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ARTICLE INFO ABSTRACT
Keywords: Background: Chaiqinchengqi decoction, a traditional Chinese medicine, has shown promising effects in in vitro,
acute pancreatitis animal and preliminary small human studies for acute pancreatitis, but evidence of clinical practice is limited.
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Purpose: To investigate whether Chaiqinchengqi decoction could improve clinical outcomes in patients with
acute pancreatitis.

Study Design: Prospective, pragmatic, randomized controlled trial. (Chictr.org.cn registration number:
ChiCTR2000034325)

Methods: This trial was conducted at West China Hospital of Sichuan University, China. Patients with acute
pancreatitis were randomly assigned to receive either Chaiginchengqi decoction or placebo by oral and rectal
enemas in addition to guideline-directed administrations using a 1:1 ratio. The intervention of Chaiginchengqi
and placebo was determined by the grading of acute gastrointestinal injury. Patients were assessed within 24 and
48 hours, and on 3, 5, and 7 days after admission, or organ failure normalized. Survivors were followed up at 1,
3, and 6 months after discharge. Primary outcome was the duration of respiratory failure to 28 days after

Abbreviations: ACS, abdominal compartment syndrome; AGI, acute gastrointestinal injury; BISAP, Bedside Severity Index Score for Acute Pancreatitis; CI, con-
fidence intervals; CRP, C-reaction protein; CRRT, continuous renal replacement therapy; EPIC, extrapancreatic inflammation computed tomography score; GCS,
modified Glasgow Score; HAPS, Harmless Acute Pancreatitis Score; HPLC, High Performance Liquid Chromatography; HR, hazard ratio; IAH, intra-abdominal hy-
pertension; ICU, intensive care unit; IMV, invasive mechanical ventilation; IQR, interquartile; ITT, intention-to-treat population; LOS, Length of hospital stay; MCTSI,
modified computed tomography severity index; MMS, modified Marshall score; NIPPV, non-invasive positive pressure ventilation; QoL, quality of life; SD, standard
deviation; SIRS, systemic inflammatory response syndrome; SOFA, sequential organ failure assessment; PASS, pancreatitis activity scoring system; VAS, visual
analogue scale.
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enrollment. Secondary outcomes included other organ failure, local complications, 6-month all-cause mortality,
inflammatory indicators, and related interventions.

Results: Among 248 patients enrolled, Chaiqinchengqi decoction shortened the duration of respiratory failure
compared with the placebo (median [IQR], 1.0 [0.0 to 5.0] vs 3.0 [1.0-8.0] days; median difference, -1.0; 95%
CI, -2.0 to 0.0, P=.001). There were significant differences in the duration of circulatory failure, the incidence of
new-onset respiratory and cardiovascular and failure, the incidence of new organ failure, severity, intensive care
unit need, pain visual analogue scale, pancreatitis activity scoring system, and EQ-5D-5L.

Conclusion: Chaiginchenggi decoction as an adjunctive therapy significantly reduced the duration of respiratory
failure and improved 6-month clinical outcomes of acute pancreatitis in addition to guideline-directed treat-
ments. Further study is needed to elucidate the mechanism of action.

Introduction

Acute pancreatitis is a potential life-threatening condition with
substantial morbidity and an increasing incidence worldwide (Forsmark
et al., 2016; Peery et al., 2019). Approximately 60% of patients with
acute pancreatitis present with a mild clinical course and recovery
within a few days with supportive care, but moderately severe or severe
disease develops in 35% of patients with acute pancreatitis. Despite the
in-depth research on the pathogenesis of the disease in recent years,
there is a lack of internationally recognized effective drugs. Patients
with moderately severe or severe acute pancreatitis still face high risks
of mortality (Schepers et al., 2019; Shi et al., 2020).

Gastrointestinal injury is a common complication in patients with

acute pancreatitis. The inflammatory state of acute pancreatitis triggers
a cascade of pancreatic and intestinal injury with paralytic ileus and
gastric dilatation, visceral edema, acute peripancreatic fluid collections,
and ascites resulting in intra-abdominal hypertension (IAH). Liquid
resuscitation (causing pulmonary edema, abdominal hypertension syn-
drome), non-selective positive inotropic drugs (leading to visceral
ischemia), antibiotic therapy (aggravating the imbalance of intestinal
flora) are the critical factors leading to IAH and abdominal compartment
syndrome (ACS), which resulting in organ failure with a mortality of
49% (Siebert et al., 2021; Kirkpatrick et al., 2013; Wang et al., 2003; Wu
et al., 2014).

Chaiginchengqi decoction, a traditional Chinese medicine com-
pound, is composed of multiple herbs and miner modified from

