can 
be treated by balloon dilatation of the strictured segment with or without stent placement
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If cannulation of hepatic vein fails through 
transjugular approach, percutaneous transhe-
patic route can be used to directly puncture the 
occluded hepatic vein under ultrasound guid-
ance (Fig.  8.5). A 21/22  g needle is used to 
access the HV, which is replaced by a 5f vascu-
lar sheath. A 5f KMP catheter (Cook, IN) with 
floppy J/straight tip guide wire is used to cross 
the stenosis and enter the IVC. In case of tight 
stricture, reverse end of the guide wire may be 
used to cross the stricture. After crossing the 
stricture the catheter is advanced and a J tip 
floppy guide wire is used to navigate into the 
superior vena cava or sometimes into the IVC. 
The tip of the guide wire is then snared out 
through the jugular or femoral access (Fig. 8.5). 
After the wire tip is snared out, angioplasty and/
or stenting is performed through the jugular/
femoral access. A good forward flow with the 
disappearance of collateral veins is suggestive 
of technical success (Fig. 8.7).

Angioplasty for the stenosed segment of the 
hepatic vein may be performed by percutaneous 
transhepatic access as well; however, it needs 
placement of large diameter vascular sheath 
which may have an increasing the risk of hemo-
peritoneum. Embolizing the percutaneous tract 
with coils and gelfoam can minimize the chances 
of hemoperitoneum after removal of the vascular 
sheath [14]. Monitoring of patient’s vitals is 
important to prevent and mange any post- 
procedure complications.

8.3.2  Complications

The incidence of complications for angio-
plasty is negligible (<5%). Few technical major 
complications such as hepatic capsule perfora-
tion, IVC rupture, cardiac injury, hepatic artery 
injury, hemoperitoneum is mainly caused by 
inadequate experience [9].

8.3.3  HV/IVC Stenting

Post-angioplasty status of occluded hepatic vein 
segment and suprahepatic IVC determines stent 
placement strategy. Persistence of significant 
residual stenosis (>30%) or pressure difference 
of >5 mm Hg post-angioplasty suggests that stent 
is required to maintain the patency [15, 16].

Although few studies have advocated com-
bined metallic stenting with angioplasty to avoid 
restenosis and reduce secondary complications 
[17]. However, it is still unclear about the benefits 
of stenting combined with angioplasty v/s angio-
plasty alone at the first session.

8.3.4  TIPS/DIPS

BCS patients with no recanalizable hepatic vein 
due to complete/long segment occlusions with 
tiny venous collaterals need creation of portosys-
temic shunts for providing venous outflow and 
hence decompressing the congested liver 
(Fig. 8.8). The indications for TIPS/DIPS include

• Absence of any recanalizable hepatic vein.
• Those who do not to respond to anticoagula-

tion therapy and angioplasty.
• Failure of recanalization procedure.
• Disease progression despite successful hepatic 

vein angioplasty and/or stenting.

Contraindications:

• Severe hepatic dysfunction.
• Polycystic liver disease.
• Chronic complete portal vein thrombosis with 

the formation of cavernoma.

BCS-TIPS Prognostic index (age, bilirubin, 
and INR) score of >7 indicates extremely ill 
patients and hence this group of patients are can-
didates for early liver transplantation [7].
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a b

c d

Fig. 8.7 DSA image (a) shows percutaneous hepatic 
venogram with short segment occlusion of right accessory 
hepatic vein at HV/IVC junction with small veno-venous 
channels (black arrows), fluoroscopic image (b) shows 
guidewire being snared out after negotiation it across the 

stricture (black arrows) and (c) shows venoplasty being 
performed. DSA image (d) shows resolution of stricture 
with good flow of contrast across the previously strictured 
segment of right accessory hepatic vein
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Fig. 8.8 Schematic diagram showing BCS with thrombosed/fibrosed native HV, replaced by multiple tiny collateral 
channels. This group of patients can be treated by creating a DIPS across IVC and portal vein

8.3.5  TIPS/DIPS Technique

Right internal jugular venous access is obtained 
and the guidewire is advanced in the 
IVC.  Thereafter, a long sheath is placed in the 
intrahepatic IVC.  The metallic cannula available 
with the RUPS TIPS set (Cook, Bloomington, IN) 
is used to wedge at the level of hepatic vein ostium. 
The sheath and cannula assembly is wedged and 
kept stable at the junction of supra-intrahepatic 
IVC. A catheter mounted puncture needle or a long 
Chiba needle is used to enter the liver parenchyma 
and the metallic cannula is slightly advanced over 
it. Later the metallic cannula is steered to direct the 
puncture needle/Chiba needle toward the right por-
tal vein (simultaneous use of transabdominal/intra-
vascular ultrasound may help in accurate 
positioning of the needle while trying to puncture 
the portal vein). After the successful portal vein 
puncture (Fig. 8.9) the guidewire is advanced into 
the splenic vein/superior mesenteric vein and later 
exchanged for a stiff guidewire. The parenchymal 
track is dilated over the stiff guide wire using bal-
loon catheter and size of DIPS stent to be placed is 

ascertained on venogram obtained using sizing 
pigtail catheter (Fig.  8.9). After determining the 
length of the stent, a DIPS stent is deployed from 
IVC to the portal vein with covered part of stent 
position from IVC upto the point of portal puncture 
while a small uncover stent is extended by about 
2 cm into the portal vein branch toward the main 
portal vein (Fig. 8.6). After the DIPS procedure the 
patients are advised to maintain INR of 2–3 [18].

8.3.6  Complications

Complications are usually procedure related and 
consist of hemoperitoneum (secondary to hepatic 
capsule puncture by needle while attempting a 
portal vein puncture or extrahepatic puncture of 
the portal vein) hemobilia due to injury to bile 
duct, heart failure, access site infection or jugular 
vein thrombosis, supraventricular tachycardia, 
portal vein dissection and thrombosis, stent 
migration. Delayed complications consist of 
stent occlusion, IVC obstruction by stent and 
hemolysis, hepatic encephalopathy.
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Outcomes of BCS Radiological Interventions 
(Hepatic/IVC Angioplasty and Stenting) in 
Regards to Patency, Survival, Clinical 
Symptom Resolution, Safety, and Technical 
Efficacy
Han G et al. [17] showed good long-term patency 
and survival in BCS patients who underwent per-
cutaneous recanalization ± stenting. The techni-
cal efficacy was 95% with primary patency rates 
of 95%, 77%, and 58% at 1, 5, and 10  years, 
respectively. The overall survival rates at 1, 5, 
and 10  years were 96%, 83%, and 73%, 
respectively.

In a study by Li T et  al. [19] in 101 BCS 
patients treated with percutaneous balloon angio-
plasty ± stenting, 92 patients showed prompt 
symptom resolution. Technical efficacy was 91% 
with no perioperative mortality. The primary 
patency rates at 6, 12, and 24 months were 84%, 
78%, and 76%, respectively. The secondary 
patency rates at 6, 12, and 24 months were 95%, 
92%, and 84%, respectively.

Retrospective analysis of 92 BCS patients 
who underwent percutaneous anatomic recanali-
zation ± stenting the author himself [20], showed 
a good midterm outcomes and transplant-free 
survival rate in patients undergoing recanaliza-
tion of HV/IVC.  Complete resolution of symp-

toms was seen in 94.5% of patients within 
4–6 weeks post-intervention. During follow-up, 
four patients showed stent dysfunction with 
symptom recurrence. Stent recanalization was 
done in all these patients who showed immediate 
clinical symptom relief with good secondary 
patency rates and transplant-free survival period.

Retrospective analysis of 63 patients of BCS 
treated with radiological interventions by Eapen 
CE et  al. [21] showed good midterm survival. 
Survival analysis of patients based on severity of 
disease(Murad classification) was assessed. 
Survival rates at 1 and 5 years were 100% in mild 
disease, 94% and 86% in intermediate disease, 
85%, and 77% in severe disease, respectively.

Tripathi D et al. [22] showed good outcomes 
In BCS patients in terms of patency and survival 
when venoplasty is combined stenting. 
Technically efficacy was 100% in their study 
with prompt symptom resolution in 73% of 
patients. Secondary patency rates at 1, 5, and 
10 years were 92%, 79%, and 79%, respectively, 
and overall survival rates at 1,5,10  years were 
97%, 89%, and 85%, respectively.

Zhang CQ et al. [23] evaluated the long-term 
effect of hepatic vein and IVC stenting in 115 
BCS patients with short segment obstruction. 
Thirty patients had hepatic vein stenting, 102 

a b c

Fig. 8.9 DSA images showing DIPS being performed, 
(a) shows portal venogram after portal puncture and 
placement of angiographic catheter in portal vein, (b) 
shows simultaneous IVC and portal venogram with cali-

bration pigtail catheter to ascertain the size of the DIPS 
stent to be placed, (c) shows DIPS venogram being per-
formed after placement of DIPS stent
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patients had IVC stenting and 17 patients had 
both IVC and hepatic vein stenting. Technical 
success was 94% and 87% in IVC and hepatic 
vein stenting respectively. Excellent long-term 
patency rates were achieved.

The role and advantages for TIPS over surgical 
portosystemic shunts in BCS have been validated 
by several studies in the literature [7, 24, 25].

Few studies have compared pre-emptive TIPS 
(without prior angioplasty) v/s converted TIPS 
(post failed angioplasty) but found no significant 
difference in survival [26–28]. However, no suf-
ficient data exists in favor of TIPS replacing 
angioplasty as a first line of interventional treat-
ment in all BCS patients. Factors like risk of HE 
and more invasiveness with TIPS also limit TIPS 
for the considering as first line of treatment.

8.4  Bleeding Risk in IR 
Procedures for BCS Patients

Intervention in BCS patients is technically challeng-
ing. Also, as all patients of BCS require anticoagula-
tion pre- and post-intervention to maintain patency of 
treated vessel or stented segment, this poses increased 
risk of bleeding perioperatively. Rautou PE et  al. 
reported 27% of patients in their study showed major 
risk of bleeding episodes post-percutaneous interven-
tion [29]. This warrants close monitoring of patients 
in postoperative period for any bleeding events such 
as hemoperitoneum, hemobilia, and subcapsular 
hematoma. Early treatment with short-acting antico-
agulants and shifted to warfarin with titrated dose 
monitoring INR is advised [30].

Currently Available Prognostic Indices (PI) 
Predicting Treatment Efficacy Are

 (a) BCS-TIPS PI.
 (b) Child-Pugh score.
 (c) Model for end-stage liver disease (MELD).
 (d) Clichy PI.
 (e) Rotterdam PI.
 (f) albumin-bilirubin (ALBI) score,
 (g) CLIF Consortium acute decompensation 

(CLIF-C AD) score.

Variables needed to calculate abovementioned 
scores include—age, WBC, hepatic encephalop-
athy, ascites, serum creatinine, serum albumin, 
serum bilirubin, and INR.

8.5  Poor Prognosis 
for Intervention

The cutoff value indicating poor prognosis for 
interventions in patients with BCS are as follows: 
BCS-TIPS PI >7, Rotterdam BCS score—class 
III/> 1.5 points, Clichy score > 6.6, MELD >20 
points, and CTP score > 10 points /class C. The 
role of Rotterdam score in predicting intervention- 
free survival and BCS-TIPS PI in predicting sur-
vival has been validated in a study by Susan seijo 
et al. [31].

8.6  Follow-Up

Follow-up after intervention (hepatic vein 
angioplasty/stenting and DIPS/TIPS) should be 
scheduled at 1 month, 3 months, and thereafter 
every 6  months. At follow-up, clinical and 
ultrasonography evaluation of recanalized vein 
or shunt is performed looking for the patency of 
the vein/shunt with any sign of dysfunction 
[32]. In equivocal result on ultrasound, a con-
trast CT or venogram of the vein/shunt may be 
performed to confirm the patency. Restenosis 
due to intimal hyperplasia or thrombus forma-
tion is addressed by repeat balloon dilatation or 
re-stenting. Transient elastography has been 
used to measure liver stiffness also aids in 
assessing treatment response. Liver stiffness 
values pre- and post- intervention allow assess-
ment of hepatic congestion changes and trans-
plant-free survival period [33]. In addition to it, 
liver stiffness measurements (LSM) provide 
good insight in follow-up of asymptomatic 
patients as when to offer endovascular treat-
ment. Persistent rising values of LSM values in 
asymptomatic patients is an indication for fur-
ther intervention [34].
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8.7  Future Perspective

Studies have shown successful TIPS shunt cre-
ation in patients with portal vein thrombus via 
trans-splenic access [35, 36]. This can be 
employed in BCS cases presenting simultane-
ously with portal vein thrombus or occlusion. 
Trans-splenic access can be considered for TIPS 
shunt formation in patients with preserved liver 
synthetic functions. Improved patency of recana-
lized hepatic veins and TIPS stent due to advance-
ment in stent and balloon technology may 
improve long-term outcomes and transplant-free 
survival period.

8.8  Conclusion

The primary goal of radiological intervention in 
BCS is to relieve sinusoidal congestion by re- 
establishing hepatic venous outflow, improve liver 
function, reduce portal hypertension and its com-
plications. Stepwise approach should be the guide 
to interventional radiologist beginning from anti-
coagulation, angioplasty to portosystemic shunt 
(TIPS/DIPS) depending on feasibility based on 
imaging. Due to favorable mid and long-term out-
comes, minimal invasiveness and good 5-year 
transplant-free survival period, radiological inter-
ventions have replaced surgery as first line of 
management of BCS patients. However, BCS 
patients with fulminant disease/acute liver failure 
are best suited for liver transplantation.
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Portal Vein Thrombosis
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Abbreviations

PVT Portal vein thrombosis (Nonmalignant)
TIPS Transjugular intrahepatic portosystemic 

shunt
IVC Inferior vena cava
rtPA Recombinant tissue plasminogen acti-

vator

9.1  Introduction

Portal vein thrombosis (PVT) is defined as 
thrombus in main portal vein, which may or may 
not extend into branches of portal vein, the mes-
enteric vein, or splenic vein. PVT is seen in 
10–25% of cirrhotics, thus not rare. PVT might 
lead to the worsening of liver functions. PVT 
increases the risk of complication associated with 
cirrhosis. In addition, the presence of PVT leads 
to increase in morbidity and mortality in patients 
receiving liver transplant and extensive PVT may 
even pose as a contraindication for transplanta-
tion, especially when the thrombus involves the 
splenomesenteric confluence. Various treatments 

are available for management of symptomatic 
PVT like systemic anticoagulation therapy, local 
fibrinolysis using urokinase or recombinant plas-
minogen activators (rtPA), mechanical recanali-
zation by balloon plasty, balloon plasty, and local 
fibrinolysis followed by placement of TIPS stent. 
Recently, TIPS has played a major role in treating 
PVT in decompensated cirrhotics. The clinical 
efficacy and positive outcomes of TIPS have 
been confirmed in cirrhotic patients with 
PVT. Now the clinical indications of TIPS have 
been expanded from refractory ascites and pleu-
ral effusion in cirrhotics to acute and uncontrol-
lable gastrointestinal bleeding and recurrent 
gastrointestinal bleeding, Budd–Chiari syndrome 
with or without concomitant PVT. [1–7]

9.2  Radiological Interventions 
in Nonmalignant Portal Vein 
Thrombosis

The decision on the treatment of cirrhotic with PVT 
depends essentially on the presenting symptoms, the 
age of the patient, any underlying comorbidities, and 
the extent of thrombus in portal vein /splenic vein/
mesenteric vein. The first step is to treat the underly-
ing disease to reduce the risk of recurrent PVT 
thrombus. In asymptomatic patients with PVT, regu-
lar follow-up is recommended [8]. Portal vein recan-
alization should be done in the symptomatic patient 
[9, 10]. Additionally, in case of portal hypertension, 
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embolization of collateral veins leads to improve-
ment of portal flow, which in turn reduces the risk of 
portal vein re-thrombosis [6, 11–13]. Symptomatic 
PVT can be treated by several methods depending 
on the underlying disease and age of thrombus 
(acute or chronic). Various therapeutic interventions 

are (1) mechanical recanalization, (2) catheter-
directed fibrinolysis, (3) systemic thrombolysis, or 
(4) surgical. The approach for mechanical recanali-
zation is rarely transhepatic (except in non-cirrhotics 
with PVT and normal coagulation parameters where 
transhepatic route is preferred, (Fig.  9.1) [14–16] 

a b

c

e

d

Fig.  9.1 Forty year male presented with acute abdominal 
pain. Contrast CT scan (a, b) showed non-cirrhotic liver 
with <50% occlusion of main portal vein and near com-
plete occlusion of superior mesenteric vein. Portal veno-

gram (c, d) through transhepatic route the same findings. 
Venogram post fibrinolysis (e) shows adequate opacifica-
tion of portal vein and its branches and superior mesenteric 
vein suggestive of successful transhepatic recanalization
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a b c

d e f

Fig.  9.2 Sixty-one-year-old male with cirrhosis (Hepa-
titis B related) presented with refractory UGI bleed. 
Contrast CT scan (a, b) showed thrombus in portal vein 
involving >75% of lumen with thrombus extending into 
superior mesenteric vein. This patient underwent TIPS in 

combination with local fibrinolysis by urokinase (c). His 
symptoms subsided after TIPS with no further episodes of 
UGI bleed. Contrast CT scan done (d, e, f) at 1 month post-
procedure showed patent stent with complete recanaliza-
tion of portal vein and superior mesenteric vein

and is usually transjugular [17–19]. In cirrhotic 
patients with PVT, mechanical recanalization by 
balloon plasty and catheter-directed fibrinolysis 
are usually combined with TIPS to increase the 
flow of blood in the portal vein thus reducing the 
re-thrombosis risk (Figs. 9.2, 9.3, and 9.4). TIPS 
apart from treating PVT also helps in resolution 
of symptoms of decompensated cirrhotics.

In symptomatic non-cirrhotic patients with 
PVT, with no ascites, and with normal coagu-
lation parameters, transhepatic route is may 
be taken for portal vein recanalization 
(Fig. 9.1). Transhepatic approach is easy and 
quick, moreover it provides better catheter 
maneuverability for recanalizing long seg-
ment thrombosis of PV and/or SMV. 
Alternatively transsplenic route may be taken 
for patients with difficult transhepatic access 
as a last resort, further the splenic track needs 
to be carefully embolized using glue/coils to 

avoid any hemorrhage/hematoma. In non-cir-
rhotics with PVT, ascites, and deranged coag-
ulation parameters, transjugular route should 
be taken for portal vein recanalization to pre-
vent the risk of hemoperitoneum, which may 
be associated with transhepatic/transsplenic 
approach  [18, 20, 21]. Figure 9.5 represents 
the protocol for the management of PVT.

9.3  Mechanical Recanalization

Balloon angioplasty through transjugular route is 
relatively safe approach for recanalization of por-
tal vein. Balloon plasty helps in maceration of 
thrombus hence improved thrombo-suction and 
lumen recanalization. If the thrombus has 
extended into portal vein branches, TIPS is com-
bined with angioplasty to create good venous 
flow. In cases of chronic PVT, transjugular 
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approach is sometimes difficult. In such cases, 
transhepatic or transsplenic approach can be 
attempted, as it offers a better maneuvering of 
catheters into the occluded portal vein as com-
pared to transjugular approach; however, transhe-
patic/transsplenic approaches have higher risk of 
development of hemoperitoneum, hence adequate 
care should be taken to prevent any hemorrhage 
[14, 18–20].

9.4  Local Pharmacological 
Fibrinolysis/Thrombolysis

It is performed in cases of symptomatic acute PVT 
through transjugular or transhepatic approach. 
Catheter is usually placed in main portal vein and 
rarely in superior mesenteric vein. Preferred throm-
bolytic is either rtPA or urokinase. Nolte et al. [22] 
and Leebeek et al. [23] placed TIPS stent first fol-

a b

c d

Fig.  9.3 Sixty-two-year female, case of cirrhosis (NASH 
related, CHILD B, MELD 12) with portal hypertension 
presented with refractory esophageal variceal bleed. 
Contrast CT scan (as shown in a, b) showed complete 
thrombosis of portal vein with extension of thrombus in 
superior mesenteric vein. TIPS was done in this patient in 
combination with balloon plasty (mechanical recanaliza-

tion) and local fibrinolysis by urokinase. Contrast porto-
gram (c) showed large esophageal varices. Post TIPS 
venogram (d) showed good opacification of portal vein 
and stent. Patient had no further episode of upper GI bleed 
post-procedure. Contrast Ct done after 1 month (e, f, g) 
showed good opacification of stent, portal vein, and supe-
rior mesenteric vein suggestive of complete recanalization
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lowed by local catheter-directed thrombolysis. 
Mann et  al. [20] performed catheter-directed 
thrombolysis first followed by placement of TIPS 
stent. The duration of administering local fibrino-
lytic therapy may range from minutes to few days 

based on portography findings [24]. The success 
rate of thrombus resolution by thrombolysis is high 
when the thrombus is acute (less than 14  days). 
Catheter-directed transarterial administration of 
thrombolytic drug is another approach, where cath-

e

g

f

Fig. 9.3 (continued)
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eter tip is placed in the superior mesenteric artery 
for infusion of thrombolytic agent [26–30].

9.5  Combination of Mechanical 
Recanalization and Local 
Pharmacological Fibrinolysis

In most of the cases, resolution and recanaliza-
tion of portal vein are better when mechanical 
recanalization and thrombolysis are combined 

together. This is particularly seen in post-liver 
transplant patient where stenosis persists at 
anastomotic site despite local fibrinolysis. 
Some authors practice mechanical recanaliza-
tion by balloon angioplasty first followed by 
thrombolysis, whereas others prefer vice-versa 
[15, 19, 31, 32]. Once the recanalization is 
achieved, decision for placement of TIPS stent 
may be considered depending upon the resid-
ual thrombus load and underlying cause for 
the PVT.

Fig.  9.4 Sixty year male with cirrhosis (NASH related) 
and refractory ascites. Contrast Ct scan (a) showed >90% 
occlusion of portal vein. Portal venogram (b) through 
transjugular route showed near complete recanalization of 

portal vein (post local fibrinolysis) followed by placement 
of TIPS (c) stent. Contrast CT done at 3 month follow-up 
(d) showed complete resolution of portal vein thrombus 
with resolution of ascites

a b

c d
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Fig. 9.5 Diagrammatic representation of radiological interventional management of portal vein thrombosis

9.6  Indications 
and Contraindication 
for Placement of TIPS Stent 
in PVT

9.6.1  Indications [33]

 1. Liver cirrhosis with PVT with following 
underlying clinical status:

 2. Acute esophageal variceal bleeding refractory 
to endoscopic therapy

 3. Secondary prevention of esophageal variceal 
bleeding

 4. Hepatorenal syndrome

 5. Budd–Chiari syndrome
 6. Portal hypertensive gastropathy
 7. Hepato-pulmonary syndrome

9.6.2  Contraindication [33]

9.6.2.1  Absolute Contraindications
 1. Esophageal variceal bleed—Primary preven-

tion
 2. Severe congestive heart failure
 3. Severe pulmonary hypertension (mean pul-

monary pressure > 45 mm of Hg)
 4. Tricuspid regurgitation
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 5. Multiple liver cysts
 6. Uncontrolled systemic infection/sepsis
 7. Unrelieved biliary obstruction

9.6.2.2  Relative Contraindications
 1. Hepatoma, particularly if central
 2. Hepatic encephalopathy
 3. Severe coagulopathy (INR >5)
 4. Severe Thrombocytopenia (<20,000 platelets 

/mm3)
 5. Progression of thrombosed portal vein trunk 

into fibrotic cord
 6. Severe hepatic insufficiency (SGOP or SGPT 

level or the total bilirubin level is threefold 
above the upper limit of normal)

 7. Renal insufficiency (serum creatinine level 
is 1.5 times above the upper limit of 
normal)

9.7  Procedural Technique 
of Mechanical Portal Vein 
Recanalization, Local 
Fibrinolysis, and TIPS 
(Fig. 9.1, 9.2, and 9.3)

TIPS may be considered in cases of PVT with 
extensive thrombus load and complete/near com-
plete occlusion of the spleno-portal axis. TIPS 
should be placed after restoring portal flow 
(atleast partial, if not complete) using pharmaco-
logical and/or mechanical thrombolysis. TIPS is 
usually performed through a transjugular 
approach whenever feasible. Alternatively trans-
splenic portal vein recanalization followed by 
TIPS is recently described for non-cirrhotic 
patients having extrahepatic portal vein obstruc-
tion (EHPVO) and portal cavernoma. In patients 
with patent intrahepatic portal vein, TIPS may be 
performed through transjugular route. In most of 
the cases, the right hepatic vein is used to access 
portal vein. When hepatic vein is thrombosed/
occluded (in cases of Budd–Chiari syndrome), 
the portal vein is accessed directly from the 
IVC. A Colapinto needle is used to puncture the 
posterior branch of right portal vein preferably 
under ultrasound /fluoroscopic guidance. Care is 
taken to avoid capsular transgression of needle 
and prevent hemoperitoneum. After puncturing 

the portal vein, a J tip floppy guide wire 
(Radifocus, Terumo) is advanced across the 
thrombus with its tip placed in the distal splenic 
vein or superior mesenteric vein. Later floppy 
guidewire is replaced by Amplatz stiff wire. The 
liver parenchymal tract is dilated by 8  mm or 
10  mm balloon followed by thrombo-suction 
with or without maceration of the thrombus 
[combined mechanical (balloon plasty) and local 
pharmacological fibrinolysis (heparin and uroki-
nase)]. Later, a covered stent of appropriate 
length is placed in the entire hepatic tract mea-
sured using catheter with markers for calibration. 
After placement of covered stent another over-
lapping uncovered stent is placed into the portal 
vein. The tip of uncovered stent is placed 2 cm 
inside the main portal vein. Repeat balloon plasty 
of stent is done followed by contrast angiogram 
to confirm good flow across the TIPS stent. If 
thrombus is seen persisting in either portal vein, 
splenic vein, or superior mesenteric vein then 
thrombolysis can be continued (for 24–48 h) and 
a check angiogram is performed every 12  h to 
look for resolution of thrombus. The pressure 
gradient should be recorded before and after the 
procedure in all the patients (Table  9.1). In 
patients with portal cavernoma and no amenable 
portal vein branches, main portal vein is recana-
lised through transsplenic approach and a snare is 
placed in right branch of portal vein. The colap-
into needle is advanced to target the snare and 
after succesful placement of colapito needle 
within the snare, wire from jugular access is 
advanced into the snare and pulled out through 
the splenic access and TIPS is performed. 
Additional thrombolysis may be performed if 
needed.

Table 9.1 Depicts the accessories used for the 
procedure

1.  Routine sized vascular access sheath usually 6F 
sheath

2. 0.035-in. floppy J tip guide wire
3.  RUPS set consisting of 10F Long sheath, cannula, 

Colapinto needle
4. 5F Multipurpose catheter
5. Amplatz Ultrastiff metallic guidewire
6. Covered and uncovered stent Graft
7. Balloon angioplasty catheters (8 mm /10 mm)
8. Balloon Inflation device
9. Urokinase /r-tPA and heparin
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9.8  Discussion

PVT is often silent. On the other side, patient 
with symptomatic PVT may present with life- 
threatening complications. Sometimes the pres-
ence of PVT alone is not necessarily the primary 
cause for the deterioration of patient symptoms. 
This clinical deterioration may be either due to 
recent development of PVT or because of pro-
gression of cirrhosis with an episode of decom-
pensation. The endovascular approach aims at 
restoring portal vein patency, which may result in 
relieving symptoms. Various techniques and 
approaches for management of PVT have been 
published. The most common studied approach is 
placement of TIPS stent with/without mechanical 
recanalization, with/without catheter-directed 
thrombolysis [32, 34].

In a study by Rossi et  al. best results were 
obtained when mechanical recanalization by bal-
loon angioplasty was performed followed by 
thrombolysis [34] and TIPS stent can be placed 
in the portal vein to increase the flow and prevent 
risk of portal vein re-thrombosis [14, 19, 32].

Blum et al. [18] performed mechanical recana-
lization by balloon angioplasty in the thrombosed 
segment of portal vein through transjugular 
approach followed by TIPS placement and throm-
bolysis. Priority should be given to transjugular 
access over transhepatic approach, as risk of hem-
orrhage is less in transjugular approach [31, 35]. If 
transjugular approach for mechanical recanaliza-
tion of PVT fails, e.g., in chronic PVT, recanaliza-
tion by transhepatic approach should be attempted 
[36, 37].

TIPS has a major role to play in cirrhotics with 
PVT as it ensures fast flow of blood in portal 
vein, thus reducing the risk of portal vein re- 
thrombosis. The other advantage of TIPS is that, 
it can be used as an access for re-intervention [18, 
20, 38]. In some cases, due to difficult venous 
anatomy or in patients with chronic PVT with 
cavernous transformation, TIPS becomes techni-
cally difficult. In such cases combination of tran-
sjugular and transhepatic approach can be used 
for TIPS stent placement [10, 25].

In situations where portal venous system is 
completely thrombosed, authors recommend, 

catheter-directed intra-arterial administration of 
fibrinolytic agents through superior mesenteric 
artery. The concept behind intra-arterial adminis-
tration is that arterial flow forces the lytic agent to 
act over the intraportal thrombus over a large sur-
face area thus helping in clot lysis [29].

According to the study by Condat et al. [39], 
acute onset thrombosis is diagnosed when the 
following criteria are met: (1) Recent onset pain 
in the abdomen, (2) No signs and symptoms of 
chronic long-standing portal hypertension like 
gastrointestinal bleeding, ascites, portosys-
temic collaterals, collaterals at porta hepatis or 
splenomegaly. In such cases, most of the times, 
systemic anticoagulation therapy with heparin 
successfully recanalize the portal vein [39, 40].

Endovascular management of PVT should be 
considered if anticoagulation therapy gives 
unsatisfactory results with persistence of symp-
toms or there is a contraindication to anticoagula-
tion therapy. In cirrhotics with symptomatic PVT, 
TIPS along with mechanical recanalization and/
or local fibrinolysis should be done. TIPS aims at 
facilitating the portal flow and by reducing portal 
pressure, thus increasing portal flow, which in 
turn reduces the risk of re-thrombosis. The use of 
systemic thrombolytic therapy for the manage-
ment of PVT is not usually recommended 
[41–44].

Once TIPS is placed, the recanalization rates 
are excellent with up to 80% partial or complete 
resolution of thrombus [45–48]. In one study, 
[49] residual portal vein thrombus was present in 
77% of cases on imaging study done immedi-
ately after TIPS placement, while, on 1-month 
follow-up after the TIPS procedure, complete 
resolution of thrombus was seen in 76% cases 
suggesting that resolution of thrombus is due to 
increased flow in the portal vein after stent 
placement.

