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This study aims to analyze the risk factors requiring early intervention in severe acute pancreatitis
(SAP) patients with persistent organ failure and evaluate the clinical outcomes following treatment.
This was a retrospective observational study. Inverse probability treatment weighting using propensity
score methods was employed to balance baseline characteristics. Univariate and multivariate logistic
regression analyses were performed to identify risk factors associated with early intervention. Smooth
curve fitting was applied to explore potential relationships between variables and intervention

timing. Threshold effect analysis was conducted to identify the optimal inflection point in nonlinear
relationship. A total of 310 patients were included in this study. Compared to the standard treatment
group (n=162), the early intervention group (n=148) had a higher proportion of multiple organ failure
(77.1% vs. 63.6%, P=0.021) and higher mortality (27.7% vs. 16.0%, P=0.013), but early intervention
was not significantly associated with adverse outcome (OR 1.52, 95% Cl 0.71-3.26, P=0.283). Risk
factors associated with early intervention included computed tomography severity index, SOFA

score, intra-abdominal pressure (IAP), and remifentanil equivalents. Among these, the SOFA score
showed a negative linear relationship with intervention timing, while distinct threshold effects were
observed between IAP, remifentanil equivalents, and intervention timing. One week after intervention,
most patients showed improved organ function, along with reduced requirements for sedation and
analgesia, as well as decreased C-reactive protein level levels and IAP (all P <0.05). SAP patients
requiring early intervention tended to have higher disease severity. Although early intervention can
improve short-term organ function, reduce IAP, and lower analgesic requirements, its impact on
reducing mortality remains uncertain.
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CRP C-reactive protein

CTSI CT severity index
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LRT Likelihood ratio test
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IPTW Inverse probability of treatment weighting
IPN Infected pancreatic necrosis

MOF Multiple organ failure

MODS  Multi-organ dysfunction syndrome

OF Organ failure

OR Odds ratio

POF Persistent organ failure

PCD Percutaneous catheter drainage
RCT Randomized controlled trial
SAP Severe acute pancreatitis

SOFA Sequential Organ Failure Assessment

Severe acute pancreatitis (SAP) is one of the most critical illnesses in the digestive system!. Globally, its incidence
varies depending on regional and population factors, but it has generally exhibited an increasing trend in
recent years"%. Pathologically, SAP is characterized by pancreatic hemorrhage and necrosis, which often trigger
systemic inflammatory response syndrome and multiple organ failure (MOF)>%. If organ failure (OF) persists
without remission, mortality rates can exceed 30%?; therefore, early and accurate assessment of disease severity,
coupled with prompt and effective interventions, is pivotal in the comprehensive management of SAP.

Pancreatic necrosis in SAP primarily results from enzymatic autodigestion of pancreatic tissue and
microcirculatory disturbances®. Morphologically, it manifests as an accumulation of inactive necrotic tissues,
which may include pancreatic parenchyma, peripancreatic tissues, exudates, and inflammatory cells>. Within
the first 4 weeks of disease onset, this condition is termed acute necrotic collection (ANC)®. Previous basic
studies have demonstrated that pancreatic tissue damage in early SAP activates both the immune system and
pro-inflammatory responses. Concurrently, the systemic release of inflammatory mediators (e.g., cytokines and
chemokines) contributes to remote organ injury and dysfunction via circulatory dissemination®”8. Furthermore,
clinical evidence indicates that the incidence of OF in SAP patients with ANC exceeds 30%°11,

Current guidelines recommend invasive intervention for ANC when infection is confirmed, while advocating
for delayed intervention until necrosis liquefaction and encapsulation (typically >4 weeks post-onset) to avoid
the early-stage hyper-inflammatory state in SAP and reduce post-procedural complications™®. Although some
studies also suggest that early ANC intervention may be considered in patients with persistent organ failure
(POF) unresponsive to conservative therapy, potentially indicating occult early-stage infection, optimal timing
continues to be debated®!2.

