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Abstract 

Background No specific triglyceride‑lowering therapy is recommended in patients with hypertriglyceridemia‑associ‑
ated acute pancreatitis (HTG‑AP), primarily because of the lack of quality evidence. This study aimed to describe prac‑
tice variations in triglyceride‑lowering therapies for early HTG‑AP patients and assess whether more rapid triglyceride 
decline is associated with improving organ failure.

Methods This is a multicentre, prospective cohort study recruiting HTG‑AP patients with elevated plasma triglycer‑
ide (> 11.3 mmol/L) admitted within 72 h from the onset of symptoms. Patients were dichotomised on study day 3 
into either target reaching (plasma triglyceride ≤ 5.65 mmol/L) or not. The primary outcome was organ failure‑free 
days (OFFD) to 14 days of enrolment. The association between target‑reaching and OFFD was modelled. Additionally, 
the slope in plasma triglyceride over the first three days in response to treatment was calculated, and its association 
with OFFD was assessed as a sensitivity analysis.

Results Among the 300 enrolled patients, 211 underwent exclusive medical treatment, and 89 underwent vari‑
ous blood purification therapies. Triglyceride levels were available in 230 patients on study day 3, among whom 
122 (53.0%) had triglyceride levels of ≤ 5.65 mmol/l. The OFFD was not different between these patients and those 
in whom plasma triglyceride remained > 5.65 mmol/L [median (IQR): 13 (10–14) vs. 14 (10–14), p = 0.46], even 
after adjustment for potential confounders. For the decline slopes, there was no significant change in OFFD 
with a steeper decline slope [risk difference, − 0.088, 95% CI, − 0.334 to 0.158, p = 0.48].
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Background
Acute pancreatitis (AP) is an inflammatory process of 
the pancreas caused by various aetiologies, among which 
gallstones and alcohol abuse are the leading causes glob-
ally [1]. Hypertriglyceridemia was reported as another 
common cause, accounting for 5.9% of cases in North 
America, according to a recent international cohort study 
[2]. Of note, hypertriglyceridemia is often under-recog-
nised as an aetiology in patients with acute pancreatitis 
when there are other etiological risk factors [3]. In China, 
recent studies showed that hypertriglyceridemia-associ-
ated acute pancreatitis (HTG-AP) accounted for 14.3% to 
23.9% of AP cases [4, 5]. Rapidly changing lifestyles and 
genetic variants might explain this phenomenon [6, 7].

Previous studies showed that compared with other 
causes, patients with HTG-AP are more likely to have 
severe disease courses and to have an incidence of organ 
failure as high as more than 40% [8, 9]. However, in a 
recent study using data from an international registry, 
the results showed that HTG-AP patients had similar 
outcomes compared to other aetiologies, with 42% of the 
HTG-AP patients having moderately severe/severe AP 
[10]. The severity of organ failure seems to depend partly 
on the intensity of the inflammatory response and partly 
on the injury caused by toxic fatty acids [11, 12], a lipase-
mediated decomposition product of triglycerides. In this 
regard, efforts have been made to reduce the triglyceride 
level to prevent or improve organ failure [13].

The optimal therapeutic target for plasma triglyceride 
level is unclear, although previous studies have suggested 
lowering plasma triglyceride < 5.65  mmol/L to improve 
disease prognosis [14–17]. Currently, international 
guidelines do not recommend specific triglyceride-low-
ering therapy or a specific triglyceride target due to the 
lack of high-quality evidence. Therefore, we conducted 
this multicentre, prospective cohort study to describe 
the current practice variations in triglyceride-lowering 
therapy for HTG-AP patients and to assess whether more 
rapid triglyceride decline was associated with improving 
incidence and duration of organ failure.

Methods
Study design and oversight
This is a multicentre, prospective cohort study (the PER-
FORM study) conducted by the Chinese Acute Pancrea-
titis Clinical Trials Group (CAPCTG). The study was 

approved by the local ethics committees of the partici-
pating hospitals and registered with the Chinese Clinical 
Trial Registry (ChiCTR2000039541) before enrolment 
commenced, and the study protocol was published in 
2021 [18]. This study was funded by the Key Research and 
Development Programme Foundation of Jiangsu Prov-
ince of China (No. BE 2016749) and the National Sci-
ence Foundation of China (No. 81900592). The funders 
were not involved in the study’s design, data collection, 
interpretation, manuscript preparation, and choice of 
submission.

