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Severe acute pancreatitis (SAP) complicated by organ failure (OF) is associated with mortality rates of 15—-40 %.
While the step-up approach has proven superior to primary necrosectomy, its universal application fails to
account for the heterogeneity of clinical trajectories. Early stratification of patients based on OF patterns may
facilitate the development of personalised treatment protocols.

OBJECTIVE — to evaluate the effectiveness of a differentiated treatment approach to severe acute pancreatitis
based on organ failure patterns in comparison to standard disease management.

MATERIALS AND METHODS. A quasi-experimental study with historical control was conducted in 77 patients with
SAP or high risk of its development. The comparison group (n=41, 2014-2019) received standard treatment
with retrospectively confirmed OF development. The main group (n=36, 2022-2024) underwent prospec-
tive stratification using a prognostic model within 24 hours of admission, identifying three OF patterns: early
respiratory-renal, late respiratory, and early multisystem. Pattern-specific protocols were applied: aggressive early
drainage for the early respiratory-renal pattern, a maximal conservative approach for the late respiratory pattern,
and intensive monitoring with readiness for emergency interventions for the early multisystem pattern. The pri-
mary endpoint was hospital length of stay (LOS). Secondary endpoints included OF development, intensive care
unit (ICU) utilisation, surgical interventions, and mortality.

REesurts. Median hospital LOS decreased from 35 [23—65] to 27 [15—33.25] days (p=0.015), representing a 22.9 %
reduction. OF development was prevented in 33.3 % of high-risk patients (the number needed to treat is 3). The
incidence of persistent OF decreased from 90.2 % to 50.0 % (odds ratio (OR)=0.11, 95 % confidence interval (CI):
0.03-0.37, p<0.0001), and multiorgan failure from 31.7 % to 5.6 % (p=0.004). The treatment effect was pattern-
dependent (interaction p<0.0001): the late respiratory pattern showed a 44.4% LOS reduction (61.1£27.2
to 34.0+£23.6 days, p=0.005), the early multisystem pattern demonstrated a 47.2% reduction (50.2+32.8 to
26.5+19.3 days, p=0.042), while the early respiratory-renal pattern showed a non-significant increase (+31.3 %,
p=0.870). The proportion of staged open operations decreased from 58.5 % to 22.2 % (p=0.001) without affect-
ing emergency surgery rates. Mortality decreased from 12.2% to 8.3 % (p=0.579).

Concrusions. Pattern-oriented treatment of SAP significantly reduces hospitalisation duration and prevents OF
development in one-third of high-risk patients. Treatment efficacy is heterogeneous across patterns, with the
greatest benefit observed in late respiratory and early multisystem variants. This approach transforms the surgi-
cal paradigm from reactive to proactive, optimising intervention timing based on predicted clinical trajectory.
Further multicentre validation is warranted to confirm these findings.
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pancreatitis, multiple organ failure, acute necrotizing pancreatitis, hospital length of stay, treatment outcome,
risk assessment, inflammation.
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Severe acute pancreatitis (SAP) is associated with ~ Atlanta 2012 classification, the presence and du-
a mortality rate of 15-30% when organ failure ration of OF represent key prognostic factors [2].
(OF) develops and up to 40 % in cases of infected The modern «step-up» approach, validated in the
pancreatic necrosis [10, 11, 15]. According to the PANTER and POINTER trials, has demonstrated
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advantages of delaying invasive interventions up to
4 weeks [4, 8, 21]. However, universal application of
this strategy does not account for the heterogeneity
of clinical course, potentially leading to suboptimal
outcomes in some patients.

Analysis of large patient cohorts demonstrates sig-
nificant variability in OF development trajectories
in SAP. In 20—-30 % of patients, OF develops within
the first 48—72 hours, while in others it occurs in the
second or third week of the disease [6, 9]. This het-
erogeneity suggests the existence of distinct disease
phenotypes that potentially require differentiated ap-
proaches to timing and the extent of interventions.

The concept of personalised medicine, success-
fully implemented in oncology and cardiology, sup-
ports patient stratification based on biomarkers and
clinical characteristics. In the context of SAP, this
approach could optimise treatment tactics according
to the predicted disease trajectory. However, there is
a lack of validated models for early stratification and
corresponding differentiated treatment protocols.

Hypothesis: Early identification of the OF pat-
tern, followed by the application of a differentiated
treatment protocol for SAP, is expected to improve
clinical outcomes compared to the standard unified
approach.

OBJECTIVE — to evaluate the effectiveness of a dif-
ferentiated treatment approach to severe acute pan-
creatitis based on organ failure patterns in compari-
son to standard disease management.

Materials and methods

Study design

A quasi-experimental study with historical control
was conducted to evaluate the effectiveness of the
pattern-oriented approach to SAP treatment. This
design was chosen due to ethical considerations, as
randomising patients to a control group would have
been unacceptable after the identification of high-risk
patterns. The study protocol was approved by the
Commission on Ethics and Bioethics of Poltava State
Medical University (No. 203, dated March 24, 2022).

Study population

The study comprised 77 patients with SAP or high
risk of its development, divided into two groups from
different time periods. The comparison group con-
sisted of 41 patients hospitalised during 2014—2019,
in whom OF development was retrospectively con-
firmed according to modified Marshall criteria. The
main group included 36 patients hospitalised during
2022-2024, to whom the improved pattern-orient-
ed treatment algorithm was applied.
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Methodology for the development
of a prognostic model

The development of the pattern-oriented approach
was implemented through three consecutive stages.
In the first stage, agglomerative hierarchical clus-
tering using Ward’s method and Euclidean distance
was performed to analyse 13 variables characteris-
ing OF dynamics in patients from group 1. These
variables included time to OF development, episode
duration, number of affected systems, and the pres-
ence of transient and persistent forms of respiratory,
renal, and cardiovascular dysfunction. The optimal-
ity of the identified clusters was confirmed by the
ratio of within-class (67.02 %) variance to between-
class (32.98 %) variance.

Characteristics of identified
organ failure patterns

Cluster analysis identified three clinically distinct
patterns, each exhibiting unique trajectories of dis-
ease progression.

