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FXHZ, R 4, ZEL2

VERERR S IR R B U R 2 A
PR MR AN R R B R 2 N

Weks . 20264F1H 100 FHER: 20264F2H4H; KA AHM: 202642 12H

HE

H#: #E % T Balthazarit4r. CRBEH (C-reactive protein, CRP)RIER ) S 14 iR AR % (acute pan-
creatitis, AP) A\ B¢ ST R & BEAEL /R 1 42 B AL,  FFPP il A 51 XS 43 2 H I s PR SL A
. BRE5HE: BFEHA2024E1H1HE12H 31 H ZEBERKEHN BN ZERTE RIS NAPK
B, A BEANRT72/ME A SERERCTHR, 24/ MTHRRMARELRERE. FRATELXSAEEE
EL R, BIFEEERTRE(CU)E. Z#EIIREE &BENILT: . T Balthazari¥4. FEFICRPH
#{X & BalthazariF4r FIHEZIMO. IIAER FEEIM1 L =R BA EEIM2, KA Z3RE TIERHE #
2% T M5 (area under the curve, AUC). Bootstrapf# i 28 X SRk R/ A iR ZU Mg, HET B
A RINLE . 4R EPA193FAPEE, HhIEEEH1756], EEH18%]. EiEH K Balthazar
A MCRP/KFHER TIREELH(P < 0.001). £EELogisticE 54 #T&/R, Balthazarif4;(OR =
3.108,P <0.001)FICRP (OR=5.841,P=0.009) 58 S EEL R R LMK, MERKRELGITHEEE. M2
IAUCH0.888 (95% CI: 0.814~0.962), Hi-T-MO (AAUC = 0.107, P = 0.002)RIM1 (AAUC = 0.080, P =
0.017), Ei&EiIBootstrap#k fl ZRIIE T 51 £ B T A 2 Y FRIAE 5 S PR MR VI S 50 tRIR #2247
&R, M2EZEBREMZEN0.10~0.300 BERHE ISR . 4. E T Balthazari¥sr. 8 X CRP
MR B AR B R EE N R BB AR B TNAPE S EEL R, RMESH, BHTWEKE, &4
B SR ZH KRBT RERESE.
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Abstract

Objective: To develop a nomogram model for early prediction of composite severe outcomes in acute
pancreatitis (AP) patients based on Balthazar score, C-reactive protein (CRP), and age, and to evaluate
its clinical application value in early risk stratification. Methods: This retrospective study included
patients diagnosed with AP who were admitted to Lu’an Hospital of Anhui Medical University between
January 1 and December 31, 2024. All patients underwent abdominal CT scanning within 72 hours
of admission and relevant laboratory tests within 24 hours. The primary endpoint was the composite
severe outcome, including admission to the intensive care unit (ICU), multiple organ failure, and in-
hospital mortality. A Logistic regression model was constructed based on Balthazar score, age, and CRP,
including MO (Balthazar score only), M1 (Balthazar score and age), and M2 (Balthazar score, age, and
CRP). The model performance was evaluated using the area under the receiver operating character-
istic curve (AUC), Bootstrap calibration curve, and decision curve analysis (DCA), and anomogram
was constructed based on the best model. Results: A total of 193 AP patients were included, with 175
in the non-severe group and 18 in the severe group. The Balthazar score and CRP levels were signif-
icantly higher in the severe group compared to the non-severe group (P < 0.001). Multivariable Logistic
regression analysis showed that Balthazar score (OR =3.108,P <0.001) and CRP (OR =5.841,P = 0.009)
were associated with the occurrence of composite severe outcomes, while age did not reach statistical
significance. The AUC of M2 was 0.888 (95% CI: 0.814~0.962), which was superior to M0 (AAUC=0.107,
P =0.002) and M1 (AAUC = 0.080, P = 0.017), and the Bootstrap calibration curve validated a good
agreement between the predicted values of the nomogram model and the actual observed values. De-
cision curve analysis showed that the M2 model provided higher net benefit within the threshold prob-
ability range of 0.10~0.30. Conclusion: The combined model based on Balthazar score, age, and CRP
can effectively predict the composite severe outcomes in AP patients early in the admission process.
Itis simple, easy to use, and suitable for clinical application, providing a reference for monitoring inten-
sity and treatment decision-making.
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1. 5|8