Enrollment | 5107 Assessed for eligibility

4859 Excluded
2482 Not meeting inclusion criteria
2270 Meet exclusion criteria
107 Declined to participate

248 Randomized

:1:

l| l

124 Allocated to the Chaiginchenggi group

3 Excluded
2 had Hypernatremia
1 did not take Chaiginchengqi

13 Lost to follow-up
8 Declined to follow-up
5 Died

8 Lost to follow-up
6 Declined to follow-up
2 Died

7 Lost to follow-up
6 Declined to follow-up
1 Died

124 Included in the ITT analysis |

First Follow-Up

Second Follow-Up
v

Third Follow-Up

| 124 Allocated to the placebo group

1 Excluded
1 did not take placebo

13 Lost to follow-up
8 Declined to follow-up
5 Died

2 Lost to follow-up
2 Declined to follow-up

4 Lost to follow-up
4 Declined to follow-up

‘ 124 Included in the ITT analysis

Fig. 1. Study Flowchart of Screening, Enrollment, Randomization, and Follow-up. ITT, intention-to-treat population.
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Dachengqi decoction and Dachaihu decoction. Although the active in-
gredients and the exact mechanism of action remain unclear, our pre-
vious studies in vitro and in vivo showed that Chaiginchengqi decoction
inhibited the inflammation (Huang et al., 2012; Xue et al., 2014; Wu
et al., 2016), antagonize oxidative stress injury (Du et al., 2018; Wen
et al., 2020), improved intestinal motility and reduced lung renal injury
(Zhang et al., 2017; Cao et al., 2024; Yang et al., 2020). Recent studies
suggested that Chaiqinchengqi regulates the metabolic trajectory of
pancreatic tissue in acute pancreatitis animals (Huang et al., 2022).
Meta-analysis showed Chengqi-series compound reduce the mortality,
hospitalization time, and surgery rate of severe acute pancreatitis
(Qiong et al., 2005). Nevertheless, there is lacking of high-quality evi-
dence on the efficacy of Chaiginchengqi decoction.

We conducted this randomized controlled trial to assess the efficacy
and safety of Chaiqinchengqi decoction as adjunctive therapy for the
treatment of patients with acute pancreatitis with a range of severity of
disease.

Methods
Study population and protocol

Chaiginchengqi for acute pancreatitis trial was a randomized double-
blind controlled trial conducted at the West China Hospital of Sichuan
University (Chengdu, China). Details of the trial design have been
published (Chen et al., 2022). Eligible patients were randomized ata 1:1
ratio to Chaiqinchengqi or placebo group (Fig. 1) in addition to
guideline-directed therapies of acute pancreatitis. The study protocol
(Supplement 1) was approved by the Biomedical Research Ethics Com-
mittee of West China Hospital of Sichuan University on June 22, 2020
(Ethics No. 2020107), passed the China Clinical Research Registration
(Chictr.org.cn identifier: ChiCTR2000034325), and was conducted in
accordance with the Declaration of Helsinki. The trial adhered to the
recommendations of the Consolidated Standards of Reporting Trials.

Consecutive patients were eligible for enrollment if they were aged
between 18 and 75 years, presented within 72 hours of symptoms onset
with a diagnosis of acute pancreatitis according to the Revised Atlanta
Classification. Exclusion criteria included pregnant or lactating women,
sequential organ failure assessment (SOFA) score of any organ>3,
harmless acute pancreatitis score> 2, concomitant any malignancy or
history of radiotherapy within 6 months, gastrointestinal conditions that
unsuitable for oral enemas of traditional Chinese medicines, chronic
pancreatitis, history of tumors of the duodenum and biliopancreatic
system, history of pancreatic resection, or involvement in other inter-
ventional clinical trials. The complete exclusion criteria are listed in the
study protocol in Supplement 1. Written informed consent was provided
by all participants or their legal representatives before randomization.

Study herbal formulation

Chaiginchengqi formula has 13 components: Rhei Radix et Rhizoma,
Natrii Sulfas, Magnoliae Officinalis Cortex, Gardeniae Fructus, Bupleuri
Radix, Scutellariae Radix, Corydalis Rhizoma, Aurantii Fructus Imma-
turus, Auklandiae Radix, Paeonia Radix Rubra, Chuanxiong Rhizoma,
Carthami Flos, and Glycyrrhizae Radix et Rhizoma.

Due to the absence of a positive control for acute pancreatitis in
worldwide and the difficulty of preparing a placebo for the decoction
solution, we utilized a low-dose administration of 10% Chaiqinchengqi
decoction and caramel coloring to mimic the experimental drug as a
control (Zhou et al., 2014).

The raw drugs used in the trial were guaranteed to have consistent
batches and passed the quality inspection. More information about
Chaiqinchengqi, such as compound preparation, preservation, qualifi-
cation of research drugs are available at Supplement 1. High Perfor-
mance Liquid Chromatography (HPLC) fingerprint analysis and
chemometric methods have demonstrated that Chaiginchengqi
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decoction among multiple batches have similarity of more than 96%,
indicating the 28 ingredients of Chaiqinchengqi decoction are stable and
controllable (Supplement 2).

Randomization and blinding

Eligible patients were randomly assigned to receive Chaiqinchengqi
or placebo group with the use of a computer-generated randomization
system using a 1:1 ratio (Fig. 1). Two research assistants who were not
involved in medical care and outcome assessment were assigned to
allocate the eligible patients. The patients, physicians, nurses, outcome
assessors, data collectors, and statisticians were blinded to treatment
assignments.