The early respiratory-renal pattern encompassed
39.0 % of the comparison group patients and was
characterised by the earliest development of OF,
with a median of 4.5 days from disease onset (in-
terquartile range 2.0—13.5). This pattern was dis-
tinguished by a high frequency of early OF within
the first 48 hours in 68.8 % of cases, a predominance
of persistent respiratory dysfunction in 75.0 % of
patients, and exclusively persistent renal failure in
31.3 %. This variant was associated with the short-
est hospitalisation duration (median 22.5 days).

The late respiratory pattern was observed in
39.0 % of patients and was distinguished by delayed
onset, with a median time to OF development of
30.0 days (interquartile range 22.8—49.0). No cases
of early OF were identified in this group; instead, in
93.8 % of cases, organ dysfunction developed exclu-
sively in the late phase of the disease after day 14.
Isolated respiratory system involvement was noted
in 87.5 % of patients, with minimal involvement of
other organs. This pattern was associated with the
longest hospitalisation (median 62.0 days).

The early multisystem pattern, representing the
least common variant (22.0 % of patients), demon-
strated intermediate temporal characteristics, with
a median OF development of 7.0 days (interquar-
tile range, 6.0—11.0 days). However, this pattern
was associated with the most severe clinical course.
Multiple episodes of organ dysfunction (four or
more) were observed in 77.8 % of patients, with
a high frequency of both transient cardiovascular
and persistent renal failure (77.8 % each). Patients
with this variant required the longest intensive care
unit stay (median 9.0 days).
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The identified patterns demonstrated statistical-
ly significant differences across all key parameters
(p<0.0001 for time of onset), justifying the need to
develop differentiated treatment protocols.

In the second stage, a comprehensive statistical
analysis of clinical and laboratory parameters from
the first day of hospitalisation was conducted to
determine predictors of the identified patterns. For
practical clinical application, a simplified algorithm
for pattern determination based on key predictors
was developed, demonstrating 74.5 % accuracy.

The hierarchical decision-making structure was
constructed using the CHAID (Chi-squared Au-
tomatic Interaction Detector) classification tree
method, with a maximum depth of 4 levels and
a minimum of 10 observations per node.

Prognostic model structure
A two-stage prognostic model for risk stratifica-
tion and OF pattern determination was formed. In
the first stage, five high-risk criteria were evaluated
during the first six hours from hospitalisation: heart
rate > 88 bpm, presence of at least one systemic in-
flammatory response syndrome (SIRS) criterion,
BISAP (Bedside Index for Severity in Acute Pancre-
atitis) score > 1 point, creatinine level >87 umol/L,
and total protein <64 g/L. The presence of at least
one criterion indicated a high risk of OF develop-
ment with 94.9 % sensitivity and 93.3 % specificity.
The second stage, implemented over 6—24 hours,
involved determining the specific pattern using
a hierarchical algorithm. Patients with a heart rate
<85bpm combined with a history of arterial hyper-
tension were classified as having an early multisys-
tem pattern. A heart rate >95 bpm and creatinine
level >102 pumol/L indicated an early respiratory-
renal pattern. A combination of tachycardia with
SIRS signs indicated a late respiratory pattern.
In cases not meeting any of the above combina-
tions, the systemic immune-inflammatory index
(SII=platelets x neutrophils /lymphocytes)  was
also evaluated for final stratification.

Differentiated treatment algorithm
A modified differentiated treatment algorithm was
developed based on identified patterns, incorpo-
rating the critical timing of complications and the
specific features of each pattern’s course. The algo-
rithm provided pattern-specific surgical tactics, in-
cluding the differentiated application of the step-up
approach, optimised intervention timing, and indi-
vidualised intensive care.

The main group comprised 36 patients hospital-
ised during 2022—2024 who had a high risk of OF
development on admission. Unlike the comparison
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group, where patterns were determined retrospec-
tively after the onset of complications, the main
group underwent prospective stratification using
prognostic model criteria for OF pattern determi-
nation within the first 24 hours, followed by appli-
cation of a differentiated treatment protocol.

Inclusion criteria required adult patients aged
18 years or older with acute pancreatitis diagnosed
according to the Atlanta 2012 criteria, who were
hospitalised within 72 hours from symptom onset.
For the comparison group, confirmation of OF dur-
ing hospitalisation was mandatory, whereas for the
main group, the presence of high-risk criteria for
OF development was sufficient. Exclusion criteria
included chronic pancreatitis, prior pancreatic sur-
gery, or pancreatic malignancies.

Differentiated treatment protocols

Patients in the comparison group received stan-
dard treatment according to 2014—2019 protocols
based on a reactive approach to managing compli-
cations. In contrast, the main group was treated us-
ing a pattern-oriented protocol that applied differ-
entiated tactics depending on the identified variant
of progression.

For the early respiratory-renal pattern, the pro-
tocol provided aggressive early tactics, including
ascites drainage within the first 72 hours when the
volume exceeded 500 ml, aimed at reducing intra-
abdominal pressure and improving ventilation.
Prophylactic respiratory support via continuous
positive airway pressure (CPAP) or high-flow oxy-
genation was provided concurrently with aggres-
sive renoprotection, maintaining diuresis at a rate
of least 0.5 ml/kg/hour. Importantly, necrosectomy
was deliberately delayed until the fourth week for
necrosis maturation.

For the late respiratory pattern, the most con-
servative approach was applied, with avoidance of
invasive interventions during the first two weeks.
Drainage of fluid collections was deferred until
at least the third week and was performed only in
the presence of infection. From the fourth week
onwards, the classical step-up approach was used,
gradually increasing the invasiveness of interven-
tions. Respiratory therapy was prescribed preven-
tively for atelectasis prophylaxis.

The early multisystem pattern required the most
aggressive management, including immediate ad-
mission to the intensive care unit and 24-hour sur-
gical team availability for emergency interventions.
Drainage of fluid collections commenced in the sec-
ond week regardless of infection status, and early
initiation of renal replacement therapy was consid-
ered in cases of renal failure.
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Study variables

A comprehensive assessment of clinical status and
treatment outcomes was conducted by analysing
the following groups of parameters:

Demographic and anthropometric data: age, sex,
body mass index.

