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Minimally invasive step-up surgery demonstrates superior
suitability over open surgery in severe acute pancreatitis
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Abstract: Objective: To evaluate the clinical outcomes of minimally invasive step-up surgery in patients with severe
acute pancreatitis (SAP). Methods: A retrospective cohort analysis was conducted, involving 96 consecutive SAP
cases. The control group (n=46) underwent conventional open surgery, while the research group (n=50) received
minimally invasive step-up procedures. Comparative assessments included operative parameters, recovery of in-
testinal function, nutritional markers, disease severity, immune function, serum inflammatory biomarkers, clini-
cal safety, and prognostic outcomes. Results: Despite a markedly higher frequency of surgical interventions, the
research group showed significantly reduced operative duration, shorter postoperative recovery time for intestinal
function, and shorter hospitalization duration compared to the control group. Postoperatively, patients in the re-
search group exhibited superior nutritional markers, enhanced immunological function, and notable alleviation of
disease severity. Systemic infections were less frequent in the research group, with an obviously reduced fatality
rate. Other complications and the total complication rate did not differ significantly between groups. Conclusion:
Despite necessitating additional surgical interventions, the minimally invasive step-up approach for SAP features
shorter surgical times, faster recovery of intestinal function, and a lower mortality rate.
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Introduction

As a critical inflammatory condition affecting
the exocrine pancreas, severe acute pancreati-
tis (SAP) is associated with high morbidity and
mortality rates. Various predisposing factors,
such as cigarette smoking, heavy alcohol con-
sumption, obesity, diabetes mellitus, cholelithi-
asis, and dyslipidemia, contribute to the devel-
opment of SAP [1, 2]. SAP often leads to se-
rious adverse events, including endotoxemia,
systemic inflammatory response syndrome
(SIRS), and multiorgan dysfunction (MOD), with
reported mortality approaching 40% [3]. Fur-
thermore, SAP exhibits higher rates of adverse
events and death compared to moderate acute
pancreatitis [4, 5]. Research suggests that SAP
triggers a cascade of pathophysiological mech-
anisms, including pancreatic necrosis, immune
dysfunction, compromised intestinal barrier in-
tegrity, and sepsis, potentially leading to acute
lung injury, which increases the mortality risk to

60% [6]. Therefore, optimizing therapeutic in-
terventions to halt disease progression and
improve survival is crucial.

Open surgical intervention has long been used
in SAP management, directly addressing thera-
peutic objectives by excising necrotic tissues,
relieving intra-abdominal pressure, and han-
dling associated complications like biliary ob-
struction and digestive tract fistulas [7]. While
this well-established technique enables opera-
tion under direct visualization and treatment
in a single procedure, it is associated with con-
siderable tissue damage, extended recovery,
and higher complication rates [8]. In contrast,
the minimally invasive step-up strategy employs
a staged treatment protocol, involving initial
laparoscopic irrigation to remove inflammatory
mediators, followed by percutaneous catheter
drainage for localized infection control, and
concluding with targeted necrosectomy to
address remaining pathological tissues [9]. This
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phased approach minimizes early surgical
trauma through damage control, reduces physi-
ological disturbances, maintains anatomical
integrity, and accelerates rehabilitation with
shorter hospital stays [10, 11]. Nevertheless,
this technique requires advanced procedural
skills, may involve repeated interventions, and
relies on specialized tools such as computed
tomography (CT) and laparoscopic instruments
[12].

This study aims to compare the efficacy of
these two surgical approaches in SAP patients,
focusing on operative parameters, intestinal
function recovery, and prognostic outcomes.
The goal is to clarify the clinical benefits of the
minimally invasive step-up technique and pro-
vide evidence-based benchmarks for therapeu-
tic decision-making and the promotion of effec-
tive treatment approaches.