Study procedures

Administration of Chaiqinchengqi or placebo was guided by acute
gastrointestinal injury (AGI) (Reintam et al., 2012), which has been
described previously (Chen et al., 2022). If the patients had Bedside
Severity Index Score for Acute Pancreatitis (BISAP)(Wu et al., 2008) or
modified Glasgow Score (GCS)(Imrie et al., 1978) score <2 points, they
were given Chaiginchengqi or placebo orally and enema (200 ml/three
times daily); if patients were evaluated by BISAP or GCS score>2 points,
their intra-abdominal pressure were monitored for every 4 hours and
they were administrated by: oral (200ml, 3 times daily) and enema
(200ml, 3 times daily) Chaiginchengqi or placebo for AGI gradel; oral
(100ml, every 6 hours daily) and enema (200ml, every 6 hours daily)
Chaiqinchengqi or placebo for AGI gradell; oral (100ml, every 4 hours
daily) and enema (200ml, every 4 hours daily) Chaiginchengqi or pla-
cebo for AGI gradelll; oral (50ml, every 2 hours daily, via nasogastric
tube) and enema (200ml, every 2 hours daily, via rectal canal) Chai-
qinchengqi or placebo for AGI IV. Chaiqginchengqi or placebo adminis-
tration was discontinued if the AGI grade isIfor 2 consecutive days, or if
the patient refeeded without food intolerance. For more information
about on the AGI-guided Chaiqinchengqi or placebo algorithm, see
Supplement 1.

Conventional standardized treatments were directed by the Amer-
ican Pancreatic Association Guidelines for the management of patients
with acute pancreatitis (Crockett et al., 2018; Tenner et al., 2013), with
uniformity across the study between the groups (Section 6 Conventional
treatment regimen in Supplement 1). Not applicable to other herbal
medicines and alternative therapies in this study. Drugs that inhibit
gastrointestinal motility and prokinetics were not routinely used. In the
interests of patients’ care, contaminant treatments were decided by the
attending physicians in consultation with the principal investigator and
were recorded in the case report form.

Study outcomes

Each patient enrolled in the study was evaluated by clinical char-
acteristics, laboratory tests, severity scores including systemic inflam-
matory response syndrome (SIRS), GCS, BISAP, SOFA, and modified
Marshall score (MMS) within 24 and 48 hours, and on 3, 5, and 7 days
after admission. Relevant indicators of organ failure were followed up to
normalization. The modified computed tomography severity index was
evaluated for local complications. Patient quality of life (QoL) was
evaluated weekly by the five-level EuroQol five-dimensional (EQ-5D-5L)
health scale (Zhou et al., 2021). Survivors were followed up at 1, 3, and
6 months after discharge (study schedule and study schedule flowchart
are provided in Supplement 1).

Primary outcome was the duration of respiratory failure within 28
days of enrollment, defined as the number of persistent days alive with
failure of respiration organ systems. An individual SOFA score of 2 or
more was defined as organ failure.

Secondary outcomes included the incidence of circulatory and renal
failure, new-onset organ failure; duration of SIRS, IAH, ACS, and AGI-
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related treatment; organ supportive therapy; length of hospital and
intensive care unit (ICU) stay; hospital cost; localized pancreatic com-
plications and their related interventions; severity; mortality; patient
self-reported QoL. The incidence of adverse events was compared.
Definitions for each outcome are listed in Supplement 1.

Statistical analysis

Assuming a reduction of 2 days in the duration of respiratory failure
in the Chaiqinchengqi group and the standard deviation for each group
was 4 days based on previous reports (Schepers et al., 2019; Chen et al.,
2015) and an estimated dropout rate of 10%, a total of 248 patients
would be required with 124 in each group (PASS statistic software,
version 11.0.7, NCSS; significance level of 0.05 and 80% power, 2-sided
a=.05 and p=0.20).

Continuous variables were presented as means with standard de-
viations (SD) or medians with interquartile (IQR) ranges. Intergroup
comparisons were performed using the 2-tailed t test, Mann-Whitney U
test (between 2 groups) or the Kruskal-Wallis H test (between 3 groups)
as appropriate. Categorical variables were expressed as frequencies and
percentages, and analyzed using the chi-square test or Fisher’s exact
test. The incidences of adverse events and serious adverse events were
analyzed between the 2 groups using the y2 test or Fisher exact test.

We performed analyses in the intention-to-treat (all randomized
participants) and per-protocol (excluding those who had major protocol
deviations, did not complete 14-day follow-up, or did not achieve at
least 80% adherence) populations. Exploratory subgroup analysis was
performed based on age (<60, 60-75, >75), sex (male, female), body
mass index (<28, >28), onset-to-arrival time (<24 hours, >24 hours)
and severity (mild, moderately severe, severe). Kaplan-Meier methods
were used to show curves to onset of respiratory failure and new-onset
respiratory failure within 28 days after enrollment. A log-rank P-test
was used to test the equality of the estimated survival curves. A Cox
proportional hazards model was used to estimate cause specific hazard
ratios (HR).

Statistical analyses were performed using SPSS software, version
21.0 (IBM, Armonk, New York, USA). Two-sided test P < 0.05 was
considered statistically significant. Full details of the statistical methods
are available in Supplement 1.

Results
Participants and baseline characteristics

From August 1, 2020 and July 12, 2023, a total of 5107 patients were
screened and 248 were enrolled. Patients were randomly assigned to
receive either Chaiqinchengqi or placebo decoction (124 patients in
each group) and were included in the intention-to-treat population
(Fig. 1). Three patients in the Chaigincehngqi group and one patient in
the control group had safety data (eTablel in Supplement 3).

The characteristics of the patients were well balanced between the
two groups at baseline before treatment (Table 1). The mean age of the
enrolled patients was 44.2 years and 72.2% were male. The median
onset-to-arrival intervals were 38 hours. Hyperlipidemia (43.5%) and
biliary stone (23.4%) were the first two etiologies.

