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ABSTRACT

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality worldwide, with surgical resection
as a primary healing method. However, hepatobiliary obstruction (HBO) gives a good-sized assignment, regularly
complicating perioperative management and long-term consequences. This review critically examines the
pathophysiology of HBO in HCC, its effect on surgical feasibility, and the modern advancements in diagnostic
and therapeutic techniques. We discuss the role of biliary decompression strategies, including percutaneous
transhepatic biliary drainage (PTBD) and endoscopic biliary stenting, in optimizing surgical candidacy and
enhancing postoperative restoration. Furthermore, we compare emerging approaches, along with neoadjuvant
treatment plans and minimally invasive surgical techniques, in mitigating HBO-related complications. Despite
advancements, HBO remains a main prognostic determinant, necessitating an interdisciplinary method to improve
surgical success and patient survival. Future studies have to be aware of refining danger stratification models
and integrating novel biomarkers to enhance early detection and individualized treatment strategies.
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INTRODUCTION:

Hepatocellular carcinoma (HCC) is the sixth most
common disease and the third leading cause of
cancer-related death worldwide, making it a major
global health concern.!" Particularly in areas with
endemic hepatitis B and C infections, as well as in
those with chronic liver disease from other etiologies
like non-alcoholic fatty liver disease and alcoholic cir-
rhosis, HCC is rather common. Multimodal strategies
such as surgical resection, liver transplantation, local
therapy, and systemic medicinal treatment should
be included in any suitable management approach.?

Hepatobiliary obstruction (HBO) is a common com-
plication of HCC and one of the most significant
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challenges to treat. Incidence of bile duct thrombosis
(BDT), leading to HBO, is an adverse effect in HCC
has been stated to range between 1.2% and 9%.
Studies have shown that obstructive jaundice may
be the first symptom in 1-12% of patients with HCC.
HBO specifically complicates HCC management and
determines not only the general status of the patient
but also the feasibility and outcome of potentially
curative treatments, such as surgical resections.
Jaundice, cholangitis, and compromised liver func-
tion brought on by HBO can raise surgical risk and
perhaps prevent patients from becoming surgical
candidates.?

In this review, we will describe the etiology of HBO in
HCC, review the several diagnostic methods used,
and assess the success of several preoperative and
intraoperative strategies. We will also investigate how
HBO impacts surgical outcomes, oncologic control,
and patient survival, highlighting areas of uncertainty
and suggesting potential future research avenues to
improve the management of these tough patients.

The pathophysiology of hepatobiliary obstruction
in HCC:

Hepatobiliary Obstruction Mechanism in Hepa-
tocellular Carcinoma: Often, the treatment of HCC
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complicated by HBO which significantly influences
patient outcomes. In this regard, the mechanisms
behind HBO are several. First, the growing tumor
mass might directly compress the biliary tree at
different levels, such of the distal common bile duct,
the hepatic hilum, or intrahepatic ducts. The main
tumor itself or metastatic metastasis to regional
lymph nodes might both cause this compression.
The clinical appearance and the degree of com-
plexity of later treatment depend on the site of the
compression. Second, HCC tends biliary system to
have direct invasion.* Fig. 1.

Often accompanied by inflammation and may be
cholangitis, this infiltrative growth pattern can cause
a partial or full block of the bile ducts. A particularly
tough situation is biliary invasion since it can com-
plicate complete surgical resections and may call for
more involved treatments.

Intrahepatic Ducts Compression

Hepatic Hilum Compression|

Distal Common bile
Duct Compression

Compression at Different
Levels Due to Growing Tumor

HCC direct Invasion of Biliary Tree

Compression Of Biliary tree Through
Lymph Node Metastasis

Figure 1: Hepatobiliary Obstruction Mechanism
in Hepatocellular Carcinoma

Beyond direct tumor-related reasons, past biliary
procedures can contribute to HBO even though
they are usually required for preoperative control or
palliation. Procedures such as biliary stenting or per-
cutaneous transhepatic biliary drainage (PTBD) can
introduce many possible complications. Two of these
include stent migration, stent occlusion brought
on by sludge development or tumor ingrowth, and
cholangitis brought on by bacterial colonization of
the stent or drainage catheter.® Furthermore, con-
tinuous biliary tree instrumentation may develop
strictures and hence impede bile drainage. These
iatrogenic adverse effects can further complicate
the treatment of HCC patients who already have or
are developing HBO.