Clinical data
Study population

Clinical records of 96 SAP patients hospitali-
zed at First Affiliated Hospital of Huzhou
University (05/2012-01/2025) were retrospec-
tively reviewed. Of these participants, 46 cases
underwent conventional open surgery (control
group), whereas 50 cases were managed with
a minimally invasive step-up approach (res-
earch group). The study protocol was approved
by the First Affiliated Hospital of Huzhou Uni-
versity Review Board.

Patient selection criteria

Inclusion criteria: (1) Diagnosis of SAP based on
established criteria [13]; (2) Symptom onset
within < 48 hours prior to enrollment; (3)
Clinically significant manifestations, including
abdominal pain, distension, nausea/vomiting,
peritoneal irritation, and diminished or ab-
sent bowel sounds; (4) Acute Physiology and
Chronic Health Evaluation Il (APACHE-II) score >
8 and CT severity grade > Il [14]; (5) First-time
treatment for SAP; (6) No contraindications to
the proposed therapy; (7) Availability of com-
plete clinical records.

Exclusion criteria: (1) Pregnancy or lactation; (2)
Concurrent hyperthyroidism; (3) Severe dys-
function of major organs (cardiac, hepatic, pul-
monary, or renal); (4) Concurrent conditions,
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including active infections, trauma, or gastroin-
testinal hemorrhage; (5) Hematologic disor-
ders; (6) Psychiatric illness or cognitive impair-
ment; (7) Active malignancy; (8) Recent ab-
dominal surgery unrelated to SAP; (9) Use of
medications that may interfere with study out-
comes within the preceding six months.

Treatment methods

The control group underwent open surgical
intervention. Indications for surgery included:
(1) failure of conservative treatment with per-
sistent clinical deterioration; (2) biliary pancre-
atitis refractory to non-surgical management,
accompanied by multiorgan dysfunction (MOD);
(3) signs of severe systemic infection (persis-
tent high-grade fever or sepsis); or (4) local
pancreatic complications (infected necrosis or
abscess formation). For biliary pancreatitis,
surgical intervention was performed via lapa-
rotomy, which simultaneously addressed biliary
obstruction through procedures such as com-
mon bile duct exploration with T-tube drainage.
Other cases underwent comprehensive surgi-
cal management, including pancreatic tissue
incision with necrosectomy for pancreatic ne-
crosis, triple diversion procedures (gastrosto-
my, jejunostomy, and biliary drainage), and ex-
tensive multi-locational drainage of the ab-
dominal cavity and peripancreatic spaces. Ex-
cept for early fulminant pancreatitis (requiring
surgical intervention within 72 hours of symp-
tom onset), all procedures were performed fol-
lowing a delayed approach, typically 2-4 weeks
after disease onset.

The research group was treated with a minimal-
ly invasive step-up approach. First Stage (Acute
Response Phase: Within 1 Week of Onset):
Indications: Early presentation of SIRS or mul-
tiple organ dysfunction syndrome (MODS), with
abdominal CT or diagnostic puncture confirm-
ing peritoneal effusion but no evidence of peri-
pancreatic fluid collection or necrotic tissue
accumulation. Intervention: Diagnostic laparo-
scopic exploration with extensive peritoneal
lavage, followed by placement of drainage tu-
bes in the lesser omental sac and abdominal
cavity (without peripancreatic incision or de-
bridement). Drainage tubes were maintained
until resolution of peritoneal effusion (typically
removed after approximately 1 week).

Second Stage (Necrotic Accumulation Phase:
3-4 Weeks Post-Onset): Indications: Presence
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of acute necrotic collection or walled-off ne-
crosis, accompanied by clinical signs such as
fever, abdominal pain, elevated infection mark-
ers, or gastrointestinal obstruction. Interven-
tion: CT-guided percutaneous catheter drain-
age, with subsequent adjustment of antibiotic
therapy and supportive care based on drainage
fluid analysis (including bacterial culture and
amylase levels).