Study population
Patients diagnosed with AP aged 18–70  years admit-
ted to the participating sites within 72 h of the onset of 
abdominal pain were screened. The diagnosis of AP was 
based on the Revised Atlanta Classification criteria [19]. 
The inclusion criteria were as follows: (1) plasma triglyc-
eride > 11.3 mmol/L at admission and (2) the presence of 
any one or more of the following clinical worrisome fea-
tures described by Gelrud et al. on the UpToDate [20]: (1) 
signs of hypocalcaemia, (2) lactic acidosis, (3) presence of 
systemic inflammatory response syndrome (SIRS), and 
(4) signs of worsening organ dysfunction or multiorgan 
failure. Patients were excluded if they were pregnant or 
were expected to die within 48 h after enrolment, which 
was defined as patients with norepinephrine usage at a 
dose of 25 mg/min or more despite sufficient fluid resus-
citation, with a systolic blood pressure < 90  mmHg and 
serum pH values < 7.0. The full inclusion and exclusion 
criteria are provided in the Supplementary Protocol. At 
each hospital, written informed consent was obtained 
from the patients or their next of kin before enrolment. 
The study patients were enrolled from November 7, 2020, 
to January 30, 2022.

Patient management and triglyceride‑lowering therapies
All patients received standard treatment for AP, which 
included intravenous fluid hydration, pain control, nutri-
tion therapy and mechanical ventilation, and continu-
ous renal replacement therapy if required. Intervention 
for pancreatic/peripancreatic collections was indicated 
when infection was suspected or confirmed, preferably 
after 4 weeks from the onset of the symptoms, as recom-
mended in international guidelines [19, 21].

In addition, triglyceride-lowering therapy was admin-
istered at the discretion of the treating physicians, 

Conclusions Triglyceride‑lowering therapies vary greatly across centres. More rapid triglyceride decline was not asso‑
ciated with improving incidence and duration of organ failure.
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including blood purification treatment (e.g. plasma 
exchange, haemoperfusion, and haemofiltration) and 
medical treatment (e.g. insulin and heparin).

Clinical outcomes
The primary outcome was organ failure-free days (OFFD) 
to study day 14. The diagnosis of organ failure was made 
when an individual sequential organ failure assessment 
(SOFA) score [22] of two or more for the respiration, car-
diovascular, or renal system. In patients with transient 
organ failure resolution, only the final periods of OFFD 
were counted. Patients who had organ failure on day 14 
or died before day 14 were assigned zero OFFD.

Secondary outcomes included a composite endpoint of 
death from any cause by day 28 and the presence of at 
least one organ failure at day 7,  SOFArank, ΔSOFAmax, and 
ΔSOFA14 to day 14, ICU-free days to day 14, hospital-free 
days to day 14, day 28, and day 60, new-onset organ fail-
ure (defined as organ failure that is no present at any time 
in the first 24 h of enrolment) to day 14, requirement of 
blood purification and ICU admission during the index 
admission, and mortality and incidence of infected pan-
creatic necrosis (IPN) by day 60.  SOFArank was calculated 
as a sum of the daily delta SOFA score (defined as the 
daily total SOFA score minus the baseline SOFA score) 
over the first 14  days of enrolment [23]. Discharge was 
counted (from the day of discharge forward) as a score 
of 0 and death as 24. ΔSOFAmax was defined as the maxi-
mum SOFA score within 14 days minus the baseline, and 
ΔSOFA14 as the SOFA score at day 14 minus the baseline 
[24].

Data collection
A web-based electronic database (access through https:// 
capctg. medbit. cn/) was used for data collection and stor-
age. Before the first enrolment at each site, a start-up 
meeting was organised for data entry training. The coor-
dinating centre of the CAPCTG was responsible for over-
all data management, monitoring, and communication 
among the study sites.