Primary and secondary outcomes

Respiratory failure occurred in 90 patients (72.6%) in the Chaiqin-
chengqi group and 99 (79.8%) in the control group. The duration of
respiratory failure was significantly lower in the Chaiqinchengqi group
than in the control group (median [IQR], 1.0 [0.0 to 5.0] vs 3.0 [1.0-
8.0]; median difference, -1; 95% CI, -2 to 0, P=.001) (Table 2). There
was significant difference in the probability of respiratory failure (HR,
0.67; 95% CI, 0.5 to 0.9; P=.002) between the two groups with Kaplan-
Meier curves (Fig. 2). The per-protocol analysis showed similar results.
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Table 1
Baseline Characteristics of the Study Population
Variables Chaiqinchengqi (n = Placebo (n =
124) 124)
Age, mean (SD), y 44.1 (12.1) 44.2 (12.8)
Sex, n (%)
Female 35 (28.2) 34 (27.9)
Male 89 (71.8) 90 (72.6)
Onset-to-arrival, median (IQR), h 40 (25 to 53) 37 (24 to 51)
BMI, median (IQR), kg/m?> 26.5 (24.3 to 28.9) 27.1 (25.2 to
29.3)
Etiologies, n (%)
Hypertriglycemia 59 (47.6) 49 (39.5)
Gallstones 31 (25.0) 27 (21.8)
Idiopathic 21 (16.9) 29 (23.49)
Alcohol 13 (10.5) 18 (14.5)
Drug-related 0 1(0.8)
Charlson Comorbidity Index, median 1(0to1) 0(0tol)
(IQR)
Laboratory tests
Hematocrit, mean (SD), % 46.0 (6.0) 46.0 (6.0)
White blood cell, median (IQR), 13.7 (11.0 to 17.7) 13.39 (10.6 to
x10%cells/L 18.1)
Total bilirubin, median (IQR), 16.9 (11.7 to 29.0) 18.2 (13.2to
umol/L 30.6)
Direct bilirubin, median (IQR), 5.1 (2.8 t0 10.3) 5.6 (3.2 t0 10.8)
umol/L
Alanine aminotransferase, median 22.0 (15.3 to 33.0) 25.0 (16.0 to
(IQR), umol/L 48.3)
Aspartate aminotransferase, median 33.0 (23.0 to 49.0) 33.5 (22.0 to
(IQR), umol/L 56.8)
Albumin, mean (SD), g/L 36.4 (5.6) 35.8 (5.9)
Glucose, median (IQR), mmol/L 12.0 (8.9 to 16.6) 11.4 (8.2 to
16.8)

Urea nitrogen, median (IQR),
mmol/L

5.1(3.7t07.5) 5.0(3.4t07.2)

Creatinine, median (IQR), mmol/L 71.5 (58.3 to 101.8) 74.0 (56.0 to
91.8)
Triglycerides, median (IQR), mmol/ 7.9 (2.7 to 15.5) 5.3 (1.5to0 16.1)
L
Alkaline phosphatase, median 75.0 (58.3 to 95.8) 70.5 (58.3 to
(IQR), IU/L 89.0)
Lactate dehydrogenase, median 405.5 (283.5 to 458.0 (268.0 to
(IQR), IU/L 604.0) 598.8)
Pancreatic amylase, median (IQR), 323.5 (154.0 to 376.5 (170.0 to
U/L 660.0) 778.0)
Amylase, median (IQR), IU/L 352.0 (172.0 to 498.5 (223.3 to
716.8) 872.0)
Lipase, median (IQR), IU/L 567.5 (272.0 to 748.0 (374.0 to
1252.8) 1524.5)
Sodium, median (IQR), mmol/L 133.1 (129.6 to 133.8 (129.8 to
136.2) 137.3)
Potassium, median (IQR), mmol/L 3.9 (3.5t0 4.4) 3.9 (3.5t0 4.4)
Calcium ion, mean (SD), mmol/L 1.9 (0.3) 1.9 (0.3)
C-reactive protein, median (IQR), 288.5 (187.0 to 285.0 (155.8 to
mg/L 399.8) 388.0)

Procalcitonin, median (IQR), ng/L
Clinical scoring

1.9 (0.5t0 4.8) 1.1 (0.4 to 3.0)

MMS score, median (IQR) 2(0to2) 1(0to2)
SOFA score, median (IQR) 2(0to2) 1(0to?2)
HAPS score, median (IQR) 1(1to2) 1(1tol)
BISAP score, median (IQR) 2(1to2) 2(1to2)
GCS score, median (IQR) 2(2to3) 2(2to3)
MCTSI score, median (IQR) 6 (41t06) 6 (4 to 6)
EPIC score, median (IQR) 5(3to5) 5(3to6)

Abbreviations: SD, standard deviation; IQR, interquartile range; MMS, modified
Marshall score; SOFA, Sequential Organ Failure Assessment; HAPS, Harmless
Acute Pancreatitis Score; BISAP, Bedside Severity Index Score for Acute
Pancreatitis; GCS, modified Glasgow Score; MCTSI, modified computed to-
mography Severity Index score; EPIC, extrapancreatic inflammation computed
tomography score.

