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Abstract

Objective: Based on the public critical care database MIMIC-1IV version 2.2, this study aimed to analyze
clinical characteristics associated with recorded in-hospital acute kidney injury (AKI) among ICU pa-
tients undergoing pancreaticoduodenectomy (PD) and to provide an exploratory visualization of AKI
status identification based on logistic regression results. Methods: Adult ICU patients who underwent
PD in MIMIC-IV 2.2 were included. PD was identified using ICD-9/ICD-10-PCS procedure codes, and
AKlI was defined according to ICD-9/ICD-10 diagnosis codes recorded during hospitalization. Demo-
graphic characteristics, comorbidities, severity scores, laboratory indicators, and treatment-related
variables were extracted. Univariate logistic regression was used to screen candidate variables asso-
ciated with recorded in-hospital AKI, followed by multivariable logistic regression to identify inde-
pendent associated factors. Based on the multivariable logistic regression model, a nomogram was
constructed exploratorily, and a receiver operating characteristic curve analysis with the area un-
der the curve was used to describe the apparent discrimination between recorded AKI and non-AKI
status in the current sample. Given the retrospective database-based design and the possibility that
some variables occurred concurrently with AKI during hospitalization, the nomogram and AUROC
were used only for exploratory visualization and status-identification description rather than as
avalidated prospective prediction model or clinical risk-stratification tool. Results: A total of 154
patients undergoing PD were included, of whom 29 patients had AKI recorded during hospitali-
zation, with an incidence of 18.8%. Univariate analysis suggested that age, coagulation indicators
including international normalized ratio (INR) and partial thromboplastin time (PTT), serum so-
dium, SOFA score, SAPS II score, and sepsis were associated with recorded in-hospital AKI. Multi-
variable logistic regression showed that vasopressor use (OR = 3.14, 95% CI: 1.25~7.88, P = 0.015)
and sepsis (OR = 3.27, 95% CI: 1.14~9.36, P = 0.027) were independently associated with recorded
in-hospital AKI. Exploratory ROC analysis showed an apparent AUROC of 0.8116 in the current sam-
ple. Conclusion: Among ICU patients undergoing PD in the MIMIC-IV database, sepsis and vasopres-
sor use were independently associated with recorded in-hospital AKI, suggesting that infection bur-
den, circulatory instability, and the need for critical care support may be important components of
AKl-related clinical phenotypes in this population. The exploratory nomogram and ROC curve visu-
ally demonstrated the apparent discrimination of the combined variables for recorded AKI status;
however, because of the retrospective database-based design, diagnosis-code-based outcome def-
inition, and lack of internal validation, calibration assessment, and external validation, these graphics
should not be interpreted as a mature prospective prediction model or clinical decision-support
tool.
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R+ —F5 4 VIBR AR (pancreaticoduodenectomy, PD)A&iAY7 Bk A2 fE B IR . mum il . =
fi W g S oy RYE S AW B EEF AR A, @R G R R HARE SR S 12 Mg+
Rz —[1] 2], BHEAEETOEFARIAEE, KR ARMINEHEARRZELS, PD KIEFARIIET R CH
R FE, AEARJEIEARE RO W, HA s, i, fHE, BHETEE ., B BERAR KZ AR E UIEE
BN B BB ARERE 3], W TARFHEN ICU 8 SRIEREMEENS, FARB. BYH
fif v fEAATRE . HERSEMULIGTT RBEEABIAAE, (FHEA S BRI S B DR .