Third Stage (Infection Spread Phase: Late-
Stage Disease): Indications: Persistent or sp-
reading infection following the second stage,
inadequate drainage, or abscess formation.
Intervention: Laparoscopic or intraoperative
ultrasound-guided abscess/cyst incision and
drainage, with drain placement in the most
dependent position. Additional percutaneous
drainage or re-exploration was performed if
clinically indicated.

Outcome measures

(1) Operative parameters: The number of sur-
geries and operative durations were recorded.

(2) Intestinal function recovery: Intestinal func-
tion recovery time and lengths of hospital stay
were documented.

(3) Disease severity: Disease severity was as-
sessed using the APACHE-II score (range: 0-71),
where higher scores correlated with worsening
conditions. Organ dysfunction was measured
using the Sequential Organ Failure Assessment
(SOFA) scale [15], which evaluates six vital
organ systems. Each component is graded
from O to 4, yielding a cumulative score of 0-24,
with higher scores indicating more severe organ
failure.

(4) Nutritional markers: Pre- and post-opera-
tive levels of prealbumin (PA), albumin (Alb),
and transferrin (TRF) in serum samples we-
re determined using immunoturbidimetric as-
says, following the manufacturer’s instructions
(Shanghai Yuduo Biotechnology, 4471; HePeng
(Shanghai) Biotech, HPBIO-JM4329, HPBIO-
JM4327).

(5) Immunological function: Pre- and postoper-
ative fasting venous blood samples (3 mL) were
collected for immunonephelometric quantifi-
cation of serum immunoglobulin (I8G/A/M) lev-
els. Assays were performed according to the
kit instructions (Shanghai XuanYa Biological
Technology, XY1152A, XYO210A, XY-SJH-1140).
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(6) Inflammatory biomarkers: Serum concentra-
tions of high-sensitivity C-reactive protein (hs-
CRP), tumor necrosis factor-alpha (TNF-«), and
interleukin-6 (IL-6) were measured using Enzy-
me-linked immunosorbent assays (ELISAS).

(7) Safety profile: Post-treatment adverse ev-
ents, including pancreatic pseudocysts, peri-
pancreatic cysts, hemorrhage, intestinal fistula,
MOD, and systemic infections, were recorded.
The overall incidence of adverse events was
computed.

(8) Prognostic outcomes: Mortality following
surgery was recorded to determine the fatality
rate.

Primary endpoints included operative parame-
ters, intestinal function recovery, disease se-
verity, safety, and prognostic outcomes, where-
as secondary measures involve nutritional
markers, immunological function, and inflam-
matory biomarkers.

Statistical analysis

Data analysis was conducted using SPSS 20.0.
Continuous variables were summarized as
mean = standard error of the mean (SEM), and
inter-group differences were assessed using
independent t-tests, while pre- and post-opera-
tive comparisons were analyzed using paired
t-tests. Categorical data were reported as fre-
quencies and percentages (n/%), and inter-gr-
oup comparisons were made utilizing x? tests.
Statistical significance was defined as a p-val-
ue of < 0.05.

Results

Comparison of baseline characteristics be-
tween the two groups

Both cohorts exhibited similar baseline param-
eters, with no statistically significant differenc-
es in age, gender distribution, body mass index
(BMI), disease duration, smoking status, alco-
hol consumption, or hyperlipidemia incidence
(P> 0.05, Table 1).

Comparison of operative parameters between
the two groups

The operative parameters, including the num-
ber of surgeries and operative duration, were
compared between the two cohorts. The
research group underwent significantly more
surgeries and had notably shorter procedure
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Table 1. Comparison of demographic and clinical characteristics between the two groups