SRR 78 (acute pancreatitis, AP) 2 W SEAE, 29 20%M B F AR AR R AN EE, ST
THRERERS, TCU YA 22 A0 8 XS B R TH 1] I8 PR S B 75 7 AN Be 5 #] 24~48 h P Se letod . HER 1)
R4y E[2], ARSI SR M IEACE . P Ranson W40 Ml APACHE I+ % %, 0S8 KR
48 h JEA BEIRAF, AT HIIPEAG[3]: BISAP BAEME, HEEPRSHFETUWHER, RELFR. @&
MR CT M E 2 485 (modified CT severity index, MCTST) R 5 £ i Al A fig J&] 9% i 67 47 A1) 3 5 AIE
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[4], SRR FIAARICAE RAEAEA AL, BURIE TR, SARE, UK —Im R EGAAR 2 Fa bn DL 4
B AP 4 B SOREARAS AN S fef,  H AT i = — Fh/E R IR0 AT 3R 1S . AR Sk Ik B T IR 55 S 1)
CEETN T E[5]. T LR R, AFFES Balthazar W4, C N H(C-reactive protein, CRP)FI4:
U, AL N e L S TN AP 52 ERE £ ) XU PR A1 4 A, I i 52X T ARARRAE 1th 42 T 1 AR (area under
the curve, AUC). H Bhik(Bootstrap) e 7 i £& M 1 5 #h 25 23 H7 (decision curve analysis, DCA) & Gt PR AR Y
I FT s RHERE S G IR 3R 2, BEN AP B3 BIAMEA RS 73 JZ FE T TR SR f—Fh i (5 H. 5 T4
ST A

2. BIRNEFE
2.1. ARFITEHR

MBS T 2024 4 1 F 1 HZ 12 H 31 HEARIE 2 BIERER % 8 N 2 EE B B 128 AP 1)
BEVRL. AR FIMAFRUHER: 1) FR > 18 &5 2) ARt 72 /N 5SS CT £33 3) ABE 24 /)
B P9 SE BRI AAR G SIS AT A . HEBRFRUE . 1) MR R AE 220y (B 72 /NF s 2) A7 TE IR R
BRI T AR 3) ABE 24 /MR B A e Bk CT MG REAVE: 4) MFIREE: 5) HAhg
SR . AR RSN % T N REREFAC B B2 I S5 2025LLKS-KY-073), #3
TS 1E F =

2.2. BEFESIGKREERE

JEHE CT K AR, BT B YHUMEMY, B 28 kT RABGYE CT Fffi0GHT, SESHRE
WR: EHIE 120KV, H3EBERAHATCM), 4286 0.992, HlZE5%EE 80mm, Z/E Smm, ZHE 5
mm, LB 500 mm x 500 mm, FEFEKR/N 512 x 5120 A CT FGIIMNZ TR ALEE R (PACS)H [H]
JEPESREL . P4 B 6 5 10 4 TAESLI R UG BHEITEAF1 £ ZA S RTHE TSI A,/ 8aEid
e —BUE e A -

i R 2R FEE RS . CRP (mg/L)ZE 8 MBS ANBE S5 24 h N EIR DR 36: R 48P 3R E . N (RAIE Hicdi v
PR e B, 42 2 DT ST ST A LA R I S N BRHE
2.3. AR

1) AP Wi FF A 181THR Atlanta 232 2 (b B SRR R 26 76 9(2021)) [6][7]: SRR . i
TER /R0 > IEH R 3 M5, AR RN AP ST > Wi, 2) LAY E ThRE T I E UK IEIEIT
fit Marshall ¥¥-43[8]. 3) Balthazar vF5> 4% 1985 4 Balthazar Z:H2 1) CT 73 ZbnifE[9]3% A~E 447, IF4%
B 0~4 TS 0H(A=0,B=1,C=2,D=3,E=4), {F&ET CT Fi3n] WA FEIR M 5 % 0 e
BERBRI, AV BEARIABE
24. TESHEIEE

AR EEA SN T G EEL R, WS RN AP (ERCAIR . 5 A HAE 45 = 10 24 s A
i 1) NMESEERPHEACU), f8HE AP M B i A R a™ & Wy mifits 1ICU; 2) 248
HINReREE; 3) BENAET . B I FRAE—F R ONEEH (Severe 4l), HAREH A NIEE
JiE2H (Non-severe ).