SEE 4% (acute kidney injury, AKI)& PD B A BeiE F £ E fOGEN S EYRR T2 —. BT
PD PAFIF 5527, PD f5 AKI 5ARFIEDEeft & LA ZRAK Rpkif, I WAAEH LR G
RIEERRA KR, HHMEIFRIE. ICU AME. FIASE T8 RIS AHK[4]-[7]. AWFE T iZ 4RI
LT RNEKRE, RJE AKL TSN AR ] B IR B AR # R . BT BRI FE A B A
TV ZIFRRE(8] [9]. DAL, 7E PD & ikl AKI FHOCm fGlm AR AY, Sof T as - AR B Th g i
W Ak MR Sh 77 278 AR D I8 7 T R i B A IS X

AKIT FRAERE B Z I RZ ML 5. KDIGO f8RE5R1 AKT N M ILTE HUET AR 284k 3047 5
AUON, (LB AR EE A, AKLD R B S Wign g T U0, —F RUIGIR(E B A 4
FHIFI[10]. PD LA AKI 7] G855 IR A EA 2 B B A (RIMER AU A L . IRERAE
AR R IE SN . R SRR . QI E . B ThRt 2w . AR LIRS, JERE S Thag it
AR LS EVEVEL Y B BRI 2 BOE 5 R 1R T B R OR[8]-[13]. Hirhr, BRERIEAHSC AKI JRIEH
afi p A S ARPEE R RE, TR0 RRAEN BRI N B RS e 1 o b A A I 2 s 2 55
A1) [12].

REAESST PD J5 AKI IR AZ RETARETEIIRE. AR iin . AR E, B R B — R e
ARIARFE, F0EER I PD BRI AKT AH OG22 1 R G S UIAE A BR[4]-[ 7] SEBR
&R, PD B AReHA] AKI A JFAE R — R g, MR SF. SIFE. ™ ERE., R
SN L5 AR AS BLAGIR T SCRERR SR A5 2 07 HE BAHOC . Rt B4 Jlm R AL 5 9F S 45 AKT AR
[ RAHFAE, A BT ML St S Rz AR BE A AKT AHSGERAY, il R I AN 5 2t 9 d it
WA o

ET ERE 5, AHARETAFERER B REE, FlSE% PD 1Y ICU B Ak ED
I AKIL ST R RIGIRFHE 4T, Rt BT Z I E logistic 8145 AT IR M XU TR 71l T 4
RN o ST BRI B 28 A s A B I R U A SE AN, HARHIE St AKT 32 B4R 3 B B (] 12
iR, AR SCAKE B LR IR ROC 1128 5 157 9 28 56 0F 1 R E PR F00 5L, 1 2 5 0 B 1 s A3 e 343 1]
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AKI AR RN IR R BRI I8y, e sk WIRiI (A & . 45)8 % SCME AR BIZh A Ha bR I 7T 52
PR -

2. HREFE
2.1. MNEHR

AH TR FET A FLEE L S HARE MIMIC-IV 2.2 1 [ W2 PR 7T . MIMIC-IV B Beth Israel
Deaconess Medical Center 5 MIT Laboratory for Computational Physiology S5 #1422 15 il it PhysioNet ¥
BRA, BHEEEARPCAEE, G5 20082019 4F A EAE W BFKIMER. ICU. SLieE. AE. HZA.
IR AR 4 22 4 oL TE BRICSRAS B[ 140 BIFF0E 58 BORH L ES s e A5 FH 55 I 3145 U7 a) AL PR IS 24T s
PRI BT AT AT 2R R ER FE TR, AW AR NGB, 5 A TR MR A 50
15 [F) &

A TENNEAE PE 45252 PD BT . IARRIHER: 1) R > 18 &5 2) FAR WAL
) PD MG FARGifid; 3) BB A AKL 12k 2 3 EIn R A B 5 k. HERRbRiEA: 1) R
I TEAN 2 24 /NNFs 2) OGRS BB R ZRE 20% 10 s 3) Al — BEAAEZ A& KA ERT IR, Y
N —IRFF B 5 MEREE B . PD #2314 ICD-9/ICD-10-PCS F AL iR, $REUEA)EFE: icd code
='5251'8}, icd_code = '5253'8 icd code = '526'8Y icd code = '527'8Y, icd code = '0FTG0ZZ'EY, icd code =
'OFTGA4ZZ'. AW FL4E R E B ICD-9/ICD-10 2 Wigmhdic ki) AKL; BRI, ASCHTFR AKT SO ERE
WZWHC SRS, TR 2 T U AN R 2 3) 220 A€ IR J5 8T K AKL.

