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Abstract

Optimizing perioperative care in oncologic hepato-pancreato-biliary (HPB) surgery is critical to improving surgical outcomes and
long-term prognosis. This narrative review provides a comprehensive synthesis of current concepts in perioperative medicine,
including risk stratification, prehabilitation, enhanced recovery after surgery (ERAS) pathways, neoadjuvant therapy, and the man-
agement of procedure-specific complications in pancreatic and hepato- biliary surgery.

In pancreatic cancer surgery, advances in neoadjuvant strategies for borderline resectable disease, individualized antibiotic pro-
phylaxis, and structured ERAS pathways have significantly influenced clinical outcomes. Similarly, in hepato-biliary surgery, neo-
adjuvant concepts are evolving for hepatocellular and cholangiocarcinoma, while prehabilitation and risk-based ERAS implemen-
tation are gaining importance. Special attention is given to complications such as postoperative pancreatic fistula, bile leakage,
portal vein thrombosis, small-for-size syndrome, and liver failure.

Drainage strategies are discussed in light of recent guideline-based recommendations, emphasizing the importance of avoiding
prophylactic drainage in uncomplicated liver and pancreatic resections. Novel concepts such as staged hepatectomy with ALPPS,
combined vein embolization, and minimally invasive liver surgery, including robotic approaches, expand the surgical toolbox but
demand strict patient selection and high expertise.

Taken together, perioperative care in HPB oncology is transitioning toward a multimodal, individualized approach. Future direc-
tions include the integration of precision medicine in surgical oncology and perioperative care into standard pathways to further
reduce complication-related failure-to-rescue and improve oncological outcomes.
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Oncologic hepato-pancreato-biliary (HPB) surgery com-  the HPB system frequently present with advanced disease
prises some of the most complex and high-risk pro-  stages, impaired organ function, and systemic comorbidi-
cedures in surgical oncology. Patients undergoing liver, ties. These characteristics, combined with the invasiveness
bile duct, pancreatic surgery or combined resections in  of the surgical procedures themselves, render the periop-
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erative period particularly vulnerable to severe and poten-
tially life-threatening complications. Despite centralization
and improvements in surgical techniques, anesthetic and
intensive care medicine, morbidity after major HPB proce-
dures remains high.

The field of perioperative medicine aims to optimize the
entire surgical pathway - before, during, and after the op-
eration — through evidence-based interventions designed
to reduce complication rates and improve short- as well as
long-term outcomes. In the HPB setting, where postopera-
tive liver failure, pancreatic fistula, cholangitis, bile leaks,
and hemorrhage may lead to life-threatening complica-
tions, a structured, multidisciplinary perioperative strat-
egy implemented in experienced high-volume centers is
essential to minimize major morbidity and reduce failure-
to-rescue rates.'" This includes precise patient selection,
individualized risk stratification, and targeted prehabilita-
tion as well as tailored intraoperative techniques and post-
operative complication management. Thereby, periopera-
tive medicine in HPB oncology should be understood as a
dynamic, evidence-based framework that integrates surgi-
cal, anesthetic, oncologic, infectious disease, and interven-
tional perspectives. Its goal is not only to improve recovery
from major resection but also to facilitate access to curative
therapies and improve long-term survival.

Over the past decade, the concept of perioperative medi-
cine has evolved beyond anesthesiology and is increas-
ingly recognized as a multidisciplinary responsibility. Par-
ticularly in HPB oncology, recent years have seen growing
evidence supporting the use of structured preoperative
conditioning ("prehabilitation"), neoadjuvant or induction
and conversion therapies, selective use of drainage proce-
dures, and patient-specific antimicrobial prophylaxis [4-6].
These interventions not only reduce surgical risk but may
also improve oncologic outcomes by faster recovery and
consecutively avoiding delays in adjuvant or additive onco-
logic treatment protocols, reducing recurrence, or enabling
secondary resectability.

Preoperative optimization encompasses several domains:
nutritional and functional conditioning; management of
jaundice, cholangitis, and biliary drainage; tailored anti-
biotic prophylaxis; and, in select cases, augmentation of
liver volume to avoid small-for-size syndrome and postop-
erative liver insufficiency. Each component requires care-
ful balance between oncologic urgency and physiological
stabilization. In patients with borderline resectable tumors,
neoadjuvant chemotherapy or chemoradiotherapy is in-
creasingly used to improve RO resection rates and reduce
systemic dissemination. At the same time, minimally inva-
sive techniques, including robotic surgery, are being inte-

grated into HPB practice with the goal of reducing surgical
trauma and accelerating recovery.

A major challenge in the implementation of perioperative
strategies lies in the heterogeneity of disease patterns and
treatment algorithms across the hepato-biliary and pan-
creatic spectrum. This review narratively summarizes the
current evidence and emerging concepts in perioperative
medicine for oncologic HPB surgery. The review is orga-
nized by organ system and follows the patient pathway:
from neoadjuvant therapy and preoperative optimization,
through intraoperative considerations, to postoperative
(complication) management (Table 1 illustrates common
post-pancreatectomy and post-hepatectomy specific com-
plications). In the hepato-biliary section, key focus areas
include neoadjuvant approaches in hepatocellular carci-
noma (HCC) and cholangiocarcinoma (CCC), management
of malignant biliary obstruction, drainage strategies, an-
tibiotic treatment, and techniques to avoid small-for-size
syndrome. In the pancreatic section, we address neoad-
juvant therapy in borderline resectable pancreatic cancer,
prehabilitation, the role of biliary drainage, antimicrobial
prophylaxis, drain management, and post-pancreatectomy
specific complications.

Evidence in Perioperative Medicine of
Pancreatic Surgery

NeoadjuvantConcepts AgainstPancreaticCarcinoma

Pancreatic ductal adenocarcinoma (PDAC) remains one
of the most aggressive malignancies in gastrointestinal
oncology and contribute significantly to the population-
based cancer burden. In 2022, the incidence in Germany
alone was over 18,000 new cases.™ The mortality in the
same year was around 19,000, underlining the aggressive
nature of PDAC.®!

Most patients present at advanced stages, and the five-year
survival rate remains dismal. Curative treatment requires
complete surgical resection with tumor-free margins (RO
resection), meaning that the tumor-free surgical margin
is at least at 1 mm."® Formal resections are intended to
achieve this including partial pancreaticoduodenectomy,
distal pancreatectomy or total pancreatectomy. However,
whether these standard procedures should be expanded
by more radical surgical concepts - such as the TRIANGLE
operation or anterior/ posterior RAMPS (radical antegrade
modular pancreatosplenectomy) in left-sided tumors (de-
picted in Fig. 1) — is currently under investigation in ongo-
ing clinical trials. Nevertheless, surgical resection is usually
followed by adjuvant chemotherapy.”

Standard therapy naturally depends on the location and lo-
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Table 1. Specific complications in hepato-pancreato-biliary surgery
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Complication Grade A

Grade B

Grade C

ISGPS

ISGPS /ISGLS

ISGLS

Postoperative pancreatic fistula

Increased amylase activity >3
times upper limit institutional
normal serum value

Biochemical leak without
clinical consequence

Delayed gastric emptying with
Nasogastric tube needed

Post-pancreatectomy hemorrhage

Time of onset, location, severity Early (<24 hours after the

and clinical impact of bleeding
mild

Clinical condition Well

Diagnostic consequence Observation, blood count,

US and, if necessary, CT

Therapeutic consequence No

Post-pancreatectomy acute pancreatitis
Elevated serum amylase levels

management
Biliary leakage
Increased bilirubin concentration
(>3 times upper than serum
bilirubin) in intraabdominal fluid
or drain fluid on/after POD 3

Post-hepatectomy hemorrhage

Postoperative reduction of
haemoglobin level > 3 g/dI
compared to baseline and/or
necessity for PRBCs and/or
necessity for invasive

re- intervention (e.g. embolization,
re-laparotomy)

Post-hepatectomy liver failure

Postoperative deterioration of ~ Abnormal liver function
liver function, e.g. increased INR, without changes in clinical
hyperbilirubinemia on or after ~ management

POD 5 and/or neurological

symptoms.