SEE AT SR IRE 5,  TEiL € Balthazar P45 AFESFI CRP LTI F: Balthazar 15
S S5 R 9 ST S RREFR S, AE AR AR IERIR L S8 B %, CRP R4 & RE R N . %5
OB A T AT A DL, BRI HOU A SRR I HE RS A fef il 1, IO R T B R e 3 ANRAN . B
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F LR BT E 3 MRE Logistic [A] TR . {5 Balthazar PF4FIE T MO, 7E MO FERE_E AR
WHIREAR M1, AR [RIF 44\ Balthazar ¥4y« 4FER A CRP RIBESHER M2, FH T IPAN 220 g N A B A
BIPERE IR

2.5. G E N

K SPSS (27.0.1 fRA)FT R 1 (4.5.1 AT G0 M. iH BRI ek T ESMRLK, liE
B RDLL ¥ +5 Fon, LA HECR ABOIREEAR ¢ R5: WSS T EZTEDL M (Q1, Q3)FR, 4l
[A] LL K H Mann-Whitney U B FIfG S . THECFERILL n (%)%, HIAELECR A 2 15081 Fisher fiIMER
%o FIEKIRYI NI, P<0.05 NERH S FE L.

NBEARAR AN ENE AT 520, X CRP HEAT H ARXT 34 e loglp(CRP), F£44 Balthazar ¥4 ik
J logl p(CRP)¥% % H B bR 24T Z EARHEIL AR B, 278 & Logistic [F1J9 5 LU AH b (odds ratio, OR)3
FORAHRAL BRI N 1 bRt ZE I 52 A FRE KR AR R . LR A EEL R A RA R, 4857 MO,
M1 Fil M2 B, 155 AR R [E] U9 R 40 OR f 95% B A5 X ] o #23Y [X 43 K F AUC V¥4, 31 DeLong
K36 E A R E] AUC % 55 K Bootstrap HJHFE(B = 1000)22 Hil 15 14 il 28 VP A5 AR RIS HERE , 3R] DCA
EL MO M1 A M2 fEASR REAE R B A R IR 3135 . T RIMBAEIRE A @SR, T ML
DA A FRE R o

3. 58
3.1. MREGEELIFE

Table 1. Group analysis of clinical, biochemical, and imaging characteristics in acute pancreatitis patients

=1L SMBRRABENIRK . EUSHEFHESEIH

, ISP (4 AR FEAEL
% el (n =
FEAE (= 193) (n—175) HEM (n = 18) P {H
SRS 52.5+16.1 52.0+15.6 57.6 +20.7 0.285
e o
e 19~90 19~89 25~90
5 128 (66.3% 116 (66.3% 12 (66.7%
) (66.3%) (66.3%) (66.7%) 0.974
57S 65 (33.7%) 59 (33.7%) 6 (33.3%)
X H 70 (36.3%) 65 (37.1%) 5(27.8%)
AT ’ ’ ’ 0.431
I 123 (63.7%) 110 (62.9%) 13 (72.2%)
H 22 (11.4% 20 (11.4% 2 (11.1%
IR 5 (161 (11.4%) (11.4%) (11.1%) 1.000
I 171 (88.6%) 155 (88.6%) 16 (88.9%)
\ H 7 (3.6%) 5(2.9%) 2 (11.1%)
R R (1) ° ’ ’ 0.130
I 186 (96.4%) 170 (97.1%) 16 (88.9%)
o H 22 (11.4%) 19 (10.9%) 3 (16.7%)
2 2 B LR (1) ’ ’ ’ 0.438
I 171 (88.6%) 156 (89.1%) 15 (83.3%)
Balthazar -4 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 2.0 (1.0, 2.0) <0.001
CRP (mg/L) 107.1 (33.5,183.6)  99.8(29.3,171.7)  204.1 (144.0,269.0)  <0.001

e EIEAARAEE SRS RN EE . FER L X +s o8, Balthazar ¥ &% CRP LL M (Q1, Q3)#E /R, %%k n
(%)FEoR; YA I t #2538 . Mann-Whitney U 485 K y? #2305 Fisher F5HitG56 -

