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Hepatopancreatobiliary Surgery Today: 
From Reducing Mortality to Selecting the 

Right Patient

J.M. Ramia1, Rifat Latifi2

1 Editorial, Special Issue on Hepatopancreatobiliary Surgery
2 Editor-in-Chief, Kosova Journal Surgery 

EDITORIAL

This special issue brings together a collection of contri-
butions on hepatopancreatobiliary (HPB) surgery, and the 
Editor-in-Chief’s accompanying editorial rightly places 
those articles in context. This editorial aims to step back 
and reflect on why HPB surgery matters today, where the 
field has come from, and where it appears to be heading. 
HPB surgery is three surgeries under one name — liver, 
pancreas, and biliary tract — each with its own history, 
its own technical demands, and, increasingly, its own set 
of open questions.

For decades, risk defined HPB surgery. Major hepa-
tectomy, pancreatoduodenectomy, and resections of the 
biliary tree were, and to some extent remain, operations 
with substantial morbidity and non-negligible mortali-
ty. Much of the last thirty years of progress in this field 
has been spent taming that risk: centralization of com-
plex care, standardization of technique, better anesthesia 
and critical care, and the emergence of dedicated HPB 
training and fellowship programs. That effort has large-
ly succeeded. Mortality after major liver and pancreat-
ic resection in high-volume centers is now a fraction of 
what it was a generation ago, and quality metrics such as 
“textbook outcome” have become the new benchmark, 
precisely because survival alone is no longer a sufficient-
ly ambitious goal¹. The question the field faces now is 
not only “can we make this operation safer?” but “who 
truly benefits from having it at all?”. That shift — from 
feasibility to selection — is, to me, the common thread 
running through liver, pancreatic, and biliary surgery 

alike, and it is the lens through which I would like to 
look briefly at each of the three.

Liver surgery
Diagnostic imaging has transformed how we approach 

liver disease. Multiphase CT and MRI, contrast-enhanced 
ultrasound, and increasingly the incorporation of artifi-
cial intelligence into image analysis are improving lesion 
characterization, detection of small or atypical tumors, 
and preoperative planning². But better imaging is only part 
of the story. Perhaps the more important conceptual shift 
has been the move away from thinking primarily about 
what can be resected and toward thinking about what 
will be left behind: the future liver remnant now drives 
operative planning as much as the tumor itself, through 
volumetric assessment, functional testing, and strategies 
such as portal vein embolization or staged hepatectomy 
when the remnant is judged insufficient. In parallel, the 
field has become more disciplined about measuring what 
matters — standardized, comparable outcomes rather 
than isolated case series¹ — and about identifying which 
patients genuinely benefit from resection, as opposed to 
those for whom surgery adds risk without meaningful 
gain. Systemic therapy has been a genuine gamechanger 
for liver malignancy, with more effective and better-tol-
erated chemotherapy regimens converting some initially 
unresectable patients into surgical candidates, and surgi-
cal indications have gradually extended to less frequent 
but increasingly recognized scenarios. Within Europe 

© 2026 The Author(s). Published by Kosova Journal of Surgery. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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specifically, the rising incidence of intrahepatic cholan-
giocarcinoma deserves particular attention, changing the 
case mix that liver units now manage and, in many cen-
tres, the balance of oncological versus benign indications 
for resection³. Finally, minimally invasive liver surgery 
— laparoscopic and, increasingly, robotic — has moved 
from a niche technique to an accepted, guideline-sup-
ported approach for an expanding range of resections, 
including major and technically demanding cases, with 
the learning curve and case selection now the main deter-
minants of outcome rather than the approach itself⁴.

Pancreatic surgery
Pancreatic cancer illustrates the same evolution in 

concentrated form. Diagnostic pathways have improved, 
though earlier and more accurate detection remains the 
single greatest unmet need in this disease. Technical 
refinements in pancreatoduodenectomy and left pan-
createctomy, together with better, more standardized 
definitions of what constitutes a good outcome, have 
made quality comparison across centres more meaning-
ful¹. Systemic therapy has advanced substantially, and 
neoadjuvant strategies are now central to management 
of borderline resectable and some locally advanced tu-
mors, which raises a genuinely difficult question this 
field is still learning to answer well: which patients ac-
tually benefit from proceeding to surgery after neoadju-
vant treatment, and which do not, and by what criteria 
that decision should be made. Minimally invasive distal 
pancreatectomy has now been validated against open 
surgery in randomized comparison for resectable pan-
creatic cancer⁵, and robotic pancreatoduodenectomy is 
following a similar, if more cautious, trajectory as expe-
rience accumulates. Enhanced recovery (ERAS) proto-
cols and, increasingly, structured prehabilitation before 
surgery — optimizing nutrition, fitness, and physio-
logical reserve in the weeks before the operating room 
— have become standard components of perioperative 
care, improving recovery and reducing complications⁶. 
Beyond cancer, two further areas exemplify the selection 
challenge directly. Intraductal papillary mucinous neo-
plasms are now managed through evidence-based guide-
lines that help distinguish lesions that genuinely warrant 
resection from those that can be safely observed, sparing 
many patients an unnecessary operation⁷. And in chronic 
pancreatitis, recent randomized evidence supports ear-
lier surgery over a prolonged endoscopy-first approach 
in appropriately selected patients⁸, while nutritional 

assessment and support — long underappreciated in this 
population — is increasingly recognized as integral to 
both the decision to operate and the outcome once sur-
gery is performed.

Biliary surgery
Biliary surgery remains, in many respects, the most 

technically demanding branch of the three. Perihilar 
cholangiocarcinoma (Klatskin tumours) continues to 
challenge even experienced HPB surgeons because of 
its anatomical complexity and the need to combine ma-
jor hepatectomy with biliary and often vascular recon-
struction⁹. Minimally invasive approaches, laparoscopic 
and robotic, are being extended into biliary surgery for 
both benign and malignant disease, though this remains 
an area where caution and case selection are essential 
given the consequences of a biliary complication. What 
has changed most substantially, however, is the systemic 
and biological landscape: new chemotherapy and immu-
notherapy combinations have, for the first time in years, 
produced a meaningful survival benefit in advanced bili-
ary tract cancer¹⁰, and a deeper understanding of the mo-
lecular biology of cholangiocarcinoma is beginning to 
open the door to targeted treatment in selected patients. 
As in the liver and pancreas, better systemic options are 
reshaping the surgical conversation around resectabili-
ty and timing, and are likely to make patient selection, 
treatment sequencing, and multidisciplinary discussion 
as important to outcomes in biliary cancer as the oper-
ation itself.

A common thread
Across all three organs, the story is the same. HPB 

surgery began as a discipline defined by its dangers, and 
the last generation of surgeons made these operations 
substantially safer. That achievement should not be un-
derstated, but it is no longer the frontier. The questions 
that now occupy liver, pancreatic, and biliary surgeons 
are less about whether an operation can be performed and 
more about whether it should be, in whom, and when 
— informed by better imaging, better systemic thera-
py, more rigorous outcome measurement, and a grow-
ing willingness to say no to surgery when the evidence 
suggests another patient will benefit more than this one. 
Getting that balance right, organ by organ and patient by 
patient, is, I believe, the real work of HPB surgery for the 
coming decade, and it is the evolution that this special 
issue, in its own way, reflects.
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Redefining the Scalpel: Past, Present, 
and Future Perspectives on the Surgical 

Management of Pancreatic Ductal 
Adenocarcinoma (PDAC)

Abstract 
PDAC is still one of the most lethal cancer challenges, 
since it is characterized by an aggressive biology, early 
systemic dissemination, and a historically dismal progno-
sis. For many years, surgical resection has been considered 
the only potential treatment modality. However, the role, 
performance, extent, and opportunity of pancreatectomy 
(either distal or pancreatoduodenectomy) have undergone 
a significant paradigm shift. This manuscript traces the 
evolution of PDAC surgery from its dawn to a highly stan-
dardized procedure in high-volume centers. 
In the current era, the therapeutic paradigm has predomi-
nantly shifted from a “surgery-first” approach to an aggres-
sive multidisciplinary approach, where advanced systemic 

neoadjuvant regimens and minimally invasive (laparoscop-
ic/robotic) approaches are systematically used to achieve 
R0 resection. The future will likely overcome macro- and 
micro-anatomical boundaries through the full integration 
of artificial intelligence (AI), radiomics, molecular margin 
assessment, intraoperative navigation, and personalized 
immunotherapies. In that fashion, the pancreatic surgeon 
will need to transition from technician to biological oncolo-
gist, and his/her scalpel will transform into a bridge toward 
systemic disease eradication. 

Key Points 
• �Question: How has the role of surgical resection for 

PDAC evolved through different stages and landscapes? 

Corresponding Author: 
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• �Findings: The field has shifted from high mortality 
and few resections to safer, mostly centralized inter-
ventions. Neoadjuvant therapy, vascular resections, 
and minimally invasive (laparoscopic and robotic) 
platforms characterize the present. The future will in-
tegrate artificial intelligence-aided resources, real-time 
fluorescence-guided molecular margins, and personal-
ized post-operative mRNA vaccines.

• �Meaning: surgical management of PDAC has shifted 
from a focus on macro-anatomical technical feasibility 
to a biology-driven, technologically integrated compo-
nent of personalized oncologic treatment.

Introduction
Pancreatic adenocarcinoma (PDAC) continues to show 

a rising incidence worldwide, representing the fourth lead-
ing cause of cancer death in Western countries, with a five-
year survival rate of 5% to 12%¹. It is the most common 
histological type, accounting for about 85% to 90% of 
pancreatic malignancies. Fewer than 15% are considered 
resectable at the time of diagnosis². The pancreas was first 
described by Herophilus of Chalcedon (335 BC–280 BC), 
and the term pancreas (“all flesh”) was coined by Rufus 
of Ephesus (70-110). Giovanni Battista Morgagni (1682-
1771) is credited with the earliest recorded accounts of 
pancreatic ductal adenocarcinoma (PDAC), as he reported 
several cases of pancreatic “scirrhus” in his 1761 publica-
tion “The seats and causes of diseases"³.

The past 
The history and development of pancreatic surgery was 

characterized by anatomical and physiological hindrances. 
The gland’s location, its relationship with major visceral 
vessels, and the corrosive nature of its exocrine secretions 
made any operative manipulation extremely hazardous. This 
explains the disastrous outcomes, either due to intraoperative 
and, most of the time, uncontrollable bleeding or lethal post-
operative complications (usually pancreatic fistulas). 

The surgical treatment of PDAC underwent several stag-
es: the first one was in the period 1880-1905, represented 
by bypass operations to alleviate the obstruction and palli-
ate the jaundice. In 1887, almost simultaneously, Otto Kap-
peler in Munsterlingen, Switzerland, and Nestor Monastyr-
ski in Russia performed the first cholecystojejunostomies 
for biliary obstruction caused by pancreatic carcinoma⁴٫⁵. 
However, Kappeler was the first to report it⁶. In both cas-
es, the patient survived the operation. Swiss surgeon Cesar 
Roux’s major contribution was describing the Roux-en-Y 

anastomosis, which forms the backbone of modern recon-
structions after pancreatoduodenectomy (PD)⁷. Ambroise 
Monprofit (1857-1922) was the first one to perform the 
Roux-en-Y technique in a cholecystojejunostomy in 1904⁸. 

The second stage is focused on the initial resections of 
the pancreatic tail. Between 1882 and 1905, 21 surgeons 
performed 24 resections³. Although these patients were not 
jaundiced, no intestinal resection was needed, and arteri-
al bleeding was easier to control; only half of the patients 
were able to be discharged from hospitals. The third stage 
involved developing and achieving peri-ampullary carci-
noma resection in two steps: Alessandro Codivilla in Bo-
logna, Italy, and William Halsted in Baltimore, USA, per-
formed the first cases in 1898. Walter Kausch performed 
a successful partial PD in Berlin. In 1933, at Columbia 
University in New York, Allen Whipple and his team per-
formed what is considered the modern PD⁹٫¹⁰. Whipple’s 
milestone demonstrated that “en bloc” resection of the pan-
creatic head, duodenum, distal stomach, and common bile 
duct was anatomically feasible and compatible with life, 
although characterized by high morbidity and mortality. 
Meanwhile, Isaac Trimble from Johns Hopkins also per-
formed pancreatoduodenectomies, apparently earlier than 
Whipple but published his results later¹¹. Many years later, 
Traverso proposed the pylorus-preserving pancreatoduo-
denectomy to prevent delayed gastric emptying¹². Notably, 
Henrik Dam discovered vitamin K in 1929 (1943 Nobel 
Prize), and it has been available since 1939, which was cru-
cial because many PDAC patients had clotting disorders.

The burden of a steep mortality kept this procedure dan-
gerous for several decades after its inception. These out-
comes and the lack of effective systemic chemotherapy 
for the treatment of PDAC meant long-term survival was 
limited. Thus, many questioned the ethical and clinical util-
ity and validity of the Whipple procedure. In more recent 
times, the PD has been linked to the figure of John L Cam-
eron, from Johns Hopkins, who achieved some of the best 
surgical outcomes worldwide in the treatment of PDAC¹³.

The turning point that saved pancreatic surgery from 
dismal results and rejection took place in the late ‘80s and 
‘90s with the revolution of clinical centralization, when ep-
idemiological studies revealed an undeniable volume-out-
come relationship in pancreatic resections. Centralization 
shifted complex pancreatic surgery into specialized region-
al centers hosting multidisciplinary teams of excellence 
(outstanding pancreatic surgeons, dedicated anesthesia 
teams, interventional radiologists capable of managing 
complications percutaneously, intensivists and top nursing 
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staff). These changes reduced perioperative mortality from 
over 20% to under 5% in high-volume centers and were 
associated with better oncological outcomes¹⁴. 

The present
Three paradigm shifts characterize the current treatment 

of PDAC. They are represented by multidisciplinary team 
synergy, the shift from surgery-first to neoadjuvant therapy, 
and minimally invasive access with extended vascular resec-
tions. As mentioned before, centralization led to the forma-
tion of multidisciplinary teams whose achievements improve 
clinical outcomes (both perioperative and oncological).¹⁵ 

For decades, the standard clinical approach was up-
front surgery for those with PDAC considered resectable, 
followed by adjuvant chemotherapy. However, this “sur-
gery-first” strategy presented significant limitations: 30% 
of patients undergoing the procedure were found to have 
positive microscopic margins (R1), and a substantial pro-
portion of patients presented with early and rapid system-
ic recurrence within months of surgery, an indication that 
occult micrometastatic disease was present at the time of 
operation. Moreover, postoperative complications often 
delayed or precluded the timely initiation of chemotherapy. 
The introduction and widespread adoption of neoadjuvant 
systemic chemotherapy, most notably FOLFIRINOX or 
Gemcitabine plus Paclitaxel, revolutionized patient care. 
The neoadjuvant approach presents several advantages: 
early systemic treatment, tumor biology assessment, tumor 
downstaging, and improved adjuvant compliance.¹⁶

Early efforts in the ‘90s to introduce laparoscopic tech-
niques for pancreatic surgery were met with skepticism 
because of the procedure’s inherent technical challenges, 
including complex anastomoses and extended operative 
times. These concerns contributed to the delayed adoption 
of minimally invasive pancreatic resection, which did not 
gain broader clinical traction until the initial years of this 
century, with the appraisal of robotic approaches. Currently, 
Whipple procedures are predominantly performed through 
an open incision, with minimally invasive PD representing 
about 10.52% of the cases, 62% robotic and 38% laparo-
scopic¹⁷. Notably, the resection rate doubled from 8.3% to 
16.6%, with improved survival¹⁸. 

This era is also characterized by the rise of minimally in-
vasive and robotic platforms, driven by technological innova-
tion in the technical execution of pancreatectomies, both dis-
tal and proximal. For tumors located in the pancreatic body 
and tail, laparoscopic or robotic-assisted distal pancreatec-
tomy with splenectomy has become the standard approach 

in many centers, offering equivalent oncological outcomes 
with significantly reduced postoperative pain, shorter hospi-
tal stays, and faster recovery times¹⁹. More recently, robotic 
platforms have made substantial contributions to performing 
the Whipple procedure, overcoming the inherent limitations 
of conventional laparoscopy by providing 3-D vision, wristed 
instrumentation, tremor filtration, and navigation aids. These 
features are particularly beneficial during the complex sutur-
ing phases of pancreatojejunostomy and hepaticojejunosto-
my. Robotic platforms have demonstrated equivalent safety 
and margin clearance when performed by experts, and pa-
tients benefit from quicker recovery periods²⁰.

Another aspect of resections is advanced vascular recon-
struction, as resectability has evolved from rigid anatomi-
cal standards to dynamic, boundary-pushing endeavors. 
Historically, tumor involvement of major retroperitoneal 
vessels (superior mesenteric artery, superior mesenteric 
vein, portal vein or celiac axis) was considered an absolute 
contraindication. Today, pancreatic surgeons at high-vol-
ume centers routinely perform planned, complex vascular 
reconstructions. After neoadjuvant downstaging, involve-
ment of vascular structures is no longer an impediment to 
pancreatic resection²¹.

The future
Most probably, the future of pancreatic surgery will lie 

at the intersection of advanced technology, molecular biol-
ogy, immunotherapy, and artificial intelligence²²‾²³. 

- �Total robotic integration will allow autonomous robot-
ic steps under the surgeon’s supervision, assisted by 
real-time navigation mapping major retroperitoneal 
vessels and maximizing patient safety. 

- �Fluorescence-guided surgery: tumor-specific dyes will 
aid visualization and real-time assessment of tumor 
margins and positive lymph nodes. 

- �The concept of “clear margins” will likely shift from 
metric dimensions (1 mm) to biological dimensions, 
using intraoperative rapid genetic sequencing.

- �Artificial intelligence and radiomics: preoperative ma-
chine learning algorithms will predict microvascular in-
volvement and allow improved patient selection for re-
section. Besides, the operating rooms of the future will 
offer an immersive, digitally augmented environment. 

- �Personalized vaccines: postoperative care will include 
customized mRNA vaccines and/or targeted immuno-
therapies tailored to the genetic profile of the patient’s 
tumor²⁴.

Probably the most important conceptual transformation 
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of the future is that the surgical scalpel will no longer be 
considered the definitive and standard cure for PDAC. 
Surgery will probably evolve into a coordinated biological 
bridge within a personalized immunotherapy framework. 
The surgical specimen will serve as a valuable biobank, al-
lowing the identification of neo-antigens and the develop-
ment of specific mRNA vaccines or T-cell therapies²⁵.

In conclusion, the surgical treatment of PDAC has un-
dergone a remarkable evolution since its initial stages. The 
past established the foundations and principles of the pro-
cedure, the present transformed surgery into a multi-modal-
ity systemic tapestry, while the future promises a complete 
departure from pure anatomical surgery. As the field con-
tinues to evolve, the modern pancreatic surgical oncologist 
must look beyond the physical boundaries of the scalpel, 
embracing technology and tumor biology to finally lead the 
war against this devastating disease. 

We would like to close these reflections with the fol-
lowing quote: “In the world of surgical oncology, Biolo-
gy is King, selection is queen, technical maneuvers are the 
Prince and Princess. Occasionally the prince or princess 
tries to usurp the throne; they almost fail to overcome the 
powerful forces of the King and Queen”²⁶. 
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Arterial Resections in Pancreatic Cancer

Abstract
At the time of diagnosis, only about 20% of patients with 
pancreatic adenocarcinoma are considered resectable. In a 
large proportion of cases, there is evidence of local vascu-
lar invasion, either venous or arterial. Traditionally, arteri-
al resection combined with pancreatic surgery was consid-
ered a contraindication. However, with advances in modern 
chemotherapeutic regimens and increased experience in 
high-volume referral centers, it has been observed that, in ex-
pert hands, arterial resection can improve survival with only 
a mild increase in postoperative morbidity and mortality. 
Preoperative radiologic assessment is essential for evaluat-
ing arterial involvement and planning the most appropriate 
surgical approach. Appropriate patient selection is crucial 

to identify those who may benefit from this more aggres-
sive oncologic surgical strategy.

Introduction
Pancreatic ductal adenocarcinoma (PDAC) is one of 

the most aggressive gastrointestinal malignancies, with a 
particularly poor prognosis. At the time of diagnosis, up to 
50% of patients already have overt metastases, and only 
about 20% of tumors are considered resectable¹. Radical 
surgical resection with negative margins (R0) remains the 
only potentially curative option¹٫².

In cases of locally advanced pancreatic adenocarcino-
ma (LA-PDAC), invasion of critical vascular structures 
is common, with venous involvement being the most 
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frequent. Historically, this condition precluded curative 
surgical treatment. However, advances in neoadjuvant 
chemotherapy, surgical techniques, and perioperative care 
have led to the emergence of vascular resection as part of 
aggressive treatment strategies in selected cases³.

Currently, the morbidity and mortality associated with 
pancreatectomy with venous resection are largely compa-
rable to those of standard pancreatectomy. This has con-
tributed to the acceptance of combined venous resection 
as a standard technique³.

In contrast, arterial resection remains more controver-
sial due to the highly variable arterial anatomy, the com-
plexity of resection and revascularization procedures, and 
the risk of arterial occlusion, all of which may negatively 
impact surgical outcomes⁴.

Indications and Selection Criteria
Traditionally, arterial invasion—particularly involving 

the superior mesenteric artery (SMA), celiac axis (CA), 
or common hepatic artery (CHA)—has been considered a 
contraindication to surgery due to its association with high 
morbidity and mortality, and poor oncologic outcomes².

With the introduction of neoadjuvant chemotherapy 
regimens such as FOLFIRINOX and gemcitabine plus 
nab-paclitaxel, sometimes combined with radiotherapy, 
patients with locally advanced (LA) or borderline resect-
able (BR) tumors have shown conversion to resectable 
disease with curative intent and negative margins (R0) in 
up to 30% of LA-PDAC cases⁵.

In general, arterial resection should be evaluated within 

a multidisciplinary team setting and may be considered for 
patients with good performance status (ECOG 0–1), no 
metastatic disease, a favorable radiologic and metabolic 
response to neoadjuvant therapy, and a reasonable expec-
tation of achieving an R0 resection¹.

A literature review has been performed about the resect-
ability of pancreatic cancer based on the extent of arterial 
vascular invasion, the selection of candidates for vascular 
resection, and the evolution of surgical techniques aimed 
at achieving radical oncologic resection.

Patient Selection based on imaging data
A detailed evaluation using high-resolution imaging 

techniques is essential to determine resectability in pancre-
atic cancer with suspected arterial involvement. Imaging 
allows assessment of the degree of tumor–vessel contact, 
differentiation between compression and true invasion, 
and planning of the surgical strategy⁶.

Recommended Imaging Techniques⁷

�A) Multidetector computed tomography (CT) angi-
ography (arterial and venous phases; triphasic CT):
This is the standard modality for vascular evaluation. 

It enables visualization of tumor contact with the SMA, 
CHA, and CA. Tumor–artery contact is commonly clas-
sified as:

• �<180° of the arterial circumference: suggestive of 
contact without invasion 

• �≥180°: suggestive of true arterial infiltration (Figure 1).

Figure 1: (A) CT scan showing <180° tumor contact with the superior mesenteric artery (SMA) (blue asterisk);  
(B) CT scan demonstrating involvement of the common hepatic artery (CHA) (red asterisk).
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�B) Magnetic Resonance Imaging (MRI) with contrast: 
Useful in patients with iodine allergy or when CT find-

ings are equivocal. Although it has lower spatial resolution 
for small vascular structures, it is valuable for assessing peri-
neural spread and treatment response.

C) PET-CT:
It does not replace CT or MRI for anatomical assessment 

but may help detect occult metastatic disease and evaluate 
metabolic response after neoadjuvant therapy.

D) Endoscopic ultrasound (EUS):
Provides excellent resolution of peripancreatic structures 

but is operator-dependent and less useful for evaluating the 
entire vascular axis.

Radiological Criteria for Unresectability
Given the well-established high lethality of pancreatic 

ductal adenocarcinoma (PDAC), assessing resectability at 
the time of diagnosis is a priority to establish an appropriate 
therapeutic strategy. In fact, up to 50% of patients are consid-
ered unresectable at diagnosis despite the absence of distant 
metastases (8). For this purpose, an adequate imaging work-
up using triphasic computed tomography (CT) with thin slic-
es (1–2 mm) is essential to allow a detailed assessment of 
vascular involvement⁹.

Based on anatomical and radiological criteria, unresectabil-
ity can be defined in two distinct scenarios: locally advanced 
disease (LA-PDAC) and metastatic disease (M-PDAC) ⁹.

Regarding borderline resectable (BR) disease, this con-
cept was first introduced in 2006 by the National Compre-
hensive Cancer Network (NCCN). It was defined as pa-
tients with PDAC who are at high risk for margin-positive 
resection and for whom neoadjuvant therapy should be 
considered. Since then, several groups, including the MD 
Anderson Cancer Center (MDACC) (10), NCCN, and the 
Intergroup Alliance¹¹, have proposed different definitions of 
BR-PDAC.

The concepts of unresectable (UR) and borderline resect-
able (BR) disease in LA-PDAC have evolved over time due 
to improvements in surgical techniques and the development 
and consolidation of neoadjuvant therapies. Consequently, 
during the 20th meeting of the International Association of 
Pancreatology (IAP), held in Sendai, Japan, in 2016, an in-
ternational consensus was established to define resectable, 
unresectable (UR), and borderline resectable (BR) PDAC. 
These definitions were based on previously established cri-
teria from the Japan Pancreas Society (JPS, 7th edition), the 
Intergroup Alliance, and the NCCN (2016 version)⁹ (Table 
1). In rare cases involving the origin of the celiac axis (CA), 
a distal pancreatectomy (body–tail resection) combined with 
potential celiac axis resection and preservation of the gas-
troduodenal arcade (modified Appleby procedure) may be 
considered⁹٫¹². 

Regarding borderline resectable (BR) disease, a subclas-
sification was established based on the presence of isolated 
venous involvement (BR-PV) or arterial involvement (BR-
A) (Table 2):

Table 1: Anatomical criteria for tumor unresectability established by consensus
LA-PDAC* M-PDAC

- Tumor-related venous invasion with complete occlusion 
- �Arterial contact/invasion ≥180° involving the superior mesenteric 

artery (SMA) or celiac axis (CA) 
- �Extensive involvement of the common hepatic artery (CHA) with 

extension to the proper hepatic artery (PHA) or celiac axis (CA) 
- �Aortic invasion or tumor contact with the aorta

- Metastatic disease 
- �Distant para-aortic or extra-abdominal lymph node involvement 

(>10 mm in diameter on CT)

*With the exception of cases with ≥180° involvement of the origin of the celiac axis (CA) in which a distal pancreatectomy (body–tail re-
section) with potential celiac axis resection and preservation of the gastroduodenal arcade (modified Appleby procedure) may be feasible.

Table 2: Anatomical criteria for borderline resectability
BR-PV (SMV/PV involvement alone) BR-A (arterial involvement)

- �SMV/PV contact ≥180º or
- �bilateral narrowing/occlusion
not exceeding the inferior border of the duodenum

- �SMA, CA: tumor contact of less than 180º without showing 
deformity/stenosis

- �CHA: tumor contact, without showing tumor contact of the proper 
hepatic artery (PHA) and/or CA.

(Aortic involvement is categorized as unresectable. Presence of variant arterial anatomy is not taken into consideration)
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Following the 2017 international consensus, in addi-
tion to the previously described anatomical and radiolog-
ical criteria, Isaji et al.⁹ also incorporated biological and 
conditional factors into the definition of BR-PDAC:

• �Biological definition of BR-PDAC (IAP, 2016): 
Anatomically potentially resectable tumors with 
clinical findings suspicious, but not confirmed, for 
distant metastasis. These include elevated CA 19-9 
levels (>500 U/mL) or regional lymph node metas-
tases identified by biopsy or PET-CT. 

• �Conditional definition of BR-PDAC (IAP, 2016): 
Patients with anatomically resectable PDAC but 
with a performance status ≥2 are classified as BR-
PDAC.

NCCN Classification of Resectability¹³
The anatomical classification of pancreatic cancer ac-

cording to the National Comprehensive Cancer Network 
(NCCN) guidelines (version 1.2026) defines three cat-
egories based on the tumor’s relationship to the major 
vascular structures. This categorization has direct impli-
cations for the therapeutic strategy at diagnosis (upfront 
surgery, neoadjuvant treatment, or palliative care).

1. Resectable
• Arteries (SMA, CA, CHA): no tumor contact. 
• �Veins (portal vein [PV], superior mesenteric vein 

[SMV]): no contact, or ≤180° contact without con-
tour irregularity. 

• �Clinical implication: candidates for upfront surgery 
following preoperative evaluation.

2. Borderline Resectable (BRPC)
Arterial involvement:
Pancreatic head/uncinate process:
• �SMA: tumor contact ≤180°, without deformity or 

significant stenosis. 
• �CA: tumor contact ≤180°, without involvement of 

the origin or aortic extension. 
• �CHA: tumor contact without involvement of the 

segment between the gastroduodenal artery (GDA) 
and the celiac trunk (CT), and without extension to 
the bifurcation; reconstruction is feasible. 

• �Variant arterial anatomy: tumor contact with vari-
ant arterial anatomy (e.g., accessory right hepatic ar-
tery, replaced right hepatic artery, replaced CHA, or 
the origin of replaced/accessory arteries) should be 
documented, as it may impact surgical planning. 

Pancreatic body/tail:
• Tumor contact with the CA ≤180°. 

Venous involvement (SMV or PV):
• �Tumor contact >180°, or ≤180° with contour irreg-

ularity. Occlusion or thrombosis may or may not be 
present, but the vessel remains technically resectable 
and reconstructible. 

• �Tumor contact with the inferior vena cava (IVC). 

Clinical implication: indication for neoadjuvant ther-
apy prior to surgery with curative intent.

3. Locally Advanced / Unresectable

Arterial involvement:
Pancreatic head/uncinate process:
• Solid tumor contact >180° with the SMA or CA. 
Pancreatic body/tail:
• Solid tumor contact >180° with the SMA or CA. 
• �Solid tumor contact with the CA and aortic involve-

ment. 

Venous involvement:
• �Not amenable to resection and primary reconstruc-

tion due to complete occlusion of the SMV/PV. 

Clinical implication: indication for systemic therapy 
(chemotherapy ± radiotherapy), with the possibility of 
surgical conversion in cases of favorable response.

Role of Assessment After Neoadjuvant Therapy
This classification should be reassessed after neoad-

juvant therapy using a multidisciplinary team approach, 
as resectability may improve with treatment. Post-neoad-
juvant imaging assessment can be challenging because 
inflammatory changes or chemotherapy-induced fibrosis 
may mimic persistent tumor¹⁴. In such cases, the concept 
of “biological resectability” should be considered. This 
concept, initially introduced by Katz et al.¹¹, refers to re-
gression of vascular involvement or radiological stabil-
ity, in association with a significant decrease in tumor 
markers¹⁵٫¹⁶.

According to the latest version of the NCCN guide-
lines for PDAC (version 1.2026), the criteria for resec-
tion include the following surgical principles: en bloc 
resection of the tumor and “at-risk” tissues to achieve 
complete tumor excision with negative margins (R0); 
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reestablishment of end-organ arterial inflow and venous 
outflow; restoration of gastrointestinal continuity; and 
adequate biliary drainage. These factors may ultimately 
be assessed intraoperatively, given the limited accuracy 
of conventional cross-sectional imaging in differentiat-
ing viable tumor tissue from fibrosis or scar tissue. This 
limitation may justify and support surgical exploration 
even in the presence of equivocal imaging findings¹³.

Surgical exploration may be indicated in cases demon-
strating regression or stability of arterial contact, absence 
of metastatic progression, and good clinical condition 
with a favorable metabolic response.

�Technical Considerations of Arterial Resection 
during Pancreatectomy
As previously mentioned, the arteries most frequently 

involved are the common hepatic artery (CHA), celiac axis 
(CA), and superior mesenteric artery (SMA). Technical 
factors that have historically limited the adoption of pan-
creatic resection with arterial resection (P-AR) include the 
previously prohibitive mortality rates (up to 45%), mainly 
due to bleeding or thrombosis of reconstructed vessels, the 
frequent need for concomitant venous resection, and the 
requirement for advanced expertise in vascular surgery to 
perform arterial reconstruction³٫¹⁷.

However, with advances in surgical techniques and 
increasing experience, series from high-volume centers 
specializing in hepatobiliary and pancreatic surgery have 
demonstrated that P-AR can be performed safely, with ac-
ceptable morbidity, mortality, and overall survival rates.

In the series reported by Bachelier et al.³, the rate of P-AR 
progressively increased over time, reaching approximately 
10% of all pancreatic resections in the later study period. 
Despite the high complexity of the cases treated (>90% 
involving synchronous arterial and venous resections), the 
reported 90-day mortality rate (5.1%) was lower than that 
observed in post-discharge national databases of pancreatic 
resections in Germany (10.1%) and France (8.1%), as well 
as lower than rates reported in earlier P-AR series. These 
findings reflect the progressive evolution and continuous 
refinement of surgical techniques for combined arterial re-
section over the past two decades, as well as the impact 
of institutional policies aimed at reducing failure-to-rescue 
rates in high-volume pancreatic surgery centers³.

Celiac Axis Resection
The modified Appleby technique allows resection of 

the celiac axis (CA) in tumors of the pancreatic body and 

tail (distal pancreatectomy with celiac axis resection, DP-
CAR), taking advantage of retrograde blood flow from 
the superior mesenteric artery (SMA) through the pos-
terior pancreaticoduodenal artery and the Haller arcade.

Preoperative assessment of collateral hepatic per-
fusion using CT angiography or Doppler ultrasound is 
essential. Celiac axis resection requires adequate collat-
eral circulation via the SMA, pancreaticoduodenal ar-
cade (PA), and gastroduodenal artery (GDA) to ensure 
sufficient hepatic arterial inflow. Therefore, involvement 
of these arteries during DP-CAR necessitates complex 
arterial reconstruction to prevent hepatic infarction. Giv-
en the morbidity and suboptimal outcomes associated 
with arterial reconstruction during pancreatic surgery, 
involvement of the SMA or GDA should be considered a 
contraindication to DP-CAR¹⁸.