No changes in clinical
management

Hb drop >3g/dl and/or <2
PRBCs, no intervention

4-7 d or reinsertion after POD 3

surgery), intra- or extraluminal,

Elevated serum amylase levels
for at least 48 hours without
clinical impact or changes in

Clinically relevant change in
management, drainage >3
weeks, intervention without
surgery

8-14 d or reinsertion after
POD 7

Early, intra- or extraluminal,
severe or Later (>24 hours
after the surgery), intra- or
extraluminal, mild

Often well/intermediate,
very rarely life-threatening

Observation, blood count,
US, CT, angiography,
endoscopy

Transfusion of blood,
intermediate care unit,
therapeutic endoscopy,
embolization, relaparotomy
for early PPH

Clinically relevant changes in
patient management

Diagnostic or interventional
procedures required

Require for transfusion > 2
units of PRBCs

Abnormal liver function with
changes in clinical
management but no invasive
treatment

Clinically relevant change in
management of POPF with
angiographic procedures for
POPF- related bleeding, signs
of POPF- related infection
with organ failure, POPF-
related reoperation,
POPF-related death

>14 d or reinsertion after
POD 14

Late, intra- or extraluminal,
severe

Severely impaired,
life-threatening

CT, angiography, endoscopy

Localization of bleeding,
angiography and
embolization, endoscopy or
relaparotomy, ICU

Severe, life-threatening
complications, organ failure
for at least 48 hours, intensive
care, reoperation, or death

Reoperation for biliary
peritonitis or failure

Require for radiological
interventional treatment or
relaparotomy

Invasive treatment required,
incl. ICU or death

This table summarizes the clinical definitions, grading systems, and management strategies for major postoperative complications relevant to pancreatic
and liver surgery. Complications are listed in procedural order from pancreatic fistula to liver failure. Definitions are based on consensus statements and
relevant guideline criteria from the International Study group of Pancreatic Surgery (ISGPS) and International Study group of Liver Surgery (ISGLS).'*1-137
Management approaches are stratified by severity and include interventional, medical, and surgical options. ICU = Intensive care unit, PRBC = Packed red
blood cells, POD = Postoperative day.
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Figure 1. Intraoperative View of Advanced Pancreatic Resections: Triangle Dissection and Posterior RAMPS.

(a) Intraoperative situs following partial pancreatoduodenectomy (Whipple) with completed triangle dissection. The clip (=) closes the tran-
sected, dilated common bile duct (DHC). The probe (%) identifies a narrow pancreatic duct. The proper hepatic artery (AH) is looped with a red
vessel loop. A venous interposition graft connects the superior mesenteric vein (VMS) and portal vein (*). The “triangle” between the superior
mesenteric artery (#), celiac trunk (§—), and portal vein has been fully dissected. VC = vena cava; blue loops mark the portal vein (*), superior
mesenteric vein (VMS), and reimplanted splenic vein (VL). (b) Intraoperative situs after extended left-sided pancreatic resection for pan-
creatic body cancer (posterior RAMPS: radical antegrade modular pancreatosplenectomy). Multivisceral resection including subtotal proximal
gastrectomy (anvil of stapler inserted into esophageal stump [&]), left adrenalectomy, and left colonic flexure resection. The staple line (%)
indicates the pancreatic transection margin. The splenic vein is stapled at the superior mesenteric vein (VMS). The splenic artery (§) and left
gastric artery (¥) are transected at the celiac trunk. Dissection includes the left adrenal gland and perirenal fat with identification of left renal
vein (VR) and artery (AR). Due to tumor infiltration, the transverse mesocolon and left colonic flexure were resected en-bloc.

cal extend of the tumor, the presence of metastases, and
the tumor’s involvement in major blood vessels. In patients
with resectable tumors, neoadjuvant therapy has not dem-
onstrated a consistent survival benefit and is therefore not
routinely recommended by guidelines.”” A recent meta-
analysis confirmed that overall survival of patients with re-
sectable pancreatic cancer who received neoadjuvant ther-
apy are similar to those of patients who underwent upfront
surgery.? Accordingly, neither the “local” German guide-
line for exocrine pancreatic cancer nor the international
NICE guideline recommend chemotherapy, radiotherapy,
or chemoradiotherapy for patients with pancreatic cancer
assessed as resectable.l”'%

Criteria for different treatment modalities and resecatbility
of PDAC have been clearly defined by multiple internation-
al societies, including the National Comprehensive Cancer
Network (NCCN), the European Society For Medical Oncol-
ogy (ESMO), and the International Association of Pancre-
atology (IAP)"-'3! (Fig. 2). These classifications integrate
anatomical, oncological, biological, and functional param-
eters to guide individualized treatment decisions.

« Anatomical criteria are based on the extent of tumor
contact with surrounding vessels — particularly the por-
tomesenteric venous axis and the superior mesenteric
artery — and are used to define tumors as resectable,
borderline resectable, or locally advanced. Absence of
vessel contact defines a resectable tumor, while limited
abutment or encasement of venous structures (with
reconstructability) or <180° contact with the superior
mesenteric artery (SMA) may categorize a tumor as bor-
derline resectable.

Unreconstructable venous occlusion or encasement of the
SMA >180° indicates locally advanced, non-resectable dis-
ease.

+ Oncological criteria include the presence or absence
of distant metastases (e.g., hepatic, peritoneal, pulmo-
nary), which preclude curative-intent surgery.

» Biological criteria, such as elevated CA 19-9 levels, may
indicate occult metastatic disease or biologically ag-
gressive tumor behavior and should be considered in
the multidisciplinary assessment.
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Figure 2. Resectability criteria for pancreatic cancer according to NCCN and ESMO guidelines.

This flowchart illustrates the resectability stratification of pancreatic cancer based on contrast- enhanced CT/MRI and guideline-specific cri-
teria. Resectability is defined by the absence of vascular involvement or metastases. Borderline resectable tumors show limited vascular in-
volvement, potentially resectable after vascular reconstruction (NCCN) or in the presence of biological uncertainty (ESMO). Locally advanced
tumors involve major vessels beyond reconstructive options. Distant metastases define non-resectable, systemic disease. CT = Computed
tomography, MRl = Magnetic resonance imaging, NCCN = National Comprehensive Cancer Network, ESMO = European Society For Medical
Oncology, CA 19-9 = Carbohydrate Antigen 19-9, SMA = Superior mesenteric artery.!""'3!

+ Functional or conditional status, commonly assessed
via the Eastern Cooperative Oncology Group (ECOG)
performance score, is also critical. An ECOG score <2 is
generally required for major surgery and is predictive of
postoperative recovery and long-term outcome.

In patients without distant metastases, clinical resectability
is primarily determined by anatomical criteria, with local-
ized tumors without vascular involvement considered re-
sectable. In contrast, tumors with borderline anatomical
involvement - for example, limited contact with the su-
perior mesenteric vein, portal vein, or superior mesenteric
artery - are classified as borderline resectable, provided
that biological (e.g., CA 19-9) and functional (e.g.,, ECOG
performance status <2) parameters are favourable. For
many years, neoadjuvant therapy was offered only to “in-
operable” patients, with locally advanced, technically unre-
sectable tumor status.¥ However, its role has significantly
expanded. In borderline resectable PDAC, defined by abut-
ment or short-segment encasement of critical vasculature
without frank unresectability, neoadjuvant treatment aims
to: downstage tumor-vessel involvement, thereby facilitat-
ing technically feasible resection, increase the likelihood of
RO resection, and address occult micrometastatic disease
early in the treatment course. Emerging evidence from re-
cent trials and meta-analyses suggests that this strategy

leads to improved margin-negative resection rates, lower
rates of early recurrence, and potentially improved overall
survival compared to upfront surgery.”.'