A single pilot study found that early intervention in SAP patients with POF may improve organ function and
reduce mortality'3. Therefore, this study aimed to summarize the clinical characteristics of SAP patients with
POF and ANC, explore the potential relationship between some key indicators and the timing of intervention,
as well as the specific effect of different intervention timing on OF and clinical outcomes.

Materials and methods

Study population

The study retrospectively analyzed the clinical database of the Severe Acute Pancreatitis Treatment Center
at Jinling Hospital, encompassing patients consecutively admitted from January 2015 to December 2022. All
patients underwent contrast-enhanced computed tomography scans to confirm the diagnosis of ANC and
evaluate the CT severity index (CTSI)>®. Percutaneous catheter drainage (PCD) is the initial step of the “step-
up” treatment strategy for ANC recommended by the guidelines!?. The primary indications for intervention
included: suspected or confirmed infected pancreatic necrosis (IPN), gastric outlet obstruction, intra-abdominal
hemorrhage, disconnected pancreatic duct syndrome, etc.>12!3 Based on the treatment approach, patients were
further categorized into the standard treatment group (receiving conservative treatment or undergoing PCD
after 4 weeks of disease onset as needed) and the early intervention group (undergoing PCD within 4 weeks of
disease onset).

Inclusion criteria were as follows: (1) meeting the revised Atlanta classification criteria for acute pancreatitis'?;
(2) presence of pancreatic or peripancreatic necrosis; (3) admission within 14 days of disease onset; (4) presence
of POF at day 14 post-onset or prior to intervention; (5) age 18-75 years.

Exclusion criteria included: (1) history of malignancies, immunosuppressant use, or significant comorbidities
(including New York Heart Association class III/IV heart failure, active myocardial ischemia, history of
cirrhosis, chronic kidney disease stage>3, or chronic obstructive pulmonary disease requiring home oxygen
therapy); (2) acute pancreatitis during pregnancy, recurrent acute pancreatitis, or chronic pancreatitis; (3)
underwent debridement of pancreatic necrotic tissue before admission; (4) incomplete clinical data.

The study protocol was approved by the Ethics Committee of Jinling Hospital (Approval No.:
2019-JLAPDMC-011) and conducted in compliance with the Declaration of Helsinki. Written informed consent
was obtained from all participants prior to enrollment.

Organ function assessment

To accurately assess organ function, the Sequential Organ Failure Assessment (SOFA) scoring system!® was
adopted in this study. According to this system, a single organ function score of>2 was defined as OF, while
failure of two or more organ systems is defined as MOE. OF lasting for >48 h was termed POFE.

The assessment of neurological function was conducted using theGlasgow Coma Scale!®. However, the
subjective nature of this scale, particularly under sedation and analgesia, poses significant challenges. To address
this limitation, the current study meticulously documented the dosages of sedative and analgesic agents required
to achieve target sedation levels, serving as a supplementary objective measure to enhance the reliability of
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neurological function assessment. Analgesic assessment was conducted by calculating the daily cumulative dose
of analgesic drugs and converting it to remifentanil equivalent!”. Sedation assessment involved determining
whether sedative drugs were administered and the type of sedative drug used.

Abdominal organ function was a key component of the assessment. Intra-abdominal pressure (IAP), a
critical indicator for evaluating gastrointestinal function, was measured via standardized protocol: patients were
positioned supine with zeroing of the transducer at the mid-axillary line. 25 mL of sterile saline was instilled
into the bladder via a Foley catheter. Measurements were recorded at end-expiration after a 30-s equilibration
period!s,

Data collection
Since most patients underwent intervention after 14 days of disease onset, laboratory indicators and organ
function assessments were based on data collected on day 14 post-onset. For patients who received interventions
within 14 days of onset, data were extracted from the day preceding the intervention.

To further explore the effect of different intervention timing on organ function and clinical indicators from
a temporal perspective, this study analyzed changes in IAP, C-reactive protein (CRP) levels, SOFA scores, and
remifentanil equivalents at three post-intervention intervals (days 1, 3, and 7). The change values were defined
as the differences between the indicators before and after intervention, with values greater than 0 indicating
improvement or alleviation compared to pre-intervention, and values less than 0 indicating worsening or
aggravation.