In cases where arterial clamping results in the absence 
of pulsation at the hepatic hilum, changes in liver color 
or consistency, or absence of intrahepatic arterial flow (as 
assessed by intraoperative Doppler ultrasound), recon-
struction of the common hepatic artery (CHA) is recom-
mended whenever feasible. Another clear indication for 
hepatic rearterialization is when a total pancreatectomy 
is performed for technical or oncological reasons¹⁹.

Regarding reconstruction, after transection of the CA 
and CHA, extensive mobilization of the proximal and 
distal arterial ends is performed to allow a tension-free 
end-to-end anastomosis. If this is not feasible, interpo-
sition grafting may be performed using autologous ves-
sels (such as the splenic, middle colic, or gastroepiploic 
arteries), cadaveric arterial graft (Figure 2) or synthetic 
grafts¹⁹.

In some cases, preoperative embolization of the GDA 
is required to induce neovascularization, typically per-
formed at least 10 days before surgery to allow adequate 
development of collateral circulation¹⁸‾²⁰.

Hepatic Artery Resection
It may be indicated in cases of focal invasion of the 

proximal segment, particularly in pancreatic head tumors 
with extension towards the gastroduodenal artery (GDA).

During preoperative assessment, the presence of an 
accessory hepatic artery and whether the native hepat-
ic artery is involved should be carefully evaluated. After 
hepatic artery resection, end-to-end anastomosis is often 
feasible due to the anatomical proximity to the celiac 
axis. In cases where primary anastomosis is not possi-
ble, graft interposition to the celiac trunk or abdominal 
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aorta is required. Preferred grafts for these anastomoses 
include the saphenous vein, gastric artery, mesenteric ar-
terial branches, and splenic artery transposition²¹.

Superior Mesenteric Artery Resection
Superior mesenteric artery (SMA) involvement is typ-

ically observed in lesions located predominantly in the 
uncinate process. This involvement is usually limited 
to the most distal portion of the artery. Proximal SMA 
involvement, close to its aortic origin, generally occurs 
in larger tumors in which the superior mesenteric vein 
(SMV) is also frequently infiltrated¹⁹.

This represents the most technically demanding type 
of resection. It may be indicated only in highly select-
ed cases with limited vascular invasion and a marked 
response to neoadjuvant therapy. Complication rates are 
high (including intestinal ischemia), and early series re-
ported significant mortality, which initially limited its 
widespread acceptance.

Reconstruction techniques vary and include end-to-
end anastomosis, use of prosthetic or biological patches, 
or en bloc resection with vascular bypass reconstruc-
tion²¹.

Oncological and Perioperative Outcomes
Postoperative mortality rates after arterial resections 

have improved significantly (<5% in expert centers), 
which is closely associated with surgical experience 
and perioperative management optimization²². Even in 

high-volume pancreatic surgery centers, the perioper-
ative morbidity rate for this high-risk procedure ranges 
from 25–59%, while postoperative mortality rates range 
from 10–16%²³.

In the systematic review by Noel et al., 2- and 3-year 
overall survival rates were 62.2% and 50.1%, respectively, 
in the arterial resection group compared with 55.7% and 
49.8% in the non-arterial resection group²⁴. In some cases, 
arterial resection does not correspond to histological ar-
terial invasion. In the study by Yang et al., only 64.3% of 
cases demonstrated microscopic arterial infiltration²⁵.

R0 resection rates range between 60–80%, and medi-
an overall survival in patients undergoing resection after 
neoadjuvant therapy may reach 25–30 months, compared 
with 11–13 months in unresected patients²⁶. Neoadjuvant 
chemotherapy has clearly contributed to reducing mor-
bidity and mortality associated with arterial resection, 
as well as achieving higher R0 resection rates. Although 
residual tumor and extensive desmoplastic reaction sur-
rounding the artery may complicate surgical dissection 
after neoadjuvant therapy, higher R0 rates have been 
achieved even in tumors initially considered locally ad-
vanced or unresectable at diagnosis²³.

Furthermore, expertise in vascular surgery and organ 
transplantation techniques supports the feasibility of the 
procedure, particularly for primary reconstruction or the 
use of vascular grafts²².

The main prognostic determinants are the final resection 
status (R0 vs. R1), nodal status, and response to neoadjuvant 

Figure 2: Intraoperative images of a modified Appleby procedure performed for a pancreatic neck–body adenocarcinoma involving the 
celiac trunk and common hepatic artery. A total splenoduodenopancreatectomy was carried out, and arterial reconstruction was achieved 

using a cadaveric iliac graft.



KOSOVA JOURNAL OF SURGERY | VOLUME 10 | ISSUE 2 | AUGUST 202618

therapy. Patients with borderline resectable or locally ad-
vanced tumors exhibit higher rates of positive resection 
margins, leading to increased recurrence rates. Therefore, 
the use of more complex surgical techniques, including arte-
rial resection, may enable the achievement of R0 resection, 
which is a key factor in improving prognosis²٫²⁶.

Regarding postoperative complications associated 
with the surgical procedure, the main concern is clinical-
ly significant postoperative hemorrhage, which occurs in 
approximately 15% of patients.

Ischemic complications represent another inherent 
limitation of this technique, either due to interruption of 
arterial continuity when performed without reconstruc-
tion or due to thrombosis following arterial reconstruc-
tion. These complications have been reported to contrib-
ute to postoperative mortality in 45–73% of cases²⁷٫²⁸. 
However, in the systematic review published by Noel 
et al. (2025), no increased rate of major complications 
(Clavien–Dindo ≥III) was observed with arterial resec-
tion (31.8% in the arterial resection group vs. 34.3% in 
the standard resection group)²⁴.

Another complication is refractory diarrhea resulting 
from gastrointestinal denervation following SMA dissec-
tion, which may hinder timely administration of adjuvant 
therapy and negatively impact patient survival²³.

Controversies and Future Perspectives
Arterial resection remains a controversial procedure 

due to the high rate of complications, particularly in his-
torical series, suboptimal oncologic outcomes related to 
initial inadequate patient selection, and the technical com-
plexity of the procedures. However, it is emerging as a val-
id strategy in carefully selected cases, especially with the 
support of neoadjuvant therapies and targeted treatments.

Recently, arterial preservation procedures have been 
proposed, employing specific techniques to maintain arte-
rial lumen integrity while achieving oncologic radicality. 
These include periarterial divestment, periadventitial dis-
section, subadventitial divestment, and level 3 SMA dis-
section²⁹. These emerging preservation approaches are 
based on histopathological evidence suggesting that true 
arterial wall invasion is relatively uncommon, as well as 
on the arterial wall’s structural resilience, which may re-
main intact following aggressive periarterial dissection²³.

The incorporation of artificial intelligence, three-di-
mensional surgical planning, and advances in intraopera-
tive perfusion techniques may further improve procedur-
al safety and long-term outcomes.

Conclusion
Arterial resection in locally advanced pancreatic cancer 
can be considered no longer an absolute contraindication 
and represents an advance in aggressive oncologic sur-
gery, reserved for carefully selected patients in highly 
specialized centers. Although technically demanding and 
associated with significant risks, it may offer improved 
survival in a subset of patients historically considered 
unresectable.
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Abstract
The development of collaborative clinical registries has 
profoundly transformed pancreatic surgery research over 
the past two decades. While traditional evidence was 
largely derived from single-center retrospective studies 
and administrative databases, prospective, clinician-led 
registries have generated high-quality evidence and facil-
itated benchmarking, quality assessment, and continuous 
improvement in surgical care.

The Dutch Pancreatic Cancer Group pioneered this 

model by establishing nationwide prospective audits that 
produced hundreds of scientific publications and fun-
damentally shaped pancreatic surgery research across 
Europe. Inspired by this collaborative philosophy, sev-
eral national and international initiatives subsequently 
emerged, including the Spanish projects ERPANDIS 
(Estudio Retrospectivo PANcreatectomía DIStal) and 
SPANDISPAN (SPANish DIStal PANcreatectomy)

ERPANDIS represented the first multicenter col-
laborative (8 centers) effort focused specifically on left 
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pancreatectomy in Spain. The experience gained through 
this retrospective registry ultimately led to the develop-
ment of SPANDISPAN, a nationwide prospective proj-
ect involving 41 centers and representing approximately 
three-quarters of all left pancreatectomies performed an-
nually in Spain.

Together, ERPANDIS and SPANDISPAN generated 
evidence on multivisceral resection, mucinous cystic 
neoplasms, delayed gastric emptying, textbook outcome, 
splenic vessel involvement, benchmarking, institutional 
volume, failure-to-rescue, postpancreatectomy hemor-
rhage, conversion during minimally invasive surgery, 
and extended left pancreatectomy.

This article reviews the evolution of both projects, 
summarizes their key scientific contributions, discuss-
es lessons learned from two decades of collaborative 
research, and explores how similar initiatives may help 
develop pancreatic surgery networks in Southeastern Eu-
rope.

Keywords: left pancreatectomy, pancreas, registry, 
outcomes, textbook outcome, failure to rescue, surgery

1. Why Surgical Registries Matter
Over the past two decades, surgical research has 

evolved from isolated institutional experiences to collab-
orative prospective data collection. Historically, much of 
the available evidence in surgery came from single-center 
retrospective series, often limited by small sample sizes, 
selection bias, and heterogeneous data collection. At the 
same time, large administrative databases, particularly in 
the United States, provided important insights into sur-
gical outcomes and healthcare delivery. Resources such 
as NSQIP, SEER, NCDB, and Medicare-derived datasets 
substantially improved our understanding of quality as-
sessment and population-level outcomes1,2.

Nevertheless, administrative databases are typically 
designed for billing, epidemiological surveillance, or 
healthcare management rather than for answering spe-
cific clinical questions. Consequently, they often lack 
the granularity needed to evaluate procedure-specific 
outcomes and the technical aspects of complex opera-
tions1,2. Variables related to postoperative pancreatic fis-
tula, benchmarking, textbook outcome, failure-to-rescue, 
or minimally invasive pancreatic surgery are frequently 
unavailable or incompletely captured.

Clinician-led registries emerged to address these lim-
itations. Unlike administrative datasets, registries are 

designed and governed by healthcare professionals who 
determine which variables to collect, how outcomes 
should be defined, and which quality indicators to evalu-
ate1,2. This approach enables detailed assessment of clini-
cally relevant endpoints while also creating platforms for 
quality improvement, benchmarking, and collaborative 
research.

Perhaps the most influential example in pancreatic 
surgery is the Dutch Pancreatic Cancer Group (DPCG). 
Through the Dutch Pancreatic Cancer Audit, this collabo-
rative network demonstrated that nationwide prospective 
registries could improve patient care, facilitate bench-
marking, and generate high-impact scientific research. 
Under the leadership of Prof. Marc Besselink, the DPCG 
became one of the most influential collaborative pancre-
atic surgery networks worldwide3. More importantly, it 
established a culture of collaboration, transparency, and 
continuous quality improvement that has become a mod-
el for pancreatic surgery research across Europe4.

The influence of the Dutch experience rapidly extend-
ed beyond the Netherlands. Similar registry-based initia-
tives subsequently emerged in France, Germany, Swe-
den, the United Kingdom, and other European countries. 
International collaborative projects such as the European 
Consortium on Minimally Invasive Pancreatic Surgery 
(E-MIPS) further expanded the concept of prospective 
registry-based research across national borders5. These 
initiatives demonstrated that registries could serve not 
only as scientific tools but also as mechanisms for au-
diting clinical practice, monitoring outcomes, promoting 
standardization, and fostering academic collaboration.

Perhaps the most important lesson derived from these 
experiences is that meaningful clinical research does not 
necessarily require large financial investments or sophis-
ticated infrastructures. Instead, it requires motivated cli-
nicians, standardized definitions, reliable data collection, 
and a shared willingness to learn from collective experi-
ence6,7.

It was within this international movement toward col-
laborative registry-based pancreatic surgery research that 
the Spanish projects ERPANDIS (Estudio Retrospectivo 
PANcreatectomia DIStal) and SPANDISPAN (SPANish 
DIStal PANcreatecomy) were conceived.

�2. ERPANDIS: The Foundation of Collaborative 
Research in Left Pancreatectomy
The intellectual origins of ERPANDIS trace back to 

a simple observation that remains relevant today: left 
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pancreatectomy (LP) is often viewed as less demand-
ing than pancreatoduodenectomy, even though it is per-
formed for a remarkably heterogeneous group of diseas-
es. Years before multicenter registries became common 
in pancreatic surgery; this concept was captured in a 
Spanish publication that described LP as “one operation 
for many indications.”8

LP is performed for a wide spectrum of pathological 
entities, including pancreatic ductal adenocarcinoma, 
neuroendocrine tumors, mucinous cystic neoplasms, 
intraductal papillary mucinous neoplasms, solid pseu-
dopapillary tumors, metastatic lesions, and benign con-
ditions. Although the technical procedure may appear 
similar, these diseases differ substantially in biological 
behavior, prognosis, operative complexity, and expected 
outcomes.

When ERPANDIS was conceived, Spain lacked a 
collaborative registry specifically focused on LP. Most 
of the available evidence came from single-center retro-
spective series that were often underpowered to address 
clinically relevant questions. To overcome these limita-
tions, a multicenter initiative involving eight pancreatic 
surgery units from Spain and Puerto Rico was launched. 
With the invaluable organizational support of Mario Ser-
radilla, the ERPANDIS registry was created to combine 
institutional experiences into a sufficiently large cohort 
capable of addressing questions that could not be ade-
quately explored by individual centers alone.

The scientific productivity of ERPANDIS exceeded 
initial expectations9-13. Over the following years, the reg-
istry produced a series of studies addressing several as-
pects of LP, including multivisceral resection, mucinous 
cystic neoplasms, delayed gastric emptying, textbook 
outcome, and radiologic splenic vessel involvement9-13. 
Although each project addressed a different clinical 
question, common themes gradually emerged.

The first studies examined how disease-specific and 
technical factors influence outcomes. The analysis of 
multivisceral resection showed that increased operative 
complexity does not necessarily preclude acceptable out-
comes when careful patient selection is applied9. Similar-
ly, the study of mucinous cystic neoplasms underscored 
the importance of pathological heterogeneity and rein-
forced the concept that LP should not be considered a 
uniform procedure10.

Subsequent investigations focused on quality assess-
ment and postoperative recovery. The delayed gastric 
emptying study showed that this complication is not 

limited to pancreatoduodenectomy and may significant-
ly affect recovery after LP, particularly when associated 
with a postoperative pancreatic fistula11. The textbook 
outcome analysis further broadened the concept of sur-
gical quality by emphasizing that optimal care cannot be 
adequately assessed by morbidity and mortality alone12.

Finally, the study evaluating radiologic splenic vessel 
involvement examined the relationship between preoper-
ative imaging findings and oncologic outcomes. The re-
sults suggested that radiologic data may provide valuable 
information about disease aggressiveness and contribute 
to preoperative risk stratification13.

Perhaps the most important achievement of ERPAN-
DIS was not any individual publication but rather the 
demonstration that collaborative research focused exclu-
sively on LP was feasible and scientifically productive. 
The registry fostered cooperation among pancreatic sur-
geons, established a national network capable of gener-
ating meaningful evidence, and laid the foundation for 
future prospective initiatives.

As ERPANDIS evolved, pancreatic surgery itself was 
changing. Minimally invasive LP became increasingly 
established, laparoscopic approaches were progressively 
adopted throughout Spain, and robotic surgery began ex-
panding into specialized pancreatic units. Simultaneous-
ly, concepts such as benchmarking, textbook outcome, 
and failure-to-rescue were gaining prominence within 
the international pancreatic surgery community. These 
developments highlighted the limitations of retrospective 
data collection and underscored the need for a prospec-
tive nationwide registry to evaluate contemporary prac-
tice.

�3. SPANDISPAN: The Evolution of Prospective 
Collaborative Research
The natural consequence of these developments was 

SPANDISPAN.
The experience gained through ERPANDIS demon-

strated that collaborative research focused on LP was 
both feasible and scientifically productive. However, it 
also highlighted the inherent limitations of retrospective 
studies, including incomplete data collection, heteroge-
neity across participating institutions, and the inability to 
evaluate emerging concepts prospectively.

At the same time, as we previously mentioned, pan-
creatic surgery itself was undergoing a profound trans-
formation. Minimally invasive LP was increasingly ad-
opted throughout Spain, laparoscopic approaches were 
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progressively replacing traditional open surgery, and 
robotic platforms were beginning to gain acceptance in 
specialized pancreatic units. 

These developments created the ideal environment 
for a new collaborative initiative. Under the leadership 
of Cándido Alcázar and with support from pancreatic 
surgeons nationwide, the SPANDISPAN project was es-
tablished as a prospective nationwide registry dedicated 
to LP.

The project ultimately involved 41 participating cen-
ters and captured approximately 75% of all LP performed 
annually in Spain. To our knowledge, SPANDISPAN is 
one of the largest prospective national registries exclu-
sively focused on LP. Beyond its scientific productivi-
ty, the project created a collaborative network capable 
of evaluating contemporary surgical practice, identifying 
opportunities for quality improvement, and generating 
evidence relevant to everyday clinical decision-making.

Unlike ERPANDIS, which primarily sought to demon-
strate the feasibility of multicenter collaborative research, 
SPANDISPAN was conceived as a mature prospective 
platform designed to address increasingly sophisticated 
clinical questions. The resulting studies examined not 
only perioperative outcomes but also benchmarking, in-
stitutional performance, complication management, and 
the impact of biological and technical factors on surgical 
outcomes.

Taken together, these analyses provide a comprehen-
sive overview of contemporary LP and constitute the 
most extensive body of evidence from a national pro-
spective registry dedicated to this procedure.

�3.1 Understanding Outcomes After Left Pancre-
atectomy
The first studies generated by SPANDISPAN sought 

to define contemporary outcomes after LP and identify 
the factors that influence surgical results. Beyond de-
scribing morbidity and mortality, these analyses aimed to 
establish standards of excellence and to understand how 
disease-specific characteristics influence perioperative 
outcomes14-16.

�- Benchmarking Excellence: Defining the Best Achiev-
able Outcomes
Benchmarking has become one of the most important 

concepts in contemporary surgical quality assessment6. 
Unlike traditional outcome reporting, which describes 
average performance, benchmarking identifies the best 

achievable results under optimal conditions. By estab-
lishing reference values from high-performing centers 
and low-risk patients, benchmarking provides objective 
standards for institutions to compare their performance6.

Using data from the SPANDISPAN registry, the 
benchmark study evaluated outcomes after LP in a con-
temporary national cohort14. The analysis showed that 
even in ideal circumstances, LP remains associated with 
substantial morbidity. Clinically relevant postoperative 
pancreatic fistula, major complications, and prolonged 
hospital stay could not be eliminated, underscoring the 
intrinsic complexity of pancreatic surgery.

Perhaps the most important contribution of this study 
was the establishment of objective benchmark values for 
LP in a national setting. These values provide realistic 
expectations for surgeons, institutions, and patients while 
identifying areas where quality improvement efforts may 
be directed.

The study also reinforced an important conceptual 
message. Benchmarking should not be interpreted as a 
description of average outcomes but rather as a repre-
sentation of what can reasonably be achieved under opti-
mal conditions. Consequently, benchmark values offer a 
more meaningful framework for quality assessment than 
simple comparisons between institutions.

Ultimately, the benchmark analysis demonstrated that 
excellence in LP is measurable, but also that even the 
best achievable outcomes remain associated with signif-
icant morbidity. This finding serves as a reminder that 
LP should continue to be regarded as a major pancreatic 
operation requiring specialized expertise and multidisci-
plinary care.

- Contemporary Left Pancreatectomy in Spain
While benchmarking defines excellence, understand-

ing contemporary practice requires evaluating outcomes 
across the entire spectrum of patients and institutions. For 
this reason, one of the first objectives of SPANDISPAN 
was to provide a national snapshot of LP in Spain15. The 
analysis demonstrated the remarkable evolution since 
ERPANDIS’s early years. Minimally invasive surgery 
has become the dominant approach. 

Despite these technological advances, postoperative 
morbidity remained substantial. Complications con-
tinued to affect a considerable proportion of patients, 
and postoperative pancreatic fistula remained the most 
important determinant of adverse outcomes. However, 
mortality rates were exceptionally low, underscoring the 
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considerable improvements achieved in perioperative 
management, complication recognition, and multidisci-
plinary postoperative care.

Perhaps the most important message of this study was 
that modern LP has become safer without being simpler. 
Technological innovation and minimally invasive sur-
gery have improved perioperative outcomes, but they 
have not eliminated the inherent challenges of pancreatic 
resection.

Consequently, the study provided a realistic portrait 
of contemporary LP in Spain: a procedure increasingly 
performed using minimally invasive approaches, associ-
ated with low mortality yet still marked by significant 
morbidity and substantial postoperative complexity.

- One Operation for Many Diseases Revisited
One of the original concepts underpinning ERPANDIS 

was that LP is a single operation performed for multiple 
diseases. The histology analysis from SPANDISPAN re-
visited this idea using prospective nationwide data.

The study evaluated postoperative outcomes by un-
derlying pathological diagnosis and found significant dif-
ferences among disease groups. Patients undergoing sur-
gery for pancreatic ductal adenocarcinoma, neuroendo-
crine tumors, mucinous cystic neoplasms, and other pan-
creatic lesions showed distinct clinical characteristics, 
intraoperative findings, and postoperative outcomes16.

These observations underscored the importance of ac-
counting for pathological heterogeneity when interpreting 
surgical results. Comparisons across institutions, studies, 
and surgical approaches may be misleading if underlying 
disease distributions are not considered. What appears to 
be a difference in surgical quality may instead reflect dif-
ferences in patient selection and disease biology.

Perhaps the most important contribution of this study 
was confirming that LP should not be viewed as a ho-
mogeneous procedure. Rather, it is a common technical 
operation performed across diseases with profoundly dif-
ferent biological behaviors and clinical trajectories.

The findings therefore validated one of the cen-
tral ideas that had originally inspired ERPANDIS and 
demonstrated that the concept remains equally relevant 
in the era of prospective national registries.

�3.2 Understanding Quality and Institutional Per-
formance
While the first SPANDISPAN studies focused primar-

ily on patient characteristics and disease-related factors, 

subsequent analyses addressed a different question: why 
do some institutions consistently achieve better outcomes 
than others?

�- Does Volume Matter? The Relationship Between 
Institutional Experience and Outcomes
The relationship between hospital volume and surgi-

cal outcomes has been among the most debated topics 
in complex gastrointestinal surgery. For pancreatic resec-
tions, numerous studies have suggested that higher pro-
cedural volumes are associated with improved outcomes, 
prompting many healthcare systems to promote varying 
degrees of centralization3. Nevertheless, data specifically 
focused on LP remain limited.

Using the SPANDISPAN cohort, this study evaluat-
ed the influence of institutional volume on perioperative 
outcomes after LP17. The analysis demonstrated signif-
icant differences among centers by annual procedural 
volume. Higher-volume institutions were more likely to 
adopt minimally invasive approaches, accumulate great-
er experience in managing complex pancreatic disease, 
and achieve superior perioperative outcomes overall.

Importantly, the study suggested that volume functions 
not merely as a numerical indicator but as a surrogate for 
institutional expertise. High-volume centers typically ben-
efit from dedicated multidisciplinary teams, standardized 
perioperative pathways, experienced interventional radiol-
ogy services, and greater familiarity with postoperative 
complication management. These factors collectively con-
tribute to improved patient care and may help explain part 
of the observed volume-outcome relationship.

The principal contribution of this study was the con-
firmation that institutional experience remains an im-
portant determinant of outcomes after LP. While volume 
alone cannot guarantee excellence, the findings support 
the concept that complex pancreatic surgery benefits 
from concentration of expertise and from organizational 
structures capable of delivering highly specialized care.

�- Failure to Rescue: Beyond the Prevention of Com-
plications
Traditionally, surgical quality has been assessed us-

ing complication rates, mortality, and length of hospital 
stay. However, contemporary quality research increas-
ingly recognizes that complications are not always en-
tirely preventable. Equally important is how effective-
ly institutions manage serious complications once they 
occur. This concept, known as failure to rescue (FTR), 
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has emerged as one of the most informative indicators of 
healthcare quality18,19.

The SPANDISPAN FTR study examined outcomes 
among patients who developed major postoperative com-
plications after LP20. Rather than focusing exclusively on 
complication rates, the analysis examined which patients 
ultimately died after severe adverse events and which 
factors influenced successful rescue.

The findings showed that mortality after LP is of-
ten determined less by the occurrence of complications 
than by an institution’s ability to recognize, escalate, and 
manage them appropriately. Patient-related factors such 
as age and disease complexity contributed to risk, but in-
stitutional resources and multidisciplinary expertise also 
appeared to play a crucial role.

These observations reinforce an important concept in 
modern surgical quality assessment: excellent care is de-
fined not only by avoiding complications but also by re-
sponding effectively when they occur. Consequently, FTR 
complements traditional outcome measures and offers a 
more comprehensive view of institutional performance.

Perhaps the most important message of this study is 
that quality in pancreatic surgery extends beyond tech-
nical excellence in the operating room. It also depends 
on the systems, teams, and organizational structures that 
support patients in the postoperative period.

3.3 Understanding Complexity and Adverse Events
Beyond quality indicators, SPANDISPAN also exam-

ined specific complications and complex clinical scenar-
ios linked to increased perioperative risk. These studies 
addressed some of the most challenging aspects of con-
temporary LP, including severe postoperative hemor-
rhage20, conversion during minimally invasive surgery21, 
and extended resections for advanced disease22.

�- Postpancreatectomy Hemorrhage: Understanding 
a Rare but Potentially Devastating Complication
Although postoperative pancreatic fistula remains the 

most common complication after LP, post-pancreatec-
tomy hemorrhage (PPH) is often considered the most 
feared. Its incidence is relatively low compared with 
other postoperative adverse events, yet its consequences 
are substantial, including reintervention, prolonged hos-
pitalization, increased resource utilization, and signifi-
cant mortality. Consequently, understanding the mecha-
nisms and risk factors associated with PPH remains an 
important objective in pancreatic surgery research.

The SPANDISPAN registry provided a unique op-
portunity to prospectively evaluate this complication in 
a contemporary national cohort. The analysis confirmed 
that PPH remains an uncommon event after LP, affecting 
only a small proportion of patients. Nevertheless, when 
hemorrhage occurred, it was frequently associated with 
a more complex postoperative course, marked by higher 
rates of clinically relevant pancreatic fistula, reinterven-
tions, and prolonged hospital stay.

Several clinical and technical factors were associated 
with an increased risk of hemorrhage. However, perhaps 
the most clinically relevant observation was the strong 
association between PPH and postoperative pancreatic 
fistula. This finding supports the widely accepted concept 
that hemorrhage often results from local inflammatory 
processes and vascular erosion in the setting of pancre-
atic leakage rather than from an isolated postoperative 
event.

Importantly, despite the severity traditionally associ-
ated with PPH, mortality in the SPANDISPAN cohort 
remained exceptionally low. This finding likely reflects 
advances in postoperative surveillance, interventional 
radiology, endoscopic therapies, and multidisciplinary 
management.

The principal contribution of this study was twofold. 
First, it identified factors associated with an increased 
risk of hemorrhage after LP. Second, and perhaps more 
importantly, it reinforced the concept that PPH should be 
understood within the broader context of postoperative 
pancreatic fistula and overall complication management.

�- Conversion During Minimally Invasive Left Pan-
createctomy: Failure or Safety Strategy?
The progressive adoption of minimally invasive LP 

is one of the most important developments in contempo-
rary pancreatic surgery. However, despite increasing ex-
perience and technological advances, conversion to open 
surgery remains necessary in some cases. Historically, 
conversion has often been viewed as a technical failure 
or as an indicator of inadequate preoperative planning. 
More recently, an alternative perspective has emerged, 
viewing conversion as a safety strategy to prevent more 
serious intraoperative complications.

Using data from the SPANDISPAN registry, a dedi-
cated analysis evaluated the incidence, causes, and con-
sequences of conversion during minimally invasive LP21. 
The study, currently submitted for publication, is one of 
the first prospective national assessments of this issue.
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The analysis demonstrated that conversion was 
associated with increased operative complexity, includ-
ing longer operative times, greater blood loss, and a more 
demanding postoperative course. Patients requiring con-
version experienced higher rates of complications and 
longer hospital stays than those undergoing completed 
minimally invasive procedures. However, these findings 
should not be interpreted as evidence that conversion 
itself causes adverse outcomes. Rather, conversion fre-
quently reflected the presence of difficult anatomy, unex-
pected intraoperative findings, vascular involvement, or 
technical challenges that increased procedural complex-
ity from the outset.

Perhaps the most important contribution of this study 
was reinforcing a concept increasingly accepted in pan-
creatic surgery: conversion should not be viewed as a 
failure. On the contrary, timely conversion may reflect 
sound surgical judgment and a commitment to patient 
safety. The willingness to abandon a minimally invasive 
approach when necessary is often a sign of experience 
rather than inadequacy.

The findings, therefore, support a more nuanced in-
terpretation of minimally invasive LP. Success should be 
defined not by completing the operation laparoscopically 
or robotically, but by achieving the safest possible out-
come for the patient.

�- Extended Left Pancreatectomy: When Technical 
Complexity Meets Tumor Biology
Extended LP is among the most demanding procedures 

in pancreatic surgery. These operations frequently require 
multivisceral or vascular resection to achieve complete 
oncological clearance and are typically performed in pa-
tients with locally advanced disease. Although increas-
ingly accepted in specialized centers, questions remain 
about their true impact on perioperative outcomes and 
oncological benefit.

A recent SPANDISPAN analysis, currently under re-
view for publication, evaluated postoperative and short-
term oncological outcomes after extended LP in a pro-
spective national cohort22. Among patients undergoing 
LP, a substantial minority required extended resections 
according to International Study Group of Pancreatic 
Surgery criteria, reflecting the growing complexity of 
contemporary pancreatic surgical practice.

As expected, extended procedures were associated 
with longer operative times, greater blood loss, reduced 
use of minimally invasive approaches, and prolonged hos-
pitalization. Nevertheless, rates of major complications 
and clinically relevant postoperative pancreatic fistula re-
mained comparable to those observed after standard LP, 
suggesting that extended resections can be performed 
safely in experienced hepatopancreatobiliary units.

Table 1. Principal Scientific Contributions of ERPANDIS and SPANDISPAN

Registry Study Main Topic Principal Message

ERPANDIS Multivisceral resection Extended surgery Increased complexity does not preclude acceptable outcomes

ERPANDIS Mucinous cystic neoplasms Histology LP is performed for biologically distinct diseases

ERPANDIS Delayed gastric emptying Morbidity DGE remains relevant after LP and is linked to POPF

ERPANDIS Textbook outcome Quality assessment Composite metrics better reflect surgical quality

ERPANDIS Splenic vessel involvement Oncology Radiologic findings may predict tumour aggressiveness

SPANDISPAN Benchmarking Surgical excellence Defines the best achievable outcomes after LP

SPANDISPAN Contemporary outcomes National practice LP is safer but not simpler

SPANDISPAN Histology Disease heterogeneity One operation for many diseases remains valid

SPANDISPAN Volume Centralization Institutional expertise influences outcomes

SPANDISPAN FTR Quality systems Rescue capacity is as important as complication prevention

SPANDISPAN Postpancreatectomy 
hemorrhage

Severe complications PPH is strongly associated with POPF

SPANDISPAN Conversion Minimally invasive 
surgery

Conversion is often a safety strategy rather than a failure

SPANDISPAN Extended LP Advanced disease Tumour biology outweighs technical complexity
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The most important observations emerged from the 
oncological analysis. Patients undergoing extended re-
sections presented more advanced disease, higher rates of 
lymph node involvement, and a significantly greater risk 
of early recurrence. These findings indicate that outcomes 
following extended LP are determined not only by tech-
nical complexity but also, and perhaps more importantly, 
by the biological aggressiveness of the underlying tumor.

The principal message of this study extends beyond 
the technical aspects of surgery. Extended LP should 
not be viewed simply as a larger operation, but rather 
as part of a multidisciplinary strategy for the treatment 
of biologically advanced disease. Ultimately, surgical 
expertise remains essential, but tumor biology continues 
to be the dominant determinant of long-term oncological 
outcomes.

�4. What Have We Learned from Twenty Years of 
Research in Left Pancreatectomy?
The combined experience of ERPANDIS and 

SPANDISPAN extends beyond the individual findings 
of their respective studies. Together, the registries pro-
vide a unique perspective on the evolution of LP over the 
past two decades and offer important lessons on surgical 
quality, patient selection, institutional performance, and 
oncologic outcomes23,24.

�Left Pancreatectomy Is Not a Minor Pancreatic 
Operation
Historically, LP has often been viewed as technical-

ly less demanding than pancreatoduodenectomy. While 
this may be true from a reconstructive standpoint, evi-
dence from ERPANDIS and SPANDISPAN shows that 
LP remains a major pancreatic resection associated with 
substantial morbidity. Across multiple studies, postoper-
ative complications remained common despite advances 
in surgical technique, perioperative care, and minimally 
invasive technology. Benchmark analyses further con-
firmed that even under optimal circumstances, clinically 
relevant morbidity cannot be eliminated.

This observation reinforces the need for the same 
level of expertise, multidisciplinary support, and quality 
assessment routinely expected for other complex pancre-
atic procedures.

One Operation for Many Diseases
Perhaps the most enduring concept emerging from this 

research is that LP is not performed for a single disease 

but for a remarkably heterogeneous group of pathologi-
cal conditions. The histology analysis from SPANDIS-
PAN confirmed that outcomes differ significantly accord-
ing to underlying pathology. Consequently, comparisons 
between studies, institutions, and surgical techniques 
must always consider disease-specific factors. Failure to 
account for pathological heterogeneity risks oversimpli-
fying a procedure that is fundamentally diverse in its in-
dications and objectives.