Indicator Control group (n=46) Research group (n=50) t/x? P
Age (years) 45.74+8.91 47.64+6.61 1.193 0.236
Gender 0.560 0.454
Male 26 (56.52) 32 (64.00)
Female 20 (43.48) 18 (36.00)
Body mass index (kg/m?) 24.59+3.43 23.72+3.31 1.264 0.209
Disease duration (d) 20.67+1.90 20.78+2.78 0.224 0.823
Smoking history 0.405 0.524
No 34 (73.91) 34 (68.00)
Yes 12 (26.09) 16 (32.00)
Alcohol use history 0.251 0.617
No 30 (65.22) 35 (70.00)
Yes 16 (34.78) 15 (30.00)
Hyperlipidaemia 0.596 0.440
No 24 (52.17) 30 (60.00)
Yes 22 (47.83) 20 (40.00)
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Figure 1. Comparison of operative parameters between the two groups. A.
Number of surgeries. B. Operative duration. Note: **P < 0.01 versus control
group.
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Figure 2. Comparison of intestinal function recovery metrics between the
two groups. A. Time to intestinal function recovery. B. Duration of hospitaliza-
tion. Note: **P < 0.01 versus control group.

durations compared to the control group (P <
0.05, Figure 1).
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Comparison of nutritional
markers between the two
groups

Pre-operative evaluation of
nutritional markers (PA, Alb,
TRF) revealed no intergroup
differences (P > 0.05). Post-
intervention measurements
demonstrated significant ele-
vation in all markers, with
the research group achieving
superior improvements com-
pared to the control group (P <
0.05, Figure 3).

Comparison of disease sever-
ity between the two groups

Disease severity was evaluat-
ed using the APACHE-II and
SOFA scoring systems. Both
groups had similar baseline

scores (P > 0.05). Following treatment, signifi-
cant decreases in APACHE-II and SOFA scores

Am J Transl Res 2025;17(9):7039-7046



Surgical treatment of severe acute pancreatitis

A 500- # B o1 # T N v
sk sk . **
400- *k 604 ox 4
< 3001 g HH g et 1 =
B . S & £
o L) aanpets 4
< 2001 % fqpbagt = ot o z -
100{ 201 ’ 11 7= s
oo a
0 T T T T 0 T T T T 0 T N ; .
& 3 & £ R & & & © @ ¢ ¢
PO Y G PONEY Y S P S W
A L £ £ FoL e
& o & & & » ¢ R & N S s
o & & & & © & P & & & Pid
& & < Cd & & <o & & & © &
o Qg? & I QP(’ & (&) qg,% <&

Figure 3. Comparison of nutritional markers between the two groups. A. Pre-post intervention PA levels. B. Pre-post
intervention Alb levels. C. Pre-post intervention TRF levels. Note: PA, prealbumin; Alb, albumin; TRF, transferrin. **P

< 0.01, ***P < 0.001 versus baseline; #P < 0.05 between groups.

Table 2. Comparison of disease severity between the two groups
before and after surgery

Indicator Control Research t p
group (n=46)  group (n=50)
APACHE-II
Preoperative 18.35+5.00 19.56+5.04 1.180 0.241

Postoperative 14.09+3.84** 9.78+3.10***  6.073
SOFA

Preoperative 8.37+2.18 7.92+2.12 1.025 0.308

Postoperative  5.39+1.96*  3.44+1.40** 5.643 < 0.001

<0.001

Note: *P < 0.05, **P < 0.01, ***P < 0.001 versus preoperative values.

Table 3. Comparison of immunological parameters between the
two groups before and after surgery

Control Research

Indicator group (n=46) group (n=50) t P
18G (g/L)
Preoperative 8.65+2.66 9.18+1.95 1.120 0.266
Postoperative  11.00+2.85**  13.16+3.87**  3.092 0.003
IgA (g/L)
Preoperative 2.09+0.96 2.14+0.78 0.281 0.779
Postoperative 3.78+1.88** 7.00£3.02***  6.208 < 0.001
1gM (g/L)
Preoperative 0.90+0.20 0.86+0.27 0.819 0.415
Postoperative 1.49+0.42* 2.02+0.79** 4.053 < 0.001

Note: *P < 0.05, **P < 0.01, ***P < 0.001 versus preoperative values.

were observed in both groups (P < 0.05).
However, the research group achieved notably
lower scores in both assessments compared

to the control group (P < 0.05, Table 2).
groups

Comparison of immunological function be-
tween the two groups

ments showed no significant
inter-group differences (P >
0.05). Postoperatively, both
groups exhibited marked in-
creases in all Ig levels (P <
0.05). Notably, the resear-
ch group demonstrated supe-
rior improvements in IgG, IgA,
and IgM compared to the
control group (P < 0.05, Table
3).