Data collected in the PERFORM study included demo-
graphic characteristics, baseline characteristics at enrol-
ment, daily laboratory tests, technical aspects of daily 
triglyceride-lowering treatment like mode, dose, and fre-
quency, daily SOFA score, and follow-up measures. The 
detailed data collected were listed in the Supplementary 
Protocol.

Statistical analysis
Based on the patient volume of the participating sites, 
a sample size of 300 patients was expected for 2  years. 
Considering an estimated 20% rate of incomplete data 
or losses of follow-up, our expected sample size (240 

patients with complete data) would provide 87% power to 
detect a 2-day (SD [standard deviation]: 5) or 82.5% for 
1.5-day (SD: 4) improvement of OFFDs between patients 
achieving target TG and those not if equally distributed 
[18].

Continuous data were reported as means and SDs or 
medians and interquartile ranges (IQR) as appropri-
ate, depending on their normality. The normality of data 
was determined by Shapiro–Wilk tests. Categorical data 
were summarised by counts and percentages. The inter-
group differences were compared by Student’s t-test for 
normally distributed data or Wilcoxon rank-sum test for 
skewed data. Fisher’s exact test was used for categorical 
data.

Two statistical approaches were applied to assess the 
association between triglyceride-lowering effects (tri-
glyceride decline) and clinical outcomes. First, all the 
study individuals with triglyceride levels on study day 3 
were dichotomised depending on whether the triglycer-
ide level was ≤ 5.65 (target-reaching). Comparisons were 
made between those who reached the target and those 
who did not. For the primary outcome comparison, Wil-
coxon rank-sum test was employed, and the median dif-
ference (95% CI [confidence intervals]) was calculated 
by the Hodges–Lehmann estimation. Additionally, the 
adjusted generalised linear model (GLM) was performed 
to account for potential confounders. We followed three 
rules to choose the confounding variables: (1) poten-
tial baseline differences with a p-value less than 0.1; (2) 
potentially relevant variables based on previous stud-
ies and clinical considerations; (3) missing data no more 
than 10%. Collinearity was additionally tested to ensure 
the independence of each variable. As a result, age [25, 
26], sex [17, 26], body mass index (BMI) [26], baseline 
triglyceride level [26], and baseline Acute Physiology and 
Chronic Health Evaluation II (APACHE II) score [27] 
were involved. Furthermore, the Fine and Gray compet-
ing risk model was additionally adopted to account for 
dead cases.

A second statistical approach was performed as a sen-
sitivity analysis. Briefly, the decline rate of triglyceride 
for the first three days of enrolment was obtained from 
the linear regression, and the regression coefficient was 
the slope of the triglyceride decline. The adjusted GLMs 
were used to assess the association between decline slope 
and OFFD, and confounders were the same as the first 
approach. We tested the proportional hazard assumption 
using Schoenfeld residuals, suggesting proportional haz-
ards for the primary outcome based on the direct effect 
model.

For the comparison of secondary outcomes, the 
adjusted GLM was performed to identify its association 
with target-reaching. The variables included in the model 

https://capctg.medbit.cn/
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were the same as the adjusted analysis for the primary 
outcome. The association between blood purification 
and clinical outcomes was additionally assessed. Pro-
pensity score matching (PSM) analysis was used to con-
trol potential confounders. Patients who received blood 
purification were matched 1:1 with patients who received 
exclusive medical treatment based on the same con-
founding variables for the adjusted GLM. Genetic match-
ing with a calliper width of 0.2 was used in the PSM. 
Comparisons of differences between groups in the PSM 
cohort were performed using Wilcoxon signed-rank test 
and McNemar’s test for matched data. To evaluate the 
robustness of our findings, we also performed the inverse 
probability of treatment weighting (IPTW) analysis [28]. 
Comparisons of differences between groups in the IPTW 
cohort were performed using Wilcoxon rank-sum test 
and Fisher’s exact test.

We performed data conversions (including log, recipro-
cal, and square root transformations) for the continuous 
outcomes with skewed distribution in the GLM models. 
Statistical tests were two-sided, and p values < 0.05 were 
deemed significant unless otherwise stated. All statistical 
analyses were done in the SPSS 26.0 software and the R 
4.2.1 software.