�Postoperative Pancreatic Fistula Remains the Cen-
tral Challenge
A recurring lesson concerns the dominant role of post-

operative pancreatic fistula. Regardless of study design, 
patient population, or outcome measure, pancreatic fistu-
la repeatedly emerged as the complication most strongly 
associated with adverse postoperative events.

The influence of pancreatic fistula extended beyond 
its direct clinical consequences. It contributed to delayed 
gastric emptying, PPH, prolonged hospitalization, rein-
terventions, and FTR. In many respects, the history of 
LP research can be viewed as a continuing effort to bet-
ter understand, prevent, and manage the consequences of 
pancreatic leakage.

Despite substantial advances in surgical techniques 
and perioperative management, postoperative pancreatic 
fistula remains the principal unresolved challenge fol-
lowing LP.

Quality Depends on More Than Technical Skill
The volume and FTR analyses highlighted another 

important principle. Surgical quality is not determined 
solely by operative performance. Institutional experi-
ence, multidisciplinary collaboration, postoperative sur-
veillance, interventional radiology, intensive care sup-
port, and the ability to recognize and treat complications 
all contribute to patient outcomes.

This broader understanding of quality explains why 
concepts such as benchmarking, textbook outcomes, and 
FTR have become increasingly important in contemporary 
pancreatic surgery12,18,19,23,24. Excellent results require not 
only skilled surgeons but also effective systems of care 
that support patients throughout the perioperative journey.

�Tumor Biology Ultimately Determines Oncological 
Outcomes
Although technical complexity remains an important 

determinant of perioperative risk, several studies have 
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shown that long-term outcomes are more strongly in-
fluenced by biological factors than by surgical difficulty 
alone. Analyses of splenic vessel involvement, patholog-
ical subtype, and extended LP consistently show that tu-
mor aggressiveness frequently outweighs technical con-
siderations when recurrence and survival are evaluated.

This observation serves as a reminder that surgery is 
only one component of modern pancreatic cancer care. 
Accurate staging, multidisciplinary decision-making, 
systemic therapies, and patient selection remain funda-
mental determinants of oncological success.

Collaboration Generates Better Evidence
The final lesson may be the most important. Neither 

ERPANDIS nor SPANDISPAN would have been possi-
ble through the efforts of a single institution alone. The 
ability to answer increasingly sophisticated clinical ques-
tions depended entirely on collaboration among surgeons 
willing to share data, standardize definitions, and learn 
from collective experience.

The transition from a retrospective multicenter reg-
istry of eight institutions to a prospective nationwide 
cohort of 41 centers illustrates the remarkable potential 
of collaborative research networks. More importantly, it 
shows that meaningful scientific contributions can arise 
from cooperation rather than competition.

Ultimately, the greatest achievement of ERPANDIS 
and SPANDISPAN may not be the publications they 
produced, but the collaborative culture they fostered. By 
transforming individual institutional experiences into 
shared knowledge, both registries contributed not only to 
a better understanding of LP but also to the development 
of a national community committed to continuous quali-
ty improvement and scientific progress.

�5. Future Perspectives: Building Collaborative 
Registries Beyond Spain
The experience gained through ERPANDIS and 

SPANDISPAN shows that clinical registries can deliv-
er benefits that extend far beyond scientific publications. 
Although the academic output of both projects has been 
substantial, their true value lies in their ability to improve 
quality assessment, facilitate benchmarking, monitor 
outcomes, and promote collaboration among pancreatic 
surgeons.

Perhaps the most important lesson from these ini-
tiatives is that successful collaborative research does 
not necessarily require large financial investments or 

sophisticated infrastructure. Instead, it depends on mo-
tivated clinicians, standardized definitions, reliable data 
collection, and a shared commitment to improving pa-
tient care through collective learning. The Dutch Pan-
creatic Cancer Group’s experience demonstrated that 
nationwide registries could transform a specialty by gen-
erating high-quality scientific evidence while improv-
ing clinical practice3. Similar experiences have since 
emerged throughout Europe, creating networks that in-
tegrate research, quality improvement, and professional 
development.

The Spanish experience, represented by ERPANDIS 
and SPANDISPAN, shows that these principles can be 
successfully adapted to diverse healthcare systems and 
organizational settings. What began as a retrospective 
collaboration among a small number of institutions 
evolved into a prospective nationwide registry capable 
of addressing increasingly complex clinical questions. 
Equally important, it created a community of surgeons 
committed to transparency, benchmarking, and continu-
ous quality improvement.

The potential relevance of this model extends across 
Southeastern Europe. Several centers throughout the re-
gion have increasingly contributed to the international 
pancreatic surgery literature and participate actively in 
European hepatopancreatobiliary surgical societies. De-
veloping prospective collaborative registries in Kosovo, 
Albania, North Macedonia, and neighboring countries 
could offer valuable opportunities to monitor outcomes, 
benchmark performance, strengthen national surgical 
networks, and generate evidence that reflects local clin-
ical. Beyond their scientific value, such initiatives may 
facilitate regional cooperation, promote standardization, 
and support the development of future collaborative re-
search projects.

Importantly, registries should not be viewed solely as 
research tools. They also serve as mechanisms for profes-
sional development and capacity building. By encourag-
ing participation in multicenter projects, registries create 
opportunities for younger surgeons to engage in clinical 
research, develop academic skills, and contribute to gen-
erating evidence that directly influences patient care.

Importantly, the story of collaborative LP research in 
Spain does not end with SPANDISPAN. Building on the 
experience gained through ERPANDIS and SPANDIS-
PAN, a new nationwide prospective registry, the Span-
ish Left Pancreatectomy Project (SPANLEPAN), is 
scheduled to begin on January 1, 2027. The project will 
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involve 55 hospitals across Spain and is planned for a 
four-year period. Beyond continuing previous collabora-
tive efforts, this initiative reflects the consolidation of a 
national research network capable of addressing increas-
ingly complex clinical questions while promoting quality 
assessment, benchmarking, and continuous improvement 
in pancreatic surgery.

The launch of SPANLEPAN demonstrates that collab-
orative research has evolved from an isolated project into 
a sustainable model for scientific advancement in pancre-
atic surgery. In this sense, the most important legacy of 
ERPANDIS and SPANDISPAN may not be the studies 
they produced, but the collaborative infrastructure they 
helped build.

The future of pancreatic surgery research will increas-
ingly depend on cooperation among centers, countries, 
and professional societies. Registries provide one of the 
most effective mechanisms for achieving this coopera-
tion, enabling collaborative networks that can transform 
data into knowledge and knowledge into better patient 
care.
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Diagnostic and Therapeutic  
Approach to Acute Pancreatitis:  
Paraguayan National Consensus

Abstract
Background. Acute pancreatitis is a leading cause of hos-
pital admission for inflammatory disease of digestive ori-
gin worldwide and in Latin America. Its clinical spectrum 
ranges from mild, self-limiting episodes to critical illness 
with multi-organ failure and high mortality. Management 
in Paraguay remains heterogeneous, and practices persist 
that may adversely affect outcome.
Methods. The Hepato-Pancreato-Biliary Surgery Chapter 
of the Paraguayan Society of Surgery convened 24 sur-
geons in three thematic working groups. Statements were 
validated by a modified Delphi process with a pre-speci-
fied approval threshold of 80% and a final plenary vote.

Results. Thirty-two statements and recommenda-
tions were approved, covering diagnosis and severity 

classification, initial management and therapeutic support, 
and the management of local and other surgical compli-
cations. Gallstones account for more than 80% of cases 
nationally. Recommendations include the two-of-three 
diagnostic rule with serum lipase as the preferred assay, 
restricted and appropriately timed computed tomography, 
determinant-based and revised Atlanta severity classifica-
tion with the modified Marshall score, moderate goal-di-
rected resuscitation with Ringer’s lactate, early oral or en-
teral nutrition, antibiotics only for suspected or confirmed 
infected necrosis, early cholecystectomy in mild biliary 
disease, and a step-up approach with intervention deferred 
beyond four weeks wherever tolerated.

Conclusions. This English-language report presents a 
national consensus intended to standardize practice across 
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a health system with uneven access to interventional ra-
diology, therapeutic endoscopy and critical care, and sets 
out the structural limitations to its implementation.

Key words: Acute pancreatitis; Severity classification; 
Modified Marshall score; Fluid resuscitation; Step-up ap-
proach; Paraguayan consensus.

Introduction
Acute pancreatitis is one of the most challenging gastro-
enterological conditions in the field of medical-surgical 
emergencies. In recent decades, a sustained increase in 
its global incidence has been documented, a phenomenon 
strongly linked to transitions in sociocultural and demo-
graphic habits, such as changes in alcohol consumption 
patterns, and the rising prevalence of obesity and metabol-
ic syndrome1,2.

Clinically, the disease behaves variably from patient to 
patient. The vast majority, 80–85% of patients, experience 
benign interstitial oedema that resolves within a few days 
with supportive care. A minority, 15–20%, develop pancre-
atic necrosis, and in these patients the course is character-
istically bimodal3. In the first stage, systemic inflammatory 
response syndrome and multiple organ failure predominate 
and account for the first peak of mortality3,4,5,6. The second 
stage occurs in the third and fourth weeks after the onset of 
the disease due to infection of pancreatic necrosis, which 
produces a second peak of organ failure and death4,5,6.

Despite growing evidence on the management of acute 
pancreatitis (AP), in Paraguay there is no uniformity of 
criteria for managing patients with AP, especially those 
with severe presentations involving pancreatic necrosis 
and multiple organ failure. Practices that could potentially 
lead to an unfavorable prognosis for these patients persist7.

With the aim of unifying diagnostic and treatment cri-
teria based on scientific evidence, adapted to the local con-
text, and seeking to improve the quality of healthcare in 
this area, the Hepatobiliary and Pancreatic Surgery Chap-
ter of the Paraguayan Society of Surgery convened a group 
of experts to discuss and reach a consensus on different 
aspects of the epidemiology, diagnosis, classification, and 
treatment of acute pancreatitis. The objective of this arti-
cle is to present the results obtained from this consensus 
in English, in an abbreviated form and with comments , 
for an international readership; the full consensus has been 
published in Spanish7. 

Materials and Methods: Consensus Development
To develop the consensus statement, a panel of 24 

leading surgeons was formed, selected through a nation-
wide survey based on their experience and track record 
in managing acute pancreatitis. The Board of Directors 
of the Paraguayan Chapter of Hepato-Pancreato-Biliary 
(HPB) Surgery entrusted this committee of experts with 
formulating specific statements and recommendations 
for each thematic area, based on evidence and personal 
experience but strictly adapted to the healthcare context 
of Paraguay.

The work was structured into three thematic sections: 
Section 1, focused on general information, definitions, 
and diagnosis; Section 2, centered on initial manage-
ment; and Section 3, dedicated to addressing complica-
tions. Each of these working groups consisted of a panel 
of eight experts coordinated by two members of the Par-
aguayan HPB Chapter’s Board of Directors.

As a result of the deliberations, a series of statements 
and recommendations were developed. These were sub-
sequently submitted to a modified Delphi validation 
process8 which was carried out in the following stages: 
The panel was not blinded, and voting was conducted 
in plenary rather than anonymously; this is a recognized 
departure from classical Delphi methodology and is ac-
knowledged as a limitation.

• �Discussion and initial voting: a joint plenary session 
of the panel of 24 experts was held, during which 
the proposed texts were read, debated, and voted on 
individually. A minimum approval threshold of 80% 
was strictly established for the immediate validation 
of each statement.

• �Re-evaluation of discrepancies: the two statements 
that did not reach the required threshold at first vote 
were reformulated and submitted to a further cycle 
of debate and voting until the pre-specified level of 
agreement was achieved.

• �Final plenary approval: after consolidation of the 
complete document, a final reading was carried out 
before the plenary. Submitted to a global vote, the 
final consensus text was approved unanimously 
(100%).

• �Institutional endorsement and dissemination: once 
completed, the document was submitted to the Para-
guayan Society of Surgery (SOPACI) for review and 
approval. It was also sent to the Ministry of Public 
Health and Social Welfare (MSPyBS) of the Repub-
lic of Paraguay, which has formally recommended 
its application and adoption as a reference guide in 
healthcare centers nationwide.
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We translated the consensus document into English 
and prepared an abridged version that highlights the key 
aspects and recommendations derived from it. Comments 
were added, particularly regarding the applicability of the 
guideline in a developing country like Paraguay.

Results
Following the epidemiological and etiological evalua-

tion in Paraguay, the consensus developed 32 statements 
and recommendations for the management of acute pan-
creatitis.

In the epidemiological context of the Republic of Par-
aguay, the reported annual incidence fluctuates between 
13 and 45 cases per 100,000 inhabitants7. The etiologi-
cal profile in the Paraguayan population is dominated by 
gallstones, accounting for over 80% of total diagnoses. 
This figure significantly exceeds the global averages of 
other regions of the world, where alcoholism or hyper-
triglyceridemia are close contenders to gallbladder dis-
ease9,10. The second most prevalent etiology nationally is 
alcohol abuse, representing 10% of cases7, with the risk 
directly proportional to the volume and chronicity of con-
sumption11.

In the specific biliary etiology, which dominates the 
Paraguayan scenario, three fundamental causal mecha-
nisms are described: direct biliary reflux towards the main 
pancreatic duct due to obstruction by a stone impacted in 
the common ampulla; mucosal edema and inflammation 
of the sphincter of Oddi after the migration and repeated 
passage of stones towards the duodenum; and the tran-
sient incompetence or dysfunction of said sphincter ap-
paratus after the mechanical trauma caused by the same 
stones12,13.

The statements and recommendations are grouped into 
the three thematic sections defined for the development of 
the consensus.

Section 1: Diagnosis and severity classification
1. The diagnosis of acute pancreatitis requires at least 

two of the following three characteristics: compatible ab-
dominal pain (epigastric, sharp, severe, frequently radiat-
ing to the back or hypochondria); serum lipase or amylase 
greater than or equal to three times the upper limit of nor-
mal; or characteristic findings on computed tomography 
(CT), ultrasound or magnetic resonance imaging (MRI).

2. Serum lipase is the most useful and specific labora-
tory test for confirmation.

3. Transabdominal ultrasound is established as the 

initial study of choice to identify biliary etiology and de-
tect early collections or free fluid.

4. Indications for computed tomography: CT is not 
routinely recommended for purely diagnostic purposes. 
Its precise indication is reserved for severity stratifica-
tion and detection of necrosis between the third and tenth 
days of evolution (ideally between the third and fifth); 
diagnostic uncertainty or blunt trauma in the emergency 
department; and clinical deterioration or suspected com-
plications.

5. Magnetic resonance imaging: indicated in patients 
with contrast allergy and for assessment of the biliary tree 
in biliary tract disease, particularly in children.

6. Classification systems: it is recommended to use the 
determinant-based classification (local determinants and 
organ failure)14 or failing that, the revised Atlanta clas-
sification (2012)15, to define severity in four categories: 
mild (no necrosis or organ failure), moderate (sterile ne-
crosis or transient organ failure), severe (infected necrosis 
or persistent organ failure) and critical (infected necrosis 
with persistent organ failure).

7. For the objective assessment of systemic organ dys-
function, the modified Marshall score must be strictly ap-
plied 15, 16.

�Section 2: Initial management and therapeutic sup-
port
8. Moderate, goal-directed hydration is prescribed, 

preferably using Ringer’s lactate at 1.5 mL/kg/h, adding a 
bolus of 10 mL/kg only in case of hypovolaemia17.

9. The use of colloids is not recommended, and close 
clinical reassessment is required every 6 hours during the 
first 24 hours, adjusting volume to the patient’s comor-
bidities.

10. In mild acute pancreatitis, oral intake should be 
started early as soon as pain and vomiting improve, avoid-
ing prolonged fasting.

11. In moderate and severe cases, the oral route re-
mains the first option if tolerated; otherwise, enteral nutri-
tion by nasogastric or nasojejunal tube should be initiated 
by the third day.

12. Total parenteral nutrition is reserved exclusively 
for intolerance of, or failure of, the enteral route to meet 
minimum caloric needs.

13. Routine antibiotic prophylaxis is not recommend-
ed in acute pancreatitis.

14. Broad-spectrum antibiotics with good pancreatic 
penetration (carbapenems, quinolones, or third-generation 
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cephalosporins combined with metronidazole) are indi-
cated only on clinical, analytical (CRP or procalcitonin 
trend) or imaging confirmation of infected necrosis, usu-
ally documented after 14 days of evolution.

15. Pain will be addressed under the WHO stepwise 
approach18, avoiding NSAIDs if there is renal impairment.

16. Ondansetron is approved for nausea in the inten-
sive care unit.

17. Conventional prokinetics are left to the physician’s 
discretion, with neostigmine suggested only in selected 
cases of intra-abdominal hypertension in the intensive 
care unit.

18. In cases of necrosis exceeding 50% of the gland, 
or exocrine pancreatic insufficiency confirmed by faecal 
elastase, enzyme replacement therapy (pancreatin) is in-
dicated.

19. In mild acute pancreatitis of biliary etiology, chole-
cystectomy with intraoperative cholangiography, or pre-
operative magnetic resonance cholangiopancreatography 
(MRCP) should be performed early, during the same hos-
pital admission.

20. In moderate acute pancreatitis, treatment is delayed 
for at least 4 weeks after discharge, and in severe disease 
it is postponed for more than 4 weeks after complete reso-
lution of the inflammatory and infectious process.

�Section 3: Management of local and other surgical 
complications
21. Definition of collections (revised Atlanta 2012)15: 

collections are divided temporally into those before 4 
weeks (acute peripancreatic fluid collection and acute ne-
crotic collection) and those after 4 weeks (pseudocyst and 
walled-off necrosis), differentiated by the presence of a 
solid component detectable on contrast-enhanced CT.

22. Asymptomatic collections do not require interven-
tion, regardless of their size.

23. Surgical or interventional treatment is restricted to 
documented infection (fever, gas on CT, clinical deterio-
ration) or persistent symptoms from mass effect (biliary 
obstruction or impaired gastric emptying).

24. Routine fine-needle aspiration (FNA) for the diag-
nosis of infection is not recommended.

25. In infected necrosis or symptomatic walled-off ne-
crosis an initial conservative approach with antibiotics is 
justified19,20,21. With poor response to antibiotics after 24–
48 hours, the step-up approach should be implemented as 
the standard of care22,23.

26. Endoscopic transmural drainage is the preferred 

first step where the collection is adjacent to the stomach 
or duodenum.

27. Percutaneous drainage is indicated as the first step 
in collections distant from the upper gastrointestinal tract, 
using multifenestrated catheters guided by ultrasound or 
CT, with regulated aseptic lavage. Postponed drainage is 
preferred over immediate drainage19.

28. Minimally invasive surgical approach: if there is 
no clinical improvement or the patient deteriorates af-
ter drainage, video-assisted retroperitoneal debridement 
(VARD) will be performed using the matured tract of the 
percutaneous drain, strictly avoiding open necrosectomy 
or routine laparostomy.

29. Controlled delay: any major intervention or pan-
creatic debridement should ideally be delayed until after 
the fourth week from onset, since debridement in the first 
two weeks critically increases morbidity and mortality24.

30. In intestinal perforation, particularly colonic, dam-
age control is required by resection of the affected seg-
ment and proximal stoma.

31. In massive haemorrhage, endovascular emboliza-
tion is prioritized over laparotomy.

32. In abdominal compartment syndrome (sustained 
intra-abdominal pressure > 20 mmHg with new organ 
dysfunction)25, if medical measures fail, decompression 
will be carried out by evacuative paracentesis or decom-
pressive laparotomy, always respecting the pancreatic 
compartment.

Special clinical scenarios
There are specific subpopulations in which acute pan-

creatitis carries particular diagnostic and therapeutic con-
siderations:

Acute post-ERCP pancreatitis is the most frequent 
complication after endoscopic instrumentation of the bil-
iary tract, manifesting as new abdominal pain with eleva-
tion of pancreatic enzymes to more than three times the 
upper limit of normal at 24 hours after the procedure4,10. 
It requires hospitalization and monitoring for a minimum 
of 48 hours with intravenous hydration and regulated an-
algesia.

Acute pancreatitis during pregnancy is infrequent but 
serious, capable of inducing preterm labor, severe pre-ec-
lampsia, fetal loss and maternal death. It is strongly linked 
to pro-lithogenic metabolic changes induced by gesta-
tional hormones. Early diagnosis requires a high index of 
suspicion, with ultrasound or magnetic resonance imag-
ing for structural assessment and avoidance of ionizing 



KOSOVA JOURNAL OF SURGERY | VOLUME 10 | ISSUE 2 | AUGUST 202636

radiation unless strictly necessary. Treatment is primarily 
conservative and supportive 4,26.

Acute pancreatitis in the pediatric population is un-
common, and its causes differ substantially from those in 
adults, with idiopathic factors, congenital anatomical ab-
normalities of the biliary tree or pancreatic duct (pancre-
as divisum), systemic disease or trauma predominating. 
Early diagnosis and timely admission to pediatric referral 
centers are essential to establish appropriate metabolic 
support and avoid long-term functional sequelae.

Discussion
Adopting the two-of-three diagnostic rule and priori-

tizing serum lipase over amylase effectively mitigates un-
derdiagnosis in emergency care. The superior specificity 
of lipase prevents misinterpretation of hyperamylasemia 
of non-pancreatic origin27.

One of the greatest challenges of the consensus lies in 
optimizing the use of computed tomography. The Para-
guayan panel agrees with the guidelines of the Interna-
tional Association of Pancreatology and the American 
Pancreatic Association28 in advising against routine use 
before 72 hours, since necrosis requires 4 to 7 days to be 
reliably assessed. Early CT increases hospital costs and 
radiation exposure without altering the initial therapeutic 
approach.

Regarding staging, systematic implementation of the 
determinant-based classification14 together with the re-
vised Atlanta criteria15 provides Paraguayan surgeons with 
a four-category scheme that discriminates prognosis. In-
tegrating the modified Marshall score16 to define transient 
or persistent organ failure (> 48 hours) unifies clinical 
terminology with international intensive care standards 
and facilitates early identification of severe and critical 
disease requiring referral to high-complexity centers.

Fluid resuscitation with Ringer’s lactate represents a 
paradigm shift from traditional overhydration with normal 
saline. Evidence supports that Ringer’s lactate reduces hy-
perchloremic acidosis and modulates the systemic inflam-
matory response, decreasing intensive care admission29. A 
moderate regimen with reassessment every 6 hours pre-
vents volume overload, a complication associated with re-
spiratory distress and raised intra-abdominal pressure.

The consensus breaks with the dogma of pancreat-
ic fasting in mild and moderate cases, promoting early 
oral refeeding to attenuate catabolism and shorten hos-
pital stay. In severe cases, prioritizing enteral over par-
enteral feeding reduces bacterial translocation across the 

intestinal barrier and mitigates the principal cause of su-
perinfection of necrosis30.

The consensus emphasizes that routine antibiotic pro-
phylaxis should be omitted, as it does not prevent infec-
tion of necrotic tissue and promotes bacterial and fungal 
resistance. Restricting antibiotics to suspected or con-
firmed infected necrosis, typically documented after the 
second week, preserves the usefulness of carbapenems 
for true septic conditions.

Performing early cholecystectomy in mild acute pan-
creatitis during the same admission substantially reduces 
recurrence31.

Modern management of pancreatic fluid collections is 
governed by two principles endorsed in this document: 
asymptomatic collections do not require intervention, and 
early surgical debridement increases mortality. Postpon-
ing any major invasive procedure until after the fourth 
week allows maturation of a fibrotic wall and a safer tech-
nical approach32,33.

The consolidation of the step-up approach, validated 
by the PANTER trial22,23, is reshaping pancreatic surgi-
cal practice in the country. The algorithm replaces classic 
open necrosectomy with minimally invasive options. En-
doscopic transmural drainage34 and percutaneous drain-
age35 are positioned as first-line therapies, limiting sur-
gical trauma in critically ill patients36. The timing of the 
first drainage has itself been tested: in a randomized trial, 
immediate catheter drainage was not superior to post-
ponement until walled-off necrosis had developed, and 
the postponed group required fewer interventions, with 
a substantial proportion treated with antibiotics alone19. 
The evidence supports that patients with signs of infected 
necrosis should be initially treated with broad-spectrum 
antibiotics and maximum supportive care19,20,21. VARD 
is reserved for failure of initial drainage, using the ma-
tured tract. Randomized evidence comparing endoscopic 
and minimally invasive surgical step-up strategies shows 
equivalent mortality with lower hospital stay and fewer 
pancreatic fistulae after endoscopic treatment37. This dis-
tinction may have relevance where long-term external 
drainage is difficult to manage in decentralized settings. 
This sequential strategy optimizes the institutional re-
sources available in the national healthcare system and 
reduces perioperative morbidity38,39,40.

In Paraguay the health System Network is divided in 
18 Regions. In each region the health care facilities are 
classified in levels of complexity according to the ser-
vices they can deliver.
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Table 1. Integrated and comprehensive health service networks.
Instances Complexity Level of Care Operational Correspondence.

Individual, Family, and 
Community Care. Low Complexity First Level USF* (ESF) 3 types: USF Satellite, USF 

Standard, USF Mobile

Hospital Care

Low Complexity First level USF Expanded

Median Complexity Second Level District Hospitals

High Complexity Third Level Regional Hospitals

High Complexity** Third level

National Hospitals
General Hospitals
Specialized Hospitals
Institutes
Other (IPS Central Hospital)

* Family Health Unit
**Highest complexity facilities have national coverage
Extracted from https://www.mspbs.gov.py

The applicability of each of the recommendations of this Consensus is different at each level of Health Care Facility. Table two summarizes 
the applicability of the recommendations at different health care levels.

Table 2. Applicability of the recommendations at different health care levels
Recommendation First Level Second level Third level

1- Diagnosis YES YES YES

2- Lipase NO YES YES

3- Ultrasound NO YES YES

4- CT1 NO YES/NO (not always available) YES

5- MRI2 NO NO YES

6- Classification NO YES/NO (yes where CT is yes) YES

7- Marshall Score NO YES YES

8, 9- Hydration YES (Ringer Lactate not available, 
only saline solution)

YES (Ringer Lactate not always 
available) YES

10- Oral intake YES YES YES

11- Enteral nutrition NO YES YES

12- Parenteral nutrition NO NO YES

13- No ATB prophylaxis YES YES YES

14- ATB NO YES (usually out of the pocket) YES

15-Pain relief YES YES YES

16-Ondasentron YES (out of the pocket) YES (out of the pocket) YES

17-Prokinetics YES YES YES

18-Enzyme replacement NO NO YES (out of the 
pocket)

19-Early cholecystectomy NO YES (without IOC3 or preop 
MRCPI4) YES
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In the theory of the Paraguayan health system, the cat-
egorization of an establishment as a 3rd level (or high 
complexity) hospital implies the capacity to offer spe-
cialized and subspecialized medical care, advanced diag-
nostic support and intensive care.

However, in clinical and healthcare practice, a marked 
geosanitary asymmetry is observed: there is a clear gap in 
problem-solving capacity between the 3rd level centers 

located in the Metropolitan Area (Asunción and Central 
Department) and the so-called regional or general hospi-
tals in the interior of the country.

This fragmentation is evident in the management of 
WON or infected necrotic collections: 

a- In Greater Asunción (Hospital de Clínicas, IPS Hos-
pital Central, Hospital Nacional de Itauguá): The min-
imally invasive strategy can be systematically applied. 

20-postponed cholecystectomy NO (Remission to third level) NO (Remission to third level) YES

21-Definition of Collections NO YES/NO (yes where CT is yes) YES

22-No intervention in 
Asymptomatic Collections YES YES YES

23-Dx of Infection YES YES YES

24-no FNA5 YES YES YES

25-ATB treatment NO YES YES

26- Endoscopic drainage NO NO YES

27- Percutaneous Drainage NO NO YES

28- VARD6 NO NO YES

29- Delay intervention YES (referral to third level) YES (referral to third level) YES

30-Treatment for Surgical 
Complication NO NO YES

31- Embolization NO NO YES

32-ACS7 treatment NO NO YES
1- Computed Tomography, 2- Magnetic Resonance Imaging, 3- Intraoperative Cholangiography, 4- Magnetic Resonance CholangioPan-

creatography, 5- Fine Needle Aspiration, 6- Video Assisted Retroperitoneal Debridement, 7- Abdominal Compartmental Syndrome

Table 3. Comparison of third level hospitals in the Central Department and the interior of Paraguay
Analytical Dimension Asunción and Central Department Regional Hospitals in the Interior

Diagnostic Infrastructure Contrast-Enhanced Computed Tomography 
(CECT) with contrast, CT angiography and 
MRI available 24/7

CT equipment with frequent interruptions due to 
maintenance or lack of injector/contrast contract.

Critical Care Support ICU* beds with advanced monitoring, 
hemodynamic support and pre/continuous 
hemodialysis.

ICU beds are scarce, overcrowded, and have 
limitations for dialysis or prolonged multi-organ 
support.

Minimally Invasive 
Procedures

Interventional radiology/percutaneous surgery 
equipment (ultrasound/CT guided drainage).

Shortage or lack of trained specialists, or lack of 
percutaneous or endoscopic drainage kits 24/7

Advanced Endoscopic 
Support

Availability of ERCP** and emergency 
therapeutic endoscopy (stents, endoscopic 
necrosectomies).

Endoscopy is limited to diagnostic studies or 
management of basic upper bleeding; ERCP is 
almost nonexistent in the public network.

Multidisciplinary 
Management

Active consultation between General Surgery/
HPB, Intensive Care,

Management by isolated general surgeons or 
intensivists, without a subspecialized support team.

* Intensive Care unit
** Endoscopic Retrograde Colangiopancreatography
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This includes serial CT scans, ultrasound- or CT-guided 
percutaneous drainage as a first-line treatment, the option 
of endoscopic bypass, and, if necessary, laparoscopic or 
VARD access.

b- In the interior of the country (e.g., Encarnación, Ci-
udad del Este, Coronel Oviedo, Concepción): Although 
they have the designation of high complexity, the lack of 
technology, equipment, supplies and specialized medical 
workforce forces the referral of the patient to the Central 
Department hospitals or to early/inappropriate open lap-
arotomy, increasing morbidity and mortality.

A gap in resolution capacity exists: while regulations 
assign the role of high complexity care to the main re-
gional centers, the effective implementation of the mul-
tidisciplinary approach, such as the step-up approach for 
local complications of severe acute pancreatitis, is often 
disrupted in the interior due to a lack of infrastructure, 
supplies, or specialists.

There are limitations to the application of this con-
sensus. Some recommendations require technology or 
expertise that is not available in all hospitals in Para-
guay, particularly in rural or under-resourced areas; the 
availability of specialized intensive care or percutaneous 
drainage may be a limiting factor. Implementation also 
depends on institutional and individual practice: lack of 
training, resistance to change, or excessive workload can 
hinder adoption. Cultural differences and health beliefs 
can influence adherence to treatment and prevention rec-
ommendations41.

Continuing medical education, support materials such 
as clinical practice guidelines, and public awareness 
campaigns are recommended to support successful im-
plementation, together with adaptation to local realities 
through phased priorities and the creation of collabora-
tive networks.

Conclusion
This consensus establishes a normative framework for 
standardizing the management of acute pancreatitis in 
Paraguay, adapted to what the national health system can 
deliver rather than to the resources of high-volume refer-
ral centers. Its formal, interdisciplinary adoption should 
reduce unwarranted variation in practice, and its princi-
pal recommendations — restricted early imaging, mod-
erate resuscitation, early enteral feeding, antibiotics only 
for infection, early cholecystectomy in mild biliary dis-
ease, and deferred, staged intervention for necrosis — are 

achievable in the different complexity level institutions 
in the country. Implementation now depends on regional 
capacity development, continuing education, phased lo-
cal adaptation, and prospective audit of outcomes, with-
out which the effect of the consensus on complications 
and mortality will remain unmeasured.
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Abstract
Background. Necrosis of the pancreas or peripancreat-
ic tissue develops in approximately 20–30% of patients 
with acute pancreatitis; of those with necrosis, 20–40% 
develop infection, and mortality among patients with in-
fected necrosis is reported at 15–20% despite interven-
tion. Management has moved from early open necrosec-
tomy toward a staged, minimally invasive strategy.

Methods. Narrative, non-systematic review. PubMed/
MEDLINE was searched, supplemented by the reference 
lists of retrieved articles and of current society guide-
lines. Randomized trials, meta-analyses of randomized 
trials, international society guidelines and large cohort 
studies were selected by the author for relevance rather 
than by predefined protocol.

Results. Randomized evidence, from trials that are 
individually small and were conducted in specialized 

centres, supports delaying intervention until necrosis 
is walled off where the patient tolerates delay; drain-
age before necrosectomy; and a step-up approach in 
preference to primary open necrosectomy. Endoscopic 
and minimally invasive surgical step-up strategies have 
shown no mortality difference, with fewer fistulae and 
shorter stay after endoscopic treatment. For uncomplicat-
ed pseudocysts, endoscopic and surgical cystgastrostomy 
were equally effective in a small randomized trial.

Conclusions. Where interventional radiology and 
therapeutic endoscopy are available, open necrosectomy 
has become a rescue procedure rather than a default.

Key words: necrotizing pancreatitis; step-up ap-
proach; endoscopic necrosectomy; cystgastrostomy; 
cystjejunostomy; walled-off necrosis; open abdomen; 
video-assisted retroperitoneal debridement (VARD)
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Introduction
Acute pancreatitis is among the most common gastroin-
testinal causes of hospital admission. Necrosis of the pan-
creas or peripancreatic tissue develops in approximately 
20–30% of patients with acute pancreatitis; among pa-
tients with necrosis, 20–40% develop infection of the 
necrotic tissue, and mortality among patients with infect-
ed necrosis is reported at 15–20% despite intervention.1 
These are ranges reported across cohorts rather than fixed 
rates, and they vary with case mix and with the threshold 
for cross-sectional imaging. The history of treatment is, 
to an unusual degree, a history of repeated laparotomy: 
prolonged intensive care, multiple organ failure, the open 
abdomen, enteric fistula and tracheostomy, with the sin-
gle definitive operation progressively abandoned.