For the secondary outcomes (Table 2), the duration of circulatory
failure, the incidence of circulatory failure, new-onset of organ failure,
multi-organ failure, and the utilization of inotropic agents (3.2% vs
12.1%, P=.009), the incidence of acute peripancreatic fluid and catheter
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Table 2 Table 2 (continued)
Primary and secondary outcomes Variables Chaiqginchenggi Placebo Between- P

Variables Chaiqinchenggqi Placebo Between- P (n=124) (n=124) group value

(n=124) (n=124) group value difference
difference (95% CI)
(95% Ch Infected pancreatic 8 (6.5) 1081  16(81t  .620

Primary outcome necrosis 4.8)

Duration of 1(0to5) 3(1to8) -1(-2to 0) .001 Catheter drainage or 11 (8.9) 24 (19.4) -10.5 (-19.1 .018
respiratory failure, necrosectomy, n to -1.9)
median (IQR) (%)

Secondary outcomes Severity, n (%) .004
Duration of 0(0to0) 00to0) 0(0to0) .008 Mild 15 (12.1) 10 (8.1) 4.0(-3.5t0
circulatory failure, 11.5)
median (IQR) Moderately severe 47 (37.9) 29 (23.4) 14.5 (3.2 to
Duration of renal 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 540 25.9)
failure, median Severe 62 (50.0) 85 (68.5) -18.6 (-30.6
(IQR) to -6.5)

New-onset of organ 6-month all-cause 8 (6.5) 7 (5.6) 0.8 (-5.1 to .790
failure, n (%) mortality, n (%) 6.7)

Any single organ 32 (25.8) 57 (46.0) -20.2 (-31.8 .001 ICU need, n (%) 5 (4.0) 14 (11.3) -7.3(-13.8t0  .030
to -8.5) -0.7)

Respiratory 30 (24.2) 50 (40.3) -16.1 (-27.6 .007 LOS, median (IQR), d 11 (8 to 16) 12 (9 to -1(-3to00) .080
to -4.7) 17)

Circulatory 2(1.6) 15 (12.1) -10.5 (-16.6 .001 Costs, median (IQR), 2,950 (1,945 to 3,818 -431 (979 to .070
to -4.3) $ 5,363) (2,135 to 67)

Renal 2(1.6) 6 (4.8) -3.2(-7.6to .280 5,841)
1.2) Duration of SIRS, 6 (3to 10) 9(4t013) -2 (-4 to-1) .001

Multi-organ failure,n 1 (0.8) 8 (6.5) -5.7(-10.3to  .040 median (IQR), d
(%) -1.0) 28-d cumulative CRP, 1,011 (789 to 1,172 -114 (-237 to .070

Organ supportive median (IQR), mg 1,284) (796 to 10)
treatment, n (%) 1,498)

NIPPV 48 (38.7) 59 (47.6) -89(21.1to  .158 Procalcitonin, median
3.4) (IQR), ng/L

MV 10 (8.1) 17 (13.7) -5.7(-13.4 to 154 3-d (n = 245) 0.7 (0.3t0 1.6) 0.6 (0.3 to 0.0 (-0.1 to .920
2.1) 1.6) 0.2)

Inotropic agents 4(3.2) 15(12.1)  -8.9(154to  .009 5-d (n = 195) 0.4 (0.2 t0 0.7) 0.4(0.2t0 0.0 (-0.1 to -876
2.3) 0.9) 0.1)

CRRT 7 (5.6) 9(7.3) -1.6 (-7.7 to .605 7-d (n = 198) 0.3 (0.2t0 0.5) 0.3(0.1to 0.0 (-0.1 to .650
4.5) 0.6) 0.1)

AGI grading, n (%) .008 14-d (n = 83) 0.2 (0.1 to 0.3) 0.1 (0.1to 0.0 (-0.0 to .389

I 60 (48.4) 40 (32.3) 16.1 (4.1 to 0.4) 0.1)

28.2) Interleukin 6, median
i 17 (13.7) 19 (15.3)  -1.6 (-10.4 to (IQR), pg/L

7.2) 3-d (n = 245) 52.0 (30.7 to 79.7 (36.9 -20.0 (-33.7 .001
11 39 (31.5) 51 (41.1) -9.7 (-21.6 to 83.2) to 120.8) to -7.9)

2.2) 5-d (n = 229) 44.5 (21.8 to 51.6 (29.5 -9.7 (-21.0 to .054
v 8(6.5) 14 (11.3) -4.8 (-11.9 to 80.8) to 106.0) 0.2)

2.2) 7-d (n = 197) 39.9 (18.3 to 37 (14.3 1.2(-8.2to .520

Duration of AGI, 2(0to5) 4(0to7) -1(-3to 0) .001 76.8) to 75.1) 10.6)
median (IQR), d 14-d (n = 83) 26.3 (16.8 to 19.0 (11.1 4.3 (-5.0 to .358

Duration of IAH, 1(0to4) 3(0to5) 0(-1to0) .040 52.2) to 56.4) 13.1)
median (IQR), d Albumin, median

Duration of fasting, 5(4to8) 7(t09) -1(2to-1) .001 (IQR), pg/L
median (IQR), d 3-d (n = 247) 34.1 (31.7 to 33.2(30.8 0.7 (-0.2 to 134