Results
Patient recruitment and variations in triglyceride‑lowering 
therapy
The PERFORM study was commenced on November 
7, 2020, and it reached the phase I goal with the 300th 
patient being recruited on November 30, 2021 (end of 
60-day follow-up, January 30, 2022). During the study 
period, 1076 consecutive AP patients from 28 sites across 
China were assessed for inclusion, of whom 300 were for-
mally enrolled (Fig. 1). The numbers of cases from each 
site are shown in Supplemental Table S1. The diagnoses 
of AP were confirmed by CT scan among all the enrolled 
patients. The timing of CT scan and the diagnostic pro-
cedure were based on the local practice. The demograph-
ics and baseline characteristics of the study patients were 
summarised in Table 1. The study population was mostly 
male (69.7%), with a mean age of 38.1 (SD 8.9). The distri-
bution of age and the respective AP severity of the study 
patients are shown in Fig. S1. Only 36.3% of the enrolled 
patients were known to have confirmed HTG before the 
index presentation with AP.

During the first 3  days of enrolment, most study 
patients (253/300, 84.3%) received no oral intake (nil 
per os, NPO). For triglyceride-lowering therapies, 
211 (70.3%) of 300 patients received exclusive medi-
cal treatment, including expectant management (10 
patients, 3.3%), insulin alone (20 patients, 6.6%), hep-
arin/low molecular weight heparin (LMWH) alone 
(19 patients, 6.4%), or a combination of insulin and 

Fig. 1 Flow chart of patient enrolment. AP, acute pancreatitis; PE, plasma exchange; HF, haemofiltration; HP, haemoperfusion
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heparin/LMWH (157 patients, 52.3%). The remaining 
89 patients (29.7%) had various modes of blood puri-
fication therapies, including plasma exchange (18.7%), 
haemoperfusion (9.3%), and haemofiltration (19.3%), 
either alone or in combination. The distribution of dif-
ferent treatment strategies over the first 3  days was 
shown in Fig. 2. In patients undergoing blood purifica-
tion, 81 patients (91.0%) were also treated with heparin 
and/or insulin (Table S2).

Association between target‑reaching and clinical 
outcomes
Triglyceride levels on day 3 were available in 230 of the 
300 patients, among whom 122 (53.0%) reached the tar-
get (≤ 5.65 mmol/l) on day 3. Between patients reaching 
the target or not, there were no significant differences in 
age, hyperlipidaemia history, lipoprotein, C-reactive pro-
tein, procalcitonin, and disease severity scores at enrol-
ment (Table  S3). Patients in the target-reaching group 
were more frequently male (75.4% vs. 63.0%, p = 0.045) 
and had lower BMI [26.9 (24.5–29.6) vs. 27.8 (26.2–29.8), 
p = 0.036] compared with patients that did not reach the 
target.

The crude and adjusted analysis of the primary out-
come and adjusted analyses of the secondary outcomes 
are shown in Table  2. The OFFD to study day 14 were 
similar between patients reaching the target or not 
[median (IQR): 13 (10–14) vs. 14 (10–14), p = 0.46]. The 
results remain unchanged after adjustment for poten-
tial confounders. For the secondary outcomes, patients 
in the target-reaching group had a higher need for ICU 
admission (50.8%[62/122] vs. 38.9% [42/108]) with an 
OR of 1.99 (95% CI, 1.06 to 3.74) in the adjusted GLM 
(p = 0.032). All the other secondary outcomes were com-
parable between groups. Subgroup analyses of the effect 
of Day3-TG ≤ 5.65 mmol/L on organ failure-free days to 
day 14 of enrollment were shown in Fig. S2.

In the Fine and Grey analysis, the probability of organ 
failure resolution during the first 14  days was similar 
between those who did and did not reach the target [HR 
0.98, 95% CI, 0.79 to 1.22, p = 0.86] (Fig. 3).