For most of the twentieth century the surgeon had no 
alternative to laparotomy, and the debate concerned not 
whether to operate but how to enter the abdomen, and 
how to manage the open abdominal cavity afterwards. 
Three techniques emerged, and each still has descendants 
in current practice. Open drainage, or open packing, un-
roofed the superior retroperitoneum, removed necrosum 
by blunt sequestrectomy, packed the lesser sac with lap-
arotomy pads and returned every two to three days for 
scheduled re-exploration, allowing the wound to heal 
by secondary intention; in the original 28-patient series 
mortality was 11%, but pancreatic fistula occurred in ten 
patients and incisional hernia in eight.2 Closed contin-
uous lavage debrided the cavity once and then irrigat-
ed the lesser sac through large-bore inflow and outflow 
catheters, washing out residual debris over days without 
further operation.3 Closed packing filled the cavity with 
stuffed Penrose and closed suction drains and closed the 
abdomen, achieving a mortality of 6.2% in 64 consecu-
tive patients and, in a later 167-patient experience, a re-
operation rate of 12.6%.4,5 These were not poor results. 
They were the best obtainable when the only instrument 
was a laparotomy and they were achieved in specialist 
units by surgeons who did little else.

That operation once had a name of its own. Altemeier 
and Alexander’s 1963 analysis of 32 pancreatic abscess-
es established drainage of the septic retroperitoneal bed 
as the governing principle,6 and Davidson and Bradley 
named the technique in 1981, reporting no deaths among 
six patients treated by debridement with open packing 
against 55% mortality in eleven treated by debridement 
and sump drainage.7 Marsupialization describes a spe-
cific construction: the stomach is retracted and stitched 

cephalad and the transverse colon displaced caudally, so 
that an open window into the lesser sac is created and 
held open. The cavity is packed through that window and 
re-entered on a schedule. Formalized through the 1980s as 
laparostomy with preplanned revisions8 and reproduced 
in smaller institutional series,9 the term has fallen out of 
use, but the window and the scheduled return remain the 
anatomy of every open necrosectomy performed today.

A parallel history belongs to the pseudocyst. Om-
brédanne performed the first internal anastomosis — a 
cystoduodenostomy — in 1911; the patient died on the 
eleventh postoperative day, but the principle survived.10 

Jedlicka reported the first cystogastrostomy in 1923, 
and Jurasz gave it the transgastric form still used today: 
an anterior gastrotomy, puncture and evacuation of the 
cyst through the posterior wall, and a wide anastomo-
sis between cyst and stomach.10,11 Henle performed the 
first cystjejunostomy in 1923, and in 1946 König add-
ed the Roux-en-Y configuration that prevents reflux of 
intestinal content into the cavity.10,11 Comparative data 
have never been strong; the largest series found equiva-
lent mortality, with more bleeding and more recurrence 
after cystgastrostomy and a preference for cystjejunos-
tomy where the collection does not abut the stomach.12 
These operations were durable and are still performed; 
what changed was not their efficacy but the arrival of an 
endoscopic route that achieves the same internal fistula 
without a laparotomy.

The cost of the open era was not confined to the ad-
mission, and much of it fell on the abdominal wall and 
the intestine. Repeated re-entry, planned relaparotomy 
and the physiological need to leave the abdomen open 
produced a population of survivors with giant incisional 
hernias, enteroatmospheric fistulae and prolonged recon-
struction.13 Recognition of intra-abdominal hypertension 
and abdominal compartment syndrome as distinct, mea-
surable and lethal entities gave the open abdomen a ra-
tional indication rather than a reflexive one,14 while the 
development of component separation and, later, posteri-
or component release with transversus abdominis release 
made delayed definitive closure of the resulting defect 
achievable rather than aspirational.15,16

The step-up approach displaced all of this within a de-
cade. Its central finding — that the first intervention should 
be a drain, that a third to a half of patients need nothing 
more, and that the harm of primary open necrosectomy 
persists for years — has been confirmed in randomized 
and long-term data.17 This review summarizes the current 
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evidence for the surgical and endoscopic management of 
severe acute pancreatitis and describes how each of the 
relevant procedures is performed, with attention to the 
questions a general or acute care surgeon must answer at 
the bedside: when to intervene, by what route, with what 
device, through which incision, and when to abandon a 
minimally invasive strategy for an operation.

Methods
This is a narrative, non-systematic review. The liter-

ature was identified by searching PubMed/MEDLINE, 
supplemented by hand-searching the reference lists of re-
trieved articles and of current society guidelines. No date 
limit was applied; the earliest source cited was published 
in 1963 and the most recent in 2025. Search terms com-
bined the concepts of necrotizing or severe acute pancre-
atitis, infected pancreatic necrosis, walled-off necrosis 
and pancreatic pseudocyst with terms for intervention: 
necrosectomy, step-up approach, percutaneous catheter 
drainage, endoscopic transmural drainage, direct endo-
scopic necrosectomy, video-assisted retroperitoneal de-
bridement, transgastric necrosectomy, cystgastrostomy, 
cystjejunostomy, open abdomen and abdominal compart-
ment syndrome. Eligible sources were English-language 
randomized controlled trials, meta-analyses of random-
ized trials, international society guidelines1,18–21 and 
multicentre or large single-centre cohort studies. Case 
reports, editorials and series of fewer than 20 patients 
were not cited unless they described a technique of his-
torical importance or supplied the only available data on 
a question. Where several reports addressed the same 
question, priority was given to randomized evidence, 
to multicentre data and to the most recent publication. 
Studies were selected by the author for relevance to the 
clinical questions above rather than by predefined pro-
tocol; no formal risk-of-bias assessment was undertaken 
and no PRISMA flow diagram is presented, neither being 
required of a narrative review. Terminology follows the 
2012 revision of the Atlanta classification.22

Results
Terminology and classification
The revised Atlanta classification distinguishes in-

terstitial oedematous from necrotizing pancreatitis and 
defines four collection types: acute peripancreatic fluid 
collection and pseudocyst (no necrosis, before and after 
four weeks), and acute necrotic collection and walled-
off necrosis (containing necrosis, before and after four 

weeks).22 The distinction is not academic. A pseudocyst 
is a fluid-filled cavity that can be drained through a small 
conduit; walled-off necrosis contains solid debris that 
will obstruct any small drain and frequently requires ne-
crosectomy. Any surgeon who has evacuated a handful 
of necrotic debris will recognize the question of whether 
such a cavity can be drained at all through a catheter or 
an endoscope; much of the answer lies in timing. Treat-
ing the second as though it were the first is one of the 
commonest errors in this disease, and much of the older 
literature reporting poor results of “pseudocyst drainage” 
describes exactly that mistake. Contrast-enhanced com-
puted tomography is the reference investigation; mag-
netic resonance imaging or endoscopic ultrasound better 
characterize solid content when the decision between a 
drain and a necrosectomy depends on it.20

Indications and timing of intervention
For many decades, multiple organ system failure 

(MOSF) development, and particularly persistent MOSF, 
was in itself an indication for operation and source 
control. That principle has not been abandoned: the de-
teriorating patient with an undrained infected collection 
needs it decompressed emergently, and the modern dis-
pute is only whether the first move is a catheter or a wide 
laparotomy. Operation therefore remains indicated for 
the patient who continues to manifest MOSF despite ade-
quate resuscitation and maximal critical care, even where 
infected necrosis has not been documented — undrained 
necrosis is the commonest occult source in these patients, 
and both culture and early imaging lack the sensitivity to 
exclude it. It is indicated for infected necrosis that has 
failed a properly executed step-up strategy — adequate 
drainage, upsized and irrigated, with no improvement or 
continuing deterioration — and for the surgical emergen-
cies arising within the disease, where the indication is 
the complication rather than the pancreatitis: abdominal 
compartment syndrome failing medical management, 
bowel ischaemia or perforation, and uncontrolled haem-
orrhage. Less common indications are persistent gastric 
or biliary obstruction and disconnected duct syndrome.1,19 
Sterile necrosis, however extensive, is managed nonop-
eratively in most patients, and even infection is not au-
tomatically an indication: meta-analysis of conservative 
treatment shows that a substantial proportion of patients 
with infected necrosis can be treated with antibiotics 
alone.23 Persistent organ failure is thus a marker of sever-
ity and a trigger to search for a controllable source; it is 
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not itself anatomical evidence of one, and the decision to 
operate rests on imaging, the response to drainage, and 
serial clinical assessment.

Delaying operation is the most consistent finding in 
this literature to be associated with improved outcome. In 
a single-centre randomized comparison of necrosectomy 
within 48–72 hours with necrosectomy after at least 12 
days, 41 patients entered the study and 36 were analysed 
(25 early, 11 late); mortality was 58% against 27%, a dif-
ference that did not reach statistical significance but cor-
responded to an odds ratio for death 3.4 times higher af-
ter early operation and led the investigators to terminate 
the trial,24 and cohort series have repeatedly confirmed 
that mortality falls as the interval from onset to opera-
tion lengthens.25,26 European Society of Gastrointestinal 
Endoscopy (ESGE) therefore suggests that the first inter-
vention be delayed for four weeks where the patient tol-
erates it, allowing demarcation and encapsulation.19 The 
POINTER trial tested whether modern catheter drain-
age had abolished this requirement: 104 patients with 
infected necrosis were randomized to drainage within 24 
hours or to postponement until walled-off necrosis de-
veloped. Immediate drainage conferred no advantage on 
the Comprehensive Complication Index (CCI), and the 
postponed group required fewer interventions (mean 2.6 
vs 4.4; mean difference 1.8, 95% CI 0.6–3.0), with 39% 
treated with antibiotics alone and no drainage at all; mor-
tality was 13% and 10% respectively (relative risk 1.25, 
95% CI 0.42–3.68).27 Long-term follow-up confirmed no 
difference in mortality or major morbidity.28 Cohort data 
suggest that earlier endoscopically centred intervention 
may be feasible in selected patients, but this remains a 
deviation from the standard rather than a replacement 
for it.29 The practical conclusion is that antibiotics and 
physiological support, not an early drain, are the initial 
treatment of infected necrosis in the stable patient.

The step-up approach
The PANTER trial randomized 88 patients with in-

fected necrosis to primary open necrosectomy or to a 
step-up approach of percutaneous drainage followed, 
if necessary, by video-assisted retroperitoneal debride-
ment. The composite endpoint of major complications or 
death occurred in 69% after open necrosectomy and 40% 
after step-up (risk ratio 0.57, 95% CI 0.38–0.87), driven 
by a reduction in new-onset multiple-organ failure (12% 
vs 40%). Mortality did not differ, but 35% of step-up pa-
tients were cured by drainage alone and never underwent 

necrosectomy.17 Long-term follow-up at a mean of 86 
months confirmed the superiority of step-up without an 
excess of reinterventions, and showed lower rates of inci-
sional hernia, new-onset diabetes and pancreatic enzyme 
use.30 This is the finding that changed practice: the harm 
of open necrosectomy is not confined to the admission.

Percutaneous catheter drainage
Percutaneous drainage is the first step in the surgical 

arm of the step-up approach and the most widely avail-
able intervention in this disease. The catheter is placed 
under computed tomographic or ultrasound guidance, 
and the route matters as much as the puncture: wherev-
er the anatomy allows, a left retroperitoneal approach is 
chosen, passing between the descending colon and the 
lower pole of the left kidney into the collection, because 
that tract can later be dilated and used for video-assisted 
debridement. A guidewire is coiled within the cavity, the 
tract dilated, and a large-bore multi-fenestrated catheter 
of at least 12 to 14 French positioned with its side-holes 
in the dependent part of the collection. Fluid is sent for 
Gram stain and culture. The catheter is flushed with saline 
several times daily to prevent obstruction by debris, and 
upsized progressively over a guidewire — commonly to 
20 French or beyond — at intervals of a few days, with 
repeat imaging to confirm that the cavity is collapsing 
rather than merely being decompressed at one point.31

Failure to improve within 72 hours of an adequately 
positioned and adequately sized drain should prompt es-
calation, not repeated repositioning. Systematic review 
of percutaneous drainage as primary treatment found that 
more than half of patients required no subsequent necro-
sectomy,32 a proportion consistent with the PANTER 
experience and with the observation that a conservative, 
drainage-first strategy improves outcome at institutional 
level.17,33 Where a collection is both retrogastric and ex-
tends laterally into the paracolic gutter, percutaneous and 
endoscopic routes may be combined: a transmural stent 
decompresses the collection internally while the percu-
taneous catheter irrigates it, and the external drain is re-
moved once the internal route is patent. This dual-modal-
ity technique was designed specifically to avoid the pan-
creaticocutaneous fistula that follows prolonged external 
drainage, and in a long-term series it did so.34

�Endoscopic transmural drainage and necrosectomy
Endoscopic drainage creates an internal fistula be-

tween the collection and the stomach or duodenum. Under 
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endoscopic ultrasound the collection is identified where it 
abuts the gastric or duodenal wall, interposed vessels are 
excluded with Doppler, and the wall is punctured with a 
19-gauge needle. A guidewire is coiled within the cavity, 
the tract is dilated with a balloon or cystotome, and one 
or more stents are deployed. With double-pigtail plastic 
stents, two or three 7 to 10 French stents are placed side 
by side to keep the fistula open; with a lumen-apposing 
metal stent, a single cautery-tipped device creates and 
stents the tract in one step, producing an immediate 15 to 
20 mm channel through which an endoscope can pass.19 
Outcomes differ sharply between fluid and necrosis: in an 
early comparative series, endoscopic drainage succeeded 
in the great majority of pseudocysts but in far fewer pa-
tients with necrosis, precisely because solid debris does 
not pass through a stent.35

Where the collection contains solid necrosis, drain-
age is followed by direct endoscopic necrosectomy. The 
endoscope is advanced through the matured tract into the 
cavity, which is irrigated and inspected, and devitalized 
tissue is removed piecemeal with a retrieval net, snare, 
basket or forceps. Only loose, demarcated necrosum is 
taken; adherent tissue is left, since it is the plane of ad-
herence that bleeds. Sessions are repeated every few days 
until the cavity is clean, and a series of three to five pro-
cedures is typical.36 Direct necrosectomy achieves reso-
lution in a higher proportion of patients than transmural 
drainage alone, at the cost of more procedures.37 For ex-
tensive collections that cannot be cleared through a sin-
gle window, additional transmural gateways can be creat-
ed and linked with nasocystic irrigation, an approach that 
improves resolution in large multiloculated necrosis.38

The randomized comparisons are consistent in direc-
tion. The PENGUIN trial randomized 22 patients and 
showed that endoscopic transgastric necrosectomy re-
duced the pro-inflammatory response and the composite 
endpoint of major complications or death compared with 
surgical necrosectomy.39 The TENSION trial randomized 
98 patients to endoscopic or surgical step-up and found 
no difference in mortality or major complications, but sig-
nificantly fewer pancreatic fistulae and shorter hospital 
stay in the endoscopic arm.40 The single-centre MISER 
trial randomized 66 patients and reported a larger advan-
tage for endoscopy — the composite endpoint occurred 
in 11.8% versus 40.6% (risk ratio 0.29, 95% CI 0.11–
0.80) — a difference attributable in part to the inclusion 
of fistula in the composite endpoint, which the Dutch tri-
al did not count.41 Meta-analysis of the randomized trials 

favours endoscopic intervention for major complications 
and fistula, without a mortality difference,42 and long-
term follow-up of the TENSION cohort (ExTENSION) 
found no divergence between the strategies.43

On stent choice, enthusiasm has outrun evidence. A 
randomized trial in 60 patients (31 metal, 29 plastic) com-
paring lumen-apposing metal stents with double-pigtail 
plastic stents for walled-off necrosis found no superiority 
for the metal stent in the total number of procedures re-
quired to achieve treatment success, nor in treatment suc-
cess, adverse events, length of stay or cost, and identified 
delayed adverse events — bleeding, buried stent, biliary 
obstruction — that led the investigators to recommend 
imaging and stent removal at three weeks once the col-
lection has resolved.44 The metal stent is easier to place 
and permits necrosectomy through a wide tract; it is not 
a better outcome.

Minimally invasive surgical necrosectomy
Video-assisted retroperitoneal debridement is per-

formed through a 5 cm incision in the left flank, placed 
along the track of the percutaneous drain that was sited 
for this purpose. The drain is followed as a guide into the 
retroperitoneum, the cavity entered without opening the 
peritoneum, and the first debridement performed under 
direct vision with long grasping forceps. A laparoscope is 
then introduced through the same incision to illuminate 
and inspect the cavity, without insufflation, and further 
loose necrosum is removed. Only tissue that separates 
without traction is taken; adherent necrosum is left for 
a subsequent session, because it is precisely that plane 
which lies against the splenic and portal vessels. Two 
large drains are placed for postoperative continuous la-
vage, and the wound is closed around them. In a mul-
ticentre prospective phase 2 study, this technique was 
feasible in the majority of patients requiring surgery and 
produced low mortality and complication rates by com-
parison with historical open series,45 and case-matched 
comparison of the retroperitoneal approach with laparot-
omy showed fewer complications for the minimal-access 
route.46 Both the WSES and EAST guidelines endorse 
minimally invasive necrosectomy in preference to lapa-
rotomy where expertise exists.1,21

Where the collection is central and adherent to the 
posterior gastric wall, a transgastric approach may be 
preferable. Through a laparotomy or laparoscopical-
ly, an anterior gastrotomy is made, the posterior gastric 
wall is opened into the underlying cavity after needle 
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localization, and the necrosum is evacuated under di-
rect vision; the posterior opening is then matured as a 
wide cystgastrostomy so that any residual debris drains 
internally, and the anterior gastrotomy is closed. In a 
three-centre series of selected patients this single-stage 
operation avoided the repeated procedures characteristic 
of endoscopic and percutaneous routes.47 Blunt debride-
ment of adherent necrosum is the mechanism by which 
necrosectomy causes catastrophic haemorrhage.

�Open necrosectomy: incision, cavity and the re-
maining indications
When laparotomy is unavoidable, the first decision is 

the incision, and it is a genuine dilemma rather than a mat-
ter of preference. A vertical midline incision is fast, gives 
access to both paracolic gutters and to the pelvis, permits 
full exploration when bowel ischaemia or perforation is 
suspected, and can be reopened repeatedly — which is 
precisely its disadvantage, since repeated re-entry and 
prolonged retraction produce fascial loss, dehiscence and 
giant incisional hernia. A transverse or modified Chevron 
incision, a bilateral subcostal with or without a short up-
per midline extension, gives markedly better exposure of 
the lesser sac, the head and body of the gland and both 
retroperitoneal gutters, tolerates repeated re-entry better 
mechanically, and is less prone to dehiscence; it takes 
longer to make and to close, divides more muscle, and 
forfeits access to the pelvis. In a patient in extremis the 
midline is the correct answer; in a stable patient in whom 
several planned debridements are anticipated, the trans-
verse or Chevron approach is usually the better one. No 
comparative study has addressed the choice of incision 
in this setting; this paragraph reflects operative principle 
and expert practice rather than trial evidence.

Access to the cavity is then created deliberately and 
maintained. The lesser sac is entered through the gastro-
colic ligament, the necrotic cavity opened, and devital-
ized tissue removed by blunt digital and forceps debride-
ment, sharp dissection being avoided. Where repeated 
necrosectomy is required, the transverse colon is packed 
inferiorly and the stomach superiorly, as described above, 
so that the lesser sac remains a walled corridor that can 
be re-entered at each return without disturbing or adher-
ing to viscera; omentum or a non-adherent layer is inter-
posed to protect the colon and the duodenum, and drains 
are positioned to define the route. This is what converts a 
series of relaparotomies into a series of visits to the same 
cavity, and it is the maneuver that determines whether 

the next several operations are straightforward or dan-
gerous. The abdomen is then either closed loosely over 
packs or left open, according to the physiology, and the 
packs removed progressively as the cavity granulates.2 
The construction described here derives from the histor-
ical open-packing literature and from operative experi-
ence; it has not been compared prospectively with any 
alternative.

The historical results set out above show that open 
necrosectomy performed late and by experienced sur-
geons is not the catastrophe that the step-up literature can 
imply.2,4,5 Its indications are nonetheless now narrow. It 
remains the operation of necessity in hospitals without 
interventional radiology or advanced endoscopy.1 The 
surgeon who has never performed a necrosectomy may 
nonetheless one day need to.

The open abdomen and delayed closure
The open abdomen has two legitimate indications in 

this disease: abdominal compartment syndrome that has 
failed medical management, and a planned programme 
of repeated necrosectomy in which closure between 
operations would be futile or harmful. It should not be a 
default. Intra-abdominal pressure is measured rather than 
estimated, and sustained pressure above 20 mmHg with 
new organ dysfunction defines the syndrome and the in-
dication for decompression.14 Temporary abdominal clo-
sure is achieved with a negative-pressure dressing incor-
porating a visceral protective layer that separates bowel 
from the abdominal wall and from the necrotic cavity; 
the fascial edges are protected and, where possible, held 
under gentle continuous traction so that they do not re-
tract laterally. Enteral feeding is maintained wherever the 
bowel allows, since it protects the mucosa and reduces 
the risk of fistula.13

Delayed primary fascial closure is the objective, and 
the probability of achieving it falls with every day the 
abdomen remains open. Closure is attempted as soon as 
resuscitation is complete, edema has resolved and source 
control is achieved, in practice usually within seven to ten 
days; beyond that the fascia will not come together and the 
choice becomes a planned ventral hernia, managed with 
skin grafting over granulating bowel and definitive recon-
struction six to twelve months later.13 That reconstruction 
rests on techniques developed for exactly this population: 
anterior component separation, which advances the rectus 
complex some 10 cm at the waistline by dividing the ex-
ternal oblique aponeurosis in a relatively avascular plane,15 
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and posterior component separation with transversus ab-
dominis release, which allows large midline defects to be 
closed with retromuscular mesh in a plane away from the 
viscera.16 The enteroatmospheric fistula remains the worst 
outcome of this pathway and the principal argument for 
closing early, for interposing a protective layer at every 
dressing change, and — most of all — for not opening the 
abdomen unless it is genuinely required.13

Pseudocyst: cystgastrostomy and cystjejunostomy
A pseudocyst requires drainage when it is symptom-

atic, infected, enlarging, or causing gastric or biliary ob-
struction; size alone is not an indication. Internal drain-
age — into the stomach or into a Roux limb of jejunum 
— is preferred to external drainage, which risks a per-
sistent pancreaticocutaneous fistula.

Surgical cystgastrostomy is performed through an an-
terior gastrotomy. The posterior gastric wall is palpated 
where the cyst is adherent, aspirated with a needle to con-
firm position, and opened for 4 to 5 cm — a stoma small-
er than this closes prematurely and the collection recurs. 
A full-thickness ellipse of the cyst wall is excised and 
sent for histology, which is the step that identifies a muci-
nous neoplasm masquerading as a pseudocyst. The cavi-
ty is evacuated and inspected, the cut edge of the cystgas-
trostomy is oversewn with a running absorbable suture 
for haemostasis, and the anterior gastrotomy is closed. 
Where the cyst does not abut the stomach, a Roux-en-Y 
cystjejunostomy is constructed: a jejunal limb is divided 
some 20 cm beyond the ligament of Treitz, brought retro-
colically to the most dependent part of the cyst, and anas-
tomosed side-to-side to the cyst wall over 4 to 5 cm in a 
single or double layer, with jejunojejunostomy restored 
50 to 60 cm distally to prevent reflux of enteric content 
into the cavity. Dependency of the anastomosis, not its 
size alone, determines whether the cavity stays empty. 
These technical descriptions reflect established practice 
rather than comparative data.

A randomized trial of endoscopic against surgical cyst-
gastrostomy in 40 patients found equal efficacy, with no re-
currence in the endoscopic arm at 24 months, shorter post-
procedure stay, better physical and mental health scores, 
and lower cost after endoscopy.48 An earlier case-con-
trolled comparison reported similar treatment success with 
shorter stay and lower cost for the EUS-guided approach.49 
Endoscopic cystgastrostomy is therefore the first-line treat-
ment for an accessible pseudocyst adjacent to the stomach 
or duodenum where the necessary expertise exists.

Surgical drainage retains defined indications: a col-
lection remote from the stomach or duodenum, giant or 
multiloculated pseudocysts, pseudocysts in the pancreat-
ic tail better served by distal pancreatectomy, associated 
gastric outlet or biliary obstruction requiring simultane-
ous bypass, suspicion of cystic neoplasm requiring tissue, 
failed endoscopic therapy, and the disconnected pancre-
atic duct with a viable distal remnant. Disconnected duct 
syndrome deserves specific mention: where the duct is 
transected and a viable tail continues to secrete, remov-
ing a transmural stent reliably reproduces the collection, 
and the alternatives are long-term indwelling transgastric 
stents or definitive surgical internal drainage.20

IAP, intra-abdominal pressure; LAMS, lumen-appos-
ing metal stent; MIS, minimally invasive surgery; RCT, 
randomized controlled trial; VARD, video-assisted ret-
roperitoneal debridement; WON, walled-off necrosis. 
Numbers in the final column are reference numbers. Ef-
fect estimates and confidence intervals are reported as 
published in the source; where none is shown, none was 
reported. The table summarizes the studies selected for 
this narrative review and is not a systematic synthesis of 
the literature.

Discussion
Four propositions now rest on randomized evidence 

and can be stated with reasonable confidence, with the 
caveat that the supporting trials are individually small 
and were conducted in specialist centres. Intervention 
should be postponed until necrosis is encapsulated wher-
ever the patient tolerates the delay. Drainage should pre-
cede necrosectomy, and in a third to a half of patients will 
replace it. The step-up approach reduces major compli-
cations compared with primary open necrosectomy. And 
the route of that drainage — percutaneous with subse-
quent retroperitoneal debridement, or transmural endo-
scopic with subsequent direct necrosectomy — matters 
less for survival than the decision to step up rather than 
to operate primarily.17,27,40

The divergence between TENSION and MISER is 
instructive rather than contradictory, and what separates 
them is fistula.40,41 Fistula is precisely the complication 
that external drainage produces and internal drainage 
avoids, so the disagreement is really about how much 
weight to give a morbidity that is real, prolonged and 
rarely fatal. Surgeons and endoscopists may reasonably 
weigh it differently; patients, who live with the drain, 
tend not to.
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Table 1. Principal studies cited in this review on the surgical and endoscopic management of severe acute pancreatitis.
Question Best available evidence Design Study (reference)

Timing of first 
intervention

Immediate drainage not superior to postponement until walled-off 
necrosis; postponed group needed fewer interventions and 39% required 
no drainage; mortality 13% vs 10% (RR 1.25, 95% CI 0.42–3.68)

RCT (n=104) Boxhoorn 2021; van 
Veldhuisen 2024 (27, 28)

Early vs late 
necrosectomy

Mortality 58% (<72 h) vs 27% (>12 days), not statistically significant; 
odds ratio for death 3.4 after early operation; trial terminated early

RCT (n=36 analysed of 
41 entered); supporting 
cohorts

Mier 1997; Besselink 
2007; Hartwig 2002 
(24–26)

Infection without 
drainage

A substantial proportion of infected necrosis resolves with antibiotics 
alone

Systematic review and 
meta-analysis

Mouli 2013 (23)

Step-up vs open 
necrosectomy

Major complications or death 40% vs 69% (RR 0.57, 95% CI 0.38–
0.87); new-onset multiple-organ failure 12% vs 40%; 35% cured by 
drainage alone

RCT (n=88) van Santvoort 2010 (17)

Step-up, long term Superiority maintained at mean 86 months; fewer incisional hernias, 
less new-onset diabetes and enzyme use

Long-term follow-up 
of RCT

Hollemans 2019 (30)

Percutaneous drainage 
alone

More than half of patients (55.7%) require no subsequent 
necrosectomy

Systematic review van Baal 2011 (32)

Dual-modality 
drainage

Combined percutaneous and transmural drainage avoids 
pancreaticocutaneous fistula

Long-term cohort Gluck 2014 (34)

Direct endoscopic 
necrosectomy

Higher resolution than transmural drainage alone; multiple sessions 
required

Comparative cohorts Papachristou 2007; 
Gardner 2009 (36, 37)

Endoscopic vs surgical 
necrosectomy

Reduced pro-inflammatory response and composite endpoint with 
endoscopic transgastric necrosectomy

RCT (n=22) Bakker 2012 (39)

Endoscopic vs surgical 
step-up

No difference in mortality or major complications; fewer pancreatic 
fistulae and shorter stay with endoscopy

RCT (n=98) van Brunschot 2018; 
Onnekink 2022 (40, 43)

Endoscopic vs MIS 
(single centre)

Composite endpoint 11.8% vs 40.6% (RR 0.29, 95% CI 0.11–0.80); 
fistulae only in surgical arm; lower cost

RCT (n=66) Bang 2019 (41)

Pooled randomized 
evidence

Endoscopy superior for major complications and fistula; no mortality 
difference

Meta-analysis of RCTs Bang 2020 (42)

LAMS vs plastic 
stents for WON

No superiority of lumen-apposing metal stents; delayed adverse events 
prompt removal at 3 weeks

RCT (n=60; 31 LAMS, 
29 plastic)

Bang 2019 (44)

VARD Feasible in the majority of surgical candidates; low mortality vs 
historical open series

Prospective multicentre 
phase 2

Horvath 2010; van 
Santvoort 2007 (45, 46)

Surgical transgastric 
necrosectomy

Single-stage clearance in selected patients with retrogastric walled-off 
necrosis

Multicentre cohort Driedger 2020 (47)

Open necrosectomy 
technique

Open packing 11% mortality (n=28); closed packing 6.2% (n=64), 
reoperation 12.6% (n=167); closed lavage the alternative

Cohort series Bradley 1987; Beger 1988; 
Fernández-del Castillo 
1998; Rodriguez 2008 
(2–5)

Abdominal 
compartment 
syndrome

Sustained IAP >20 mmHg with new organ dysfunction defines the 
syndrome and the indication to decompress

Consensus guideline Kirkpatrick 2013 (14)

Open abdomen and 
closure

Early fascial closure once resuscitation and source control complete; 
fistula and hernia the principal late burdens

Guideline Coccolini 2018 (13)

Delayed abdominal 
wall reconstruction

Anterior component separation advances the rectus complex ~10 cm; 
transversus abdominis release enables retromuscular mesh repair of 
large defects

Anatomic and clinical 
studies

Ramirez 1990; Novitsky 
2012 (15, 16)

Endoscopic vs surgical 
cystgastrostomy

Equal efficacy; no recurrence at 24 months after endoscopy; shorter 
stay, lower cost

RCT (n=40) Varadarajulu 2013; 
Varadarajulu 2008 (48, 49)

Antibiotic prophylaxis Recommended against in acute necrotizing pancreatitis Guideline (strong, high 
quality)

Arvanitakis 2018 (19)
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A second observation follows from the technical de-
scriptions above. Every one of these procedures is de-
fined less by what it removes than by what it leaves. The 
retroperitoneal, transgastric and endoscopic routes all 
instruct the operator to take only loose necrosum and to 
return another day, because the adherent plane contains 
the splenic and portal vessels. The same logic governs 
the open operation, where the value of packing the colon 
inferiorly and the stomach superiorly is that it preserves a 
corridor for the next visit. The step-up approach is there-
fore not merely a sequence of escalating interventions; 
it is an expression of a single surgical principle applied 
repeatedly, and a surgeon who understands that princi-
ple can apply it with whatever instrument the institution 
possesses. This is an argument from operative principle 
and from the technical descriptions above; it has not been 
tested comparatively and should be read as such.

It is also worth recording what the abandonment of 
open necrosectomy has cost. The long-term benefit of 
step-up is measured largely in incisional hernia, diabetes 
and enzyme replacement,30 which is to say in abdominal 
wall and endocrine morbidity created by the operation 
rather than by the disease. Where laparotomy and the 
open abdomen remain unavoidable, that morbidity has 
not disappeared and must be planned for from the first 
operation: the choice of incision, the protection of the 
fascial edges, the interposition of a visceral layer, and a 
definite intention to close early or to reconstruct later.13

Several questions remain open. The optimal manage-
ment of the disconnected pancreatic duct is unresolved, 
and the choice between permanent transmural stents and 
surgical internal drainage rests on cohort data. Whether 
selected patients benefit from intervention earlier than 
four weeks is being actively tested and currently rests on 
observational data.29 The place of open necrosectomy in 
hospitals without interventional radiology or advanced 
endoscopy has been almost entirely neglected by a lit-
erature generated in high-resource, high-volume centres 
— a gap of real consequence, since the majority of the 
world’s patients with infected necrosis are treated in such 
hospitals.1

Two implications follow for surgical training. First, 
the surgeon’s principal contribution to this disease is now 
judgement rather than technique: selecting the moment, 
the route and the least destructive intervention, and rec-
ognising the point at which a minimally invasive strat-
egy has failed. Second, the technical skill required for 
open necrosectomy is being lost precisely as its indica-

tions narrow to the most difficult patients. A trainee who 
has performed no open necrosectomy will one day face 
abdominal compartment syndrome, bowel infarction or 
uncontrolled haemorrhage in a patient with necrotizing 
pancreatitis, and neither a drain nor an endoscope will 
answer.