Special attention should be given in patient 
who may undergo liver transplantation post TIPS, 
as TIPS stent placed deep in to the portal vein or 
IVC makes the surgical anastomosis at portal 
vein and IVC complex [50–54]. The largest study 
to date showed that patient with PVT, who had 
TIPS stent placed prior to liver transplant, had 
improved graft survival [54].
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9.9  Conclusion

At present, anticoagulation, local fibrinolysis, 
and TIPS combined with local fibrinolysis are 
the various treatment options in patients with 
PVT of various etiologies. In patients with pro-
thrombotic disorders, anticoagulation, and endo-
vascular catheter-directed thrombolysis are more 
beneficial for resolving portal vein thrombus. 
In contrast, TIPS with or without mechanical 
recanalization, with/without local fibrinolysis, 
has been performed for the treatment of acute/
chronic PVT in decompensated cirrhotics.
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10.1  Introduction

Complete surgical removal of the hepatic tumor 
remains the most essential aspect of curative 
treatment of hepatobiliary malignancies [1]. It 
includes both primary and metastatic lesion and 
gives the patient the sole likelihood of long-term 
survival [1]. The extent and degree of hepatic 
resection depend on multiple characteristics of 
tumor-like size, location, and burden, along with 
the morphological and functional status of the 
liver. Frequently, major hepatectomy may be 
required for curative radical tumor resection [2, 
3]. The explanation behind unresectability might 
be inadequate future liver remnant (FLR) volume 
leading to postoperative liver failure, that alone is 
the primary reason for postoperative demise after 
major hepatectomy [4]. In patients having diffuse 
hepatic ailment (for example, cirrhosis) undergo-
ing a major hepatic resection, the mortality 
increases up to 32%, whereas in patient with nor-
mal liver parenchyma, mortality ranges from 3.2 
to 7% [2, 5, 6]. The size of FLR volume is most 
significant determinant leading to postoperative 
liver failure. Preoperative portal vein emboliza-

tion (PVE) of the resectable hepatic segments 
reduces the hazard of postoperative liver failure 
even after extensive hepatectomy. Further, it 
increases the number of patients who may 
undergo such extensive resection [1, 2, 5, 6]. This 
section would discuss about the principle of PVE, 
anatomy of hepatic vasculature to be known 
before PVE, indications and contraindications, 
techniques, embolic agents, and complications of 
this procedure.

10.2  Principle of PVE

The high regenerative capability of liver paren-
chyma is the concept behind portal vein emboli-
zation [7]. In 1920, Rous et al. found that ligation 
of portal vein caused atrophy of the same side of 
liver parenchyma along with enlargement of con-
tralateral lobe in rabbits [7, 8]. Since the last two 
decades, preoperative PVE has been widely used 
for suitable patients having hepatobiliary malig-
nancies before extensive hepatic resection. 
Selective segmental portal vein embolization of 
diseased part of the liver can induce atrophy of the 
resectable hepatic segments along with enlarge-
ment of the future liver remnant. Following PVE, 
the total function of the liver is progressively 
accelerated toward the FLR segments, making the 
patient suitable to adjust the modification of por-
tal pressure before the surgery, thus, reduces the 
morbidity and mortality following the major hep-
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atectomy [9]. The resultant increase in the FLR 
volume makes the unresectable tumor resectable 
and brings down the hazards of postoperative 
hepatic insufficiency and hepatic failure [1, 2, 6].

10.3  Portal Vein Anatomy and its 
Variants

A thorough understanding of hepatic segmental 
anatomy is very important for the proper execu-
tion of PVE [1, 2]. The Couinaud classification is 
the most widely used system to described func-
tional liver anatomy, where the liver is divided 
into eight segments on the basis of hepatic and 
portal vein branching [1, 2, 10].

The main portal vein originates in the retro-
peritoneum behind the neck of the pancreas gen-
erally formed by joining of the superior mesenteric 
vein and the splenic vein (splenomesenteric con-
fluence) and ascends along the hepatoduodenal 
ligaments to porta hepatis [1, 2, 11]. Main portal 
vein usually divides into the right and left portal 
vein in extrahepatic region (incidence~48%), but 
it can be intrahepatic (~26%) or at the hepatic 
gateway (~26%) [1, 2, 12]. The right portal vein 
(RPV) usually divides into two branches—ante-
rior sectoral branch (supplying segment V & VIII) 
and posterior sectoral branch (supplying segment 
VI &VII), whereas left portal vein (LPV) divides 
into the horizontal portion (extrahepatic course) 
and umbilical portion (intrahepatic course) [2, 13, 
14]. The main branches of left portal vein usually 
supply the segment II, III, and IV of liver, arising 
from the umbilical portion [2, 14].

The incidence of anatomical variation of the PV 
branching is not common and ranges from 10–15%, 
however, recognition of their presence before PVE 
may be valuable for successful PVE or hepatec-
tomy [2, 15]. The trifurcation of main portal vein is 
most common variation (incidence ~11%), in 
which the main portal vein divides into three 
branches—left portal vein, right anterior, and right 
posterior branch [2, 16]. Quadrifurcation of portal 
vein is very rare variant, in which it divides into 
four branches—left portal vein, right anterior por-
tal vein, and two branches supplying segment VI 

and VII [1, 2, 16]. Duplication or absence right por-
tal vein conjoined with a hypoplastic right hepatic 
lobe is a very rare anomaly. Rarely, inexistence of 
the extrahepatic portion of left portal vein is seen 
where a solitary portal vein gets in the right side of 
liver and traversing to the left, supplying only seg-
mental portal vein branches along its path [16].

10.4  Indication of PVE

PVE is indicated when future liver remnant 
(FLR) after liver resection is very small or bor-
derline in size to provide essential liver functions 
[1]. Various factors determining the outcome of 
PVE in terms of adequate hypertrophy should be 
evaluated prior to the procedure [2, 17]. First, the 
proportion of FLR to total estimated liver volume 
(TELV) should be determined. Second, the evalu-
ation of hidden liver ailment needs to be done as 
patients with diffuse liver parenchymal disease 
need larger FLR than otherwise healthy liver. 
Third, as patient having larger body mass needs 
larger FLRs than smaller patient, so patient body 
size must be considered before PVE.  Fourth, 
evaluation of underlying systemic disease must 
be done, for example, diabetes mellitus can miti-
gate hepatic hypertrophy as insulin plays the role 
of comitogenic factor with hepatocyte growth 
factor (HGF) leading to slow pace of regenera-
tion due to insulin resistance [5, 18]. Fifth, the 
type and degree of hepatic resection are vital in 
light of the facts that larger functional FLR might 
be a requisite to reduce postoperative morbidity.

Recommendations for performing PVE are: 
Anticipated FLR to be ≤  20% in normal liver, 
FLR of ≤ 30% in patients with diffuse parenchy-
mal disease (non-cirrhotic type) or with 
chemotherapy- associated steatohepatitis 
(CASH), nevertheless FLR of ≤ 40% in cirrhotic 
livers to accomplish the concerned benchmarks 
[1, 2, 19, 20, 21].

Standardized FLR (sFLR) is calculated gener-
ally utilizing CT volumetry and measuring its 
contribution to the total liver volume as a ratio of 
the estimated total liver volume drawn from the 
patient’s body surface area (BSA).
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10.5  Contraindication of PVE

10.5.1  Absolute Contraindications

 1. Established portal hypertension: Extensive 
hepatectomy is generally not reasonable in 
patients with diagnosed portal hyperten-
sion and hence PVE should not be performed 
[17].

 2. Widespread thrombosis of portal veins in liver 
segment possessing the tumor—due to already 
diverted portal flow toward the FLR and 
proper distribution of embolic agent [14, 17].

 3. Surgery is usually not performed in patients 
having metastatic disease or peritoneal seed-
ing, consequently PVE is not applicable in 
those patients [14].

10.5.2  Relative Contraindications

 1. Uncorrectable coagulopathy.
 2. Mild portal hypertension and advanced fibro-

sis—Although few earlier studies had shown 
restricted hypertrophy in patients with cirrho-
sis and fibrosis, newer studies have revealed a 
reasonable increase of FLR following PVE in 
patients with mild portal hypertension [22].

 3. Biliary obstruction with biliary dilatation—In 
this condition, biliary drainage of the FLR 
may be considered prior to PVE.

 4. Tumor precluding safe transhepatic access.
 5. Renal insufficiency.

10.6  Preprocedural Work-Up and 
Procedural Details

10.6.1  Preoperative Work-Up

Preceding PVE, all clinical details need to be 
throughly evaluated. Relevant laboratory investi-

gations like hemoglobin, white blood cells count, 
INR, liver function tests, and renal function tests 
are imperative before PVE.  In patients having 
raised serum bilirubin levels due to biliary 
obstruction (more than 3.0 mg/dL), biliary drain-
age should be performed either percutaneously or 
endoscopically for symptomatic relief as well as 
for effective FLR hypertrophy [1, 5]. Cross-
sectional imaging either a CT or MRI is very 
important in making proper planning and design 
for productive PVE. Multiphasic CT or MRI is 
generally acquired ahead of PVE to assess the 
extension of hepatic lesion as well as to quantify 
the FLR volume and mapping the resectable 
hepatic segments. The proper assessment of the 
hepatic vascular anatomy especially the portal 
vein variations are very crucial for a successful 
PVE.

10.6.2  PVE Procedures

Access to the portal vein is one the important step 
in PVE, as it may be accessed via a mini- 
laparotomy for transileocolic route or percutane-
ous transhepatic route.

10.6.3  Transileocolic Approach

In 1990, Makuuchu et al. first described trans-
ileocolic portal vein embolization. In this tech-
nique, mini-laparotomy is required in the right 
lower quadrant of the abdomen for cannulating 
the ileocolic vein. Thereafter, a catheter is 
advanced into the main portal vein and the 
desired intrahepatic portal vein branches for 
the embolization [23]. However, this being a 
more invasive procedure with associated mor-
bidity, it did not gain widespread use due to the 
development of percutaneous transhepatic 
approach.
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10.6.4  Transhepatic Approach

In transhepatic PVE a portal vein radicle is 
accessed percutaneously. It may be performed by 
two approaches—contralateral approach (embo-
lizing right portal vein branches after obtaining 
access via left portal vein) or ipsilateral approach 
(embolizing RPV branches through RPV access 
only). The advantages and disadvantages of both 
the approaches are mentioned in Table 10.1 [1, 2, 
5, 14].

Sedation
Generally, transhepatic PVE is carried out under 
mild sedation (using intravenous midazolam and 
fentanyl citrate) and a local anesthesia (using 1% 
lidocaine hydrochloride) at the puncture site for 
alleviating the regional pain [1, 2, 5, 14]. 
However, it could be performed under general 
anesthesia according to patient condition and 
operators’ preferences.

Steps
Three basic steps are involved—(1) Accessibility 
to portal vein, (2) Flush portal venogram for 
venous anatomy, (3) Embolization of intrahepatic 
portal vein of selective hepatic segments.

The transhepatic PVE (both contralateral and 
ipsilateral route) is performed percutaneously, using 
ultrasound guidance for the puncture of portal vein. 

The basic steps for both the approaches are mostly 
similar. A 22-gage needle is mostly used to punc-
ture the portal vein radicle and a guidewire, fol-
lowed by a catheter is advanced in the main portal 
vein [2, 5, 24]. Thereafter, a 5F or 6F vascular 
access sheath is placed with in the portal vein for 
further catheter exchange. In contralateral approach, 
segment 3 portal vein branch is usually chosen for 
puncture, as it is more anterior and easily visible on 
ultrasound, also it allows easy access to segment IV 
portal vein ramifications if needed. In ipsilateral 
PVE, the right anterior sectoral portal vein is pre-
ferred over the right posterior sectoral vein, as fewer 
complications are seen with this approach [5, 25].

A 5F catheter (usually KMP/MPA/C2 cathe-
ter, Cook, Bloomington, IN) is used to catheter-
ize segmental branches of the portal vein (Both 
contralateral and ipsilateral PVE) (Fig.  10.1). 
The acute angulation of portal vein branches can 
cause difficulty in catheterization of right sec-
toral portal vein branches during ipsilateral 
approach, hence reverse curve catheters (like 
SIM-1/C-1, Cook) or balloon occlusion cathe-
ters with multiple lumen might be required.

Flush portography is then carried out with a 
5F catheter (KMP/MPA catheter, Cook) placed in 
the main portal vein for mapping of portal venous 
tree. The 15 degree right anteroposterior (RAP) 
view displays better visualization of the portal 
vein ramifications.

a b

Fig. 10.1 Fluoroscopic image (a) shows contralateral approach for PVE using glue mixed with lipiodol as embolizing 
agent within the right PV branches (white arrows), (b) shows post PVE track embolization using coil (black arrows)
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In patients with normal liver, estimation of 
portal venous pressure is not commonly rec-
ommended, whereas it should be done in 
patients with chronic liver disease. Portal 
venous pressure gradient over 12  mmHg is 
regarded as a relative contraindication for hep-
atectomy [26].

Embolization is done after catheterizing sec-
toral portal veins of chosen hepatic segments. 
The choice of embolic agent depends on opera-
tor’s preference. Total occlusion of target portal 
vein branches and diverting the blood flow toward 
the future remnant portal venous system is the 
end point of the embolization (Fig. 10.1). While 
embolizing the right main portal vein adequate 
stump (approx. 1 cm) should be left free of embo-
lization to provide space for ligation while resec-
tion [1]. This also prevents the hazard of thrombus 
extension from right portal vein to the left.

Thereafter portal venogram is done to evaluate 
the completion of the PVE and as a check for any 
complication (Fig.  10.2). In patients having 
chronic hepatic ailment like cirrhosis, portal 
pressure should be measured to observe the 
change in pressure; the change in pressure should 
be around 3 mm Hg [26].

If extended right hepatectomy is planned, 
additional embolization of segment IV portal 
vein branches is recommended for maximum 
hypertrophy of segment II and III.  In contralat-
eral approach, embolization of segment IV portal 
vein branches are usually done after the emboli-
zation of right portal venous system, since this 
permits better delineation of segment IV portal 
branches as they become dilated and more con-
spicuous after right lobe embolization. 
Additionally, it diminishes the risk of dislodging 
the embolic agent during catheter handling. 
Whereas in ipsilateral approach, this process is 
typically carried out before the embolization of 
the right lobe, due to the potential possibility of 
dislodgement of embolic material from right to 
left lobe during catheter manipulation 
(Table 10.1).

After completing embolization, the catheter is 
delicately withdrawn to prevent the inadvertent 
dislodgement of any embolic agent to the future 
remnant. Lastly, during the removal of the access 

sheath, the tract is usually occluded with coils 
(Fig. 10.1) [5].

10.7  Embolic Materials

Presently, various embolic materials have been 
utilized for performing PVE such as gelfoam, 
polyvinyl alcohol (PVA) particles, coils, n-Butyl 
cyanoacrylate (NBCA), and absolute alcohol [1, 
2, 14]. The best embolic material is supposed to 
induce complete occlusion of veins with no 
chance of recanalization. Nevertheless, there is 
no consensus regarding the best and safe embolic 
material for portal vein embolization. Hence, the 
decision of embolic agent depends on the user’s 
choice and experience with the embolic sub-
stance, the available catheter for delivering the 
embolic agent, and the approach for PVE.

Gelfoam is a temporary embolic material and 
related with a rapid PV recanalization [2, 24]. 
PVA particles are a reasonably good embolizing 
agent and among them, spherical particles are 
more efficient than the nonspherical particles [2, 
27]. Alcohol injection is described and is quite 
effective, but it is difficult to control and is asso-
ciated with serious complication like parenchy-
mal necrosis and venous thrombosis [21].

NBCA (glue) is one of the commonly used 
embolic agents for PVE.  It causes permanent 
occlusion of portal vein by polymerizing rapidly 
(as it comes in contact with blood) [1, 2, 5, 28]. It 
is a radiolucent liquid which can be mixed with 
lipiodol for radio-opacity and controlling the rate 
of polymerization (Figs. 10.1 and 10.2). The pro-
portion of glue to lipiodol ranges from 1:1 to 1:9 
as briefed in previous studies [28]. For emboliza-
tion of distal smaller veins, a higher dilution of 
glue with lipiodol is utilized [1, 2, 5, 28]. Multiple 
previous studies have shown NBCA to be very 
effective for preoperative portal vein emboliza-
tion because it prompts both proximal and distal 
PV blockage and induces a periportal inflamma-
tory reaction that could additionally act as a stim-
ulus of future remnant liver regeneration [2, 5, 
14, 28]. Flushing of the delivery catheter should 
be done with a nonionic solution (5% dextrose), 
just before and after injection of glue to prevent 
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catheter occlusion and non-target embolization. 
Administration of glue needs adequate experi-
ence and technical skill as it is difficult control 
owing to its liquidity and rapid polymerization 
[5, 28].

For PVE, spherical microparticles with coil 
embolization have shown to be superior to nons-
pherical PVA.  Initially, embolization is usually 
performed with small sizes particles (100 to 
500  μm) for embolization of distal smaller 

470.295 cm3
547.087 cm3

a b

c d

e f

Fig. 10.2 A 60 year female patient with cholangiocarcinoma 
underwent right portal vein embolization using contralateral 
approach. (a) Pre PVE, axial cross-section CT section shows 
mass forming cholangiocarcinoma. (b) DSA image shows 
right PVE done via contralateral approach with contrast 

opacification of main and left portal vein. (c & d) Post PVE 
axial CT images show embolization of right portal vein and 
its segmental branches with hypertrophy of left lateral seg-
ment of liver. (e) Pre PVE & (f) Post PVE CT volumetry 
images show hypertrophy of left lateral segment of liver
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branches, followed by embolization with larger 
size particles (700 to 900 μm) for large proximal 
branch occlusion [29]. Coils can be employed at 
the cease of procedure to permit for the total 
blockage of proximal branch. Recently, vascular 
plugs have been used instead of coils for occlud-
ing the proximal right main portal vein or ahead 
of NBCA embolization by ipsilateral route to 
prevent backflow in the contralateral hepatic por-
tal veins [30].

10.8  Hypertrophy Response

Multiphased contrast-enhanced CT or MRI is 
typically done ahead of PVE to assess the degree 
of tumor dissemination and to quantify the future 

hepatic remnant volume. CT volumetry is used 
for the estimation of FLR volume and TLV (total 
liver volume), in addition it provides comprehen-
sive intrahepatic vascular and biliary anatomy as 
well as mapping for surgical resection [31]. FLR 
hypertrophy is usually measured after 3 to 
5 weeks of PVE.

Previous studies have shown clinically sig-
nificant regeneration to be associated with 
increase in the FLR ratio of 8% to 25% after 
PVE in patients having normal liver or liver 
metastases [1, 2, 5, 14, 27, 28, 32–34]. Although, 
as shown in few previous studies, PVE may not 
induce adequate FLR hypertrophy in about 20% 
of patients with liver cirrhosis. Hypertrophy of 
FLR is inversely proportional to the FLR ratio 
prior to PVE, implying that the lower FLR ear-
lier to PVE will have the higher hypertrophy [2, 
29]. Subsequently, there is no minimum thresh-
old for the FLR ratio to carry out portal vein 
embolization.

10.9  Complication

PVE is a safe procedure and most patients do not 
develop any major complication related to 
PVE.  However, based on previous studies, the 
complication can be categorized into major and 
minor complication (Table 10.2) [1, 2, 5, 14, 35, 
36]. About 20% to 25% of patients may develop 
some minor self-limiting complication compris-
ing of fever, pain, and abdominal discomfort. 
Major complications (Table  10.2) are rarely 
seen.

10.10  Additional Combined 
Strategies and Modification 
of PVE Technique

10.10.1  Sequential Arterial 
and Portal Venous 
Embolization

Despite technically successful PVE, definitive 
hepatectomy may not be possible in some cases 
due to the progression of tumor, deterioration of 

Table 10.1 Advantage and disadvantage of different 
transhepatic approaches

Approach Advantage Disadvantage
Ipsilateral 
approach:

No injury to FLR
No risk of injury to 
the left portal vein 
like thrombosis/
dissection due to 
catheterization
Easy cannulation 
and embolization 
of segment IV 
branches

Due to sharp 
angulation of 
portal vein 
branches, 
cannulation of 
target portal 
vein may be 
technically 
challenging
Chances of 
nontarget 
propagation of 
embolic 
substance in the 
process of final 
flush 
venography
Risk of tumor 
seeding (rare)

Contralateral 
approach

Straighforward 
catherization of 
right anterior and 
posterior sectoral 
portal veins due to 
lack of acute 
angulation.
No associated 
tumor cell seeding
No risk of 
dislodgment of 
embolic agent 
during final 
venogram.

Risk of injury to 
FLR
Difficulty in 
cannulation of 
segment IV 
branches
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the general condition, and inadequate FLR 
growth. In such cases, patients with hepatocellu-
lar carcinoma (HCC), transarterial embolization 
(TAE) might be the additional remedial choice 
[36]. A previous study by Kang et  al. demon-
strated that superselective TAE prior to PVE was 
safe and efficacious [37]. Various small studies 
have shown arterial embolization of liver tumors 
after PVE is helpful in augmenting the hypertro-
phy of FLR.

10.11  Two-Stage Hepatectomy 
and PVE

Two-stage hepatic resection has been designed 
to accommodate patients with bilobar colorec-
tal liver metastasis for surgical excision of 
tumor using PVE [36, 38, 39]. In the process of 
the primary phase, tumor inside the anticipated 
FLR is removed or in some cases ablated. 
When, the FLR is freed of tumor, PVE is car-
ried out to expand the FLR volume. PVE is 
usually done between two steps of liver resec-
tion to increase FLR volume, as these patients 
mostly receive hepatotoxic neo-adjuvant che-
motherapy. While sufficient FLR growth is 
accomplished, the second- stage hepatectomy 
is planned for the remaining metastases which 
may require a right or extended right hepatec-
tomy [38, 39].

10.12  Novel Strategies for PVE

There are many novel approaches which have 
been developed with modification of PVE tech-
niques to increase FLR hypertrophy and reduce 
complication. These include transarterial, trans- 
sinusoidal, and reversible PVE with an additional 
infusion of stem cells to the FLR segments fol-
lowing PVE [36].

10.13  Adjuvant Stem Cell 
Transplantation with PVE

Hematopoietic and mesenchymal stem cells 
may assume an important function in the 
remodeling of hepatic hypertrophy and can 
replenish impaired hepatocytes [40, 41]. A 
recent study showed that autologous hemato-
poietic CD133+ stem cells may enhance the 
volume of left lateral hepatic segments before 
the extended right hepatectomy. In the light of 
these results, investigators have studied the 
intra-portal injection of stem cells along with 
PVE to increase the speed of FLR hypertrophy 
[42].

Table 10.2 Complication of PVE

Minor 
complication:

1.  Abdominal discomfort/pain
2.  Fever
3.  Elevation of liver enzymes 

(transaminitis)
4.  Nausea and vomiting
5.  Post-embolization syndrome 

(rare)
Major 
complication

1.  Puncture related:
(a)  Vascular injury—

Hemorrhage (sub-capsular 
hematoma or 
hemoperitoneum) and other 
vascular trauma such as 
arterio-venous fistula, 
pseudoaneurysm, transient 
hemobilia.

(b)  Biloma—Due to either 
intra- or extrahepatic bile 
duct damage.

(c)  Infection: Cholangitis, 
abscess, or systemic sepsis.

(d)  Pneumothorax—During 
intercostal puncture.

2.  Embolization related:
(a)  Nontarget embolization in 

FLR
(b)  Hepatic infarction in the 

embolized segments
(c)  Venous thrombosis: Main 

portal vein or left portal 
vein thrombosis due to 
venous wall injury during 
catheter manipulation or 
propagation of thrombus 
from embolized segments.

(d)  Portal hypertension: 
Usually in cirrhotic patients 
with increased portal 
pressure following PVE 
could build the danger of 
gastroesophageal variceal 
disruption.
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10.14  Conclusions

Preoperative PVE is an effective procedure to 
augment hypertrophy of FLR and hence reduces 
postoperative complications. Owing to its high 
technical and clinical success it has a potential to 
convert unresectable patients of hepatobiliary 
malignancies due to small FLR into resectable 
disease. PVE is a safe procedure with a minimal 
procedure-related morbidity and insignificant 
mortality. A wide variety of embolic agents have 
been used for PVE. The blend of n-butyl cyano-
acrylate and lipiodol and the alliance of PVA par-
ticles and coils are overwhelmingly utilized. PVE 
is increasingly being combined with emerging 
therapies in novel manners to improve and expe-
dite the hypertrophy of FLR.
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Ablation of Liver and Biliary 
Tumors

Pankaj Gupta and Naveen Kalra

11.1  Introduction

Image-guided ablative therapy represents an 
important interventional radiological method for 
the treatment of liver tumors and to some extent 
biliary tumors. There are several ablative tech-
niques currently available (Table 11.1). The most 
widely used ablative technique is radiofrequency 
ablation (RFA). Recently, microwave ablation 
(MWA) and cryoablation are being increasingly 
utilized. Irreversible electroporation (IRE) is uti-
lized in special situations. The chemical methods 
of ablation including percutaneous ethanol injec-
tion (PEI) and percutaneous acetic acid injection 
(PAI) are no longer recommended, except in a 
resource-limited setting [1].

Ablation provides a curative option in patients 
with resectable hepatocellular carcinoma (HCC), 
where it compares favorably with surgical resec-
tion, particularly for lesions <2 cm [2]. Ablation 
is also commonly utilized in combination with 
transarterial chemoembolization (TACE) in 
patients with unresectable HCC. Ablation is also 
recommended for oligometastases from colorec-
tal and other cancers. Endobiliary RFA can be 
performed via percutaneous or endoscopic route 

[3]. Percutaneous RFA is performed for malig-
nant biliary obstruction caused by perihilar 
involvement by cholangiocarcinoma or gallblad-
der cancer [4]. The various indications of ablative 
therapies are discussed in detail in the section 
below.

11.2  Ablative Therapies: 
Classification

The various ablative methods are broadly classi-
fied on the basis of mechanism of cellular action 
into chemical, thermal, and non-chemical non- 
thermal. Among the ablative methods listed in 
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Table 11.1 Various ablative methods

Chemical Thermal Nonthermal
Percutaneous 
ethanol 
injection 
(PEI)
Percutaneous 
acetic acid 
injection 
(PAI)

Heat
•  Radiofrequency 

ablation (RFA)
•  Microwave 

ablation 
(MWA)

•  High intensity 
focused 
ultrasound 
(HIFU)

•  Laser induced 
thermotherapy 
(LITT)

Irreversible 
electroporation 
(IRE)

Freezing
•  Cryoablation 

(CA)
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Table  11.1, RFA, MWA, CA, and IRE are the 
most commonly used methods. The mechanism 
of cell damage, indications, contraindications, 
technical details, and current status of the com-
monly used methods will be discussed in this 
chapter.

Indications of Ablation of Liver Tumors [5]
 A. Primary tumors

Hepatocellular carcinoma
• Resectable: Very early (single lesion <2 cm) 

and early HCC (single lesion or up to three 
lesions each less than 3 cm)

• Unresectable: In combination with transarte-
rial chemoembolization

• Bridging therapy for liver transplant
• Recurrent HCC

Intrahepatic cholangiocarcinoma
 B. Metastatic tumors (oligometastatic disease, 

lesion size < 3cm) from:
• Colorectal cancer
• Neuroendocrine tumor
• Pancreatic carcinoma
• Cholangiocarcinoma
• Breast cancer
• Gastric cancer

Indications of Ablation of Biliary Tumors
Ablative therapy is indicated for malignant bili-
ary obstruction caused by unresectable cholan-
giocarcinoma, gallbladder cancer, pancreatic 
cancer, intraductal papillary mucinous neoplasm, 
and metastatic disease [4]. An additional indica-
tion is stent occlusion [6].

11.3  Contraindications [1]

11.3.1  Liver Tumor Ablation

11.3.1.1  Absolute
• Uncorrectable coagulopathy
• Biliary dilatation
• Intravascular invasion
• Exophytic tumor
• Tumor within 1 cm of the main bile duct

Relative
• Child–Pugh C cirrhosis

• Hepatic failure
• Pacemaker/defibrillator
• Platelet count<50,000/mm3

Biliary Tumor Ablation
• Uncorrectable coagulopathy
• Systemic infection, sepsis

11.4  Technical Aspects

11.4.1  Pre-Procedure Preparation

 1. Informed written consent
 2. Investigations: complete blood count, coagu-

logram, liver, and renal function tests
 3. Imaging: multiphase CT or MRI performed 

within 4 weeks of the procedure
 4. Fasting for at least 6  hours prior to the 

procedure

11.4.2  Image Guidance for Ablation

Ablative therapies can be performed through per-
cutaneous, laparoscopic, and intraoperative 
methods. However, percutaneous method is the 
most widely utilized. The percutaneous proce-
dures are guided by an imaging method. 
Ultrasound, CT, and MRI can all be utilized. 
However, ultrasound and CT are the most popu-
lar imaging techniques for this purpose. Some 
institutes prefer CT over ultrasound and vice 
versa. The need for precise placement of multiple 
probes during IRE mandates the utilization of CT 
for guidance. Similarly, when performing MWA 
using multiple applicators, CT guidance is pre-
ferred for accurate placement.

11.4.3  Real-Time Monitoring

During RFA and MWA, hyperechoic foci are 
caused by microbubbles and gas released from 
the target tissue on ultrasound [7]. This may 
lead to an overestimation of the size of the abla-
tion zone. Moreover, the precise localization of 
the probe during the procedure may be difficult 

P. Gupta and N. Kalra



143

and requires considerable expertise. This hyper-
echogenicity typically disappears by 1  h. CT 
allows precise visualization of the ablation and 
early detection of any complication. The ice 
ball produced during cryoablation is well visu-
alized on ultrasound, CT, and MRI.  However, 
the posterior acoustic shadowing produced on 
ultrasound limits its utilization. CT, on the 
other hand, allows complete visualization of 
the ice ball [8].

11.4.4  Prevention of Damage 
to Adjacent Structures

To reduce damage to adjacent structures during 
ablative procedures, hydrodissection is the 
most common method. It employs carbon diox-
ide or 5% dextrose to separate the vital struc-
tures from the tumor [9]. The visualization of 
CT may be improved by adding iodinated con-
trast in the fluid in a ratio of 1:50. The other 
methods are carbon dioxide insufflation, bal-
loon placement, and use of thermoprotective 
gel [10].

11.4.5  Intraoperative Monitoring

Standard cardiac, oxygen, and blood pressure 
monitoring are required. RFA, MWA, and CA 
can be performed under conscious sedation or 
general anesthesia (GA), although the former is 
preferred. IRE involves muscle blockade for 
muscle relaxation and strict cardiac monitoring 
for any arrhythmias and is always performed 
under GA.

11.4.6  Assessment of Technical 
Effectiveness

The ablative procedure is considered to be tech-
nically effective when the entire tumor and a 
safety margin is covered in the ablation zone. A 
safety margin is a 5 to 10 mm tissue adjacent to 
the tumor margin that may harbor micro- 
metastases or microscopic foci of tumor [10].

11.5  RFA

11.5.1  Mechanism of Ablation

Cell death by RFA involves alternating current at 
frequencies of 400 MHz. This induces ionic agi-
tation and generation of heat by friction. 
Following heating, the tissues respond in a simi-
lar fashion regardless of the method of thermal 
ablation [11]. With mild elevation of temperature 
(to ~40  °C), cellular homeostasis can be main-
tained. With hyperthermia (42–45  °C), the sus-
ceptibility of cells to other cytotoxic agents such 
as chemotherapy increases [11]. Irreversible cel-
lular damage occurs when temperatures are 
increased to 46 °C for 60 min [11]. With further 
increase in temperature to 50–52 °C, cell death is 
achieved in 4–6 min. Between 60° and 100 °C, 
instantaneous cell death occurs. Temperatures 
>105  °C cause vaporization, and carbonization. 
Thus, to achieve optimal ablation, the aim is to 
achieve a temperature of 50–100 °C in the entire 
volume of target tissue.