2.2. HiERE

PERUZ RV RGN O AR (EERS . MR RS, BIARMAEL ICU /™ HFEEIE/ (SOFA. SAPSIN). /&
DA AR (R FEAE ) BEILTHBEFEFR(INR, PT, PTT). HMR R S FRBRFEAR (BN £, &, 5. BE. BRBIE(E.
BRIR AR . B T BREE). B IhRE RAREHE ARGV . R R R . AR, FMIsbR(E . maEA.
/KR A5 ) AR ¥ 97 A 5528 B (U0 MBI PR 25 ) o VAT R A8 B A S o 3 AR g (3 e 00 5 19 7 2
FREE . TEINARE BT 2 8 IR B AT bR AT R, AME BRI . AW SRR R > 20%
(s By AR R 2 EAR AN A, DA (Rt B s AR 0 145

23. G EE

Gy RTORLLEIEAN E 4y ORI BRI -R 7R3 s Fisher 5L . IR MRTHETTRER
R + truEZERoR, HRECBCR AP EEA ¢ R WA /A0 B BORER A A B0 (Y oA $ )
FEYERIR, ZHIE SR A Mann-Whitney U £255

T JeHAT R ER logistic [FIASMHT, kS A FIHIE AKL idSORESH R RIEEE; MG EAS5
TR IR R R A AR BN Z 2K logistic [BIJASEARY, R GIE B IR AKT 18 30IRZS BB HH 5%
K2 . logistic [HJHZ5 F BL OR fH & 95% Cl £on. fEZHEK logistic [IH4 AT FEaili b, AHfFuisE— ik
ATIRZAE KBRS T AL 0T o 3 T I 8 22 IR K logistic [B1VAREAY L2 51 28 1], DLW 7 2% AH K R R A
AR 1) AKT 18RS AR 5Tk [FI R A ROC #12kJ2 AUROC i iZ A8 Y AE 1 BT A AR 1 [X
5> AKI 53 AKL iSRS R MAE . TR A2, BT AR 78 EBVEERE E o Hr, By &
BEH AKI fEAERCIRE R RIMIA A, BIZEIR ROC HIZRIH FHRR MR RFIEMX 2 G 1R, AMEN
22 B0 AT IE M I PR PR B AT MR . TR, AR FE RN AUROC 1ENIERIAMEMEREIESE, AT
15 A 82 FH J2 T £ XURS: 2 25 DA

DOI: 10.12677/acm.2026.1662473 2498 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1662473