One technical point deserves emphasis, because it is 
so often left until the patient is already back in the in-
tensive care unit. Whenever the abdomen is opened in 
severe acute pancreatitis — for necrosectomy, for de-
compression of the abdominal compartment, for internal 
drainage, or for an exploration that proves nontherapeutic 
— the operation should not be concluded without secur-
ing enteral access distal to the ligament of Treitz. This is 
part of the operation, not an afterthought. These patients 
are profoundly catabolic, they will not eat for weeks, and 
many of them will return to the operating room more 
than once; gastric feeding is frequently defeated by ileus, 
gastroparesis, and extrinsic compression of the stomach 
and duodenum by the inflammatory phlegmon, which is 
precisely the circumstance in which the guidelines direct 
feeding beyond the pylorus.18,50 A needle-catheter or Wit-
zel jejunostomy placed some 20 to 30 cm beyond the lig-
ament of Treitz adds only a few minutes to the procedure 
and, in the surgical series in which it has been examined, 
was accomplished without major tube- or feeding-related 
complications.51 This recommendation rests on guideline 
direction regarding the route of feeding, on a single small 
surgical series and on operative experience rather than 
on comparative trial data. Where the abdomen is to be 
left open, a nasojejunal tube can be advanced manually 
past the ligament under direct palpation before the tem-
porary closure is applied. Either way, the surgeon leaves 
the operating room with a feeding route that survives re-
operation, gastroparesis, and the loss of the endoscopic 
option — the practical expression of the principle that the 
gut, and not merely the patient, is what is being fed.1 The 
same practice should apply to reoperative surgery after 
damage control: an ability to feed the gut distal to the lig-
ament of Treitz should be established whenever the ab-
domen is open. The metabolic content of that support — 
timing, formula, caloric and protein targets, and the place 
of supplemental parenteral nutrition — is addressed in a 
companion review appearing in this issue.52

Limitations
This is a narrative and not a systematic review; stud-

ies were selected for relevance rather than by predefined 
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protocol, and no formal risk-of-bias assessment was 
performed. The randomized trials underpinning current 
practice are individually small, several are single-cen-
tre, and their composite endpoints are not identical. The 
technical descriptions given here represent commonly 
described practice rather than validated protocols, and 
details vary legitimately between units; the discussion 
of incision choice and of cavity packing in particular re-
flects operative principle and historical description rath-
er than comparative data. Evidence relating to pseudo-
cyst management is older and less robust than that for 
necrosis. Finally, all of the pivotal trials were conducted 
in centres with immediate access to interventional ra-
diology, therapeutic endoscopy and specialist surgical 
expertise. The review was undertaken by a single author, 
without a registered protocol or duplicate study selec-
tion. Recommendations concerning operative technique, 
incision choice, cavity packing and enteral access reflect 
operative principle and expert practice, and are distin-
guished in the text from the propositions that rest on ran-
domized evidence.

Conclusions
The management of severe acute pancreatitis has shifted 
from a primarily operative discipline toward a staged, 
multidisciplinary one. Delay, drain, and escalate only 
if necessary is now the standard sequence in centres so 
equipped, supported by randomized evidence and by 
long-term follow-up showing that the benefit of avoid-
ing open necrosectomy extends for years beyond the 
admission. Endoscopic and minimally invasive sur-
gical routes appear broadly equivalent in survival in 
the trials reported to date, with less fistula and shorter 
stay after endoscopic treatment. For the uncomplicated 
pseudocyst, endoscopic cystgastrostomy has become the 
first-line approach where the necessary expertise exists, 
while surgical internal drainage retains clear indications 
in disconnected ducts, inaccessible collections and di-
agnostic uncertainty. Open necrosectomy has become a 
rescue operation — rarer, later, more difficult, and still 
indispensable — and when it is performed, the incision, 
the maintained corridor to the lesser sac and the plan for 
the abdominal wall matter as much as the debridement 
itself.
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Abstract
Background: Severe acute pancreatitis (SAP) develops in 
up to 20% of patients with acute pancreatitis and carries a 
mortality of 15–35%, however, mortality may exceed 40% 
once infected pancreatic necrosis supervenes. The attendant 
systemic inflammatory response drives a hypercatabolic, 
hypermetabolic state (resting energy expenditure rising 
20–50% above baseline) and precipitates gut-barrier failure, 
positioning nutritional therapy as a disease-modifying inter-
vention rather than adjunctive care.

Aims: The primary aim of this review is to synthesize the 
current evidence and guideline recommendations governing 
nutritional support in SAP. The secondary aim is to translate 
that evidence into practical, bedside-applicable guidance for 
the acute care surgeon and surgical intensivist—covering 
the timing of initiation, the route and adequacy of enteral ac-
cess, the recognition and prevention of feeding-related com-
plications, and the safe delivery of parenteral nutrition when 
enteral feeding fails—and to delineate the areas in which the 
evidence remains insufficient to direct practice.

Methods: A narrative review of PubMed/MEDLINE 
and the Cochrane Library (2000–2025) was performed, 

integrating randomized controlled trials, meta-analyses, and 
the guidelines of ESPEN, ASPEN/SCCM, the AGA, the 
ACG, EAST, and the AAST.

Results: Meta-analytic data demonstrate that enteral nu-
trition (EN), versus total parenteral nutrition (TPN), reduces 
mortality (RR 0.50, 95% CI 0.28–0.91), systemic infec-
tion (RR 0.39, 95% CI 0.23–0.65), and multi-organ failure 
(RR 0.55, 95% CI 0.37–0.81). EN initiated within 24–72 
h is uniformly recommended; nasogastric and nasojejunal 
routes are equivalent. TPN retains a defined role when EN is 
contraindicated, requiring dextrose infusion below 4–5 mg/
kg/min and glycemic targets of 140–180 mg/dL. Probiotics 
are contraindicated (mortality 16% vs 6%).

Conclusion: Early EN is the evidence-based cornerstone 
of SAP nutritional management, endorsed across all major 
guidelines. Route, timing, and access independently deter-
mine outcome; TPN is reserved for EN failure under strict 
metabolic control.

Keywords: Severe acute pancreatitis; enteral nutrition; 
total parenteral nutrition; ASPEN; SCCM; AAST; ESPEN; 
feeding tube complications; hyperglycemia; nutritional sup-
port; critical care surgery
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Introduction
Acute pancreatitis is among the most frequently en-

countered gastrointestinal emergencies in surgical and 
critical care practice, with an annual global incidence of 
approximately 34 per 100,000 person-years and a steadi-
ly rising trend driven by increasing rates of gallstone 
disease, obesity, alcohol use, and hypertriglyceridemia.1 
The disease imposes a substantial and growing burden 
on health systems, pancreatitis being among the most 
common principal gastrointestinal discharge diagnoses 
in the United States, where it accounts for approximately 
300,000 hospital admissions each year and contributes to 
aggregate gastrointestinal hospitalization costs measured 
in the tens of billions of dollars.2 While roughly 80% 
of cases follow a mild, self-limiting course, up to 20% 
progress to severe acute pancreatitis (SAP), defined by 
the revised Atlanta Classification (2012) as pancreatitis 
complicated by persistent single- or multi-organ failure 
exceeding 48 hours.3 SAP carries a mortality of 15–35%, 
rising sharply beyond 40% once infected pancreatic ne-
crosis develops, and its clinical course is characteristical-
ly prolonged, biphasic, and unpredictable.

From the vantage point of a critical care surgeon whose 
career has centered on nutritional support of the critically 
ill and injured, SAP is one of the most instructive and 
demanding nutritional scenarios in all of surgery. The 
systemic inflammatory response unleashed by pancreat-
ic autodigestion drives a hypercatabolic, hypermetabolic 
state physiologically indistinguishable from that follow-
ing major trauma or major emergency surgery, with rest-
ing energy expenditure rising 20–50% above baseline, 
accelerated proteolysis, negative nitrogen balance, and 
the potential loss of 20–30% of body protein mass within 
two to three weeks.4,5 Nutritional support of the critically 
ill has undergone transformative advances in recent de-
cades, evolving from empirical supplementation into a 
precision, disease- and disorder-based science with mea-
surable impact on morbidity and mortality.6 In no disease 
is this evolution more clearly demonstrated than in SAP, 
where the metabolic insult is severe, nutritional depletion 
is rapid, and the consequences of malnutrition—particu-
larly infection—are lethal.

Historically, the principle of “pancreatic rest” drove 
clinicians to keep SAP patients nil per os (NPO) and 
to deliver nutrition exclusively through TPN, on the 
misguided theory that withholding enteral stimulation 
would quiet pancreatic exocrine secretion and limit au-
todigestion. Even within that paradigm, as described in a 

foundational 1991 analysis,7 meticulous attention to both 
the route and the composition of nutritional support was 
recognized as essential. What the pancreatic-rest doctrine 
neglected, however, was the central role of the gut as an 
immunological and mechanical barrier organ. Loss of en-
teral stimulation triggers villous atrophy, disrupts epithe-
lial tight junctions, depletes secretory IgA, and enables 
translocation of luminal bacteria and endotoxin into the 
portal circulation—seeding inflamed peripancreatic tis-
sue and converting sterile necrosis into infected necrosis, 
the principal driver of late mortality.8 This mechanistic 
understanding reframed the gut not as an organ to be 
rested but as one to be protected through early luminal 
nutrient delivery.

Over the past two decades, high-quality evidence 
from randomized controlled trials, meta-analyses, and 
the Cochrane Library—now codified in concordant 
guidelines from ESPEN,9,10 ASPEN/SCCM,11 the AGA,12 
the ACG,13 EAST,14 and the AAST15—has overturned 
the pancreatic-rest paradigm completely, establishing 
early enteral nutrition as the standard of care. In paral-
lel, evolving surgical nutrition research has clarified that 
the timing of nutritional initiation, the route of delivery, 
and the adequacy of nutritional access are independent 
determinants of outcome in surgical patients with acute 
abdominal pathology, including SAP.16,17 As a 2025 edi-
torial in European Surgery introducing a special focus on 
nutritional support across surgical disciplines articulat-
ed,18 effective nutritional intervention enhances immune 
function, promotes healing, and facilitates recovery, 
whereas inadequate support heightens the risk of malnu-
trition, infection, and death. These principles apply with 
full force to SAP.

Pathophysiology of Nutritional Derangements
SAP triggers sustained hypermetabolism driven by 

SIRS, with counterregulatory hormone excess (cortisol, 
glucagon, catecholamines) promoting glycogenolysis, 
gluconeogenesis, proteolysis, and lipolysis while im-
pairing peripheral glucose uptake.4 The result is hyper-
glycemia, negative nitrogen balance, hypoalbuminemia, 
and rapid depletion of lean body mass.19 Concurrently, 
splanchnic hypoperfusion disrupts epithelial tight junc-
tions and depletes mucosal secretory IgA, producing 
a “leaky gut” through which bacteria and endotoxin 
translocate into the portal circulation—the principal 
mechanism seeding sterile necrosis and converting it 
to infected necrosis, the event most responsible for late 
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mortality.8 Early enteral nutrition directly counters this 
vulnerability by maintaining villous height, stimulating 
mucosal turnover, promoting bile flow, and preserving 
commensal flora. This strategy has been associated with 
reduced mortality, fewer infectious complications, and 
decreased rates of organ failure, largely through pres-
ervation of intestinal mucosal integrity and gut-barrier 
function.21,23,24

The primary aim of this narrative review is to synthe-
size current evidence and guideline recommendations on 
optimal nutritional support in SAP. The secondary aim 
is to translate that evidence into practical, bedside-appli-
cable guidance for the acute care surgeon and the sur-
gical intensivist. To those ends, the review examines 
the pathophysiologic rationale for early enteral feeding, 
the comparative evidence for enteral versus parenteral 
routes, the choice of gastric versus post-pyloric delivery, 
the complications of both enteral tube feeding and TPN, 
and the special circumstances of the open abdomen and 
refractory disease—with particular attention to the meta-
bolic hazards of high-dextrose formulations in metaboli-
cally vulnerable patients and the disciplined management 
that allows parenteral nutrition to be used safely when it 
is required. It further seeks to make explicit those ques-
tions the current evidence base does not answer, so that 
the residual uncertainty is stated rather than obscured. 

Methods
A narrative review of the literature was performed us-

ing PubMed/MEDLINE and the Cochrane Library. In-
dividual references were verified against PubMed, pub-
lisher and DOI records, and, for Cochrane systematic 
reviews, the Cochrane Library directly. Search and ver-
ification focused on terms relating to severe acute pan-
creatitis, enteral and parenteral nutrition, route of feed-
ing, feeding-tube and parenteral-nutrition complications, 
gut-barrier function, and critical care nutrition. Coverage 
emphasized human studies and English-language publi-
cations from 2000 through 2024, with priority given to 
literature published from 2016 onward. Reporting was 
guided by the Scale for the Assessment of Narrative Re-
view Articles (SANRA), which addresses justification 
of the review’s importance and aims, description of the 
literature search, referencing, and the presentation of ev-
idence and data.20

Guideline documents were retrieved and reviewed in 
full, including the ESPEN Guideline on Clinical Nutri-
tion in Acute and Chronic Pancreatitis (2020)9 and the 

ESPEN Practical Guideline update (2024);10 the ASPEN/
SCCM Guidelines for the Provision of Nutrition Support 
Therapy in the Adult Critically Ill Patient (2022);11 the 
AGA Institute Guideline on Initial Management of Acute 
Pancreatitis (2018);12 the ACG Guidelines on Manage-
ment of Acute Pancreatitis (2024);13 the EAST Practice 
Management Guidelines for Nutritional Support of the 
Trauma Patient (2004);14 and the AAST Critical Care 
and Geriatric Trauma Committees clinical consensus 
document on geriatric nutrition in the surgical patient 
(2025).15 The EAST document (2004) is the only formal 
trauma-specific nutrition practice management guideline 
and has not been revised since publication; it therefore 
predates the revised Atlanta Classification, the major 
parenteral-nutrition timing trials, and every other guide-
line cited here. It is included for its acute-care-surgery 
perspective, and its recommendations remain concordant 
with the more recent documents, but its age should be 
borne in mind when it is read alongside them. Two Co-
chrane systematic reviews were retrieved from the Co-
chrane Library and reviewed in full as primary evidence 
sources: enteral versus parenteral nutrition for acute 
pancreatitis21 and nasogastric versus nasojejunal tube 
feeding for severe acute pancreatitis.22 Relevant peer-re-
viewed publications by the author and colleagues on nu-
tritional support in critically ill and surgical patients were 
incorporated where directly applicable.16,6,17

Results
Across converging randomized controlled trials, me-

ta-analyses, and every major society guideline, the evi-
dence favors early enteral nutrition (EN) over total paren-
teral nutrition (TPN) in SAP. Pooled Cochrane and sub-
sequent meta-analytic data show that EN, compared with 
TPN, significantly reduces mortality (RR 0.50, 95% CI 
0.28–0.91), systemic infection (RR 0.39, 95% CI 0.23–
0.65), multi-organ failure (RR 0.55, 95% CI 0.37–0.81), 
and the need for surgical intervention21,23,24 (Table 1). The 
mechanistic basis is preservation of the intestinal barri-
er, gut-associated lymphoid tissue, and commensal flora, 
thereby limiting the bacterial translocation that converts 
sterile to infected necrosis.8

EN initiated within 24–72 hours of admission, once 
hemodynamic stability is achieved, is recommended 
by ESPEN, ASPEN/SCCM, the AGA, the ACG, and 
EAST9,10,11,12,13,14 (Table 1). Nasogastric and nasojejunal 
delivery are equivalent in mortality, aspiration, tolerance, 
and pain,22,25,26 and the technically simpler nasogastric 
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route is endorsed as first-line. Caloric targets of 25–35 
kcal/kg/day and protein of 1.2–1.5 g/kg/day are consis-
tent across guidelines, with higher protein (up to 2.5 g/
kg/day) advised in the highest-acuity and open-abdomen 
patients.19 Securing and maintaining enteral access is it-
self independently prognostic, with lower rates of gastro-
intestinal complications and mortality.17

TPN retains a defined role when EN is contraindicat-
ed—such as refractory shock, high-output fistula, and 
peritonitis—or simply not tolerated, but early TPN in 
patients who could receive EN confers no benefit and in-
creases infectious complications, ICU stay, and ventila-
tion.27 When indicated, TPN is delivered safely through 
disciplined metabolic control—dextrose infusion below 
4–5 mg/kg/min, glycemic targets of 140–180 mg/dL, and 
strict aseptic catheter care.28,29,30 Enteral glutamine is no 
longer recommended, and probiotics are contraindicated, 
having increased mortality (16% vs 6%) in a landmark 
trial.5,31 The principal studies and guidelines underpin-
ning these findings are summarized in Table 1.

Discussion
We have presented in this review the evidence that 

early enteral nutrition is the therapeutic cornerstone of 
nutritional management in SAP.9,10,11,12,13,15,14 There is no 
need for reflexive NPO orders and TPN-first manage-
ment, in favor of an approach grounded in targeting the 
specific derangements of pancreatic critical illness: hy-
percatabolism, gut-barrier failure, insulin resistance, and 
susceptibility to secondary infection.

�Enteral Nutrition: Evidence and Guideline Concor-
dance
The evidence favoring EN over TPN is robust and 

consistent (Table 1). A Cochrane systematic review, re-
inforced by subsequent meta-analyses, demonstrated sig-
nificant reductions in mortality, systemic infection, and 
multi-organ failure with EN,21,23,24 a conclusion echoed 
in contemporary reviews of nutrition therapy specific to 
SAP and to current management standards.32,33 The ques-
tion of timing is paramount: early nutrition confers mea-
surable benefit but requires hemodynamic stability as a 
prerequisite,16 so EN should commence within 24–72 
hours of admission once resuscitation is underway—not 
after waiting for normalization of amylase, lipase, or 
inflammatory markers, none of which predict feeding 
tolerance. All major guidelines are concordant on ear-
ly EN as first-line therapy, with TPN reserved for EN 

failure or contraindication.9,10,11,12,13 Securing enteral ac-
cess is not a secondary concern but a primary therapeutic 
act; a propensity-matched analysis showed that malnour-
ished elderly patients who received surgical nutritional 
access had significantly lower gastrointestinal complica-
tion rates.17

Route of Delivery: Nasogastric versus Nasojejunal
The traditional preference for nasojejunal feeding 

rested on the concern that intragastric nutrients stimu-
late pancreatic exocrine secretion, but clinical evidence 
has consistently failed to support this.22,25,26 Cochrane 
and additional systematic reviews found no significant 
differences between nasogastric and nasojejunal feeding 
in mortality, aspiration, tolerance, exacerbation, or pain. 
Because nasogastric placement is a bedside procedure 
enabling feeding within hours—whereas post-pyloric 
placement requires fluoroscopy, endoscopy, or electro-
magnetic guidance and delays initiation—the nasogas-
tric route is endorsed as first-line, with post-pyloric feed-
ing reserved for high aspiration risk or gastric intoler-
ance.9,10,11,12

Complications of Enteral Feeding Tubes
Initiating EN begins rather than ends the clinician’s 

responsibility. Tube malposition (1–3% of insertions) 
may cause aspiration pneumonitis, pneumothorax, or 
pulmonary hemorrhage, mandating radiographic confir-
mation before feeding. Aspiration is the most consequen-
tial ongoing complication, elevated in SAP by opioid-in-
duced gastroparesis and impaired airway reflexes; pre-
ventive measures include head-of-bed elevation to 30–45 
degrees, gastric residual monitoring, prokinetics, and 
transition to post-pyloric access when residuals persist. 
Bacterial sinusitis (5–20% with transnasal tubes beyond 
5–7 days), diarrhea, tube occlusion, and oropharyngeal 
discomfort require active surveillance, because delays in 
diagnosis deprive the patient of a proven therapeutic in-
tervention.

The Open Abdomen and Abdominal Catastrophe
A subset of SAP patients—those with abdominal 

compartment syndrome, necrosis requiring operative 
debridement, or enteroatmospheric fistula—present the 
added challenge of the open abdomen. A comprehensive 
expert review identified that most failures of prima-
ry fascial closure and fistula formation are preventable 
through effective temporary abdominal closure coupled 
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with appropriate resuscitation and nutritional support.34 
Protein losses through open abdomens are profound (an 
estimated 1–2 g per 100 mL of peritoneal exudate), so 
protein targets should be revised upward to 1.5–2.0 g/kg/
day, and combined enteral plus supplemental parenteral 
nutrition is often the most pragmatic approach.

�Total Parenteral Nutrition: Role, Timing, and Safe 
Delivery
When EN is not feasible, TPN retains a major and le-

gitimate role, and its safe delivery depends on disciplined 
metabolic management rather than avoidance. Absolute 
indications include bowel obstruction, high-output prox-
imal fistula, mesenteric ischemia, abdominal compart-
ment syndrome, refractory hemodynamic instability, and 
refractory EN intolerance. The landmark EPaNIC trial 
established that early TPN in patients who can receive 
EN provides no benefit and increases infectious com-
plications, ICU duration, and ventilation;27 TPN should 
therefore not be initiated within the first 7 days if EN is 
feasible. When TPN is indicated, it remains an essential 
and effective therapy: the convergence of stress-induced 
insulin resistance, potential islet-cell dysfunction in nec-
rotizing disease, and glucose-dense formulations makes 
glycemic control the central determinant of whether TPN 
helps or harms. The prescribing principles are straight-
forward—keep the dextrose infusion rate below 4–5 mg/
kg/min, balance non-protein calories with lipid, target 
glucose of 140–180 mg/dL with continuous insulin infu-
sion, and apply strict aseptic catheter care.28,29,30 Applied 
with this rigor, TPN can be delivered safely and prevents 
the complications historically attributed to it.

�Glutamine, Immunonutrition, Probiotics, and Oral 
Refeeding
A critical review of enteral glutamine noted that two 

major multicenter RCTs (REDOXS and METAPLUS) 
not only failed to show benefit but suggested harm in 
multi-organ failure;5 enteral glutamine is therefore no 
longer recommended, and intravenous glutamine may 
be considered only when TPN is required and EN is not 
feasible.10 Immunonutrition formulas have not shown 
consistent mortality benefit, and probiotics are contra-
indicated based on the PROPATRIA trial, which found 
significantly increased mortality (16% vs 6%).31 Early 
oral refeeding is supported in moderately severe disease 
once pain is controlled, the patient is alert, and ileus has 
resolved.

Limitations
Several limitations of the evidence base must be 

acknowledged. Most RCTs in this field are small, sin-
gle-center, and methodologically heterogeneous, and 
many predate the revised Atlanta Classification and the 
current step-up approach to necrosectomy. The optimal 
caloric dose in the early acute phase remains incomplete-
ly defined, and personalized approaches guided by indi-
rect calorimetry and metabolic phenotyping are promis-
ing but not yet integrated into routine guideline recom-
mendations.

Conclusion
Severe acute pancreatitis demands early, evi-

dence-based, and precisely executed nutritional interven-
tion. Early enteral nutrition—initiated within 24–72 hours 
of admission via the nasogastric route—is the standard of 
care, endorsed by ESPEN, ASPEN/SCCM, the AGA, the 
ACG, EAST, and the AAST.9,10,11,12,13,15,14 This approach 
reduces mortality, infectious complications, and organ 
failure through gut-barrier preservation. The timing of 
initiation, the route and adequacy of enteral access, and 
the management of feeding-related complications are 
independent determinants of clinical outcome.16,6,17 TPN 
retains an important role when EN is not feasible and, 
delivered with meticulous attention to dextrose load, gly-
cemic control, and catheter care, is safe and effective. In 
SAP, nutrition is not supportive care—it is, alongside re-
suscitation and source control, one of the pillars of man-
agement upon which patient survival depends.
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Table 1. Evidence Summary of Major References
Ref (Year) Author / 

Source
Type of Study N (patients 

/ trials)
Main Outcome Clinical Utility

3 (2013) Banks et al.; 
Atlanta Work-
ing Group

International 
consensus classifi-
cation

n/a Revised Atlanta Classification defining 
SAP by persistent organ failure >48 h.

Diagnostic framework; 
defines the SAP popula-
tion.

8 (2014) Wu, Sankaran, 
Plank, Wind-
sor, Petrov

Meta-analysis AP cohorts Quantified gut-barrier dysfunction as a 
driver of infected necrosis.

Mechanistic rationale for 
early EN.

9,10 (2020/ 
24)

Arvanitakis et 
al. (ESPEN)

Clinical practice 
guideline

n/a EN first-line within 24–72 h; NG ac-
ceptable; IV glutamine only if TPN 
required.

Definitive, most compre-
hensive guideline refer-
ence.

11 (2022) Compher et 
al. (ASPEN/
SCCM)

GRADE-based 
guideline

n/a EN within 24–48 h; avoid TPN in first 
7 days if EN feasible.

Most rigorous criti-
cal-care nutrition guide-
line.

12 (2018) Crockett et al. 
(AGA)

Clinical practice 
guideline

n/a EN over TPN; nasogastric route pre-
ferred.

US gastroenterology 
guideline.

13 (2024) Tenner et al. 
(ACG)

Clinical practice 
guideline

n/a EN within 48 h when oral intake not 
tolerated.

Current US ACG guide-
line.

14 (2004) Jacobs et al. 
(EAST)

Practice manage-
ment guideline

n/a Early EN within 72 h preferred in the 
severely injured.

Trauma/acute-care sur-
gery perspective.

15 (2025) Farrell et al. 
(AAST)

Clinical consensus 
document

n/a Best-practice guidance on nutrition in 
the surgical/geriatric patient.

Recent multidisciplinary 
consensus.

17 (2021) Gogna et al. Propensity score-
matched cohort 
(NIS)

4,311 pts Surgical nutritional access reduced GI 
complications in malnourished elderly.

Shows independent prog-
nostic value of enteral 
access.

19 (2025) González-Cas-
tillo et al.

Systematic review n/a Protein 1.5–2.5 g/kg/day; simplified 
energy targets when calorimetry un-
available.

Practical targets for the 
highest-acuity patients.

21 (2010) Al-Omran et 
al. (Cochrane)

Systematic review 
/ meta-analysis of 
RCTs

8 RCTs EN vs TPN reduced mortality (RR 
0.50), systemic infection (RR 0.39), 
organ failure (RR 0.55).

Foundational Cochrane 
evidence favoring EN.

22 (2020) Dutta et al. 
(Cochrane)

Systematic review 
/ meta-analysis of 
RCTs

5 RCTs No difference between NG and NJ 
feeding in mortality, aspiration, or tol-
erance.

Supports first-line naso-
gastric feeding.

23 (2008) Petrov et al. Meta-analysis of 
RCTs

RCTs in 
SAP

EN reduced mortality and infectious 
complications vs TPN.

Early confirmatory me-
ta-analysis.

24 (2018) Wu, Li, Sun Meta-analysis of 
RCTs

11 studies / 
562 pts

EN reduced mortality and infection vs 
TPN; no heterogeneity.

Contemporary quantita-
tive confirmation.

25 (2013) Chang et al. Meta-analysis of 
RCTs

6 RCTs NG feeding equivalent to NJ in safety 
and tolerance.

Corroborates NG-first 
approach.

26 (2023) Carlin-Ron-
quillo et al.

Systematic review 
of RCTs

4 RCTs / 
192 pts

NG feeding as efficacious and safe as 
NJ.

Most recent RCT-level 
synthesis.

27 (2011) Casaer et al. 
(EPaNIC)

Large multicenter 
RCT

4,640 pts Early TPN increased infection, ICU 
stay, and ventilation vs late initiation.

Defines timing; supports 
withholding early TPN 
when EN feasible.

29 (2001) Van den Ber-
ghe et al.

RCT 1,548 pts Intensive insulin therapy reduced mor-
tality in the surgical ICU.

Basis for glycemic con-
trol during nutrition sup-
port.

30 (2009) NICE-SUGAR 
Investigators

Large multicenter 
RCT

6,104 pts Refined glycemic target to 140–180 
mg/dL.

Current standard glucose 
target under TPN.

31 (2008) Besselink et al. 
(PROPATRIA)

Multicenter RCT 296 pts Probiotics increased mortality (16% vs 
6%) in predicted SAP.

Establishes probiotics as 
contraindicated in SAP.

AP, acute pancreatitis; EN, enteral nutrition; TPN, total parenteral nutrition; NG, nasogastric; NJ, nasojejunal; RR, relative risk; NIS, Na-
tional Inpatient Sample; RCT, randomized controlled trial.
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Severe Liver Trauma: Current Management

Abstract
Background: Severe liver trauma requires rapid haemor-
rhage control while preserving viable liver and anticipating 
delayed vascular and biliary complications. Modern man-
agement is increasingly non-operative, but safe treatment 
depends on physiology, injury anatomy and institutional 
rescue capability.

Objective: To review current management of severe 
adult liver trauma with emphasis on physiology-based 

decision-making, liver-specific operative rescue, biliary 
complications and resource-sensitive pathways.

Findings: Anatomical grade identifies risk but should 
not determine treatment in isolation. Haemodynamically 
stable patients with high-grade blunt injury may undergo 
non-operative management when close monitoring, blood 
products, urgent surgery and interventional radiology are 
reliably available. Angioembolization is valuable for se-
lected arterial bleeding but carries risks including hepatic 
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necrosis, abscess and bile leak. Persistent instability, gen-
eralized peritonitis or another indication for laparotomy 
requires operative management. Damage-control priorities 
are compression, perihepatic packing and temporary inflow 
control. Bleeding that persists despite portal triad occlusion 
should raise concern for major hepatic venous or retrohe-
patic caval injury; unnecessary liver mobilisation can abol-
ish tamponade, and complex vascular exposure should be 
reserved for situations in which physiology, expertise and 
resources permit definitive repair. Major resection is rare-
ly appropriate during uncontrolled shock, whereas staged 
resectional debridement and, exceptionally, transplanta-
tion may be required. Post-traumatic bile leaks are man-
aged stepwise with drainage, endoscopic decompression or 
stenting, percutaneous techniques and selected reconstruc-
tion. Resource availability is itself a treatment variable: 
high-grade non-operative management without reliable 
rescue is unsafe, and damage-control packing followed by 
transfer may be preferable to attempted definitive surgery 
in a non-specialist centre.

Conclusions and Relevance: Severe liver trauma is 
best managed through a physiology-first, liver-specific 
and capability-aware strategy. Outcomes depend on timely 
haemorrhage control, appropriate selection for non-oper-
ative management, expert-led operative rescue and early 
recognition of complications.

Keywords: Liver/injuries; Embolization, Therapeutic; 
Damage control resuscitation; Liver trauma; Non-opera-
tive management

Introduction
Severe liver trauma remains one of the most demand-

ing problems in emergency surgery. The liver is large and 
highly vascular, with dual portal venous and hepatic ar-
terial inflow, and lies adjacent to the diaphragm, retrohe-
patic inferior vena cava, duodenum, pancreas, colon and 
right kidney. Major hepatic injury can cause haemorrhagic 
shock and may coexist with significant thoracic, abdominal 
or vascular injury. The liver also has major roles in coagu-
lation, metabolism, immune regulation, detoxification and 
bile production. Severe injury may therefore be followed 
by coagulopathy, bile leak, infected collections, hepatic ne-
crosis and sepsis.

The liver has substantial regenerative capacity, and this 
supports a parenchymal-preserving philosophy whenever 
safe. However, regeneration should not be used to justi-
fy delayed haemorrhage control or unnecessary complex 
reconstruction during haemorrhagic shock. In the acute 

phase, the priority is damage control, haemostasis, tissue 
preservation and the management of concomitant injury.

Historically, operative haemorrhage control dominated 
liver trauma care. Pringle’s 1908 paper, “Notes on the Arrest 
of Hepatic Hemorrhage Due to Trauma,” remains a land-
mark paper and the Pringle manoeuvre is still relevant for 
inflow occlusion during damage control laparotomy.1 Over 
the last four decades, however, the field has moved from 
mandatory laparotomy to selective non-operative manage-
ment (NOM), computed tomography (CT) based triage, an-
gioembolization, damage control resuscitation and staged 
operative care.2-5  Recent reviews comprehensively describe 
contemporary assessment and general trauma management 
of liver injury.6 The present review therefore focuses par-
ticularly on two areas that are less consistently integrated 
into general trauma algorithms: liver-specific technical res-
cue of major vascular, parenchymal and biliary injury, and 
adaptation of management to institutional capability when 
interventional radiology, specialist hepatopancreatobiliary 
surgery or critical-care resources are not continuously avail-
able. The practical framework is that physiology determines 
when intervention is required, hepatic anatomy determines 
what technical rescue is needed, and institutional capability 
determines where that rescue can safely be delivered. This 
review addresses severe liver trauma in adults. 

Literature search
A focused literature search was undertaken using Pu-

bMed, OpenAlex and Google Scholar for publications 
from January 1990 to July 2026. Search concepts included 
liver or hepatic trauma, high-grade liver injury, non-opera-
tive management, angioembolization, damage-control sur-
gery, hepatic packing, hepatic vascular injury, vena caval 
injury, bile leak, biliary injury, hepatic resection and trans-
plantation. English-language adult human studies were 
considered. Priority was given to clinical guidelines, sys-
tematic reviews, multicentre and prospective studies, and 
landmark reports that materially influenced current man-
agement. Reference lists of key guidelines and reviews 
were also examined for relevant studies. Because this was 
a narrative review, study selection was purposive and no 
formal risk-of-bias assessment or quantitative synthesis 
was undertaken.

Classification and decision-making
Severe liver trauma in this review refers principally to 

American Association for the Surgery of Trauma (AAST) 
grade IV–V injury. Grade IV includes disruption of 25%–
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75% of a hepatic lobe or active bleeding extending beyond 
the liver parenchyma, whereas grade V includes disruption 
of more than 75% of a lobe or juxtahepatic venous inju-
ry involving the retrohepatic vena cava or major hepatic 
veins.7 The World Society of Emergency Surgery (WSES) 
integrates anatomy with physiology: haemodynamically 
stable AAST IV–V injuries are WSES grade III, whereas 
haemodynamic instability makes an injury WSES grade IV 
irrespective of anatomical grade.8

The key clinical point is that anatomical grade implies 
risk but does not dictate management in isolation. A grade 
IV or V injury identifies a patient at high risk of bleeding, 
complications and failure of NOM, but it does not automati-
cally mandate laparotomy. Conversely, a lower-grade injury 
in an unstable patient with peritonitis, bowel injury or major 
associated trauma may require urgent operation. Modern 
decision-making should consider five linked questions: 

1. Is the patient haemodynamically stable? 
2. Is the patient responding to resuscitation? 
3. �Is there peritonitis or another indication for laparot-

omy? 
4. �Does CT show active arterial bleeding or a contained 

vascular lesion? 
5. �Can the institution provide close monitoring, transfu-

sion, and interventional radiology?