Clinical outcomes consisted of the incidence of major complications (all classified as Grade >3 per CTCAE
criteria'®), the rate of laparotomy, total hospital length of stay, and in-hospital mortality.

Statistical analysis

Data were analyzed using SPSS software (version 27.0) and EmpowerStats software (version 4.2). The independent
samples t-test or Mann-Whitney U test was used to compare continuous variables between groups. Categorical
variables were analyzed with the x* test or Fisher’s exact test. The inverse probability of treatment weighting
(IPTW) was applied using propensity score methods to balance baseline covariates between groups®. A logistic
regression model was used to estimate propensity scores for the probability of belonging to the early intervention
group based on the following independent variables: age, gender, etiology, comorbidities, and other clinical
indicators with statistically significant differences. The logistic regression model was also employed to screen
for variables associated with in-hospital mortality and the need for early intervention. Smooth curve fitting was
first employed to explore potential non-linear relationships and identify candidate inflection points at which
the trend direction or magnitude shifted. To determine the optimal inflection point, we performed a systematic
grid search across the clinically relevant range of the exposure variable. For each candidate inflection point, a
piecewise linear regression model was fitted. The likelihood ratio test (LRT) was used to compare the segmented
model against the linear model (under the null hypothesis of no inflection point). The inflection point with the
most statistically significant LRT result (lowest p-value) and the largest improvement in model fit (AAIC>2)
was then selected as optimal. All statistical tests were two-sided, and a p-value <0.05 was considered statistically
significant.

Results

Baseline characteristics and clinical outcomes

The flowchart of this study is shown in Fig. 1. Briefly, a total of 310 patients were included, with 148 in the early
intervention group and 162 in the standard treatment group. Within the early intervention group, 15 patients
underwent PCD within 14 days of symptom onset. Table 1 and Table S1 summarize the baseline demographic
and clinical characteristics of the two groups before and after IPTW adjustment, while Figure S1 illustrates the
differences in variable distribution before and after IPTW. The proportion of MOF was significantly higher in the
early intervention group (77.1% vs. 63.6%, P=0.021). Additionally, the early intervention group demonstrated
higher demands for sedation and analgesia, elevated IAP, and higher CTSI (all P<0.05). Regarding clinical
outcomes (Table 2), the early intervention group had a higher incidence of major complications (P<0.001), a
longer hospital stay (P<0.001), a higher proportion of laparotomy (P=0.044), and increased mortality (27.7%
vs. 16.0%, P = 0.013). Compared to patients receiving delayed intervention in the standard therapy group, the
early intervention group demonstrated a significantly higher proportion of endoscopic necrosectomy and open
necrosectomy (Table S2). However, no significant association was observed between early intervention and in-
hospital mortality (Odds Ratio [OR] 1.52, 95% Confidence Interval [CI] 0.71 to 3.26, P=0.283) (Table S3).

Heterogeneity between subgroups based on intervention timing

The early intervention group was further divided into two subgroups based on the timing of PCD relative
to disease onset: one subgroup undergoing PCD within 3 weeks of symptom onset (n=92) and the other
undergoing PCD between three and 4 weeks after symptom onset (n=56). Patients who underwent PCD
within 3 weeks exhibited significantly higher SOFA score (P <0.001), greater sedation requirements (P <0.001),
higher analgesic doses (P=0.002), elevated IAP (P<0.001), and increased CRP levels (P=0.002). However, no
significant differences were observed in CTSI or the distribution of OF between the two subgroups (Table 3).
Regarding clinical outcomes, the mortality rate was significantly higher in the subgroup receiving PCD within 3
weeks (33.7% vs. 17.9%, P=0.037).

