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Construction and validation of a risk prediction model for
postoperative constipation after Milligan-Morgan
hemorrhoidectomy in patients with damp-heat type mixed
hemorrhoids

WANG Zhaobiao', GENG Lingjun’, CHONG Yang'

(1. Department of Traditional Chinese Medicine, Affiliated Hospital of Yangzhou University, Yangzhou University, Yangzhou, Jiangsu
225000, China; 2. Department of General Surgery, the Fifth Affiliated Hospital of Anhui Medical University, Fuyang, Anhui 236000,

China)

Abstract

Background and Aims: Mixed hemorrhoids are among the most common benign anorectal diseases,
and Milligan-Morgan hemorrhoidectomy remains a classical surgical treatment. However, postoperative
constipation is still a common complication that adversely affects postoperative recovery and quality of
life. Currently, studies focusing on risk prediction of postoperative constipation in patients with damp-
heat type mixed hemorrhoids are limited. This study aimed to identify risk factors for postoperative
constipation and construct predictive models based on Logistic regression and large language model
(LLM) to evaluate their predictive performance and provide references for early postoperative
intervention.

Methods: Clinical data of 734 patients with damp-heat type mixed hemorrhoids who underwent
Milligan-Morgan hemorrhoidectomy at the Department of Traditional Chinese Medicine, Affiliated
Hospital of Yangzhou University, from September 2022 to December 2024 were retrospectively
collected. Patients were randomly divided into a training set (n=513) and a testing set (n=221) at a ratio
of 7:3. Demographic characteristics, comorbidities, laboratory indicators, and perioperative medication
data were collected. Postoperative constipation was defined as the study endpoint. Univariate and
multivariate Logistic regression analyses were performed to identify independent risk factors and
establish a nomogram prediction model. Receiver operating characteristic (ROC) curves were used to
evaluate model performance. In addition, an LLM-based prediction model using Llama-3.1-8B-Instruct
was constructed, and its accuracy, recall, and F1 score were assessed.

Results: No statistically significant differences were observed in baseline characteristics between the
training and testing sets (all 2>0.05). Among the training cohort, 163 patients (31.77%) developed
postoperative constipation. Univariate Logistic regression analysis showed that hemoglobin level and
anemia were significantly associated with postoperative constipation (both P<0.05). Multivariate
Logistic regression analysis further demonstrated that decreased hemoglobin level and anemia were
independent risk factors for postoperative constipation in patients with damp-heat type mixed
hemorrhoids after surgery (both P<0.05). The Logistic regression prediction model achieved AUC values
of 0.78 and 0.76 in the training and testing sets, respectively, indicating good predictive performance.
The LLM model achieved optimal performance at 65 training epochs with a learning rate of 5.00E-05,
yielding an accuracy of 85.99%, recall of 89.40%, and F1 score of 87.66%.

Conclusion: Decreased hemoglobin level and anemia are important risk factors for postoperative
constipation in patients with damp-heat type mixed hemorrhoids undergoing Milligan-Morgan
hemorrhoidectomy. Both the Logistic regression and LLM-based models demonstrated favorable

predictive performance, while the LLM model showed higher predictive accuracy. These findings may
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provide a reference for early identification and individualized intervention in high-risk patients with
postoperative constipation.

Key words Hemorrhoidectomy; Postoperative Complications; Constipation; Large Language Models

CLC number: R657.1

FFERATTEM R W BRERERZ —, HE
o 3 B A e N AR T R 5 A A Ak T 4 .
Fiorh =28, AFRAERE (KRR E) | bR PR
(AAIRE LT ) BUR G MR (EIRL UL B L
™) W mIRThZLURG R W, 4R E TAEME
TR — s WY . il T 5w A8 AL K2 FA LA K B 3 /Y
ZA, SRR C S KRR ™ E . HET
FEINR L R Y e B 322 it sk 5 e
W F R s A 5% (H Thomson™ F 1975 4F 1 Ik $#2 H) o
TR A MR 1Y i PRAE IR 2 e E il 1) B KRR
P RREE . R, T A S o e R AT
I, BRI R R R P BRI R 2ok B
A F N FL AR (Milligan-Morgan hemorrhoidectomy ) 3
iRy, PAREEDIBRFER, BEA 505 M 80
BRFESIR BRER, iy . oAbk, PR T
ALTTHYIE W S5t M RE . 5L ST CE FARM I,
A0 F P FLAR B I RURS AR LB 4, I IR VA
o REMKMNIARRA BiRLS, Bdf—E
B JR R, IR SR . IR E I TR 2 T K
Ji, DL RR S A 25 I K A

B A N TR B R e, B wesl A%
BEhok, HEAT R REIS W 5 WUS AH G T T AEY
N T REANAE L WUl vh BAA — @ e #e, [l i
E % R A A8 2 R AR | A 50 9 R A5 R AT 58 00
fE27 2T, X e A PR A O A 52 7 Bt S8R A Ty
FO MG LA e ], KRG F B (large
language model, LLM) HAEKMSE, AW+
M SCR TR, PR AR SOARTEE, B4
i e bR S0 S, R JE AR B BE S TR AR R 24 A
KR 55, #=HME—ESF N Er .,

XTIRG R GRAA) S NFHLAR G B H
A I 0 e R 5 A S, B A B
FAOCTHERE, v JC #E A7 XU F30 00 A5 AU A4y 4t 55 26 9k 119
WEot, P, ABFFEE T Al LM, 454 B4
Geitas, XORJE RCE AT RE 9008 B O & AE A KU
HEAT I, X AT A8 A B IR 5 1 B AT
PO, DLREAT TR 2y, DR R AR .