NOM is appropriate only when serial reassessment, 
blood products, interventional radiology and urgent 
operative rescue are reliably available. Associated injuries 

are central. Major traumatic brain or spinal injury, tho-
racic or abdominal trauma, major vascular injury, pelvic 
or orthopaedic trauma and other injuries requiring urgent 
intervention may determine treatment priorities more than 
the liver grade itself. The decision should be based on the 
whole injury pattern, not the liver injury grade alone. Recent 
pathway-level evidence further supports physiology-based 
decision-making. In a protocolized cohort of 350 patients, 
NOM was initiated in 86.9% and delayed laparotomy was 
required in 4.9%, most commonly for haemodynamic 
deterioration, ongoing or delayed haemorrhage, or failed 
haemostatic control after interventional radiology. Shock 
index, Injury Severity Score and lactate independently 
predicted mortality, whereas anatomical grade alone had 
limited discriminatory value.9 This approach is consistent 
with contemporary guideline frameworks that prioritize 
physiology, associated injuries and rescue capability over 
anatomical grade alone.8,10 The principal clinical and insti-
tutional decision modifiers are summarized in Table 1.

Initial assessment and resuscitation
Initial assessment follows Advanced Trauma Life Sup-

port xABCDE priorities, with immediate control of exsan-
guinating haemorrhage, airway and breathing assessment, 
circulatory resuscitation, neurological assessment and ex-
posure with prevention of hypothermia.5 Extended focused 
assessment with sonography in trauma (E-FAST) can iden-
tify intraperitoneal fluid rapidly, but it does not grade liver 
injury or reliably exclude hollow viscus injury. A negative 

Table 1. Decision modifiers in severe liver trauma

Domain Key findings Management implication

Physiology Stable, transient responder, non-responder, shock, 
lactate trend, transfusion need Physiology overrides grade

Anatomy AAST grade IV–V, devascularization, juxtahepatic 
venous injury Identifies risk and need for senior planning

CT vascular findings Contrast blush, active extravasation, pseudoaneurysm, 
arteriovenous fistula

Consider angiography/embolization if stable or 
stabilized

Peritonitis Abdominal tenderness, guarding, free air, suspected 
bowel injury Usually operative exploration

Associated injuries Hollow viscus, pancreas/duodenum, spleen, kidney, 
pelvis, thorax, brain, major vessels May determine pathway more than liver injury

Resources Blood bank, ICU, operating room, interventional 
radiology, HPB support, transfer network Determines safety of NOM and timing of transfer

AAST: American Association for the Surgery of Trauma; CT: computed tomography; HPB: hepatopancreatobiliary; ICU: intensive care 
unit; NOM: non-operative management.
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E-FAST examination does not exclude significant hepat-
ic injury and should not override concerning physiology, 
mechanism or subsequent clinical deterioration.8,10 Con-
trast-enhanced CT is the investigation of choice in haemo-
dynamically stable patients or those who have responded 
to resuscitation.8,10

The practical decision is whether the patient can safely 
proceed to CT, angioembolization or observation. Stable 
patients should undergo contrast-enhanced CT to define the 
grade of liver injury, presence of vascular injury, presence 
and extent of haemoperitoneum and associated injuries. 
Transient responders require individualized assessment; CT 
is appropriate only after sufficient physiological stabiliza-
tion and where immediate operative or endovascular rescue 
remains available. If CT and interventional radiology are 
immediately available, a hybrid pathway may be appropri-
ate. Persistent non-responders and patients with generalized 
peritonitis should proceed to operative management.8,10

Resuscitation and haemorrhage control should proceed 
as a single pathway. Massive-transfusion activation, active 

warming, calcium replacement and correction of trauma-as-
sociated coagulopathy should accompany definitive haemo-
stasis. Tranexamic acid should be administered as early as 
possible to patients who are bleeding or at risk of significant 
bleeding and within three hours of injury; treatment should 
not await viscoelastic results. Where available, thromboelas-
tography or rotational thromboelastometry can subsequent-
ly guide goal-directed haemostatic therapy.11 Whole blood 
may be incorporated into major-haemorrhage protocols ac-
cording to local transfusion capability, although the 2026 
SWiFT randomized trial did not demonstrate superiority of 
prehospital whole blood over standard component care for 
death or massive transfusion.12 Resuscitative endovascular 
balloon occlusion of the aorta has been proposed as a tem-
porary bridge in selected exsanguinating torso haemorrhage 
but is not a liver-specific treatment. The UK-REBOA rand-
omized trial showed no survival benefit and possible harm; 
REBOA should therefore not delay laparotomy, packing or 
other definitive haemorrhage control.13 The principal acute 
assessment and treatment domains are illustrated in Figure 1.

Figure 1. Acute management of severe liver trauma.

The acute management of severe liver trauma is guided by four interrelated domains: patient physiology, injury profile, available manage-
ment pathways and operative rescue tools. Anatomical grade identifies injury severity and complication risk but does not independently 
determine treatment. Haemodynamic response, peritonitis, associated injuries, computed tomography findings and institutional capability 
determine selection among non-operative management, angioembolization, damage control surgery, definitive surgery or transfer. Operative 
options include perihepatic packing, temporary inflow occlusion with the Pringle manoeuvre, balloon tamponade of selected deep bleeding 
tracts, temporary abdominal closure and planned relook surgery. 

Abbreviations: AAST, American Association for the Surgery of Trauma; CT, computed tomography; HPB, hepatopancreatobiliary; ICU, 
intensive care unit; NOM, non-operative management.
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Non-operative management of severe liver trauma
NOM is now the preferred approach for haemodynam-

ically stable blunt liver trauma in appropriately selected 
patients.8,10,14 Landmark prospective and multicentre stud-
ies established that many adult blunt hepatic injuries can 
be managed without laparotomy when patients are stable 
and can be closely monitored. In Croce’s prospective study, 
non-operatively managed patients required fewer transfu-
sions than matched operative controls (1.9 vs 4.0 units) 
and had fewer abdominal complications (3% vs 11%).2 
Pachter’s 13-centre study reported that 98.5% of 404 se-
lected patients avoided laparotomy, although grade IV–V 
injuries accounted for two-thirds of those requiring opera-
tion.3 Malhotra and colleagues described the paradigm shift 
from operative to NOM in stable blunt hepatic injury.4 Van 
der Wilden subsequently reported 91.3% successful NOM 
among selected grade IV–V blunt injuries.15 

This approach extends to carefully selected high-grade 
injuries. In a UK multicentre cohort of 190 grade IV–V 
injuries, 64% were initially managed non-operatively and 
only 7% subsequently required surgery. Liver-specific 
complications occurred in 18%, predominantly bile leak/
biloma (20 patients) and abscess/infection (7 patients).16 
Higher Injury Severity Score, lower admission systolic 
pressure, grade V injury and penetrating mechanism pre-
dicted operative treatment. Across the studies, successful 
NOM is primarily associated with stable or responding 
physiology, absence of another indication for laparotomy 
and reliable rescue capability; failure becomes more likely 
with physiological deterioration, ongoing bleeding, grade 
V injury and greater overall injury burden.8,14-16 

NOM is an active process which involves close monitor-
ing and serial clinical examination. It requires a monitored 
setting, repeated clinical examination, serial haemoglobin 
and lactate assessment, access to blood products, immediate 
operative capability and a low threshold for repeat imaging 
or intervention when the clinical course changes. Intensive 
care or high-dependency monitoring is recommended for 

many high-grade injuries, especially when there is large-vol-
ume haemoperitoneum, ongoing transfusion requirement, 
vascular injury, associated injuries or marginal physiology. 
The role of surveillance imaging remains unsettled. Repeat 
imaging aims principally to identify treatable vascular and 
biliary complications. The pooled risk of hepatic pseudoan-
eurysm rises to 4.6% after grade IV and 10.6% after grade 
V injury.17 Although older guidelines favour clinically trig-
gered reimaging, recent prospective multicentre evidence 
found that scheduled imaging identified complications in 
20.6% of grade IV and 34.1% of grade V injuries, with most 
detected within 36–72 hours.18 Braschi and colleagues sub-
sequently reported liver-specific complications in 23.1% and 
reintervention in 19.2% among patients with grade IV–V 
injury in a two-centre cohort of 229 blunt liver injuries.19 
Together, these findings support consideration of scheduled 
surveillance imaging after high-grade injury when detection 
would alter management, although the optimal timing, mo-
dality and patient selection remain uncertain. Venous throm-
boembolism prevention remains important during NOM. 
Mechanical prophylaxis is appropriate when not contrain-
dicated, and low-molecular-weight heparin should be intro-
duced once haemostatic stability is established.8 

During NOM, escalation is prompted by haemodynam-
ic deterioration, ongoing transfusion requirement or unex-
plained haemoglobin fall, rising lactate, new or increasing 
abdominal pain or peritonism, fever or sepsis, jaundice, or 
bilious drain output.8,14 A point of caution is that success 
in high-volume trauma centres should not be generalized 
to all hospitals. NOM is safest when deterioration can be 
recognized and rescued quickly. Smaller centres with lim-
ited capacity for close monitoring and rescue should have 
a low threshold for transferring to a trauma centre. Practi-
cal circumstances in which NOM should not be initiated or 
should be discontinued are summarized in Table 2.

Angioembolization and hybrid care
Angioembolization is a major adjunct in severe liver 

Table 2. When NOM should not be initiated or continued

Situation Key triggers

Immediate operation Persistent instability/non-response; generalized peritonitis; associated injury requiring laparotomy

Local NOM unsafe Inadequate monitoring, blood products, emergency surgery, or timely rescue/transfer

Failure of NOM New instability; rising transfusion need or unexplained haemoglobin fall; worsening lactate/peritonism; 
significant delayed bleeding, vascular, biliary or septic complication

Note: High injury grade alone is not a contraindication to NOM in a stable patient with adequate monitoring and rescue capability.
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trauma. Its main role is control of arterial bleeding in pa-
tients who are stable or stabilized enough to reach the 
angiography suite. Common indications include contrast 
blush, active arterial extravasation, pseudoaneurysm, ar-
teriovenous fistula, delayed haemorrhage, haemobilia and 
persistent arterial bleeding after operative packing. Ciraulo 
and colleagues helped establish selective hepatic arterial 
embolization as an extension of resuscitation in grade IV 
and V blunt hepatic injury.20

Contrast extravasation should not be equated automati-
cally with mandatory embolization. In a 23-centre study of 
128 stable patients with blunt liver injury and CT contrast 
extravasation, observation-first and angioembolization-first 
strategies had similar adjusted risks of liver-related com-
plications and similar mortality.21 The embolization group 
had more severe anatomical injuries, and the study was not 
randomized; therefore, the findings support selective rather 
than reflex embolization but do not establish the superiority 
of observation. 

A national registry analysis of 18,445 severe liver inju-
ries found that the use of angioembolization increased be-
tween 2017 and 2022, while overall in-hospital mortality 
remained 18.7%.22 Integrated operative and endovascular 
pathways were associated with lower adjusted mortality 
than laparotomy alone, but registry data are limited in their 
ability to determine optimal treatment sequence or remove 
selection and survivor bias. 

Angioembolization can support both non-operative and 
operative pathways. In stable patients with CT blush, it 
may prevent the failure of NOM. In unstable patients who 
undergo damage control laparotomy and packing, postop-
erative angiography may control persistent arterial bleed-
ing that is difficult to control surgically. Hybrid operating 
rooms may reduce transfer delays, but their availability 
varies between centres.

Angioembolization should not be portrayed as risk-free. 
Mohr and colleagues described the combination of low 
mortality but high morbidity after hepatic embolization.23 
Later work highlighted hepatic necrosis as an important 
complication, especially after extensive embolization in 
high-grade injuries.24 A systematic review likewise iden-
tified hepatic necrosis, abscess formation and bile leak or 
biloma as important morbidities after hepatic angioem-
bolization.25 These complications may require radiolog-
ical drainage, endoscopic treatment or delayed surgery. 
Super-selective embolization, avoidance of unnecessary 
non-selective occlusion and close post-procedure surveil-
lance are therefore important. When technically feasible, 

segmental rather than main hepatic arterial embolization 
is preferred to limit ischaemic burden; temporary embol-
ic agents such as Gelfoam may also be used according to 
bleeding pattern and interventional-radiology strategy.26

Operative management and damage control surgery
Operative management remains essential for unstable 

non-responders, patients with generalized peritonitis and 
patients with associated injuries requiring laparotomy. The 
modern shift toward non-operative care should not create 
a false impression that operative skill is obsolete. Asen-
sio and colleagues emphasized that trauma surgeons still 
need to operate for complex grade IV–V hepatic injuries, 
although angioembolization may help.27

The initial operation should follow damage-control 
principles: rapid haemorrhage and contamination con-
trol, avoidance of prolonged definitive reconstruction, and 
transfer to intensive care for correction of hypothermia, ac-
idosis and coagulopathy. Complex resections and definitive 
reconstructions should generally be avoided during in-
dex surgery. If resection or debridement is needed for the 
devascularized liver, this is usually safer if performed as a 
staged procedure by experienced trauma or hepatopancre-
atobiliary surgeons.

The Pringle manoeuvre remains useful because it is both 
therapeutic and diagnostic. Temporary occlusion of the 
hepatoduodenal ligament reduces hepatic arterial and por-
tal venous inflow. A marked reduction in bleeding suggests 
a source from hepatic arterial or portal venous branches. If 
major bleeding persists, hepatic venous, retrohepatic caval 
or back-bleeding sources should be considered. 

Major hepatic venous and retrohepatic caval injury
Persistent major haemorrhage despite effective portal 

triad occlusion should prompt consideration of a juxtahe-
patic hepatic venous or retrohepatic caval source, although 
aberrant arterial inflow should also be excluded. Unneces-
sary mobilisation of the injured liver may release posterior 
tamponade and convert partially controlled venous bleed-
ing into exsanguinating haemorrhage. Manual compression 
and correctly directed perihepatic packing should therefore 
remain the initial strategy when they control bleeding.8

When packing achieves haemostasis in a patient with 
severely deranged physiology, the appropriate operation 
may be to stop. Correction of hypothermia, acidosis and 
coagulopathy takes priority over difficult vascular expo-
sure. Persistent uncontrolled venous haemorrhage requires 
escalation according to anatomy, physiology and expertise. 
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Options include direct venorrhaphy after adequate vascular 
control, repair with selective or total hepatic vascular iso-
lation, and selected lobar resection.8 Complete hepatic vas-
cular exclusion may be poorly tolerated in profound shock. 
Veno-venous bypass and atriocaval shunting have been 
described but are technically demanding rescue strategies 
with historically high mortality and should not be regarded 
as routine next steps after packing.8

Useful operative manoeuvres include manual compres-
sion, anatomical packing, temporary inflow occlusion, 
selective vessel ligation, topical haemostatic adjuncts and 
temporary abdominal closure. Balloon tamponade has been 
described for selected deep transfixing or non-compressi-
ble hepatic tracts when direct compression and packing are 
insufficient, but it is an uncommon rescue technique rather 
than a routine component of liver-trauma surgery.8,29

Perihepatic packing remains one of the most impor-
tant damage control techniques. Packs should reconstitute 
normal liver anatomy while avoiding unnecessary caval 
compression or abdominal compartment syndrome (ACS). 
Persistent arterial bleeding after packing should prompt 
postoperative or intraoperative angiography when avail-
able. Pack removal should be planned after correction of 
major physiological derangement rather than performed 
reflexively. In a damage-control pathway, relook laparoto-
my and pack removal are undertaken after adequate inten-
sive-care resuscitation, generally within approximately 24–
72 hours; removal before the first 24 hours may increase re-
bleeding risk.30 Packs should be removed sequentially in an 
operating room with immediate access to blood products 
and haemostatic rescue. Temporary abdominal closure al-
lows correction of physiology, planned relook surgery and 
staged repair of liver injury. Recent bicentre observational 
data suggest that open-abdomen management with nega-
tive-pressure therapy is feasible in selected patients with 
major liver trauma.31 

Hepatic arterial and portal venous injury
Major inflow vascular injury should be approached ac-

cording to the vessel involved. An identifiable proper he-
patic arterial injury should be repaired when feasible. If re-
pair is not possible during damage-control surgery, selective 
right or left hepatic arterial ligation is preferable to unnec-
essary proximal arterial sacrifice. If the right or common 
hepatic artery must be ligated, cholecystectomy should be 
considered because of the risk of gallbladder ischaemia; he-
patic necrosis, abscess and biloma are also recognized con-
sequences of major arterial devascularization.8 Main portal 

venous injury should preferentially undergo primary repair. 
Main portal vein ligation is an extreme salvage manoeuvre 
because hepatic necrosis and severe mesenteric venous con-
gestion may follow, particularly when hepatic arterial in-
flow is compromised. For lobar or segmental portal venous 
injuries, packing or resection of unsalvageable parenchyma 
may be preferable to ligation.8

Resection and transplantation
The role of hepatic resection should distinguish limited 

resectional debridement from formal anatomical hepatec-
tomy. Clearly devitalized or freely disrupted parenchyma 
may occasionally require limited resectional debridement, 
but major anatomical resection should rarely be undertaken 
as the initial haemostatic manoeuvre during uncontrolled 
shock. Once haemorrhage is controlled and physiology re-
stored, staged segmental or lobar resection may be appropri-
ate for irreversible devascularization, necrosis, uncontrolled 
sepsis or anatomically unsalvageable liver.8 Liver transplan-
tation lies at the extreme end of this pathway. It is excep-
tionally uncommon but may be considered after otherwise 
unsalvageable hepatic destruction, extensive irreversible 
necrosis or post-traumatic hepatic failure when convention-
al reconstruction is not feasible. Only 72 liver transplants 
for trauma were identified in the United Network for Organ 
Sharing database between 1987 and 2022, underscoring the 
rarity and highly selected nature of this strategy.28 Early dis-
cussion with a transplant centre is appropriate when such a 
trajectory becomes plausible.

Hepatopancreatobiliary input is valuable when there is 
juxtahepatic venous injury, major devascularization, com-
plex bile duct injury, delayed necrosis, difficult biliary fistu-
la or consideration of staged debridement/resection. How-
ever, the first operation in an unstable patient should remain 
damage-control focused. Specialist input is most valuable 
after initial damage control, when organ-preserving recon-
struction or staged definitive management is considered. A 
cohort from a centre using a structured trauma–liver surgery 
partnership provides supportive observational evidence for 
early hepatobiliary involvement in complex high-grade in-
jury. In a centre with an established active partnership be-
tween trauma and liver surgeons, operative 30-day mortal-
ity for grade IV–V injury was 23.4% and liver-attributable 
operative mortality was 15.7%.32 These observational out-
comes cannot isolate the effect of specialist collaboration, 
but the model supports early HPB involvement when com-
plex haemostasis, major devascularization or staged hepatic 
reconstruction is anticipated. Selected management options, 
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operative manoeuvres and their limitations are summarized 
in Table 3.

Penetrating liver trauma
Penetrating liver trauma requires particular attention to 

wound trajectory and associated hollow-viscus, diaphrag-
matic and vascular injuries. Haemodynamically unsta-
ble patients and those with peritonitis require laparotomy. 
Stable patients with low-energy penetrating injury may 
be considered for selective NOM in experienced centres 
if CT defines the tract, there is no generalized peritonitis 
and monitoring is reliable. Gunshot wounds, transabdom-
inal trajectories, thoracoabdominal wounds and uncertain-
ty about bowel injury lower the threshold for operative or 
laparoscopic evaluation. The principles of operative man-
agement are similar: control haemorrhage, avoid prolonged 
complex surgery during shock, manage contamination and 
plan staged rescue.30 Angioembolization may still be useful 
when the dominant problem is arterial bleeding and the pa-
tient is stable enough for angiography. Recent national data 
suggest a selective role for angioembolization in penetrat-
ing liver trauma. After propensity matching, mortality did 
not differ significantly between angioembolization and sur-
gery, 2.0% versus 4.8%, although angioembolization was 
associated with longer hospital, intensive-care and ventila-
tion durations.33 These findings support integration of end-
ovascular treatment in stable or stabilized patients with a 

dominant arterial bleeding source, but not its substitution for 
laparotomy in uncontrolled shock, peritonitis or suspected 
hollow-viscus injury.

Complications and delayed rescue
The second phase of severe liver trauma includes de-

layed haemorrhage, vascular complications, biliary com-
plications, infection and tissue necrosis. High-grade injury 
carries a substantial risk of liver-related complications.34 
Greater injury severity, transfusion requirement, devascu-
larization and associated abdominal injury are associated 
with increased hepatic morbidity.35 Delayed haemorrhage 
or pseudoaneurysm is usually treated by angioemboliza-
tion. Abscess is commonly managed with image-guided 
drainage and antibiotics, whereas hepatic necrosis requires 
individualized treatment ranging from drainage and antimi-
crobial therapy to staged debridement or resection.35 

Post-traumatic bile leakage ranges from small periph-
eral leaks that may resolve with drainage to central duct 
disruption, disconnected ducts and extrahepatic bile duct 
injury. Symptomatic bilomas should undergo image-guided 
drainage, which also helps quantify ongoing bile output.36 

In a 10-centre study of 2,225 patients with AAST grade III 
or higher liver injury, bile leak occurred in 5%, typically 
around hospital day 6; 30% were managed with drainage 
alone, while higher-output leaks more often required ERCP, 
percutaneous transhepatic drainage or surgery.37 Persistent 

Table 3. Current management options and operative tools

Situation or tool Role Key caution

Non-operative management Stable blunt injury without peritonitis or other lapa-
rotomy indication Requires monitoring and rescue capacity

Angioembolization Arterial blush, pseudoaneurysm, delayed haemor-
rhage, persistent arterial bleeding after packing

Risk of necrosis, abscess, bile leak and re-
bleeding

Manual compression Immediate temporary control during laparotomy
Provides rapid temporary haemorrhage con-
trol while packing, vascular control or defini-
tive rescue is prepared

Perihepatic packing Damage control for major bleeding Avoid overpacking and monitor for ACS

Pringle manoeuvre Temporary inflow control; helps distinguish inflow 
from venous/caval bleeding

Persistent bleeding suggests non-inflow 
source

Foley balloon tamponade Deep bleeding tract or cavity not controlled by sur-
face packing Bridge technique requiring reassessment

Temporary abdominal closure Allows correction of physiology and planned relook Requires active closure strategy and ICU care

HPB referral Complex bile duct injury, devascularization, necro-
sis, staged resection/debridement

Should not delay initial life-saving damage 
control

HPB: hepatopancreatobiliary; ICU: intensive care unit; ACS: Abdominal compartment syndrome
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or high-output leakage should prompt biliary decompres-
sion. ERCP with transpapillary stenting, with selective 
sphincterotomy, is appropriate when ductal continuity is 
preserved. An output of approximately 300–400 mL/day 
has been proposed as a pragmatic threshold for considering 
ERCP, although this is not absolute.37 Nasobiliary drainage 
can provide temporary decompression and repeat cholan-
giographic assessment, while percutaneous transhepatic 
drainage is useful when endoscopic access is not possible or 
for selected proximal/disconnected ducts. Extrahepatic bile 
duct injury is rare and may present late; a systematic review 
of 66 blunt-trauma injuries reported a mean diagnosis at 
11 days in stable patients initially managed non-operative-
ly.38 Persistent jaundice, recurrent bilious collections or bile 
peritonitis should raise concern for a major bile leak or duct 
injury and prompt further biliary evaluation.39 Bilothorax, 
including biliopleural fistula, is uncommon and generally 
requires pleural drainage with control of the biliary source.40 
Major duct disruption, uncontrolled sepsis or failure of en-
doscopic/percutaneous treatment warrants early HPB in-
volvement and consideration of definitive reconstruction 
after physiological stabilization.

ACS should be anticipated after massive transfusion, 
visceral oedema, extensive packing, ongoing shock or tem-
porary abdominal closure. ACS should be suspected when 
increasing abdominal distension or tension is accompanied 
by new organ dysfunction. Bladder-pressure measurement 
can confirm the diagnosis when clinically suspected; routine 
pressure monitoring is unnecessary in patients without rel-
evant risk or clinical features. ACS is defined by sustained 

intra-abdominal pressure above 20 mmHg with new organ 
dysfunction and requires urgent recognition because pro-
gressive organ failure may be fatal.41

Longer-term outcomes after severe trauma include phys-
ical function, return to work, psychological health and qual-
ity of life. Future liver-trauma studies should therefore com-
plement mortality and procedural outcomes with functional 
recovery and validated patient-reported outcomes.42

Outcome reporting in liver trauma is also becoming 
more standardized. A 2026 modified Delphi study involving 
20 experts identified 12 core outcomes across operative de-
cision-making, success of non-operative management, he-
patic complications and healthcare utilization, with strong 
inter-rater agreement.43 Future studies should report these 
core clinical outcomes consistently, while functional recov-
ery, quality of life and patient-reported outcomes should be 
developed as complementary longer-term endpoints. Land-
mark evidence shaping current liver-trauma management is 
summarized in Table 4. The multidisciplinary rescue, recov-
ery and systems-of-care pathway is illustrated in Figure 2.

Resource-sensitive pathway
Severe liver trauma is best managed as a system rath-

er than a single technical problem, with trauma and HPB 
surgery, interventional radiology, critical care, transfusion 
medicine and endoscopy contributing at different stages. 
Safe non-operative management of grade IV–V injury 
is resource dependent and requires serial reassessment, 
blood products, emergency operative rescue and access to 
further haemostatic intervention.8,10 Observation without 

Table 4. Landmark and contemporary evidence in severe liver trauma

Study Design and population Key findings Clinical contribution

Pringle1, 1908 Historical operative de-
scription

Temporary occlusion of the hepatoduode-
nal ligament was described to arrest trau-
matic hepatic haemorrhage.

Established temporary hepatic inflow 
control; the manoeuvre remains both 
therapeutic and diagnostically useful 
during trauma laparotomy.

Pachter et al.3, 
1996

Multicentre study of 404 
adults managed non-oper-
atively at 13 level I trauma 
centres

Demonstrated that selected haemodynam-
ically stable blunt liver injuries could be 
managed without mandatory laparotomy.

Landmark multicentre validation of 
non-operative management, provided 
close monitoring and operative rescue 
are available. 

Asensio et al.27, 
2003

Operative series of 103 
AAST grade IV–V injuries

Mean Injury Severity Score was 33, mean 
estimated blood loss was 9414 mL and 
overall survival was 43%; 80 injuries were 
penetrating.

Illustrates the extreme physiological 
burden of injuries requiring operation 
and the continuing importance of 
damage control surgery.

van der Wilden 
et al.15, 2012

Multicentre cohort of 393 
adults with grade IV–V 
blunt liver injury

NOM was attempted in 262 of 393 patients 
(66.7%) and succeeded in 91.3%.

Established the feasibility of non-op-
erative management for selected high-
grade blunt injuries.
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WSES8, 2020 International evi-
dence-based guideline

Recommended integration of anatomical 
grade, haemodynamic status and associat-
ed injuries; supported non-operative man-
agement of stable high-grade injuries in 
appropriately resourced centres.

Provides the principal multidiscipli-
nary framework for modern manage-
ment.

Nguyen et al.21, 
2024

WTA multicentre study of 
128 stable patients with 
blunt liver injury and CT 
contrast extravasation

Observation-first and angioemboliza-
tion-first strategies had similar mortality, 
5.3% versus 5.7%. After adjustment, an 
embolization-first strategy was not inde-
pendently associated with more liver-relat-
ed complications.

Suggests that CT contrast extravasa-
tion alone should not mandate reflex 
angioembolization in every stable 
patient.

Ramos-Jimenez 
et al.32, 2025

Single-centre cohort of 
179 grade IV–V injuries 
managed through trauma 
surgery–liver surgery col-
laboration

Among operatively managed patients, 
30-day mortality was 23.4% and liver-at-
tributable mortality was 15.7%; 19.4% of 
planned non-operative management failed.

Supports early liver-surgery involve-
ment for complex haemorrhage, 
devascularization, venous injury and 
staged definitive treatment.

Schaid et al.22, 
2025

TQIP study of 18,445 
severe liver injuries, 2017–
2022

Observation was used in 47.0%, laparoto-
my alone in 42.7%, laparotomy followed 
by embolization in 5.1% and embolization 
alone in 4.5%. Overall mortality remained 
18.7% despite increasing embolization use.

Shows that severe liver injury mortal-
ity remains substantial and supports 
integrated operative–endovascular 
pathways rather than reliance on a 
single modality.

Brooks et al.16, 
2026

UK multicentre study of 
190 grade IV–V injuries

Initial non-operative management was used 
in 64%; only 7% subsequently required 
surgery. Overall mortality was 7% and liv-
er-specific complications occurred in 18%.

Provides contemporary multicentre 
support for high-grade non-operative 
management while emphasizing con-
tinued complication surveillance.

Cirillo et al.9, 
2026

Protocolized single-centre 
cohort of 350 blunt and 
penetrating injuries

Non-operative management was initiated 
in 86.9%, with conversion to laparotomy 
in 4.9%. Shock index, Injury Severity 
Score and lactate predicted mortality, 
whereas AAST grade alone had limited 
discrimination.

Reinforces physiology-first deci-
sion-making and the limited value of 
anatomical grade as an isolated treat-
ment trigger.

Braschi et al.19, 
2026

Two-centre study of 229 
blunt liver injuries

Grade IV–V injuries had liver-specific 
complications in 23.1% and required rein-
tervention in 19.2%, compared with 2.0% 
and 2.6%, respectively, for grade II–III 
injuries.

Reopens the question of scheduled 
surveillance imaging after high-grade 
injury, although optimal timing and 
patient selection remain uncertain.

Cain et al.43, 
2026

Modified Delphi consensus 
involving 20 trauma sur-
gery experts

The expert panel generated 102 initial 
suggestions, which were consolidated into 
41 unique outcomes; 12 outcomes reached 
final consensus across four domains. In-
ter-rater agreement was strong (ICC 0.89).

Provides a standardized outcome set 
for future liver-trauma studies and 
facilitates comparison across centres 
and management strategies.

Schellenberg et 
al.37, 2022

Retrospective 10-centre 
study of 2,225 patients 
with AAST grade ≥III liver 
injury

Bile leak occurred in 108 patients (5%); 
30% were managed with external drain-
age alone, while patients requiring ERCP, 
PTBD or surgery had significantly higher 
bilious drain output

Defines the burden of post-traumat-
ic bile leak and supports a step-up 
approach in which external drainage 
may suffice for selected patients, 
with persistent or higher-output leaks 
prompting biliary intervention

Abbreviations: AAST, American Association for the Surgery of Trauma; CT, computed tomography; TQIP, Trauma Quality Improvement Pro-
gram; WSES, World Society of Emergency Surgery; WTA, Western Trauma Association; ERCP, Endoscopic retrograde cholangiopancreatogra-
phy; PTBD, Percutaneous transhepatic biliary drainage.
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reliable rescue capability should not be regarded as equiv-
alent to non-operative management in a mature trauma 
system.

Stable or adequately stabilized patients whose needs 
exceed local capability should be discussed early with a 
definitive trauma or HPB centre. Arterial injury requir-
ing embolization, extensive devascularization, suspected 
juxtahepatic venous injury or complex biliary, vascu-
lar or hepatic complications should lower the threshold 
for transfer; outcomes from specialist centres should be 
interpreted in the context of the systems that enabled 
them.16,32 Persistent non-responders require local haem-
orrhage control before transfer. Where interventional 
radiology is unavailable and the liver is the dominant 
bleeding source, manual compression and perihepatic 
packing may be the primary damage-control operation.8 
Once haemorrhage is controlled, temporary abdominal 
closure, continued resuscitation and transfer may be saf-
er than unnecessary liver mobilisation, caval exposure 

or formal hepatectomy. A practical pack–resuscitate–
transfer pathway should communicate the injury pattern, 
physiological trajectory, transfusion, packs placed, portal 
triad occlusion, vascular ligation, suspected caval inju-
ry and abdominal closure. Local management of grade 
IV–V injury requires monitored care, blood-product sup-
port, contrast-enhanced CT, immediate operative capa-
bility and critical care, with interventional radiology, ad-
vanced endoscopy, vascular and HPB expertise available 
locally or through a defined transfer network. Regional 
systems should support clear referral criteria, shared im-
aging and direct surgeon-to-surgeon communication. 

Conclusion
Current management of severe liver trauma is physiolo-
gy-first, multidisciplinary and staged. Anatomical grade 
identifies risk, but haemodynamic response, peritonitis, 
associated injuries, CT findings and rescue capacity de-
termine treatment. Stable patients with high-grade blunt 

Figure 2. Rescue, recovery and systems of care after severe liver trauma.

Management extends beyond initial haemorrhage control and includes surveillance and rescue for delayed bleeding, pseudoaneurysm, hae-
mobilia, biliary complications, abscess, sepsis, hepatic devascularization or necrosis, and complications related to critical illness or the open 
abdomen. Treatment may require repeat imaging, angioembolization, percutaneous drainage, endoscopic therapy, antibiotics, reoperation, 
staged hepatic debridement or resection, and hepatopancreatobiliary referral. Multidisciplinary care incorporates trauma surgery, hepato-
pancreatobiliary surgery, interventional radiology, intensive care, endoscopy and rehabilitation. Longer-term priorities include functional 
recovery, quality of life, patient-reported outcomes, trauma-system coordination, and injury prevention.  

Abbreviations: ACS, abdominal compartment syndrome; CTA, computed tomography angiography; ERCP, endoscopic retrograde chol-
angiopancreatography; HPB, hepatopancreatobiliary; ICU, intensive care unit; MDT, multidisciplinary team; PROMs, patient-reported 
outcome measures; QoL, quality of life.