11.5.2  Hardware (Figs. 11.1 and 11.2)

A basic RF equipment comprises a RF generator 
capable of producing alternating current, elec-
trode (probe), and a grounding pad [12]. The 
grounding pad (placed on the patient’s thighs or 
back) acts as a large dispersive electrode. It 
allows the current to pass freely without causing 
any significant heat production. At the electrode 
point, desiccation and charring of the superficial 
tissue occur. Bipolar electrodes do not require 
placement of grounding pads.

Four types of RF electrodes are commer-
cially available [12]. There are two models of 
retractable- needle electrodes (model 70 and 
model 90 Star-burst XL needles, RITA Medical 
Systems, Mountain View, CA; LeVeen needle 
electrode, Boston Scientific, Boston, MA). 
These electrodes have multiple curved elec-
trodes of varying length that assume the shape 
of a “Christmas tree” or “umbrella” upon 
deployment. Third type is an internally cooled 
electrode (Cool-Tip RF electrode; Medtronics, 
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Minneapolis, MN, USA). This type of elec-
trode has a 17-G insulated, hollow, needle 
with an exposed tip of variable length. The 
shaft has two internal channels for chilled 
water perfusion. Finally, there is a separable 

clustered electrode (Octopus®; STARmed, 
Goyang, Korea). In the Octopus®, RF energy 
is switched between a pair of electrodes. This 
can create a large ablation zone in shorter 
time.

a

b

Fig. 11.1 Radio-
frequency ablation 
equipment: (a) 
Generator and (b) 
Electrode

a b

Fig. 11.2 A 58-year-old male with HCC in segment 5 
treated with radiofrequency ablation. (a) Ultrasound 
image shows the lesion prior to ablation (arrow). 

(b) Ultrasound image during the procedure shows intral-
esional echogenicity from the tissue burning
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11.6  Endobiliary (Intraductal) RFA

11.6.1  RFA Device and Power 
Settings (Fig. 11.3)

Intraductal RFA catheter (HabibTM PERF cath-
eter, EMcision Ltd) is a single-use, bipolar device 
[4]. It can be placed into the biliary tree over a 
0.035-inch guide wire. It comprises an 8  F 

 catheter with a 90-cm working length that can be 
inserted percutaneously. The distal end has a 
5-mm leading tip. Proximal to the tip, there are 
two circumferential, 8-mm wide, stainless steel 
electrodes that are separated by 8  mm. This 
arrangement provides a cylindrical ablation of 
25  mm length between the distal and proximal 
electrodes. The terminal at the proximal end is 
connected to a power generator.

a

cb

Fig. 11.3 Intraductal radiofrequency: (a) Generator. (b) 
Percutaneous cholangiogram shows non-opacification of 
the lower part of the self-expanding metallic stent 

(arrows). (c) Following the intraductal RFA, there is free 
flow of contrast (circle)
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11.7  MWA

11.7.1  Mechanism of Ablation

Besides ionic polarization that is observed with 
RFA, high-frequency microwaves generate an 
electromagnetic field that results in rapid and 
homogeneous heating of tissues [13]. This action 
is most potent in tissues with high water content 
and least in fat-rich tissue.

Advantages of MWA Over RFA [12]
• Faster heating and ablation
• Higher temperature achieved
• Larger ablation zone (>5 cm)
• Lesser heat sink effect

11.7.2  Hardware (Fig. 11.4)

The device consists of three parts: generator, 
cable, and antenna (also called probe or applica-
tor). MW generators are available in two frequen-
cies: 915 MHz and 2.45 GHz [13]. MWA can be 
performed using single or multiple applicators. 
For multiple applicators, independent generators 
are required. The challenge while using multiple 
applicators is the difficulty in precise placement 
of multiple probes in correct relative configura-
tion [14]. Additionally, synchronicity while per-
forming MWA with more than one applicator 

results in constructive interference. Although this 
results in a larger ablation zone, the ablation zone 
is irregular. As MW generators produce different 
powers ranging from 45  W and 140  W at 
915  MHz and 2.45GHz, different protocols are 
recommended based on the size of the lesion.

11.8  Cryoablation

11.8.1  Mechanism of Ablation

Freezing and ice formation within the extracel-
lular space creates an osmotic gradient [15]. 
This causes cellular dehydration. The intracel-
lular crystal formation causes cell membrane 
rupture and cell death [15]. Cooling also leads 
to vascular stasis and thrombosis [15]. This 
accelerates cell death. Cellular death by freez-
ing requires temperatures between −20 °C and 
− 50 °C [16]. The cell death is further potenti-
ated by slow thawing between the cycles of 
freezing. The sensitivity of tissues to freezing 
varies. As the connective tissue is relatively 
resistant, cryoablation is relatively safe for the 
tissues adjacent to the target lesion. Thus, cryo-
ablation may be preferred for ablation of liver 
tumors near critical structures [16].

11.8.2  Hardware (Fig. 11.5)

Cryoablation commonly utilizes argon-based unit. 
When argon gas is circulated through the thin 
probe, the rapid expansion creates a very low tem-
perature (Joule–Thompson principle) [16]. An ice 
ball is created around the tip of the probe. Passive 
slow thawing maximizes cell death. Helium gas 
circulated at the end of the thaw accelerates the 
probe removal [16]. Multiple probes can be used 
simultaneously to ablate larger tumors.

11.9  IRE

11.9.1  Mechanism of Ablation

IRE is a nonthermal method of ablation. Direct 
electric current is delivered at high voltage (up 
to 3000 V) and high intensity (up to 50 A) in 

Fig. 11.4 Microwave ablation equipment shows genera-
tor and (probe) (arrow)
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short pulses [17]. This leads to the formation of 
pores in the lipid bilayer of cell membranes and 
irreversible cell death [18]. The predominant 
pathway of cell death in IRE is apoptosis rather 
than coagulative necrosis which occurs in ther-
mal ablation. Important structures in the vicin-
ity of the target lesion like blood vessels, bile 
ducts, and tissue stroma are relatively resistant 
to IRE [19]. Due to nonthermal nature of cell 
damage, heat sink effect is not observed with 
IRE.

11.9.2  Hardware (Figs. 11.6 and 11.7)

The NanoKnife (AngioDynamics, New York) 
is the most commonly used commercial 
device. The IRE electrodes are monopolar 
19  G electrodes with adjustable active tip 
length (5–40  mm) [19]. IRE procedures are 
performed under general anesthesia with mus-
cle relaxation. The electrical pulses are deliv-
ered during the refractory phase of the 
myocardium (ST segment). The cardiac syn-
chronization is achieved using a commercially 
available device (Accusync, Accusync Medical 
Research) [19].

11.10  Discussion

11.10.1  RFA Versus Surgical 
Resection

In an RCT by Chen et al., comparing RFA or sur-
gical resection for solitary HCC < 5 cm, no sig-
nificant difference was noted in the overall and 
disease-free survival rates [20]. However, in 
another RCT, the 1-, 3-, and 5-year overall sur-
vival and recurrence-free survival rates were sig-
nificantly higher in the surgical resection group 
compared with the RFA group [21]. In a recent 
RCT comparing RFA versus resection for early 
HCC, 218 patients were randomized. The RFA 
group had a shorter treatment duration, less blood 
loss, and shorter hospital stay than the resection 
group. Mortality and morbidity rates were similar 
in the two groups. There was no significant dif-
ference in the overall tumor recurrence rate, 1-, 
3-, 5-, and 10-year overall survival rates and cor-
responding disease-free survival rates [22]. A 
recent meta-analysis comprising five trials exam-
ining 742 patients evaluated RFA versus surgical 
resection for small HCC. RFA and resection had 
similar overall survival at 1  year whereas RFA 
resulted in decreased overall survival compared 
with resection at 5  years. The recurrence was 

a b

c

Fig. 11.5 Cryoablation equipment. (a) Cryoablation probe (b) Cryoablation probe with ice ball (arrow). (c) Generator 
settings
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markedly higher and the length of hospitalization 
significantly shorter in the RFA group compared 
with the resection group [23]. A recent study by 
Uhlig et al., compared the utilization and effec-
tiveness RFA and surgical resection for HCC 
[24]. Eighteen thousand two hundred ninety-six 
patients from the USA National Cancer Database 
were included (RFA = 8211; surgical resection, 
n = 10,085). Duration of hospital stay and 30-day 
as well as 90-day mortality were lower for RFA 

versus surgical resection. In HCCs < 15  mm, 
RFA and surgical resection yielded similar 
survival.

11.10.2  MWA Versus Surgical 
Resection

In an RCT comparing MWA and resection for 
HCC  <  5  cm, MWA group had a significantly 
lower complication rate. However, the local 
recurrences were significantly higher in the 
MWA group compared with the resection group. 
The overall recurrence and 1-, 2-, and 3-year sur-
vival rates were not significantly different 
between the two groups [25]. A meta-analysis by 
Zhang et al., suggested that MWA is as effective 
as resection in terms of overall survival, disease- 
free survival, and tumor recurrence. The advan-
tages of MWA are shorter operation time, less 
amount of blood loss, and fewer complications 
[26]. In another recent meta-analysis by Glassberg 
et  al. comparing MWA and resection for HCC 
and metastases, local tumor recurrence was sig-
nificantly higher with MWA than resection [27]. 
Resection provided significantly higher 3- and 
5-year overall survival and 3-year disease-free 
survival compared with MWA.

11.10.3  RFA Versus MWA

In a recent RCT comparing RFA and MWA for 
HCC (up to 3 lesions <4 cm), Vietti et al., did not 
find any difference in the local tumor progression 
[28]. In the study by Shibata et al., there was no 
statistically significant difference in the effective-
ness of the two procedures [29]. In another study 
by Yin et al. comparing the efficacy of RFA and 
MWA in HCC > 3 cm, both RFA and MWA were 
found to be effective [30]. In a recent propensity 
score analysis comparing RFA and MWA for 
HCC within Milan criteria, RFA was found to be 
inferior to MWA. However, RFA had a compara-
ble efficacy and safety for solitary HCC < 3 cm 
[31]. A recent meta-analysis by Tan et al. com-
prising 14 studies (including 4 RCTs) showed 
that percutaneous MWA had similar therapeutic 

a

b

c

Fig. 11.6 Irreversible electroporation equipment. (a) 
Generator (b) Activator probe (c) Monopolar probe
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effects compared with RFA [32]. Laparoscopic 
MWA led to a lower local recurrence rate. The 
authors suggested that the superiority of MWA 
over RFA remains unclear.

11.10.4  RFA Versus Cryoablation

In a RCT, Wang et al. compared RFA and cryoab-
lation for HCC  <  4  cm [33]. Three-year tumor 
progression rate for cryoablation was lower than 
that of RFA. The major complications rates were 
comparable. In a meta-analysis comparing RFA 

and cryoablation for hepatic malignancies, seven 
studies were included [34]. There were no sig-
nificant differences in mortality and local tumor 
progression rates. The risk of complications was 
significantly higher in the cryoablation group.

There are no published studies comparing 
MWA and cryoablation, to the best of our knowl-
edge. Similarly, there are no human studies com-
paring IRE with other ablative methods.

In a recent study evaluating the long-term 
outcomes of percutaneous image-guided cryo-
ablation of 299 liver tumors, Glazer et  al. 
reported a technical success rate of 94.6% [35]. 

a b

c d

Fig. 11.7 Irreversible electroporation in a 52-year-old 
male with subcapsular HCC. (a) Arterial phase CT image 
shows hyperenhancing lesion in segment 5 (arrow). (b) 

There is washout in the delayed image (arrow). (c) Three 
probes are placed (arrow). (d) Following the procedure, 
there is complete ablation of the lesion
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The therapeutic efficacy was 89.5% and was 
greatest for tumors less than 4 cm. In another 
study by Littrup et al., the long-term experience 
with percutaneous cryoablation of 443 primary 
and metastatic liver tumors was reported [36]. 
After a mean follow- up of 1.8  years, local 
tumor recurrence rates were 5.5% for HCC and 
11.1% for CRC. There was no significant dif-
ference for local tumor recurrence rates near 
major blood vessels or tumors greater than 
3 cm in diameter.

There had been a concern regarding the safety 
profile of cryoablation. This stems from the 
reported cases of severe bleeding, liver fractures, 
and cryoshock that were reported when open 
cryosurgery was performed. This was due to 
large size of the probes (up to 9  mm) [37]. 
However, recent studies report that cryoablation 
is relatively safe and is in fact the preferred 
method for tumors adjacent to critical structures 
[38]. In a study by Kim et al., comprising 28 sub-
capsular HCCs adjacent to the diaphragm, 
abdominal wall, gallbladder, colon, among other 
structures, the major complication was encoun-
tered only in one patient [39]. Minor complica-
tions occurred in 17.9% of cases. In another study 
evaluating the incidence and clinical sequelae of 
hepatic and portal venous thrombosis following 
percutaneous cryoablation in 223 liver tumors, 
venous thrombosis was reported in 24% of the 
ablations, most commonly involving the subseg-
mental portal vein branches [40]. None of the 
cases had involvement of the main portal vein or 
inferior vena cava. The thrombi resolved in 59% 
of the cases on follow-up imaging. Similar results 
were reported in the recent study by Kim et al. 
[39]. In the large US series, hematological com-
plications were reported in 5.8% cases and were 
related to pre-procedural anemia/thrombocytope-
nia, and large tumor volumes [41]. However, no 
biliary leaks, strictures, or bilomas were reported 
on long-term follow-up.

IRE has been reported to be a safe and effec-
tive treatment for tumors in locations where ther-
mal ablation cannot be performed due to risks to 
the vital structures. Kalra et al. reported the safety 
and efficacy of IRE in 21 unresectable HCCs 
[19]. Technical success was reported in all the 

patients. The median time to local recurrence and 
local tumor progression-free survival were 
4  months (range 3–4  months) and 7  months 
(range 3–30  months), respectively during a 
median follow-up period of 10  months. Sutter 
et al. reported IRE results in 58 patients with 75 
HCCs [42]. Technical success was reported in all 
cases. A complete ablation was achieved in 
77.3% and 89.3% cases after one and two ses-
sions of IRE, respectively. The 6-month and 
12-month local tumor progression-free survival 
was 87% and 70%, respectively.

IRE is a relatively safe procedure. No major 
complications were reported in the study by 
Kalra et  al. [19]. Sutter et  al. reported major 
complications in three patients, however, two 
of these patients had poor liver function at the 
time of procedure [42]. Although, theoreti-
cally, IRE has no effect on the major vascular 
and biliary structures, Distelmaier et  al. 
reported mild to moderate cholestasis, in 24% 
patients in a study [43]. This was believed to be 
due to the damage to the bile ducts by local 
heating.

11.10.5  Percutaneous  
Intraductal RFA

It is used as an adjunctive therapy in the man-
agement of malignant biliary strictures when 
endoscopic route is not feasible [4]. The aim is 
to prolong the patency of self-expanding metal 
stent (SEMS). Percutaneous RFA has also been 
applied to treat SEMS occlusion. The studies by 
Mizandari et al. and Wu et al. reported median 
survival and the median stent patency of 
89.5 days and 84.5 days, and 181 days and 149 
days respectively [44]. In their study, Wu et al. 
reported prolongation of stent patency and 
improve functional status and quality of life in 
patients treated with endobiliary RFA compared 
with the control group [45]. In the study by Acu 
et  al., 30-day and 180-day cumulative stent 
patency rates were 75% and 34%, respectively, 
following endobiliary RFA [46]. Intraductal 
RFA has also been utilized to recanalize 
occluded SEMS [6, 47, 48].
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11.11  Conclusion

Image-guided percutaneous ablative therapies 
play an integral role in the management of 
HCC. The efficacy and safety of different abla-
tive methods have been established by RCTs. The 
different mechanisms of action of the ablation 
techniques allow their preferential case-based 
utilization. Ablation also plays an important role 
in the management of liver metastases. There is 
an evolving role of percutaneous intraductal RFA 
in the palliation of patients with malignant biliary 
obstruction.
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Transarterial Therapies for Benign 
and Malignant Liver Tumors
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12.1  Introduction

Liver tumors are growths on or in the liver. The 
names of tumors associated with the liver usually 
start with “hepato” or “hepatic,” originating from 
the Greek word hepar, meaning liver.

There are several distinct types of tumors 
which develop from various cell types of the liver 
and classified as benign or malignant tumors.

• Benign tumors, namely hemangioma, heman-
gioendothelioma, focal nodular hyperplasia, 
and hepatic adenoma.

• Malignant tumors include primary tumors like 
hepatocellular carcinoma, hepatoblastoma, 
cholangiocarcinoma, or metastasis from vari-
ous other tumors.

Metastatic deposit is the most common hepatic 
tumor, while hepatocellular carcinoma is the 
most common primary hepatic malignancy [1]. 
Most patients with liver tumors present late with 
tumor burden and underlying hepatic disease not 
feasible for curative resection or transplant or due 
to the presence of non-hepatic comorbid condi-
tions [1]. Even if the tumor completely resected 
with adequate tumor-free resection margins, the 

recurrence rate is up to 50 percent within 2 years 
of surgery [1].

The principle of transarterial liver-directed 
therapies revolves around the basic concept of 
dual blood supply of the normal liver. The carci-
nogenesis of hepatic neoplasm is a multistep pro-
cess involving parenchymal arterialization, 
sinusoidal capillarization, and neo-angiogenesis, 
with 90% of the blood supply to liver tumors aris-
ing from the hepatic artery [2]. As such, an agent 
infused via the hepatic artery attains ten times 
higher intra-tumoral concentration as compared 
to when given via the portal vein relatively spar-
ing the healthy liver parenchyma [3]. 
Embolization induces ischemic necrosis of the 
tumor, causing a failure of the transmembrane 
pump, resulting in more excellent absorption of 
agents by the tumor cells [4].

12.2  Anatomy of Hepatic Artery

The common hepatic artery usually arises from 
the coeliac artery. It gives rise to the proper 
hepatic artery, which further divides into the right 
and left hepatic arteries to supply the entire liver. 
However, such classical arterial branching may 
be present in only 55–60% (Fig. 12.1). In com-
parison, there are variations in 40–45% of the 
population, and Michel et al. suggested a classifi-
cation system depending on the branching pat-
terns [5].
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The conventional variants are replaced right 
hepatic artery arising from the superior mesenteric 
artery (Fig.  12.2), a replaced left hepatic artery 
arising from the left gastric artery or direct origin 
of the right hepatic artery from the aorta (Fig. 12.3).

Often, larger tumors in the liver recruit blood 
supply from extrahepatic vasculature, and evalu-
ation of these arterial supply in subsequent ses-
sions of chemoembolization is essential for 
complete treatment (Figs. 12.4, 12.5, and 12.6). 
As such, in cases of persistent neoplastic tissue, 
all the possible branches to extrahepatic struc-
tures and possible extrahepatic collaterals sup-
plying liver tumors must be also be identified [6].

The commonly used catheters to access the 
feeding arteries are 4F SIM 1, Cobra, SOS, or 

Shepherd Hook. Using a 2.9F or smaller sized 
microcatheter like Progreat, Headway, or Rebar, 
the tumor supplying artery is super selectively 
cannulated to treat only the tumor and minimize 
the exposure to normal liver parenchyma.

12.3  Transarterial Catheter- 
Directed Therapies

Transarterial liver therapies include mainly

• Transarterial (Hepatic) artery embolization 
(TAE) or bland embolization

• Conventional Transarterial chemoemboliza-
tion (cTACE) using lipiodol

• Transarterial chemoembolization using drug- 
eluting beads (DEB-TACE)

• Transarterial radioembolization (TARE) /
Selective intra-arterial radiotherapy (SIRT) 
using yttrium-90 (Y-90)

12.3.1  Transarterial (Hepatic) 
Artery Embolization (TAE) or 
Bland Embolization

The goal of TAE is tumor ischemia via terminal 
arterial obstruction using particles. Bland emboli-
zation is done mostly in the case of a patient pre-
senting with a ruptured hepatic tumor to control 
hemoperitoneum (Figs. 12.7 and 12.8), emboliza-
tion of symptomatic benign tumors like hepatic 
adenoma, giant hemangioma and low- grade 
malignant tumors like neuroendocrine tumors. 
Polyvinyl alcohol particles (PVA), which are small 
and irregular flakes of polyvinyl alcohol or gelatin 
sponge suspension made by grating minute flakes 
of gel foam, are respectively used for occlusion of 
the tumoral bed.

12.3.2  Transarterial 
Chemoembolization

TACE treatment combines targeted delivery of 
antineoplastic agents and embolization of the 
tumor arterial supply. The infusion of antineo-

Fig. 12.1 Normal hepatic arterial anatomy arising from the 
coeliac axis. Abbreviations: CA coeliac artery, CHA com-
mon hepatic artery, PHA proper hepatic artery, GDA gastro-
duodenal artery, RHA right hepatic artery, LHA left hepatic 
artery, SMA superior mesenteric artery, SA splenic artery

Fig. 12.2 Replaced Right hepatic artery arising from the 
superior mesenteric artery
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plastic drugs results in the delivery of a high con-
centration of chemotherapy to the tumor, more 
significant compared to the intravenous route. 
Also, the arterial route of injecting chemotherapy 
results in fewer systemic side effects, and embo-
lization causes devascularization of the tumor. 
Hence, the tumoricidal result of TACE is both 
due to antineoplastic drug and ischemia. TACE 

may be cTACE or DEB-TACE and their tech-
niques followed in our institute are detailed 
below.

 1. Conventional Transarterial Chemoemboli-
zation (cTACE).

cTACE is the most commonly performed 
transarterial therapy and is used primarily in 

a b

Fig. 12.3 (a, b) Right Hepatic artery arising from the aorta with Left hepatic artery from the coeliac trunk

a b

*

Fig. 12.4 (a) A 75-year-old HbsAg positive case of 
HCC, with situs inversus, post-three sessions of TACE, 
CT scan shows residual enhancement [*]. (b) Extrahepatic 

supply from the right internal mammary artery was seen 
and embolised
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cases of multiple liver lesions. It may be used 
in combination with ablation, the secondary 
intention being to coat the lesions with lipi-
odol to facilitate easy visibility and accessibil-
ity for ablation under fluoroscopy or computed 
tomography. The chemotherapy drug emul-
sion includes mixing of 50–75 mg doxorubi-
cin aqueous solution with lipiodol. The ratio 
of the emulsion is 1:2 (in volume) of the drug 
in lipiodol, and the maximum amount of lipi-
odol should not exceed 15 ml. Preparation of 
emulsion includes mixing of doxorubicin 
solution taken in one syringe and lipiodol in 
another. The contents of the syringe loaded 
with doxorubicin is pushed into the syringe 
containing lipiodol using three-way stop cock, 
to favor a water-in-oil emulsion. The size of 
the emulsion droplets should be in the range 
of 70–100 microns for adequate deposition of 
the drug-lipiodol mixture in the tumor bed and 
is achieved by at least 20 pumping exchanges 
through the stopcock. The Doxorubicin/
Lipiodol emulsion is injected into the tumor 
feeding artery with or without cisplatin as per 
institutional protocol (single drug or two 
drugs TACE). Cisplatin may be injected using 
sandwich technique after each aliquot of the 

doxorubicin-lipiodol emulsion or it may be 
infused slowly before starting the injection of 
emulsion. After injecting drug- lipiodol emul-
sion, embolization is performed super-selec-
tive injection of gelatin sponge (gel foam) 
particles or 100–300 microns PVA particles 
till the vascularity of the tumor disappears. 
The embolization endpoint should be 2 to 5 
heartbeats to clear the contrast medium. A 
post-embolization angiogram is performed to 
demonstrate the preservation of vascularity of 
untreated liver and adjacent structures.

 2. Transarterial Chemoembolization Using 
Drug-Eluting Beads (DEB-TACE).

DEB-TACE, as compared to cTACE, not 
only delivers the chemotherapeutic drug but 
also embolises the tumor bed while minimiz-
ing systemic side effects. Drug-Eluting 
Beads (DEB) is a micro-spherical emboliza-
tion product composed of acrylamido polyvi-
nyl alcohol–co–acrylamido-2-methylpropane 
sulfonate capable of loading and slowly elut-
ing positively charged drugs such as doxoru-
bicin or Irinotecan via an ion exchange 
process. Drug-eluting beads (DEB) are 
loaded with the chemotherapeutic drug 
(doxorubicin for hepatocellular carcinoma 

a b

Fig. 12.5 (a) 59-year-old case of HCC. Large tumor in segment IV A, VIII, post-four sessions of TACE. (b) Extrahepatic 
supply from left internal mammary arteries (yellow arrows showing enhancement)
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and Irinotecan for colorectal liver metasta-
ses) to be released slowly in a sustained man-
ner to ensure high local and low systemic 
levels of drug concentration. At present, two 
drug-eluting beads are commercially avail-
able in the Indian market; DC beads 
(Biocompatibles UK Limited, BTG 
International group company Farnham, UK) 
and Hepasphere (Biosphere, Merit) and load-

ing of chemotherapeutic agents should be 
performed as per manufacturer’s instruction.

 (a) Preparation of DC Beads
DC beads are available in sizes of 100–

300 μ and 300–500 μ, and smaller sized 
beads are preferred for deeper penetration 
of DEB into the tumor. Saline is removed 
from a vial of DC Bead and loaded with 
75  mg of doxorubicin in 2  ml of sterile 

a b

c d

Fig. 12.6 (a, b) 76-year-old woman, HbsAg positive 
with a large mass in the left lobe of the liver. (c) Left 
hepatic artery and (d) Phrenic artery (Black arrow) seen 

arising from the coeliac artery and supplying the tumor. 
PA phrenic artery, LgA left gastric artery
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water for injection or 100 mg Irinotecan 
depending on tumor being HCC or 
colorectal liver metastases respectively. 
Loading will take a minimum of 45 min 
for DEBDOX Bead and up to 120 min for 
DEBIRI. Before use, the DC Bead loaded 
with the drugs is transferred to a polycar-
bonate syringe and diluted with nonionic 
contrast media before infusion.

 (b) Preparation of Hepasphere
Hepaspheres are available in sizes of 

30–60 μ and 50–100 μ, each of which enlarges 
up to four times its original size after reconsti-
tution with the chemotherapeutic drugs after 
the period of loading. 75  mg of lyophilized 
doxorubicin HCl in 20 ml of NaCl 0.9% solu-
tion (for HCC) or 100  mg Irinotecan (for 
colorectal liver metastases) may be loaded 
into the vial of HepaSphere Microspheres. A 

minimum loading time of 30 min with inter-
mittent shaking is required. At least 20–30 mL 
of nonionic contrast medium is added to drug-
loaded HepaSphere Microspheres to have bet-
ter control during embolization.

12.3.3  Transarterial 
Radioembolization (TARE)/
Selective Intra-Arterial 
Radiotherapy (SIRT) Using 
Yttrium-90

Radioembolization’s mechanism of action is the 
delivery of internal radiation to liver tumors without 
significant embolic phenomenon. Transarterial thera-
pies have evolved as effective and widely used pallia-
tive treatment options for unresectable hepatic 
tumors. In some instances, it has been used to down-

a b

Fig. 12.7 (a, b) A 28-year-old man, known case of 
Hepatitis B associated HCC, presented in the casualty 
with hypotension and tachycardia. Triphasic CECT 

reveals hemoperitoneum with a ruptured tumor in seg-
ment IVb. The patient underwent emergency bland embo-
lization to control the tumoral bleed

a b

Fig. 12.8 (a, b) Two months after embolization, triphasic CECT shows partial necrosis of the tumor
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stage the tumor for surgery. TARE is selective intra-
arterial administration of microspheres loaded with 
pure beta emitters such as Yttrium 90 or lipiodol 
labeled with iodine or rhenium and has no or minimal 
ischemic effects. Y-90 is the most common isotope 
used for radioembolization. It is a beta emitter that 
has a half-life of 64.2 h and a penetration of 2.5 mm.

Preparatory arteriography is needed to 
assess the feasibility of radioembolization. In 
this pre- TARE angiography following things 
are analyzed

 1. Hepatic arterial anatomy: The hepatic arterial 
branches primarily feeding the tumor should be 
assessed to identify an appropriate site of injec-
tion to cover the entire tumor avoiding hepa-
tofugal arteries. The hepatofugal arteries like 
gastroduodenal, right gastric, supraduodenal, 
and falciform arteries are those which arise 
from the hepatic artery and supply non- hepatic 
sites. These arterial branches can be prophylac-
tically embolized with coils (Fig  12.9) to 
increase the safety of radioembolisation.

a b

c d

Fig. 12.9 (a–d) Coiling of 
non-target arteries to 
prevent reflux of Y90 
spheres (curved arrow—
gastroduodenal artery, 
straight arrow—right gastric 
artery, white block 
arrows—falciform artery 
arising from the middle 
hepatic artery, stars—coils)
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 2. Hepatopulmonary shunt: 99mTc labeled 
macro aggregated albumin (99mTc-MAA) is 
injected at the target site. Subsequently, scin-
tigraphy (SPECT scan) is done to ensure that 
there is no reflux into the gastrointestinal tract 
and lungs (Fig. 12.10). The hepatopulmonary 
shunt should be less than 30Gy per treatment 
session with a maximum cumulative dose of 
50Gy to reduce the chances of radiation 
pneumonitis.

 3. Tumor volumetry: Treatment planning of 
TARE is personalized as with all other 
radiotherapy treatments. The idea is to 
deliver an optimum therapeutic dose to the 
tumor while limiting the dose to the healthy 
liver as low as possible. For this, volumes of 
tumor perfusion, normal liver parenchymal 
perfusion, and total liver perfusion need to 
be calculated. At the time of pre-TARE 

planning, 3DCT scans are done with a cath-
eter placed at the intended site of infusion 
of the radiopharmaceutical to obtain CT 
volumetry (Fig.12.11). The dose that needs 
to be injected during radioembolisation is 
based on tumoral perfusion volume and 
hepatopulmonary shunt which is calculated 
using the empiric formula  suggested by the 
manufacturers to achieve a nominal tumor 
target dose of 120–140  Gy. There are two 
commercially available Y-90 medical 
devices currently available: TheraSphere 
Glass spheres (BTG International, London, 
United Kingdom) and SIR-Spheres Resin 
Microspheres (Sirtex Medical, Sydney, 
Australia).

During SIRT, the microspheres loaded with 
Y-90 are selectively delivered through a closed 

Fig. 12.10 Hepatopulmonary shunt evaluation using SPECT scan after Tc-99 labeled MAA infusion from the right 
hepatic artery
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delivery circuit using a proprietary delivery 
system specific to the particular device. Within 
24 h, the patient undergoes a Y90-PET scan at 
the author’s institute to document the deposi-
tion of the yttrium within the targeted tumor 
and exclude any extrahepatic deposition 
(Fig. 12.22).

12.4  Hepatocellular Carcinoma

12.4.1  Transarterial 
Chemoembolisation (TACE)

Hepatocellular carcinoma (HCC) is the most 
common primary liver malignancy and is the 
leading cause of death in patients with liver 
cirrhosis [7]. Barcelona Clinic Liver Cancer 
(BCLC) staging is one of the staging  
system widely used to decide the appropriate 
 treatment for HCC (Fig.  12.12) [8]. 
Transarterial chemoembolization is the recom-
mended first-line treatment for BCLC stage B 
patients.