Association between triglyceride decline rate and clinical 
outcomes
The same cohort of 230 patients was involved in this 
analysis. The median (IQR) triglyceride decline slope 
in the cohort was − 7.94 (− 14.15, − 5.10). The correla-
tions between baseline characteristics and triglyceride 
decline slope were shown in Table  S4. In the adjusted 
GLM model, the OFFD did not change significantly per 
increase of the triglyceride decline slope [RD-0.088, 95% 
CI, − 0.334 to 0.158, p = 0.48] (Table S5).

The effect of blood purification therapies
The change in triglyceride levels during the first 5  days 
was presented in Fig. S3. Triglyceride levels did not differ 
between those who received blood purification and those 
who received medical treatment during the first 5 days.

After PSM, 63 matched pairs were created for compari-
son. The baseline characteristics of the PSM cohort and 
the IPTW cohort are presented in Table S6. The imbal-
ance in the baseline characteristics was significantly 

Table 1 Demographic and baseline characteristics

TG triglyceride, SD standard deviation, IQR interquartile range, BMI body mass 
index, ALT alanine aminotransferase, AST aspartate aminotransferase, APACHE 
II Acute Physiology and Chronic Health Evaluation II, SOFA sequential organ 
failure assessment

Variables The overall study 
cohort (n = 300)

Age, mean (SD) 38.1 (8.9)

Sex, n (%)

 Female 91 (30.3)

 Male 209 (69.7)

BMI, median (IQR) 27.4 (24.8–29.7)

Pre‑existing hyperlipidaemia, n (%)

 Yes 109 (36.3)

 No or unknown 191 (63.7)

Familial hyperlipidaemia, n (%)

 Yes 5 (1.7)

 No or unknown 295 (98.3)

Pre‑existing biliary tract disease

 Yes 17 (5.7)

 No or unknown 283 (94.3)

History of smoking

 Yes 120 (40.0)

 No or unknown 180 (60.0)

History of drinking

 Yes 114 (38.0)

 No or unknown 186 (62.0)

Amylase, median (IQR), U/L 308.0 (124.0–529.5)

Lipase, median (IQR), U/L 531.3 (185.2–1478.3)

Triglyceride, median (IQR), mmol/l 21.3 (16.2–32.9)

ALT, median (IQR), U/L 29.0 (18.0–49.4)

AST, median (IQR), U/L 29.0 (19.0–46.0)

High density lipoprotein, median (IQR), mmol/L 0.78 (0.48–1.67)

Low density lipoprotein, median (IQR), mmol/L 2.57 (1.56–3.55)

C‑reacting protein, median (IQR), mg/L 56.8 (10.4–163.6)

Procalcitonin, median (IQR), μg/L 0.47 (0.12–3.13)

Creatinine, median (IQR), μmol/l 69.0 (52.0–93.5)

Lactate dehydrogenase, median (IQR), U/L 339.0 (215.8–592.5)

Severity score, median (IQR)

 APACHE.II 5.0 (3.0–9.0)

 SOFA 1 (0–2)
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reduced after PSM or IPTW (Fig. S4). In the matched 
PSM cohort, patients undergoing blood purification had 
fewer OFFD to day 14 than those who did not [median 
difference − 1.00, 95% CI, − 2.00 to 0; p = 0.0040]. For 
the secondary outcomes, the blood purification group 
had fewer days out of ICU to day 14, fewer hospital-free 
days to day 14, day 28, and day 60, higher ΔSOFArank 
and ΔSOFAmax to day 14, higher need for ICU admis-
sion during the index admission, and higher risk of death 
or presence of organ failure on study day 7 (all p < 0.05). 
All the other secondary outcomes were comparable 
between groups. The IPTW cohort yielded similar results 
(Table 3).

Discussion
To our knowledge, the PERFORM study is hitherto the 
largest multicentre, prospective study exploring triglyc-
eride-lowering therapies in HTG-AP patients. The main 
finding of the study is that there is substantial variation 
in triglyceride-lowering therapies for early HTG-AP 
patients. Moreover, the results showed that more rapid 
triglyceride decline was not associated with improv-
ing incidence and duration of organ failure. Though our 
results were not the first in the literature, the multicentre 

and prospective design, and the relatively large sample 
size added more credit to our findings.