Aetiological factors: biliary, alcoholic, drug-in-
duced, alimentary, and idiopathic aetiology.

Comorbidity: assessed using the Charlson co-
morbidity index, which includes 19 categories of
comorbid conditions with scores from 1 to 6 de-
pending on mortality risk. Arterial hypertension,
ischaemic heart disease, diabetes mellitus, chronic
respiratory, renal, and hepatic diseases were regis-
tered separately.

Severity indicators at admission: BISAP scale
from 0 to 5 points, presence of SIRS criteria, the
modified CT severity index (mCTSI) from 0 to 10
points for assessing inflammatory changes, and the
percentage of pancreatic necrosis.

First-day laboratory parameters: complete blood
count with differential white cell count, SII index,
biochemical markers (creatinine, urea, total pro-
tein, bilirubin, alanine aminotransferase (ALT), as-
partate aminotransferase (AST), amylase, glucose,
fibrinogen), and urine parameters.

Organ failure characteristics: presence and type
(transient <48 hours or persistent >48 hours), af-
fected systems (respiratory, cardiovascular, renal),
time of onset (early before day 14 or late after day
14), number of episodes, and the maximum Multi-
ple Organ Dysfunction Score (MODS).

Surgical interventions: total number of opera-
tions and procedures, timing of the first interven-
tion, types of operations (elective or emergency for
infection/haemorrhage/peritonitis), number of re-
operations, performed drainage and necrosectomies.

Local complications: necrotising pancreatitis,
infected and sterile pancreatic necrosis, acute peri-
pancreatic fluid collections (APFC), acute necrotic
collections (ANC), walled-off necrosis (WON),
pleural effusion, and ascites.

Endpoints and data collection

The primary endpoint was the total length of hos-
pitalisation as an integrative indicator of disease se-
verity and treatment effectiveness. Secondary end-
points included frequency of OF development and
its characteristics with differentiation into tran-
sient, persistent, and multiorgan forms. Important
indicators were ICU length of stay, the total num-
ber of surgical interventions divided into staged and
emergency procedures, the development of local
complications including infected pancreatic necro-
sis, and hospital mortality.
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Statistical analysis

Statistical analysis was performed using XLSTAT
v. 2021.2. Power calculations indicated that a mini-
mum of 35 patients per group was required. This
sample size was needed to detect a 25 % difference
in hospitalisation duration. The significance level
was set at 0.05, and the power at 80 %. Categori-
cal variables are presented as absolute numbers and
percentages. Continuous variables are described as
either the median with interquartile range or the
mean with standard deviation, depending on their
distribution. The Shapiro-Wilk test was used to as-
sess the normality of the distributions.

Categorical variables were compared using the
chi-square test. For small expected frequencies,
Fisher’s exact test was used. Continuous variables
were compared using the Mann-Whitney U test,
as most parameters did not follow a normal distri-
bution. To assess differential treatment effects by
pattern, analysis of variance with covariates and an
interaction term between group and pattern was
applied. Predictors of binary outcomes were deter-
mined using logistic regression. The number of in-
terventions was modelled with Poisson regression.
Time to surgery was analysed using Cox regression.

An extended sensitivity analysis was conducted.
This involved excluding deaths, including only pa-
tients with confirmed OF, and removing outliers that
exceeded three standard deviations above the mean.
Statistical significance was set at p<0.05. The Tukey
correction was applied for multiple comparisons.

Study limitations

The quasi-experimental design does not completely
exclude confounders, particularly the general im-
provement in medical care observed between the
study periods. Differences in inclusion criteria, with
the retrospective cohort comprising only patients
with confirmed OF and the prospective cohort in-
cluding high-risk patients, introduce methodologi-
cal heterogeneity. The single-centre setting further
limits the generalisability of findings to other popu-
lations and healthcare systems. To mitigate these
limitations, an extended statistical analysis was
conducted using multiple methods to evaluate in-
tervention effects.

Results

Study population characteristics

A total of 77 patients with SAP were divided
into a comparison group (group 1, n=41, period
2014-2019) and a main group (group 2, n=36,
period 2022—-2024). In the comparison group, all
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patients developed confirmed OF during acute pan-
creatitis, whereas the main group included high-risk
patients. In group 2, the implementation of differen-
tiated pattern-oriented surgical tactics resulted in
OF development in only 24 patients (66.7 %).

The groups’ demographic and clinical character-
istics were comparable (Table 1).

The median age was 43.0 [34.0-56.0] years in
the comparison group and 46.5 [40.0—-55.0] years
in the main group (p=0.272). Males predominated
(68.3% vs. 63.9%, p=0.683) with median body
mass index (BMI) 26.3 and 25.5 kg/m?, respec-
tively (p=0.955). Biliary aetiology dominated in
both groups (61.0 % vs. 66.7 %, p=0.604), while al-
coholic aetiology accounted for approximately one
quarter of cases (29.3 % vs. 25.0 %, p=0.675).

The comorbidity profile was characterised by
a high prevalence of cardiovascular pathology

Table 1. Baseline characteristics of study groups

without intergroup differences: arterial hyperten-
sion was diagnosed in 58.5 % and 55.6 % (p =0.792),
and ischaemic heart disease in 56.1 % and 41.7 %
of patients, respectively (p=10.206). The median
Charlson Comorbidity Index was 5.0 [4.0-6.0] in
the comparison group and 4.0 [3.0—5.0] in the main
group (p=0.106).

Disease severity at admission was comparable:
SIRS frequency was 36.6 % vs. 30.6 % (p=0.577),
and BISAP >2 was observed in 19.5% vs. 13.9%
(p=0.331). The only statistically significant differ-
ence was found for mCTSI distribution (p =0.020),
which may reflect the evolution of diagnostic capa-
bilities at our hospital over time.