TACE, when used appropriately, provides sur-
vival benefits without adversely affecting the 
liver function [9, 10]. It aims at obtaining 
 cytoreduction by regional delivery of chemother-

apeutic agents and ischemia by embolization of 
tumoral arterial feeders.

12.4.1.1  Indications
TACE is offered primarily to patients with unre-
sectable HCC, especially those with BCLC-B 
(intermediate) stage.

Secondary indications include

• Bridge to transplant/ablation
• Downstaging to resection or transplantation 

size criteria
• Palliate patients with BCLC-C stage in select 

cases. Eg: Child A, segmental portal vein throm-
bosis and not tolerating systemic chemotherapy

12.4.1.2  Contraindications

 Absolute Contraindications
 1. Factors related to liver cirrhosis

• Decompensated cirrhosis (Child-Pugh 
score > 8) including hepatic encephalopa-
thy, jaundice, refractory ascites, uncorrect-
able coagulopathy

 2. Factors related to HCC
• Extensive tumor involving both the lobes 

of the liver (>70% of liver involvement by 
the tumor)

a b

Fig. 12.11 (a, b) CT volumetric evaluation of a 60 year old, hepatitis-related multifocal HCC patient referred for 
TARE
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 3. Contraindication to hepatic intra-arterial 
treatment
• Untreatable arteriovenous fistula

 4. Contraindications for the administration of 
chemotherapy
• Severe thrombocytopenia or leukopenia
• Moderate to severe cardiac or renal insuf-

ficiency (creatinine ≥2 mg/dL or creatinine 
clearance <30 ml/min

 5. Contraindications for angiography
• Anaphylactic reaction to contrast agent or 

chemotherapy drug
• Uncorrected coagulopathy

 6. Poor performance status (ECOG >2)

 Relative Contraindications
• Untreated oesophageal varices at high risk of 

bleeding
• Biliary dilatation
• Portal vein thrombosis

12.4.1.3  Pre-Treatment Assessment
 1. Tissue diagnosis or convincing clinical diag-

nosis based on imaging characteristics and 
relevant clinical data

 2. Cross-sectional imaging of liver—Triphasic 
CECT or Dynamic MRI abdomen

 3. Exclusion of extrahepatic disease
 4. Laboratory evaluation

 (a) Complete blood cell count (CBC), liver 
function tests (LFT), Coagulation profile 
and renal function tests (RFT)

 (b) Baseline tumor markers—Serum Alfa 
fetoprotein (AFP)

 (c) 2D echocardiography

12.4.1.4  Procedure: TACE can be of 
two types, as described in 
section 12.3.2

 1. Conventional TACE (cTACE):
cTACE at the author’s institute is used to 

treat multifocal/multicentric HCC or in 
combination with ablation, as discussed pre-
viously (Fig. 12.13). During the procedure, 
3D cone-beam CT is done at the author’s 
institution, to delineate all the tumoral feed-
ers. The presence of unopacified tumors by 
the hepatic arteries warrants search of the 

HCC

Stage A-C Stage DStage 0

PST 0, Child-Pugh A

Very early stage (0) Early stage (A) Intermediate stage (B) Advanced stage (C) Terminal stage (D)

PST >2, Child-Pugh C*

Multinodular,
PS 0

Portal invasion
N1, M1, PS 1-2

Single <2cm,
Carcinoma in situ

Single

Portal pressure/bilirubin

Normal YesNo

Liver transplantation
Cadaveric liver 

transplant\Living Donor
Liver Transplant

Radiofrequency
ablation/

Percutaneous
ethanol injection

Transarterial
Chemoembolisation

Sorafenib Best supportive
care

Associated diseases

Resection

Increased

Single or 3 nodules ≤3 cm,
PS 0

3 nodules ≤3 cm

PST 0-2, Child-Pugh A-B

Fig. 12.12 Modified BCLC staging and treatment strategy
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extrahepatic supply supplying that portion. 
At the end of cTACE, cone-beam 3DCT is 
done to confirm and document adequate lipi-
odol deposition within the entire lesion 
(Fig.  12.14). In a follow-up CT scan after 
cTACE, lipiodol deposition can be seen in 
the following four patterns (Fig.  12.15). 
Type 1—compact homogeneous opacifica-
tion of the tumor focus (Fig.  12.15a); Type 
2—almost homogeneous opacification 
(Fig.  12.15b); Type 3—weak heterogeneous 
opacification (Fig.  12.15c); Type 4—very 

weak or no opacification of the tumor focus, 
which may warrant additional sessions of 
cTACE via extrahepatic tumoral feeders 
(Fig. 12.15d).
A dynamic contrast-enhanced MRI is 

 preferred as a follow-up scan after cTACE, as 
it is more sensitive and accurate in diagnosing 
viable tumoral enhancement (Fig.  12.16). In 
comparison, the active portion of the tumor can 
get masked by streak artifacts in a CT  
scan from high-density partially deposited 
lipiodol.

a b

Fig. 12.13 (a, b) 49-year-old man with an incidentally detected liver tumor, showing arterial enhancement and venous 
washout, characteristic of HCC

a b

Fig. 12.14 (a, b) Fluoroscopic and cone-beam 3DCT images showing lipiodol deposition during and post-procedure, 
respectively
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a b

c d

e

Fig. 12.15 (a–d) (from left to right): Types of lipiodol deposition on plain CT scan

S. S. Kulkarni et al.



165

 2. Drug-Eluting Beads (DEB) TACE
Drug-eluting beads are loaded with doxoru-

bicin for the treatment of hepatocellular carci-
noma, which is released in a slow and sustained 
manner while ensuring high local and low sys-
temic levels of drug concentration. At the 
author’s institute, large HCCs (> 5  cm) sup-
plied by 1–2 dominant arterial feeders are cho-
sen for DEB-TACE. (Figs. 12.17 and 12.18).

Studies have demonstrated a reduced 
incidence of post-embolization syndrome 

and drug- related systemic and liver toxicity 
in the DEB-TACE group as compared to the 
cTACE group. In the PRECISION V trial 
comparing cTACE with DEB-TACE, the 
latter showed a trend toward higher response 
rates with regards to complete response, 
partial response, and disease control as 
compared to cTACE. DEB-TACE also dem-
onstrated better tolerability despite higher 
doses of chemotherapy in the DEB-TACE 
group [11].

a b

Fig. 12.16 (a , b) Post cTACE arterial phase CT image and arterial phase MRI showing residual disease. The non-
lipiodol uptake viable tumor is better appreciated on MRI scan

a b

Fig. 12.17 (a, b) 55-year-old man, HbsAg positive, with a large arterially enhancing mass suggestive of hepatocellular 
carcinoma
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12.4.1.5 Complications of TACE
The complications following TACE may be vascu-
lar or non-vascular. The most common non-vascu-
lar complication is post embolisation syndrome 
which manifests as abdominal pain, nausea, vom-
iting and fever. Other complications include 
hepatic abscess, sepsis, biliary stricture and hepatic 
decompensation. Vascular complications include 
injury at access site injury and hepatic artery, non-
target embolisation to gall bladder which might 
result in prolonged post embolisation syndrome 
due to chemical cholecystitis. Embolisation of 
lipiodol can occur to the lung due to arterio-venous 
shunting resulting in chemical pneumonitis.

12.4.1.6 Follow-Up

 1. Clinical assessment after 2 weeks, along with 
blood investigations (CBC, LFT, and RFT) to 
look for complications related to TACE.

 2. Imaging assessment is done by dynamic MRI 
or Triphasic CT after 4–6 weeks for response 
evaluation and detect new lesions if any. The 
response is best assessed by mRECIST criteria 
[12] (Figs. 12.19 and 12.20)

12.4.1.7  Follow Up Treatment
TACE cycle is repeated at 4–6 weeks interval 
until 1. MRI or CT shows near-complete tumor 
necrosis. 2. Tumor does not respond after at least 
two sessions of TACE. 3. Down-staged to surgi-
cal or transplant criteria. 4. Develops a contrain-
dication for TACE.

12.4.2  Transarterial 
Radioembolisation/Selective 
Internal Radiotherapy (SIRT) 
for HCC

Yttrium-90 radioembolization is another treat-
ment modality for HCC in BCLC-C/B stage. The 
indications for SIRT in the case of Hepatocellular 
carcinoma include

 1. BCLC-C—HCC with vascular invasion 
(Fig. 12.21).

 2. BCLC-B—diffuse HCC, large HCC 
(>10cms), and HCC not responding to TACE 
[13].

a b

Fig. 12.18 (a, b) DSA images showing arterial feeders from both right and left hepatic arteries, DEB-TACE performed 
using 100–300 microns doxorubicin-loaded beads
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mRECIST-Measuring the diameter of viable enhancing part of
targetted lesion

Complete response - disappearance of enhancing component

Partial response - atleast 30 % decrease of enhancing component

Progressive disease - 20 % or more increase of enhancing component

Stable disease - Not qualifying for any of the above

Fig. 12.19 mRECIST criteria

a b

Fig. 12.20 (a, b) Follow-up after 6 weeks, significant necrosis with loss of enhancement except for the periphery sug-
gestive of partial response
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The evaluation and procedural technique 
has been detailed in section 12.3.3. Following 
SIRT, the patient need not be isolated due to 
low tissue penetration. At our institute, a post 
radioembolisation PET scan is done within 24 
hours to identify the distribution of Y90 within 
the tumor and rule out any inadvertant extrahe-
patic deposition (Fig. 12.22).

Follow-up imaging is done using CECT or 
Dynamic MRI abdomen after 6  weeks for 
response evaluation (Fig. 12.23). In bilobar dis-
ease, the whole liver can be treated in one ses-
sion itself, or sequential lobar treatment may 
be given, depending upon the liver function, 
performance status of the patient, and institu-
tional policy.

In Complications of SIRT include fever, nau-
sea, pain, fatigue, and anorexia. Inadvertent 
embolization may lead to pancreatitis, gastritis, 

enteritis, cholecystitis, ulcerations, and radiation-
induced pneumonia/pulmonary fibrosis.

In a meta-analysis done by Golfieri et al., 
response rates of HCC following SIRT ranged 
from 78 to 89% [14]. PREMIERE trial demon-
strated that TARE with Y-90 glass microspheres 
had significantly longer time to progression as 
compared to cTACE (26 months vs. 6.4 months); 
however, no significant difference in overall sur-
vival was noted [15, 16]. PREMIERE trial dem-
onstrated a potential role for TARE as a bridge to 
transplant due to a longer time for progression 
[17, 18]. A large retrospective study done by 
Salem et al. showed that there was no significant 
difference in median  survival between TACE 
(20 months) and SIRT (17.5 months) groups [16].

SARAH trial demonstrated no survival benefit 
between Y-90 resin microspheres and sorafenib 
in patients with locally advanced HCC [15, 19]. 

a

c

b

Fig. 12.21 (a–c) 33 year old man, HBV related chronic liver disease with large arterially enhancing HCC with right 
portal (white arrow) and hepatic vein thrombosis (black arrow)

S. S. Kulkarni et al.



169

Fig. 12.22 PET—Image acquired at 14 h post injection. 
Selective tracer localization seen in the tumour and 
hepatic vein thrombosis extending into IVC (Asterisk)

a

c

b

Fig. 12.23 (a–c) Follow up CECT after 3 months showing significant decrease in size and enhancement of the tumour

However, patients receiving Y-90 resin micro-
spheres had reduced side effects, a better quality 
of life, higher response rates, and improved tumor 
progression in the liver as compared to the 
patients who received sorafenib.

12.5  Hepatoblastoma

Hepatoblastoma is the most common pediat-
ric liver malignancy comprising ~1% of all 
pediatric malignancies [20]. Complete surgi-
cal resection is vital to cure to patients with 
hepatoblastoma; however, ~ 50% of patients 
present with advanced and unresectable hepa-
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toblastoma [20]. Large tumor size, porta 
hepatis invasion, and metastatic spread are 
associated with poor patient prognosis [20–
22]. Hepatoblastoma has an excellent response 
to chemotherapy; therefore, preoperative sys-
temic chemotherapy improves the prognosis 
of the patients [19]. Systemic chemotherapy 
is known to have side effects like cardiac and 
bone marrow toxicity, which occasionally are 
significant. Transarterial chemoembolization 
(TACE) helps to deliver a much higher con-
centration of chemotherapeutic agents to the 
tumor as compared to systemic chemotherapy 
with fewer side effects. Chemotherapeutic 
agents used are adriamycin (20–30  mg/m2) 
emulsified in lipiodol and cisplatin (40–
60 mg/m2) followed by gel foam embolization 
[19]. In the author’s institution, chemoembo-
lization is performed using drug-eluting beads 
loaded with Adriamycin (20–30  mg/m2) and 
Cisplatin (40–60  mg/m2). (Figs.  12.24 and 
12.25).

In a reported series by Zhang et al., 24 patients 
with unresectable hepatoblastoma demonstrated 
significant reduction in tumor volume (46.1%–
90.2%) associated with a substantial decrease in 
AFP values (63.8%–99.9%) following TACE 
[20]. Twenty-two patients underwent complete 
resection, and two patients underwent partial 
resection in their series.

12.6  Colorectal Cancer with Liver 
Metastases

Metastatic lesions are the most common neo-
plasm identified in the liver. In colorectal can-
cers, the liver is the most common and often the 
only site of metastases [15, 23, 24]. Eighty per-
cent of the patients with colorectal cancers have 
liver metastases, and 50% of the patients have 
liver metastases at initial presentation [15]. 
While surgical resection is the standard of care 
of liver limited disease, < 20% are candidates 
for liver resection, and recurrence rates are as 
high as 75%. Those patients who are not ideal 
candidates for surgical resection are given sys-
temic chemotherapy with a mean survival of 
12–19.5 months [15].

Drug-eluting beads with Irinotecan (DEBIRI 
TACE) results in median survival of 15–25 months, 
which is comparable with the results achieved 
with systemic chemotherapy, however, with lesser 
systemic side effects [15, 23, 24]. It may be useful 
in downstaging the unresectable metastatic liver 
disease for surgery or ablative therapy [25] provid-
ing a higher and prolonged intra-tumoral dose of 
Irinotecan. There was improvement in disease-free 
survival after DEBIRI with partial and complete 
response rates ranging from 36–78%, based on 
RECIST criteria, and durable response to 
12 months [15] (Figs. 12.26 and 12.27). Patients 

a b

Fig. 12.24 (a, b) A 3-year-old girl with hepatoblastoma in the right lobe and inadequate FLR for extended right hepa-
tectomy underwent two cycles of DEB-TACE with doxorubicin and cisplatin
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a b

Fig. 12.25 (a, b) Follow-up CECT after 6 weeks reveals 
excellent response with a significant reduction in the size 
of the tumor and hypertrophy of contralateral lobe. The 

child underwent right hepatectomy without postoperative 
decompensation

treated with DEBIRI experienced bad post-embo-
lization syndrome and required approximately 
four sessions to complete one cycle of treatment as 
compared to TARE [15].

The value of radioembolization using Y-90 
resin microspheres in combination with systemic 
chemotherapy in patients with unresectable liver 
only or liver dominant metastatic colorectal can-
cer was demonstrated in SIRFLOX trial [15]. The 
patients were randomized to receive Y-90 resin 
microspheres (SIR-Spheres) in combination with 

modified FOLFOX chemotherapy (with or with-
out bevacizumab) or modified FOLFOX chemo-
therapy alone (with or without bevacizumab). The 
progression-free survival with radioembolization 
improved from 12.6 to 20.5 months and decreased 
the risk of tumor progression by 31%. The overall 
survival or overall progression-free survival in 
patients with liver only and liver dominant meta-
static colorectal cancer showed no improvement 
in despite higher response rates and improved 
liver-specific progression-free survival with the 

a b

Fig. 12.26 (a, b) 59 years old male with colorectal carcinoma with multiple liver metastases. CECT showing multiple 
liver lesions in the right lobe of the liver
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addition of Y-90 to first-line chemotherapy [15, 
23]. As of the latest update of the National 
Comprehensive Cancer Network Clinical Practice 
Guideline in Oncology for colon and rectal can-
cer, treatment withY-90 resin microspheres is 
included as a Category 2A recommended treat-
ment for patients with liver dominant, chemother-
apy-resistant colorectal disease (Figs. 12.28 and 
12.29).

12.7  Cholangiocarcinoma

Cholangiocarcinoma is a rare malignancy with 
poor prognosis and has an overall 5-year sur-
vival rate of <5%. Only 30% of patients pres-
ent at the resectable stage and recurrence is 
common even after complete resection. 
Transarterial therapies are safe and effective in 
the treatment of intrahepatic cholangiocarci-
noma. Though the response rate is comparable 
for TACE, TARE, and chemoinfusion, higher 
rates of partial and stable responses were 
reported with TARE (Fig. 12.30). The overall 
1-year survival rates are similar between che-
motherapy and radiotherapy. The median over-
all survival for intra-arterial therapy was 
13 months as compared to 11 months for sys-
temic chemotherapy [15].

12.8  Melanoma

The most common site for metastases of ocular 
and cutaneous melanoma is the liver. Median 
survival in patients with hepatic metastases is 
poor, averaging ~2–7  months [15]. Several 
studies have shown TACE to have a more sig-
nificant benefit than standard immunotherapy 
[15, 23]. The overall survival in patients who 
receive hepatic arterial infusion, TACE, or 
immuno- embolization ranges between 
6–21  months [15] (Fig.  12.31). TARE had a 
superior overall survival rate and is a safe and 
effective salvage therapy for limited metasta-
ses [15].

12.9  Breast Cancer with Liver 
Metastases

Breast cancer is the second most cancer world-
wide after lung cancer [15]. Up to 48% of met-
astatic breast cancer has liver metastases, and 
median survival is 14.2–16.8 months if there is 
extrahepatic spread and 22.7–27.2  months if 
metastases are confined to the liver [15]. 
Treatment with DEB-TACE with doxorubicin 
or cTACE with mitomycin C plus gemcitabine 
shows compelling support for their use with 

a b

Fig. 12.27 (a, b) Post-DEBIRI TACE showing a decrease in the number of these lesions with decreased size and 
enhancement. No new lesion is seen
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a b

c d

Fig. 12.28 (a–d) A 50-years old patient of colorectal carcinoma with liver metastases. PET—CECT images show 
enhancing lesions in segment V and VI with areas of FDG uptake

a b

c d

Fig. 12.29 (a–d) Follow up PET- CECT, 3 months after TARE shows excellent response in the form of decreased FDG 
uptake
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overall survival rates up to 47 and 35 months, 
respectively [15, 23] (Fig. 12.32).

12.10  Neuroendocrine Tumors

Neuroendocrine tumors (NET’s) include a 
variety of tumors that have the capacity to syn-
thesize and secrete hormonally active polypep-
tides. They include medullary carcinoma 

thyroid, pancreatic NET (islet cell carcinoma), 
carcinoid tumor, pheochromocytoma, etc. They 
have a predisposition for hepatic metastases, 
and 46 to 93% of patients with NET’s have 
hepatic metastases at presentation [15]. Liver 
metastases impair quality of life and are asso-
ciated with 5-year survival rates of 20–25% 
[26]. Treatment options include somatostatin 
analog therapy, surgical resection with curative 
intent in a small percentage of patients (10–

a b

Fig. 12.30 (a) 59-year-old man, presenting with abdomi-
nal pain, CECT scan revealing enhancing mass. Biopsy 
suggestive of cholangiocarcinoma. Two cycles of TACE 
done using 100 mg of gemcitabine and 50 mg of cisplatin. 

(b) Follow-up after two cycles of TACE, good response 
with a decrease in enhancement. The patient successfully 
underwent right hepatectomy

a b

Fig. 12.31 (a) 55 years old male with a known case of 
right ciliary body malignant melanoma with liver metasta-
ses. Pre TACE CT showed a large mass in segment V & VI 

of the liver. TACE was done using 200 mg of dacarbazine 
mixed with lipiodol. (b) Post-TACE CT shows reduction 
in the enhancement of the tumor
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15%), systemic chemotherapy, and intra-arte-
rial treatment.

The choice of Intra-arterial therapy may be 
TAE, TACE or TARE based on differentiation 
and grading of the tumor, presence or absence of 
symptoms from secreting tumors and response to 
systemic therapy. The indication for liver directed 
therapy include.

 Indications

• Liver dominant disease who have symptoms 
related to hormonal excess or tumor bulk

• Rapid progression of liver disease, especially 
in refractory, unresectable, or recurrent 
disease

• Adjuvant therapy before hepatic resection, 
tumor ablation, or liver transplantation.
The procedural techniques have been 

described in section 12.3. At our institution, we 
prefer to perform TAE in Grade I NET, TACE 
using doxorubicin in grade II NET, and TARE 
with systemic therapy in liver dominant grade III 
metastatic NET [26]. Patients with unilobar dis-
ease may be treated with either lobar emboliza-
tion or selective embolization of individual 
branches supplying the tumor (Figs. 12.33, 12.34, 
and 12.35). Patients with bilobar disease undergo 
staged embolization, as embolization of the entire 
liver may lead to liver decompensation [27]. 

Patients with grade I and II NET are started on 
octreotide, ½ an hour before the procedure, and 
continued up to 24 hours to prevent adverse reac-
tions due to release of hormones during the intra-
arterial treatment.

Although there is no absolute contraindication 
for chemoembolization, complete portal vein 
thrombosis, poor performance status, and hepatic 
insufficiency are considered relative contraindi-
cations. Embolization should not be done in 
patients with bilirubin >2–3 mg/dL.

Patients who have undergone biliary-enteric 
anastomosis are prone to develop liver abscess 
after chemoembolization and should be started 
on prophylactic antibiotics and should undergo 
bowel preparation before the procedure. 
Prophylactic treatment with moxifloxacin 
(400mg by mouth daily beginning 3 days before 
and continuing for 17 days after the procedure 
alone was successful in preventing liver abscess 
in patients with biliary-enteric anastomosis, who 
were treated with chemoembolization, avoiding 
the need for bowel preparation [27, 28].

Those patients who were symptomatic due 
to liver dominant NET metastases and under-
went HAE, TACE, or Y90 TARE showed 
90–100% reduction in symptoms [15]. In 
patients with carcinoid tumors, no improve-

a b

Fig. 12.32 (a) A 40-year-old female who had undergone 
modified radical mastectomy for carcinoma of right breast 
and chemotherapy, presented with a solitary metastasis in 
caudate lobe of the liver and underwent a session of 

TACE. (b) Follow-up CECT after 3  months reveal a 
reduction in the enhancement of index tumor (*) and atro-
phy of segment VI secondary to TACE
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ment in overall survival or progression-free 
survival group in the TACE group vs. HAE 
group. In patients with islet cell pancreatic 
tumors, there was survival improved to 
31.5  months from 18.2  months and response 
rate to 50% from 25% in the TACE group as 
compared to the HAE group [26]. No signifi-
cant differences were noted in complications 
or toxicities between HAE and TACE. No clear 

advantage of one embolotherapy over others is 
described in the literature [15, 26–29].

TARE with Y-90 microspheres is safe with 
high response rates, even with a significant 
tumor burden in the liver. Median survival rates 
have been demonstrated to up to 70 months with 
a low incidence of acute and delayed toxicities 
[15, 26].

12.11  Hemangioma

Haemangiomas are the most common benign 
tumors of the liver, with a prevalence of 3% to 
20% [30]. While most liver hemangiomas are 
small and require no treatment; few giant (more 
than 5 cm in size) hemangiomas are symptom-
atic and need surgical intervention like liver 
resection or enucleation [30]. Complications 
like bleeding, Kasabach–Merritt syndrome, and 
organ or vessel compression can occur with 
giant hemangiomas. Transcatheter arterial 
embolization (TAE) can be used before surgical 
intervention and as an  emergency treatment to 
control bleeding in case of rupture of giant 
haemangioma.

TAE is a safe and effective method for the 
treatment of symptomatic hepatic haemangiomas 
[30] and has demonstrated a significant decrease 

Fig. 12.34 DSA and Cone-Beam 3D CT showing hyper-
vascular masses supplied by the right hepatic artery and 
underwent transarterial embolization

a b

Fig. 12.33 (a, b) 69-year-old woman with jejunal NET with liver metastasis, large masses in the right lobe of the liver
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in the size of lesions at 6 and 12 months of fol-
low-up. However, long terms results for patients 
undergoing TAE for liver haemangiomas are not 
satisfying [31]. In patients with asymptomatic 
haemangiomas, TAE should not be performed 
due to the risk of complications which may 
include abscess formation, septicemia, biliary 
tree damage, renal failure, bowel infarction, and 
post-embolization syndrome.

Epithelioid hepatic haemangioendothelioma 
(EHE) [32] is a rare tumor of endothelial and 
connective tissue origin, resembling hemangi-
oma and is typically seen in young females 

between 20–40 years of age. Most patients pres-
ent with disseminated disease and prognosis 
involving both lobes of the liver, and the progno-
sis without treatment is poor. Several methods 
available currently for management include sur-
gery (liver resection and transplantation), chemo-
therapy, transarterial treatments (TAE/TACE) 
(Figs. 12.36 and 12.37), radiotherapy, and radio-
frequency ablation (RFA). Multifocal unresect-
able EHE may be an indication for liver 
transplantation. TAE seems to be an acceptable 
bridge treatment in patients awaiting liver trans-
plantation [33].

a b

Fig. 12.35 (a, b) Post-one cycle of TAE on follow-up, near-complete loss of enhancement noted suggestive of com-
plete response

a b

Fig. 12.36 (a, b) 3-year-old male child presented with progressive abdominal swelling. CECT scan showing large 
mass with progressive enhancement suggestive of haemangioma/Hemangioendothelioma
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12.12  Conclusion

Transcatheter directed intra-arterial therapies are 
regarded as an effective therapy for liver limited 
tumors. They are now offered as treatment 
 strategy owing to their minimal toxicity profiles 
and highly effective tumor responses while spar-
ing the normal hepatic parenchyma. These unique 
characteristics, coupled with their minimally 
invasive nature, provide an attractive therapeutic 
option for patients, who in the past, may have had 
fewer alternatives.
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Interventions for Portal 
Hypertension: Hepatic Vein 
Pressure Gradient and Trans 
Jugular Liver Biopsy

Vinu Moses and Shyamkumar N. Keshava

13.1  Hepatic Vein Pressure 
Gradient

13.1.1  Introduction

Hepatic vein pressure gradient (HVPG) measure-
ment for the quantification of portal hypertension 
is considered the gold standard for the measure-
ment of portal pressure. It is defined as the differ-
ence in pressures between the occluded and free 
hepatic vein. The pressure in the occluded hepatic 
vein represents the hepatic sinusoidal pressure, 
which is slightly lower than the portal pressure. 
This difference in pressure is however clinically 
insignificant. Measurement of the HPVG is used 
to quantify the degree of portal hypertension in 
chronic liver disease. Normal HPVG values are 
between 1 to 5 mmHg. Higher pressures are con-
sidered to represent portal hypertension. 
Pressures greater than 10 mmHg represent clini-
cally significant hypertension, while pressures 
above 12 mmHg increase the risk of variceal rup-
ture [1, 2].

Indications
 1. Confirmation of portal hypertension: HVPG 

is considered to be the gold standard for the 

confirmation of portal hypertension as it mea-
sures actual pressures in the liver.

 2. To assess the temporal evolution of chronic 
liver disease: Serial HPVG measurements can 
be used to objectively assess the disease pro-
gression in chronic liver disease.

 3. Stratify risk of variceal bleeding: Pressure 
measurements above 12  mmHg have been 
associated with increased risk of variceal rup-
ture and patients with pressures over 20 mmHg 
have a higher risk of failure to control bleed-
ing and greater mortality [3].

 4. To assess treatment efficacy of medical man-
agement of portal hypertension: Reduction of 
portal pressures with beta-blockers to 
<10 mmHg reduces the likelihood of new var-
ices forming in a person who does not have 
preexisting varices and reduction of portal 
pressures <12 mmHg in a person with preex-
isting varices reduces the risk of bleeding of 
these varices significantly [4].

 5. To quantify preoperative risk for patients with 
cirrhosis: Studies have shown that cirrhotic 
patients have higher procedural and post- 
procedural morbidity and mortality, even for 
elective surgery [5].

Contraindications
 1. History of allergy to iodinated IV contrast 

media: This is a relative contraindication as 
carbon dioxide can be used as a substitute 
contrast media in these cases.
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 2. Budd–Chiari syndrome (BCS) with occlusion 
of all three hepatic veins: Hepatic venous 
pressure measurements cannot be taken in 
patients with BCS involving all three hepatic 
veins. Direct wedge pressure from the intrahe-
patic IVC has been described but has not been 
standardized for routine clinical use.

 3. Bilateral jugular venous thrombosis: 
Occlusion or thrombosis of bilateral internal 
jugular veins is a relative contraindication. 
Catheterization of the hepatic veins through 
the trans- femoral venous route can be done 
but is technically more challenging.

 4. Severely deranged bleeding parameters 
(Prothrombin Time (PT) International 
Normalised Ratio (INR)  >  2.5 or Activated 
Partial Thromboplasin Time (APTT) > 40 or 
Platelets <40,000/cu.mm).

13.1.2  Procedural Technique

Informed consent should be obtained from the 
patient. The procedure carries no significant risk, 
other than the regular risks of vascular access.

13.1.3  Steps of Procedure

 1. Patient may be given a sedative and anxio-
lytic 30 min before procedure.

 2. Patient is placed in supine posture on the 
DSA gantry. The operator stands at the head 
end of the patient.

 3. Site of venous access—right side of the 
neck/right groin is painted and draped with 
sterile precautions.

 4. Right internal jugular venous (IJV) access is 
preferred to the left side, owing to its shorter 
and straighter course to the liver. Alternatively 
right femoral venous access may also be 
taken.

 5. After infiltration of local anaesthetic, 
ultrasound- guided puncture of the IJV is 
done and the vascular access is secured with 
a short 9F vascular sheath.

 6. Pressure measurement of the right atrium is 
done with a pressure transducer. Visualisation 

of normal cardiac waveforms on the pressure 
monitor display corroborates the veracity of 
the measurement.

 7. Under fluoroscopy, the hepatic vein is cath-
eterized with a combination of a 4F or 5F 
multipurpose catheter (Cook, Bloomington, 
US) and a 035″ angled glide wire (Terumo, 
Japan) (Fig. 13.1).

 8. If all hepatic veins are patent, the right 
hepatic vein is preferred as it has a relatively 
straighter course and least acute angulation 
when accessed from the IVC along the trans 
jugular route.

 9. A hepatic venogram is done to confirm the 
position of the catheter in the hepatic vein.

 10. The free hepatic venous pressure is mea-
sured from the catheter tip that is placed 
2–4 cm from the ostium of the hepatic vein 
[1]. Normal cardiac waveforms (a and v 
waves) are usually visualized on the pressure 
monitor display.

 11. Wedged hepatic pressure can then be taken 
in two ways:
 (a) Catheter wedge: The multipurpose cath-

eter is wedged into the liver parenchyma 
or a small branch of the hepatic vein 
(Fig. 13.2), till the normal waveform (a 
and v waves) that are visualized on the 
pressure monitory display disappears. A 
pressure reading is noted once the pres-
sure readings are stable.

 (b) Balloon wedge: The multipurpose cath-
eter is exchanged for a compliant occlu-
sion balloon. The balloon is inflated in 
the hepatic vein (Fig. 13.3) and the pres-
sure through the central lumen (wire 
lumen) is measured after removing the 
wire.