One of the earliest randomized trials from Korea in 2018
demonstrated a significant improvement in median over-
all survival (21 vs. 12 months; p=0.028) and RO resection
rates (51.8% vs. 26.1%) with gemcitabine-based periopera-
tive chemoradiotherapy in 27 borderline resectable PDAC
patients versus only adjuvant gemcitabine in 23 patients.
el Similarly, the large multicentric PREOPANC trial from
2019 confirmed superior outcomes in patients with resect-
able and borderline resectable pancreatic cancer receiving
gemcitabine-based neoadjuvant chemoradiotherapy. The
neoadjuvant therapy group demonstrated significantly
better outcomes in terms of overall survival (17.1 months
vs. 13.5 months; p=0.047), RO resection rate (65% vs. 31%;
p=0.001), disease-free survival (12.1 months vs. 7.9 months;
p=0.01), and time to distant metastasis (17.1 months vs.
10.2 months; p=0.012). Furthermore, in the subgroup of
patients who ultimately underwent resection after neo-
adjuvant therapy, overall survival was markedly improved
(29.9 months vs. 16.8 months; p=0.001).1"”? In more recent
studies, the survival benefit is becoming increasingly evi-
dent in patients with borderline resectable PDAC. As re-
cently summarized in a meta-analysis, the survival benefits
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are most pronounced in this subgroup.”’ Consequently,
these data have influenced treatment algorithms in mul-
tidisciplinary tumor boards and are reflected in updated
NCCN and ESMO guidelines.!'"!

Preoperative Optimization
Risk Stratification

Although a large meta-analysis involving 49,449 patients
found that patients aged <80 years compared to those
aged =80 years are at higher risk for 30-day postoperative
mortality (OR=2,22; 95 % Cl 1,48-3,31, p<0,001) and for
postoperative complications (OR 1,51 95 % Cl 1,25-1,83,
p<0,001),'® but, age alone should not be considered a
contraindication for major pancreatic surgery. Neverthe-
less, the complication profile in elderly patients — including
higher incidences of respiratory complications and cardiac
events contributing to prolonged hospital stay!'® - high-
lights the importance of performing a thorough preopera-
tive risk assessment that considers comorbidities and the
patient’s overall condition. Therefore, the ECOG perfor-
mance status, which stratifies patients into groups <2 and
>2, can provide direct prognostic information regarding
overall survival."

In a consequence, the IAP recommends in their 2017 Inter-
national Consensus on Definition and Criteria of Border-
line Resectable Pancreatic Ductal Adenocarcinoma that

resection should be performed in patients with an ECOG
performance status of 0, 1, or 2 - provided the tumor is re-
sectable. Patients with an ECOG performance status of >3
should not undergo resection.?

Preoperative Optimization, Prehabilitation and ERAS

Multiple measures — avoiding substance abuse, maintain-
ing balanced diet, improving nutritional status, and en-
hancing physical activity — have shown benefits with regard
to postoperative outcomes in patients who are scheduled
to undergo major oncologic surgery.?"2

Nevertheless, there are no specific recommendations for
multimodal prehabilitation in pancreatic surgery. However,
prehabilitation during neoadjuvant therapy for PDAC of-
fers a window of opportunity to enhance physical reserve
and reduce complication risk.'>' The principle of (multi-
modal) prehabilitation concepts is depicted in Figure 3.

A randomized trial from 2023 has demonstrated that even
mild-moderate exercise programs can significantly improve
six-minute walk distance.”® Otherwise, the current status
of effective prehabilitation programs in pancreatic surgery
remains limited, and robust evidence from randomized tri-
als is scarce. Consequently, clear recommendations regard-
ing comprehensive, resource-intensive, multimodal preha-
bilitation are currently lacking in existing guidelines.’*

The ERAS society guidelines for pancreatic surgery from

Figure 3. Concept of prehabilitation.

Functional recovery trajectory in prehabilitation vsersus non-prehabilitation patients. The graph illustrates the typical course of functional
capacity in patients undergoing major surgery, comparing those who received prehabilitation (blue line) to those who did not (orange line).
While both groups experience functional decline following surgery, prehabilitation patients enter the operation with a higher functional re-
serve and recover more rapidly, surpassing the minimum functional threshold earlier and approaching presurgical levels more consistently in

the post-rehabilitation phase. Adapted from Banugo et al.'*®
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2019, furthermore, provide a structured framework for
perioperative care, emphasizing multiple items that go in
line with cornerstones of multimodal prehabilitation (Fig. 4):

» Smoking and alcohol cessation at least 4 weeks preop-
eratively

«  Preoperative nutritional screening and supplementa-
tion in malnourished patients

« Encouragement of daily physical activity, including indi-
vidualized exercise programs

-+ Patient education and counselling, including expecta-
tion management

- Avoidance of prolonged preoperative fasting and im-
plementation of carbohydrate loading

» Standardized anesthesia and pain management proto-
cols

- Early oral intake and early mobilization postoperatively

These ERAS (enhanced recovery after surgery) elements
aim to reduce perioperative stress, preserve lean body
mass, and improve functional recovery and overall morbid-
ity profiles. Taken together, although robust evidence for
pancreas-specific prehabilitation protocols is still emerg-
ing, the ERAS recommendations provide a structured,

Figure 4. Core components of a multimodal prehabilitation program.

This schematic illustrates the multidimensional nature of modern
prehabilitation in surgical oncology. Key components include sports
therapy, nutritional counseling, nicotine and alcohol abstinence,
psycho-oncologic support, and patient blood management. These
interventions aim to optimize the patient’s physiological and psy-
chological status prior to major surgery and enhance postoperative
recovery. Adapted from Flemming et al.'*!

Journal of Inonu Liver Transplantation Institute

evidence-informed framework for perioperative care in
pancreatic surgery. The integration of selected ERAS com-
ponents offers a pragmatic opportunity to optimize patient
condition both before and after pancreatic surgery.

Preoperative Biliary Drainage

Obstructive jaundice is a common clinical problem in pa-
tients with periampullary carcinoma including pancreatic
head cancer, and may lead to cholangitis, liver dysfunction,
or sepsis. In such scenarios, preoperative biliary drainage
(PBD) becomes essential to stabilize the patient and ensure
safe subsequent resection. Moreover, PBD is often required
when neoadjuvant therapy is planned, as persistent cho-
lestasis has been associated with increased toxicity and
poorer treatment tolerance during systemic therapy.

The most commonly used technique for biliary decompres-
sion is endoscopic retrograde cholangio[pancreatolgraphy
(ERCP) with placement of either plastic or self-expanding
metal stents. While widely available and effective in most
patients, ERCP is associated with a significant risk of post-
interventional infection due to retrograde contamination
of the biliary tree, especially in the setting of stent occlu-
sion or incomplete drainage.?® Percutaneous transhepatic
cholangiodrainage (PTCD) provides an alternative access
route, particularly in patients with surgically altered anat-
omy, duodenal obstruction, or failed ERCP. Although more
invasive, PTCD is associated with lower incidence of post-
procedural infections and offers the advantage of external
control and monitoring of bile.

Additional drainage strategies - such as endoscopic ultra-
sound-guided biliary drainage (EUS- BD), including choled-
ochogastrostomy or choledochoduodenostomy, as well as
surgical drainage via T-tube®” — are increasingly applied in
tertiary centers, particularly in anatomically challenging or
complex cases.

The routine use of biliary drainage prior to surgery in as-
ymptomatic patients remains controversial. The random-
ized multicenter DRAINAGE trial by van der Gaag et al.l%
demonstrated that routine ERCP with plastic stenting in
jaundiced but otherwise stable patients undergoing pan-
creaticoduodenectomy led to a significantly higher rate of
postoperative complications, particularly infectious and
septic events, compared to primary surgery without drain-
age. These results strongly support upfront resection in pa-
tients without cholangitis or organ dysfunction.

Nonetheless, in defined clinical scenarios — particularly
in patients with manifest cholangitis, liver dysfunction,
planned neoadjuvant chemotherapy, or expected delay to
surgery — preoperative drainage is clinically justified and
often unavoidable. In this context, the optimal drainage
strategy remains debated. A recent meta-analysis by Wang
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et al.”® comparing ERCP and PTCD in periampullary can-
cer patients found both methods to be overall comparable
regarding drainage success, technical failure, and general
complication rates. Importantly, evidence from retrospec-
tive cohort studies suggests that external drainage (e.g.,
PTCD or surgical drainage) may be associated with lower
rates of postoperative cholangitis and pancreatic fistula
compared to internal drainage (ERCP), possibly due to the
higher bacterial load and bile contamination associated
with endoscopic approaches (Reichert et al. unpublished,
submitted).