Risk factors for early intervention in SAP patients with POF
Multivariable logistic regression analysis revealed that patients with higher CTSI (P<0.001), elevated SOFA
scores (P<0.001), increased IAP (P=0.040), and greater analgesic doses (P=0.045) faced a significantly elevated
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Severe acute pancreatitis patients with persistent
organ failure
(n=335)

25 patients excluded

7-Acute pancreatitis in pregnancy

3-Recurrent acute pancreatitis

10-Underwent percutaneous catheter drainage (PCD) before admission
5-Underwent open abdominal surgery before admission

310 patients-Final study cohort

Receiving early intervention Receiving conservative treatment or
(< 4 weeks of disease onset) delayed intervention ( > 4 weeks)
(n=148) (n=162)

Fig. 1. The flow chart of study design.

risk of requiring early intervention (Table S4). Based on smooth curve fitting (Fig. 2), the SOFA score exhibited
a negative linear relationship with the timing of early intervention (adjusted odds ratio [adjOR] —0.570, 95% CI
—-0.867 to—0.273, P<0.001). Non-linear associations were observed between IAP and intervention timing, as
well as between remifentanil equivalent and intervention timing. Threshold effect analysis (Table S5) indicated
that for IAP levels> 13 mmHg (adjOR —0.842, 95% CI-1.161 to—0.523, P<0.001), higher IAP was associated
with earlier intervention timing. Similarly, for remifentanil equivalents between 0 and 3 mg (adjOR —2.642, 95%
CI -3.621 to—1.663, P<0.001), higher analgesic doses correlated with earlier intervention timing. Despite the
absence of a significant linear relationship for remifentanil equivalents >3 mg, the fitted curve trend suggested
that these patients all received intervention at earlier timing (Fig. 2).

Clinical effects of early intervention

Comparison of organ function and key clinical indicators pre-intervention and on day 7 post-intervention
revealed that patients receiving intervention within 3 weeks of symptom onset, improvements in respiratory
function, hemodynamic stability, and consciousness were observed, along with reduced sedation/analgesia
requirements, lower CRP levels, and decreased IAP (Table S6). In contrast, patients undergoing intervention
between 3 and 4 weeks after onset demonstrated improvement in renal function and consciousness, as well as
reductions in IAP and CRP levels (Table S7).