The specific mechanism of HBO in a given individ-
ual should be explained for proper customization
of effective therapy regimen in patients. It is an in-
tense clinical examination combined with advanced
imaging modalities that would distinguish tumor
impact from other terms, such as biliary encasement
from the effects of previous therapy.® The surgical
resection is indicated, and the timing and type of
biliary drainage chosen, and the global therapeutic

approach, depend on knowing the etiology asso-
ciated with it. Moreover, the insight into possible
complications from past biliary interventions signifies
the necessity to carefully select patients and keep
the highest standard of technique throughout these
procedures.”

How hepatobiliary obstruction affect patient sta-
tus and liver performance:

In the context of HCC, HBO significantly lowers the
liver capacity and general patient condition. The
accumulation of bilirubin due to obstructed bile
flow causes the classical manifestation of jaundice.
Moreover, stasis of bile with possible bacterial pro-
liferation makes the patient prone to cholangitis, an
acute infection of the bile duct.” HBO beyond the
immediate hepatic effects does induce nutritional
deficits. Bile flow obstruction means that absorption
of other essential nutrients, like fat-soluble vitamins
(A, D, E, and K), are interrupted and thus leads to
malnutrition. Nutritional impairment, weight loss,
muscle wasting, and a weakening immune system
negatively impact wound healing after any surgical
intervention and increase the chances of complica-
tions, thus further worsening the patient’s general
condition and maybe even compromising their
tolerance against the therapy.®

Last but not least, HBO can greatly alter both the
efficiency of and delivery of systemic treatments for
HCC. Jaundice and impaired liver function may alter
the metabolism and clearance of chemotherapeutic
agents or targeted therapies, thus directly affecting
their efficacy and possibly increasing toxicity.® Fur-
thermore, cholangitis may necessitate the adjust-
ment or delay of planned systematic therapy, further
diminishing the prognosis of the patient. Therefore,
good management of HBO is paramount not only to
deal with the immediate consequences but also to
optimize the delivery and effectiveness of treatments
targeting cancer.

Diagnostic Evaluation:

3D reconstruction’s role in evaluating Hepatobi-
liary Obstruction in Hepatocellular Carcinoma:
In patients with HCC, properly addressing HBO de-
pends on a comprehensive diagnostic examination.
Ultrasounds are commonly used in first evaluations
since they can rapidly detect biliary dilatation and
might point out the underlying cause. Ultrasound’s
sensitivity for thorough biliary architecture and HCC
characterization of course can be restricted nonethe-
less.”® For thorough examination, then, cross-sec-
tional imaging is required. Including the amount and
degree of obstruction, computed tomography (CT)
scans offer important information on the anatomical
link between the tumor and the biliary tree. Magnet-
ic resonance imaging (MRI) paired with magnetic
resonance cholangiopancreatography (MRCP) is
the recommended modality; nevertheless, if you
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want better biliary system visualization.' Moreover,
helpful for evaluating the extrahepatic spread of HCC
and vascular involvement. Whether the source of
the obstruction is tumor compression, direct biliary
invasion, or consequences from past treatments,
MRCP provides thorough imaging of the biliary
system that lets one identify the cause. Surgeons’
planning depends on this differentiation.