AU FEILGIN AP B 193 4, HAdrEAEH 175 B FEAREA 18 Bl BAHER SN AZERHT
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it m (P > 0.05), SIFMHARE. RIS WEPRIp A S I URE &6 6 6 D8 32 2 W 20 [R] 22 R R TGt i 22
X(P>0.05). HAEEMEHMLL, HAEZ Balthazar P70 5 m, HAECH 2.0 (U 1.0~2.0)7, xR H
K80y 1.0 (JaIH 1.0~1.0)7), P <0.001, CRP/KFIREE S, HA7%Ch 204.1 (Vi 144.0~269.0) mg/L, *f
M4 A7 %7 99.8 (GEH 29.3~171.7) mg/L, P <0.001 (% 1).

HEHRIEL R AEFN 18/193 (9.3%); HF/F N ICU G 11/193 (5.7%) £ 4B IRERE M 13/193
(6.7%) & BE N BET: 2/193 (1.0%). TEEREH (n = 18)H, LIRF/F4: TN 11/18 (61.1%) 13/18 (72.2%)F1 2/18
(11.1%). R A7 7] — B h ][Rl A .

3.2. AP ESEEFNEENEN 51T

3.2.1. ZTEEALER

ZAF & Logistic [F[JA%5 R WL 2. Balthazar 3¥47(OR = 3.108, 95% CI: 1.820~5.307, P < 0.001)#
CRP(loglp) (OR = 5.841, 95% CI: 1.558~21.894, P = 0.009) 5% A EAELE R A MG, FRRIAG A EE
(OR = 1.487, 95% CI: 0.851~2.599, P = 0.164).

Table 2. Logistic regression results of model M2 for predicting composite severe outcomes in acute pancreatitis

2. HE M2 NS ERIR K E A EAEL BB Logistic [B1Y3LER

AR (R M2) OR 95% CI TR 95% CI LR P1H
Balthazar 14 3.108 1.820 5.307 <0.001
e 1.487 0.851 2.599 0.164
CRP (loglp) 5.841 1.558 21.894 0.009

T: OR A% 1 SD bl jm FILLELL, FRoRBREIN 1 AMFrvEEZE XU AE 1L .

3.2.2. BB ESHER WS

TR M2 ] AUC 9 0.888 (95% CI: 0.814~0.962) . 3£ T Youden $i& HUf & i T A % 15 20 9 0.078,
Sof U 0.834 FEREE 0.79. 5 MO AHEL, M2 ) AUC #i1 0.107 (P = 0.002); 5 M1 AHELIE 0 0.080
(P=0.017); M1 5 MO0 ) AUC ZR LG 125 (P =0.395) (WL 1. % 3). Bootstrap EHHFE 1000 A%
IEJE R M 2R o, 270 28 P TS 284 (1 F0 A 5 S B I S B W & i LIS 2

F A JRIR T A [EN R S R 28 S (0 G B A5 R R A e S AR TN K B RN L o ZE AR TR A B
I HHYEE S R 4 38 68 151(35.2%), UIRIRME SRR 2 53 37 11(19.2%), HEARUE M S PERAR 75 5
2 B(1.0%), ARREAGIRTE SUPERIR A B 86 51(44.6%) . VUSRS Mk iR ¢ /B B & T 45 R R A0 5
N 5.9% (4/68)« 8.1% (3/37)~ 50.0% (1/2)'5 11.6% (10/86), #H[A1Z R LG X (P =0.140). %X THHAES
FHHMEARAIRM=2), HREFRRAAEBRAENE, 258/t 1 Balthazar 753 F1 CRP /K177
i, #HZERWIGI 2R (P =0.813 F1 P=0.689). FrfimE4Li Balthazar /- P ALE044 1.0,