First-day laboratory parameters showed statis-
tically significant differences between the groups,
including higher total protein levels (68.3+8.6
vs. 61.3+8.6 g/L, p=0.002), which may suggest

Parameter Group 1 (n=41) Group 2 (n=36) p
Demographics

Age, years 43.0 [34.0-56.0] 46.5[40.0-55.0] 0.272

Male sex 28 (68.3 %) 23(63.9%) 0.683

BMI, kg/m? 26.3[24.2-30.2] 25.5([24.2-31.6] 0.955
Aetiology

Biliary 25 (61.0 %) 24 (66.7 %) 0.604

Alcoholic 12 (29.3 %) 9(25.0%) 0.675

Idiopathic 4(9.8%) 3(8.3%) 0.828
Comorbidity

Charlson Index 5.0 [4.0-6.0] 4.0[3.0-5.0] 0.106

Arterial hypertension 24 (58.5%) 20 (55.6%) 0.792

IHD 23 (56.1 %) 15 (41.7 %) 0.206

Diabetes mellitus 4(9.8%) 5(13.9%) 0.573
Severity at admission

SIRS positive 15 (36.6 %) 11 (30.6 %) 0.577

BISAP >2 8 (19.5%) 5(139%) 0.331

mCTSI>6 21(51.2%) 15 (41.7 %) 0.035
Key laboratory parameters, Day 1

Lymphocytes, x 107/L 1.84+0.48 1.63+0.47 0.012

Total protein, g/L 61.3+8.6 68.3+8.6 0.002

Creatinine, pmol /L. 107.1+£46.0 107.9+81.3 0.450

Note. Categorical variables are presented as the number of cases and percentage,
while quantitative indicators are presented as Median [Q1-Q3] or Mean+SD.

BMI — body mass index; IHD — ischemic heart disease.
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better prior hydration, and lower lymphocyte
counts ((1.63+0.47) vs. (1.84+0.48)x10°/L,
p=0.012) in the main group. The systemic im-
mune-inflammatory index tended to be higher in
the main group (2297.2 + 1424.3 vs. 1839.6 + 630.6;
p=0.089), but this difference was not statistically
significant. Other admission parameters were com-
parable between the groups.

Distribution by organ failure patterns
Patient stratification by patterns revealed clinically
important differences between the groups (Table 2).
The comparison group exhibited an equal distribu-
tion between early respiratory-renal and late respira-
tory patterns (39.0 % each), with a smaller proportion
of early multisystem (22.0 %). In the main group, the
distribution shifted towards a multisystem pattern
(41.7 %), with a reduction in early respiratory-renal
cases to 22.2 %. However, these differences did not
reach statistical significance (y>=4.07; p=0.124).

Primary endpoint: length of hospitalisation
The total length of hospitalisation, chosen as an in-
tegrative indicator of treatment effectiveness, dem-
onstrated a statistically and clinically significant
reduction. The median decreased from 35 [23-65]
days in the comparison group to 27 [15-33.25] days
in the main group (U=977.5, z=2.43; p=0.015),
reflecting a reduction in patient hospital stay by 8
days (22.9 %). The mean duration decreased from
44.1£28.5t0 30.2 +21.2 days.

Differential effect by patterns:

interaction analysis

Analysis of variance with covariates revealed
a highly significant interaction between the treat-
ment group and the corresponding OF pattern
(F=6.179; p<0.0001), explaining 30.3% of the
total hospitalisation variability (R?=0.303, adjust-
ed R?=0.254). Importantly, age and BMI did not
enter the final model through stepwise selection
(p>0.05), confirming that their effects are inde-
pendent of these potential confounders (Table 3).
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Table 2. Patient distribution
by organ failure patterns

Pattern ((;;(:141)1 ; ?1:(:13%?

Early respiratory-renal 16 (39.0 %) 8(22.2%)
Late respiratory 16 (39.0 %) 13 (36.1 %)
Early multisystem 9(22.0%) 15 (41.7%)

The most pronounced therapeutic effect was ob-
served in patients with the late respiratory OF pat-
tern. In this group, mean hospitalisation duration
decreased from 61.1 +27.2 days in the comparison
group to 34.0 £23.6 days in the main group, cor-
responding to an absolute reduction of 27.1 days or
44.4% (p=0.005 by Mann-Whitney for subgroup
analysis). Post-hoc Tukey analysis further con-
firmed that the late respiratory pattern in group
1 was associated with the longest hospitalisation
among all six subgroups (patterns of groups 1 and
2), with statistically significant differences com-
pared to all other combinations (p <0.05).

Patients with the early multisystem pattern
also demonstrated an excellent response to differ-
entiated treatment, as hospital stay was reduced
from 50.2+£32.8 to 26.5+19.3 days, representing
a 47.2% improvement (p=0.042). Notably, this
pattern was the only one to demonstrate a statisti-
cally significant reduction in ICU stay, decreasing
from 8.2 +5.0 to 4.5+ 7.8 days (p=0.036).

Paradoxically, the early respiratory-renal pattern
was associated with less favourable outcomes. Hos-
pitalisation duration increased from 23.6 + 8.6 days
to 31.0£21.9 days (+31.3%). However, this dif-
ference was not statistically significant (p =0.870)
and was accompanied by greater variability. This
pattern had the shortest natural treatment dura-
tion in the retrospective cohort, which may suggest
that excessive interventions were administered in
the prospective group.

Table 3. Pattern-specific treatment effects on hospitalisation duration (M+SD)

Difference

Pattern ?1:(:141)1 ; ?If(:gg p*

Days %
Early respiratory-renal 23.6+8.6 31.0+21.9 +7.4 +31.3 0.870
Late respiratory 61.1+27.2 34.0+23.6 -271 —44.4 0.005
Early multisystem 50.2+32.8 26.5+19.3 -23.7 —47.2 0.042
Note. "Mann-Whitney test for each pattern separately;
ANCOVA (Analysis of Covariance) for overall model: F=6.179; p<0.0001, R?=0.303.
General Surgery 3azanshaxipypeis * 2025 * Ne3 (14) 13
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Organ failure modification

The application of the pattern-oriented approach
resulted in enhanced OF parameters (Table 4).

The frequency of any OF development decreased
from 100 % in comparison group 1 to 66.7 % in main
group 2 (p<0.0001), indicating prevention in 12 of
36 high-risk patients. The number needed to treat
(NNT) to prevent one case of OF was 3.