 12. The difference between the wedged hepatic 
venous and free hepatic venous pressures are 
calculated.

 13. The catheter/balloon is removed and the 
venous access is removed. Patient is kept in a 
semi-erect or supine position for a few hours 
to reduce the risk of access site bleeding.

 14. Patient is usually admitted in day care and 
can be discharged 3–6  h after the 
procedure.
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13.1.4  Complications

The complications (though rarely seen), are 
mostly related to vascular access and comprises 
of bleeding, hematoma, dissection, thrombosis, 
and fistula formation. Horner’s syndrome is a 
rare complication. Supraventricular tachycardia 
can occur during passage or manipulation of the 
catheter and wire through the right atrium [1].

13.1.5  Discussion

HVPG measurement is a safe test to perform and 
a number of studies have shown its safety and 
low complication rates [6, 7] both in children and 
adults.

The original description of the measurement 
of HVPG used a balloon to measure hepatic 
wedge pressure. The technical modification of 
using just a catheter to wedge is simpler to per-
form, has a lesser risk of complications like sub-
intimal injury associated with the inflation of the 
balloon, lesser radiation exposure, and has also 
been validated to have similar accuracy of mea-
surements when compared with the balloon 
wedge technique [8].

Measurement of HVPG is considered the gold 
standard for measurement of portal pressures. As 
the measurement of HVPG is an invasive proce-
dure, a number of noninvasive methods have 
been evaluated to assess the severity of portal 
hypertension including indices based on liver 
function tests, biochemical markers, liver stiff-
ness by ultrasound elastography, splenic elastog-
raphy, and MR elastography of the liver [3, 9].

Liver elastography has been shown to corre-
late clinically with the degree of liver fibrosis and 
also portal pressures. Early studies using tran-
sient elastography are less accurate but shear 
wave elastography using Acoustic Radiation 
Force Impulse (ARFI) is able to reliably diagnose 
significant portal hypertension with sensitivity 
and specificity values of over 80–90% in various 
studies [10].

Spleen elastography studies to see if splenic 
stiffness correlates with portal hypertension have 
shown good sensitivity but less specificity [11]. 

Some have suggested that a combination of liver 
and spleen stiffness to better improve the sensi-
tivity and specificity of both tests.

MR elastography has been studied to assess 
the correlation between cirrhosis and portal pres-
sures. However, this is still in research and is not 
widely used [12, 13].

13.1.6  Conclusion

In summary, HVPG is still considered the gold 
standard test for obtaining the most accurate 
reflection of portal pressure measurements.

13.2  Trans Jugular Liver Biopsy

13.2.1  Introduction

Trans jugular liver biopsy (TJLB) is a method of 
obtaining liver tissue for histology when there is 
a contraindication for doing a percutaneous liver 
biopsy. TJLB is usually done for diffuse liver dis-
ease and not focal liver lesions [14].

13.2.2  Indications

The common indications of TJLB are

 1. Significant ascites: Minimal ascites that is not 
distributed around the liver is not a contraindi-
cation for a percutaneous liver biopsy.

 2. Coagulopathy: Deranged Prothrombin time 
(INR > 1.6), Activated Partial Thromboplastic 
Time and low platelets (< 40,000/cu.mm) are 
indications for a TJLB.

 3. Chronic renal failure: High uremic levels 
cause platelet dysfunction, and this can cause 
prolongation of bleeding time.

 4. Shrunken liver: If the liver cannot be well 
visualized on ultrasound for a percutaneous 
liver biopsy, a TJLB can be considered.

 5. Hereditary hemorrhagic telangiectasia, pelio-
sis hepatis, morbid obesity, and suspected 
amyloidosis: These patients have an increased 
risk of bleeding.
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Contraindications
 1. Grossly deranged bleeding parameters that 

are not correctable.
 2. Thrombosis of bilateral internal jugular veins: 

External jugular veins or femoral access can 
be attempted in these patients but are techni-
cally more challenging.

13.2.3  Procedural Technique [15]

Materials: (a) Angiography suite with an ultra-
sound machine; (b) a TJLB set (LABS-100, 
Cook), 9F short sheath, multipurpose catheter, 
035″ “j” tip guide-wire and angled glide wires.

Patient preparation: TJLB is an inpatient pro-
cedure. Ultrasound of the liver is done before the 
procedure to confirm patency of internal jugular 
vein, diffuse nature of liver disease, and patency 
of hepatic veins. Patient is kept fasting for 6  h 
before procedure to reduce the risk of aspiration. 
Patient may be given an anxiolytic 30 min before 
procedure or the procedure may be performed 
under conscious sedation.

13.2.4  Steps of Procedure

 1. Patient is placed supine on the DSA gantry. 
The operator stands at the head end of the 
patient.

 2. Patient is monitored for oxygen saturation, 
pulse, and blood pressure during the procedure.

 3. Site of venous access—right or left side of neck 
is painted and draped with sterile precautions.

 4. Right internal jugular venous (IJV) access is 
preferred, owing to its shorter and straighter 
course to the liver.

 5. After infiltration of local anesthetic, ultra-
sound guided single wall puncture of the IJV 
is done in the mid neck with a 18G needle 
and a short 9F vascular sheath is inserted.

 6. A combination of a 035″ guidewire and mul-
tipurpose catheter are used to navigate from 
the IJV through the right atrium into the IVC 
and the hepatic vein.

 7. If all hepatic veins are patent, the right 
hepatic vein is preferred as it has a relatively 
straighter course and least acute angulation 
when accessed from the IVC along the trans 
jugular route.

 8. A hepatic venogram is done to confirm the 
position of the catheter in the hepatic vein.

 9. The catheter is exchanged over a wire for a 
TJLB stiff cannula. The tip of the cannula 
should be positioned 2–3  cm into the liver 
from the hepatic ostium.

 10. The TruCut biopsy needle (available in the 
TJLB set) is prepared and taken up to the tip 
of the stiff TJLB cannula under fluoroscopy.

 11. With the patient holding his breath, the stiff 
cannula is turned (anteriorly if in the right 
hepatic vein and to the right if in the middle 
hepatic vein) to wedge it into the paren-
chyma, the TruCut biopsy needle is pushed a 
centimeter outside the stiff cannula, fired and 
quickly withdrawn back into the stiff can-
nula. The patient is then asked to resume 
breathing. This step should be done in 
10–15 seconds.

 12. The TruCut needle is withdrawn from the 
stiff cannula and the specimen is retrieved.

 13. Usually, 2–3 passes are made for the collec-
tion of samples for histopathology and dry 
weight. For suspected infections, a sample is 
also taken for culture.

 14. A check hepatic venogram is done after the 
biopsy to exclude contrast extravasation.

 15. The stiff cannula is withdrawn and the jugu-
lar venous access is secured with 
compression.

 16. The patient is asked to sit up after the proce-
dure in bed for a few hours to reduce the risk 
of hematoma formation in the jugular punc-
ture site.

 17. The patient is kept in the hospital for a day, 
to rule out any hepatic bleeding.

The technique for catheterization of the 
hepatic veins and doing the liver biopsy is cov-
ered in extensive detail in literature [15].
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13.2.5  Complications

The complications, which are rarely seen, are 
mostly related to local vascular access (bleeding, 
hematoma, dissection, thrombosis, and fistula 
formation). Horner’s syndrome is a rare compli-
cation. Supraventricular tachycardia can occur 
during passage or manipulation of the catheter 
and wire through the right atrium and is usually 
transient [1]. Pneumothorax can occur if there is 
accidental perforation of the apical pleura during 
vascular access.

Hepatic complications are rarer and include 
trans-capsular perforation with hemoperitoneum 
and hepatobiliary injury causing haemobilia or 
arteriovenous fistula formation.

TJLB is described to have a minor complica-
tions rate of 5–20% and a 1–2% major complica-
tion rate (SIR complications criteria) [14, 16].

13.2.6  Discussion

TJLB is a safe and established procedure for 
obtaining liver biopsies.

There have been numerous technical modifi-
cations to the equipment and procedure over 
time. When first described, the procedure used a 
punch biopsy technique, but this has been super-
seded by semiautomatic the TruCut biopsy which 
gives longer and less fragmented cores of tissue. 
Adequate histologic specimen is described as a 

specimen that is either 15 mm in length or con-
tains atleast 6 complete portal tracts. Studies have 
described a very high histologic success rate of 
98.5% for the procedure [14, 17] (Figs. 13.2 and 
13.3).

When the hepatic vein is difficult to cannulate 
or in a patient with Budd–Chiari syndrome, direct 
trans-caval biopsy of the liver can be done under 
fluoroscopy and the US guidance [18]. If the 
internal jugular veins are not accessible or if the 
hepatic veins cannot be catheterised through the 
trans jugular route, a transfemoral venous 
approach has also been described [19].

In patients with only deranged bleeding param-
eters but no ascites, plugged percutaneous liver 
biopsy has been shown to have similar risks and 
complications as TJLB. However, in patients with 

Fig. 13.1 Hepatic venogram to confirm position of cath-
eter in right hepatic vein

Fig. 13.2 Hepatic wedge pressure measured by wedging 
the catheter in the hepatic vein

Fig. 13.3 Hepatic wedge pressure measured by wedging 
a balloon catheter in the hepatic vein
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grossly deranged bleeding parameters, TJLB may 
still be a safer alternative as any bleeding that 
occurs happens within the vascular tree. Plugged 
liver biopsy provides a better specimen as the 
gauge of the biopsy needle is larger [20, 21].

As TJLB is a short procedure with short fluo-
roscopy times (3–6 min), the radiation exposure 
for a TJLB is also low, ranging from 0.5 to 
1 mSv [14].

13.2.7  Conclusion

TJLB is a safe procedure with a high technical 
success rate, low complication profile, and low 
radiation exposure.
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14.1  Introduction

The concept of Transjugular intrahepatic porto-
systemic shunt (TIPS) was introduced in the 
1960s by accidental access of the portal system 
during trans jugular attempt at performing chol-
angiography [1]. This was followed by animal 
experiments and tract dilatation [2]. The proce-
dure gained acceptance in the 1990s after the 
introduction of dedicated covered stents to keep 
the tract patent [3]. In the era of liver transplanta-
tion, an intrahepatic TIPS stent has an advantage 
over surgically created extrahepatic shunts, as the 
stent will be removed along with the explanted 
liver at the time of the transplant [4]. TIPS is con-
sidered as one of the most challenging interven-
tional radiology procedure. The key step is the 
creation of the tract between the hepatic vein and 
the portal vein, which determines the outcome of 
the procedure, including the success, complica-
tions, duration of the procedure, and the radia-
tion. The creation of the shunt is conventionally 
undertaken with fluoroscopy. To improve the suc-
cessful creation of the shunt, one needs to know 
the anatomical relation between the hepatic and 
portal vein. This needs to be studied with cross- 
sectional imaging modalities like CECT. Several 
technical modifications have been introduced by 

various investigators including carbon dioxide 
wedge portography, intravascular ultrasound, 
transabdominal ultrasound, CT scan, etc. This 
additional guidance reduces the number of punc-
tures to create the shunt and improves precise 
intrahepatic localization of the portal vein, thus 
reducing the duration of the procedure. It also 
improves safety by reducing the chance of inad-
vertently injuring the liver capsule, hepatic artery, 
gall bladder, etc. Reduction in the fluoroscopy 
duration also has been achieved by techniques 
like additional transabdominal ultrasound guid-
ance [5].

Among the guidelines, the American 
Association for the Study of Liver Diseases 
(AASLD; updated in 2009) recommendations are 
the most widely practiced. The guidelines address 
both clinical and anatomical suitability in the 
patients of portal hypertension. Failure of endo-
scopic procedures in acute gastroesophageal var-
iceal hemorrhage, refractory gastroesophageal 
variceal bleeding, and refractory ascites second-
ary to portal hypertension are the common estab-
lished indications [6].

14.2  Indication 
and Contraindication

TIPS is often considered as a last resort to treat 
complication of PHT in cirrhosis when conserva-
tive medical and endoscopic procedures have 
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failed. Secondary prophylaxis of gastroesopha-
geal variceal bleeding and refractory ascites are 
the two most common indications for TIPS with 
strong clinical evidence available in the litera-
ture. TIPS for many other indications are still 
evolving. Some of the contraindications classi-
fied as relative contraindications such as portal 
vein thrombosis and occlusion of all hepatic 
veins in the 2009 American association for the 
study of liver disease (AASLD) practice guide-
lines have become indications for the TIPS 
(Table 14.1).

Studies have shown that early use of TIPS in 
acute gastroesophageal and other variceal bleed-
ing is associated with lower rates of rebleeding 
and higher patient survival compared to medical 
and endoscopic treatment [8–10]. A meta- 
analysis of nine randomized controlled trials 
comparing early TIPS and endoscopic treatment 
for secondary prophylaxis of esophageal variceal 
bleeding revealed, at 1  year, significant differ-
ence in mortality (16.9% in early TIPS and 24.5% 
endoscopic group; P  =  0.03) and rebleeding of 
varices (13% in early TIPS and 46.5% in endo-
scopic group; P < 0.01) and no significant differ-
ence in incidence of encephalopathy (29% in 
early TIPS and 23% in endoscopic groups; 
P = 0.34) [11].

Various retrospective studies have shown 
promising results of TIPS for hepatic hydrotho-
rax. Improvement of symptoms was seen in 
68–80% and complete response in 58–71% of 
patients [12–15].

In BCS, anticoagulation and if feasible 
recanalization of the obstructed hepatic vein or 
IVC to improve hepatic outflow is the first 
choice of treatment. TIPS is usually considered 

when first line treatment fails in the manage-
ment of the complications of PHT [6, 16–18]. 
TIPS can be created directly between the IVC 
and PV if hepatic veins are occluded [DIPS, 
direct intrahepatic portosystemic shunt] or 
through a stent in the hepatic vein or IVC 
[19–21].

TIPS in portal vein thrombosis is indicated 
when there is rapid clinical deterioration due to 
acute liver failure or high risk of bowel gangrene 
[22]. TIPS can be performed in chronic portal 
vein thrombosis with cavernoma formation 
resulting in gastric or esophageal varices with 
high risk of bleeding on anticoagulation and 
when there are deranged coagulation and low 
platelets. Results of a recent meta-analysis show 
that TIPS is feasible in PVT with good 1  year 
shunt patency and survival rate [23]. Chronic 
PVT with cavernoma formation poses technical 
difficulty for shunt creation; however, TIPS can 
be done if suitable PV is available for the stent 
placement. In acute PVT, the objective is to 
remove the thrombus and decompress the portal 
system. However, TIPS is associated with more 
complications when it is combined with throm-
bolysis [23].

TIPS is indicated in selected patients of 
hepatorenal syndrome (Type-2 Hepatorenal 
syndrome) not responding to medical treat-
ment. Many studies and meta-analysis have 
shown TIPS in hepatorenal syndrome improve 
renal function in 83% of patients with improved 
serum creatinine, blood urea nitrogen level, 
urine output, and urine sodium excretion [24].

TIPS in hepatopulmonary syndrome 
improves oxygenation in most of the patients. It 
can be done either as a primary indication or as 
a bridge to liver transplant. The available evi-
dence is only limited to small observational 
studies and meta- analysis of case reports and 
case series [25, 26].

Rarely, TIPS may be required while occluding 
congenital large portocaval shunts if there is a 
potential risk of acute portal hypertension.

Most of the contraindications are relative 
except active systemic infection or sepsis, unre-
lieved biliary obstruction, severe heart failure, 
and pulmonary arterial hypertension [6]. TIPS 

Table 14.1 Indications for TIPS [references: 6–26]

Secondary prophylaxis of variceal bleeding
Refractory ascites
Acute variceal bleeding
Hepatic hydrothorax
Hepatorenal syndrome
Hepatopulmonary syndrome
Portal vein thrombosis
Budd–Chiari syndrome
Hepatic veno-occlusive disease
Portal gastropathy
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can be done electively after control of the 
 infection in sepsis and after treating unrelieved 
biliary obstruction. TIPS can still be done in 
selected cases in severe liver failure (MELD>15–
18, serum bilirubin >4 mg/dl, Child Pugh >13) if 
there is no other treatment option [27]. The 
selection of patients is always a multidisci-
plinary, consensus decision and is based on risk 
versus benefits. Often, the benefits of TIPS in the 
presence of contraindications can exceed its 
associated risks (Table 14.2).

14.3  Technique

14.3.1  Pre-Procedure Work Up

Preprocedural lab investigations should be 
obtained to assess liver, renal, and cardiac func-
tions including bilirubin, albumin, liver enzymes, 
coagulation profile, serum creatinine, blood urea 
nitrogen, serum electrolytes, ECG, and 
echocardiography.

Cross-sectional imaging, preferably contrast- 
enhanced CT scan is very useful for the study of 
vascular anatomy of the liver before TIPS.  It is 
important to know intrahepatic or extrahepatic 
location and patency of the portal vein bifurca-
tion as access to extrahepatic portal vein branch 
can cause severe intraperitoneal hemorrhage. 
Preprocedural antibiotic coverage is optional.

14.3.2  Conventional Technique 
of TIPS

In the creation of portosystemic shunt, the 
most important and time consuming step is the 
access of PV from hepatic vein or IVC. Portal 
vein access is followed by the standard tech-
nique of parenchymal tract dilatation with bal-
loon plasty and stent graft placement. 
Conventional technique (Fig.  14.1) of PV 
access includes indirect visualization of the 
portal veins under fluoroscopy with intra-arte-
rial injection of iodinated contrast into the 
celiac or superior mesenteric artery. 
Alternatively, CO2 or iodinated contrast porto-
gram with a transjugular catheter wedged 
against liver parenchyma in a hepatic vein or 
with a balloon occluding hepatic vein can be 
performed to demonstrate portal vein. This is 
then followed by puncture of a suitable portal 
vein under fluoroscopic guidance. Direct portal 
venography has also been described where por-
tal venography is done after percutaneous 
transhepatic PV puncture or cannulation of 
PV through a recanalized paraumbilical vein 
[29, 30].

14.3.3  Standard of Practice 
of Performing TIPS by 
the Authors

TIPS is performed as in-patient procedure. It may 
be performed under conscious sedation and mon-
itoring or under general anesthesia.

The procedure is performed by a team of 2 to 
3 members. The operator(s) standing on the head- 
side of the patient works through the transjugular 
access. The operator performing the transabdom-
inal ultrasound would stand on the right side of 
the patient. The USG equipment is placed in 
between, on the right side of the patient, so that it 
is visible to everyone.

The authors use RUPS-100 (Rosch-Uchida 
trans jugular liver access set, Cook medical) 
set for creating TIPS (Table  14.3. and 
Fig. 14.2). Following are the steps of the pro-
cedure (Fig. 14.2);

Table 14.2 Contraindications for TIPS [6, 7, 27, 28]

Absolute contraindication
    1. Primary prevention of variceal bleeding
    2. Sepsis or active systemic infection
    3. Severe liver failure
    4.  Severe pulmonary arterial hypertension 

(mean > 45 mmHg)
    5.  Severe congestive heart failure or tricuspid 

regurgitation
    6.  Unrelieved biliary obstruction
Relative contraindication:
    1. Polycystic kidney disease
    2. Deranged coagulation
    3. Moderate pulmonary arterial hypertension
    4. Extensive or central hepatocellular carcinoma
    5. Recurrent or severe hepatic encephalopathy
    6.  Hepatic artery or celiac artery stenosis (reduced 

liver perfusion)
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Fig. 14.1 Diagrammatic representation of conventional 
technique of TIPS; (a) Portogram with a balloon catheter 
wedged in the hepatic vein, (b) Puncture of the portal vein 

under fluoroscopy guidance. (c) 4/5F catheter with guide-
wire in the portal vein. (d) Balloon plasty of the parenchy-
mal tract. (e) Stent placement after balloon plasty

a b

c d
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 1. Access is secured in the right internal jugular 
vein under USG guidance with a 5F short 
sheath. A cavogram is performed in the IVC 
and pressures in the right atrium and IVC are 
documented.

 2. The hepatic vein which is closest to, and pref-
erably behind the portal vein is cannulated 
with a 4/5F multipurpose catheter and a 
0.035″, 180 cm Amplatz wire (Cook medical) 
is placed in the hepatic vein. The 5 Fr sheath is 
then exchanged for a 10F, 40  cm long intro-

ducer sheath with a stiffening cannula over the 
Amplatz wire into the hepatic vein [the stiffen-
ing cannula must be given an adequate bend 
distally to allow it to wedge against the liver 
parenchyma]. After removing the Amplatz 
guidewire, a needle is inserted upto the tip of 
the cannula.

 3. Under transabdominal USG guidance, the tra-
jectory of the needle from hepatic vein or IVC 
is determined to target an intrahepatic portal 
vein branch. This portal branch should be 
intrahepatic, preferably the right branch of the 
portal vein and approximately 1 cm or more 
from the confluence of the main portal vein. 
The cannula is wedged against the hepatic 
parenchyma and held in a stable position as it 
moves back while the needle is thrust into the 
liver parenchyma. The cannula position may 
be changed in such a way that the planned 
tract is short. If needed, the cannula may be 
pulled out over a guidewire, the curvature 
manually adjusted and reinserted. The needle 
(blue catheter with 0.38 inch trocar stylet) is 
advanced toward the target PV branch and the 
PV has punctured under real-time transab-
dominal USG guidance. The puncture of the 
portal vein should be “single-walled,” i. e., the 
wall close to the cannula while avoiding over-
shooting the needle and puncturing the liver 
capsule.

 4. After PV puncture, a syringe is connected to 
the blue catheter and aspirated for portal blood 
while very slowly withdrawing the catheter. 
Contrast portography is avoided to prevent 
microbubble injection near the tract, which 
could reduce the visibility on USG if further 
punctures are required. A stiff hydrophilic 
0.035″ glide wire is advanced through the blue 
catheter after removing the needle (0.38″ trocar 
stylet) either under USG or fluoroscopic guid-
ance. The Guidewire is sufficiently advanced 
into the superior mesenteric (SMV) or splenic 
vein (SV). Needle blue catheter is removed and 
a 4F cobra glide catheter is advanced over the 
glide wire into SMV or SV. A 0.035″ exchange 
length stiff guidewire is passed through the 
catheter. The catheter and the cannula are 
removed. A 5F marker pigtail is advanced over 

e

Fig. 14.1 (continued)

Table 14.3 Hardwares needed for TIPS

1.  RUPS-100 (Rosch-Uchida transjugular liver access 
set, cook medical). It consists of the following 
items:
a. Blue catheter with 0.038 in flexible trocar stylet
b. Stiffening cannula with PTFE catheter
c. Flexor check-flo introduce sheath with dilator

2. Short introducer sheath 5/6F
3. Standard J tip guidewire 0.035″, 160–180 cm
4. Hydrophilic catheter 65 cm, 4F
5. Hydrophilic guidewire 0.035″, 180 cm
6. Marker pigtail catheter 5F, 100 cm
7.  Low profile balloon, 035inch compatible, 4 to 

10 mm diameter, 4–6 cm
8.  Covered stents preferably standard dedicated TIPS 

stent
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Fig. 14.2 TIPS under per abdomen USG and fluoroscopy 
guidance. (a) Diagrammatic representation showing 
puncture of the portal vein branch under per abdomen 
USG guidance (b) Per abdomen USG guidance image 
showing needle advancement and puncture of the portal 

vein branch. (c and d) USG images showing hydrophilic 
wire in the portal vein. (e) Portogram after puncture of the 
portal vein, (f) Stent deployed after balloon plasty. (g) 
Final portogram after post-stent plasty

a b

c

d
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Fig. 14.2 (continued)
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the guidewire into the main portal vein. In case 
of difficulty in advancing pigtail catheter at PV 
entry site, the tract can be dilated with a 
4mmx4cm balloon catheter. Heparin 5000 units 
bolus is injected at this time.

 5. Portogram is obtained by injecting contrast 
preferably with a breath hold. Simultaneous 
IVC-grams are also obtained. The site of entry 
into the portal system, length of the tract, size of 
the portal vein, and collateral flow from the por-
tal system are noted. Portal pressures are also 
documented to obtain the pressure gradient.

The exchange length 0.035″ guidewire is 
reinserted. The parenchymal tract is dilated 
with an 8 or 10 mm balloon, of the length of 4 
cms. The length of the TIPS stent graft is 
selected based on the simultaneous portogram 
with marker pigtail catheter and inferior vena 
cavogram with introducer sheath. The intro-
ducer sheath with the dilator is advanced into 
the portal vein prior to stent graft placement. 
Stent graft is then deployed with the covered 
portion just extending (5–10 mm) within the 
PV branch inferiorly and to IVC superiorly.

 6. The procedure is completed with portal and 
right atrial pressure measurement and porto-
gram. Portal pressure gradient (PPG) of 
12 mm Hg or less should be achieved for ade-
quate control of the complications of PHT.

 7. Immediate post-procedure care: The patient is 
monitored in ICU or HDU for 24 h.

The patency of the shunt should be checked 
on color Doppler USG at 48  h and subse-
quently on follow-up at 1, 3, and 6 months and 
after every 6 months. Catheter venogram and 
pressure gradient measurements should be 
obtained on suspicion of shunt stenosis on 
color Doppler USG or clinical recurrence or 
worsening. Patients with Budd–Chiari syn-
drome are put on life-long anticoagulant 
maintaining INR between 2 and 3.

14.3.4  TIPS in BCS

TIPS in Budd–Chiari syndrome is technically 
challenging due to occlusion of hepatic veins or 
IVC. PV can be accessed directly from the intra-

hepatic IVC at or just below the expected hepatic 
vein confluence (direct intrahepatic portosys-
temic shunt, DIPS). The PV can also be accessed 
through the IVC stent or occluded hepatic vein 
stent and TIPS stent graft can be placed after 
serial dilatation of the stent strut (strut plasty) 
(Fig. 14.3) [20, 21].

14.4  Technical Modifications

In an effort to increase accuracy, many other 
techniques have been used which differ in their 
image guidance and techniques to access PV 
[29, 30].

14.4.1  IVUS as Additional Guidance 
during Tract Creation

Intravascular US was used by Farsad et al., [30] 
which was described as a safe and effective way 
of real-time image guidance for TIPS creation. 
The authors also described the additional advan-
tages for cases like PV thrombus, distorted anat-
omy, Budd–Chiari syndrome, or hepatic tumors. 
The IVUS is placed in IVC through femoral 
venous access.

14.4.2  Gun-Sight Technique

Gun-sight technique is a percutaneous tech-
nique, an alternative technique described when 
conventional techniques are less likely to work. 
The shunt is created with a percutaneous tran-
shepatic approach across a suitable portal 
branch and IVC [31].

14.5  Management of on-Table 
Complications

If there is any contrast extravasation noted, bal-
loon tamponade or placement of covered stent is 
the possible solution. If hepatic arterial injury is 
suspected, angiogram and appropriate embolisa-
tion are carried out.
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Fig. 14.3 TIPS through strut of the IVC stent: (a) 
Portogram after puncture of the portal vein (b, c, d, e, and 
f) Serial balloon plasty of the parenchymal tract with 

4mm and 10x40mm balloon. (g) Final portogram after 
stent graft placement

c d

e f

a b
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14.6  Management of Immediate 
Post-Procedure 
Complications

In-stent thrombosis: The thrombus may be 
removed endovascularly with a combination of 
mechanical thrombectomy and pharmacological 
thrombolysis.

Hepatic encephalopathy should be managed 
medically to the best possible extent. A shunt 
reduction or occlusion may be needed if there is 
severe hepatic encephalopathy.

14.7  Discussion

14.7.1  Outcome of the Procedure

Thresholds defined for technical success is 95% 
in SIR quality improvement guidelines [7] 
Technical success depends on many factors such 
as vascular anatomy and size of liver, PV size, 
severity of ascites, patient’s body habitus, opera-
tor’s experience and case load in a center. 
Technical success rate is high irrespective of the 
technique of portal vein access and range from 

96% to 98.5% in various studies [32–34]. TIPS 
was unsuccessful in 4/107(3.7%) patients due to 
portal vein occlusion [32]. In an RCT technical 
failure rate was 1.5% in TIPS with covered stents 
[35]. The authors have only 1 technical failure in 
their 168 cases of TIPS creation using their tech-
nique described previously (publication in 
process).

Expanded PTFE covered stents are ideal for 
the creation of TIPS because uncovered or bare 
metal stents are associated with increased inci-
dence of endothelial hyperplasia and early shunt 
dysfunction. Standard covered stent grafts meant 
for TIPS has a distal, fixed 2 cm uncovered por-
tion placed in the portal vein and a covered por-
tion of variable length for parenchymal tract, 
hepatic vein, and IVC. They are available in vari-
ous diameters ranging from 6  mm to 12  mm 
depending on the need of a particular case. In a 
meta-analysis of 4 randomized controlled trials, 
TIPS with covered stents were associated with 
significantly higher patency of the shunt and sur-
vival compared to uncovered stent groups, and 
post-TIPS encephalopathy was also lower in the 
covered stent groups [36]. Lower incidence of 
encephalopathy was due to improved liver 
 function and lower incidence of shunt dysfunc-
tion and reintervention.

14.7.2  Shunt Patency

Cumulative primary patency and secondary 
patency rates at 1, 2, and 5 years were 50%, 34% 
and 13% and 85%, 64% and 55%, respectively, in 
a retrospective study [36]. In a large retrospective 
study of 495 TIPS with Fluency stents primary 
patency rates at 1 and 3  years were 93%, and 
76%, respectively [33]. Primary patency of the 
TIPS was 76% with covered stent and 36% with 
uncovered stents in an RCT [32]. Types of cov-
ered stent also affect shunt dysfunction rate, it 
was 40% in Viatorr stent and 46% with Fluency 
stent in an RCT comparing TIPS with covered 
versus BMS [35]. There was a significant differ-
ence between covered and uncovered group in 
terms of shunt dysfunction and clinical recur-
rence [35].

g

Fig. 14.3 (continued)
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14.7.3  Survival

Although advanced liver disease (Child class C) 
is not a contraindication, however, survival after 
TIPS is poor in patients with advanced liver dis-
ease. Cumulative survival after TIPS was 68% at 
1 year and 41% at 5 years and it was significantly 
higher for patients with mild liver function 
derangement (Child Pugh A and B) and variceal 
bleeding as indication compared to patients with 
severe liver function derangement (Child Pugh 
C) and ascites or hydrothorax as indication [37]. 
In another large retrospective study of TIPS with 
covered stent cumulative survival rates at 1 and 
3 years were 93.4% and 77.2% respectively and it 
was significantly lower 25% in Child class C 
compared to Child class B (68%) and Child class 
A (89%) [34]. Survival was significantly associ-
ated with the elderly age group (>65 year), higher 
Child score (Child class C), and higher blood 
urea nitrogen level [34].

Survival rate at 1, 2, and 5 years survival rate 
were 98%, 92%, and 72% in TIPS with Fluency 
covered stent [33]. In another RCT, survival in 
covered stent TIPS at 1 year and 2 years was 84% 
and 70% respectively, and there was no signifi-
cant difference in survival between covered and 
uncovered TIPS [35].