Anal tube, n (%) 11 (8.9) 30 (24.2) -15.3 (-24.4 .001 37.0) to 36.4) 1.7)

to -6.3) 5-d (n = 232) 34.5(32.5 to 33.6(33.6 1.2 (0.2 to .028

Gastrointestinal 66 (53.2) 73(58.9)  -5.7(-180to  .370 37.5) t0 36.7) 2.4)
decompression, n 6.7) 7-d (n = 198) 33.9(31.2to 340315 -0.3(-1.4to .674
(%) 36.4) to 36.8) 0.9)

Duration of 1(0to 3) 1 (0 to 0 (-1 to 0) .077 14-d (n = 85) 34.7 (31.7 to 35.7(33.1 -1.1(-29to .206
gastrointestinal 4.75) 37.4) to 38.2) 0.5)
decompression, Neutrophil count,
median (IQR), d median (IQR), pg/L

Prokinetic agents, n 23 (18.5) 38 (30.6) -12.1 (-22.7 .027 3-d (n = 245) 8.8(6.7t011.4) 83(6.5t0 0.2(-0.7 to 731
(%) to 1.5) 11.3) 1.0)

Local complications, 98 (79.0) 103 -4.0 (-13.8t0  .418 5-d (n = 232) 9.8 (6.8t013.9) 10.2(6.7 0.2 (-1.5to .763
n (%) (83.1) 5.7) to 14.4) 1.1)

Acute 80 (64.5) 95 (76.6) -12.1 (-23.3 .037 7-d (n =198) 13.6 (9.3 to 12.8 (8.9 0.5 (-1.4 to .583
peripancreatic fluid to -0.9) 18.2) to 17.6) 2.5)
Pancreatic/ 61 (49.2) 64 (51.6) -24(-149t0  .703 14-d (n = 85) 9.5(5.8t011.9) 83(6.5t0 -0.6(-2.6t0 535
peripancreatic 10.0) 14.1) 1.5)
necrosis VAS, median (IQR)
Walled-off necrosis 5 (4.0) 6 (4.8) -0.8 (-5.9 to .758 1-d (n = 248) 3(2t05) 4 (310 6) -1(-1to 0) .008
4.3) 2-d (n = 248) 3(2to4) 3(2to5) -1 (-1to 0) .001
Pseudocyst 3(2.4) 1(0.8) 1.6 (-1.5to .610 3-d (n = 247) 2(1to3) 3(1to4) 0 (-1to 0) .090
4.7) 4-d (n = 241) 2(0to 3) 2(0to 3) 0 (0 to 0) .689
5-d (n = 233) 1(0to3) 2(0to 3) 0 (0 to 0) .641
6-d (n = 211) 1(0to2) 1(0to3) 0 (0 to 0) .870

(continued on next page)
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Table 2 (continued)

Variables Chaiqinchenggi Placebo Between- P
(n=124) (n=124) group value
difference
(95% CI)
7-d (n = 200) 1(0to2) 1(0to3) 0(0to0) 944
PASS, median (IQR)
1-d (n = 248) 180 (105 to 210 (135 -30 (-55 to .028
230) to 265) -10)
2-d (n = 248) 135 (80 to 229) 203 (105 -40 (-70 to .002
to 278) -15)
3-d (n = 247) 115 (75 to 200) 183(91to  -40 (-65 to .001
254) -15)
4-d (n = 241) 100 (65 to 205) 158 (74 to -25 (-55 to 0) .025
220)
5-d (n = 233) 105 (65 to 170) 135(75to  -30(-60to-5)  .008
236)
6-d (n = 211) 80 (50 to 165) 120(65to0  -25(-50to 0)  .045
234)
7-d (n = 200) 90 (55 to 140) 110(50to  -15(-40to5)  .197
210)
Mean EQ-5D-5L
score, median (IQR)
7-d (n = 198) 0.83 (0.5 to0 0.9) 0.73 (0.2 0.06 (0.0 to .039
to 0.9) 0.2)
6-w (n = 226) 1.0 (1.0 to 1.0) 0.94 (0.9 0.06 (0.0 to <.001
to 1.0) 0.1)

Abbreviations: SD, standard deviation; IQR, interquartile range; CI, confidence
intervals; NIPPV, non-invasive positive pressure ventilation; IMV, invasive me-
chanical ventilation; CRRT, continuous renal replacement therapy; AGI,
gastrointestinal injury; IAH, intra-abdominal hypertension; ACS, abdominal
compartment syndrome; ICU, intensive care unit; LOS, Length of hospital stay;
SIRS, systemic inflammatory response syndrome; CRP, C-reaction protein; VAS,
visual analogue scale; PASS, pancreatitis activity scoring system.
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drainage or necrosectomy were significantly lower in Chaiqinchengqi
group than in control group. The duration of SIRS (6.0 [3.0 to 10.0] vs
9.0 [4.0 to 13.0]; median difference, -2; 95% CI, -4 to -1, P=.001) and 3-
day interleukin 6 (52.0 [30.7 to 83.2] vs 79.7 [36.9 to 120.8]; median
difference, -20.0; 95% CI, -33.7 to -7.9, P=.001) were significantly lower
in the Chaiginchengqi group than in the control group. Compared with
the placebo group, 5-day albumin (34.5 [32.5 to 37.5] vs 33.6 [33.6 to
36.7]; median difference, 1.2; 95% CI, 0.2 to 2.4, P=.028) was higher in
the Chaiqinchengqi group.