Among the 24 patients in the main group who de-
veloped OF, a significant change in the nature of OF
was observed. The frequency of persistent OF, which
defines a severe course according to Atlanta 2012
criteria, decreased from 90.2 % (37/41) to 50.0%
(18/36), with an odds ratio (OR) of 0.11 (95 % con-
fidence interval (CI): 0.03-0.37; p<0.0001). The
incidence of multiorgan failure declined from 31.7 %
t0 5.6 %, OR=0.13 (95 % CI: 0.03—0.60; p=0.004).

Analysis of the number of OF episodes demon-
strated a shift toward milder forms. The median
number of episodes decreased from 2 [1-3] to 1
[1—2]. Notably, no patients in the main group expe-
rienced >4 OF episodes during the AP course, com-
pared to 24.4% (10/41) in the comparison group
(p=0.002, Fisher’s exact test).

Surgical paradigm transformation

Surgical activity structure demonstrated cardinal
transformations. The proportion of patients who did
not undergo open surgical intervention increased

from 26.8% (11/41) to 52.8% (19/36), 32=5.52;
p=0.047. The most significant reduction occurred in
staged open operations, which declined from 58.5 %
(24/41) to 22.2 % (8/36), p=0.001. In contrast, the
frequency of emergency operations remained stable:
for infection, 26.8 % vs. 27.8 % (p = 0.925); for haem-
orrhage, 7.3% vs. 2.8% (p=0.363); for peritonitis,
4.9% vs.8.3% (p=0.532).

Kaplan-Meier analysis of time to first surgical in-
tervention revealed no statistically significant dif-
ference in median values between groups (30 vs. 32
days, log-rank x%=0.041; p=0.839). However, the
distribution of timing differed markedly: the 25th
quartile was 5 [2—23] days in the comparison group
vs. 26 [18-32] days in the main group, indicating
a five-fold delay in early surgical interventions.

Predictors of surgical interventions
Poisson regression for operation count (R?=0.437)
identified OF development in the late phase of
acute pancreatitis as the most powerful predictor
of multiple interventions with IRR (incidence rate
ratio) =4.70 (95 % CI: 1.67—-13.24; p=0.001). The
pattern-oriented approach showed a trend toward
a 33 % reduction in total operations (IRR=0.67;
95% CI: 0.34—1.31). However, the result did not
reach statistical significance (p=0.236).

Cox regression analysis for time to surgery in-
dicated that classic severity predictors (age, BMI,

Table 4. Organ failure characteristics in the study groups

Parameter Group 1 (n=41) Group 2 (n=36) OR (95 % CI) p
OF development
Any OF 41 (100.0 %) 24 (66.7 %) = <0.0001
Persistent OF 37 (90.2%) 18 (50.0 %) 0.11 (0.03-0.37) <0.0001
Transient OF 22 (53.7%) 18 (50.0 %) 0.86 (0.36-2.08) 0.745
Multiorgan OF 13 (31.7%) 2(5.6%) 0.13 (0.03-0.60) 0.004
Number of OF episodes
1 13 (31.7%) 19 (52.8%)
2 12 (29.3%) 13 (36.1%) 0.051+
3 6 (14.6%) 4 (11.1%)
>4 10 (24.4%) 0
ICU Utilisation
ICU admission 8(19.5%) 15 (41.7 %) 2.94 (1.08-8.00) 0.034
ICU duration, days* 5.0[1.0-9.0] 2.5[0.0-7.0] - 0.136

Note. * Fisher’s exact test for distribution; Median [Q1-Q3].
OR: odds ratio; CI: confidence interval.
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BISAP) did not enter the final model. Instead, the
time of complication type determined the timing
of intervention: emergency operations for peri-
tonitis had HR (hazard ratio)=2.70 (95% CI:
0.59-12.47, p=0.203), infectious complications —
HR=1.83 (95% CI. 0.87-3.85; p=0.110), while
staged open operations demonstrated a protective ef-
fect with HR=0.75 (95 % CI: 0.20—2.84; p=0.672).

Intensive care resource utilisation

Paradoxical dynamics were observed in the re-
quirement for ICU admission. The frequency of
ICU admissions increased from 19.5% to 41.7 %
(OR=2.94; 95% CI. 1.08-8.00; p=0.034), while
the median duration of stay decreased from 5.0
[1.0-9.0] to 2.5 [0.0-7.0] days (p=0.136). These
findings suggest a shift from a reactive model, char-
acterised by prolonged ICU stays for patients with
established complications, to a proactive model in-
volving short-term monitoring of high-risk patients.

Local Complications

The frequency of necrotising pancreatitis remained
comparable between the groups (80.5 % vs. 77.8 %,
p=0.770). Infected pancreatic necrosis showed
a trend toward reduction from 46.3% to 30.6 %
(p=0.152). Acute peripancreatic fluid collections
were observed in 85.4% and 75.0% of cases, re-
spectively (p=0.248). The frequency of infected
peripancreatic collections increased from 17.1 % to
36.1 %. However, this difference did not reach sta-
tistical significance. Walled-off necrosis was rare in
both groups (2.4 % vs. 2.8 %, p=0.929).

Mortality

Hospital mortality decreased from 12.2 % (5/41) to
8.3 % (3/36). However, this difference did not reach
statistical significance due to the small number of
events (OR=0.66; 95% CI: 0.16-2.71; p=0.579).
The clinical significance lies in the absolute reduc-
tion in death risk of 3.9 %, corresponding to an NNT
of 26 to prevent one death.

Table 5. Sensitivity analysis for the primary endpoint

H. O. Levytskyi, V. D. Sheiko

Sensitivity analysis

A comprehensive sensitivity analysis was conduct-
ed to confirm the reliability of the findings and to
exclude the influence of random factors (Table 5).
This approach facilitates the assessment of the sta-
bility of group differences across various data anal-
ysis approaches.