&I

BT A geit 225 i A R BAR(RAS 4.5.1)58 %[ 15]. XU P <0.05 AN NZERBEFR TR L.
3. &8
3.1. PANEEELAFME

AR TEIRAMN PD B 154 ], HhARe AR AKL 29 6, JE AKI 125 %, AKI iGN
18.8% (29/154). HAKB\FId, HFERTAECH 67.47 H(IQR: 57.29~76.16 %), KBTI ECH 79.50 kg
(IQR: 66.85~89.57 kg). HiF AKI ZHAHLL, AKI ZHAHEHE 51(69.46 (65.47~80.06)% vs. 64.90 (56.31~75.79)
%, P=0.147), BYELHITEE(72.4% vs. 51.2%, P =0.063), {HZEFRKIEHGiTEEE, WHKEZEFIF
TGt 7 (81.80 (75.20~89.50) kg vs. 77.70 (64.00~89.60) kg, P =0.212) (¥ 1). 53k AKI AL, AKI
2 1 4 M T B (WBC) B 5(14.70 (12.20~19.80) vs. 12.30 (9.50~16.80), P=0.022); AILET 5 =5(1.40 (0.90~1.70)
vs. 0.90 (0.70~1.20), P <0.001), JRZEZ(BUN)H 5(21.00 (14.00~33.00) vs. 16.00 (11.00~22.00), P = 0.002).
HEIMAEFR 7T, AKI 41 PTT 5 51(33.90 (30.20~39.90) vs. 30.10 (27.60~36.10), P = 0.007). HL A 5T S FR IR
A7, AKI 444 %(137.00 (135.00~140.00) vs. 140.00 (136.00~141.00), P = 0.023), Ifi4% 5 =(1.90
(1.70~2.00) vs. 1.60 (1.40~1.90), P = 0.003), FRHHEAE HAK(7.33 (7.25~7.37) vs. 7.38 (7.32~7.41), P = 0.002),
TR A £h L A%(20.66 + 3.34 vs. 22.80 £ 4.15, P =0.011). IHt4h, AKI 4HAkERSE LU 5 75 (34.5% vs. 11.2%, P
=0.005), I P 25448 LA B8 = (51.7% vs. 20.8%, P = 0.002) (3% 1)

Table 1. Baseline characteristics of patients undergoing pancreaticoduodenectomy

1. BRTTIEBUIRARRE BLHHER

[y Bk =154) 3k AKI (n = 125) AKI (n =29) P&

R 67.47 (57.29, 76.16) 64.90 (56.31, 75.79) 69.46 (65.47, 80.06) 0.147

M), n (%) 85 (55.2) 64 (51.2) 21(72.4) 0.063

1 (kg) 79.50 (66.85, 89.57) 77.70 (64.00, 89.60) 81.80 (75.20, 89.50) 0.212

LyEE (YK /min) 93.00 (81.25, 108.75) 93.00 (79.00, 109.00) 95.00 (88.00, 106.00) 0.262

IM£14 H (g/dL) 10.55 (9.40, 11.80) 10.60 (9.30, 11.80) 9.90 (9.40, 11.40) 0.250

LA E(RBC, 100 2/0) 3.49 (3.02, 3.98) 3.50 (3.02, 4.02) 3.46 (3.01, 3.70) 0.223

HAMTE(WBC, 10M9/L)  12.95 (9.70, 17.08) 12.30 (9.50, 16.80) 14.70 (12.20, 19.80) 0.022

IR T 2(1079/L) 231.50 (160.75, 300.25)  227.00 (164.00, 294.00)  239.00 (160.00, 373.00)  0.462

JWLEF(mg/dL) 0.90 (0.70, 1.30) 0.90 (0.70, 1.20) 1.40 (0.90, 1.70) <0.001

JRE%(BUN, mg/dL) 16.00 (12.00, 24.00) 16.00 (11.00, 22.00) 21.00 (14.00, 33.00) 0.002

Wﬁ@ﬁﬁ%ﬁz BSALT. 103,00 (39.00,236.75)  105.00 (43.00, 242.00) 54.00 (26.00, 213.00) 0.311

RNRRERIEHRR o9 5 (58.00,228.00)  125.00 (76.00, 228.00) 58.00 (31.00, 311.00) 0.042
(AST, U/L)

Fl FrAm Ak LEAA (INR) 1.25 (1.20, 1.40) 1.30 (1.20, 1.40) 1.20 (1.20, 1.50) 0.889

LB R ) (PT, s) 14.00 (13.30, 15.10) 14.00 (13.30, 15.00) 14.10 (13.50, 15.70) 0.250

L 2 L T I ) 31.00 (27.90, 37.38) 30.10 (27.60, 36.10) 33.90 (30.20, 39.90) 0.007
(APTT, s)

1 4(mmol/L) 139.00 (136.00, 141.00)  140.00 (136.00, 141.00)  137.00 (135.00, 140.00)  0.023