There was no significant difference in 6-month all-cause mortality,
the length of hospital stays and costs. The need of ICU admission was
significantly lower in the Chaiqinchenggi group than in the control
group (4.0% vs 11.3%, P=.032). Patients in the Chaiqinchengqi group
had higher proportion of mild and moderately severe form, however, the
placebo group had higher proportion of moderately and severe forms
(P=.004). As for patient self-reported quality of life, Chaiqinchengqi
group reported better quality of life in mobility, self-care, usual activ-
ities on 1-week after enrollment (P=.039).

The duration of IAH (1.0 [0 to 4.0] vs 3.0 [0 to 5.0]; median dif-
ference, 0; 95% CI, -1 to 0, P=.048), the composition ratio of AGI
grading (P=.008), the days of AGI duration (2.0 [0 to 5.0] vs 4.0 [0 to
7.0]; median difference, -1; 95% CI, -3 to 0, P=.040), and the days of
fasting (5.0 [4.0 to 8.0] vs 7.0 [5 to 9.0]; median difference, -1; 95% ClI,
-2 to -1, P=.001) were significantly lower in the Chaiqginchengqi group
than in the control group. Accordingly, the adherence of the Chaiqin-
chengqi group to receive the research drug treatment orally was com-
parable, and the time of use and the dosage of the Chaiginchengqi group
patients receiving the subject drug orally and by enema were lower than
those of the control group (both P < .001).

As for contaminant medications, the cumulative 28-day doses of

Subgreup No. Of events/ total No. Risk Ratio (95% CI) Favors Favors pisialing P value for
Chaiginchengqgi i Placebo interaction
Chaiginchenggi Placebo
Age, y
<60 79/113 88/111 0.880 (0.760-1.030) _._.. 0.110 0.912
60-75 8/11 11/13 0.860 (0.560-1.320) _._ 0.830
Sex
Male 63/89 77/90 0.830 (0.710-0.970) _,._ 0.020 0.094
Female 24/35 22/34 1.060 (0.760-1.480) _'._ 0.730
Body mass index
<28 58/77 59/68 0.880 (0.750-1.030) _._.. 0.120 0.810
>=28 29/47 40/55 0.850 (0.640-1.120) _.__ 0.240
Severity :
Moderately severe 26/47 14/29 1.150 (0.730-1.810) & 0.550 0.997
Severe 61/62 85/85 / 0.870
Admission
Direct admission 6/13 11/14 0.590 (0.310-1.120) —.—— 0.180 0.246
Teriary referral 81/111 88/110 0.910 {0.790-1.060) —i— 0.220 :
Charleson comorbidity index
<1 45/61 54/67 0.677 (0.295-1.556) = 0.357 0.690
21 42/63 45/57 0.533 (0.234-1.216) ‘e 0.132 '
Onset-to-arrival time
<24 14/27 18/25 0.419 {0.132-1.328) - : 0.136 0.485
224 73/97 81/99  0.676 (0.340-1.345) = 0.263 '
Previous AP episode :
Yes 36/56 35/45 0.514 {0.211-1.253) E 0.140 0.606
No 51/68 64/79 0.703 (0.320-1.543) i ! 0.378 '
0 0.5 1 1.5 2

Risk Ratio (95% Cl)

Fig. 2. Subgroup analysis for respiratory failure.
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neostigmine, dulcolax, and gastrofibromyalgia was not significantly
different between the two groups (eTable 2 in Supplement 3). The
catheterization of anal tube (8.9% vs 24.2%, P=.001) was significantly
lower in the Chaiqinchengqi group, but the utilization of gastrointestinal
decompression was not significantly different. Compared with the pla-
cebo group, VAS scores on 1 and 2 days and the cumulative dosage of
analgesics in the Chaiginchengqi group was significantly lower than in
the control group.

Subgroup analysis for respiratory failure within 28 days

In the subgroup analyses stratified based on age, sex, etiology,
severity, intervals from onset to admission, and referral, Chaiqginchengqi
was associated with a lower risk of respiratory failure among male pa-
tients (Fig. 2). Moreover, Chaiqinchengqi was associated with a lower
risk of new-onset respiratory failure among patients aged < 60 years,
male, body mass index < 28, severe form, with Charlson comorbidity
index <1, with admission intervals <24h and first episode of acute
pancreatitis (eFig. 1 in Supplement 3).

Time to respiratory failure resolution by day 28 in the chaiginchengqi and
placebo group

As compared with the placebo group, the Chaiqinchengqi group had
a lower cumulative incidence of respiratory failure resolution from
enrollment to day 28, with a significant reduction as well after the 3-day
landmark point (HR, 0.64 [95% CI, 0.42 to 0.96]; Fig. 3).

Adbverse events

Nonfatal serious adverse events occurred in 31 patients (25.0%) in
the Chaiqinchengqi group and 29 (23.4%) in the placebo group (P =
.767), mainly driven by symptoms in the digestive system such as
diarrhea and nausea. The adverse drug reactions of hypernatremia that
required treatment occurred in 24 patients (19.4%) in the Chaiqin-
chengqi group and 5 patients (0.4%) in the placebo group, respectively.
Specific adverse events are listed in eTable 3 in Supplement 3.