KOSOVA JOURNAL OF SURGERY | VOLUME 10 | ISSUE 2 | AUGUST 2026 73

liver injury can often be managed non-operatively when 
monitoring, blood products, urgent surgery and angioem-
bolization are available. Unstable patients still require 
operative skill, damage control surgery and timely esca-
lation. The best outcomes depend not on choosing oper-
ation or observation as an ideology, but on selecting the 
right intervention at the right time and rescuing compli-
cations before they become irreversible.
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Surgical Management of Intrahepatic 
Cholangiocarcinoma: From Technical 

Resectability to Biological Decision-Making

Abstract
Intrahepatic cholangiocarcinoma (ICC) remains one of 
the most challenging malignancies in hepatobiliary sur-
gery. Although surgical resection offers the only potential 
for cure, up to half of patients are unresectable at diagno-
sis, and long-term survival remains poor. More important-
ly, contemporary surgical decision-making has evolved 
beyond technical resectability toward identifying patients 
most likely to derive meaningful oncological benefit from 
surgery. This narrative review examines the major clin-
ical decisions that define modern surgical management 
of ICC, including patient selection, preoperative staging, 
extent of hepatic resection, lymphadenectomy, resection 
margins, and minimally invasive surgery. Rather than 
reviewing these topics independently, the available evi-
dence is interpreted through the emerging concept of fu-
tile resection and its relationship with tumor biology.

Current international evidence is integrated with our 
experience from the Spanish multicenter ICC registry 

(SPAIC), including studies on surgical complexity, futility, 
minimally invasive surgery, and failure to rescue. Across 
the available literature, biological factors—particularly 
lymph node metastases, multifocal disease, and advanced 
T stage—consistently outweigh technical aspects of sur-
gery in determining long-term outcome. Complexity clas-
sifications and futility prediction models should therefore 
be considered complementary tools: the former guiding 
how surgery should be performed, the latter helping deter-
mine whether surgery should be performed at all.

Future progress in ICC surgery will depend on inte-
grating imaging, biomarkers, operative complexity, and 
tumor biology into individualized multidisciplinary deci-
sion-making, allowing surgeons to select not only techni-
cally resectable patients, but those most likely to benefit 
from resection.
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Introduction
Intrahepatic cholangiocarcinoma (ICC) is the second 

most common primary liver malignancy and the most bi-
ologically aggressive of the three anatomical subtypes of 
cholangiocarcinoma. Its incidence has risen steadily over 
the past two decades in most Western series, a trend at-
tributed only partly to improved diagnostic recognition. 
Despite advances in imaging and systemic therapy, up 
to 54% of patients remain unresectable at diagnosis, and 
five-year survival after resection ranges only from 20% 
to 39%1.

Surgery remains the only potentially curative treat-
ment. However, the central question in contemporary 
ICC surgery has evolved from whether a tumor is techni-
cally resectable to whether resection is likely to provide 
meaningful benefit for an individual patient. The concept 
of futile resection—an operation that achieves technical 
success without improving oncological outcome—has 
therefore emerged as a key consideration in multidisci-
plinary decision-making.

Rather than reviewing surgical management as a se-
ries of isolated technical topics, this narrative review is 
organized around the major clinical decisions that define 
the management of ICC: who should undergo surgery, 
how extensive and radical resection should be, how sur-
gery should be performed, how operative complexity can 
be anticipated, and ultimately whether resection is like-
ly to benefit the patient. Throughout the review, current 
international evidence is integrated with our experience 
from the Spanish multicentre ICC registry (SPAIC), in-
cluding recent work on surgical complexity, minimally 
invasive surgery, failure to rescue, and futility after ICC 
resection.

Search Strategy
For this narrative review, we searched PubMed/MED-

LINE and Scopus for articles published in English be-
tween January 2015 and August 2026, using combina-
tions of the terms “intrahepatic cholangiocarcinoma”, 
“liver resection”, “hepatectomy”, “futile resection”, “fu-
tility”, “lymphadenectomy”, “resection margin”, “mini-
mally invasive surgery”, “laparoscopic”, “robotic”, and 
“surgical complexity”. Reference lists of retrieved arti-
cles, recent systematic reviews, and current international 
clinical practice guidelines3,12 were manually screened 
for additional relevant studies. Because this is a narrative 
rather than a systematic review, no PRISMA-based se-
lection process or formal quality appraisal was applied; 

articles were instead selected by the authors according 
to methodological quality, sample size, and relevance to 
the clinical questions addressed, with priority given to 
studies published within the last decade. Findings from 
our own multicenter Spanish ICC registry (SPAIC) are 
integrated throughout the review9,17,24. The main studies 
discussed, together with their design, population, and 
key findings, are summarized in Table 1.

�Patient Selection: Imaging, Biomarkers, and Stag-
ing Laparoscopy
Preoperative patient selection relies primarily on 

high-quality cross-sectional imaging. Contrast-enhanced 
CT remains the cornerstone for assessing local tumor 
extent and resectability, with an overall staging accura-
cy of approximately 70% (sensitivity 78%, specificity 
80%) and a negative predictive value for resectability of 
85–100% (Figure 1). However, its performance for nodal 
staging is considerably lower, with an accuracy of only 
77%1. MRI with MRCP provides complementary infor-
mation, increasing overall staging accuracy to approx-
imately 93%, although sensitivity for lymph node me-
tastases remains limited (74%)1. PET-CT is particularly 
useful for detecting occult extrahepatic disease and for 
identifying unsuspected metastases in 20–30% of pa-
tients who appear resectable on conventional imaging1.

Imaging findings should always be interpreted togeth-
er with clinical presentation and serum biomarkers, as no 
single modality is sufficiently accurate to define resect-
ability or biological aggressiveness.

Serum CA19-9 remains a valuable adjunct rather 
than a stand-alone decision-making tool. However, its 
interpretation requires caution in patients with biliary 
obstruction, as cholestasis may cause marked elevations 
that are unrelated to tumor burden. Whenever possible, 
CA19-9 should therefore be interpreted after adequate 
biliary drainage and resolution of jaundice. Values above 
100 U/mL support the clinical suspicion of ICC with 
good specificity and sensitivity, whereas concentrations 
exceeding 1000 U/mL should raise concern for biologi-
cally advanced or metastatic disease1.

Despite continuous improvements in cross-sectional 
imaging and serum biomarkers, accurate preoperative 
staging remains challenging, particularly for lymph node 
metastases. A lymph node with a short-axis diameter 
≥10 mm has only about 50% sensitivity for metastatic 
involvement. Consequently, staging laparoscopy contin-
ues to play an important role by avoiding unnecessary 
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Table 1. Summary of the main studies discussed in this review.

Study (ref.) Country / data 
source

Design & population 
(n)

Focus Key finding(s)

Nam et al., 20175 South Korea (2 
centers)

Retrospective, n=718 Preoperative futility 
nomogram

Futile resection in 13.8%; nodal enlargement, mul-
tifocality, IHD stones and NLR ≥2.7 independent 
predictors (C-index 0.85/0.74)

Chu et al., 20216 China (2 centers) Retrospective, n=203 CT-radiomics futility 
model

Radiomics model AUC 0.80 vs. clinical variables 
alone AUC 0.59

Altaf et al., 20257 International (15 
institutions)

Retrospective, n=889 Online futility calcu-
lator

Resection discouraged if predicted 90-day mortali-
ty >25% or expected survival <18 months

Kawashima et al., 
20258

International 
multicenter

Retrospective, n=1,138 “Biological R2” con-
cept

Biological R2 in 9.3%; driven by nodal disease, T 
stage and cirrhosis; margin width not independent-
ly associated

Ramia et al. (SPAIC), 
20269 (submitted)

Spain (multi-
center)

Retrospective, n=282 Composite futility 
endpoint

Futility 40.1%; T3 stage OR 8.03; minor hepatec-
tomy protective, OR 0.34

Nassar et al., 202210 France (2 cen-
ters)

Retrospective, n=120 Early recurrence / 
frozen-section nodal 
assessment

Positive frozen-section nodes predicted early recur-
rence (OR 3.31) and death <12 months (OR 12.70)

Lang et al., 202111 Germany (single 
center)

Retrospective, n=286 
explored

Long-term outcomes, 
margins, LN yield

No survival difference R0 vs. R1; lymphadenecto-
my in ~90% (median 5 nodes)

Torzilli et al., 202013 Italy (single 
center)

Retrospective cohort Vascular R1 concept Intentional vascular R1 margin oncologically ac-
ceptable vs. gross residual disease

Hammad et al., 201614 USA (National 
Cancer Database)

Retrospective, n=2,897 Margins, LN status, 
adjuvant radiotherapy

Median survival 31.2 vs. 19.5 months (R0 vs. R1/
R2); R1 HR 1.47, R2 HR 1.57

Kim et al., 202515 Multicenter 
(Asia)

Retrospective validation 
cohort

Validation of prognos-
tic models

External validation of existing postsurgical prog-
nostic models

Shen et al., 202316 China Propensity-matched 
cohort

Laparoscopic safety/
feasibility

Laparoscopic resection safe and feasible, with 
comparable oncological outcomes

Ramia et al. (SPAIC), 
202617 (submitted)

Spain (multi-
center)

Retrospective, external 
validation

Complexity classifica-
tion validation

Class II: higher major morbidity (66.7% vs. 
18.5%), perineural invasion and LN metastases; no 
Class III cases

Yoh et al., 202518 Japan / multi-
center

Retrospective, original 
classification cohort

Surgical complexity 
classification

Defines Class I–III operative complexity (simple, 
combined biliary, major vascular)

Aliseda et al., 202319 International 
(meta-analysis)

Systematic review/
meta-analysis of PSM 
studies

Laparoscopic vs. open Modest survival advantage for laparoscopy in 
pooled PSM analysis

Hu et al., 202320 International 
(systematic re-
view)

Systematic review of 
PSM studies

Laparoscopic vs. open Equivalent OS/DFS; improved perioperative out-
comes with laparoscopy

Zhao et al., 202321 International 
(meta-analysis)

Meta-analysis/systemat-
ic review

Laparoscopic vs. open Equivalent oncological outcomes; lower blood 
loss/length of stay with laparoscopy

Brustia et al., 202222 International 
multicenter

Propensity-matched 
cohort

Laparoscopic vs. open Survival advantage disappeared once restricted to 
patients with adequate nodal staging

Yang et al., 202223 China (multi-
center)

Matched database study Laparoscopic vs. open, 
learning curve

Improved outcomes only after excluding learn-
ing-curve cases and advanced-stage tumors

Ramia et al. (SPAIC), 
202524

Spain (multi-
center)

Retrospective, n=298 
(202 open/96 laparo-
scopic)

Failure to rescue Lower Comprehensive Complication Index (8.7 
vs. 20.9) and mortality (1.0% vs. 7.9%) with lapa-
roscopy

Du et al. (Wei-DSS), 
202425

China Retrospective, difficul-
ty-score cohort

MILS difficulty scoring Wei-DSS predicts operative difficulty/complica-
tions better than anatomical extent alone

Ratti et al., 202126 Italy (single 
center)

Propensity-matched 
cohort

MILS oncological 
outcomes

Equivalent DFS/OS; earlier initiation of adjuvant 
chemotherapy after laparoscopy
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laparotomy in 25–36% of patients considered resectable 
after imaging2. Its greatest value appears to be in patients 
with a high risk of occult dissemination, including mul-
tifocal tumors, suspected vascular or biliary confluence 
involvement, or markedly elevated CA19-9 levels after 
exclusion of obstructive jaundice. Accordingly, current 
international guidelines and most experienced centers 
advocate a selective rather than routine use of stag-
ing laparoscopy, reserving the procedure for patients in 
whom the likelihood of detecting otherwise unsuspected 
metastatic disease justifies the additional intervention3.

Clinical pearls:
�1. �CT defines resectability, while MRI better charac-

terizes tumor extent and biliary anatomy; both are 
complementary in modern preoperative assessment.

�2. �Interpret CA19-9 only after relief of obstructive 
jaundice whenever possible. 

�3. �Use staging laparoscopy selectively in patients at 
high risk of occult metastatic disease.

Beyond Resectability: Avoiding Futile Surgery
Traditionally, a tumor was considered suitable for sur-

gery if it was technically resectable. Contemporary hepa-
topancreatobiliary surgery, however, has progressively 
shifted its focus from technical feasibility to biological 
benefit. The critical question is no longer whether a tu-
mor can be removed, but whether resection is likely to 
provide meaningful oncological benefit for an individual 
patient. Consequently, the concept of futile resection—

an operation that achieves technical success but fails to 
improve survival or quality of life—has emerged as one 
of the defining paradigms in modern ICC surgery3,4.

Over the last few years, several groups have proposed 
complementary definitions and predictive models of fu-
tile resection. Although these models differ in method-
ology and endpoints, they consistently converge on the 
same biological determinants of poor outcome. Nam et 
al., in a two-center Korean cohort of 718 patients evaluat-
ed for potentially resectable ICC, defined futile resection 
as gross residual disease (R2), including “open-close” 
and palliative procedures, and reported a futile rate of 
13.8%. Independent predictors included lymph node 
enlargement ≥10 mm (OR 12.66), multiple tumors (OR 
5.99), intrahepatic duct stones (OR 3.46), and a neutro-
phil-to-lymphocyte ratio ≥2.7 (OR 1.98), with excellent 
discrimination (C-index 0.85 in the derivation cohort and 
0.74 in external validation)5. Using a different approach, 
Chu et al. developed a CT-radiomics model in 203 pa-
tients from two Chinese centers, achieving a validation 
AUC of 0.80, clearly outperforming conventional clini-
cal variables alone (AUC 0.59)6. Altaf et al., analyzing an 
international cohort of 889 patients across 15 institutions, 
proposed an online calculator that integrates perioper-
ative mortality and expected survival, suggesting that 
resection should be discouraged when predicted 90-day 
mortality exceeds 25% or projected survival is less than 
18 months7. Kawashima et al. further expanded the con-
cept by introducing biological R2, defined as recurrence 
within 12 weeks of an apparently curative resection, 

Figure 1: ICC: CT and 3D model. T: tumor



KOSOVA JOURNAL OF SURGERY | VOLUME 10 | ISSUE 2 | AUGUST 202680

regardless of pathological margins. In their international 
cohort of 1,138 patients, biological R2 occurred in 9.3% 
of patients and was determined predominantly by tumor 
biology—including lymph node metastases, advanced T 
stage and cirrhosis—whereas operative variables such 
as resection margins, extent of hepatectomy or lymph-
adenectomy were not independently associated with this 
outcome8.

Despite the diversity of these models, a remarkably 
consistent message emerges. Regardless of how futility is 
defined—gross residual disease, early recurrence, com-
posite oncological failure, or biological R2—the same 
biological variables consistently determine the outcome. 
Lymph node metastases, multifocal disease, advanced T 
stage, and markers of aggressive tumor biology consis-
tently outweigh technical aspects of surgery. This evo-
lution represents a fundamental conceptual shift in HPB 
surgery, shifting the emphasis from achieving technically 
complete resections to identifying patients most likely to 
benefit from surgery.

The SPAIC registry provides complementary evi-
dence from routine national practice. In our retrospective 
STROBE-compliant multicenter study including 282 pa-
tients undergoing resection for ICC between 2016 and 
2021, futility was defined using a composite endpoint 
comprising any non-R0 resection (R1, R1 vascular, or 
R2), 90-day postoperative mortality, and tumor recur-
rence or tumor-related death within six months. Overall 
futility reached 40.1%, driven mainly by R2 resection 
(22%) and early recurrence (16.3%), figures comparable 
to those reported by Altaf et al.7. On multivariable anal-
ysis, T3 stage was the strongest independent predictor 
of futility (OR 8.03), whereas minor hepatectomy inde-
pendently reduced the likelihood of futile surgery (OR 
0.34)9. These findings reinforce the concept that the chal-
lenge is no longer simply to achieve resectability, but to 
identify patients in whom surgery is expected to provide 
durable oncological benefit.

The logical consequence of this evolving concept is 
that biological information should influence intraoperative 
decision-making whenever possible. In this regard, Nassar 
et al. demonstrated that positive frozen-section assessment 
of regional lymph nodes independently predicted both ear-
ly recurrence (OR 3.31) and death within 12 months (OR 
12.70) in a bicentric French cohort of 120 patients, sup-
porting consideration of abandoning major hepatectomy 
in favor of neoadjuvant or palliative strategies when ad-
verse biological features are identified intraoperatively10.

Clinical pearls:
• �Technical resectability should not be considered syn-

onymous with meaningful oncological benefit. 
• �Tumor biology consistently outweighs operative 

technique as the principal determinant of futile re-
section. 

• �Assessment of nodal disease should guide not only 
prognosis but also intraoperative decision-making.

How Radical Should Surgery Be?
��Balancing Oncological Radicality and Functional 
Preservation
Major hepatectomy is required in a substantial propor-

tion of patients undergoing resection for ICC, accounting 
for approximately 56–78% of reported series5,8,11. His-
torically, extensive liver resection has frequently been 
considered necessary to achieve adequate oncological 
clearance, with some reviews estimating that nearly 70% 
of curative resections require major or extended hepatec-
tomy, at the cost of postoperative morbidity exceeding 
50% and mortality approaching 7%2. However, increas-
ing evidence indicates that the relationship between oper-
ative radicality and oncological benefit is far from linear.

The contemporary objective is no longer to perform the 
largest possible resection, but rather the smallest resec-
tion that achieves adequate oncological clearance while 
preserving functional liver reserve. Consistent with this 
concept, our SPAIC futility analysis demonstrated that 
minor hepatectomy independently reduced the risk of fu-
tile resection (OR 0.34), whereas futility itself remained 
predominantly determined by tumor biology rather than 
by the extent of liver resection9. These findings support 
an increasingly accepted parenchymal-sparing philoso-
phy whenever oncologically feasible.

When major hepatectomy remains necessary, preser-
vation of an adequate future liver remnant becomes par-
amount. Preoperative portal vein embolization remains 
the standard strategy to increase remnant liver volume, 
whereas associating liver partition and portal vein liga-
tion for staged hepatectomy (ALPPS) should be reserved 
for highly selected patients managed in experienced 
centers, as ICC-specific evidence remains considerably 
more limited than for colorectal liver metastases or hepa-
tocellular carcinoma3,12.

This evolution towards parenchymal preservation 
has also challenged the traditional interpretation of sur-
gical margins. Within this philosophy, Torzilli intro-
duced the concept of vascular R1, describing intentional 
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microscopic detachment of the tumor from a major vas-
cular structure to preserve functional liver parenchyma 
while avoiding gross residual disease13. Unlike an un-
intended positive margin, vascular R1 represents a de-
liberate compromise between oncological radicality and 
preservation of postoperative liver function.

Accordingly, margin status should no longer be inter-
preted as a simple binary indicator of surgical success. 
Although R0 resection remains the intended objective of 
every ICC operation, its independent prognostic impact 
appears more complex than traditionally assumed. Ham-
mad et al., analyzing 2,897 patients from the National 
Cancer Database, reported a median survival of 31.2 
months after R0 resection compared with 19.5 months 
after R1/R2 resection, with both R1 (HR 1.47) and R2 
(HR 1.57) remaining independently associated with 
worse survival14. In contrast, Lang et al. found no sta-
tistically significant survival difference between R0 and 
R1 resections in their German single-center experience11, 
while Kawashima et al. demonstrated that margin width, 
whether analyzed using thresholds of <1 mm, <5 mm or 
<10 mm, was not independently associated with early 
biological failure once tumor biology was incorporated 
into the multivariable model8.

Our SPAIC registry deliberately adopted a more pa-
tient-centered definition of futility by considering every 
non-R0 resection—including the vascular R1 catego-
ry—as one component of futile surgery9. This approach 
does not imply that every microscopic positive margin 
carries the same biological significance; rather, it reflects 
the principle that a margin-positive resection should not 
automatically be considered a successful oncological 
outcome. Ultimately, technical radicality should always 
be interpreted in the context of tumor biology, which 
remains the principal determinant of long-term benefit 
after surgery.

�Lymphadenectomy: Essential for Staging, Uncer-
tain as Therapy
The same balance between surgical radicality and 

clinical benefit applies to lymphadenectomy. Current 
staging systems recommend retrieval of at least six 
lymph nodes, while nodal metastases are identified in ap-
proximately 25–50% of resected patients2,11,14,15. Never-
theless, compliance remains inconsistent. Hammad et al. 
reported that formal lymphadenectomy was not routinely 
performed in the National Cancer Database, leaving al-
most half of patients without adequate pathological nodal 

staging14. Conversely, Lang et al. reported lymphadenec-
tomy in nearly 90% of resections, with a median of 5 
lymph nodes retrieved11.

The prognostic importance of lymph node involve-
ment is remarkably consistent across contemporary stud-
ies. Positive nodal status independently predicts worse 
survival in large international, European, and Asian co-
horts11,14,16. Similarly, within the SPAIC registry, lymph 
node metastases were significantly more frequent in 
technically complex resections requiring combined liver 
and biliary procedures, reflecting the close relationship 
between operative complexity and tumor biology17,18.

Whether lymphadenectomy itself provides therapeu-
tic benefit, however, remains uncertain. Although some 
studies suggest improved outcomes after lymph node 
dissection, these associations largely disappear after ad-
justment for tumor biology6. Consequently, the princi-
pal value of lymphadenectomy currently lies in accurate 
pathological staging, appropriate prognostic stratifica-
tion, selection for adjuvant treatment, and, potentially, 
intraoperative decision-making. As proposed by Nassar 
et al., frozen-section assessment of suspicious regional 
lymph nodes may help identify patients in whom con-
tinuation of major hepatectomy is unlikely to provide 
meaningful oncological benefit10.

Clinical pearls:
• �Major hepatectomy should be performed only when 

required to achieve oncological clearance while pre-
serving an adequate future liver remnant. 

• �Parenchymal preservation and the concept of vas-
cular R1 illustrate the shift from maximal surgery to 
biologically tailored surgery. 

• �Regional lymphadenectomy is essential for accurate 
staging, although its independent therapeutic benefit 
remains uncertain. 

• �Modern ICC surgery seeks the optimal—not the 
maximal—operation. 

How Should Surgery Be Performed?
�Minimally Invasive Surgery: Better Recovery With-
out Compromising Oncological Principles
Over the last decade, minimally invasive liver sur-

gery (MILS) has progressively evolved from a highly 
selected option for minor hepatectomy to an accepted 
approach for increasingly complex resections in special-
ized hepatopancreatobiliary centers. For ICC, however, 
the key question is no longer whether laparoscopic liver 
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resection is technically feasible, but whether its well-es-
tablished perioperative advantages translate into equiva-
lent—or even superior—oncological outcomes.

Current evidence consistently demonstrates signifi-
cant short-term benefits of laparoscopy. Across the larg-
est propensity score-matched studies and meta-analyses, 
laparoscopic resection is associated with reduced intra-
operative blood loss, shorter hospital stays and fewer 
major postoperative complications compared with open 
surgery19-21. These advantages have been remarkably 
consistent across different healthcare systems and study 
designs. Nevertheless, lymphadenectomy remains a rec-
ognized limitation of the MILS. Several meta-analyses 
report lower rates of lymph node dissection and, when 
performed, a lower lymph node yield than with open sur-
gery19-21. Given the prognostic importance of nodal stag-
ing in ICC, this limitation should be carefully considered 
when selecting patients for MILS.

Whether MILS provides a genuine oncological advan-
tage remains considerably more controversial. Most con-
temporary meta-analyses demonstrate equivalent overall 
and disease-free survival between laparoscopic and open 
approaches20,21, whereas Aliseda et al. reported a mod-
est survival advantage favoring laparoscopy in a pooled 
analysis of propensity score-matched studies19. Howev-
er, this apparent benefit appears largely attributable to 
patient selection. In the international multicenter study 
by Brustia et al., the survival advantage observed after 
propensity matching disappeared completely once anal-
ysis was restricted to patients with adequate lymph node 
staging, strongly suggesting that incomplete pathological 
staging and residual selection bias account for much of 
the reported difference22. Similarly, Yang et al. observed 
improved long-term outcomes after laparoscopy only 
after excluding learning-curve cases and limiting the 
analysis to highly selected early-stage tumors without 
vascular invasion23. Taken together, these findings indi-
cate that appropriate patient selection, rather than the sur-
gical approach itself, remains the principal determinant 
of oncological outcome.

The SPAIC registry reached a similar conclusion. In 
our national multicenter comparison including 298 pa-
tients (202 open and 96 laparoscopic resections), lapa-
roscopic surgery was associated with a markedly lower 
Comprehensive Complication Index (8.7 versus 20.9) 
and lower postoperative mortality (1.0% versus 7.9%)24. 
Nevertheless, because the proportion of major hepatec-
tomies was comparable between groups, these findings 

could not be confidently attributed to the surgical ap-
proach alone, and residual selection bias remains the 
most plausible explanation. This cautious interpretation 
closely mirrors the conclusions reached by the broader 
international literature.

Patient selection for MILS is itself evolving. Rather 
than relying exclusively on the traditional distinction 
between major and minor hepatectomy, several groups 
have proposed procedure-specific difficulty scores. The 
Wei Difficulty Scoring System (Wei-DSS), which incor-
porates tumor size, segmental location, proximity to ma-
jor vascular structures, cirrhosis, and CA19-9 level, more 
accurately predicts operative difficulty and postoperative 
complications than anatomical extent alone in patients 
undergoing MILS25. Such tools may provide a more ra-
tional framework for selecting the optimal surgical ap-
proach in the future.

Robotic liver surgery represents the next stage in the 
evolution of MILS techniques. Although high-quality 
comparative data specific to ICC remain limited, the ro-
botic platform may overcome some technical limitations 
of conventional laparoscopy, particularly during lymph-
adenectomy, biliary reconstruction, and complex hilar 
dissection. At present, however, available evidence sug-
gests that the choice of platform is likely less important 
than careful patient selection, surgeon experience, and 
adherence to sound oncological principles3,4.

Finally, MILS may provide indirect oncological 
benefits beyond the operation itself. Ratti et al. demon-
strated equivalent disease-free and overall survival after 
propensity matching, while patients undergoing lapa-
roscopic resection started adjuvant chemotherapy sig-
nificantly earlier than those treated by open surgery26. 
Whether this earlier initiation of systemic therapy ul-
timately translates into improved long-term outcomes 
remains unknown but represents an important area for 
future investigation.

Clinical pearls:
• �MILS consistently improves short-term postoper-

ative outcomes without compromising established 
oncological principles. 

• �Current evidence does not demonstrate a clear intrin-
sic oncological advantage of MILS over open sur-
gery after adequately addressing selection bias. 

• �Appropriate patient selection remains the corner-
stone of successful minimally invasive surgery for 
ICC. 
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• �Difficulty scoring systems and increasing surgical 
experience are likely to guide the future expansion 
of minimally invasive and robotic liver surgery. 

�Integrating Complexity and Futility: A New Deci-
sion-Making Framework
Modern ICC surgery requires answering two funda-

mentally different questions before entering the operat-
ing room. The first is how difficult the operation will be; 
the second is whether the patient is likely to benefit from 
that operation. Although these questions are closely re-
lated, they address different dimensions of surgical deci-
sion-making and should not be considered interchange-
able. (Figure 2)

Surgical complexity classifications and futility predic-
tion models have evolved independently over recent years, 
yet they should be regarded as complementary rather than 
competing frameworks. Complexity classifications—such 
as the system proposed by Yoh et al.—estimate the techni-
cal demands of surgery by distinguishing between simple 

hepatectomy (Class I), combined biliary resection and 
reconstruction (Class II), and major vascular resection and 
reconstruction (Class III). Their principal value lies in op-
erative planning, allocation of resources and identification 
of patients who may benefit from referral to high-volume 
hepatopancreatobiliary centers17,18.

In contrast, futility models—including the SPAIC 
composite score, the Altaf/Pawlik calculator, Nam’s no-
mogram and Kawashima’s biological R2 concept—ad-
dress a fundamentally different question: whether surgery 
is likely to provide meaningful oncological benefit3,5–7. 
These models focus predominantly on tumor biology 
rather than operative complexity and aim to identify pa-
tients in whom technically successful surgery is unlikely 
to improve long-term outcome.

The SPAIC registry provides external validation sup-
porting both concepts. In our Western multicenter vali-
dation of the Yoh classification, Class II procedures were 
associated with substantially higher major morbidity 
(66.7% versus 18.5%) together with more aggressive 

Figure 2. Integrated framework for decision-making in intrahepatic cholangiocarcinoma
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tumor biology, including higher rates of perineural 
invasion (75.8% versus 30.9%) and lymph node metas-
tases (36.4% versus 15.3%) compared with Class I re-
sections17,18. Interestingly, no Class III procedures were 
identified in our cohort, in contrast with the original Jap-
anese experience, probably reflecting differences in re-
ferral patterns and case-mix rather than limitations of the 
classification itself.

Rather than viewing these systems separately, we 
believe they should be integrated into routine multidis-
ciplinary decision-making. Complexity classifications 
answer the question “How should we perform this op-
eration?”, whereas futility models answer the more fun-
damental question “Should we perform this operation at 
all?” Used together, these complementary frameworks 
may help reduce both overtreatment of patients unlikely 
to benefit from surgery and undertreatment of patients 
whose anatomy and tumor biology justify an aggressive 
surgical strategy.

Clinical pearls:
• �Surgical complexity and oncological futility measure 

different dimensions of surgical decision-making 
and should not be considered competing concepts. 

• �Complexity classifications guide operative planning 
and referral, whereas futility models guide patient 
selection. 

• �Integrating both frameworks into multidisciplinary 
discussions may optimize patient selection for ICC 
surgery. 

• �The future of ICC surgery lies in combining tech-
nical expertise with objective assessment of tumor 
biology.

Discussion
This narrative review was designed to move beyond 

a descriptive account of the literature on intrahepatic 
cholangiocarcinoma (ICC) surgery and to translate the 
available evidence into explicit, clinically actionable 
conclusions. The main points arising from the studies 
summarized in Table 1 are outlined below, together with 
the limitations of this review.

Key evidence-based conclusions:
• �Preoperative staging should combine cross-sectional 

imaging, CA19-9 interpreted after biliary decom-
pression, and selective staging laparoscopy; no sin-
gle test is sufficiently accurate in isolation1,2.

• �Tumor biology — nodal disease, multifocality, and 
advanced T stage — rather than operative technique, 
is the dominant and reproducible determinant of fu-
tile resection across every model tested to date5–9.

• �Extent of hepatectomy should be dictated by onco-
logical necessity rather than by a default preference 
for major resection; parenchyma-sparing surgery is 
independently associated with a lower risk of futile 
resection9.

• �Lymphadenectomy is essential for accurate staging 
and prognostication but has not been shown to be 
independently therapeutic once tumor biology is ac-
counted for6,11,14,16.

• �Minimally invasive surgery improves perioperative 
outcomes without a demonstrated independent on-
cological disadvantage, provided nodal staging is 
not compromised19–24.

• �Surgical complexity classification and futility pre-
diction address different questions — how to oper-
ate versus whether to operate — and should be used 
together in multidisciplinary decision-making9,17,18.

Preoperative staging remains imperfect despite con-
tinuous technical improvement. No single imaging mo-
dality or biomarker is sufficiently accurate in isolation, 
and nodal staging in particular remains unreliable even 
with modern cross-sectional imaging1,2. In our view, this 
limitation justifies a multimodal strategy — contrast-en-
hanced CT complemented by MRI/MRCP, CA19-9 inter-
preted after biliary decompression, and selective staging 
laparoscopy in patients at high risk of occult dissemina-
tion — rather than reliance on any single test.

A second, more consistent message emerges from the 
futility literature summarized in Table 1: irrespective of 
how futile resection is defined — gross residual disease5, 
radiomic prediction6, a composite perioperative/surviv-
al threshold7, biological R28, or the composite endpoint 
used in our own SPAIC cohort9 — the same biological 
variables (nodal disease, multifocal tumors, advanced 
T stage) repeatedly emerge as the dominant predictors, 
while operative variables carry comparatively little in-
dependent weight. The convergence of these findings 
across geographically and methodologically diverse co-
horts — Korean, Chinese, international multicenter, and 
Spanish — is, in our view, the strongest argument cur-
rently available for incorporating formal futility assess-
ment into preoperative decision-making, rather than an 
argument resting on any single study.
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�Our perspective: major hepatectomy versus con-
servative, parenchyma-sparing surgery
On the specific question of major hepatectomy versus 

conservative, parenchyma-sparing surgery, our position is 
that the extent of resection should be dictated by oncolog-
ical necessity rather than by a default preference for the 
largest possible operation. Major hepatectomy remains 
indispensable when required to achieve adequate onco-
logical clearance or when tumor location or vascular/bil-
iary confluence involvement precludes a lesser resection, 
and it should not be withheld from otherwise favorable 
candidates simply to minimize perioperative risk. How-
ever, when a parenchyma-sparing resection — including, 
where appropriate, an intentional vascular R1 margin as 
described by Torzilli13 — can achieve equivalent onco-
logical clearance, we believe it should be preferred. In the 
SPAIC registry, minor hepatectomy was independently 
associated with a lower risk of futile resection (OR 0.34), 
even though futility itself remained predominantly deter-
mined by tumor biology rather than by the extent of resec-
tion9, and major or complex hepatectomy accounted for a 
disproportionate share of postoperative morbidity across 
the reviewed literature2,18. We therefore favor a strategy 
of the smallest oncologically adequate resection over rou-
tine major hepatectomy, reserving extended resections for 
cases in which anatomy and tumor biology make them 
unavoidable, and we support integrating intraoperative 
biological information — such as frozen-section nodal 
assessment — into the decision to continue or abandon a 
planned major hepatectomy10. This is, admittedly, an in-
terpretive position rather than a directly tested hypothesis, 
since no randomized comparison of major versus conser-
vative hepatectomy exists in ICC; it is based on the con-
sistent association between extended resection, morbidi-
ty, and futility observed across the cohorts summarized in 
Table 1, and it should be tested prospectively.