Elevated triglyceride level is an established aetiology 
for AP, but the relationship between early plasma triglyc-
eride and the prognosis of AP is controversial [29]. It is 
generally believed that triglyceride can cause pancreatic 
injury through its hydrolysate and generation of free fatty 
acids (FFA). However, most studies only assessed the 
relationship between initial triglyceride levels and clini-
cal outcomes while ignoring the importance of dynamic 
changes. In a retrospective cohort study, Lu et al. found 
that rapid reduction of triglyceride levels was associated 
with decreased incidence of persistent organ failure in a 
retrospective study [17]. Differently, in a randomised trial 
performed by He et  al., though high-volume haemofil-
tration reduced triglyceride levels more efficiently when 
compared with medical therapy (insulin and heparin), no 
improvement was found in mortality, hospital duration, 
or incidence of infected pancreatic necrosis [16].

A possible explanation for the futility of pursuing rapid 
triglyceride decline might be that FFA, produced by the 
hydrolysis of triglyceride, plays a key role in the patho-
physiology of HTG-AP [30]. In this regard, triglyceride-
lowering therapy by enhancing lipoprotein lipase activity 
(heparin and insulin) may increase short-term blood FFA, 

Fig. 2 Distribution of treatment strategies over the first three days of enrolment. PE, plasma exchange; HP, haemoperfusion
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Table 2 Crude analysis of primary outcome and adjusted analyses of the primary and secondary outcomes in patients with Day3‑
triglyceride above 5.65 mmol/L or not

TG triglyceride, OFFD organ failure-free days to day 14, Composite outcome a composite of death from any cause by day 28 and the presence of at least one organ 
failure at day 7, ICU intensive care unit; SOFA, sequential organ failure assessment, IPN infected pancreatic necrosis
* Wilcoxon rank-sum test
# Adjusted for sex, age, BMI, APACHE II, and baseline TG level

Death from any cause by day 28 and the presence of at least one organ failure at day 7

Variables Day3‑TG ≤ 5.65 (n = 122) Day3‑TG > 5.65 (n = 108) Difference or OR (95% CI) p

Primary outcome

OFFD, median (IQR),  days* 13.0 (10.0, 14.0) 14.0 (10.0, 14.0) 0 (0, 0) 0.46

OFFD, median (IQR),  days# 13.0 (10.0, 14.0) 14.0 (10.0, 14.0) 0.21 (− 0.66, 1.09) 0.63

Secondary outcomes#

Composite outcome, n (%) 16 (13.1) 13 (12.0) 1.13 (0.45, 2.85) 0.80

ICU‑free day to day 14, median (IQR), days 12.0 (7.0, 14.0) 14.0 (9.0, 14.0)  − 0.57 (− 1.62, 0.48) 0.29

Hospital‑free day to day 14, median (IQR), days 5.0 (0, 7.1) 5.0 (0.1, 7.0) 0.32 (− 0.55, 1.20) 0.47

Hospital‑free day to day 28, median (IQR), days 19.0 (14.0, 21.0) 19.0 (14.1, 21.0) 0.50 (− 1.03, 2.02) 0.52

Hospital‑free day to day 60, median (IQR), days 51.0 (46.0, 53.0) 51.0 (46.1, 53.0) 1.72 (− 0.98, 4.41) 0.21

SOFA rank to day 14, median (IQR)  − 10.0 (− 26.0, 1.0)  − 5.0 (− 21.8, 2.50)  − 4.13 (− 9.82, 1.55) 0.16

ΔSOFA max to day 14, median (IQR) 1.0 (0, 3.0) 1.0 (0, 3.0)  − 0.24 (− 1.08, 0.60) 0.58

ΔSOFA14 to day 14, median (IQR)  − 1.0 (− 3.0, 0)  − 1.0 (− 2.0, 0)  − 0.39 (− 0.84, 0.06) 0.088

60‑day mortality, n (%) 4 (3.3) 5 (4.6) 0.37 (0.05, 2.58) 0.32

60‑day IPN, n (%) 2 (1.6) 5 (4.6) 0.33 (0.06, 2.01) 0.23

Blood purification requirement during index 
admission, n (%)