A comparison of all study patients, based on the
intention-to-treat principle, revealed a statistically
significant reduction in hospitalisation duration for
the group receiving enhanced treatment (group 2)
compared to the group receiving traditional treat-
ment (group 1). The median hospital stay was 27
days (mean 30.2£21.2 days) in group 2 vs. a me-
dian of 35 days (mean 44.1 +28.5 days) in group
1. The reduction in hospital stay ranged from 8 to
14 days (p=0.015), indicating that the improved
algorithm decreased patient hospitalisation by
nearly two weeks.

Excluding patients with fatal outcomes from the
analysis (5 cases in group 1 and 3 cases in group 2)
further accentuates the advantages of the improved
approach. The difference in hospitalisation dura-
tion increases to 15 days (p=0.012). The treatment
effect remains moderate (effect size r=0.352), with
a 67.6 % probability that a randomly selected pa-
tient from group 1 will have a longer hospitalisa-
tion. Statistical analysis of anomalous values indi-
cates that the longest hospitalisation (116 days)
is not a statistical outlier, and the exclusion of ex-
treme values minimally affects the results.

The practical value of the improved approach
was assessed by calculating the number of pa-
tients who required treatment using the proposed
algorithm. For OF prevention, the NNT (Number
Needed to Treat) was 3 patients; for persistent
OF prevention, the NNT was 2.5 patients; and for
death prevention, 26 patients required treatment,
respectively.

These indicators demonstrate the high effective-
ness of the proposed approach, particularly in pre-
venting the development and progression of OF.

Analysis Group 1 (n=41) Group 2 (n=36) Difference p
Main analysis (ITT), days 35 [23-65] 27[15-33.25] -8 0015
(Median [Q1-Q3], Mean + SD) 44.1£285 30.2+21.2 ~13.9 '
Excluding deaths, days 45.0%29.7 29.9+22.0 154 0.012
(Mean = SD) (n-36) (n=33) : :
Outlier analysis (Grubbs criterion)* - - - 0.155

Note. ITT: intention-to-treat (analysis of all study patients).
*G=23.002<Gcrit=3.292.
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Discussion

Interpretation of the main results

The study demonstrates that personalisation of
SAP treatment through early identification of OF
patterns leads to clinically and economically sig-
nificant improvements in outcomes [1, 5, 18, 23].
A reduction in median hospitalisation by 8 days
(22.9 %) exceeds the minimal clinically important
difference and aligns with recent studies on person-
alised medicine in critical conditions.

A key outcome is the prevention of OF in 33.3 %
of high-risk patients (NNT =3). Thus, for every
three patients treated according to the differenti-
ated protocol, one patient completely avoids the
development of OF. Considering that OF is the
main determinant of mortality in pancreatitis, this
preventive effect is highly significant for improving
survival rates.

Heterogeneity of treatment effects based on OF
pattern is confirmed by a highly significant interac-
tion in the ANCOVA model (p <0.0001), which val-
idates the central hypothesis regarding the neces-
sity of personalised treatment. Notably, the model
accounts for 30.3 % of the variability in hospitalisa-
tion duration without incorporating traditional se-
verity predictors such as age or BMI, underscoring
the fundamental role of OF patterns in determining
disease trajectory [13].

The effectiveness of the pattern-oriented ap-
proach is based on three interconnected mecha-
nisms. First, early stratification within the first 24
hours enables the initiation of preventive measures
before irreversible pathophysiological changes
occur. In contrast to the traditional reactive ap-
proach, which initiates interventions after com-
plications manifest, the proactive model allows for
modification of the natural disease course. Second,
optimising the timing of interventions according to
each pattern’s expected trajectory prevents both
premature operations with elevated complication
risk and delayed interventions during necrosis
progression. Third, differentiated therapy inten-
sity avoids unnecessary interventions in favourable
variants while ensuring adequate aggressiveness in
unfavourable ones. This staged, physiology-guided
strategy is consistent with broader surgical prin-
ciples of damage control [17].

A reduction in persistent OF frequency from
90.2% to 50.0% (OR=0.11) suggests effective
interruption of the pathophysiological cascade.
This outcome results from pattern-specific inter-
ventions, including aggressive early drainage of
ascites-peritonitis in the early respiratory-renal
pattern, an absolutely conservative approach in the
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late respiratory pattern, and readiness for emergen-
cy interventions in the early multisystem pattern.
The complete absence of patients with multiple OF
episodes in the main group, compared to 24.4 % in
the retrospective cohort, further demonstrates the
approach’s capacity to prevent recurrent episodes
of organ dysfunction.

The late respiratory pattern, which had the most
severe natural course (a 61-day hospitalisation)
demonstrated the maximum response to pattern-
oriented therapy, achieving a 44 % reduction in
hospitalisation duration. This finding aligns with
POINTER trial data, which indicate that delayed
interventions are most effective for patients expe-
riencing late complications [3, 4]. These patients
typically have sufficient time for preventive mea-
sures, with a median manifestation period of 38.5
days. Employing conservative tactics until day 14,
followed by a step-up approach, corresponds to this
pattern’s natural evolution, in which necrosis devel-
ops slowly and often remains sterile with adequate
supportive therapy. The findings expand upon this
concept by demonstrating the feasibility of prospec-
tively identifying such patients.

The early multisystem pattern showed compre-
hensive improvements, with overall hospitalisation
reduced by 47.2 % and ICU stay by 45 %. This vari-
ant is characterised by a fulminant onset and early
multiorgan dysfunction, which is traditionally asso-
ciated with the worst prognosis. Implementation of
aggressive early therapy and continuous emergency
intervention readiness enabled effective control of
the multiorgan dysfunction cascade. The complete
elimination of multiple OF episodes (> 4) in this
group further supports the effectiveness of the se-
lected treatment tactics.

The paradoxical worsening of results for the early
respiratory-renal pattern, evidenced by a 31.3% in-
crease in hospitalisation duration, warrants critical
evaluation. In the retrospective cohort, this variant
exhibited the shortest natural treatment duration of
23.6 days, suggesting a relatively favourable progno-
sis. Potential contributing factors include: (1) impact
of early frequent invasive interventions; (2) disrup-
tion of natural compensatory mechanisms; (3) inac-
curate stratification in the small subgroup (n=8).
Importantly, in the historical group, this pattern had
the shortest hospitalisation duration (23.6 days), fur-
ther indicating a relatively favourable natural course
that did not require treatment intensification. These
findings underscore the need for personalisation, not
only by intensifying interventions, but also by consid-
ering reductions in their number and type.