11 & (mmol/L) 107.00 (103.25, 109.00)  107.00 (104.00, 109.00)  106.00 (101.00, 109.00)  0.450

4% (mg/dL) 8.10 (7.70, 8.50) 8.10 (7.70, 8.50) 8.10 (7.70, 8.50) 0.869

DOI: 10.12677/acm.2026.1662473 2499 I A [ 2 3k


https://doi.org/10.12677/acm.2026.1662473

=8 T

I8 (mg/dL) 1.60 (1.42, 2.00) 1.60 (1.40, 1.90) 1.90 (1.70, 2.00) 0.003
M4 (mg/dL) 150.00 (124.00, 183.00)  148.00 (121.00, 179.00)  152.00 (130.00, 186.00)  0.525

pH 7.37 (.31, 7.40) 7.38 (7.32, 7.41) 7.33(7.25,7.37) 0.002

I 5 7] B (mmol/L) 14.00 (12.00, 17.00) 14.00 (12.00, 17.00) 15.00 (14.00, 21.00) 0.057
TRFREAR (mmol/L) 22.40 (4.09) 22.80 (4.15) 20.66 (3.34) 0.011
LR (mmol/L) 1.80 (1.30, 3.38) 1.80 (1.20, 3.30) 1.60 (1.40, 3.40) 0.757
PERIR, n (%) 42 (27.3) 31 (24.8) 11 (37.9) 0.230
M, n (%) 82(53.2) 65 (52.0) 17 (58.6) 0.662
B HEZE, n (%) 25(16.2) 18 (14.4) 7(24.1) 0.316
7, n (%) 24 (15.6) 18 (14.4) 6 (20.7) 0.577
SOFA F43(47) 4.00 (2.00, 6.00) 3.00 (2.00, 6.00) 5.00 (3.00, 7.00) 0.010
SAPS TI P53 (49) 36.72 (11.91) 35.99 (11.24) 39.86 (14.24) 0.115
MEWEHZYMER, n (%) 41 (26.6) 26 (20.8) 15 (51.7) 0.002
CRRT ¥437, n (%) 6(3.9) 2(1.6) 4(13.8) 0.012
28 KAETZ, n (%) 9(5.8) 5(4.0) 4(13.8) 0.113
90 RAET:, n (%) 16 (10.4) 9(7.2) 7(24.1) 0.018
365 KIETZ, n (%) 40 (26.0) 28 (22.4) 12 (41.4) 0.062
JHFERE, n (%) 24 (15.6) 14 (11.2) 10 (34.5) 0.005

e PRAELL n (W)ETR; ESRBEE LI £ PrfEZ S0P AR (Y R BRI B R . AKT DR B STE

ICD-9/ICD-10 2 WiZm i ic 3% i) S ik B 4% .

3.2. BAZE Logistic B35

R Z logistic AL RER, ZIHARSER N AKL ICFAA/ERKE: FH(OR = 1.19, 95% CI:
1.04~1.37, P =0.012). INR (P = 0.046). PTT (OR = 1.10, 95% CI: 1.02~1.18, P = 0.014). I4}(OR = 0.52,
95% CI: 0.29~0.93, P = 0.028). SOFA F4}(OR = 1.77, 95% CI: 1.05~2.98, P = 0.031). SAPS II ¥£/3(OR =
0.81, 95% CI: 0.67~0.97, P = 0.026) LA K Ji #iE(OR = 78.03, 95% CI: 2.55~2392.28, P = 0.013)Z:(# 2), L
o, REREM EE XA, PN R AE AR A A BRAEEM BB B TP A TR, 4 AR IR R

PETH.