14.7.4  Complications

Major and minor complications which can 
develop during the procedure include hemor-
rhage due to transgression of liver capsule, 
inadvertent injury to artery or PV, injury to gall 
bladder, bile duct, right kidney, colon and 
rarely right atrium, shunt malposition and stent 
migration. Complications related to inadver-
tent injuries during PV access have come down 
due to use of real-time USG.  Complications 
which can develop after the successful shunt 
creation are liver failure, hepatic encephalopa-
thy, hemolytic anemia, contrast-induced 
nephropathy, hepatic infarct, fever, pulmonary 
oedema, heart failure and shunt migration and 
shunt stenosis and shunt thrombosis. Threshold 

set by SIR quality improvement guidelines for 
major and minor complications are 5% and 
8%, respectively. The complication rate was 
13.5% and 1mortality reported in a large retro-
spective study of 495 patients who underwent 
TIPS with covered stent [34]. Major complica-
tion was 4.85% and there was one mortality 
directly related to procedure at the time of 
shunt creation [37]. Early mortality was 3.5% 
(cardiac failure and hepatic failure) in an RCT 
in TIPS with covered stent and 6.3% in uncov-
ered stent groups [35]. Mortality following 
TIPS is mostly related to the progressive down-
hill course of the liver disease.

In patients with high risk of encephalopathy, 
shunts can be created with an 8  mm stent or 
parenchymal tract that can be dilated with 8 mm 
or smaller balloon to make shunt narrower than 
the usual 10mm.

Rarely migration of coils and pulmonary 
embolism due to histoacryl migration into the 
pulmonary artery can occur when used for 
parenchymal tract embolization in traditional 
technique of portal vein access [34]. Risk of 
post-TIPS encephalopathy was associated with 
increased age and Child Pugh score before TIPS 
[32, 34]. Incidence of hepatic encephalopathy 
after TIPS with covered stent was 31% and 28% 
in bare metal stent in an RCT [33]. Incidence of 
at least one episode of HE during follow-up was 
40% in a large retrospective study and refrac-
tory HE was 3.6%. Incidence of HE at 1  year 
and 2 years was 36% and 45% in TIPS with cov-
ered stent and there was no significant differ-
ence between covered and uncovered TIPS in an 
RCT [35]. The use of smaller diameter stent or 
balloon (8  mm diameter) can reduce the inci-
dence of encephalopathy. Most of the cases are 
well controlled with medical management and 
dietary changes. Rarely shunt reduction or clo-
sure is required when medical management 
fails.

In a retrospective study of 103 patients, 2 
needed surgical shunt (splenorenal, mesocaval) 
after multiple TIPS revisions and another 2 
underwent liver transplant at 12 and 20 months 
after TIPS [37].
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14.7.5  Current Status and Future 
Perspective

TIPS is now preferred over surgical shunts for 
decompression of portal hypertension in cirrhosis 
due to favorable periprocedural morbidity and 
mortality. In a Cochrane review of 4 RCT com-
paring TIPS and surgical portosystemic shunt for 
recurrent or refractory variceal bleeding and 
involving 496 patients, there was an increased 
incidence of 5 year mortality, rebleeding, shunt 
occlusion and shunt revisions in TIPS compared 
to surgical shunt. However, due to very low cer-
tainty of evidence and random errors in their 
analysis (due to high risk of bias, heterogeneity, 
small sample sizes, and publication bias), authors 
had very low confidence in their review findings 
[38]. TIPS was associated with less transfusion 
requirements, operative time, ICU, and hospital 
stay compared to surgical shunt in orthotopic 
liver transplant patients with similar 2 year sur-
vival in both groups [39]. In a study comparing 
TIPS with surgical splenorenal shunt for variceal 
bleed in patients for liver transplant, transfusion 
requirement, ICU, and hospital stay were similar 
however there was 3 mortality in surgical group 
and none in TIPS [40]. With technical modifica-
tions especially with additional image guidance, 
the indications for TIPS have become more. The 
risk of hepatic encephalopathy following the cre-
ation of the shunt still remains a challenge. 
However, some of the anatomical contraindica-
tions have been sorted out over a period of time. 
In fact, obliterated hepatic veins in Budd–Chiari 
Syndrome is an indication for performing TIPS, 
which had been considered a contraindication in 
previous guidelines. Another example is acute 
portal venous thrombosis, which is again gaining 
importance as an indication rather than a 
contraindication.

14.8  Conclusion

TIPS is a well-established intervention for the 
treatment of the variceal bleeding and refractory 
ascites arising as a complication of portal hyper-
tension. Other indications of TIPS such as hepa-

torenal syndrome, PVT, hepatopulmonary 
syndrome, etc. are based on retrospectives stud-
ies and case series. TIPS can still be performed in 
most of the contraindications after corrective 
measures and assessing risk versus benefits in a 
multidisciplinary consensus meeting. Various 
techniques of portal vein access have been 
described and use of a particular technique 
depends on the center and operator. Technical 
success rate of various techniques is more than 
95% and depends on vascular anatomy, operators 
experience, and number of cases being done in a 
center. Covered stent grafts should be the choice 
of stent for TIPS due to higher primary patency 
rate and lesser shunt dysfunction and reinterven-
tions compared to other covered stents and 
BMS. Complications related to inadvertent trans-
gression of liver capsule, injury to vessels and 
organs are lower with the use of realtime USG 
guidance during PV access. One should have suf-
ficient backup facilities to tackle potential com-
plications. The survival rate after TIPS largely 
depends on the severity of the liver function.
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Abbreviations

BRTO Balloon-occluded retrograde transve-
nous obliteration

PARTO Plug-Assisted Retrograde 
Transvenous Obliteration

TIPS Transjugular intrahepatic portosys-
temic shunt

HE Hepatic encephalopathy
STS Sodium tetradecyl sulfate
PVT Portal vein thrombosis

15.1  Introduction

The major complications of portal hypertension 
include variceal bleeding, hypersplenism, 
hepatic encephalopathy (HE), ascites, and 
hydrothorax [1, 2]. Management of these com-
plications requires a combination of medical, 
surgical, endoscopic, and interventional radio-
logical procedures. In 1984, Olsen and cowork-
ers described the procedure of transrenal vein 

reflux ethanol sclerosis [3]. In 1996, Kanagawa 
and colleagues revived this technique using eth-
anolamine oleate and named it balloon-occluded 
retrograde transvenous obliteration (BRTO). 
This technique aims to achieve the action of the 
sclerosing agent on the endothelial lining of the 
blood vessel by inducing stagnation within varix 
and to cause endothelial damage and vascular 
thrombosis [4].

The major cause of morbidity and mortality 
in patients with portal hypertension is sponta-
neous rupture of the gastric varices and mas-
sive hemorrhage. TIPS is effective in reducing 
the portal pressure, but may not be effective in 
controlling gastric variceal hemorrhage as 
these varices bleed even at low portal pres-
sures. Moreover, portosystemic shunt may 
cause serious complications such as 
HE. Endoscopic interventions with glue injec-
tion and band ligation remain the first line of 
treatment in the case of actively bleeding gas-
tric varices. BRTO/PARTO is used for prophy-
lactic prevention as well in cases of failed 
endoscopic interventions.

Basic endovascular interventional techniques 
of PARTO and BRTO for treatment of gastric 
varices and HE, their indications, contraindica-
tions with emphasis on current data and future 
perspective on these procedures are discussed 
below:
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15.2  Indications 
and Contraindications

15.2.1  Indications for BRTO/PARTO

• Active uncontrolled gastric variceal 
bleeding

• Recurrent gastric variceal bleed in patients 
who have failed endoscopic and medical 
treatment

• Contraindications for performance TIPS in 
patients with gastric varices

• Prophylaxis against rebleeding after primary 
endoscopic therapy

• Management of recurrent HE secondary to 
portosystemic shunt

15.2.2  Contraindications for BRTO/
PARTO

• Severe uncorrected coagulopathy
• Splenic vein thrombosis
• Portal vein thrombosis (where the gastrorenal 

shunt is the only outflow)
• Gross ascites
• High risk esophageal varices
• Gastric varices without a gastro/lienorenal 

shunt

15.2.3  Hardware Required

• 5F angiographic catheter (MPA/C2/SIM1/
Picard)

• 6–12  F Flexor Check-Flo Introducer with 
large valve assembly

• 4-F angled or curved glide catheter/
microcatheter

• Angled glide wire and stiff guide wire
• Compliant balloon catheter (size of the bal-

loon is kept 1–2 mm larger than the diameter 
of the gastro/lienorenal shunt), Amplatzer vas-
cular plug (for PARTO)

• Sclerosing agent/Gelatin sponge, Lipiodol

15.2.4  Sclerosing Agents [5]

Sclerosants are agents that act by denaturing bio-
logic tissue. When they are injected into a vascu-
lar channel, they cause endothelial damage and 
fibrosis. Sclerosants (like ethanolamine oleate 
and detergent sclerosants) are made into foam or 
froth by agitating with gas (carbon dioxide or 
air). This process causes an increase in the 
volume- to-sclerosant ratio, thereby increasing 
potency and safety [5, 6].

15.2.5  Ethanolamine Oleate

Ten percent ethanolamine oleate is usually mixed 
with an equal volume of non-ionic contrast 
medium, like iopamidol, resulting in a 5% etha-
nolamine oleate–iopamidol mixture. Adverse 
effects of ethanolamine oleate include renal fail-
ure due to its hemolytic nature and hence other 
sclerosing agents are preferred over it [7].

15.2.6  Sodium Tetradecyl Sulfate

Sodium tetradecyl sulfate (STS) is the commonly 
used sclerosing agent in the BRTO. Sabri et al. 
[8] found that a smaller volume of STS is required 
as compared to ethanolamine oleate while per-
forming BRTO with a good safety profile.

15.2.7  Polidocanol (Hydroxy 
Polyethoxydodecane)

It is a detergent and widely used in varicose vein 
sclerotherapy [9]. Polidocanol has been effec-
tively used as a sclerosant for balloon-occluded 
retrograde transvenous obliteration [6].

15.2.8  Foam Versus Liquid Sclerosant

The advantage of foam sclerosant is that it 
reduces the sclerosant-to-volume ratio, requiring 
less sclerosant per procedure [4]. In addition, the 
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foam sclerosant is thought to distribute better into 
the numerous varices and tortuousities of the gas-
tric variceal system [4].

15.3  Pre-Procedural Evaluation 
of Patient

• Grade of encephalopathy, liver function tests, 
renal function tests, complete blood cell count, 
prothrombin time and international normal-
ized ratio (INR)

• Arterial ammonia level

• Triple phase CECT of the abdomen is required 
to assess technical feasibility of BRTO in 
terms of afferent & efferent gastric variceal 
anatomy of the patient, size of the shunt, and 
normal variants (Fig. 15.1).

It is very important to understand the gastric 
variceal anatomy while planning a BRTO/
PARTO procedure. The gastric varices along 
with gastro/lienorenal shunt have a complex 
anatomy mostly due to variation in the veins 
supplying as well as draining the gastric varices 
[10]. The gastric varices are supplied by either 

a b

c d

Fig. 15.1 CECT axial image (a) shows large gastric fun-
dal varices protruding into the gastric lumen (black 
arrows), coronal reformatted image (b) shows large gas-
tric varices (black arrows) with a lieno renal shunt (white 
arrow). Fluoroscopic image shows BRTO procedure with 
access taken from jugular route and vascular sheath placed 

within the left renal vein (black arrows) with a compliant 
balloon catheter inflated within the shunt (white arrow) 
and sclerosant mixture filling the shunt and the varices. 
Post-procedure CT image (d) showing complete oblitera-
tion of varices with formation of sclerosant cast (black 
arrows)
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left gastric/short gastric/posterior gastric vein 
or combination of any two or all three veins. 
The gastric varices are then drained by gastro-
renal/lienorenal/gastro-lieno-renal shunt into 
the left renal vein and/or IVC or rarely into 

other systemic veins [10]. There may be varia-
tions in draining channels as well. These varia-
tions should be recognized prior to the 
procedure for the successful obliteration of 
varices (Fig. 15.2).

d

a

c

b

Fig. 15.2 Angiographic image (a) shows PARTO proce-
dure being performed via femoral approach and vascular 
access sheath placed in the left renal vein (black arrows) 
with its tip within the lienorenal (LR) shunt and an angio-
graphic catheter coaxially placed inside the LR shunt 
(white arrow). Image (b) shows placement of vascular 
plug (black arrows) within the shunt and a microcatheter 

coaxially placed deep within the shunt with contrast veno-
gram being performed. Fluoroscopic image (c) shows 
deployed plug (black arrows) occluding the shunt with 
microcatheter (white arrow) being used to inject gel foam 
slurry, (d) shows final image with complete obliteration of 
the gastric varices and the LR shunt
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15.4  Technique

15.4.1  BRTO Procedure

 1. BRTO is performed under local anesthesia or 
conscious sedation.

 2. The left renal vein is accessed via femoral 
vein approach, alternatively internal jugular 
vein approach can also be used. Alternative 
routes are utilized for gastric varices when 
there is no gastrorenal shunt (alternative 
routes are more commonly required with 
duodenal and mesenteric varices compared 
with gastric varices).

 3. A 6 to 12-French vascular sheath is placed in 
the left renal vein.

 4. The target shunt (typically gastrorenal shunt 
via left renal vein) is catheterized using a 
selective catheter [e.g., Simmons or Cobra; 
(Cook, Bloomington, IN) selective 
catheter].

 5. Compliant balloon is advanced into the 
shunt and inflated to occlude the shunt. 
(The size of the balloon is kept 1–2  mm 
larger than the diameter of the gastro/lieno-
renal shunt).

 6. After occluding the shunt, contrast is injected 
upstream of the occlusion via the distal 
lumen port of occlusion balloon to evaluate 
variceal anatomy and identify collateral vein, 
if any.

 7. Significant efferent collateral vessels are 
embolized using coils, and/or gel foam and 
sclerosant. It is necessary to confirm the 
complete occlusion of the shunt before the 
sclerosant agent is injected.

 8. Sclerosant is injected upstream of the bal-
loon into the gastric varices, with the occlu-
sive balloon remaining in place for 6–12 h. 
During this period, the patient is kept in the 
angiography suite or in the recovery area 
beside the angiography suite.

 9. Care should be taken to decide the endpoint 
which consists of complete coverage of the 
varices with sclerosant without any spill of 
sclerosant into the spleno-portal axis. 
Conebeam CT may be used to confirm com-
plete occlusion.

 10. Post-procedural follow-up imaging at 
24–48 h can be done with plain CT scan of 
the abdomen to ensure complete obliteration 
of the shunt and the varices.

 11. Thereafter, regular clinical and imaging fol-
low- up is scheduled with the hepatologist 
and interventional radiologist.

15.4.2  PARTO Procedure

 1. The procedure is performed under local 
anesthesia or conscious sedation after writ-
ten informed consent is obtained.

 2. The choice of access is femoral vein 
approach; alternatively, internal jugular vein 
approach can be used in difficult anatomy.

 3. A 6 to 12-French vascular sheath is advanced 
and placed within the target shunt for deploy-
ment of the vascular plug.

 4. A microcatheter is advanced deep within the 
shunt beyond the specified location planned 
for the placement of the vascular plug.

 5. The vascular plug is inserted co-axially 
through the sheath and deployed to occlude 
the shunt. (The size of the plug is kept 
2–4 mm larger than the diameter of the gas-
tro−/lienorenal shunt and varied from 10 to 
22  mm, Amplatzer vascular plug type 2 
(AVP; St. Jude Medical, Inc., St. Paul, MN, 
USA).

 6. Once the vascular plug is placed at the 
desired location contrast is injected upstream 
of the occlusion with the microcatheter (ret-
rograde venography) to confirm adequacy of 
the occlusion. In case any significant efferent 
vein is identified then it should be embolized 
using embolization coils/gel foam slurry.

 7. After complete occlusion of the shunt is con-
firmed gel foam slurry mixed with contrast is 
injected through the microcatheter to com-
pletely fill the shunt and varices.

 8. Care should be taken to decide the endpoint 
which consists of complete coverage of the 
varices with gel foam slurry/sclerosant with-
out any spill of sclerosant into the spleno- 
portal axis. Conebeam CT may be used to 
confirm complete occlusion.

15 Interventions for Portal Hypertension: BRTO and PARTO



206

 9. Post-procedural follow-up imaging at 
24–48 h can be done with plain CT scan of 
the abdomen to ensure complete obliteration 
of the shunt and the varices.

 10. Thereafter, regular clinical and imaging fol-
low- up is scheduled with the hepatologist 
and interventional radiologist.

15.4.3  Complications

 1. Typically, transient and self-limited epigas-
tric/back pain, fever, hematuria, nausea 
[11–17]

 2. Worsening of esophageal varices due to 
increased portal pressures.

 3. Temporary worsening of ascites or hydrotho-
rax [12]

 4. Altered respiratory function (presumably sec-
ondary to altered pulmonary perfusion) [18].

 5. Chances of balloon rupture are minimal but 
such rupture can cause rapid migration of 
sclerosant into the right ventricle and pulmo-
nary embolism [19].

 6. Recurrent gastric variceal bleeding.
 7. Gelfoam embolization to pulmonary arteries 

though the collateral veins.

15.5  Success Rate

The procedural success rate of BRTO in patients 
with portosystemic shunts and gastric varices 
ranges from 79% to 100% according to various 
studies [20–25]. In these studies, gastric variceal 
rebleeding rate ranges between 0% and 20% [20–
28] after a successful BRTO.  In a recent meta- 
analysis [29] including 1016 patients from 24 
studies, the technical success rate was found to be 
96.4%. The clinical success rate was 97.3% at a 
mean follow-up of 487  days, with clinical suc-
cess defined as no recurrence or rebleeding from 
gastric varices or complete obliteration of varices 
on subsequent imaging. The flow velocity and 
flow volume in the varices have been correlated 
with outcomes after BRTO, with slow flow and 
low volume being associated with a higher suc-
cess rate [30].

15.6  BRTO and Complications

The most important long-term concern after 
BRTO remains aggravation of non-gastric (i.e., 
esophageal or duodenal) varices. In four studies 
evaluating 160 patients who underwent BRTO 
with continuous post-BRTO endoscopic follow-
 up, the esophageal variceal aggravation rates at 1, 
2, and 3 years were: 27% to 35%, 45% to 66%, 
and 45% to 91% respectively [11, 31–33]. In the 
meta-analysis by Park et al. [31], the esophageal 
variceal recurrence rate was 33.3%. The risk of 
esophageal varices aggravation has been shown 
to correlate significantly with the total bilirubin 
level and a portosystemic gradient >13 [34]. 
Thus, pre-BRTO prophylactic esophageal vari-
ceal eradication, portosystemic gradient mea-
surement, laboratory analysis, and post-BRTO 
surveillance may be helpful to avoid subsequent 
esophageal variceal hemorrhage. Other compli-
cations due to raised portal pressure following 
BRTO include occurrence of portal hypertensive 
gastropathy (in 5%–13%), ascites (in 0%–44%), 
and hydrothorax/pleural effusion (in 0%–8%) 
[23, 25, 28, 31, 33]. Performance of TIPS in 
patients undergoing BRTO has been correlated 
with significantly lower ascites/hydrothorax rates 
and lower recurrent hemorrhage rates, although 
survival remains similar [35]. Furthermore, con-
comitant performance of partial splenic emboli-
zation also can mitigate esophageal variceal 
aggravation.

15.7  BRTO Versus TIPS

The retrospective studies that included intra- 
institutional comparison between BRTO and 
TIPS had a total of 133 BRTO cases and 94 TIPS 
cases [20, 36]. Ninoi et  al. [20], compared 
patients undergoing only TIPS versus BRTO, 
reported a 1-year rebleeding rate of 20% after 
TIPS, while just 2% after BRTO (P  <  0.01). 
Furthermore, the 1-, 3-, and 5-year survival rates 
after BRTO were better than those after uncov-
ered stent TIPS 96%, 83%, and 76% versus 81%, 
64%, and 40%, respectively (P = 0.01). However, 
a more recent study comparing covered TIPS 
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with BRTO revealed statistically similar rebleed-
ing rates. Sabri et  al. [36] reported a 1-year 
rebleeding rate of 11% in the TIPS group and 0% 
in the BRTO group (P  =  0.25) with a hepatic 
encephalopathy rate of 15% and 0% (P = 0.12). 
Kim et al. [37] reported a 7% and 8% rebleeding 
rate throughout the study duration, respectively, 
but with a higher rate of hepatic encephalopathy 
after TIPS (22% versus 0%, P = 0.01).

15.8  BRTO and Portal Venous 
Thrombosis

There is a paucity of literature on BRTO with 
portal vein occlusion. Generally, BRTO in this 
setting can be associated with grave conse-
quences, as the gastric varices may be the sole or 
dominant outflow for the entire spleno- mesenteric 
circulation; thus, occlusion of this outflow could 
result not only in splenic engorgement and infarc-
tion, it could also result in mesenteric venous 
congestion and leading to venous mesenteric 
ischemia [38]. One small case series of 2 patients 
described successful BRTO in a non-cirrhotic 
patient with subacute portal vein thrombosis with 
complete resolution of gastric varices on endos-
copy 105  days post-procedure and on CT 
5 months post-procedure. The second patient had 
chronic portal vein occlusion with cavernous 
transformation and splenic vein thrombosis that 
was due to necrotizing pancreatitis with multiple 
failed endoscopic treatments of her gastric vari-
ces [39]. BRTO was again successfully per-
formed, with resolution of variceal bleeding and 
continued complete obliteration of varices at 
6 months.

15.9  BRTO Versus PARTO

PARTO has certain advantage over BRTO. First, 
there is no risk of balloon rupture and subsequent 
pulmonary embolism, which can be fatal. The 
rupture of the balloon is attributed to the corro-
sive nature of the lipiodol used in sclerosant 
foam. Second, the dose limitation of sclerosants 
is not an obstacle for PARTO, because gel foam 

slurry is used instead of sclerosant mixture. 
Moreover, gel foam is safer embolic material 
than ethanolamine oleate or STS [28]. Third, 
PARTO does not require a long procedure time 
with indwelling balloon catheter and monitoring. 
The disadvantage of PARTO includes inability to 
access the shunt in case of recanalization/partial 
obliteration due to the presence of vascular plug.

15.10  Modifications of BRTO

Modifications of BRTO/PARTO use coils 
(CARTO, Coil assisted retrograde transvenous 
obliteration) for the occlusion of efferent flow in 
larger shunts followed by embolization of the 
varices. The advantage of CARTO is that deploy-
ment of coils does not require placement of 
sheath into the shunt hence making easier in 
cases of extreme tortuosity of shunt/varices. 
However, it is difficult to occlude large shunt 
with bunch of coils and may lead to partial occlu-
sion. Modified techniques of BRTO include ante-
grade approach through portal vein [trans-TIPS 
or percutaneous trans-hepatic obliteration (PTO)] 
or a BRTO from an unconventional systemic 
vein. These modifications can be used in selec-
tive cases depending on factors like vascular 
anatomy seen on multiphasic CECT, presence or 
absence of ascites, INR of the patient and the 
location of the varices (duodenal, and other ecto-
pic varices). It is postulated that obliteration of 
the portosystemic shunt by BRTO/PARTO leads 
to an increased portal pressure and portal hepatic 
blood flow with resultant improvement in hepatic 
function and enhanced ammonia detoxification 
by the liver.

15.10.1  Future Directions

There are endless innovative procedures that can 
be performed, incorporating the principal behind 
the BRTO procedure. There have been few case 
reports demonstrating such applications of this 
technique, including treatment of small-bowel 
varices, parastomal varices, and spontaneous 
mesenteric portosystemic shunts [40–44]. 
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Management of gastric varices with modified 
techniques of BRTO, like BATO, CARTO, 
PARTO, or a combination of these is being prac-
ticed with greater frequency and is well docu-
mented in the literature [45–48]. Techniques 
using both endoscopic and percutaneous 
approaches, known as balloon-occluded endo-
scopic injection sclerotherapy are also being 
applied to prevent hemorrhage from gastric vari-
ces located in short gastric or posterior gastric 
territories.

15.11  Conclusion

BRTO and PARTO are endovascular procedures 
performed in patients with portosystemic shunts 
leading to gastric variceal bleeding and hepatic 
encephalopathy. These procedures are time tested 
and reliable at achieving the desired outcome 
with fewer associated risks and complications. 
PARTO is a step ahead of BRTO and lacks the 
risk of balloon rupture. Further modifications and 
variations of these procedures are being consis-
tently employed in challenging cases with ana-
tomic variations.
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Interventions for Portal 
Hypertension: Splenic Artery 
Embolization

Yashwant Patidar

Splenic arterial interventions are alternative to sur-
gery for the management of conditions like portal 
hypertension, hypersplenism, splenic arterial 
aneurysm, splenic trauma, and splenic neoplasm. 
Partial splenic embolization (PSE) is accepted for 
the treatment of leukocytopenia and thrombocyto-
penia produced by hypersplenism and is consid-
ered a decent option to splenectomy [1]. Presently 
PSE is used in some selected patient to treat major 
sequelae of portal hypertension, where other form 
of therapy is not useful or feasible; this includes 
variceal hemorrhage, hypersplenism, hepatogenic 
ascites, and hepatic encephalopathy. Interventional 
radiologist should be familiar with the indication, 
contraindication, and different types of splenic 
artery embolization techniques used. Splenic 
embolization is also used in combination with 
supplementary treatments for the moderation of 
portal hypertension and accompanying sequelae 
of portal hypertension.

Indications

• Variceal hemorrhage (prevention and treatment)
• Hypersplenism
• Hepatogenic ascites
• Hepatic encephalopathy

Contraindications

• Infection (Local/systemic)

16.1  Variceal Hemorrhage

Portal hypertension in cirrhotic patients leads to 
the formation of varices. This along with a low 
platelet count increases the risk for catastrophic 
hemorrhage. Thrombocytopenia in these patients 
results due to stasis of platelet in the enlarged 
spleen [2]. Endoscopic obliteration of gastro-
esophageal varices and the creation of a transjug-
ular intrahepatic portosystemic shunt (TIPS) are 
the two most widely used method to manage 
variceal hemorrhage. Further, liver transplanta-
tion remains the ultimate treatment for advanced 
liver disease with portal hypertension. However, 
some patients are neither suitable for TIPS nor fit 
for liver transplantation.

Splenic embolization was initially used to 
reduce the occurrence of variceal bleeding in 
patients with portal hypertension. First this was 
performed in 1973 using an autologous blood 
clot to treat recurrent gastrointestinal hemor-
rhage from esophageal varices [1]. Embolization 
may be some times combined with other thera-
peutic interventions, such as endoscopic liga-
tion [3, 4] or balloon-occluded retrograde 
transvenous obliteration (BRTO) [5]. PSE 
along with endoscopic variceal ligation is 
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mainly useful in subset of ill patient, where 
thrombocytopenia is main cause of bleeding 
from varices. PSE causes improvement in plate-
let count, this prevents esophageal variceal 
hemorrhage and may help in recovery of 
patients’ clinical status [6]. Pälsson et al. found 
significant increase in hemoglobin, leukocyte, 
and thrombocyte cell count with improvement 
in mean survival (50.5  months) in 26 patients 
treated with partial splenic embolization for 
esophageal varices or thrombocytopenia [6]. 
Similarly, in a study by Ohmoto et al. esopha-
geal varices bleeding rate decreased from 4.3% 
in the pretreatment group to 1.1% after PSE in 
84 cirrhotic patients with large esophageal vari-
ces and thrombocytopenia. In this study, 42 
patients received endoscopic variceal ligation 
(EVL) and 42 received combination of EVL 
and PSE.  They also showed improved overall 
survival from 31% to 50% [7]. Review of five 
studies by Koconis et  al., which included 50 
patients of PSAE, showed decrease in the 
yearly occurrence of variceal hemorrhage by 
80% [8].

16.2  Liver Function

PSE has been used as a tool to improve liver 
functions in cirrhotic patients [9]. Improvements 
in 12 month cholinesterase, cholesterol, total pro-
tein, prothrombin time, and albumin level have 
been validated in few studies [ 10, 11]. PSE leads 
to decrease in portal pressure and thus reduces 
injury to the liver parenchyma.

16.3  Blood Parameters

Splenic embolization is also used to increase 
white blood cells and platelets in cirrhotic 
patients and specially indicated in symptomatic 
patient like patient having repeated skin rashes 
or frequent skin infections. Decreased splenic 
sequestration and increase in thrombopoietin 
levels lead to increase in platelet concentration 
[6, 12].

16.4  Hepatogenic Refractory 
Ascites/Hepatic 
Encephalopathy

Post-PSE decrease in effective splenic volume 
significantly reduces the venous drainage and 
thus, a decline in portal venous flow and hence 
the pressure. The reduction in portal pressure 
suggests a potential role for PSE in the spectrum 
of therapies used to treat advanced portal hyper-
tension, especially in patients with borderline 
liver dysfunction and encephalopathy. PSE may 
be useful in patient with refractory ascites, where 
TIPS is not desirable because of some comorbid 
condition or advanced liver dysfunctions.

16.5  Technique

16.5.1  Type of Intervention—Partial 
Splenic Embolization

Partial splenic embolization—Two methods are 
usually used for PSE: Selective PSE and 
Nonselective PSE. In selective partial emboliza-
tion, as name suggests, a few intraparenchymal 
splenic artery branches are super selectively cath-
eterized, and embolized to achieve complete sta-
sis of blood flow in 50% of splenic parenchyma 
(Fig.  16.1); while other branches of remaining 
splenic parenchyma show persistent blood flow. 
Initial baseline angiograms are useful to calculate 
the volume of the splenic tissue to be embolized. 
In nonselective partial embolization, the catheter 
tip is placed in the main splenic artery but beyond 
the origin of major pancreatic branches and 
embolic particles is injected until the parenchy-
mal blush is reduced by around 50%.

Fever, local or systemic infections are contra-
indications for the procedure, as they are associ-
ated with increased risk of abscess formation in 
the infarcted tissue or aggravation of systemic 
infection.

Common femoral artery access is gained by 
Seldinger technique and 5F sheath is placed. A 
C2 or SIM1 catheter is usually used to cannulate 
the celiac axis. Main splenic artery is cannu-
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lated and angiogram is performed to evaluate 
the splenic arterial branches as well as the origin 
of pancreatic branches. A micro catheter is used 
for super selective cannulation of splenic artery 
branches for embolization (Fig.  16.1). 
Embolization of the peripheral branches or mid-
dle and lower pole branches of spleen (Fig. 16.1) 
reduce complications such as pneumonia, left 
upper quadrant abdominal pain, and pleural 
reaction/effusion. It is also beneficial while 
evaluating the embolized volume after the pro-
cedure [13].

Gelatin sponge pledgets/slurry, polyvinyl 
alcohol particles, and coils are the embolic agents 
of choice for PSE [ 14]. PVA particles (300 to 
700-μm size) suspended in contrast medium 
mixed with antibiotic is most commonly used. 
Similarly, glue (N-butyl cyanoacrylate, NBCA) 

with lipiodol in concentration ranging from 1:5 
to 1:7 may be used to embolize the required arter-
ies. However, special care should be taken while 
using glue as an embolizing agent (optimal glue 
concentration, avoiding ionic solutions, and 
flushing of the catheter with dextrose solution) to 
prevent nontarget embolization and polymeriza-
tion of glue over the catheter tip.