Taken together, these findings underline the importance
of individualized treatment planning based on clinical pre-
sentation, tumor resectability, timing of surgery, planned
neoadjuvant therapy, and local expertise. The choice of an
appropriate drainage modality with respect to postopera-
tive morbidity remains the subject of ongoing clinical re-
search.

Perioperative Antibiotic Prophylaxis

It is well established that single-dose perioperative antibi-
otic prophylaxis (PAP) effectively reduces the risk of surgi-
cal site infections in gastrointestinal surgery.?>3% However,
the specific PAP regimens applied in pancreatic surgery re-
main heterogeneous across institutions and countries.

A recent randomized controlled trial by D'’Angelica et al.B"
challenged the use of narrow- spectrum antibiotics by
demonstrating that broader-spectrum PAP with piperacil-
lin/tazobactam not only reduced postoperative wound
infections but also decreased the incidence of clinically rel-
evant postoperative pancreatic fistula. These findings ques-
tion the adequacy of smaller- spectrum regimens such as
second-generation cephalosporins in high-risk pancreatic
procedures.

Retrospective studies support this trend toward broader
prophylaxis in selected patient populations, particularly
in those with preoperative biliary drainage. Krliger et al.
demonstrated significantly higher rates of bacterobilia in
PBD patients, highlighting the altered microbial landscape
and the increased risk of contamination with bile-resident
pathogens.B2 Similarly, Dimitriou et al. emphasized the im-
portance of adapting PAP regimens based on local resis-
tance patterns and individual patient factors, especially in
those with biliary drainage.®® Droogh et al.B%, in a recent
meta-analysis, went a step further by identifying a potential
benefit of prolonged perioperative antibiotic prophylaxis
specifically in patients with biliary drainage. Their findings
suggest that this subgroup might profit from an extended
PAP strategy beyond the traditional single-shot approach.

Nevertheless, the optimal duration and spectrum of PAP

in patients with biliary contamination remain subjects of
ongoing investigation.®>3% Prospective data are required to
determine whether prolonged or escalated PAP regimens
reduce surgical site infections as well as postpancreatecto-
my complications such as in high-risk subgroups - without
contributing to antimicrobial resistance.

Taken together, while broad-spectrum PAP appears ben-
eficial in selected patient populations, especially those
with biliary interventions, a universal escalation of antibi-
otic prophylaxis is not currently supported by guideline-
level evidence. Instead, an individualized, risk-adapted
approach - considering prior drainage, microbiological
colonization, and institutional resistance data - should be
pursued pending further prospective trials.

Minimally Invasive Versus Open Surgery
Distal Pancreatectomy

Minimally invasive distal pancreatectomy has evolved into
a preferred approach for selected patients with lesions of
the pancreatic body and tail, offering perioperative ad-
vantages without compromising oncologic outcomes.
Originally met with scepticism due to technical complex-
ity and limited early experience, minimally invasive distal
pancreatectomy - either laparoscopic or robotic — has now
reached the threshold of becoming standard of care in spe-
cialized centers.

The randomized LEOPARD trial, conducted across 14 Dutch
high-volume centers, evaluated the clinical effectiveness
of minimally invasive distal pancreatectomy versus open
distal pancreatectomy in patients with resectable tumors
of the pancreatic tail without vascular involvement. Time
to functional recovery was significantly shorter in the mini-
mally invasive group, and while rates of major complica-
tions (Clavien-Dindo = Ill) were similar, patients undergo-
ing minimally invasive distal pancreatectomy experienced
less delayed gastric emptying and reported better postop-
erative quality of life.?”

These findings were corroborated by large retrospective
cohort studies: in an analysis of over 8,500 open proce-
dures compared with 382 minimally invasive distal pan-
createctomies, minimally invasive surgery was associated
with lower rates of postoperative complications (30.1% vs.
39.0%, p<0.001), including a significant reduction in post-
pancreatectomy hemorrhage (13.6% vs. 20.6%, p<0.001),
as well as shortened hospital stay.®® Moreover, oncological
equivalence was demonstrated in matched cohort stud-
ies: operative time, lymph node yield and margin status
were comparable between laparoscopic (n=33) and open
approaches (n=46). Even survival outcomes, rates of local
recurrence and distant metastases showed no differences



86

between both groups.k?

Importantly, the international DIPLOMA trial, a non-in-
feriority randomized controlled trial published in 2023,
confirmed that minimally invasive resection (including ro-
botic approaches) in PDAC achieves comparable oncologic
results (RO resection rates, lymph node harvest) while of-
fering perioperative benefits such as reduced blood loss,
faster recovery, and shorter length of stay.

The clinical relevance of these findings is underscored in
recent reflections by Diaz, Hays, and Hogg,*"" who empha-
size that minimally invasive distal pancreatectomy for left-
sided pancreatic cancer has moved beyond acceptance
and should now be considered the preferred approach
in suitable patients. However, they also highlight key pre-
requisites for safe implementation: structured training,
high-volume centers, standardized perioperative care, and
appropriate patient selection remain essential. Moreover,
the broader adoption of robotic techniques is currently
constrained by cost, platform availability, and training in-
frastructure.*!

In summary, minimally invasive distal pancreatectomy
is now firmly established as a safe, effective, and increas-
ingly preferred approach for tumors of the pancreatic body
and tail without vascular involvement. While technical
expertise and access barriers remain, the convergence of
evidence, training, and innovation will continue to drive
the paradigm shift toward minimally invasive pancreatic
surgery — offering improved recovery trajectories without
compromising oncologic standards.

Pancreaticoduodenectomy

In contrast to minimally invasive distal pancreatectomy, the
adoption of minimally invasive pancreaticoduodenectomy
has been slower, mainly due to the complexity of the pro-
cedure and concerns regarding safety, complications, and
oncologic adequacy. Nevertheless, accumulating data sug-
gest that minimally invasive pancreaticoduodenectomy -
particularly robotic-assisted approaches — may offer peri-
operative advantages in selected patients when performed
by highly experienced surgeons in high-volume centers.2

A meta-analysis published in 2023 analysed data from a
total of 40,230 patients across multiple, primarily non-
randomized studies. The analysis revealed no significant
differences in complication rates, mortality, lymph node
yield, blood loss, reinterventions, or hospital readmissions,
provided the procedures were performed by experienced
surgeons.”

However, recent prospective trials present conflicting re-
sults. The EUROPA trial, a prospective randomized con-
trolled study published in 2024, compared robotic assisted
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(RPD) with open pancreaticoduodenectomy (OPD) in 81
patients with resectable periampullary tumors. The 90- day
Comprehensive Complication Index (CCl) was comparable
between the groups (RPD: 34.0+23.5 vs. OPD: 36.5+27.7;
p=0.713). However, the RPD group showed a higher rate of
clinically relevant - grade B/C — pancreas-specific compli-
cations (58.6% vs. 33.3%; p=0.046).*1 These results suggest
that while minimally invasive pancreaticoduodenectomy
may be safe overall, certain complications may be more fre-
quent due to the altered tissue handling or learning curve
associated with minimally invasive techniques.

Earlier data from the LEOPARD-2 trial, a multicenter ran-
domized study from the Netherlands, raised concerns
about safety when the study was prematurely terminated
due to an imbalance in 90-day mortality favoring the open
group. This trial highlighted the importance of institutional
experience, case volume, and structured training when im-
plementing minimally invasive pancreaticoduodenectomy
(van Hilst et al., 2019 — PMID: 30685489).