Table 2. Univariate logistic regression analysis

5% 2. BEZ logistic VAN

R OR 95% B {5 X 7] PfH

1A TE (kg) 1.03 0.96~1.10 0.467

() 1.19 1.04~1.37 0.012"

475 F(g/dL) 1.34 0.68~2.65 0.396

F 4R -4 (WBC, 10M9/L) 0.96 0.81~1.14 0.665
ML/ 4(1079/L) 1.00 0.99~1.01 0.729
JWLET(mg/dL) 2.08 0.36~11.86 0.409
JREE(BUN, mg/dL) 0.95 0.81~1.10 0.490
WAL AL BI(ALT, U/L) 0.99 0.99~1.00 0.108
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RITABRAEEBBHAST, U/L) 1.00 1.00~1.01 0.144
H bRrEAL ELAE (INR) 0.00 0.00~8.68 0.046"

ok 1 g SRR 1) (PT, 5) 2.91 0.82~10.33 0.099
AR 2 B LS G (3] (APTT, s) 1.10 1.02~1.18 0.014*
If4f (mmol/L) 2.68 0.22~32.76 0.477

14 (mmol/L) 0.52 0.29~0.93 0.028"

I & (mmol/L) 1.23 0.78~1.95 0.369

145 (mg/dL) 0.72 0.05~10.53 0.808

I (mg/dL) 3.03 0.07~134.88 0.567

A% (mg/dL) 0.98 0.95~1.02 0.202

pH 0.00 0.00~59.92 0.131

[ 5 71 B (mmol/L) 1.20 0.82~1.75 0.340

TRER Z AR (mmol/L) 0.87 0.52~1.44 0.583

LB (mmol/L) 0.54 0.19~1.50 0.236"

SOFA ¥F43(47) 1.77 1.05~2.98 0.031°

SAPS I ¥4 (47) 0.81 0.67~0.97 0.026"
JEEIE, n (%) 78.03 2.55~2392.28 0.013*

7E: OR NHIKE logistic [FIAFTS L AL, HELEN OR LR P FIF AN, R ETTIZIRES/FAEH
MRIGIT NS "FoR P<0.05,

3.3. ZEAZE Logistic B354

PF IR BRI — DN Z IR logistic BTG, 45 R ER: MEEHEZY){EH(OR=3.14,95% CI:
1.25~7.88, P =0.015)5 Ik #FE(OR = 3.27, 95% CI: 1.14~9.36, P = 0.027) A4 B 18] AKT e 35 Fo A 37 AH 5% (K]
F: . INR. PTT JUMANTE 2 R R A thORIE BN SEit5 .35 (3 P > 0.05) (55 3).

Table 3. Multivariate logistic regression analysis

3% 3. ZAZE logistic BV HT

R OR 95% B = X 5] P{E

FER(D) 1.03 0.99~1.07 0.171

I Br R it 4k ELAEL(INR) 1.74 0.63~4.79 0.282

TE A4y St LIS RIS (Rl (APTT, s) 1.02 0.99~1.03 0.084
If4H(mmol/L) 0.93 0.85~1.02 0.113
MEFEEYER, n (%) 3.14 1.25~7.88 0.015
MREIE, n (%) 327 1.14~9.36 0.027

RO () 91.20 0.00~1.73e+07 0.467

7E: OR AZNE logistic [ FTH A% )5 LA L, LA ) OR #R AT A A 38 N5, 432848 & TR S/
KAFHMRIGIT NS, "R P<0.05.

34. REMFIZLEF ROC LT
FHT LK logistic [BHZE R, AFRF—LLHIWRMESLE, AT oI bR RER . INR. APTT.
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M FREEIRE B I A 15 P 24 P A P A5 5 (R B I TA) AKT e FORAS 2 (A1 4555 Rk (E 1) ROC 2k 5
Mrits, % logistic [FIERIRITE M ATAEA T X 73 AKT 59E AKTiEFORASMR M AUROC 4 0.8116, #R
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Figure 1. Exploratory nomogram of in-hospital AKI status using multivariate logistic regression
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Figure 2. ROC curve for differentiating in-hospital AKI status via multivariate
logistic regression model
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