1 #ABEHFE

1.1 HARIIH

B R R T4 MR 2 B e = B v B2 R Y 2022 4F
9 H 1 H—20244F 12 H 31 HIR SRR & TR
DiyE . AR HE:. ()5 (hEBSR2IFEE
(2020) ) "RAFRIZ WA HEAST s (2 HEZ T
SRR FLAR F R3G90 3) By 2 Wy
P 5 (4) AR E 18~80 JH & Z A5 (5) R K AR J5
[ NA S SO U NIE R -3 4 S S 1 N N %4
w, LB ERASGE. FARIESE. Hes., F
Bt Bsf 1) A e AR Jig g 15 & AR A A O RORE S (5 B s (6) oK
GO A E R, W s (7) I R BE 7%
RERECTE R . HEBR bR UE . (1) 12 W7 oy HoAth 28 70 %
(2) B IE R N A IR, AR (3) B2 F AR
T AESP RN LA 5 (4) & JF 45 #i o sl B8 v 38 52 U
BEft; (5) & JF HoAh 3 R ¥ e 5 (6) AR AT A7 76 W
(E AL 2T (A% SIVIZWiARIE) 5 (7) I R AR 3% 7%
BEAS 57 % 5 H B B R 5 (8) A (i T AT BE 52
B aery 258 Cang I BT 2R ik 25 ) o A
WF 58 C o 3 MK 2 B e S B e B & S
(HH#LS . 2022-YKL9-01) .
1.2 TEIRE

FEARGERL: AR AR . EBET A
25 ABEEE s RIE Goligher Ffor ¥, RS I~E
h— W, IVEERE; BIFES LR E R W
SRR . R L TR LA IR AE, LA AT
M. 2T . E M ) BE A O B S0 I = K A 4
B BFERWIAZ . Eaic® T RGN
F.okm gy Kb, Lo b S MR K A
FITRAE SCIRE s 4 R Pe b . BR300 A4 H AR A B
RGBT KA, #5728 5 i B 55 20 5 AE 1
W1,
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Table 1 Variable extraction description A B 5% % H] Ubuntu 20.04 18 1/ & 45 Python

A hE G325 TRAE

PE =0, Bik=1
AR () LA
fBetta (d) YRR i

St JrE=1, =0

[ AR AT BT=1,FR=0
B s ELiF=1, £iE=0
GIHER HIt=1,K4E71=0
A I L HIt=1,KE3=0
AIETTN HIt=1, K4HI=0
ZLZH IR (X10™/L) =1, 1% =0
12T 8 (/L) SE=1, 1R =0
RAE L FEPE=1, BITE=0
BEIMDIfE SH=1,1EH%=0
ARJE A R s hiE R fti =1, A fift =0
AJE LA B & fii =1, A ff =0
AR JEAHE PR LRI T AR 2 fliHI=1, A A =0
AEHEHER RIS R =1, £ =0
ARG TN BRI AE R fli =1, A ffi =0
ENE BN S e | ] =1, £ =0
ARS8 P s T 1 B 2454 fli =1, A ffi =0
AR5 (8 R A AN 1k 1 24 fli =1, A fili =0
AR JE A8 PR B4 T — B 1R 24 fifi =1, A A =0
ARS8 P AR 1R 2Y fii =1, A A =0
AR J5 i R L 25 BR 1SR 2 fifi =1, A fifi =0
ARG ERLIE SR Kr=1, K% E=0

1.3 GitF4biE

HI SPSS 23.0 G it itk . RS (A -
4.33) FEAT B o> M AR R IR o X R R
7 Shapiro-Wilk IE SR, Shapiro-Wilk i 46 P>
0.05, WU BORHE 2 IE S0 . Rz, WX
TR BORRN W R IEA AT o XTSRS A i i
PORL R E s 22 (v +s) Ron, A K
K HISIAEA k55 THECBORN AR (o 1)
[n (%) 1AL, PRAL AR A x? K 55 5 Fisher K
Wik s vk . 2R RAEXWAER (P
0.05) #4712 A &K Logistic [F1H 4381, 118 & k57 fE
SRR LA e (odd ratio, OR), #37 ZH#E
Logistic 7] I A 7R K 5 28 T mT A A AR TR R A7 3
# TAEFRIE  (receiver operating characteristic, ROC)
£ DY A1 2] 2k PR ASE 28 ) T XU ) 000 % RE L R
FHASE e il 2 3 f A R 14 A2 38 K SR T Il R 2 3K it
VE I BEAY Y I K AR 55, P<0.05 O 22 57 A GE it o