In their recent author reflections, Diaz, Hays, and Hogg
(2025) emphasize that minimally invasive pancreaticoduo-
denectomy cannot yet be considered the new standard,
unlike minimally invasive distal pancreatectomy. They
stress that safe implementation requires significant institu-
tional resources, highly specialized training, and adherence
to standardized perioperative pathways. Moreover, the
adoption of robotic platforms is still limited by cost, access,
and the need for surgeon-specific credentialing. Ongoing
and future randomized trials are expected to provide es-
sential data on long-term oncologic outcomes, functional
recovery, and complication rates.*"

In summary, while minimally invasive pancreaticoduo-
denectomy is technically feasible and may offer specific
perioperative benefits, it currently remains a procedure for
selected patients in expert hands. Open pancreaticoduo-
denectomy continues to represent the gold standard in
most settings. Further high-quality evidence is required to
establish the role of minimally invasive pancreaticoduode-
nectomy in clinical practice and to define optimal indica-
tions, learning curves, and institutional prerequisites.

Perioperative Drainage Management

In pancreatic surgery, intraoperative drain placement re-
mains a widely used strategy to detect and manage post-
operative complications at an early stage. Drains enable
monitoring of pancreatic enzyme concentrations in the
peritoneal fluid, thereby facilitating the diagnosis as well
as management of postoperative pancreatic fistula (POPF).
They may also serve as an early indicator of other life-
threatening complications such as intra-abdominal bleed-
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ing or bile leakage.

However, the clinical benefit of intraoperatively placed
routine drainage is subject to ongoing debate. A Cochrane
review published in 2021 analyzed four randomized con-
trolled trials comprising 1,110 patients undergoing pancre-
atic resection, with (n=560) or without (n=550) intraopera-
tive drainage. The analysis found no significant differences
between groups in terms of 30-day mortality, surgical site
infections, surgical reintervention rates, length of hospital
stay or quality of life. These findings suggest that routine
drainage placement may not be universally beneficial in
all patients undergoing pancreatic surgery.*¥ A key limita-
tion of these trials is the lack of stratification by risk factors
such as pancreatic texture, duct size, or the type of resec-
tion. These anatomical and procedural factors are crucial,
as they strongly influence the likelihood of POPF and other
complications. The German POMGAT guideline acknowl-
edges this heterogeneity and recommends an individual-
ized drain strategy, rather than a general recommendation
for or against intraoperative drainage.*

This routine drainage concept was recently corroborated
by the PANDORINA trial, a multicenter, randomized non-
inferiority trial investigating the safety of a no-drain policy
in distal pancreatectomy.®In this large multicenter setting
the rate of major morbidity was non- inferior in the no-drain
group compared to the drain group in both the intention-
to-treat as well as per-protocol analysis. Importantly, in the
incidence of clinically relevant POPF (ISGPS grade B/C) was
significantly lower in the no-drain group (12%) than in the
drain group (27%). These results support the interpretation
that a no-drain policy is not only safe but may reduce the
incidence of clinically relevant fistula in selected patients
undergoing distal pancreatectomy. Consequently, selec-
tive omission of prophylactic drains should be considered
the new standard in eligible patients with low risk for POPF
after distal pancreatectomy. However, this interpretation
warrants careful consideration. As highlighted in the ac-
companying editorial by Constant and Doussot,“?! intraop-
erative randomization in PANDORINA was stratified using
the Distal Pancreatectomy Fistula Risk Score, yet precise
measurement of pancreatic duct diameter and parenchy-
mal thickness may be more accurate when performed
intraoperatively via ultrasound. Moreover, a subset of pa-
tients initially randomized to the no-drain group received
intraoperative drains at the discretion of the surgeon, in-
troducing an element of crossover and potential selection
bias. This underscores the ongoing role of individualized
intraoperative judgment, particularly in the presence of
intraoperative bleeding, thick gland texture, or difficult
anatomy. Furthermore, while superiority in terms of POPF
was shown, this difference was driven predominantly by a

reduction in grade B fistulas, for which the clinical impact
is often moderate. Subclassification could provide more
granularity in future studies. The PANDORINA study did not
report this subclassification, limiting the interpretability of
the clinical impact of drain omission.>4¢

This evidence suggests that the use of intraoperative drains
in pancreatic surgery should be carefully tailored to indi-
vidual risk profiles and intraoperative findings. While rou-
tine drainage placement has not shown consistent benefit
across unselected patient populations, its selective use re-
mains critical in high-risk scenarios, such as soft pancreatic
texture and small duct diameter. One of the most feared
complications following pancreaticoduodenectomy is sec-
ondary hemorrhage due to arterial erosion in the context
of a clinically relevant postoperative pancreatic fistula. In
these cases, prophylactic drainage can be lifesaving by en-
abling early recognition of hemorrhagic or infected collec-
tions and facilitating prompt intervention. Conversely, cur-
rent evidence supports the interpretation that in low-risk
patients, prophylactic drain avoidance - or, alternatively,
early drain removal - is beneficial and associated with a re-
duced incidence of major morbidity and clinically relevant
postoperative pancreatic fistula.

Once a POPF is diagnosed, percutaneous image-guided
drainage is the preferred first-line therapy. In selected anat-
omies, endoscopic ultrasound-guided approaches may be
viable. If bleeding occurs, angiographic evaluation is es-
sential to detect and manage pseudoaneurysms or arte-
rial bleeding via transarterial embolization — an approach
shown to be safer than surgical re-intervention in recent
retrospective analyses.””

Taken together, these findings highlight a dynamic and in-
dividualized drainage strategy to reduce major morbidity,
particularly in preventing progression from POPF to life-
threatening complications:

» Avoid routine drainage in low-risk distal pancreatec-
tomy

+ Use prophylactic drains selectively in high-risk settings

+ Implement early removal protocols in favorable postop-
erative courses

« Apply interventional techniques promptly for complica-
tion control

Evidence in Perioperative Medicine of
Hepato-Biliary Surgery

Neoadjuvant Concepts Against Liver Cancer

Perioperative therapy for primary hepato-biliary tumors
- particularly hepatocellular carcinoma (HCC) and cholan-
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giocarcinoma (CCC) - has gained increasing attention in
recent years. While adjuvant therapy remains the standard
approach in many cases, selected patients may benefit
from neoadjuvant or perioperative strategies aimed at im-
proving resectability, downstaging advanced disease, and
controlling micrometastatic spread.

Neoadjuvant and Bridging Concepts in Hepatocellular
Carcinoma

Curative-intent therapy for hepatocellular carcinoma (HCC)
primarily includes either liver resection or transplantation.
1849 However, at initial diagnosis, up to 70% of patients are
deemed unsuitable for surgery due to advanced tumor
burden or impaired liver function.”>>% For patients eligible
for resection, long-term oncological outcomes remain un-
satisfactory, with recurrence rates exceeding 50% in many
series, primarily driven by intrahepatic relapse due to oc-
cult micrometastatic disease."

Against this background, neoadjuvant strategies in HCC
aim to achieve one of three objectives:

(i) bridging to transplantation in patients already within cri-
teria but at risk of tumor progression;

(ii) downstaging of initially beyond-Milan tumors to trans-
plant eligibility; and (iii) conversion therapy to enable
resection of primarily unresectable tumors.5'->4 These
multimodal strategies may include locoregional therapy
(transarterial chemoembolization [TACE], hepatic arterial
infusion chemotherapy [HAIC], stereotactic body radiation
therapy [SBRT]), tyrosine kinase inhibitors (TKIs), and im-
mune checkpoint inhibitors (ICls).

While no neoadjuvant approach has yet been established
as standard of care,®#I several promising developments
have emerged. A recent meta-analysis identified the com-
bination of aTKI, PD-1 inhibitor, and locoregional therapy as
the most effective strategy for achieving secondary resect-
ability, with improved overall survival and progression-free
survival compared to non-converted-to-resection cases.

Particularly noteworthy is a prospective early phase trial
evaluating cabozantinib plus nivolumab in patients with
locally advanced or borderline resectable HCC.5? In this
cohort of 15 patients, 12 (80%) underwent successful mar-
gin-negative resection, and 5 (42%) demonstrated a major
pathological response. Importantly, this approach proved
safe and feasible without delaying surgery. Immune pro-
filing revealed enhanced infiltration of effector T cells and
tertiary lymphoid structures in responders, suggesting that
neoadjuvant immunotherapy may reshape the tumor im-
mune microenvironment and reduce early recurrence risk.