47 (38.5) 31 (28.7) 1.80 (0.92, 3.51) 0.087

ICU requirement during index admission, n (%) 62 (50.8) 42 (38.9) 1.99 (1.06, 3.74) 0.032

New‑onset organ failure to day 14, n (%)

 Respiratory 34 (27.9) 28 (25.9) 0.95 (0.51, 1.76) 0.86

 Renal 11 (9.0) 13 (12.0) 0.63 (0.26, 1.53) 0.31

 Cardiovascular 5 (4.1) 9 (8.3) 0.40 (0.13, 1.29) 0.13

Fig. 3 Organ failure resolution analysed using Fine‑Gray competing risk analysis. OF, organ failure; TG, triglyceride; HR, hazard ratio
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thereby negating the beneficial effect of reduced triglyc-
eride. On the other hand, early fasting and continuous 
use of insulin are common practices when treating HTG-
AP, which may increase the risk of hypoglycaemia in 
these patients [31]. Hypoglycaemia is known to be associ-
ated with a series of adverse clinical outcomes, including 
prolonged mechanical ventilation, more cardiovascular 
events, and increased risk of death [32–34]. Therefore, 

potential hypoglycaemia events associated with the wide 
use of insulin may counteract the benefits brought by 
rapid TG decline, though we did not have data on that. 
The incidence of hypoglycaemia should be of concern in 
future studies on the management of HTG-AP.

As an alternative to medical therapy, blood purifica-
tion therapy like plasmapheresis or haemoperfusion can 
remove triglycerides without excessive FFA production 

Table 3 Clinical outcomes of patients with blood purification or medical treatment after propensity score matching or inverse 
probability weighting

TG triglyceride, OFFD organ failure-free days to day 14, Composite outcome a composite of death from any cause by day 28 and the presence of at least one organ 
failure at day 7, ICU intensive care unit, SOFA sequential organ failure assessment, IPN infected pancreatic necrosis

Clinical outcomes After PSM After IPTW

Blood 
purification 
(n = 63)

Conventional 
treatment 
(n = 63)

Difference (95% 
CI)

p Blood 
purification 
(n = 282)

Conventional 
treatment 
(n = 310)

Difference (95% 
CI)

p

Primary outcome

 OFFD, median 
(IQR), days

12 (7, 14) 13 (11, 14)  − 1 (− 2, 0) 0·0040 13 (8, 14) 14 (11, 14)  − 1 (− 1, 0)  < 0·001

Secondary outcomes

 Composite 
outcome, n (%)

13 (20·6) 2 (3·2) 0·174 (0·065, 0·283) 0·0070 56 (19·9) 9 (2·9) 0·170 (0·120, 0·220)  < 0·001

 ICU‑free day 
to day 14, median 
(IQR), days

9 (3, 11) 14·0 (9, 14)  − 4 (− 5, − 3)  < 0·001 9 (4, 11) 14 (10, 14)  − 4 (− 4, − 3)  < 0·001

 Hospital‑free 
day to day 14, 
median (IQR), days

0 (0, 6) 5 (2, 7)  − 2 (− 4, − 0·5) 0·0010 3 (0, 7) 6 (2, 7)  − 1 (− 2, − 0·5)  < 0·001

 Hospital‑free 
day to day 28, 
median (IQR), days

14 (7, 20) 19 (16, 21)  − 4 (− 7, − 2)  < 0·001 17 (9, 21) 20 (16, 21)  − 2·5 (− 4, − 1)  < 0·001

 Hospital‑free 
day to day 60, 
median (IQR), days

46 (39, 52) 51 (48, 53)  − 4 (− 7, − 2)  < 0·001 49 (41, 53) 52 (48, 53)  − 3 (− 4, − 2)  < 0·001

 SOFA rank 
to day 14, median 
(IQR)

 − 11 (− 26, 2)  − 19 (− 36, 0) 7·0 (0, 15) 0·022  − 10 (− 22, 2)  − 12 (− 28, 1) 4 (1, 8) 0·0020

 ΔSOFA max 
to day 14, median 
(IQR)