The present findings expand upon the step-up
approach paradigm established in the landmark

General Surgery 3azansnaxipypein * 2025 ¢ Ne3 (14)



PANTER and TENSION trials [14, 19, 20]. While
these studies proved the advantage of minimally
invasive staged interventions over primary open ne-
crosectomy for all patients, the current study high-
lights the need for personalisation within the step-
up protocol. The observed reduction in new multi-
organ failure frequency from 31.7 % to 5.6 % exceeds
the PANTER trial results, where this indicator de-
creased from 40 % to 12% [16, 21]. This improve-
ment may be explained by the universal approach’s
failure to account for population heterogeneity,
whereas pattern-specific tactics enable optimisation
of intervention timing for each clinical variant.

It is important to note that this study does not
position the pattern-oriented approach in opposition
to the classic step-up method, but rather integrates
personalisation into the existing paradigm [7, 22].
For the late respiratory pattern, the standard step-
up protocol was effectively applied, yielding the most
favourable outcomes for this variant. These findings
indicate that the limitation lies not in the step-up ap-
proach itself, but in its universal application without
consideration of individual course features.

The restructuring of surgical activity reflects
a fundamental shift from surgery as the main treat-
ment method to its use as a reserve option when
conservative and minimally invasive therapies fail.
A 62 % reduction in staged open operations, along-
side stable emergency intervention rates, suggests
an optimisation of surgical indications rather than
mere avoidance of surgery. Additionally, a five-fold
increase in the 25th quartile time to first operation,
from 5 to 26 days, demonstrates abandonment of
the early surgical debridement concept in favour of
maximum delay.

The identification of OF in the late phase of AP
(after day 14) as the most powerful predictor of
multiple surgical interventions with TRR=4.70
(p=0.001) has important practical implications.
Patients who develop OF after day 14 have an al-
most five-fold higher risk of requiring repeated
operations. Paradoxically, classic severity predic-
tors at admission (BISAP, age, BMI) did not enter
the model, underscoring the advantage of dynamic
monitoring over static risk stratification.

Paradigm shift in intensive care

The increase in ICU admission frequency from
19.5% to 41.7 %, accompanied by a simultaneous
reduction in median length of stay, reflects a shift
in intensive care philosophy regarding the manage-
ment of severe pancreatitis. Rather than relying on
a reactive model in which patients are admitted to
the ICU with established complications for extend-
ed periods, a proactive strategy of involving early,

General Surgery 3azansuaxipypein * 2025 ¢ Ne3 (14)
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short-term monitoring of high-risk patients has
been adopted. Although this approach temporarily
increases ICU burden in the short term, the overall
reduction in intensive care bed-days and prevention
of severe complications justify this approach.

Clinical and economic implications
From a practical viewpoint, implementing the pat-
tern-oriented approach requires reorganisation of
the treatment process. Staff must be trained in the
stratification algorithm within the first 24 hours to
ensure round-the-clock readiness for emergency in-
terventions in cases of the multisystem pattern and
to optimise patient routing between departments.
However, the potential savings of 589 bed-days per
77 patients and the reduction in the need for surgi-
cal interventions justify these organisational efforts.
The economic effectiveness of this approach,
demonstrated by an NNT of 3 for the prevention of
OF, makes it particularly attractive for healthcare
systems with limited resources. Considering that
the treatment cost for a patient with persistent mul-
tiorgan failure can exceed $100,000, preventing one
such case for every three patients treated results in
substantial cost savings. Additionally, the reduction
in the frequency of staged open operations allows
operating resources to be allocated to other patients.

Future perspectives and directions
for development

The results justify the need for a multicentre ran-
domised controlled trial to definitively validate the
pattern-oriented approach. It is essential to modify
protocols for early respiratory-renal patterns to in-
corporate less aggressive tactics. The integration
of machine learning can enhance the accuracy of
early stratification, particularly for cases that are
borderline between patterns [12, 24]. Additionally,
developing biomarker panels represents a promis-
ing direction for determining objective patterns and
monitoring therapeutic responses.

Conclusions

A differentiated approach to SAP treatment, guid-
ed by early determination of OF patterns, signifi-
cantly reduces hospitalisation duration by 22.9 %
and prevents OF development in one out of three
high-risk patients.

The effectiveness of pattern-oriented therapy
is heterogeneous: the greatest reduction in hos-
pitalisation duration is observed in late respira-
tory (44 %) and early multisystem (47 %) patterns,
whereas the early respiratory-renal pattern requires
protocol modification.
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Implementing a differentiated approach restruc-
tures surgical activity, resulting in a 62 % reduction
in staged operations while maintaining a stable fre-
quency of emergency interventions, which suggests
more optimised surgical treatment indications.

A proactive monitoring strategy in intensive care
units increases ICU admission frequency but reduces
the overall duration of intensive care and helps pre-
vent the development of persistent multiorgan failure.
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HuepeHIiioBaHUH IiAXi 70 JiKyBaHHS
TAYKKOT'O I'OCTPOTO ITAHKPEATUTY 3AIEKHO
Bi/I [IaTEPHY OPraHHOI HEJOCTATHOCT]

I. O. JIeBuupkmii, B. /1. llleiiko

[TorTaBchKnil MepsxaBHUIT MeAWIHITH yHiBEpPCUTET

Tspxkuit roctpudt maHkpeatuT (TTTT) 3 OpraHHoIo HeJOCTAaTHICTIO (OH) aCOLIIOETHCS 3 IETAIBHICTIO 15-40 %.
Xoua mifxiz, step-up A0BiB IlepeBary Ha/i IEPBUHHOIO HEKPEKTOMIEIO, HOI'o YHiBEPCA/IbHE 3ACTOCYBAHHS HE BPA-
XOBY€ IeTEPOr€HHOCT] KIiHIYHOTro nepebiry. Pannsa crpatudikaitis narieHTiB Ha OCHOBI BapianTis nepediry OH
MOZKE 326€3IEYUTHU IEPCOHATIZ0BAHI TPOTOKO/IN JIKYBAHHSL.