Apart from imaging, the diagnostic workup depends
much on endoscopic retrograde cholangiopancrea-
tography (ERCP). ERCP provides the possibility for
therapeutic intervention, including biliary stenting to
clear an obstruction, in addition to allowing for thor-
ough visualization of the biliary tree. When the reason
for obstruction is unknown or when preoperative
biliary drainage is needed, ERCP can be especially
helpful. But ERCP is an intrusive operation with possi-
ble side effects; hence, its usage should be carefully
thought out.”> When ERCP is not physically feasible
thatis, in cases of changed anatomy or inaccessible
papilla percutaneous transhepatic cholangiography
(PTC) offers another way to view the biliary system
and clear obstruction. Usually, under fluoroscopic
direction, PTC is the direct penetration of the biliary
tree through the liver. PTC is an intrusive operation
with possible consequences like bleeding and infec-
tion, even if it can be useful in decompressing the
biliary system. The particular clinical presentation of
the patient and the available knowledge should guide
the choice of diagnostic and treatment techniques.®

Laboratory studies:

In the framework of HCC, the diagnostic evaluation
of HBO calls for a thorough approach combining
clinical assessment, laboratory investigations, and
modern imaging technologies. Establishing the pres-
ence and degree of biliary blockage, evaluating liver
performance, and maybe pointing out tumor-related
elements all depend on laboratory testing.™ A char-
acteristic of HBO, elevated bilirubin levels, especially
conjugated bilirubin, reflect reduced bile flow. Often
raised in obstructive jaundice, liver enzymes such
as alkaline phosphatase (ALP) and gamma-glutamyl
transferase (GGT) point to cholestasis. Though to
a lesser degree than ALP and GGT, aspartate ami-
notransferase (AST) and alanine aminotransferase
(ALT) may also be raised and suggest hepatocellular
damage. Moreover, the evaluation of tumor markers,
including carbohydrate antigen 19-9 (CA 19-9) and
alpha-fetoprotein (AFP) is crucial.'® Although its sen-
sitivity and specificity vary, AFP is a reliable indicator
of HCC. Although more usually linked with pancreatic
cancer, CA 19-9 can also be raised in HCC, especially
in cases including biliary involvement or obstruction.
Variations in these laboratory settings, along with
clinical results can cause suspicion for HBO and
direct additional diagnostic searches.

Although laboratory studies offer important new
perspectives on the functional effects of HBO and

might point to the presence of HCC, they are insuffi-
cient for a conclusive diagnosis or for identifying the
fundamental source of the obstruction.

Management Strategies:

Hepatobiliary Obstruction Preoperative Man-
agement: Often needing a numerous strategy, the
therapy of HBO in patients with HCC is a major
therapeutic difficulty. Optimizing patient condition
and enhancing results after HCC resection depends
on the preoperative management of HBO. Biliary
drainage, which seeks to clear blockage, lower
jaundice, and either prevent or treat cholangitis, is
a pillar of this therapy. We use two main techniques:
percutaneous transhepatic biliary drainage (PTBD)
and endoscopic biliary stenting (EBS).

Choosing the appropriate biliary drainage technique
is a critical decision that is influenced by a variety
of factors. The degree and type of obstruction are
significant factors in the decision-making process,
as PTBD is the preferred method for complex hilar or
high-grade obstructions.'® Additionally, patient-spe-
cific factors such as comorbidities, past biliary
treatments, and general performance level can also
influence the decision-making process.

Enteral nutrition above biliary drainage is the treat-
ment to benefit dietary effects of HBO. Patients with
persistent jaundice and obstruction sometimes be-
come undernourished due to limited bile flow and
decreased food absorption. Before the operation,
improve a patient’s nutritional state and liver func-
tion, and decrease postoperative complications by
nutritional support in the form of enteral or paren-
teral nutrition. Besides, it is very important to treat
cholangitis, one of the major complications of biliary
obstruction very quickly. Usually, along with antibiotic
therapy, it also occasionally requires the immediate
biliary drain for relieving pressure and evacuating
infected bile."”

Nevertheless, the optimal treatment regimen for pre-
operative HBO in HCC must involve detailed planning
with customized biliary drainage, nutritional support,
and rapid treatment of complications such as chol-
angitis. Careful evaluation must consider the degree
and nature of the obstruction, patient variables and
preferences, and resources at hand in selecting the
best biliary drainage procedure.