2 (0, 3) 0 (− 1, 2) 1 (0, 2) 0·020 1 (0, 3) 1 (0, 2) 1 (1, 1)  < 0·001

 ΔSOFA14 to day 
14, median (IQR)

 − 2 (− 3, 0)  − 2 (− 3, 0) 0 (0, 1) 0·30  − 2 (− 2, 0)  − 1 (− 3, 0) 0 0·39

 60‑day mortal‑
ity, n (%)

2 (3·2) 0 0·032 (− 0·011, 
0·075)

0·50 16 (5·7) 0 0·057 (0·030, 0·084)  < 0·001

 60‑day IPN, 
n (%)

4 (6·3) 0 0·063 (0, 0·12) 0·13 18 (6·4) 4 (1·3) 0·051 (0·020, 0·082) 0·0020

 ICU require‑
ment during index 
admission, n (%)

59 (93·7) 24 (38·1) 0·556 (0·422, 0·690)  < 0·001 258 (91·8) 80 (25·8) 0·660 (0·602, 0·718)  < 0·001

New‑onset organ failure to day 14, n (%)

 Respiratory 20 (31·7) 13 (20·6) 0·111 (− 0·041, 
0·263)

0·25 84 (29·8) 80 (25·8) 0·040 (− 0·032, 
0·112)

0·31

 Renal 5 (7·9) 5 (7·9) 0 1·0 16 (5·7) 30 (9·6)  − 0·039 (− 0·082, 
0·004)

0·090

 Cardiovascular 6 (9·5) 4 (6·3) 0·032 (− 0·062, 
0·126)

0·73 31 (11·0) 14 (4·5) 0·065 (0·022, 0·108) 0·0030
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[35]. However, our results showed blood purification 
therapies were not associated with improving organ 
failure. Besides, we combined varied blood purification 
modes for analysis in this study, which may introduce 
some bias. The potential impact of the most commonly 
used mode, plasmapheresis, was analysed in a separate 
study [36], and the results showed that it was not asso-
ciated with clinical benefits. These results are consistent 
with Berberich et  al.’s study, showing that conservative 
management was effective and safe [37]. Overall, these 
findings from observational data do not support the use 
of blood purification therapies in the management of 
HTG-AP, a randomised trial is needed to clarify this.

Notably, our study showed that patients reaching the 
triglyceride target on day 3 had significantly higher ICU 
requirements. Procedure-related ICU admission may 
partly explain the results. In our study, 47 of 122 (38.5%) 
patients in the target-reaching group received blood 
purification, while in those who did not reach the target 
on day 3, it was 28.7% (31/108) (p = 0.13). The increas-
ing ICU need in the target-reaching group and worsen-
ing outcomes in patients undergoing blood purification 
therapies indicate that these invasive procedures are not 
without harm—they require central venous access, have 
the potential for infections or allergic reactions, and may 
not be widely available.

The study has several limitations. The first is that the 
observational nature precludes causal relationship analy-
sis, and the sample size estimation was flawed with an 
unrealistic assumption that the patients reaching or not 
reaching the target would be numerically equal. The sec-
ond is that the treatment was at the treating physician’s 
discretion, which represents the potential for significant 
selection bias. The third is that patients with baseline 
triglyceride levels less than 11.3  mmol/L were excluded 
from the study. The conclusion of this study may not be 
applicable to patients who present with triglyceride levels 
less than 11.3 mmol/L, and the effect of triglyceride-low-
ering for these patients still needs to be investigated in 
future studies. Moreover, some patients may have other 
aetiologies like alcohol/biliary/others, which were not 
accounted for. Last, we did not measure FFA in this study 
because of the difficulty in multiple lab quality control.

Conclusions
In conclusion, triglyceride-lowering therapies vary 
greatly among centres in the management of HTG-AP. 
More rapid triglyceride decline was not associated with 
improving the incidence and duration of organ failure 
in HTG-AP patients but may be associated with more 
ICU requirements. In light of our results, pursuing 
rapid TG decline with aggressive TG-lowering therapies 
may be ineffective and bear unnecessary risks, though a 

confirmatory trial is needed before formal recommenda-
tions can be made.
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