Similarly, immune-oncology combinations such as atezoli-
zumab/bevacizumab or durvalumab/tremelimumab - ef-

ficacy currently approved in the palliative setting for ad-
vanced HCC in the IMbrave050 study and in the HIMALAYA
trial, respectively — have raised interest for potential use in
the perioperative context.’%>”! However, there is currently
no prospective clinical evidence supporting their routine
application in the neoadjuvant setting. It remains to be
seen whether these agents can be safely and effectively
integrated into multimodal perioperative treatment strat-
egies aimed at reducing micrometastatic disease and im-
proving long-term outcomes.

In summary, emerging data suggest that selected patients
with technically unresectable or borderline resectable
HCC may benefit from multimodal neoadjuvant strategies.
While preliminary results from early-phase trials are prom-
ising, the routine implementation of neoadjuvant systemic
or combination therapy prior to liver resection awaits vali-
dation in large prospective studies.

Neoadjuvant and Perioperative Concepts in
Cholangiocarcinoma

Due to different origin - intrahepatic, perihilar and distal
- cholangiocarcinomas are anatomically and biologically
heterogeneous malignancies with poor prognosis, even
after curative-intent resection.®®>! Surgical resection re-
mains the cornerstone of treatment for resectable disease;
however, only a minority of patients are eligible at diagno-
sis due to advanced tumor stage or unfavorable location.

Currently, there is no established recommendation for
neoadjuvant therapy in patients with primarily resect-
able cholangiocarcinomas. However, the concept of pre-
operative systemic therapy is increasingly investigated in
retrospective cohorts and prospective studies especially
for patients with hilar or locally advanced intrahepatic dis-
ease. Its goals include tumor downstaging, increasing the
RO resection rate, and controlling occult micrometastatic
disease, particularly in patients with borderline resectable
or initially unresectable status. Recent retrospective series
and early-phase studies suggest that neoadjuvant chemo-
therapy is feasible and can achieve secondary resectability
in selected patients.®-¢2 However, uniform criteria for ana-
tomical resectability are lacking, and definitions vary across
institutions and studies. In analogy to pancreatic cancer,
proposed resectability criteria include the biliary, vascular
and future liver remnant factor with tumor contact to the
portal vein, hepatic arteries, and bile duct involvement (Fig.
5), although prospective validation is still pending.’63-6%
Neoadjuvant systemic treatment strategies are often ex-
trapolated from the advanced-stage setting. The combina-
tion of gemcitabine and cisplatin (Gem/Cis) is currently the
standard backbone, based on the ABC-02 trial.® The ad-
dition of checkpoint inhibition with durvalumab or pem-
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Figure 5. Resectability criteria of (perihilar) cholangiocarcinoma.

This flowchart illustrates a clinical decision algorithm for resectability in patients with (perihilar) cholangiocarcinoma. Tumors without vascular
involvement (<90° contact to portal vein [PV] or hepatic artery [HA]) are considered resectable. Borderline resectable cases allow for safe vas-
cular reconstruction. Locally advanced tumors lack options for curative resection or safe reconstruction of PV/HA. Unresectability is defined
by distant metastases, inadequate future liver remnant (FLR) despite hypertrophy induction, or extensive local disease. Medical fitness also
factors into the resectability assessment. TSN = Trisectionectomy, VR = vascular resection. 6465130

brolizumab has shown a significant improvement in pro-
gression-free and overall survival in the phase Ill TOPAZ-1
or KEYNOTE-966 trials, leading to its approval for first-line
treatment in advanced biliary tract cancer.’s”6®

As demonstrated in the retrospective cohort study by ten
Haaft et al, conversion chemotherapy with gemcitabine
and cisplatin enabled secondary resectability in approxi-
mately 26% of patients with initially unresectable perihilar
cholangiocarcinoma.®” These findings support the feasibil-
ity of systemic therapy as a means to downstage tumors in
anatomically complex or locally advanced disease. Prospec-
tive evidence further underlines the potential value of neo-
adjuvant chemotherapy: the recently presented GAIN trial, a
multicenter randomized phase lll study, investigated gem-

citabine and cisplatin as neoadjuvant treatment for patients
with biliary tract cancer. The trial demonstrated a significant
improvement in overall survival (27.8 vs. 14.6 months) and a
higher RO resection rate (62.5% vs. 33.3%) compared to up-
front surgery followed by adjuvant therapy.®”

Building on these findings, the triplet regimen gem-
citabine/cisplatin/PD (-L) 1 inhibition - already established
in the palliative setting — is currently under investigation in
several neoadjuvant trials for patients with high-risk resect-
able or borderline resectable CCC. However, robust com-
parative data for this immunochemotherapeutic combina-
tion in the perioperative setting are still lacking. Thus, while
early clinical evidence supports the feasibility and poten-
tial efficacy of neoadjuvant chemotherapy in selected pa-
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tients with cholangiocarcinoma, its routine implementa-
tion remains investigational. Future prospective studies are
required to define precise selection criteria, determine the
optimal regimen and duration, and assess long-term on-
cological outcomes. Until then, integration of neoadjuvant
strategies should be guided by multidisciplinary evalua-
tion in experienced centers.

Preoperative Optimization
Risk Stratification

Major liver resections carry significant morbidity and mor-
tality, particularly in patients with impaired hepatic func-
tion or reduced cardiopulmonary capacity. A study of liver
resections by Dunne et al. demonstrated that a low anaero-
bic threshold (<11 ml/kg/min) during preoperative cardio-
pulmonary exercise testing defined high risk patients.97%
This was associated with increased postoperative compli-
cations and prolonged hospital stay.”" Other relevant pre-
dictors include advanced age, comorbidities, low skeletal
muscle mass or sarcopenia, and poor performance status,
e.g., ECOG =2. Particularly in patients with chronic liver
disease, portal hypertension, and impaired synthetic liver
function (e.g., elevated bilirubin and international normal-
ized ratio and reduced platelet count), careful functional
assessment is essential’? and liver function assessment
can guide surgical decision-making.

Taken together, structured risk stratification - including as-
sessment of liver function, nutritional and physical reserve,
and cardiopulmonary fitness - is crucial for selecting suit-
able candidates for (extended) liver resection and tailoring
perioperative management accordingly.

Preoperative Optimization, Prehabilitation and ERAS

Poor preoperative functional status is a key predictor of
adverse outcomes in hepato-biliary surgery. Multiple stud-
ies have demonstrated that low skeletal muscle mass with
sarcopenia, reduced cardiopulmonary fitness, and malnu-
trition are associated with increased postoperative morbid-
ity, delayed recovery, and prolonged length of stay follow-
ing liver resection.’®*""

Multimodal prehabilitation aims to improve patients’ phys-
ical reserve and nutritional status before major oncologic
surgery. A systematic review by Lambert et al. showed that
prehabilitation interventions can reduce postoperative
length of stay undergoing abdominal procedures includ-
ing liver surgery as a global indicator of patient recovery.
731 While robust, liver-specific evidence for structured pre-
habilitation remains limited, high-risk patients - particu-
larly those with impaired cardiopulmonary function, sar-
copenia, or malnutrition — may benefit from individualized
prehabilitation programs prior to major hepatic resections.
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701 Increasingly applied neoadjuvant treatment intervals,
e.g., before surgery for colorectal liver metastases or locally
advanced primary hepato-biliary cancers, offer a practical
window of opportunity to implement such strategies.