Methodologies for Hepatocellular Carcinoma
resections under the presence of Hepatobiliary
Obstruction: The mainstay of curative treatment
for HCC is still surgical intervention; yet, concurrent
HBO greatly complicates the surgical approach. The
degree of excision has to be precisely matched to
the particular position and size of the tumor, as well
as the biliary blockage. This sometimes calls for
additional large-scale resections, maybe including
combined biliary and liver ones. Moreover, great
thought should be paid to vascular involvement,
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which usually accompanies HBO and HCC.'® The
complexity of the case, the surgeon’s experience,
and patient-specific considerations all affect the
choice between laparoscopic and open methods,
new data points to possible advantages of minimally
invasive techniques in particular patients.

Trans arterial chemoembolization (TACE) and other
localized treatments are quite useful in circum-
stances when surgical resection is not immediately
feasible or as a bridging therapy to surgery. Within
HBO, TACE can be especially helpful for controlling
tumor load and reducing obstructive symptoms.
Depending on the particular situation and degree
of biliary involvement, other localized modalities in-
cluding stereotactic body radiation treatment (SBRT)
or radiofrequency ablation (RFA) could potentially
be taken into account. For patients with malignant
HBO, these treatments (RFA) can provide palliative
advantages by reducing jaundice and other obstruc-
tive symptoms, therefore enhancing quality of life.'®

For some patients with HCC and HBO, especially
those with underlying chronic liver disease, liver
transplantation offers a possibly curative solution.
However, the existence of HBO might complicate
the pre-transplant assessment and surgical process
even more. Determining transplant eligibility and
organizing the surgical approach depend on careful
evaluation of the biliary architecture and degree of
blockage.?’ The considerable waiting list mortality for
HCC patients on HBO emphasizes the importance
of prompt and efficient bridging treatments. Close
observation for biliary complications, which can arise
more often in patients with pre-existing HBO, is also
part of post-transplant care.

Hepatobiliary surgeons, interventional radiologists,
medical oncologists, and hepatologists must coor-
dinate their management of HCC in the presence of
HBO. Optimizing surgical plans and reducing post-
operative problems depend on careful preoperative
planning, including thorough imaging investigations
and evaluation of liver function. Although surgical
resection is still the gold standard for possibly cura-
tive treatment, for patients with advanced disease or
those not suited for surgery localized treatments and
liver transplantation provide important substitutes.?'
More study is required to hone management tech-
niques and raise results for this demanding patient
group.

Outcomes of Hepatocellular Carcinoma Resec-
tion Under Hepatobiliary Obstruction Presence:

Surgical outcomes: Patients having HCC resections
face major difficulties including HBO, which might
affect surgical outcomes. The complexity of treating
both the tumor and the biliary obstruction causes
possibly higher operative mortality and morbidity
rates in this patient population. Studies have shown
that individuals on HBO could have higher risks of

surgical consequences, including biliary leakage,
infections (especially cholangitis), and liver failure.
These issues can affect patient recovery, raise
healthcare expenditures, and extend hospital stays.??
To reduce these hazards, careful preoperative eval-
uation and optimization including suitable biliary
drainage are vital.

Managing HBO before the HCC removal depends
critically on preoperative biliary drainage. Although
drainage can treat jaundice and enhance liver func-
tion, the choice of drainage technique (endoscopic
stenting vs. percutaneous transhepatic biliary drain-
age) and time relative to surgery remain subjects of
active research. Particularly in individuals with severe
jaundice or cholangitis, several studies indicate that
preoperative drainage may lower the incidence of
postoperative complications.? Other trials, howev-
er, have sparked questions over possible conse-
quences, including stent blockage, cholangitis, and
bleeding related to drainage operations themselves.
Moreover, the best scheduling of surgery following
biliary drainage has to be carefully examined to
reduce the possibility of infectious problems. Thus,
a balanced approach taking into account the status
of the individual patient and the particular difficulties
presented by the HBO is important.

Preoperative biliary drainage affects general surgical
results in a complicated and various manner. It could
bring new difficulties even if it can enhance liver
performance and maybe lower some consequences.
Aiming to reduce problems and maximize the advan-
tages of pre-operative optimization, research keeps
looking at the best techniques for biliary drainage in
the framework of HCC resection.® To finally enhance
surgical results and long-term prognosis for patients
with HCC and associated HBO, more research is
required to define the most appropriate timing of sur-
gery after draining and to optimize patient selection
criteria and drainage methodologies.