Smooth curve fitting visualized potential relationships between the changes in CRP levels, IAP levels, SOFA
scores, and remifentanil equivalents at three post-intervention time points and intervention timing (Figs. S2-S5).
The results of threshold effect analysis (Table S8) revealed that earlier intervention timing was associated with a
greater reduction in IAP levels at day 7 post-intervention (adjOR —0.140, 95% CI —0.244 to—0.036, P=0.009).
Additionally, among patients receiving intervention within 3 weeks of symptom onset, significant reductions
in SOFA scores were observed on day 3 post-intervention (adjOR —0.139, 95% CI —0.234 to—0.044, P=0.004)
and day 7 post-intervention (adjOR -0.162, 95% CI —0.292 to—0.032, P=0.016), along with markedly reduced
analgesic doses at day 7 post-intervention (adjOR —0.178, 95% CI —0.284 to—0.072, P=0.001).
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Unweighted cohort Weighted cohort
Indicators Early intervention (n=148) | Standard therapy (n=162) | P Early intervention (n=291) | Standard therapy (n=322) | P
Age (year) 46.0 (36.0-54.0) 42.5 (32.5-53.0) 0.161 | 46.0 (36.0-54.0) 45.0 (34.0-54.0) 0.343
Sex 0.131 0.997
Male 101 (68.2) 123 (75.9) 207 (71.1) 229 (71.1)
Female 47 (31.8) 39 (24.1) 84 (28.9) 93 (28.9)
Etiology 0.765 0.076
Biliary 65 (43.9) 61 (37.7) 130 (44.7) 123 (38.2)
Hypertriglyceridemia 79 (53.4) 96 (59.3) 150 (51.5) 192 (59.6)
Alcoholic 3(2.0) 4(2.4) 10 (3.4) 5(1.6)
Other causes 1(0.7) 1(0.6) 1(0.4) 2(0.6)
Comorbidities 0.362 0.688
Hypertension 47 (31.8) 45 (27.7) 86 (29.6) 90 (27.9)
Diabetic 37 (25.0) 34 (20.9) 71 (24.4) 77 (23.9)
Hyperlipidemia 68 (45.9) 88 (54.3) 138 (47.4) 168 (52.2)
Organ failure distribution 0.021 0.376
Isolated respiratory failure 28 (18.9) 47 (29.0) 59 (20.3) 82 (25.5)
Isolated renal failure 5(3.4) 12 (7.4) 12 (4.1) 9(2.8)
Isolated cardiovascular failure | 1 (0.6) 0(0.0) 2(0.7) 3(0.9)
Multiple organ failure 114 (77.1) 103 (63.6) 218 (74.9) 228 (70.8)
SOFA score 5.0 (3.0-8.5) 4.5 (3.0-8.0) 0.036 | 5.0(3.0-8.0) 5.0 (3.0-8.0) 0.116
Sedation 0.010 0.950
No medication 56 (37.8) 89 (54.9) 104 (35.7) 112 (34.8)
Single medication 53 (35.8) 40 (24.7) 83 (28.6) 92 (28.6)
Combined medication 39 (26.4) 33(20.4) 104 (35.7) 118 (36.6)
Remifentanil equivalent (mg) | 4.0 (1.2-9.6) 2.0 (0.8-6.0) 0.006 | 2.0 (0.0-6.0) 2.0 (0.0-5.0) 0.863
IAP (mmHg) 14.5 (11.0-17.0) 12.0 (7.5-15.0) <.001 |13.0(10.0-16.0) 13.0 (9.0-16.0) 0.061
CRP (mg/L) 182.9 (131.4-218.6) 156.6 (97.1-215.0) 0.097 | 164.7 (105.1-228.3) 156.9 (97.1-210.5) 0.124
CTSI 8 (8-10) 6 (6-8) <.001 | 8(6-10) 8 (6-10) 0.261
Table 1. The baseline data of patients in the two groups. *Continuous variables were presented as median
(interquartile range); categorical variables as n (%). SOFA, Sequential Organ Failure Assessment; IAP, intra-
abdominal pressure; CRP, C-reactive protein; CTSI, computed tomography severity index.
Unweighted cohort Weighted cohort
Indicators Early intervention (n=148) | Standard therapy (n=162) | P Early intervention (n=291) | Standard therapy (n=322) | P
Complication
Infected pancreatic necrosis 140 (94.6) 56 (34.6) <.001 | 225(77.3) 165 (51.2) <.001
Intestinal fistula 45 (30.4) 14 (8.6) <.001 |58 (19.9) 59 (18.3) 0.613
Intra-abdominal hemorrhage | 73 (49.3) 10 (6.2) <.001 | 111(38.1) 72 (22.4) <.001
Pancreatic fistula 34 (22.9) 10 (6.2) <.001 | 56 (19.2) 53 (16.5) 0.386
Laparotomy 51 (34.5) 39 (24.1) 0.044 | 65(22.3) 50 (15.5) 0.031
Length of hospital stay (d) 45.0 (29.5-71.0) 17.0 (11.0-23.0) <.001 | 36.0 (22.0-64.0) 25.0 (15.0-41.0) <.001
In-hospital mortality 41 (27.5) 26 (16.1) 0.013 | 70 (24.1) 59 (18.3) 0.082

Table 2. Clinical outcomes in the two groups. *Continuous variables were presented as median (interquartile
range); categorical variables as n (%).

Discussion
This retrospective study described the clinical characteristics of SAP patients with ANC and POF, and compared
the effects of different intervention timing on organ function and clinical outcomes. The findings demonstrated
that early intervention significantly improved organ function and attenuated systemic inflammatory status in
this population, with the majority of patients achieving survival. Additionally, smooth curve fitting visualized
potential non-linear relationships between key clinical indicators and intervention timing, providing evidence
to guide early identification of SAP patients requiring therapeutic escalation.