The 2022 ERAS guidelines for liver surgery”# outline key el-
ements of perioperative care, many of which align with the
principles of prehabilitation (Fig. 4):

«  Encouragement of daily physical activity, and imple-
mentation of supervised prehabilitation programs in
high-risk patients

« Smoking and alcohol cessation for at least 4 weeks pre-
operatively

« Preoperative nutritional screening and tailored supple-
mentation in malnourished or sarcopenic patients

+ Preoperative biliary drainage in selected patients with
obstructive jaundice

- Patient education and shared decision-making, includ-
ing expectation management

« Minimization of preoperative fasting and use of carbo-
hydrate loading

- Standardized anesthesia and intraoperative fluid man-
agement protocols

« Early enteral nutrition and early mobilization after surgery

In summary, although data from randomized trials on liver-
specific prehabilitation remain sparse, current ERAS rec-
ommendations provide a structured, evidence-informed
framework for perioperative care in hepato-biliary surgery.
The integration of selected ERAS components and individ-
ualized prehabilitation — especially in high-risk patients -
may optimize functional status, reduce complication rates,
and improve overall postoperative recovery.

Management of Malignant Biliary Obstruction and
Preoperative Biliary Drainage

Malignant biliary obstruction is a frequent problem in pa-
tients with biliary tract cancer, i.e. cholangiocarcinoma.
Jaundice caused by biliary obstruction usually develop at
an advanced tumor stage.”” Obstruction of biliary tracts
and occlusion of biliary drainages with consecutive obstruc-
tive cholestasis frequently lead to retrograde bile infection,
sepsis and probably liver failure. Some studies found that
preoperative cholangitis due to biliary obstruction is a nega-
tive independent prognostic factor for long-term survival in
patients undergoing surgery for extrahepatic bile duct tu-
mors.”® Acute cholangitis can cause a rapid decline in the
patients’ condition due to persistent infection. Therefore, the
Tokyo Guidelines 2018 recommend a prompt and adequate
therapy which consists of antibiotics and interventions for
biliary drainage, depending on the severity of cholangitis
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and patients’ clinical condition.”” However, there is no clear
recommendation for the necessity of biliary drainage in re-
sectable and clinically stable patients with biliary obstruc-
tion. According to The European Society of Gastrointestinal
Endoscopy (ESGE), biliary drainage should be performed in
patients with cholangitis, severe jaundice, before neoadju-
vant therapy or in cases of delayed surgery.”®

Therefore, endoscopic drainage or percutaneous transhe-
patic biliary drainage (PTBD) are established options for
temporary treatment in patients with biliary obstruction
due to malignancy with severe jaundice and acute cholan-
gitis prior to surgery or before implementation of a neo-
adjuvant therapy.”?#% However currently, a potential supe-
riority of either interventional procedure remains unclear.

Coelen et al. investigated complication-rates associated
with preoperative biliary drainage via endoscopic stent-
ing or PTBD in a multicenter randomized controlled trial.
B Their study was terminated prematurely due to a high-
er mortality rate in patients that were treated with PTBD.
81 Hovever, severe preoperative complications associated
with biliary drainage were similar between both groups
(63 % in patients with PTBD vs 67 % in patients with endo-
scopic biliary drainage).®" But, these results are based on a
relatively small sample size (n=54).5" Moll et al. investigat-
ed the superiority of the respective procedures in a meta-
analysis and found that PTBD is superior to EBD in the con-
text of crossover rate, overall post-drainage complications,
post-drainage pancreatitis and palliation.® However, Kishi
et al. found an association of a higher morbidity-rate post
major hepatectomy in patients with preoperative PTBD.®#3!
Thus, there is no clear consensus regarding the preference
of either method for biliary drainage and authors recom-
mend an individualized approach for the choice of the fa-
vored procedure.®?

Perioperative Antibiotic Prophylaxis

In patients with malignant obstructive jaundice and pre-
operative bile drainage, bile duct infection is crucial. The
Tokyo Guidelines 2018 recommend a duration of antibiotic
therapy for 4 to 7 days after interventional biliary drainage.
771 A recent study by Srinu et al. demonstrated non-inferior
outcomes for a shorter duration of antibiotic therapy.®
Clinical cure as a primary endpoint in patients with a 4-days
duration of antibiotic administration for acute cholangitis
was seen in 77.79 % and in 79.66 % of patients with an
8-days duration. Additionally, they found no difference in
recurrence of cholangitis, length of stay and overall mortal-
ity in both groups.’® The microbial spectrum of ascending
cholangitis mainly consists of E. coli, Klebsiella spp. and En-
terococcus spp.® The antimicrobial treatment of choice is
in consideration of the most common pathogens and thus

empirical. The current Tokyo guidelines recommend third
generation cephalosporines, piperacillin/tazobactam or
carbapenems for empirical treatment, depending on stan-
dard protocols in the respective institution.

Minimally Invasive Major Hepatectomy

Minimally invasive hepato-biliary surgery has evolved to a
dynamic and rapidly expanding field within hepato-biliary
oncology. Recent technological and technical advance-
ments - including enhanced imaging, energy devices, and
refined surgical techniques — have enabled laparoscopic
and robotic approaches even for complex (anatomical)
hepato-biliary resections.

Today, minimally invasive liver surgery is increasingly used
for both benign and malignant liver lesions, including he-
patocellular carcinoma, colorectal liver metastases, and se-
lected cases of cholangiocarcinoma. In expert centers, even
complex procedures such as anatomical segmentectomies,
extended hepatectomies, repeat hepatectomies and lapa-
roscopic ALPPS (associating liver partition and portal vein
ligation for staged hepatectomy) have become feasible
with acceptable morbidity and oncological outcomes.86-%

Recent literature have confirmed that laparoscopic liver re-
sections — when performed by experienced teams - are as-
sociated with reduced blood loss, lower complication rates,
shorter hospital stay, and earlier recovery, while maintain-
ing oncological equivalence to open approaches in terms
of RO resection rates and long-term survival®-°3 Robotic
liver surgery, although less widespread, offers ergonomic
and visual advantages and has shown benefits particularly
in complex resections.8693-%%1

Minimally invasive liver surgery remains technically de-
manding and should be performed in specialized centers
with appropriate expertise, especially in patients with un-
derlying liver disease, portal hypertension, or prior abdom-
inal surgery. In summary, minimally invasive liver surgery
represents a significant advance in hepato-biliary oncol-
ogy and continues to expand its role across the spectrum
of benign and malignant indications. With growing expe-
rience and increasing standardization, minimally invasive
hepato-biliary surgery is poised to become a cornerstone
of modern surgery — even for complex resections - in ap-
propriately selected patients.

Management and Classification of Post-Hepatectomy
Specific Complications

Despite advances in perioperative management and sur-
gical techniques, the rate of postoperative complications
after hepatectomy remains between 38 % to 47 % with
lower rates reported by high-volume centers®-°4 Various
studies suggest an association of postoperative complica-
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tions with preoperative Child-Pugh-class, time of portal
occlusion during surgery, duration of operation, volume of
blood loss and extent of hepatectomy.6-%

Perioperative Drainage Management and Biliary Leakage

Bile leakage is a frequent and potentially serious complica-
tion following hepatic resection. Its incidence ranges from
4-12 % after liver resection without biliary reconstruc-
tion®-92 and from 0.4-8 % in procedures involving biliary-
enteric anastomosis, such as hepaticojejunostomy.l'%l

The International Study Group of Liver Surgery (ISGLS) de-
fines bile leakage as either:

+ a bilirubin concentration in the intra-abdominal drain
fluid at least three times higher than the corresponding
serum level beyond postoperative day 3, or

+ the need for interventional or surgical management
due to biliary collections or bile peritonitis.['%4

To standardize clinical severity, the ISGLS proposes a three-
tier grading system (A—C) based on the clinical consequenc-
es and need for intervention (Table 1).1*4 Management of
bile leakage is guided by clinical presentation and ISGLS
grade. While Grade A leaks typically resolve without addi-
tional measures, Grade B and C leaks may require step-up
strategies involving imaging, interventional radiology, or
surgery. Early identification and appropriate classification
are critical to initiate timely treatment, avoid secondary
complications such as sepsis, and reduce failure-to-rescue.

