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[Abstract] Objective To investigate the early dynamic changes of biomarkers associated with capillary leak
syndrome (CLS) in patients with severe acute pancreatitis (SAP) and their correlation with multiple organ failure (MOF).
Methods A total of 171 SAP patients admitted to the West China Centre of Excellence for Pancreatitis, West China
Hospital, Sichuan University between September 1, 2019 and December 31, 2020 were enrolled for this study. The patients
were divided into MOF and non-MOF groups based on the occurrence of MOF in the first 5 days of hospitalization, and
were further divided into subgroups based on the presence of moderate-to-severe intra-abdominal hypertension (IAH).
We performed dynamic monitoring of the blood biomarkers (hematocrit [HCT], blood urea nitrogen [BUN], and
creatinine [Cr]), plasma proteins (albumin [Alb], total protein [TP], and non-albumin plasma proteins [NAPP]), and
intra-abdominal pressure. Trends in these indicators across groups were analyzed comprehensively. Results No
significant differences in baseline data between the two groups were observed. The baseline data of the 2 groups were
comparable. The MOF group had significantly higher rates of persistent systemic inflammatory response syndrome (SIRS)
lasting 48 hours (91.3% vs. 71.8%), ICU admission (70.4% vs. 17.6%), and length-of-stay ([32 + 17.7] days vs. [19.0 £
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12.2] days) compared to those of the non-MOF group (P < 0.05). The incidences of respiratory, circulatory, and renal
failures were higher in the MOF group than those in the non-MOF group, showing significant differences in circulatory
failure (69% vs. 3.5%) and renal failure (65.5% vs. 3.5%) (P < 0.05). In the first 5 days of hospitalization, the MOF group
showed significantly elevated BUN and Cr levels, while Alb and TP levels dropped rapidly upon admission and then
gradually recovered. The NAPP level of the MOF group continued to decrease after admission, and on the third day after
admission, the NAPP level was lower than that of the Non-MOF group, showing statistically significant difference (P <
0.001). The AIb/NAPP ratio of the MOF group decreased significantly on day 1 and then rapidly increased, showing
significant differences between the groups on days 3 and 4 (P = 0.001). Subgroup analysis of MOF patients with moderate-
to-severe IAH revealed similar trends in the dynamic changes and the overall changes in the indicators, and the difference
was even more pronounced. The mixed linear model showed that the average levels of HCT, BUN, AIb/NAPP, and
Alb/TP were higher and increased over time in the MOF combined with IAP subgroup (P < 0.001). Conclusion The
CLS model of SAP patients is validated, confirming that CLS is a key factor in the progression from SIRS to MOF. The loss
of NAPP is an early and important indicator of CLS persistence and progression to MOF. Additionally, moderate-to-
severe IAH accelerates the deterioration of MOF. These findings provide valuable insights into the potential mechanisms
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of MOF and warrant further validation through large-scale prospective studies.
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%1 SAPHEENon-MOFAFMOFAMEL FRILLE
Table1 Comparation of baseline data of SAP patients between Non-

MOF and MOF groups

Index Non-MOF (n=142) MOF (n=29) P
Agelyr, Tts 453+11.8 471%13.7 0459
Man/case (%) 105 (73.9) 24 (82.8) 0.442
Body mass index/(kg/m?), ¥ s 26.56£3.42 27.36+4.03  0.271
Smoking history/case (%) 32 (35.2) 12 (57.1) 0.107
Drinking history/case (%) 36 (39.6) 11 (52.4) 0.408
Hypertension/case (%) 11 (12.1) 2(9.5) 0.629
Diabetes/case (%) 5(7.9) 5(10.2) 1.000
Etiology/case (%) 0.162

Biliary 58 (40.8) 16 (55.2)

Hyperlipidemia 58 (40.8) 13 (44.8)

Alcohol 6(4.2) 0(0.0)

Idiopathic 14 (9.9) 0(0.0)

Other 6 (4.2) 0(0.0)

Ze42f) . HhNon-MOF 14241, MOFZH 291, Wi£H
HOEAEWS 0 45.3 48 Fa7.1% 5 B M5 oy 5ok
73.9%. 82.8%; MOFZLAYBMI, WA 5 | AR s FOBE R G
51 B 9135 75 T Non-MOFZH, P 2H B9 R i = Ak vl
IR ILAE . ARIEME | REA P, B22 R G2 L. ™
ZH B GORL LA AT HEE
22 IGKRER