Comparison of serum inflam-
matory biomarkers between
the two groups

Serum levels of inflammatory
biomarkers, including hs-CRP,
TNF-a, and IL-6, were ana-
lyzed in both cohorts. Initial
measurements demonstrated
no significant intergroup dif-
ferences at baseline (P >
0.05). Following intervention,
both groups exhibited marked
reductions in all measured
infammatory markers (P <
0.05). Notably, the research
group achieved significantly
greater reductions in these

biomarkers compared to the control group (P <
0.05, Table 4).

Comparison of safety profile between the two

The incidence of pancreatic pseudocysts, peri-

pancreatic cysts, hemorrhage, intestinal fistu-

Immune status was assessed by measuring
serum IgG, IgA, and IgM levels. Initial measure-

la, and MOD showed no significant variation
between groups (P > 0.05). However, the res-
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Table 4. Comparison of serum inflammatory biomarkers between
the two groups before and after surgery

Indicator Control Research t p
group (n=46) group (n=50)
hs-CRP (mg/L)
Preoperative 80.8949.79 80.16+12.41 0.318 0.751

Postoperative 59.57+6.50** 40.64+5.65*** 15.260 < 0.001
TNF-o (ug/L)

Preoperative  100.70+13.28 101.22+18.05 0.160 0.874

Postoperative 81.30+9.54** 65.22+5.88*** 10.029 < 0.001
IL6 (ug/L)

Preoperative 71.15+7.49 72.76+9.03 0.946 0.347

Postoperative 49.20+8.14** 38.74+7.09***  6.727 <0.001

Note: hs-CRP, high-sensitivity C-reactive protein; TNF-&, tumor necrosis factor-
alpha; IL-6, interleukin-6. **P < 0.01, ***P < 0.001 versus preoperative values.

Table 5. Comparison of safety profile between the two groups

Control Research

Indicator group (n=46)  group (n=50) X P

Pancreatic pseudocysts 7 (15.22) 5 (10.00) 0.596 0.440
Peripancreatic cysts 6 (13.04) 4 (8.00) 0.653 0.419
Hemorrhage 5(10.87) 3(6.00) 0.744 0.389
Intestinal fistula 5(10.87) 3(6.00) 0.744 0.389
Multiorgan dysfunction 9 (19.57) 4 (8.00) 2.737 0.098
Systemic infections 14 (30.43) 5 (10.00) 6.302 0.012
Total 23 (50.00) 17 (34.00) 2.523 0.112

fewer total interventions, but
each procedure is more time-
consuming, highlighting the
ability of conventional open
surgery to achieve definitive
resolution in a single opera-
tion. Furthermore, the mini-
mally invasive step-up strate-
gy demonstrates clear sup-
eriority over open surgery in
key recovery metrics, includ-
ing intestinal function recov-
ery, duration of hospitaliza-
tion, and nutritional markers
(PA, Alb, and TRF), suggesting
that minimally invasive tech-
niques cause less physiologi-
cal trauma and more effec-
tively ameliorate metabolic
disturbances. As reported in
the literature, this approach
better preserves intestinal
integrity and facilitates earlier
initiation of enteral nutrition,
thereby improving nutritional
markers and accelerating
overall patient recovery [16,
17].

earch group demonstrated a significant reduc-
tion in the incidence of systemic infection com-
pared to the control group (P < 0.05). The over-
all complication rate did not differ significantly
between groups (P > 0.05) (Table 5).