Table 3. Discriminatory performance and gain analysis of different predictive models based on Balthazar score, age, and CRP

= 3. &T Balthazar iT457. F# X CRP B [E FUMAERIF B4 RE K 25 57 4

iR AUC (95% CI) AAUC P4 PRI H A

MO 0.780 (0.669~0.892) - -

Ml 0.808 (0.695~0.920) +0.027 0.395 M1 vs MO

M2 0.888 (0.814~0.962) +0.080 0.017 M2 vs M1
+0.107 0.002 M2 vs MO

¥E: P {HN DeLong 4.
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Figure 1. ROC curves of three models for predicting composite severe outcomes of acute pancreatitis (AP)

B 1. =MiRETUN AP 8 & EELFAY ROC BhiZk

SRR

Figure 2. Apparent calibration curve and Bootstrap calibration curve of model M2
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Table 4. Comparison of composite severe outcome incidence and model predictive performance in acute pancreatitis patients
with different etiologies

4. TEFRESMRBRREBEESERELRRERSRETNMREARTLE

5 A EJEPE(n = 68) IREMEM=37)  MWEEH0=2)  JEEAREM:® = 86) P fH
RAEZE () 4 (5.9%) 3 (8.1%) 1 (50.0%) 10 (11.6%) 0.140
Balthazar 1.5 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 1.0 (1.0, 2.0) 0.813
CRP (mg/L) 99.6 (29.3,171.7)  119.1 (20.4, 187.4) 184.1 110.8 (34.4,189.4)  0.689
B AUC 0.867 - - 0.868

TE: %ANHNKAZ. Balthazar iF53 & CRP LA M (Q1, Q3)#F~, iHEFEEILL n (%)Fr: A LB R K 516565
BRI RTEZMTANOVA). KH “-7 Rorifnkalfdi gl b, TikEair.

3.2.3. RRHZLS(DCASTLE

R Hh 4 W 3. EBMEMEZEZ) 0.10~0.30 N, M2 MiZEE4A ST treat-all (2 T11)5 treat-none
(AT Hng, HisT M0 5 M1 FET M2 519 R 80 @ 51 4 Kl (14 4), 7 Balthazar P73 46% 2 CRP.
K 5 51E 6 a2k BT ) SR R (R T R IR B R S 548 F Jids, AN AR P RE VP0G sk o

fEFE) o
3
° —— Mo
— M1
—— M2
-—-- Treat-all
8 e --- Treat-none
o

0.04

iR

0.02

0.00

-0.02

0.1 0.2 0.3 0.4 0.5

R (e A 2

Figure 3. Decision curve analysis of three predictive models

B 3. =/ PR B AR R B Z S AT
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Figure 4. Nomogram of M2 prediction model based on Balthazar score, age, and CRP

4. BT Balthazar 14> F# & CRP A9 M2 FUERI 1|2 ]

Figure 5. A 29-year-old male with a Balthazar score of 2 and CRP of 9.96 mg/L upon admission. Abdominal CT axial scan
shows slight enlargement of the pancreas, increased fat density around the pancreas with striped and reticular patterns, and no
obvious fluid accumulation. The nomogram predicts a 4% risk of composite severe outcomes. The patient did not develop
composite severe outcomes during hospitalization and was discharged after symptomatic treatment

& 5. B, 29 %, ABxET Balthazar i£4) 2 4, CRP 9.96 mg/L; LBEEB CT WAL FH AR BRERIATATEE K, BRERER
FBEESHIEZLOR. WK, TRAERK. JIXETNESEENGELY 4%, EFRAEDRLXEEAEESR, B
E=popn=tid=furl
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Figure 6. An 85-year-old female with a Balthazar score of 4 and CRP of 70.54 mg/L upon admission. Abdominal CT axial
scan shows unclear morphology and blurred boundaries of the pancreas, with multiple fluid collections in the peripancreatic
and retroperitoneal spaces. The nomogram predicts a 97% risk of composite severe outcomes. The patient developed composite
severe outcomes during hospitalization and was subsequently admitted to the ICU for treatment