Oncologic outcomes: A major factor is oncologic
results following hepatectomy for HCC complicated
by HBO. Available research points to a possible
deleterious influence on tumor recurrence rates by
HBO presence. This could be allocated to several el-
ements, including the possibility for enhanced tumor
diffusion during biliary manipulation, a changed liver
environment resulting from cholestasis, and difficul-
ties obtaining clear surgical margins in the framework
of complex biliary anatomy. Moreover, the necessity of
more thorough surgical treatments in these situations,
including complicated biliary reconstructions and
vascular resections, may potentially help to explain
local recurrence and distant metastases.* These
patients generally have impaired long-term survival
rates compared to those without HBO, which empha-
sizes the major effect of this issue on prognosis. HCC
patients presenting with HBO have several predictive
elements noted. These cover the basic etiology of

Gomal Journal of Medical Sciences. July - September 2025, Vol. 23, No. 3 356



Navigating the challenges of hepatobiliary obstruction in hepatocellular carcinoma resection: a review of ...

liver disease, tumor stage, and size, presence of
vascular invasion, and biliary obstruction degree and
duration. Important predictors of prognosis include
also preoperative bilirubin levels and other markers of
liver function. Long-term results can also be affected
by the type of biliary drainage operation carried out,
the degree of surgical resection, and the existence
of postoperative problems. Risk stratification and
personalization of treatment regimens to increase
survival in this demanding patient population depend
on careful evaluation of these elements.

Beyond survival, for patients with HCC and HBO,
quality of life (QoL) following a resection takes
priority. Preoperative patient well-being is highly in-
fluenced by the presence of jaundice, pruritus, and
cholangitis. Although effective biliary drainage can
reduce these symptoms, the drainage technique it-
self, e.g., stent occlusion, percutaneous transhepatic
biliary drainage can bring new difficulties including
stent occlusion, infection, and pain. Patients may
have continuing problems with changed gastroin-
testinal function, dietary limitations, and possible
long-term repercussions of biliary reconstruction
postoperatively.?> These elements can influence the
general quality of living by affecting social, psycho-
logical, and physical aspects of functioning.

Therefore, a thorough approach to managing HCC
with HBO must not only concentrate on oncologic out-
comes but also give QoL top priority. When practical,
minimally invasive treatments could lower postoper-
ative morbidity and enhance quality of life. Moreover,
minimizing long-term problems and maximizing QoL
depends on careful surgical technique including exact
biliary reconstruction. To completely grasp the effect
of HBO and its management on patient well-being
and to find chances for enhancing patient care, long-
term follow-up including assessment of both illness
recurrence and quality of life is essential.

CONCLUSION

In the framework of HCC, HBO causes a major clinical
difficulty influencing both resectability and patient out-
comes. Current data indicate that treating HBO and
optimizing patients for surgery depends critically on
preoperative biliary drainage, whether endoscopic or
percutaneous. Although both stent and percutaneous
transhepatic biliary drainage (PTBD) can efficiently de-
compress the biliary system, the technique of choice
should be customized depending on the degree
and cause of obstruction as well as patient-specific
elements. Even in the context of HBO, surgical resec-
tion is still the pillar of curative treatment for HCC; it
requires careful planning and execution and usually
involves complicated biliary reconstruction. However,
the existence of HBO raises the possibility of post-
operative problems; therefore, experienced surgical
teams and careful perioperative treatment become
even more important. To maximize treatment plans,

we thus advise a multidisciplinary approach including
surgeons, interventional radiologists, and hepatolo-
gists. Future studies should concentrate on improv-
ing preoperative biliary drainage systems, creating
creative surgical methods to reduce difficulties, and
investigating new therapy approaches for individuals
with unresectable iliness or recurrent HBO. For these
demanding individuals, constant research is ultimately
necessary to raise outcomes and quality of life.
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