The volume of splenic infarction is the deter-
minant for therapeutic effect versus the compli-
cation of PSE when used to treat complications 
of portal hypertension. Ideally, 30% to 60% of 
splenic volume embolization is adequate how-
ever, the volume to be embolize depends upon 
the clinical condition of the patient. However, 
opinion regarding the ideal volume to be emboli-
zed is still controversial (Fig.  16.1). Small vol-
ume reduction does not improve platelet count 
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Fig. 16.1 Selective partial splenic embolization—CT 
abdomen arterial phase coronal image (a), showing cir-
rhotic liver with gross splenomegaly and moderate asci-
tes. Initial baseline splenic angiographic images (b) 
delineated the anatomy of splenic artery and parenchymal 
blush. Super selective angiogram image (c) using micro-
catheter and final check splenic angiographic images 

obtained after embolization (d) showing complete occlu-
sion of the lower-mid segmental splenic arterial branches 
(~50%). Axial CT scan image (e1) and USG image (e2) 
shows an infarcted area in the splenic parenchyma. 
Follow-up coronal CT scan image (f) obtained 1 year later 
shows atrophic mid-lower pole of the spleen and complete 
resolution of ascites
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whereas, large volume necrosis carries high risks 
of complications and/or abscess formation [8]. 
Various studies recommend that the first emboli-
zation volume should be less than 70% of the 
total spleen mass, to decrease the probabilities of 
complications [8, 15, 16].

One study by Harned et  al. [17] found that 
embolization leading to infraction of 30%–40% 
of the splenic parenchyma significantly lowers 
the morbidity, although there is a lesser degree of 
improvement in thrombocytopenia. Conservative 
cautious approach is advisable at initial emboli-
zation, especially in advance liver disease, and a 
second session of embolization, if required, may 
be performed subsequently. 

16.6  Post-Procedure Care

Antibiotic should be started prior to the proce-
dure and continued in perioperative period to 
prevent development of infection in the infracted 
splenic parenchyma. Routine hospital stay con-
sists of 24 to 48 h; however the patients should 
be followed for a week after the procedure. 
Some of the patients may require continuous 
anti- inflammatory medications according to the 
symptoms.

16.7  Complications

Most of the patients will have minor side effect in 
the form of fever, nausea, and pain as part of post- 
embolization syndrome. Post-embolization syn-
drome is common and may be as high as 30% but 
generally resolve without sequelae [18]. These 
symptoms can be treated symptomatically with 
narcotics and antiemetics. Some patient may have 
anorexia, vomiting, pleural effusion, ascites, and 
ileus. Koconis et al. reported that 73% had devel-
oped a serious complication in form of abscess, 
pleural effusion, ascites, pneumonia, pulmonary 
embolus, portal vein thrombosis, liver failure, and 
death when the embolization volume was 70% or 
more [8]. Symptomatic splenic abscess may 
require percutaneous drainage. Large splenic 
infarct area and advanced liver disease (Child- 

Pugh class C) are risk factors for development of 
complications after PSE [19].

There have been few, but encouraging reports 
using radiofrequency ablation and microwave 
ablation for the treatment of hypersplenism/sple-
nomegaly [20, 21]. In future these techniques 
may be used for splenic parenchyma reduction 
for the treatment of portal hypertension.

16.8  Conclusion

Partial splenic embolization alone or in combina-
tion with other treatments is a promising and 
effective alternative option in the management of 
portal hypertension in relatively advanced liver 
disease. PSE may help in decreasing the forma-
tion of ascites and esophageal variceal bleeding, 
and increasing hematologic indices and liver 
function. Patient selection, intervention tech-
nique, and post-procedure care are the key to 
success.
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17.1  Introduction

Currently, hepatic transplantation has been estab-
lished as the definitive treatment for end-stage 
liver disease and has high survival rates of 92% 
and 84% at 1 and 3 years respectively. It is asso-
ciated with various complications related majorly 
to the vascular and biliary systems. The vascular 
complications show wide variation in the various 
transplant centers worldwide but are generally 
reported to be around 7% in deceased donor liver 
transplantation (DDLT), and around 13% in liv-
ing donor liver transplantation (LDLT) [1–5].

Amongst the vascular complications, arterial 
complications are the most commonly reported 
to be around 5–10%. Retransplantation is 
required in early hepatic artery thrombosis. The 
venous complications are relatively less common 
and include portal, hepatic venous, and caval 
complications, each noted to be around 2% [6]. 
The venous complications can be treated by sur-
gical or endovascular approach. The hepatic 
artery thrombosis (HAT) and portal vein throm-
bosis (PVT) are the dreaded complications and 
need to be treated aggressively [5].

The treatment options for the vascular compli-
cations include surgical treatment, percutaneous 
thrombolysis or angioplasty and/or stenting, 

retransplantation and medical management. 
Recently, endovascular interventions have 
increased as a management option for these com-
plications due to their high success and low com-
plication rate.

17.2  Diagnosis of Complications

Reduced liver function and deranged liver func-
tion tests are nonspecific and are noted in several 
of the complications. USG along with Doppler 
remains the first line of investigation for assess-
ment of vascular complications and is used for 
routine screening in the posttransplant period.

The first posttransplant Doppler examination 
is often performed on the table after anastomos-
ing the vessels to confirm the patency. The next 
Doppler is done within the first 24 hours of sur-
gery. The parameters which are examined include 
systolic upstroke, systolic acceleration time 
(SAT), peak systolic velocity, and resistive index 
(RI). The normal hepatic arterial waveform 
shows a rapid systolic upstroke [7]. In the post-
transplantation period, the RI is used to assess the 
arterial waveform. It has a range of 0.55 to 0.80 
[8]. The mean hepatic arterial peak systolic 
velocity (PSV) although wide variation can be 
noted in the immediate postoperative period [9].

An increased portal venous velocity can be 
noted immediately after transplantation which 
gradually normalizes. Hepatic veins may show 
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monophasic or biphasic or triphasic waveforms 
which usually become triphasic eventually on the 
follow-up studies.

Further evaluation of the vascular system may 
require computed tomography (CT) and CT angi-
ography (CTA). Magnetic resonance imaging 
(MRI) and magnetic resonance cholangiopancre-
atography (MRCP) is used for evaluation of liver 
parenchyma and biliary systems, respectively. In 
case none of the above investigations are able to 
explain the altered liver function tests a diagnostic 
biopsy may be required which may be via a per-
cutaneous route under USG guidance or via a 
transjugular route under fluoroscopic guidance.

17.3  We Would be Discussing  
this Topic Under the  
Following Headings

 1. Arterial Complications.
• Hepatic artery thrombosis (HAT).
• Hepatic artery stenosis (HAS).
• Hepatic artery pseudoaneurysm (HAP).
• Hepatic artery rupture (HAR).

 2. Venous Complications.
• Portal venous complications.

 – Portal vein thrombosis (PVT).
 – Portal vein stenosis (PVS).

• Hepatic vein and inferior vena cava com-
plications (anastomotic complications 
leading to stenosis).

• Splenic steal/portal hyperperfusion 
syndrome.

 3. Arterioportal Fistula (APF).

17.3.1  Arterial Complications

The arterial complications are the most common 
source of morbidity and mortality after hepatic 
transplantation. After OLT hepatic artery remains 
the only arterial vascular supply to the hepatic 
parenchyma as well as the biliary tree since the 
collaterals are ligated. Thus reduced arterial flow 
invariably leads to biliary complications due to 
ischemia such as bile duct necrosis, liver 
abscesses, and graft dysfunction [8]. Also in case, 

there are hepatic artery complications the 
allograft may survive by portal flow but only if 
there are arterial collaterals [10, 11].

The arterial complications can be either early, 
i.e., occurring within 1 month of transplant or 
delayed, i.e., occurring after 1  month of trans-
plant according to most of the authors. The early 
complications are very critical and should be 
immediately managed since these are related to 
high mortality and graft loss [11–13].

17.3.1.1  Hepatic Artery Thrombosis 
[HAT]

HAT is the most frequent and most severe vascular 
complication after OLT representing around 50% 
of all arterial complications and is the most com-
mon cause of graft loss [5, 14–16]. It has a high 
mortality rate ranging from 23% to 33% as well as 
graft loss rate of around 50% to 60% [12, 13].

The incidence rate of early HAT varies from 
0% to 12% [17–20]. In 2009, Bekker et al. in a 
systematic review reported that 843 cases (adults 
and children) developed early HAT amongst the 
21,822 OLT cases with an overall incidence of 
4.4% [13]. In adults, the incidence of HAT was 
2.9%. A lower incidence rate has been noted with 
late HAT. No significant difference is noted in the 
incidence of HAT in LDLT (3.1%) as compared 
to DDLT (4.6%) [13].

HAT patients present with elevated transami-
nases (75%), biliary complications (15%), pain, 
fatigue, fever, leucocytosis and sepsis (6%) and 
graft dysfunction or loss (4%) [5].

Early HAT usually presents with initial non- 
functioning or severe graft dysfunction as opposed 
to late HAT which is mostly associated with biliary 
complications. Thus, the acute presentation shows 
a more severe clinical course whereas delayed pre-
sentation shows a relatively milder course [11].

Early HAT presents with fever, leucocytosis, 
and elevated LFTs. The reduced blood supply to 
bile duct epithelium and the hepatocytes results 
in their injury. Biliary tract necrosis occurs which 
in an immunocompromised state leads to septic 
shock (biliary sepsis). Massive necrosis of the 
allograft is also noted [13, 19, 21].

Late HAT is likely due to ischaemic or immu-
nological damages. The symptoms associated 
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include biliary complications such as bile duct 
stricture/stenosis, recurrent cholangitis biliary 
leakage, biliary tract necrosis, and abscess for-
mation. However, as many as 50% of patients 
may be asymptomatic with only elevated LFTs. 
Eventually, late HAT may also lead to graft dys-
function and loss [22–24].

Surgical causes (anastomosis) account for 
around 20% of the HAT.  The non-surgical risk 
factors include donor age  >  60  years, extended 
cold ischemia time, lack of ABO compatibility, 
cigarette smoking, hypercoagulability state, 
donor positive for CMV in a CMV-negative 
recipient, rejection, regrafts, and transplant for 
primary sclerosing cholangitis [25]. TACE is also 
found to have a statistically significant associa-
tion with radiological and histological arterial 
wall injury as reported by Panaro et al. in a recent 
study [26]. Also interestingly, in a study by 
Marín-Gómez et al. they reported that the intra-
operative hepatic artery blood flow can predict 
the occurrence of HAT [27]. HA flow velocity of 
less than 100  ml/min intraoperatively has been 
found to be associated with HAT.

HAT can be suspected in case of abnormal 
elevation of LFTs. Doppler ultrasound is an 
important tool to screen for HAT. It shows a lack 
of color flow in HA and is the most common find-
ing in HAT. An increased RI proximal to throm-
bosis may also be observed [19]. The confirmation 
of the diagnosis is made by computed tomogra-
phy (CT) angiography.

The management options include revascular-
ization (surgical or endovascular); retransplanta-
tion and observation.

Retransplantation offers the best survival 
results and is the treatment of choice. However, it 
is limited due to the paucity of liver donors as 
well as the patient’s condition to undergo another 
major procedure [12, 19, 28]. Hence before con-
sidering re-transplantation, revascularization by 
endovascular means is now being increasingly 
considered as a lucrative option. Surgical revas-
cularization is also an option; however, it cannot 
relieve extensive thrombosis involving the intra-
hepatic arterial system.

The percutaneous endovascular treatments 
include intra-arterial thrombolysis (IAT), percu-

taneous transluminal angioplasty (PTA), and 
stent placement. The intra-arterial thrombolysis 
offers several advantages as compared to sys-
temic thrombolysis such as lesser thrombolytic 
dosage and localized high concentration, thus 
leading to minimal systemic side effects and 
fewer chances of hemorrhage [16, 29].

The IAT should be combined with balloon 
angioplasty with or without stent placement if the 
HAT is associated with anatomic defects (kink-
ing, stenosis) [15, 29]. Currently, many centers 
are attempting PTA and/or stent placement in 
cases of HAT in combination with IAT [29]. 
However, PTA is associated with few complica-
tions such as thrombosis, vascular dissection, and 
rupture.

Acute HAT occurring in the first 5  days is 
managed by surgical revision at most of the cen-
ters. The time period for application of IAT is 
usually from 1–3 weeks to 1–3 months posttrans-
plantation as proposed by Saad et  al. in 2007 
[15]. However, in cases of co-morbidities, when 
surgical revision is not feasible, successful IAT 
can be performed even in the first week posttrans-
plantation [30]. Although in such cases the com-
plication rate is significantly higher, IAT is the 
best option available for graft salvage.

Although there is ample proof of the safety 
and efficacy of endovascular revascularization 
interventions, the risk of hemorrhagic complica-
tions should be kept in mind before attempting 
them. These methods may help to avoid re- 
transplantation, but only in asymptomatic 
patients [6, 16, 29]. There is also a lack of spe-
cific guidelines for IAT application in the litera-
ture although many different agents and regimens 
do exist.

It has been established that retransplanta-
tion after HAT has a better survival rate com-
pared with revision or thrombolysis [5]. The 
patients who are symptomatic and show 
severe graft dysfunction due to early HAT 
require retransplantation.

 Endovascular Technique
Access into the femoral artery is obtained with 
the insertion of a 5/6-F sheath. Diagnostic arte-
riography is performed using a diagnostic cobra 

17 Vascular Complications after Hepatic Transplantation: Role of Interventional Radiology in Management



220

catheter. The occluded segment is then crossed 
with using a 0.014- or 0.018- inch guidewire 
with a microcatheter coaxially within the 5F 
guide catheter. After crossing the thrombosed 
segment continuous infusion thrombolysis is 
performed through a multiple-side- hole-
infusion catheter. When the placement of multi-
ple-side-hole-infusion catheter is not feasible, 
especially in LDLT cases, where the diameter of 
the artery is less, a micro- catheter having single 
end hole is kept in situ for thrombolysis. 
Thrombolytic agents such as tissue plasminogen 
activator (TPA) and urokinase are employed. 
Intra-arterial heparin is also administered con-
currently through the sheath kept in situ in the 
femoral artery. Angiography is repeated within 
24  hours followed by adjunctive techniques 
such as balloon maceration and/or attempted 
angioplasty or stent placement. Based on the 
patient’s angiographic findings and the patient’s 
clinical status the decision to continue throm-
bolysis is made. In case of a suboptimal PTA 
result, the stent is placed over the stenosed ves-
sel segment. Both balloon-expandable and self-
expandable stents can be employed including 
coronary drug-eluting stent (DES) [31].

17.3.1.2  Hepatic Artery  
Stenosis [HAS]

HAS has been defined as narrowing in the HA 
diameter leading to graft ischemia. Significant 
HAS is defined as reduction in HA diameter by 
50% on angiography and Doppler ultrasound 
(DUS) findings of PSV more than 400 cm/sec, RI 
less than 0.5(beyond stenosis), and a parvus- 
tardus waveform. This is also accompanied by 
elevation in LFTs [32–34]. HAS is also associ-
ated with high morbidity and mortality.

HAS has a known incidence of 2% to 13% in 
transplants and mostly develops at the level of the 
anastomosis [32, 34]. It commonly occurs within 
3 months after OLT [35]. Saad et al. emphasized 
that HAT may progress to HAS in 65% of cases 
after 6 months of no treatment or management.

The median time to diagnosis following OLT 
has been reported to be 100 days which was also 
reported by Denys et  al. [36]. Similar to HAT, 
HAS may be divided into two groups: HAS 

occurring within 30 d after OLT (early HAS), and 
HAS occurring more than 30 d after OLT (late 
HAS). The incidence of early HAS is 40% as 
compared to a 60% incidence rate of late HAS.

Many of the patients are asymptomatic on pre-
sentation and are diagnosed on DUS screening. 
The only abnormality noted is elevated LFTs. 
This is the reason why post-operative screening 
is mandatory since the presentation of HAS is 
insidious. DUS has a reported sensitivity of 
100%, specificity of 99.5%, a positive predictive 
value of 95% and a negative predictive value of 
100%, and an overall accuracy of 99.5% in diag-
nosis of early HAS [35, 37]. The biliary compli-
cations following HAS include biliary strictures 
and bile leaks with an incidence of 67% in 
patients with post-transplant HAS. However, the 
rate is still less as compared with HAT [38].

The risk factors for the development of HAS 
include perioperative factors (technical) of vas-
cular injury (microvascular injury from cold 
preservation of the liver, clamp injury, intimal 
dissection, faulty placement of anastomotic 
sutures) and donor and recipient factors (exces-
sive length with kinking and angulation, differ-
ences in vessel caliber that require oblique 
anastomosis). The other factors include extrin-
sic compression and microvascular injury, i.e., 
vasa vasorum disruption, acute cellular rejec-
tion and prior transarterial chemoembolization 
(TACE) [32].

The management options include surgical 
revision, retransplant, or percutaneous endovas-
cular interventions.

The interventional radiological procedures for 
HAS treatment include PTA with balloon dilata-
tion with or without stent placement or direct 
stent placement across the stricture (Fig. 17.1a, b, 
c). Both of these methods are efficacious and 
show similar complication rates and decrease the 
re-transplantation rate [39].

Significant HAS treatment by PTA alone may 
lead to arterial dissection and rupture in 7% 
cases. Delayed complications include HAT with 
a 5% incidence. Primary stenting of the HA is a 
feasible option and as reported by few authors 
offers a low complication rate with an acceptable 
1-year patency rate. The complication of HAR or 
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extravasation during PTA can be managed by use 
of graft-covered stents as employed and reported 
by Boyvat et al. This allows for safer endovascu-
lar intervention and has an acceptable benefit/risk 
ratio [40].

In case of failure of endovascular intervention 
techniques surgical revascularization should be 
done specially in cases of biliary complications.

Abbasoglu et al. reported 35 cases of surgical 
revision in their study using various techniques. 
The surgical revision techniques include aorto- 
hepatic iliac artery graft placement, autologous 

saphenous vein patch angioplasty and resection 
of the stenotic segment either with primary re- 
anastomosis or with interposition of a banked 
iliac artery or saphenous vein graft [33].

It has been noted that patients with HAS not 
receiving endovascular management have twice 
the risk of development of biliary complications 
and a decreased survival as compared to patients 
receiving this line of management [41].

The overall mortality reported in the proce-
dures for management of HAS is 20% and is 
mainly attributed to the surgical revision group.

a

c

b

Fig. 17.1 (a) Stenosis noted at the site of anastomosis 
between the graft and recipient hepatic artery (black 
arrow). Angiogram is taken with the diagnostic catheter in 
the hepatic artery proper. (b) Fluoroscopic image showing 

balloon mounted covered stent deployed across the site of 
stenosis. (c) Post-stent placement checks angiogram taken 
from diagnostic catheter in the main hepatic artery show-
ing resolution of stenosis
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It has been suggested that HAS can be an early 
sign of chronic rejection and so every HAS patient 
should be screened for chronic rejection [33].

17.3.1.3  Hepatic Artery 
Pseudoaneurysm [HAP]

HAP is defined as a pooling of blood outside the 
arterial wall due to leak from the vessel occurring 
mostly due to iatrogenic HA injury. A persistent 
communication exists between the cavity and the 
artery. HAP has a low incidence rate ranging 
from 0.27 to 3% [42, 43].

Most of the HAP occurs in the early postop-
erative period around 1-month posttransplant. 
The median time reported varies from 13.4 to 
29 days post-OLT [44].

The clinical presentation may widely vary 
from the patient being asymptomatic, having 
abdominal pain associated with fever, gastroin-
testinal bleeding (25%), massive hemorrhage 
through the abdominal drain (31%), and with 
hemorrhagic shock. Hemorrhagic shock was the 
most frequent mode of presentation in the series 
of Volpin et al. [44].

The predisposing factors include peritoneal 
infections, technical difficulties during the com-
pletion of arterial anastomosis and biliary leak 
[45]. It has been found that the patients in whom 
bacterial or fungal organisms were isolated from 
the peritoneal fluid or the arterial wall the rate of 
extrahepatic. HAP is very high.

The diagnosis of HAP can be made by DUS, 
contrast-enhanced CT scan, or angiography.

The management options include endovascu-
lar management or surgical repair.

The HAP can be excluded with a covered stent 
placed across its origin from the hepatic artery 
(Fig. 17.2a, b) [44]. This method is the preferred 
choice of treatment. There is no effect on the liver 
functions as well as the biliary system. The other 
IR methods include percutaneous injection of 
thrombin into the aneurysmal lesion using USG 
or CT guidance or coil embolization of the aneu-
rysmal sac.

The surgical treatment includes urgent lapa-
rotomy for HA ligation. However, the immedi-
ate postoperative mortality is 60%. Also, it may 
lead to impaired hepatic functions and final loss 

a b

Fig. 17.2 (a) Angiogram is taken with diagnostic cathe-
ter in hepatic artery proper showing a large pseudoaneu-
rysm arising from the anastomotic site. (b) Balloon 
mounted covered stent placed in hepatic artery across the 

site of origin of pseudoaneurysm. Angiogram shows no 
evidence of pseudoaneurysm. Note the reduced caliber of 
hepatic artery distal to stent due to arterial spasm (black 
arrow)
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of the transplanted liver thus requiring retrans-
plantation [44, 46].

The HAP occurs most commonly within first 
5 weeks posttransplant. It has been found to be 
associated with a high mortality rate ranging 
from 69 to 100% [43, 44, 47]. The management 
includes opting for endovascular management 
followed by surgical management in case there is 
failure of endovascular management.

17.3.1.4  Hepatic Artery Rupture 
[HAR]

Hepatic artery rupture can be defined as hemor-
rhage occurring from the main hepatic artery or its 
branches and in most of the cases is a complication 
arising from hepatic artery pseudoaneurysm. It has 
very low incidence rate of 0.64% [48]. This entity 
carries a very high rate of graft loss and mortality 
and the need for retransplantation.

The etiology of HAP leading eventually to 
HAR is infectious especially fungal infection. 
The median time of development of HAR from 
transplantation is 29 days [48]. The patient may 
present with hemoperitoneum, gastrointestinal 
bleeding, hematoma, or hemobilia. Biliary leak 
may also be concurrently noted in few patients.

The diagnosis is possible by various radiologi-
cal techniques, but since almost HAR is an acute 
life-threatening emergency, the patient is imme-
diately taken up for endovascular interventions or 
surgery.

The therapeutic possibilities include IR man-
agement and surgical interventions. The inter-
ventional procedures include embolization with 
or without covered stent graft placement across 
the site of rupture.

The surgical intervention includes definitive 
ligation of hepatic artery, anastomotic revision, 
aorto-hepatic grafting, or retransplantation. The 
expected complications after HA ligation include 
ischaemic biliary complications such as isch-
aemic cholangitis which can be managed by 
 percutaneous interventional techniques. It has 
been recommended by Boleslawski et al. in a ret-
rospective study that HA revision should be 
avoided especially when mycotic pseudoaneu-
rysms are suspected [48].

17.3.2  Venous Complications

The venous complications include complications 
related to the portal vein as well as the hepatic 
veins. They are less frequent as compared to arte-
rial complications with an incidence rate of 3% 
[4, 5, 35, 49]. However if these occur in the early 
postoperative period, they lead to significant 
morbidity and mortality [49, 50]. Also these are 
found to have a higher incidence in pediatric liver 
transplants [50].

The most common site of involvement is the 
site of anastomosis. The portal vein complica-
tions include portal vein thrombosis and portal 
vein stenosis. The hepatic venous and caval 
complications depend upon the type of anasto-
mosis. The end to end anastomotic complica-
tions include thrombosis and stenosis (<2%), 
whereas in piggyback anastomotic complica-
tions include thrombosis, stenosis, and kinking 
(<2%) [4, 5, 51].

All these complications may also be classified 
as either early (<1 month) or delayed (>1 month) 
complications.

17.3.2.1  Portal Vein Complications
The incidence of portal venous complications 
ranges from 1–3%. The portal vein thrombosis is 
mostly noted in the postoperative period with an 
incidence of <3% whereas portal vein stenosis is 
noted in 2–3% cases. As mentioned earlier these 
complications are more common with pediatric 
transplantation. These are also noted more com-
monly with split liver and LDLT transplants [52].

The endovascular interventional procedures 
are the first line of management for these compli-
cations except for early PVT.

 Portal Vein Thrombosis (PVT)
The incidence of PVT ranges from 0.3–2.6% 
[53]. In a study by Duffy et al., an incidence of 
2% was noted in more than 4200 patients [5]. The 
clinical presentation varies according to the time 
of development of PVT. When the PVT is early, 
acute graft failure occurs. When the PVT is 
delayed the manifestations include upper gastro-
intestinal bleed due to varices, ascites, etc. And 
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the severity depends on the extent of formation of 
portocaval collateral circulation [54].

The etiology of PVT is most commonly due to 
technical factors such as redundant vein as well as 
kinking with or without stenosis at the site of anas-
tomosis. Other factors include prior surgery 
involving the portal circulation, pre-transplant 
PVT requiring thrombectomy, small diameter of 
portal vein (<5 mm), hypoplastic portal vein, sple-
nectomy, large portosystemic collaterals and use 
of venous conduits for portal vein reconstruction.

The Doppler USG is the most convenient 
diagnostic tool for recognizing PVT. Hence the 
posttransplant screening protocol involves per-
forming DUS either once or twice daily until 
postoperative day 5 or in deranged LFTs or case 
of clinical suspicion [55, 56]. Recently it has 
been found that the CEUS can help in assessing 
the severity of PVT based on parenchymal perfu-
sion status.

The IR management options include percuta-
neous thrombolytic therapy via the transjugular 
intrahepatic portosystemic shunt creation, tran-
shepatic route, or the transplenic route. The 
above routes can also be used for portal vein 
angioplasty with or without stent placement 
[57]. An indirect method which can be used 
only for thrombolytic therapy involves cannula-
tion of superior mesenteric artery for thrombol-
ysis [58].

PVT can also be managed with systemic anti-
coagulation or surgical methods including surgi-
cal revision or retransplantation.

The various management options can be 
employed according to the time of presentation. 
In case of early and complete PVT occurring 
within72 hrs of transplantation, the management 
is surgical. In a patient showing Multiorgan 
Dysfunction Syndrome (MODS), surgical revi-
sion of the anastomosis should be done. If the 
cause of thrombosis is kinking or twisting, anas-
tomotic revision is done with systemic anticoag-
ulation. If the anastomotic revision fails to resolve 
the issue, retransplantation is required.

If PVT occurs within 72 h and 30 days post-
transplantation, the first line of management is 
non-surgical. The most preferred treatment is 

percutaneous thrombolysis with stent placement. 
Cherukuri et  al. reported that the thrombolytic 
doses should be kept low and maintained only 
for a period of few hours [59, 60]. The route for 
stent placement is either via the transhepatic 
route or via trans jugular intrahepatic route (the 
TIPS route). The TIPS approach is preferred in 
patients with coagulopathy and ascites [61]. The 
success rate with the IR management options 
ranges from 68 to 100%. The mortality and mor-
bidity rate have been found to be 0% and 11% 
respectively [62].

The abovementioned protocols are not strin-
gent though. Percutaneous thrombolysis with 
stent placement can even be performed in the first 
3  days posttransplantation in patients unable to 
undergo surgical revision due to co-morbid 
conditions.

When the presentation of PVT is late, i.e., 
occurring after 30  days of transplantation, the 
management varies according to presentation. 
Observation is recommended in cases of normal 
hepatic functions with hepato-portal collateral 
and portal cavernoma formation [63]. The cases 
presenting with gastrointestinal bleeding or 
ascites should be managed with percutaneous 
transhepatic or transjugular approaches. 
Complete recanalization can also be attempted 
with systemic low dose recombinant tissue plas-
minogen activator (rt-PA) continuously with 
10 days along with 25,000 IU heparin per hepa-
rin [64].

Thus, with prompt diagnosis and proactive 
management the portal vein thrombosis can be 
treated effectively.

 Endovascular Technique
 (a) Thrombolysis through percutaneous transhe-

patic or transplenic portal vein cannulation:
An 18 G co-axial needle is used to take a 

transhepatic puncture of a peripheral branch 
of right portal vein. The portal vein can also 
be accessed by taking a trans-splenic punc-
ture of a peripheral branch of splenic vein. 
An 8 Fr sheath is used to secure the access 
using Seldinger’s technique. Then a large 
thin-walled thrombus aspiration introducer 
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catheter of 8 Fr (90 cm Cordis Corp., USA, 
or a 100 cm  Boston Scientific Corp. USA) is 
used to aspirate the thrombus, as much as 
possible. Finally, a multiple side hole cathe-
ter of 4 Fr. (Cook Corp. USA) or a micro-
catheter with single end hole is introduced 
into the thrombus depending upon the vessel 
diameter and kept in situ to continuously 
deliver rt-PA or urokinase (0.5–1.5 MIU/d) 
for local thrombolysis ranging from 3 to 
10  days based on the amount of thrombus. 
The sheath is also attached to continuous 
heparin infusion (30–200  mg/d). 
Concurrently clopidogrel (75–150  mg/d) or 
enteric-coated aspirin tablet (100–150 mg/d) 
is also administered to patients with platelet 
counts greater than 300 × 109/L.

Monitoring of thrombin time (TT) and 
activated partial thromboplastin time (APTT) 
is done to maintain TT at 1.5–2.5 times the 
normal range, and APTT at 2–2.5 times the 
normal range. After the treatment is com-
pleted and the catheter and sheath are with-
drawn, the tract embolization is done using 
coils with or without glue to prevent iatro-
genic bleeding (Fig.  17.3). The patient is 
then continued on intravenous heparin or 

subcutaneous low molecular weight heparin 
(LMWH) for additional 2  weeks and then 
switched over to oral warfarin sodium for not 
less than 1  year. During this duration, the 
patients are monitored with standard blood 
tests and the international normalized ratio 
(INR) which is maintained in a range of 2.0 
to 3.0. Abdominal ultrasound and CT angi-
ography are repeated every 1–3  months as 
required.

 (b) Thrombolysis through transjugular intrahe-
patic portosystemic shunts (TIPS)

The right IJV puncture is taken and access 
secured using a 6 Fr sheath. The right hepatic 
vein is then accessed using 0.035-inch hydro-
philic guidewire and Kumpe catheter and then 
exchanged with a super stiff Amplatz wire. 
The 10 Fr long sheath (RUPS 100 system, 
COOK Corp, USA) is then introduced into the 
right hepatic vein and access secured. A 
branch of right portal vein is punctured using 
a long needle under ultrasound and fluoros-
copy guidance. Contrast injection is done to 
confirm the puncture followed by the intro-
duction of Terumo wire through the portal 
vein into the SMV.  An angiographic run is 
taken by the introduction of a 4 Fr. catheter 
into the SMV to delineate the extent of throm-
bosis. Once the thrombosed segment is 
reached, the thrombolysis is performed as 
described above.

 Portal Vein Angioplasty and/or Stenting
The thrombosed segment of portal vein is crossed 
employing one of the abovementioned 
approaches. Portography is done to understand 
the extent of thrombosis. The thrombus is macer-
ated using a balloon catheter, 8 to 10  mm in 
diameter. This is followed by stent placement. 
Stents of same diameter (10 mm) or 1 to 2 mm 
larger diameter are used. The length of the stent 
varies from 4 to 10 cm depending on the extent of 
thrombotic segment. Post stent placement, bal-
loon dilatation of the stent is done, if stenotic 
deformity of the stent is noted. This is followed 
by check portography to confirm the opening up 
of the portal system.

Fig. 17.3 The hepatic tract closure is done by coils 
deployed through the sheath followed by glue
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 (c) Indirect thrombolysis via superior mesen-
teric artery cannulation using femoral or 
radial artery approaches [58].