The current dominant view maintains that IPN is the most common indication for intervention in patients
with SAP, and that conservative treatment should be adopted as much as possible until full liquefaction and
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Indicators Receiving intervention within three weeks (n=92) | Receiving intervention during three to four weeks (n=56) | P
SOFA score 6.0 (3.0-12.0) 4.0 (2.0-10.0) <.001
Organ failure distribution 0.214
Isolated respiratory failure 13 (14.1) 15 (26.8)

Isolated renal failure 3(3.2) 2(3.6)

Isolated cardiovascular failure | 1 (0.1) 0(0.0)

Multiple organ failure 75 (81.6) 39 (69.6)

Sedation <.001
No medication 21(22.8) 35(62.5)

Single medication 47 (51.1) 16 (28.6)

Combined medication 24 (26.1) 5(8.9)

Remifentanil equivalent (mg) | 2.4 (0.8-9.6) 1.2 (0.0-6.0) 0.002
IAP (mmHg) 15.0 (9.0-27.0) 12.0 (6.0-20.0) <.001
CRP (mg/L) 179.5 (28.4-329.5) 131.0 (17.1-269.5) 0.002
CTSI 10 (6-10) 8 (6-10) 0.154
Complication

Infected pancreatic necrosis 88 (95.7) 52(92.9) 0.477
Intestinal fistula 27 (29.3) 18 (32.1) 0.720
Intra-abdominal hemorrhage | 50 (54.3) 23 (41.1) 0.117
Pancreatic fistula 23 (25.0) 11 (19.6) 0.452
Laparotomy 30 (32.6) 21(37.5) 0.544
Length of hospital stay (d) 43.5 (10.0-242.0) 50.5 (13.0-160.0) 0.430
In-hospital mortality 31(33.7) 10 (17.9) 0.037

Table 3. Comparison of clinical characteristics and outcomes between subgroups derived from the early
intervention group (unweighted sample) stratified by intervention timing. *Continuous variables were
presented as median (interquartile range); categorical variables as n (%). SOFA, Sequential Organ Failure
Assessment; IAP, intra-abdominal pressure; CRP, C-reactive protein; CTSI, computed tomography severity
index.

encapsulation of necrotic tissue prior to drainage®!'>*!. However, some IPN patients may develop sepsis or even
multiple organ dysfunction syndrome (MODS) while waiting for delayed intervention®®. In such cases, surgical
intervention remains the primary approach to controlling infection, but the optimal timing and clinical safety
of this procedure remain controversial®?!. A single-center retrospective study®” involving 78 early-intervention
patients reported an OF incidence of 57.7% and an overall mortality rate of 26.9%. In the POINTER study?!,
while the early-intervention group showed no advantage over the delayed-intervention group in the composite
endpoint of mortality and major complications, the overall study population exhibited a lower incidence of OF
(20.2%) and lower CTSI, suggesting heterogeneity compared to our cohort. Furthermore, the POINTER study
stratified patients based on different drainage strategies following suspected or confirmed IPN, whereas our
study focused more on on assessing organ function status to guide the selection of drainage strategies. Currently,
some studies also have confirmed the safety and potential clinical benefits of early-stage invasive interventions
within the first 4 weeks of disease onset in SAP patients with POF'*2. Therefore, the aforementioned evidence
indicates that there is significant heterogeneity among SAP patients, and different subgroups may be suitable
for distinct treatment modalities. Although IPTW achieved balance in baseline covariates in our study, this
statistical adjustment may not fully reflect real-world clinical heterogeneity. The elevated mortality observed in
the early intervention group was likely attributable to higher incidence of major complications, underscoring the
imperative to integrate rigorous complication management protocols into early intervention strategies.

Multiple studies have demonstrated that POF in the early stage of SAP may serve as an intervention indicator,
given its potential association with early infection®?*?>. Our study demonstrated a high incidence of IPN in
the early intervention group (94.6%), consistent with prior research findings (91% occurrence rate)?S, further
supporting a possible link between POF and infection. Additionally, the early intervention group exhibited
significantly higher SOFA scores, with SOFA scores negatively correlated with intervention timing (i.e., elevated
SOFA scores were associated with earlier interventions), indicating that organ functional status may hold
predictive value in guiding intervention timing. A multicenter observational study demonstrated that necrotizing
soft tissue infection patients with unresolved organ dysfunction within 14 days of onset had poor prognoses,
while the modified SOFA score was an important basis for selecting patients for intervention treatment?’.