Discussion
To the best of our knowledge, this is the first large randomized

clinical trial to demonstrate the safety and efficacy of Chaiqinchengqi
decoction with 89.9% of the patients presenting moderately severe to

Respiratory failure
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severe acute pancreatitis. In this randomized clinical trial of Chinese
patients with acute pancreatitis, Chaiginchengqi decoction as an
adjunctive therapy in addition to guideline-directed treatment reduced
the duration of 28-day respiratory failure, as well as secondary outcomes
of circulatory failure, severity, gastrointestinal injuries, and new-onset
organ failure. The Kaplan-Meier analysis consolidated the primary
findings. This study provides important insights into the decision-
making around Chaiqinchengqi decoction in patients with acute
pancreatitis.

This trial proved Chaiginchengqi can reduce gastrointestinal failure,
promote the recovery of intestinal function, and ameliorates the acute
deterioration of new-onset or existing organ failure. In the early stage of
the disease, gastrointestinal injury and IAH are considered as the
“trigger point” for severe acute pancreatitis (Uhl et al., 1996; Wang
etal., 2003; Wu et al., 2014), which leading to the development of acute
respiratory distress syndrome and acute lung injury. Our study showed a
two-day reduction in the duration of respiratory failure, accompanying
with the duration of IAH in the Chaiqinchengqi group being reduced by
two days in comparison to the placebo group. In the theory of traditional
Chinese medicine, the lung and the large intestine have an
exterior-interiorly relationship. Our previous clinical study demon-
strated traditional Chinese medicines alleviated the duration of intesti-
nal obstruction and restore gastrointestinal function (Chen et al., 2015).
The meta-analysis showed that the combination of rhubarb may facili-
tate the restoration of gut function and alleviate disease severity in pa-
tients with severe acute pancreatitis (Chen et al., 2020). In the theory of
traditional Chinese medicine, the lung and the large intestine have an
exterior-interiorly relationship. The potential explanation for these
findings was that Chaiginchengqi decoction could reduce IAH, purge the
intestines and remove the detoxification, thereby alleviating respiratory
failure. Both groups were treated with the standard conventional
treatment, but the duration and dosage of the contaminant drugs,
including somatostation, octreotide and neostigmine, in the Chaiqin-
chengqi group were lower than those in the placebo group. It can be
stated with certainty that the improvement in clinical outcomes was
owing to the effect of Chaiqinchengqi decoction.

In this trial, the patients were followed up until 6 months from the
discharge, and the EQ-5D-5L questionnaire was used to assess the
quality of life in patients. The results indicated EQ-5D-5L score in
Chaiginchengqi group was significantly higher compared with the pla-
cebo group within 6 weeks after discharge. Chaiqinchenggi decoction
administration also effectively improve the health behavior ability of
acute pancreatitis patients, relieve the pain and anxiety of acute

Before landmark: HR, 0.70 (95% Cl, 0.45-1.08); P = 0.035
After landmark: HR, 0.64 (95% Cl, 0.42-0.96); P =0.006

Placebo

L

._|_I_|_I_‘_I 4.0%
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Fig. 3. Kaplan-Meier curves for the cumulative incidence of respiratory failure within 28 days. HR, hazard ratio.
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pancreatitis patients, shorten the time to return to normal life, help
patients return to normal work faster and improve the quality of life of
patients, and have greater social value.

Concerns have been raised regarding the safety of herbal medicine.
No severe adverse events were observed that were likely to be related to
Chaiqinchengqi decoction. Some potential safety signals remained, as
Chaiqinchengqi decoction may increase stool volume and frequency, as
well as the risk of hypokalemia. However, the increase in stool and
hypokalemia resolved upon cessation of Chaiginchengqi decoction and
with the administration of symptomatic treatment. It is our contention
that the increase in stool volume was indicative of enhanced intestinal
motility.

In this study, pragmatic approach was conducted to meet the prac-
tical needs of a heterogeneous population and the complex in-
terventions, considering the internal authenticity in addition to the
external authenticity of the study design. The AGI algorithm was pro-
posed to guide appropriate use of traditional Chinese medicine, but AGI
grading standard is a basic guidance. The use of research drugs was
based on the patient’s conditions and their wishes and the decision-
making of medical experts. This study may serve as a model for future
clinical trials to evaluate the safety and efficacy of Chinese medicinal
decoction for critical disease.

Limitations

There are several limitations of this study. First, the Chaigincehngqi
decoction is a traditional Chinese compound of multiple plant and
mineral products. Despite the clinical efficacy demonstrated in this trial,
the active ingredients and the exact mechanisms remain to be deter-
mined. Second, this is a single-center study, and the clinical practices in
relation to the patients with acute pancreatitis might vary among other
healthcare settings. Third, the placebo of decoction solution has always
been a difficulty in clinical trials due to the lack of uniform standards,
and the use of low-dose of Chaiqinchengqi decoction as a placebo is an
obstacle that restricts the clinical research of Chinese medicine for acute
pancreatitis.

Conclusion

The findings of the study provide compelling evidence that the use of
Chaiqinchengqi decoction as an adjunctive therapy in addition to
guideline-directed therapies significantly reduces the duration of res-
piratory failure and improved clinical outcomes within 6 months. Multi-
center, randomized controlled trial is warranted to strengthen the evi-
dence of safety and efficacy of Chaiqinchenggi decoction in the man-
agement of acute pancreatitis.

Group information

A complete list of the CAP trial investigators is shown in Supplement
4.
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