MeTa — OLiHUTH €(PEKTUBHICTD AU(PEPEHIIHOBAHOTO MIXOAY A0 JIKYBAHHS TSXKKOT'O FOCTPOrO MAHKPEATUTY
Ha OCHOBi BapiaHTiB Ilepebiry OpraHHOi HEAOCTATHOCTI TOPIiBHAHO 3i CTAHIAPTHOIO TAKTHKOIO.

Marepiann Ta MeTomH. [IpOBEICHO KBA3iEKCIIEPUMEHTAIBHE JTOCI/KEHHS 3 iCTOPUYHHUM KOHTPOJIEM
32 y4acTio 77 manieHTiB i3 TTTI a00 BUCOKUM PU3UKOM MOTO PO3BUTKY. I'pyna nopisHaHHA (n=41, 2014-2019)
OTPUMYBAJIA CTAHLAPTHE JIKYBAHHA 3 PETPOCHEKTUBHO IIATBEPHKEHUM pO3BUTKOM OH. OcHOBHA rpymna
(n=36,2022-2024) mifysaraiaa IPOCICKTUBHII cTpaTudiKariii 32 MPOrHOCTUYHOIO MOACIUTIO IIPOTITOM 24 roft
MiC/Ig roCHiTatisanil 3 BUSHAYEHHAM TPbOX narepHiB OH: paHHiN pecrnipaTOpHO-PEHAIbHNM, Mi3HINA pecrIi-
PaTOPHUI T4 PAHHIA MYJIBTUCUCTEMHHUI. 34CTOCOBYBAIN MATEPH-CIENUMIYHI IPOTOKOIN: ATPECUBHE PAHHE
JPEHYBAHHA U1 PAHHBOI'O PECHiPATOPHO-PEHATIBHOIO NATEPHY, MAKCUMAJIbHO KOHCEPBATUBHUN ITiIXiJ| 1A
Mi3HBOI'O PECHIPATOPHOI'O IATEPHY, IHTEHCUBHUI MOHITOPHHI' 3 TOTOBHICTIO IO EKCTPEHHX BTPYYaHb /I PAH-
HBbOI'O MYJIBTUCUCTEMHOTI'O ITaTepHy. IlepBrHHA KiHIIEBA TOYKA — TPUBAICTb F'OCHITANIi3a11il, BTOPUHHI — PO3BU-
TOK OH, nnepeseseHHa y BilAUIeHHA iHTEHCUBHOI peaHiMallil, XipypriyHi BIpy4YaHH, JIETAJIbHICTb.

PesyapraTy. Meiana rocoitanizari 3Hu3mwIacs 3 35 [23—65] 1o 27 [15,00—33,25] guis (p=0,015), TO6TO HA
22,9 %. PozsruToxk OH nonepeikeHo v 33,3 % naiieHTiB i3 rpyrnu BUCOKOro pusuky (NNT=3). Hacrora OH, 1o
EPCUCTYE, 3MEHIIWIACH 3 90,2 1o 50,0 % (BigHOMmEHH maHciB — 0,11, 95 % posipunii intepsan — 0,03—-0,37;
P <0,0001), MynsTHOPraHHOI HEAOCTATHOCTI — 3 31,7 10 5,6 % (p=0,004). Edexr IiKyBaHHS 3HAYVIIC 3AICIKAB
BiJ nmatepHy (p <0,0001): mi3HiN pecripaTOpHU NATEPH — 3MEHIIECHHS TPUBAJIOCTI rociitanizanii Ha 44,4 % (3
(61,1£27,2) no (34,0£23,6) nust, p=0,005), paHHilT MyJIBTUCUCTEMHUI TaTepH — Ha 47,2% (3 (50,2+32,8) 10
(26,5%19,3) aust, p=0,042), paHHii pecripaTOPHO-PEHATBHUI MATEPH — HE3Ha4yIne 36inbieHHs (+31,3 %,
p=0,870). HacToTa IPOBEAEHHS €TAITHUX BiJKPUTHX OIEPalliif 3MeHIIWIACA 3 58,5 10 22,2% (p=0,001) 6e3
BIUIMBY HA Y4CTOTY EKCTPEHUX BTPYYAHb. JIETAIbHICTh 3HU3WIACH 3 12,2 10 8,3 % (p=0,579).

BucHOBKH. [TaTepH-opieHTOBaHE JIiKyBaHHs TTTI BipOTiIHO 3MEHIITYE TPUBAIICTD FOCHiTai3allii Ta 3a1106irae
posBuTKy OH y TPETUHU MALIEHTIB i3 I'PYIM BUCOKOTO PU3UKY. EEKTUBHICTD TEPATIIil BiIPi3HAECTBCA 3AIEKHO
BiJ] HATEPHY 3 MAKCUMAJIbHOIO KOPHCTIO /IS IiI3HBOI'O PECIiPATOPHOIO Td PAHHBOI'O MYJIBIMCUCTEMHOI'O Bapi-
AHTiB. 3aIIPONOHOBAHUH Ii/IXi/ TPAHC(POPMYE XipypriuHy Hapagurmy 3 peakKTUBHOL HA IIPOAKTUBHY, OITTUMI3Y-
IOYM TEPMiHU BTPY4dHb HA OCHOBi IIPOTHO30BAHOI KJIiHiYHOI TPpaeKTOPii. HEO6XiHO NPOBECTU 6AraTOLIEHTPO-
BY BJIIALIIIO JIUIA HiITBEPPKEHHS PE3Y/IBTATIB.

K/I¥0490Bi CJI0Ba: TAaHKPEATUT, MyJIBTHOPIaHHA HEJOCTATHICTD, TOCTPHUH HEKPOTU3YBAILHUI TAHKPEATUT, TPH-
BJIiCTb IOCHITAII3a11i1, PE3Y/IBIaT JIKYBAHHS, OLIiIHKA PU3HKY, 3AI1aJICHHSI.
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