In this study, the need for early intervention was also associated with intra-abdominal hypertension
(IAH), the extent of pancreatic necrosis exudation, and the use of high-dose analgesics. In SAP, damage-
associated molecular patterns released by necrotic tissues exacerbate systemic inflammation through activation
of macrophages and neutrophils, while systemic inflammatory response syndrome has been identified as a
critical contributor to OF in the early stage of SAP>?%%, Schepers NJ et al. reported that the mortality rate of
necrotizing pancreatitis patients with POF reached 43%, 38%, 46%, and 52% for POF durations of <1 week,
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1-2 weeks, 2-3 weeks, and > 3 weeks, respectively*’. Another study demonstrated significantly higher mortality
in patients with POF durations exceeding 2 weeks compared to those with durations < 2 weeks?!. These findings
suggest that early drainage of necrotic tissues containing inflammatory mediators may improve organ failure
and clinical outcomes®. In the early stage of SAP, pancreatic injury-induced capillary leakage can lead to
increased IAP3%. Current strategies to reduce IAP primarily include gastrointestinal decompression, prokinetic
agents, and PCD?. Our study revealed a negative correlation between IAP levels and intervention timing when
IAP reached>13 mmHg, likely because conservative treatment alone failed to significantly improve these
patients’ conditions. Although early relief of abdominal pain (a hallmark symptom of SAP) may reduce patient
anxiety and enhance outcomes, prolonged analgesic use carries risks of respiratory depression, gastrointestinal
dysfunction, and hepatorenal toxicity>>3¢. Notably, some patients receiving early intervention required lower
analgesic doses, potentially attributable to mitigation of MODS and IAH.

In addition, this study revealed significant differences between the two intervention timing subgroups in
terms of organ function, sedation/analgesic requirements, and inflammatory biomarkers, indicating substantial
heterogeneity among SAP patients. While patients undergoing intervention within 3 weeks exhibited more
pronounced short-term clinical improvement compared to those treated between 3-4 weeks, the observed
disparity in outcomes—specifically the higher in-hospital mortality in the early intervention group—may
be attributed to differences in baseline disease severity and procedural risks?®*’. Early intervention cohorts
demonstrated elevated SOFA scores, higher IAP, and more severe systemic inflammatory responses at baseline,
suggesting a population with inherently greater clinical complexity. Furthermore, interventions performed
during the active inflammatory phase may potentiate endothelial injury due to amplified cytokine cascades,
thereby increasing the risk of complications such as secondary infections or delayed organ failure’”%. A
prospective randomized controlled trial (RCT) reported a 20% incidence of death/major complications in
the early intervention group versus 46.7% in the delayed group, concluding that early intervention facilitates
timely infection control!®. As this RCT was a pilot study with a limited sample size (n=30), future research
should expand the sample size and incorporate biomarker-driven stratification through dynamic inflammatory
profiling (e.g., interleukin-6 trajectories for systemic inflammation, syndecan-1 levels for endothelial injury)3*
to identify subpopulations of SAP patients who derive maximal benefit from early intervention.

Finally, this study has several limitations. First, as a single-center retrospective investigation, it carries
inherent selection bias and confounding factors. Despite statistical adjustments, the findings may not fully
reflect the clinical characteristics of early-intervention cohorts. Second, potential biases exist in organ function
assessments—for instance, failure to exclude biliary etiology in liver function evaluation. Third, excessive
subgroup stratification led to reduced sample sizes, which significantly compromised statistical power.

Conclusion

SAP patients requiring early intervention tend to have more severe conditions. Although early intervention may
be helpful for improving organ function and reducing systemic inflammatory in SAP patients, there are still
differences in long-term clinical outcome, indicating the underlying need of further typing of the population to
explore appropriate treatment strategies.
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«Fig. 2. The association between different clinical indicators and the timing of early intervention (The solid red
line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from
the fit). (A) The SOFA score is linearly and negatively associated with the timing of clinical intervention. (B) A
non-linear relationship exists between IAP level and intervention timing. (C) A non-linear relationship exists
between remifentanil equivalent and intervention timing. SOFA, Sequential Organ Failure Assessment; IAP,
intra-abdominal pressure.
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