Regarding lymphadenectomy, the evidence is equally 
consistent but points in a different direction: nodal sta-
tus is one of the strongest prognostic markers identified 
across every cohort reviewed11,14,16, yet no study demon-
strated an independent therapeutic survival benefit of the 
dissection itself once tumor biology was accounted for6. 
We therefore consider adequate lymphadenectomy (≥6 
nodes) mandatory for staging accuracy and treatment se-
lection, but we do not consider it, by itself, a therapeutic 
maneuver, and we would caution against extending an 
operation’s morbidity solely to achieve a more extensive 
dissection once distant nodal disease is evident.

For minimally invasive surgery, the evidence base is 
now mature enough to support a clear, if qualified, con-
clusion: laparoscopic resection reduces perioperative 
morbidity without a demonstrable independent oncolog-
ical disadvantage, but the survival advantages reported 
in some series are best explained by patient selection 
and incomplete nodal staging rather than a true oncolog-
ical benefit of the approach itself19–23. Our own SPAIC 
comparison is consistent with this interpretation24. Until 
lymph node retrieval during MILS reaches parity with 
open surgery, we recommend that patient selection for a 
minimally invasive approach continue to prioritize ade-
quate nodal staging over the surgical platform itself.

Limitations of this review
This review has the inherent limitations of a narrative, 

non-systematic synthesis: study selection was not gov-
erned by a PRISMA-type protocol, and formal risk-of-
bias or quality appraisal was not performed, so publica-
tion bias cannot be excluded. Nearly all primary data, in-
cluding our own SPAIC series, derive from retrospective 
cohorts, and several futility definitions have not yet been 
externally validated outside their derivation populations. 
Two of the studies discussed were still unpublished (in 
submission) at the time of writing9,17 and should be inter-
preted with this caveat until they complete peer review. 
Randomized evidence in this field remains essentially 
absent and is unlikely to become available given the rar-
ity and heterogeneity of ICC; prospective, harmonized 
multicenter registries therefore represent the most realis-
tic path toward stronger evidence.

Conclusion
Surgery for intrahepatic cholangiocarcinoma is under-

going a fundamental conceptual evolution. The central 
question is no longer simply “Can this tumor be resect-
ed?”, but rather “Will this resection provide meaningful 
benefit for this patient?” Throughout this review, a con-
sistent message emerges: although technical expertise 
remains essential, tumor biology has become the princi-
pal determinant of surgical success. Decisions regarding 
patient selection, the extent of resection, lymphadenec-
tomy, resection margins, and surgical approach should 
therefore be interpreted within a biological rather than 
purely technical framework.

This evolution also highlights the complementary 
roles of the two conceptual models discussed in this re-
view. Complexity classifications help surgeons determine 



KOSOVA JOURNAL OF SURGERY | VOLUME 10 | ISSUE 2 | AUGUST 202686

how an operation should be performed, whereas futility 
models help determine whether that operation should be 
performed at all. Rather than competing, these frame-
works should be integrated into multidisciplinary deci-
sion-making to individualize treatment, avoid unneces-
sary surgery, and identify those patients most likely to 
benefit from aggressive surgical management.

Future progress will depend not only on technical in-
novation but also on better integration of imaging, bio-
markers, objective measures of operative complexity, 
and biological predictors of outcome. Prospective mul-
ticenter registries and international collaborative studies 
will be essential for validating these concepts and trans-
lating them into practical decision-support tools. Ulti-
mately, excellence in ICC surgery will be defined not by 
performing the most complex operation, but by selecting 
the right patient for the right operation at the right time.
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Abstract
Background: The liver, after the lymph nodes, is the 
most common site of metastatic disease. Liver resection 
is well established for colorectal and neuroendocrine 
liver metastases, but its role in metastases from other, 
non-colorectal non-neuroendocrine primary tumors re-
mains debated because of the rarity of cases, the hetero-
geneity of the primary tumors involved, and the scarcity 
of prospective trials.

Objective: To synthesize the available evidence on 
outcomes after liver resection for non-colorectal non-neu-
roendocrine liver metastases according to the primary tu-
mor of origin, and to identify the clinical and technical fac-
tors most consistently associated with improved survival.

Findings: A narrative review of clinical series, sys-
tematic reviews, and meta-analyses indexed in PubMed/
MEDLINE was performed, organized by primary tumor 
of origin. A recent systematic review and meta-analysis 
of 40 studies and 5,696 patients reported 3- and 5-year 
overall survival of 40% and 32%, respectively, after 

resection, with postoperative morbidity of 28% and 30-
day mortality of 2%. Outcomes varied markedly by tu-
mor of origin: 5-year overall survival exceeded 40% for 
breast cancer, gastrointestinal stromal tumor, and mela-
noma, but remained below 25% for gastric and pancre-
atic cancer. Across nearly all tumor types, negative re-
section margins, limited hepatic disease, a disease-free 
interval longer than 12 months, and a favorable response 
to systemic therapy were the factors most consistently 
associated with better survival.

Conclusions and Relevance: In carefully selected pa-
tients with limited hepatic disease, a favorable response 
to systemic therapy, and no uncontrolled extrahepatic 
disease, liver resection provides a clear survival bene-
fit over non-surgical treatment and, in some subgroups, 
particularly breast cancer, gastrointestinal stromal tumor, 
and uveal melanoma, the possibility of long-term dis-
ease control. Because prospectively validated selection 
criteria are still lacking, the surgical decision should be 
individualized within a multidisciplinary team.
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Introduction
Malignant tumors tend to spread, and the liver, after 

the lymph nodes, is the most common site of metastasis 
from abdominal tumors, owing to its dual portal and arte-
rial blood supply and its rich lymphatic network. Liver re-
section with curative intent for the treatment of metastatic 
disease has been described for more than a century and is 
now widely accepted. Technical advances, technological 
innovation, and improved patient selection have markedly 
increased the safety of liver surgery, pushing the boundar-
ies of resectability even for extensive resections.

For colorectal liver metastases, liver resection is now 
the reference treatment, with 5-year survival ranging 
from 40 to 58%.1 The management of neuroendocrine 
liver metastases is also well supported in the literature. 
However, the role of surgery in non-colorectal non-neu-
roendocrine liver metastases, an enormously heteroge-
neous group that includes digestive tumors such as gas-
tric cancer or gastrointestinal stromal tumor, and non-di-
gestive tumors such as breast cancer, melanoma, soft tis-
sue sarcoma, germ cell tumors, ovarian cancer, renal cell 
carcinoma, or differentiated thyroid carcinoma, remains 
poorly defined. This is due to the relative rarity of cases, 
the wide variety of biological behaviors depending on 
the primary tumor, and the near-absence of prospective 
randomized studies to guide decision-making.2-4

The aim of this narrative review is to examine the 
available evidence on the usefulness of liver resection in 
non-colorectal non-neuroendocrine liver metastases, re-
viewing the published oncologic outcomes according to 
the primary tumor of origin, common prognostic factors, 
patient selection criteria, and relevant surgical technical 
aspects, including parenchymal-sparing techniques and 
minimally invasive approaches. Wherever possible, find-
ings from the largest available series are cross-referenced 
against recently published, tumor-specific systematic re-
views and meta-analyses, so that the conclusions of each 
section are grounded in quantifiable, reproducible evi-
dence rather than in narrative impression alone.

Methods
A narrative, non-systematic search of the literature 

indexed in PubMed/MEDLINE was conducted, com-
bining the terms “liver resection,” “hepatectomy,” “liver 

metastases,” “non-colorectal,” and “non-neuroendo-
crine” with the names of the main primary tumors in 
this group (breast, gastric, gastrointestinal stromal tu-
mor, melanoma, sarcoma, ovarian, testicular/germ cell, 
renal, and thyroid). Priority was given to large clinical 
series, systematic reviews, and meta-analyses published 
in English, without strict date limits given the scarcity 
of recent series in some subgroups; the search was last 
updated in September 2026 to add tumor-specific sys-
tematic reviews and meta-analyses through 2023, used 
throughout to corroborate and quantify the older primary 
series. Selection and synthesis were performed narrative-
ly by the authors, without a formal systematic protocol 
(no PRISMA diagram, dual independent screening, or 
risk-of-bias assessment); this remains a limitation of the 
work, addressed further in the Discussion.

Patient selection criteria and prognostic factors
Unlike colorectal liver metastases, no prospective-

ly validated selection criteria exist for non-colorectal 
non-neuroendocrine liver metastases. The largest multi-
center series published to date, including 1,452 patients 
treated at French centers, reported 5- and 10-year overall 
survival (OS) of 36 and 23% respectively after resection, 
with low postoperative mortality, and identified ten in-
dependent prognostic factors that allowed the develop-
ment of a risk model to help guide surgical indication.1 
This has since been corroborated at a population level 
by a meta-analysis pooling 40 studies and 5,696 patients, 
reporting 3- and 5-year OS of 40% and 32% after re-
section, with morbidity of 28% and 30-day mortality of 
2%.5 Factors consistently associated with worse progno-
sis include age over 60 years, a primary tumor other than 
breast, melanoma or squamous histology, a disease-free 
interval (DFI) under 12 months, extrahepatic disease, 
inability to achieve negative margins, and the need for 
a major hepatectomy.1,2,6 Other relevant factors include 
elevated bilirubin, severe complications, multiple or bi-
lobar lesions, and regional lymph node metastases from 
the primary tumor.

Overall, the best candidates for resection are patients 
with good performance status, controlled primary tumor, 
limited hepatic disease, no uncontrolled extrahepatic dis-
ease, favorable response or stability after systemic ther-
apy, and a reasonable expectation of negative margins. 
The decision should be individualized within a multidis-
ciplinary team (hepatobiliary surgery, medical oncology, 
interventional radiology), since no single criterion has 
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sufficient predictive capacity alone.3,4 Figure 1 summa-
rizes a proposed practical algorithm, derived from these 
criteria, for guiding patient selection, reflecting a com-
posite, multidisciplinary assessment rather than reliance 
on any single threshold.

Liver metastases of digestive origin
Gastric cancer
Gastric cancer is among the most frequently diagnosed 

malignancies worldwide and an important cause of can-
cer mortality, largely because it is often diagnosed at an 
advanced stage.7 With liver metastases, standard of care 
remains systemic chemotherapy (median survival about 
12 months), but several meta-analyses show a survival 

benefit for hepatectomy versus non-surgical treatment at 
1, 3, and 5 years in carefully selected patients.8 Median 
survival after resection ranges 5-8 months in older series 
(1-year survival 15-50%, 5-year survival approximately 
19%), with up to 39% 5-year survival for resected meta-
chronous metastases with wide margins.9 Lymph node 
status of the primary tumor is an important independent 
prognostic factor, with better outcomes in N0/N1 than 
N2/N3 disease.10 Metachronous resection appears to out-
perform synchronous resection, and a single lesion with 
wide margins is likewise favorable. A larger, more re-
cent meta-analysis of 55 studies and 1,990 patients cor-
roborated these figures, reporting 5-year OS of 24.7% 
and median OS of 24.5 months after hepatectomy, with 

Figure 1. Proposed algorithm for the selection of candidates for liver resection in non-colorectal non-neuroendocrine liver metastases, 
based on control of the primary tumor, performance status, extrahepatic disease status, response to systemic therapy, and anticipated com-

pleteness of resection. SBRT, stereotactic body radiotherapy.
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low 30-day mortality (1.4%); metachronous presenta-
tion, well- to moderately differentiated histology, small 
tumor size, early nodal stage, R0 resection, unilobar 
involvement, and solitary lesions predicted a favorable 
outcome.11 Hepatectomy is therefore best regarded as a 
selective option for patients meeting several of these cri-
teria, not as routine care.

Gastrointestinal stromal tumor
Gastrointestinal stromal tumor (GIST) accounts for 

1-3% of digestive neoplasms and is the most common 
mesenchymal tumor of the gastrointestinal tract; the liv-
er and peritoneum are its most frequent metastatic sites.12 
Before tyrosine kinase inhibitors (TKI), resection was the 
only available treatment, with 5-year survival approxi-
mately 30% and median survival 36-47%.13 Imatinib rad-
ically changed prognosis, with response rates up to 80%, 
though secondary resistance develops in roughly half of 
patients around two years into treatment, renewing interest 
in surgery as an adjunct to systemic therapy; surgical series 
report 5-year OS approximately 34%, with low morbidity 
and mortality (about 10% and 2%).14 Postoperative TKI 
therapy is associated with the best outcomes, while ex-
trahepatic disease at resection predicts worse survival.15,16 
Surgery has been proposed mainly for focal, early resis-
tance within the first six months of treatment, to reduce the 
risk of selecting resistant clones.17 A meta-analysis of 11 
studies and 988 patients has since confirmed this benefit 
quantitatively: adding surgery to TKI therapy significantly 
reduced the risk of death compared with pharmacotherapy 
alone (hazard ratio 2.10, 95% CI 1.58–2.79), supporting a 
combined surgical and pharmacologic strategy in patients 
with focal, non-progressive disease.18

Pancreatic cancer
Pancreatic ductal adenocarcinoma (PDAC) carries 

a particularly poor prognosis (overall 5-year survival 
below 8%), and the liver is its most common metastat-
ic site. With synchronous liver metastases, median OS 
barely reaches 5 months with non-surgical treatment, and 
surgery has traditionally been contraindicated. Recent se-
ries of combined resection of the primary tumor and liver 
metastases in oligometastatic disease (usually ≤3 lesions) 
report postoperative morbidity around 45-50% and mor-
tality below 5%, with 1-, 3-, and 5-year survival of 41%, 
13%, and 7-8% — higher than with systemic treatment 
alone in selected patients responding to neoadjuvant che-
motherapy.19,20 These results, although modest, suggest a 

very selected subgroup with oligometastatic disease con-
fined to the liver and a favorable response to systemic 
therapy might benefit from a combined approach; how-
ever, the lack of a validated definition of oligometastat-
ic pancreatic disease and the single-center, retrospective 
nature of the available series preclude firm conclusions 
at present.

Liver metastases of non-digestive origin
Breast cancer
Breast cancer is the leading cause of cancer death in 

women worldwide, and the liver is the third most com-
mon site of metastasis after bone and lung.21 Five-year 
survival for localized breast cancer exceeds 99%, but the 
development of untreated liver metastases drastically re-
duces prognosis, with median survival of 4 to 8 months. 
Systemic therapy remains the cornerstone of manage-
ment of metastatic disease, and leading international 
guidelines recommend that local treatment of the liver, 
including surgery, be reserved for very selected patients 
with good performance status, limited hepatic disease, no 
extrahepatic lesions, and demonstrated disease control 
after systemic therapy, with no consensus on the optimal 
local technique among surgery, stereotactic radiotherapy, 
or intrahepatic chemotherapy.22

In the largest published series, liver resection was as-
sociated with 5-year OS of 41% and disease-free survival 
(DFS) of 21%, clearly superior to the 3-to-6-month medi-
an survival of untreated disease and to the approximate-
ly 15 months achieved with systemic therapy alone.23 
Factors associated with a better prognosis after resection 
include partial response to neoadjuvant chemotherapy, 
hormone receptor positivity, negative resection margins, 
a disease-free interval longer than 2 years, HER2 over-
expression treated with targeted therapy, smaller tumor 
size, and unilobar disease, whereas prior failure of sys-
temic therapy and a positive margin predict worse surviv-
al.23-25 Careful intraoperative exploration is essential to 
avoid missing undetected disease, and both open and lap-
aroscopic approaches have proven safe, with favorable 
results for the minimally invasive approach in selected 
patients. A 2023 meta-analysis of nine studies and 1,732 
patients confirmed and quantified this benefit: 5-year OS 
was significantly better after resection than with non-sur-
gical treatment (46.0% vs 24.7%; odds ratio 0.46, 95% 
CI 0.25–0.87), with an overall survival hazard ratio of 
0.69 (95% CI 0.59–0.80) favoring surgery — among the 
most robust evidence for any tumor type in this review.26
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Melanoma
Uveal melanoma spreads exclusively via the hematog-

enous route, since the uveal tract lacks lymphatic vessels, 
and metastasizes in isolation to the liver in approximate-
ly half of patients.27,28 Untreated hepatic disease carries a 
grim prognosis, with median survival of 4 to 6 months. 
Cutaneous melanoma, although sharing a melanocytic 
origin, spreads first via lymphatics to regional nodes and 
only later hematogenously, with the liver as its third most 
common visceral site; its liver metastases respond better 
to chemotherapy and checkpoint inhibitors than those of 
uveal origin, which has generated particular interest in 
local treatment, including surgery, for the latter.

Reference surgical series have reported complete re-
section of all measurable disease in approximately 75% 
of selected patients, with median OS of 27 to 29 months 
after surgery, compared with 6 months in patients treat-
ed non-surgically, and 2- and 5-year survival of 59 and 
42% respectively in more recent series.29-31 No relevant 
differences in survival have been observed according to 
the ocular or cutaneous origin of the primary melanoma 
once liver metastases are resected.30 The prognostic fac-
tor most consistently associated with better survival is re-
section with disease-free margins, together with a lower 
number of liver lesions, a longer disease-free interval, a 
lower tumor burden, and the addition of systemic therapy. 
A pooled analysis of 912 patients with metastatic uveal 
melanoma from 29 prospective trials found substantial-
ly higher 1-year survival with liver-directed therapies, 
including resection, than with systemic therapy alone 
(57.2% vs 38.4%); elevated lactate dehydrogenase and 
alkaline phosphatase were the strongest adverse prog-
nostic factors regardless of treatment.32 Overall, surgical 
resection of melanoma metastatic to the liver, whether 
of uveal or cutaneous origin, can meaningfully prolong 
survival in highly selected patients, although subsequent 
hepatic recurrence is common.

Soft tissue sarcoma
Liver metastases from soft tissue sarcoma are uncom-

mon outside GIST. Small reference-center series report 
5-year OS of approximately 30-31%, median survival of 
24-46 months, and actuarial 1-, 3-, and 5-year survival 
of approximately 88-90%, 48-50%, and 30-32%.13,33,34 
Complete resection is the key determinant of prognosis, 
with 5-year survival dropping to single digits when dis-
ease is not completely resected.13 Ideal candidates have 
good performance status, disease confined to the liver, 

a disease-free interval of at least 12 months, small tu-
mor size, fewer than five resectable lesions, and no pro-
gression on prior systemic therapy; extrahepatic disease 
makes surgical benefit unlikely.34 Comparing histolog-
ic subtypes, the best long-term outcomes are seen for 
GIST, followed by leiomyosarcoma and other sarcomas, 
although these series remain individually underpow-
ered and heterogeneous, so the magnitude of benefit by 
subtype cannot be reliably estimated; decisions should 
rely more on histology-specific discussion than on sarco-
ma-wide statistics.33

Germ cell tumors and testicular cancer
Liver metastases from germ cell tumors, particular-

ly non-seminomatous testicular cancer, arise hematog-
enously and frequently coexist with retroperitoneal dis-
ease. Surgery on residual masses after chemotherapy is 
standard multimodal treatment, since such masses may 
contain necrotic tissue, mature teratoma, or viable tumor, 
each with distinct implications.35 Complete resection has 
been associated with 3-year survival up to 78% in fa-
vorable series, though broader-criteria series report more 
modest 5-year survival of around 45%.36,37 Residual mass 
size and primary histology help identify patients with a 
better prognosis, with worse outcomes for larger lesions. 
Evidence on liver metastases of testicular origin specif-
ically remains confined to fewer than 30 patients across 
all published series combined, so larger studies are need-
ed before surgery’s role here is firmly established.

Ovarian cancer
Ovarian cancer is frequently diagnosed at advanced 

stages and is a major cause of mortality among gyne-
cologic cancers.38 The liver may be affected by superfi-
cial peritoneal seeding or by true hematogenous spread; 
available series suggest somewhat better survival with 
peritoneal seeding.39 Cytoreductive surgery, typically in-
cluding hysterectomy, bilateral salpingo-oophorectomy, 
omentectomy, and resection of all visible disease, is the 
cornerstone of treatment for advanced disease, with liv-
er resection as part of this procedure when parenchymal 
involvement is present.40 Complete cytoreduction is as-
sociated with markedly better survival than suboptimal 
cytoreduction (median survival up to 65 months vs only a 
few months with substantial residual disease).41 Liver re-
section combined with primary cytoreduction appears to 
yield better outcomes than when performed as secondary 
or salvage surgery.39 Morbidity of liver resection within 
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cytoreductive surgery is acceptable in experienced cen-
ters, but because bilobar involvement is generally a con-
traindication and no data isolate the specific contribution 
of liver resection from the rest of the cytoreductive pro-
cedure, current evidence supports it mainly as a compo-
nent of complete cytoreduction rather than as an inde-
pendent intervention.42

Renal cell carcinoma
Renal cell carcinoma comprises several histologic 

subtypes with distinct metastatic behavior; liver metasta-
ses are relatively uncommon compared with pulmonary, 
bone, or brain sites, and more frequent in the chromo-
phobe subtype.43 They account for approximately 5-8% 
of non-colorectal non-neuroendocrine liver metastases 
and carry a traditionally poor prognosis, usually mul-
tifocal; because the primary tumor responds only mar-
ginally to conventional chemotherapy and radiotherapy, 
resection has long been the only potentially curative op-
tion.44 Single-center series report 5-year OS of 26-43% 
after resection, with median survival exceeding 10 years 
in the most favorable series; better prognosis is asso-
ciated with male sex, tumor size under 5 cm, DFI over 

24 months, and negative margins.45 A meta-analysis of 
17 studies of metastasectomy (including hepatic metas-
tasectomy) in metastatic renal cell carcinoma corrobo-
rated this benefit, reporting significantly higher mortal-
ity without metastasectomy (hazard ratio 2.15, 95% CI 
1.59–2.92), with clear-cell histology and prior nephrec-
tomy as additional favorable factors.46 Targeted therapy 
and immunotherapy have substantially changed systemic 
treatment over the past two decades, making it necessary 
to reassess surgery’s role within a combined approach.44

Differentiated thyroid carcinoma
Liver metastases from differentiated thyroid carcinoma 

are extremely rare, as this tumor behaves indolently and 
spreads preferentially to cervical nodes, lung, and bone; 
the literature is limited to very small series and isolated 
case reports. Distant metastases are the most important 
negative prognostic factor, with 10-year survival around 
50% in disseminated disease.47 When liver metastases 
do not take up radioactive iodine, which further wors-
ens prognosis, surgical resection has been described as 
offering the best chance of prolonged survival in the iso-
lated published cases, ahead of chemoembolization or 

Figure 2. Reported 5-year overall survival (%) after liver resection, by primary tumor of origin. Values correspond to the midpoints or 
representative figures of the ranges reported in Table 1 and discussed in the text.
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radiofrequency ablation. However, this entire evidence 
base consists of small retrospective series and case re-
ports, none exceeding a handful of patients, with no com-
parative or prospective data; no recommendation stron-
ger than individualized, case-by-case decision-making is 
currently justified for this tumor type.48

Summary of reported outcomes
Table 1 summarizes the reported 5-year OS, median 

survival, and key favorable prognostic factors by pri-
mary tumor of origin, corroborated where available by 
recent tumor-specific meta-analyses. Figure 2 illustrates 
the corresponding 5-year OS graphically: outcomes are 
generally most favorable for germ cell tumors, melano-
ma, and breast cancer, and least favorable for gastric and 
pancreatic cancer, consistent with the pooled 5-year OS 
of 32% across all tumor types combined in the largest 
available meta-analysis.5

Technical aspects of liver resection
Technical advances over the past two decades have ex-

panded the indications for liver surgery across the whole 
spectrum of liver metastases. Parenchymal-sparing sur-
gery, using limited atypical or segmental resections rath-
er than major anatomic hepatectomies, preserves func-
tional parenchyma, reduces the risk of postoperative liv-
er failure, and facilitates a second intervention in case 
of recurrence, without compromising oncologic outcome 
when an adequate margin is achieved; this is particular-
ly relevant for breast cancer and GIST, in which recur-
rence after a first resection is not uncommon and a sec-
ond hepatectomy can again provide a survival benefit. 
The laparoscopic and, more recently, robotic approach-
es have been progressively incorporated into oncologic 
liver surgery, with favorable perioperative results and no 
evidence of oncologic harm compared with the open ap-
proach in experienced hands, including for breast cancer 

Table 1. Summary of reported outcomes after liver resection for non-colorectal non-neuroendocrine liver metastases,  
by primary tumor of origin.

Primary tumor 5-year OS (%) Median survival (months) Key favorable prognostic factors Ref.

Breast cancer 41 ~40 Partial response to neoadjuvant chemo-
therapy; hormone receptor positivity; R0 
resection; DFI >2 years

23,24,26

Gastrointestinal stro-
mal tumor

34 36 Postoperative TKI therapy; no extrahe-
patic disease at resection

14,15,18

Uveal melanoma 40–42 27–29 R0 resection; low tumor burden; longer 
DFI; addition of systemic therapy

29-31,32

Cutaneous melanoma 42 27–29 R0 resection; factors similar to uveal 
melanoma

30

Soft tissue sarcoma 30–31 24–46 Complete resection; DFI ≥12 months; 
fewer than 5 resectable lesions

13,33,34

Gastric cancer 19–25 5–24 Metachronous disease; N0/N1 nodal 
status; solitary lesion with wide margins; 
R0 resection

8-10,11

Renal cell carcinoma 26–43 often >60 Male sex; tumor <5 cm; DFI >24 
months; R0 resection

45,46

Ovarian cancer (as part 
of cytoreduction)

NR up to 65* Complete (R0) cytoreduction; primary 
rather than secondary setting

39,41

Germ cell / testicular 
tumors

45–78 NR Small residual mass (<30 mm); favorable 
histology

36,37

Pancreatic cancer (oli-
gometastatic)

7–8 ~12 Oligometastatic disease (≤3 lesions); 
response to neoadjuvant chemotherapy

19,20

OS, overall survival; DFI, disease-free interval; TKI, tyrosine kinase inhibitor; R0, microscopically negative resection margin; NR, not 
consistently reported across series. *Median survival reported for complete (R0) cytoreduction including liver resection. Figures are ap-
proximate and derived from the heterogeneous retrospective series and meta-analyses discussed in the corresponding sections of the text.
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and melanoma metastases, although the evidence derives 
predominantly from retrospective studies.

In extensive bilobar disease that would leave an insuf-
ficient liver remnant after a single resection, two-stage 
hepatectomy and, more recently, associating liver parti-
tion and portal vein ligation for staged hepatectomy have 
been used; the latter achieves much faster hypertrophy 
of the future remnant (one to two weeks) than conven-
tional portal vein embolization, with resection rates up to 
90-100% in colorectal disease. Its role in non-colorectal 
non-neuroendocrine liver metastases is far less studied 
and should be considered with particular caution, giv-
en its higher perioperative risk and the sometimes more 
aggressive biology of this group of tumors.

Role of alternative local therapies
In patients not candidates for resection because of 

technical factors, comorbidity, or lesion location, ra-
diofrequency or microwave ablation and stereotactic 
body radiotherapy offer alternative local control, alone 
or combined with surgery, particularly in liver-metastatic 
uveal melanoma, where iterative treatments combining 
resection and ablation have achieved prolonged surviv-
al.31,45 These techniques do not replace resection when it 
is technically feasible and oncologically reasonable, but 
they broaden options for non-surgical candidates; their 
role in this tumor group continues to evolve, with no ran-
domized trials comparing both modalities to date.

Discussion
This review synthesizes the evidence on liver resec-

tion across ten non-colorectal non-neuroendocrine pri-
mary tumor types. In the largest available meta-analysis, 
resection achieved 3- and 5-year OS of 40% and 32%, 
with morbidity of 28% and 30-day mortality of 2%.5 Out-
comes were most favorable for breast cancer, GIST, and 
melanoma (5-year OS >40%, and up to 78% for selected 
germ cell tumor series) and least favorable for gastric and 
pancreatic cancer (approximately 20-25% and 7-8%). 
Negative margins, limited hepatic tumor burden, a dis-
ease-free interval exceeding 12 months, and a favorable 
response to systemic therapy were the factors most con-
sistently associated with improved survival across tumor 
types.

These findings are directly confirmed by recent tu-
mor-specific meta-analyses. For breast cancer, resec-
tion nearly doubled 5-year survival versus non-surgical 
treatment (46.0% vs 24.7%; hazard ratio 0.69, 95% CI 

0.59–0.80).26 For GIST, adding surgery to TKI therapy 
more than halved the risk of death versus pharmaco-
therapy alone (hazard ratio 2.10, 95% CI 1.58–2.79).18 
A similar effect size was reported for metastasectomy, 
including hepatic metastasectomy, in renal cell carci-
noma (hazard ratio for death without metastasectomy 
2.15, 95% CI 1.59–2.92).46 Even gastric cancer, tradi-
tionally considered a poor surgical candidate, showed 
5-year survival of 24.7% after hepatectomy in selected 
patients, challenging guidelines that discourage surgery 
in this setting.11 This consistency across independently 
conducted meta-analyses strengthens confidence that 
the survival advantage attributed to resection reflects a 
genuine treatment effect and not only favorable patient 
selection, although residual confounding by indication 
cannot be excluded.

The variation in outcomes across tumor types most 
plausibly reflects differences in underlying biology rather 
than surgical technique. Breast cancer, GIST, and uveal 
melanoma tend toward indolent growth, organ-limited 
(often liver-only) spread, and, for breast cancer and GIST, 
effective systemic therapy capable of durable disease 
control around resection. Gastric and pancreatic adeno-
carcinoma are biologically more aggressive, with early 
micrometastatic dissemination that is frequently unrec-
ognized at resection, likely explaining their persistently 
poor outcomes despite apparently complete clearance. 
The recurring prognostic value of a disease-free inter-
val longer than 12 months across tumor types fits this 
framework, as it likely marks inherently less aggressive 
metastatic potential rather than being itself a modifiable 
target of treatment.

This review’s strength is breadth: organizing frag-
mented, tumor-specific literature within one framework, 
cross-referenced against recent meta-analyses, provides 
an updated reference for a disease group individual cen-
ters rarely see in numbers sufficient to study alone. Its 
main limitation is methodological: a narrative, non-sys-
tematic review without a registered protocol, PRIS-
MA-compliant search, dual screening, or risk-of-bias 
assessment, so selection cannot be considered free of 
the authors’ judgment and publication bias cannot be ex-
cluded. Nearly all evidence is retrospective, from a few 
high-volume centers, with inherent selection bias since 
operated patients are by definition those judged fit for and 
likely to benefit from surgery; no randomized trial has 
compared resection with best systemic therapy for any 
tumor type discussed, and sample sizes for rarer tumors 
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(thyroid, testicular germ cell) remain in the dozens rather 
than hundreds of patients.

For practice, these findings support multidisciplinary 
consideration of resection when the primary tumor is 
controlled, hepatic disease is limited and resectable, ex-
trahepatic disease is controlled, and systemic therapy has 
shown response or stability, weighting these criteria by 
the biology of the primary tumor. For research, the prior-
ity is prospective, multicenter or international registries 
with standardized eligibility and reporting criteria, al-
lowing the comparative effectiveness of resection versus 
modern systemic therapy to be estimated with far less 
confounding than in today’s retrospective series — of 
particular value for rarer subtypes unlikely ever to reach 
adequate single-center power.

Conclusions
Non-colorectal non-neuroendocrine liver metastases 

are a biologically heterogeneous group of diseases, and 
the evidence reviewed here indicates that liver resec-
tion can provide prolonged survival and, in selected 
subgroups such as breast cancer, gastrointestinal stro-
mal tumor, and uveal melanoma, the possibility of long-
term disease control, in carefully selected patients with 
limited hepatic disease, a controlled primary tumor, no 
uncontrolled extrahepatic disease, and a favorable re-
sponse to systemic therapy. Advances in systemic thera-
py and in parenchymal-sparing and minimally invasive 
surgical techniques have progressively broadened these 
indications while reducing perioperative morbidity. Be-
cause prospectively validated selection criteria remain 
lacking, the decision to proceed with resection should 
always be individualized within a multidisciplinary 
team, and further prospective, multicenter studies are 
needed to define more precisely which patients truly 
benefit from surgery within this heterogeneous group 
of diseases.
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Beaver tail liver
A 33-year-old woman underwent magnetic resonance 

cholangiopancreatography following an episode of acute 
pancreatitis associated with transient elevation of liver 
function tests. Axial T2-weighted magnetic resonance 
imaging demonstrated an unusual elongation of the 
left hepatic lobe (BTL) extending into the left upper 
quadrant and wrapping around the spleen (S) (Fig. 1A). 
This characteristic appearance corresponds to a beaver 
tail liver, a rare anatomical variant also known as the 
“sliver of liver”. The spleen is almost surrounded by 
normal hepatic parenchyma, creating a configuration that 
resembles the broad, flattened tail of a beaver (Fig. 1B).

BTL results from excessive lateral extension of 

segments II and III of the liver. Although this variation 
is usually asymptomatic and discovered incidentally on 
imaging studies, awareness of it is clinically important. 
Because the elongated hepatic tissue may have similar 
density or echogenicity to the spleen, it can be mistaken 
for perisplenic fluid, splenic subcapsular hematoma, or 
splenic injury, particularly in the setting of abdominal 
trauma. Identification of portal or hepatic venous branches 
within the tissue helps establish the correct diagnosis.

In addition, failure to recognize this variant may 
complicate upper abdominal surgery, interventional 
radiology procedures, or image-guided biopsies. Rarely, 
patients may report discomfort or pain in the left upper 
quadrant due to the unusual anatomical relationship 
between the liver and spleen.

Although no treatment is required, knowledge of 
this uncommon variant may prevent diagnostic errors 
and avoid unnecessary interventions. The present 
image illustrates a classic example of beaver tail liver, 
a fascinating anatomical curiosity with important 
implications for surgeons and radiologists.

Learning points: Beaver tail liver is a rare anatomical 
variant characterized by the lateral extension of the left 
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hepatic lobe around the spleen. Recognition of this entity 
is important because it may mimic splenic pathology on 
imaging studies and may alter surgical planning in the 
left upper abdomen.
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Figure 1:  
A: MRI: BTL: beaver tail liver; S: Spleen; B: beaver tail explaining the reason of the etimology of the liver anatomical variation name
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