The use of prophylactic intra-abdominal drains in liver
surgery has been critically reassessed in recent years. A
comprehensive meta-analysis including over 5,000 pa-
tients and summarized in the 2023 German guideline
for perioperative medicine evaluated the outcomes of
prophylactic drainage in hepatic surgery.?*1% The analy-
sis revealed that in uncomplicated liver resections, pro-
phylactic drains were associated with higher rates of bile
leakage, increased overall morbidity, and longer hospital
stays. Notably, patients with drains were more likely to re-
quire subsequent percutaneous drainage interventions,
without clear benefit regarding wound infections or post-
operative bleeding. These findings were supported by a
recent randomized controlled trial from Japan and by a
Cochrane review, both of which concluded that omitting
drains in uncomplicated resections is safe and may reduce
complications.l'%197 |n contrast, for complex liver resec-
tions involving biliary and/or vascular reconstruction, the
data remain insufficient to make definitive recommenda-
tions. In such high-risk cases, prophylactic drainage may
still be considered on an individual basis, particularly
when the anticipated risk of intra-abdominal collections
or bile leakage is elevated.’?*

Journal of Inonu Liver Transplantation Institute

The 2023 ERAS Guidelines for Liver Surgery”4 support these
findings by advising against routine prophylactic drainage
in standard hepatic resections. Instead, the ERAS recom-
mendation emphasizes a selective and individualized ap-
proach to drain placement, reserving it for cases where the
surgical complexity or intraoperative findings suggest an
increased risk of postoperative complications. This strategy
aligns with the broader ERAS philosophy of reducing un-
necessary interventions and optimizing recovery.

In summary, routine prophylactic drainage should be avoid-
ed in uncomplicated liver resections, whereas selective use
remains appropriate in complex procedures with biliary re-
construction. Adhering to evidence-based drainage strate-
gies may help minimize complications, reduce hospital stays,
and ultimately improve perioperative outcomes.

Post-Hepatectomy Portal Vein Thrombosis

Portal vein thrombosis is a potentially severe complication
following liver resection, particularly in patients with pre-
existing portal hypertension. It impairs liver regeneration by
reducing portal venous inflow and increasing intrahepatic
vascular resistance, thereby contributing to post- hepatec-
tomy liver failure and acute portal hypertension.'%-111 Ret-
rospective studies report an incidence of up to 9.1 % after
hepatectomy, with higher rates observed following extend-
ed right hepatectomies and prolonged (repetitive) Prin-
gle maneuvers exceeding 75 minutes."""? In this context,
portal vein flow interruption, technical alterations of inflow
hemodynamics, and postoperative hypercoagulability act
synergistically to increase thrombotic risk. Management of
portal vein thrombosis includes early anticoagulation, en-
dovascular recanalization, or surgical thrombectomy, the
latter being indicated particularly in cases of complete oc-
clusion of the main portal vein trunk.'"® Timing is critical:
patients undergoing thrombectomy within five postopera-
tive days have significantly better outcomes compared to
those with delayed intervention.!'*l

The ERAS Society Guidelines for liver surgery recommend
routine thromboprophylaxis in patients undergoing hepa-
tectomy due to the high incidence of thromboembolic
complications.” While the evidence is largely extrapo-
lated from colorectal and general abdominal surgery, this
recommendation gains relevance in patients with under-
lying cirrhosis or splenomegaly, where portal venous flow
may be precariously balanced. Perioperative risk stratifica-
tion should therefore consider the extent of resection, du-
ration of vascular occlusion, baseline portal pressure, and
hypercoagulable states. In patients with cirrhosis or small-
for-size remnants, intraoperative Doppler assessment and
early postoperative duplex sonography are valuable tools
for early detection of impaired portal flow.
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Small-for-Size and Posthepatectomy Liver Failure

Small-for-size-syndrome (SFSS) is defined as insufficient
residual liver-tissue post resection or liver transplantation
and thus impaired recovery of a normal liver function.'”!
After extended liver resection SFSS occurs in dispropor-
tioned relation of remaining liver-mass to body surface,
weight and organ-condition prior to surgery.

The increased portal blood-flow leads to hyperperfusion
through the relatively small liver mass and subsequent
portal hypertension and concurrent reduction in arterial
perfusion.™ These mechanisms induce biliary injury and
dysfunction which are aggravated by inflammatory and
immunologic responses triggered by ischemia-reperfusion
injury."® SFSS is associated with prolonged cholestasis, co-
agulopathy i.e., a persistent INR > 1.5, ascites, portal hyper-
tension and gastrointestinal bleeding with manifestation
during the first 1 to 2 weeks post- surgery as well as death
from recurrent sepsis after 4-6 weeks.!''7.118

Generally, patients with chronic liver disease or fibrosis are
at risk for SFSS with a future liver remnant of less than 30 %,
while cirrhotic patients are at risk with a future liver remnant
less than < 40 %.1"'% In patients with chronic liver disease and
fibrosis, indications for extensive hepatectomy should be
reviewed critically, as complication rates are increased.['20121

To adequately indicate the future liver remnant, baseline
liver volume and function need to be assessed in
biochemical tests and high-quality imaging, i.e. computed
tomography-based volumetry.'™

Procedures to increase future liver remnant consider the
risk of SFSS and postoperative liver failure. The decision
for either extensive liver resection or palliative treatment
for malignant liver diseases remains challenging. In recent
years, multiple strategies to induce liver hypertrophy and
increase of future liver remnant have been established.!?4
The optimal procedure requires a fast and sufficient hy-
pertrophy induction outracing simultaneous tumor pro-
gression, increased RO-resection rates and relatively low
morbidity and mortality. Conventional procedures of liver
hypertrophy-induction are surgical portal vein ligation
(PVL) and interventional portal vein embolization (PVE).

A novel strategy to induce rapid liver hypertrophy in pri-
marily non-resectable liver tumors is a two-stage hepatec-
tomy, associating liver partition and portal-vein-ligation
for staged hepatectomy (ALPPS).'"?2 This procedure is more
favorable in comparison to PVL and PVE that fail to induce
sufficient hypertrophy in about 14 % of patients mainly
due to intraparenchymal portovenous collaterals bridg-
ing segmental borders."” Generally, ALPPS is indicated
in marginally resectable or locally advanced unresect-
able liver tumors of patients with a FLR of less than 30 %

in healthy livers or less than 40 % in diseased livers.'?? Li
et al. investigated the potential superiority of ALPPS com-
pared to PVE and TACE in patients with initially unresect-
able HBV-related HCC in a cohort of 76 patients. They found
a significantly shorter interval between stage 1 and stage 2
operations and a significantly higher rate of RO- resections
in patients treated with ALPPS.I">! However, they reported
a significantly higher rate of major complications in the
ALPPS group.l'? As other studies confirm the high morbid-
ity and mortality rate in patients undergoing ALPPS, the
procedure is considered as a high-risk alternative to con-
ventional methods of hypertrophy-induction.['24123]

Recently, the retrospective observational DRAGONO study
demonstrated that combined PVE combined with hepatic
vein embolization offers a resection-rate comparable to
ALPPS with a safety profile similar to PVE alone.l'?! Further,
they subsequently reported a significantly higher overall-
survival in patients treated with this combined procedure
than in patients treated with PVE alone.l'?”!

In patients with insufficient hypertrophy despite PVE and
hepatic vein embolization, a parenchymal split may be
used to disrupt intraparenchymal collaterals between liv-
er segments and thereby induce ALPPS-like hypertrophy.
While this approach may increase future liver remnant and
enhance resectability, its application in borderline cases -
especially in patients with compromised or cirrhotic liver
parenchyma - remains highly individualized and must be
carefully weighed in a multidisciplinary context. These
complex cases often require patient- tailored strategies
based on detailed risk-benefit assessment.

Conclusion and Outlook

Perioperative medicine in oncologic HPB surgery has un-
dergone a paradigm shift from standardized protocols
to personalized, risk-adapted strategies. Future research
should focus on validating tailored neoadjuvant approach-
es, refining ERAS-based interventions, and establishing
standardized protocols for multimodal prehabilitation. The
integration of advanced imaging, and minimally invasive
techniques - including robotic liver surgery — offers excit-
ing perspectives but requires ongoing clinical validation.
Ultimately, multidisciplinary collaboration remains the cor-
nerstone of safe and effective perioperative management
in this high-risk patient population.
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