The celiac axis and the superior mesen-
teric artery are catheterized via the femoral 
or the radial approaches after securing the 
access using a 5 Fr sheath. Indirect PV-SMV 
angiography is taken. Few holes are created 
at the front of Cobra catheter. Urokinase or 
rt-PA is then administered into the SMA 
through this catheter at an intensive dosage. 
Then, the catheter is left in situ and the 
thrombolysis is continued with urokinase 
(0.75-1.5 MIU/d) or rt-PA for a duration of 3 
to 10  days. The rest of the management is 
same as what has been described above.

 Portal Vein Stenosis (PVS)
The incidence of portal vein stenosis is unknown. 
It may present with complications of portal 
hypertension such as upper GI bleed from vari-
ces, ascites, splenomegaly, or directly with graft 
failure [65]. However most of the cases are 
asymptomatic and are usually detected during 
routine DUS.

The risk factors of PVS majorly includes sur-
gical anastomotic errors. Since in pediatric popu-
lation, there is discrepancy between diameter of 
donor and recipient portal vein this group is espe-
cially at a higher risk of PVS [49]. It has also 
been found that neoadjuvant chemotherapy prior 
to hepatic transplant such as in cholangiocarci-
noma is a predisposing factor for PVS.

The early PVS is considered to be a conse-
quence of surgical error, whereas the late PVS is 
assumed to be as a result of fibrosis or intimal 
hyperplasia [66]. If PVS is not managed promptly 
it may progress to PVT.

The diagnostic criteria takes into consider-
ation the portal vein caliber, pre- and post- 
anastomotic velocities noted on DUS. Significant 
PVS has been defined as a portal stenosis ratio 
of >50% [67]. The portal velocity ratio is calcu-
lated as velocity at the site of stenosis: velocity 
in the pre-stenotic segment and a ratio of >3:1 is 
considered as significant PVS. A pressure gradi-
ent of >5 mm Hg across the stenosis is consid-

ered significant and is an indication to initiate 
treatment [66].

Surgical treatment involves anastomotic revi-
sion or retransplantation. In cases of asymptom-
atic patients with normal LFTs, regular follow-up 
and DUS screening may be enough without any 
active management.

The interventional radiological management 
is now considered as the first line of treatment for 
PVS [68, 69]. The approach to PVS may be via a 
transhepatic or transplenic or transjugular intra-
hepatic route although the right transhepatic 
route is preferred (Fig.  17.4a) [70]. It was 
reported by Shibata et  al. that a single balloon 
dilatation could maintain patency in 77.7% 
patients (mean follow-up of 24.8 months) [68].

The PVS can be managed by balloon dilata-
tion with or without stent placement (Fig. 17.4b, 
c, d, e, f). The stent can be placed either in the 
first setting or in cases of recurrence or inade-
quate response on balloon dilatation depending 
on the severity of stenosis (Fig. 17.5). It is recom-
mended to start anticoagulation therapy for the 
prevention of portal vein or intrastent thrombosis 
using low molecular weight heparin, warfarin, or 
aspirin [71]. A follow-up every 1–3  months is 
advised in which the patient is screened for the 
status of the portal vein and intra-stent flow with 
DUS. The patients are monitored with standard 
blood tests and INR value which is maintained 
between 2.0 to 3.0. CT angiography can be per-
formed in cases of abnormality found on DUS for 
confirmation.

Thus, it has been established now that the IR 
management is the method of choice for treat-
ment of PVS with high success and a low compli-
cation and recurrence rate.

17.3.2.2  Hepatic Vein and Inferior 
Vena Cava Complications

The incidence rate of transplant outflow obstruc-
tion by kinking, stenosis or thrombosis of IVC or 
hepatic veins is less than 3% [51]. Clinical pre-
sentation varies from ascites, pleural effusion, 
Budd–Chiari Syndrome, lower limb edema, 
allograft loss, and multiorgan failure [72]. The 
main risk factor for early complication includes 
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a b

c d

e f

Fig. 17.4 (a) Ultrasound-guided puncture taken in a 
branch of right posterior portal vein supplying Segment 6. 
Contrast runs through the needle in fluoroscopy shows 
opacification of the branch. (b) Portogram is taken by place-
ment of diagnostic catheter in the right portal vein via the 
access secured through trans-hepatic route in Segment 6 
branch of the right posterior portal vein. Note the sites of 
portal vein stenosis in right anterior (short thick arrow) and 
right posterior (long thin arrow) portal vein branches distal 

to bifurcation. (c) Angioplasty/balloon dilatation of the right 
anterior portal vein stenosis. Note the neck in balloon which 
shows the site of stenosis. (d) Post dilatation check porto-
gram shows opening up of right anterior portal vein stenosis. 
The stenosis in the right posterior portal vein branch is still 
noted. (e) Angioplasty/balloon dilatation of right posterior 
portal vein stenosis. Neck at the site of stenosis is noted 
while dilating the balloon. (f) Check portogram post-angio-
plasty shows opened up portal vein stenosis
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surgical errors in anastomosis, whereas late 
 complications are due to fibrosis or extrinsic 
compression from enlarged liver [73].

The diagnosis is made by DUS or CECT. The 
techniques to minimize the risk of development 
of vascular complications include anastomosis 
by piggyback or modified piggyback techniques. 
The piggyback technique involves resection of 
the recipient IVC and interposition of donor 
intrahepatic IVC with end-to-end anastomosis 
[74]. The modified piggyback technique involves 
using of three hepatic veins for anastomosis. This 
has been found to be related to fewer complica-
tions and hence is the preferred method of anas-
tomosis [75].

Hepatic venous stenosis is specific to LDLT 
and has a reported incidence of 2 to 4% thereby 
leading to Budd–Chiari Syndrome.

The method of choice for management is by 
interventional radiological methods either by the 
transjugular approach (preferred) or transhepatic 
approach. Most of the cases are resolved by a 
single session of balloon angioplasty; however, 
multiple angioplasties may be required. 
Angioplasty with stent placement may also be a 
considerable option with a high success rate of 
73% to 100% [76]. In cases of severe allograft 
dysfunction or multi-organ failure retransplanta-
tion is advised. The mortality rates of the patients 

with this complication stand high even though 
the abovementioned treatment options are avail-
able (11.1% with IR methods versus 41.6% with 
retransplantation) [73].

 Endovascular Technique
The right IJV puncture is taken and access 
secured using a 6 Fr sheath. The stenosed 
hepatic vein is then accessed using 0.035-inch 
hydrophilic guidewire and Kumpe catheter and 
a venogram is taken to assess the severity of 
stenosis (Fig.  17.6a). The 0.035-inch hydro-
philic guidewire is then exchanged with a super 
stiff Amplatz wire. The stenosis is dilated using 
a balloon catheter, 8 to 12  mm in diameter 
(Fig.  17.6b). This may be followed by stent 
placement (Fig. 17.6c). Stents of same diameter 
(8 to 12 mm) or 1 to 2 mm larger diameter are 
used. The length of the stent deployed is usu-
ally 4 cm. Post stent placement, balloon dilata-
tion of the stent is done, if stenotic deformity of 
the stent is noted. This is followed by check 
venography to confirm the opening up of steno-
sis (Fig. 17.6d).

17.3.2.3  Splenic Steal/Portal 
Hyperperfusion (PHP)
Syndrome

The incidence of this syndrome is approx. 4% 
and is a cause of graft ischemia [77]. This syn-
drome was earlier thought to be due to stealing of 
the blood flow of the hepatic artery by splenic 
artery due to portal hypertension and splenic 
hypertrophy. However, a recent theory suggests 
that increased portal venous flow (PHP) leads to 
decreased hepatic arterial flow and thus increases 
the flow in splenic artery [78].

The patient most commonly presents with 
deranged LFTs. If the presentation is late, fea-
tures of portal hypertension are noted in the 
recipient. In the long term, this leads to arterial 
vasoconstriction causing complications such as 
biliary strictures and reperfusion injury [79]. The 
diagnosis is suggested by DUS findings. 
Angiography along with clinical suspicion and 
DUS findings leads to confirmation of PHP 
syndrome.

Fig. 17.5 Fluoroscopic image showing an uncovered 
stent deployed across the portal vein stenotic segment
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Endovascular management is the preferred 
method of treatment. The motive of the treatment 
is to decrease the flow in the splenic artery lead-
ing to increased flow toward the transplanted 
liver. Proximal splenic artery embolization is per-
formed since it maintains the distal collaterals 

and minimizes the risk of splenic infarction 
which can lead to abscess formation and eventu-
ally sepsis. The embolizing agents include coils 
or vascular plug. The surgical methods include 
splenic artery ligation, splenectomy, or mesoca-
val shunts [80].

a b

c d

Fig. 17.6 (a) Right hepatic venogram through right jugu-
lar access shows mild stenosis at the site of anastomosis. 
(b) Fluoroscopic image shows balloon angioplasty of the 
stenotic segment being done. Note can be made of the 
neck in the balloon formed at the site of stenosis. (c) 

Uncovered stent placed across the site of stenosis after 
balloon angioplasty. (d) Check venogram shows improved 
flow across the previous stenotic site with resolution of 
stenosis after stent placement
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17.3.3  Arterioportal Fistula (APF)

APF is known to have an association with biopsy 
or percutaneous cholangiography in a trans-
planted liver and is an uncommon finding [81]. 
These are usually asymptomatic and regress 
spontaneously. When symptomatic APF may 
present with hemobilia or graft ischemia. The 
diagnosis is made by DUS when the APF is large 
and symptomatic or by conventional angiography 
of hepatic arterial system.

The choice of management is endovascular 
and the preferred embolizing agent is coiled. 
The decision to intervene is based on the clini-
cal scenario. If the APF is small and asymptom-
atic, close follow-up by regular imaging may be 
a considerable option. But this may be risky 
because if the APF becomes symptomatic or if it 
involves major hepatic arteries during this 
period, the risk of biliary ischemia post emboli-
zation increases. However early intervention in 
a small and asymptomatic posttransplant patient 
also involves the risk of hepatic artery dissec-
tion or thrombosis due to manipulation. Hence 
every patient with APF should be managed on 
case-to-case basis.

17.4  Conclusion

Hepatic transplantation is a life-saving measure 
for patients with end-stage liver disease. It is 
known to be associated with vascular complica-
tions in 7 to 11% cases. These complications 
can be a source of major morbidity to the patient 
eventually leading to graft loss and hence 
require prompt management. In recent times, 
the advances in interventional radiology have 
made it the first line of management in most of 
the cases. This treatment offers significant 
advantage to the patient being minimally inva-
sive and a very low complication rate as com-
pared to the open procedures. Hence, currently, 
interventional radiology plays an integral part of 
hepatic transplantation team along with trans-
plant surgeons and hepatologists.
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18.1  Introduction

With the evolution and advancement in medical 
science orthotopic liver transplantation (LT) has 
become an established treatment for patients with 
advanced liver disease. Refinements, as well as 
expertise in surgical techniques, improved immu-
nosuppressive agents and evolution of endo-
scopic as well as radiological interventional 
procedures, have allowed 1 year graft and patient 
survival rates of 80–95% and 5-Year rates of 
60–85% [1].

As with any complex surgery different types 
of complications are also found in case of liver 
transplantation. The most common source of 
posttransplant complication in a liver transplant 
patient is the biliary tract [2, 3].

Since the last two decades, there has been an 
increase in graft and patient survival secondary to 
effective endoscopic treatment and percutaneous 
radiological interventions in managing the biliary 
complications. Surgery is reserved only for 
refractory cases or having a complex biliary anat-
omy [4].

To understand the type of complication as 
well as to plan the protocol for management of 
the complication proper knowledge of the surgi-
cal anatomy of the biliary anastomosis is essen-
tial along with a recent magnetic resonance 
cholangiopancreatography (MRCP) [5].

18.2  Indications for Interventions 
in Posttransplant Biliary 
Complications

 1. Asymptomatic patients with elevated liver 
enzymes on routine follow-up without evi-
dence of rejection on liver biopsy.

 2. Patients with jaundice, pruritus with or with-
out anorexia.

 3. Patients with cholangitis presenting as fever, 
jaundice, with or without pain abdomen.

 4. Suspicious output from biliary drain.

Currently, initial modality for management of 
patients with such presentation is endoscopic ret-
rograde cholangiopancreatography (ERCP). 
Percutaneous procedures are reserved for patients 
with Roux en Y hepatico jejunostomy (RYHJ) or 
in patients with failed ERCP [4].

S. Das (*) 
KIMS Hospital, Bhubaneshwar, Odisha, India 

A. Mukund 
Interventional Radiology, Institute of Liver and 
Biliary Sciences, New Delhi, India

18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-6856-5_18&domain=pdf
https://doi.org/10.1007/978-981-15-6856-5_18#DOI


236

18.3  Contraindications 
for Percutaneous 
Radiological Interventions

18.3.1  Absolute Contraindication

Uncontrolled bleeding diathesis.

18.3.2  Relative Contraindications

 1. INR > 1.5
 2. Platelet counts <50,000/cc
 3. Ascites

18.4  Procedural Technique

18.4.1  Management of Biliary 
Stricture

Percutaneous transhepatic biliary drainage 
(PTBD) is indicated if there is failure or infeasi-
bility of ERCP. MRCP review is often useful in 
demonstrating the number, location, and configu-
ration of anastomosis (Fig. 18.1) along with the 
surgical notes describing the anastomosis [5].

Prior to the procedure, history of any anti-
platelet or anticoagulant drug intake needs to be 
checked and if any should be stopped 5 to 7 days 

a b

c

Fig. 18.1 (a) Stricture (long arrow) at anastomosis of right 
hepatic duct of graft and common bile duct of recipient in a 
patient of right lobe living donor liver transplant. Resultant 
mild right lobar biliary radicle dilatation (Short arrows). (b) 

Percutaneous transhepatic access followed by balloon dila-
tation of the stricture (arrows). (c) Follow up MRCP shows 
resolution of the anastomotic stricture as well as the biliary 
radicle dilatation. (Source: ILBS, New Delhi, PACS)
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before the procedure or exchanged with low 
molecular weight heparin. Platelet count should 
be above 50,000/cc and the International normal-
ized ratio (INR) should be maintained above 1.5. 
Prophylactic antibiotics prior to the procedure 
and immunosuppressant should be stopped on 
the day of procedure, at least 6 h of the empty 
stomach with intravenous (IV) fluid infusion are 
prerequisites.

It is usually performed under sedation. Most 
often the intrahepatic biliary radicles are mini-
mally dilated in post-transplant patients with 
biliary complications. So, PTBD is carried 
using a 22G Chiba needle and 0.018 inch guide-
wire (NEFF set, COOK, Bloomington, IN). 
After puncture of biliary radicle, 0.018 inch 
wire is replaced with a 0.035 inch wire using a 
dilator. The combination of hydrophilic flexible 
0.035 guidewire and angled catheter (KMP/
MPA, COOK Bloomington, IN) is used to cross 
the stricture. If internal drainage is not possible 
then 7/8/10F external drain is placed for decom-
pression of biliary system and resolution of 
inflammation. Subsequently internalization can 
be planned in next 3 to 7 days. After successful 
internalization 7/8/10 F internal–external bili-
ary drainage catheter should be placed until 
resolution of stricture. The stricture needs to be 
dilated with a balloon of size that exceeds the 
normal ductal calibre by approximately 10% 
(Fig.  18.1). Some authors recommend pro-
longed balloon inflation for 20 minutes and 
multiple repeat procedure (2–3 times) within 2 
weeks to achieve a durable result. In our institu-
tion 8 mm to 12 mm diameter balloons are used 
for a period of 3 to 5 minutes and repeated 3 
weekly until resolution of stricture (Fig. 18.1). 
In some institutions cutting balloons are used to 
incise the dense fibrous tissue of the stricture 
[6].

The hardware required for PTBD is given in 
Table 18.1.

Plastic stents can be inserted via a rendezvous 
endoscopic procedure. In patients requiring 
repeated interventions percutaneous insertion of 
retrievable covered self-expanding metallic stents 
remain a viable option.

Patients with biliary complications associated 
with hepatic artery thrombosis (HAT) are man-
aged by surgery when occur within 1 week [7].

18.4.1.1  Technical Challenges
A.  Failure of internalization because of the pres-

ence of acute angulation between donor and 
recipient bile ducts or complete obstruction or 
severe stenosis [4].

18.4.1.2  Alternative Techniques
 1. Magnetic compression anastomosis (MCA): 

In this technique, through percutaneous 
approach one magnet is placed to the proxi-
mal site of stricture and another magnet is 
placed distal to the stricture endoscopically. 
The diameter of magnet is up to 4 to 5 mm 
and the approximation of which causes 
necrosis of the intervening tissue and creates 
a pathway to traverse guidewire. The recur-
rence rates of stricture managed by this tech-
nique are lower than that after stent 
placement. However, longer length of stric-
ture, tortuous shape of bile ducts, the parallel 
orientation of proximal and distal ducts 
result in improper approximation of the mag-
nets resulting in treatment failure [4].

 2. External drainage of biliary system followed 
by a revision biliary reconstruction with HJ.
 B. Inadvertent puncture of a ligated biliary 

channel which leads to failure of internal-
ization and lifelong placement of external 
biliary drain. It can be avoided by prior 
knowledge of the type of ductal anastomo-
sis and review of the MRCP to detect such 
biliary channels beforehand.

Table 18.1 Standard hardware list for PTBD

NEFF set (COOK)

22 G Chiba needle, 0.018 
guide wire, 6F dilator 
(multiple dilator assembly)

J tip hydrophilic guide wire 
(Terumo)

0.035 inch, 150/260 cm

Kumpe (KMP)/BMC 
catheter (COOK)

5/6 Fr

J tip external biliary catheter 7 Fr/8/10 Fr
Non-compliant balloon 8 mm/10 mm/ 12 mm x 

4 cm
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18.4.1.3  Management of Bile Leak
Bile leaks are managed by percutaneous drainage 
of the biloma. Bile leak may lead to the develop-
ment of biliary stricture which can be managed by 
endoscopic or percutaneous biliary diversion [7].

In case of large leak, open surgical RYHJ may 
be required. In those cases, PTBD can be helpful 
in creating RYHJ.  The PTBD catheter can be 
used as a guide to find the duct for the anastomo-
sis with the Roux limb of jejunum.

18.4.1.4  Management of Stones 
and Sludge

Endoscopic removal is the first line of manage-
ment. In cases of failure or non-feasibility of 
ERCP or patients with extensive intrahepatic 
stones, percutaneous removal may be tried [7].

Under USG guidance the affected duct is 
punctured and an access sheath is placed. The 
first step is to look for any biliary stricture, which 

should be addressed, if present. Later the stone 
extraction balloon is used over the wire to push 
the stones into the small bowel. For hard stones, 
dormia baskets may be used to break the stones 
using a sheath.

Impacted intrahepatic duct stones and biliary 
casts cannot be removed by balloon maceration or 
snares or baskets. For them, percutaneous transhe-
patic cholangioscopy (PTCS) is required [8]. First 
PTBD using 8.5 Fr internal–external catheter is 
performed. After 2 to 3 days the tract was dilated 
with a large (16/18 Fr) catheter. The catheter was 
placed 10 to 14 days before PTCS. After tract mat-
uration PTCS was performed using 5.2 mm diam-
eter cholangioscope. The stones and casts can be 
macerated and removed using mechanical basket 
lithotripsy while for stones larger than 2 cm elec-
trohydraulic lithotripsy is used.

The management protocol for posttransplant 
biliary complications is given in Fig. 18.2.

Post liver transplant patients with biliary complications

Bile leakBiliary stricture Biliary stones/cast/sludge

Percutaneous drainage tube placement biloma

PTBD
ERCP stenting or Endo
naso biliary drainage

Successful

PTCS

Balloon dilatation of stricture

Failed or inadequate
response Failure

Internalization
External catheter

placement

PTBD followed by stone removal
with balloon maceration/snare

or basket

Roux en Y HJ

Repeated cholangitisERCP stentingPTBD catheter removal without
further procedure

Fig. 18.2 Management protocol of posttransplant biliary complications
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18.4.1.5  Technical Success 
of Treatment of Biliary 
Stricture

It is defined as resolution of intrahepatic biliary 
dilatation with free flow of contrast across the 
bile duct into the duodenum or jejunum without 
stenosis.

18.4.1.6  Technical Success 
of Treatment of Bile Leak

It is defined as a resolution of contrast leak from 
the bile duct.

18.4.1.7  Clinical Success
It is defined as the resolution of jaundice and 
other symptoms of cholangitis.

18.4.1.8  Complications
The most common complications encountered 
after PTBD are tube displacement and peritubal 
leak. Others are infection, hemobilia, pseudoan-
eurysm or injury of hepatic artery, arterioportal 
fistula, portal venous thrombosis, and pancreati-
tis [5].

18.5  Discussion

18.5.1  Spectrum of Biliary 
Complications

Various studies have shown that the incidence of 
post-liver transplantation biliary complication is 
about 10–30%, which is more common in the 
patients undergoing living donor liver transplant 
(LDLT) (30%) than dead donor liver transplant 
(DDLT) (10%) [9–11]. Multiple reconstructions, 
small calibre peripheral ducts to make anastomo-
sis, devascularisation of bile ducts during hilar 
dissection are the factors contributing to the 
increased incidence of biliary complications after 
LDLT [12–14]. It is also more common in right 
lobe graft than left lobe graft. It is likely due to 
the different anatomical orientation and length of 
the right and left hepatic ducts as well as the dif-
ferent blood supply [14].

The different types of biliary complications 
that are encountered in posttransplant patients 

are biliary stricture, bile leak, biloma, biliary 
stones, sludge or casts sphincter of Oddi dys-
function due to denervation of ampulla [15, 
16]. Biliary stricture is most common and 
makes about 40–60% of the biliary complica-
tions. It can be of two types that is anastomotic 
stricture (AS) and non- anastomotic stricture 
(NAS) in which the former is more common 
[4]. Bile leak consists of 2–25% cases. Rest of 
the complications amount to a lesser percentage 
of cases [17].

18.5.2  Risk Factors of Biliary 
Complications

The donor or graft related factors: Donor age 
(Higher age), ABO incompatibility, donation 
after cardiac death, extended donor criteria, pro-
longed cold, or warm ischemia time, prior perfor-
mance of transarterial chemoembolization 
(TACE) for hepatocellular carcinoma.

The surgical factors: Excessive dissection of 
periductal tissue, excessive electro cauterisation, 
bile leaks, small calibre bile ducts, disparity 
between donor and recipient duct.

Post-surgical factors: HAT, CMV (Cyto 
Megalo Virus) infection, rejection.

18.6  Treatment Options 
for Biliary Complications

Biliary Stricture: It is the most common type of 
complication. It can be classified as AS and 
NAS.  AS is short, isolated, and occurs within 
5 mm of biliary anastomosis. They usually pres-
ent within 1 year after LT [18]. Technical factors, 
bile leak, etc. are the causes for development of 
AS. The initial modality of choice for the treat-
ment of AS is ERCP. Patients with failed ERCP 
are managed by PTBD and resistant cases by sur-
gery [17]. NAS is longer, multiple, more proxi-
mally located. Commonly encountered causes 
are HAT, increase cold ischemia time, ABO 
incompatibility. It occurs earlier than AS with a 
mean time to stricture development of 3 to 
6 months [19]. Endoscopic therapy is also initial 
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modality of treatment for NAS but results are less 
satisfactory [20]. PTBD is an alternative but 
require multiple interventions. 50% require 
retransplantation [19].

In case of AS the predictors of difficult and 
poor outcome of endoscopic management are as 
follows [5, 21]:

 1. Multiple duct anastomosis/ductoplasty.
 2. Anastomosis near hilum close to secondary 

biliary confluence.
 3. Late onset or delayed diagnosis of biliary 

stricture resulting in more tight/fibrous 
stricture.

 4. Narrow or separate duct type stricture.
 5. Pouched or round shape of distal duct tip.
 6. Sharp acute angulation of the proximal and 

distal anastomotic bile ducts.

Hisatsune et al. [22] has classified the anasto-
mosis into 4 types according to the configuration. 
They are fork type, triangular, intermediate, and 
pouched type. Among which pouched type has 
higher failure rates with ERCP.

Pasha et al. [23] have found that early stricture 
presenting within 1 month has a high ERCP success 
rate while late stricture has less ERCP success rate 
because of the fibrotic nature of the later. So, these 
difficult types of strictures as well as those with 
RYHJ may be managed by PTBD initially. PTBD in 
comparison with endoscopy is relatively more inva-
sive with a higher incidence of complication like 
hemorrhage, peritubal leak, need to keep an external 
catheter that is liable to be displaced. Very few stud-
ies have compared ERCP and PTBD head to head. 
The results of this study showed similar success and 
complication rates for both ERCP and PTBD [24].

In the study by Wadhawan et al. [25] technical 
success rate of ERCP was 75%, PTBD was the 
salvage procedure to manage majority of the fail-
ures. The success rate reaches upto 91% in the 
cases managed by both PTBD and ERCP. Rarely, 
both ERCP and PTBD fail (about 9%). In those 
cases surgical intervention like Roux en Y HJ or 
retransplantation is required.

Few studies [5, 26] have shown high efficacy 
and safety of PTBD as a first-line therapy in 
patients where ERCP is infeasible as well as a 
salvage procedure in those endoscopic treatment 

failed for management of post-liver transplant 
biliary complication.

MCA is a new treatment modality in case of 
completely obstructed biliary stricture. A recent 
literature review has shown recanalization can be 
achieved in 88% of patients with duct to duct 
anastomotic stricture using MCA [27].

Kim ES et  al. [28] have found PTBD to be 
successful in treating bile duct anastomosis stric-
ture in 60% of patients, but taking into account 
repeated sessions of PTBD the success rate 
reached up to 87%. In this study upsizing up to 
12 F to 14 F catheter was done and in a follow-up 
cholangiogram usually, after a period of 2 to 
6 months, if the stricture was resolved, removal 
of catheter was done.

Bile Leak: It is the next most common post-
transplant biliary complication after biliary stric-
ture and is the earliest (less than 3 months) post 
LT complication [29]. It can be classified as early 
or late according to its onset before or after 
1 month from LT [17]. Some studies have found 
that bile leaks occurring within 1  month of the 
posttransplant period are usually at the anasto-
motic site and are mostly related to technical 
issues or hepatic artery stenosis or thrombosis. 
While bile leaks occurring after 1 month of post-
transplant period mostly from the T tube insertion 
site because of delay in maturation of T tube tract.

It has been found that the prevalence of bile 
leaks does not differ according to the living or 
dead donor liver transplantation [30] and also 
according to the type of anastomosis (duct to duct 
or HJ) [18]. But a study by Kulkarni et  al. has 
revealed that the number of anastomosis is 
directly proportional to bile leak rate [31]. Single 
duct to duct anastomosis in right lobe graft has 
shown a lower incidence of leakage as compared 
to other anastomotic types. But at the same time 
this group has been found to be associated with a 
more incidence of stricture [12, 32].

The sites for bile leaks to arise can be variable 
but most commonly from the anastomosis; how-
ever other less commonly encountered sites can 
be the cystic duct remnant, the cut surface of the 
liver, or the T tube tract. The patients may be 
asymptomatic or present as abdominal pain. The 
patients with pain abdomen, ascites, and perito-
neal signs need surgical intervention. Similarly, 
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patients with large bile leaks from isolated ducts 
would mostly need surgical repair [7]. Bile leak 
patients, other than those mentioned above 
should get imaging (MRCP) for diagnosis, PCD 
(percutaneous drainage) for the biloma and 
ERCP as a therapy to treat bile leak (sphincter-
otomy and biliary stenting) which yields a high 
success rate [33]. PTBD is done as rescue treat-
ment for patients with failed ERCP or as a guide 
for surgical reconstructions [7].

Biliary Stones and Sludge: It is the third 
common posttransplant biliary complication 
after biliary stricture and bile leak with incidence 
of 5% [17]. The usual time of appearance of bile 
duct stones is at a median of one and half years 
after liver transplantation and that of casts is usu-
ally within 1  year after transplantation [21]. 
Biliary obstruction, ischemia, infection, choles-
terol super saturation, cyclosporine, etc. can lead 
to biliary stone or sludge formation [34]. They 
can be asymptomatic or can present with pain 
abdomen and features of cholangitis [17].

For patients with non-altered anatomy, endo-
scopic approach allows sphincterotomy and stone 
removal using an extraction balloon or extraction 
basket [34]. The patients in whom ERCP is not 
feasible or failed because of extensive intrahe-
patic stones PTBD followed by stone removal is 
the proposed treatment [7]. And in those with 
intractable stricture PTCS is considered the treat-
ment of choice [17].

18.6.1  Sphincter of Oddi Dysfunction

It is seen in 2–7% of patients who undergo LT 
[17]. Surgical intervention leads to oedema or 
stenosis or denervation of ampulla resulting in a 
hypertonic sphincter. Endoscopic biliary sphinc-
terotomy has a high success rate (80–100%) [17].

18.7  Advanced Equipment 
in Managing Biliary 
Complications

Peripheral cutting balloon is useful in the treat-
ment of resistant fibrous and tight biliary stric-
tures [6]. Paclitaxel eluting balloon is used as a 

new treatment for biliary anastomotic stricture 
because of its anti-proliferative property [21]. 
Covered self-expanding metal with anti- 
migrating waist to combat migration stent and a 
long retrievable string can be used in patients 
with recurrent stricture [21].

18.8  Management of Biliary 
Complications in Donors

There is a low rate of occurrence of biliary compli-
cations in living liver donors with an incidence of 
about 2.5 to 15%. It has been found that bile leak 
is the most common complication in this group 
[35]. It is seen more commonly in the cases who 
have donated the right lobe [36]. Biliary stricture 
occurs less frequently as compared to those in 
recipients [37]. The general principles and proto-
col of management in donors are similar to those 
of recipients both endoscopically or percutane-
ously and the results are also similar as well [38].

18.9  Management of Biliary 
Complications after 
Paediatric Liver 
Transplantation

The incidence of biliary complications in pediat-
ric patients following transplantation is 20-40% 
[39] with the incidence of biliary stricture about 
5–35% and of bile leak about 6–20% [40]. It is 
more prevalent in paediatric population because 
of small calibre of ducts and vascular strictures 
[21]. Since RYHJ is the most common type of 
biliary anastomosis in paediatric patients endos-
copy is difficult to perform in these cases. So, 
percutaneous treatment like PTBD or PCD con-
stitutes a minimal invasive and useful alternative 
to surgical revision [39, 41]. The management 
consists of percutaneous access and internal–
external catheter (6–12Fr) placement with or 
without balloon dilatation (5–7 mm). A study by 
R. Miraglia et al. has revealed that percutaneous 
balloon dilatation had good results, although 
prolonged treatment with multiple sessions of 
dilatations over several months is necessary to 
obtain the cure of the stricture [39].
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18.10  Conclusion

Biliary tract complications remain an important 
cause of morbidity and mortality after liver trans-
plantation. The endoscopic as well as percutane-
ous radiological interventions both are effective 
and should be considered complementary in the 
treatment of biliary complications. In case of 
duct to duct anastomosis endoscopy is consid-
ered first line while for RYHJ radiological inter-
vention is considered first line. Using these 
minimally invasive procedures further surgery 
can be avoided and patient survival will be 
better.
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