Comparison of prognostic outcomes between
the two groups

Mortality analysis revealed 7 fatalities (15.22%)
in the control group, while no deaths occurred
in the research group. This reduced mortality
rate represented a statistically significant im-
provement in survival for the research group (P
< 0.02).

Discussion

The minimally invasive step-up approach for
SAP patients involves multiple procedures, yet
each operation is significantly shorter in dura-
tion. This reflects the phased nature of the
intervention and the inherent advantages of
minimally invasive techniques. In contrast,
open surgery for SAP patients typically requires
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In addition, both approaches
were approved to effectively
reduce APACHE-Il and SOFA scores; however,
the minimally invasive step-up approach dem-
onstrated superior clinical improvements. By
implementing targeted surgical interventions in
the first and second stages, this approach
effectively interrupts the cascade of pro-inflam-
matory factors while mitigating secondary in-
flammatory responses. Moreover, its phased
treatment strategy provides comprehensive
organ protection, collectively contributing to
more effective disease progression control [18,
19]. Notably, SAP patients undergoing minimal-
ly invasive step-up procedures exhibited more
substantial increases in immunoglobulins (IgG,
IgA, IgM) and more marked reductions in inflam-
matory biomarkers (hs-CRP, TNF-q, IL-6), high-
lighting enhanced efficacy in both immunologi-
cal function enhancement and systemic in-
flammation control. This clinical advantage like-
ly stems from the approach’s immunomodula-
tory properties, as it minimizes extensive tissue
trauma compared to conventional open sur-
gery. By reducing immune cell depletion and
preserving |g production capacity, this tech-
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nique consequently strengthens anti-infection
defenses in SAP patients [20].

Regarding local complications, there were no
significant differences between the treatment
groups in the incidence of pancreatic pseudo-
cysts, peripancreatic cysts, hemorrhage, intes-
tinal fistula, and MOD, or the total complication
rate. However, SAP patients who underwent
minimally invasive step-up procedures demon-
strated significantly lower rates of systemic
infection and mortality, highlighting its system-
ic advantages. The stepwise drainage approach
in minimally invasive step-up surgery effective-
ly modulates the inflammatory microenviron-
ment in SAP patients. Additionally, percutane-
ous drainage minimizes bacterial translocation,
which is more common in open abdominal pro-
cedures, thus actively regulating inflammation
and substantially lowering systemic infection
risk [21]. The absence of mortality in the res-
earch group may result from early intervention,
which halted SIRS-to-sepsis progression, accu-
rate debridement that minimized reinfections,
and preservation of organ function reserves
[22, 23]. Morat6 O et al. [24] demonstrated that
SAP patients treated with a minimally invasive
step-up surgery had statistically lower specific
and overall mortality rates than those undergo-
ing open surgery, which corroborates our re-
sults. Supporting our conclusions, Szeliga J et
al. [25] reported superior clinical outcomes and
improved patient safety with this technique
compared to open surgery.

Several limitations should be noted: (1) The
lack of in-depth analysis regarding prognostic
determinants necessitates follow-up studies
to develop more targeted clinical improvement
strategies. (2) The absence of biomarkers, for
stress and oxidative stress parameters, limits
our ability to further elucidate the comparative
therapeutic benefits. (3) The relative advantag-
es of minimally invasive step-up approach sur-
gery cannot be fully assessed without compar-
ative studies against other minimally invasive
techniques.

In summary, the minimally invasive step-up
approach offers distinct advantages over con-
ventional open surgery in SAP treatment. This
strategy shows significant benefits in accelerat-
ing intestinal function recovery, ameliorating
nutritional markers, alleviating disease severi-
ty, and enhancing immunity. Furthermore, it
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effectively reduces systemic infection and mor-
tality risks. These findings not only offer SAP
patients a safer and more effective therapeutic
alternative but also provide a reliable reference
and new insights for formulating individualized
treatment plans in clinical practice.
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