Z5RLF2, MOFA B #H F72:48 hSIRS K A4 % |
ICU% A SE BB it ] 3575 T Non-MOF4, H 2 5%
At L (P<0.05), MavEIRE = m E R A,
MOFZH Y WEI | A6 PR FEF D) Be 3 1) & A= %42 15 T Non-
MOFH, Hih G R 32 i ' D B vl R AE R X R A 51T
7 X (P<0.05) . 5Non-MOF H#, MOFA IR 4E
It 30% 7 O RIBE T A T, (H 22 R RS TR X
(P>0.05), MOF& I TAHI 40 Ifi K45 5 Hb 4%, 5 Non-
MOF IAH# 032, A I B BEIAHMOFA 8 # 1CUSL

®2 SAPEERSAPEEGH P EEIAHT HNon-MOFHFMMOFARIIEFR L B LL 5
Table 2 Comparation of clinical outcomes of SAP patients and SAP patients with moderate and severe IAH subgroup between Non-MOF and MOF

groups
Clinical outcomes Non-MOF (n=142)  MOF (n=29) P N ™ Tt P
SIRS-positive within 48 h/case (%) 102 (71.8) 27 (93.1) 0.029 45 (80.4) 19 (95.0) 0.236
Pancreatic necrosis > 30%/case (%) 16 (11.3) 7 (24.1) 0.074 41 (73.2) 16 (80.0) 0.153
Hospitalization days (X + §) 19.0£12.2 32.0+17.7 <0.001 18.9+7.4 34.8+18.2 <0.001
ICU admission/case (%) 25 (17.6) 19 (70.4) <0.001 8 (14.3) 12 (66.7) <0.001
Organ failure/case (%)
Respiratory failure 131 (92.3) 29 (100.0) 0.257 56 (100.0) 20 (100.0) /
Circulatory failure 5(3.5) 20 (69.0) <0.001 0(0.0) 11 (55.0) <0.001
Renal failure 5(3.5) 19 (65.5) <0.001 0(0.0) 15 (75.0) <0.001
Death/case (%) 3(2.7) 6 (10.3) 0.077 1(1.8) 6(27.3) 0.002
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Table 3 Mixed linear model results for the subgroup of SAP patients with moderate and severe IAH in Non-MOF and MOF groups
HCT BUN Cr Alb

Coefficient

OR (95% CI) p OR (95% CI) P OR (95% CI) p OR (95% CI) P
Intercept 0.44 (0.43 to 0.46) <0.001"  657(551t07.64)  <0.001" 104.38 (8538 to 123.39) <0.001" 32,02 (30.42 to 33.60) <0.001"
MOF 0.034 (0.005 t0 0.064)  <0.001"  494(2.66t07.22)  <0.001"  106.02 (66.94 to 145.08) <0.001° —2.00 (—4.70 t0 0.69) 0.153
Admission day —0.030 (—0.035 to —0.026) 0.02°  0.19(—0.11t00.49) 022 —6.83(—11.17to —2.48) 0.002° —0.15(—0.85t00.54) 0.167
Day-by-MOF —0.014 (—0.023 to —0.005) 0.002° 0.84 (0.24 to 1.44)  0.007° —2.296 (—6.30 t0 10.91)  0.60 0.78 (0.19t0 1.75)  0.167

interaction
TP NAPP Alb/NAPP Alb/TP

Coefficient

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) P
Intercept 55.64 (53.47 t0 57.81)  <0.001"  24.52 (23.46 t0 25.58) <0.001" 139 (1.30 to 1.48)  <0.001" 0.5758 (0.5596 t0 0.59) <0.001"
MOF —0.48 (—4.15 t0 3.19) 0.8 113 (—0.812t03.04) 0257 —0.16(—0.309to —0.010) 0.04° —0.034 (—0.06 to 0.075) 0.014"
Admission day —0.86 (—1.88t00.16)  0.101 —0.998 (—1.51 to —0.49) <0.001"  0.033 (—0.005 t0 0.072)  0.09 0.007 (0 to 0.014) 0.056
Day-by-MOF ~ —0.36 (—1.99t01.26)  0.67  —0.81 (—1.69t00.07)  0.07 0.10 (0.042t0 0.16)  0.001"  0.019 (0.0008 to 0.030) 0.001"

interaction

OR: odds ratio; CI: confidence interval. P < 0.05, the mixed linear model showed that the MOF group had increased mean levels of HCT, BUN, and Cr as

well as increased HCT and BUN levels over time as shown in the interaction term “Day-by-MOF interaction.”
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