6. %, 85%, APFiht Balthazar ¥4 4 4%, CRP70.54mg/L; SR CT ML FIR: BREASKE. HFIEH,
BREANEEGERS A RRRR. JIEKETUNESEENEL 97%, ERBELXEESEESE, BEMBBEE
ICU FEZHRIETT

4. ¥Wig

AW I T N BE R 1] 35431 Balthazar 4> CRP 54 E T SPEEIR & B & EREL R PR AL,
e EBIGIE . B R R A ERERAERN 93%. FLIEER, HAEL] Balthazar P43 & CRP /KF1
s TAREAEA, $Eon R SORE AT 5 A B ST I N 5 5 A B A R R AE A DG, Miko G101 25 %55
MrddoR, CT ™5 & A IR ARTE TN B 5 20 T 7 T 2 — e it [RIRE, Wu S5[11]%F CRP 1 RG01VT
M R S AR H ™ R R RN B . ASHIF T 2 3 (1 I T 1) 5 R IEdE — 2.

BEAE AT 78 22 M RSG5 7 B 5 B 4 0 A 78 42 0 — 48 P JEAT B VP Al (EIR PR SE B b = R AN A
Balthazar P73 32 %2 S Wi i 2 Jik J& 4 7 3 ) 5 YA R SR A5 5, (i 1 vl o 0 7 3 4% i e P 448 95
BEAERE 78 B8 525 25 7% B P P B 5 1 R &5 R A DS MRS i, T FH T S s s 47 A 5 105 U [12]. CRPAE
NV R N, TR RS SO S B R, {H B B 5 52 R LR S MR ZE R[] 4
WEAE— R E RIS RIPIR DU AT 28 B A 25 B 70, B AF B RV G R BB 22 I I RAE I R B T TR —
|[13]e B, ARBFFOR GG RIEEESEEFEEAGEEPINF—HEL, BRI
SRR 2 p ]

ZAF BTN, Balthazar W45 CRP(loglp) 58 & HAEL R kK4 B WM KM, MER RKIAS
W RE. ZE R RS EREFAEERD SEAR TR RA K AR, FR I n fe R i 5
9T R T N AR R JE 4 30 o AR, AT AR T LS 0N (A HH B F0[13]0 46T AR R BRAE XU 43 2 T A
RNz, R AR R R S, AR AR AR, ORI T S SRR I8 R X 5 RE
A LRMEHELLE[14].

AT E REN R ATFE B4 G . P CT MM T, BALK RSG5 5 RIESR
WA, BEETE(S A SRR T ID 5 2« AHEUE G075 B0 2270 5 B AT (0] 2SRV R R
KA NTE D> TR B, EAE AN RIS AR SR TR, TR R R EEEY)
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WA s AR S VPRI NRE[15]. TEAFDBFEZ T, Balthazar ¥F45 5 CRP /K-F35.5 5 & HEAEL 7 2 AHIA
TrT I SREk . BR AR AL PR YR 5 AR A AR IR IR 20 b i T A RE PR Fp AR e, SRR ARLAEAN R 79 5 R
HA @ g, HAEAFPRE RS, A RESTRIEF T REE s, T EsbBAs o St
— & AN B BHE S — B RAIE[16].

MR R, SR BT o, 72 BIMEMERZ) 0.10~0.30 Y Y, BeA R A B s R
aio FERHATHI TG RIS  Z 5, Wiy o 5 B MR YD 2 HE, BB R e B
I HE TR 16]. Behh, FULED BRI AT AL 2B, 8 T RS R AR XS . BT
KN THHEIBIFHRANG R ARG, W N TSR Z ISR AT — 2k, R A T )5 SEE SEPr i
IR RPEAR R 5 B ARHE[17] . JLEEK, TR FE Sl AL AS 5 50 B 2% B S0k U B AE B A0 T
(18], (HEAEA R pL (3 AR 2 R RIS SORBUE S RS AT . 2N, ABFTERH D
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