B
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3.1241E N KT . Pytorch 2.4.0 454 cuda 12.1 1
Sy S RERL  DUIF & RN R A LLM a2 47 XU 3 43
Mro B OFECE A5G 144 4 Intel (R) Xeon (R)
Platinum 8352V CPU@2.10GHz, NVIDIA A40 (48 G)
GPU, DK 503 G A7, Maft T 5 KA 35 68 o fn
R B ) 25 o LLM DA s [ SR 1B P AR
A B RE 7 1M 4% 32 i, H AR b HRR 43 B K BB
SCAS E Al 5 T e B AR L A A XU T 43 By
i, LLM RBAZ DN B2 Y7 0 5% o S8 3 S W5 DL R At A
R SCABLAE ThoR HEAR OGS RRE . 3 S8 AR IR A Y
T 55 A% 40 W B0 R B0, R A AR R L PR
g A ISR R LLM AT AR XA B R T
RS 3 e AR R SO IR BE 4 B, LLM R
g U R PR ER S . BRR R R R E R
fFE, XEFEXN TAFATNEAGHEENSH N
B AN, LLM i RBAE & B0 SCABE v £ 1 B
ORI OCHE,  dn e 2o e R 5 R 0 2 TR] A DGR
XS A B B T A A O A R . b IR B
Bz A BE T F B 1k b BLG, AR A T L
TS FERIRLGRad R, FRE M e 4E
AL BRE . Y R K i 22 10 N IR B RO
PR R B FF4f B TR, B A R AR A
S BT AR I 2, OF 1T R 20 56 ik 42 M e R 1 1 A5
Z8, BARBRII a5 Rk 2 s, 45 R &M,
BEARIYIGRAE 65 AU, 2 % (8RR 1 8T
SRR D KA RN, e U R B 5 ISk
W) R 5.00E-05 A, HfERGR (HE AR R I 1 A )
FEAS KL N B RE AR g, T A A T o
%) IEF Ak 85.99%, I # (F5 45 B IE i
PO A TE 2R A TR S E R REAS Y L]
RBEIE SR g ) iR B i ol 89.40%, F1 43K
(FEAEH R 5 F m RPN E, HTEA N
BRI ER 2 S TR e 1) 1K B e m ol 87.66% -
1.5 AR LLM 378 5 B 55 {8 #i - 4 FiE F il

(1) Bods WAL BE . LLM 762 % B 28 SOAR R B A
MURF AL H, BE S Uk PRV b s IO, X Bk R
VU 5] A A1 %) 78 B R UM B A L, %o 3 0 i 2K K
it R FH i 2 b Jr S ABERL, DU AT RE AR B DR
G Im RAR B o X — A — 2P B O T R Y
Jri MBS, A RO TR T, fEAR
g, LLM 2 A s Bk 25 (8 8ol , (U A A
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58, X5 1E G HL AR~ TR B 2 ) B 1 4L
P b B 7 OE % T EE B E Lt R AR A A B R YT
AR R OCHER — . AN, R 2R U B
AL CSV A% R B 4 Sy KA Y fiE 08 TR 331 ) JSON
(JavaScript Object Notation) 4%, JSON & —Ff 4% &t
P BAE A TE B J& ECMASecript 4 2 AL fY
— AT BT HAZRE BT E MRS
JSON BEAE T~ AN p B2 i 5 , L T HL &% E 17
Br A AR o (2) 2R U LIM BE 4. AP ] T
Llama3.1-8B-Instruct 15 %1 3 17 B I 455 7Y f1) 44 & .
Llama3.1-8B-Instruct 5 % 4% 5 16 f I 25 B0 45 42+ 4
T, HE 46 vh I 5 8O AC A R, X T AR
BIRE g 5 MR & R & . A 2RIEE RS
AT 55 b, B R B A R, 7R SO
ME . B R ARE SRS PR A,

Rl Y 2, R g DA B B o o AT 55
AIRE J1, o R A0 e B Rt it RE AR g i 1
AR B M IR B RS
2 FE AT 55 B TR 4008k . 2R M 2 TR &
Llama3.1-8B-Instruct 1% 4 (1] 4% .0 #4) T Transformer 42
2z I Transformer Z2 ¥4 ff§ By F 13 25 1 ML A KG 20
veit, REAE M A iR A0 4 2 3R] 5 3R 22 Ta) A TR ) K
FRE KA OC &R, RN SR IR, RiE# T T
BRI R AR . Ah, Llama3.1-8B-Instruct iz ]
Z 3k A TERE S LR A 2 5 91 v 4 A 3R 2Z 1] Y
KER, BAEET LB RE T AR MG 2K,
TEAL B e i AU, RO R LA DA B 3
SR (3) BT LLM A IR 5 I 45 2R . LLM iy Il 25
£ 5 M EW L 73 #4740 4o

&2 LLMIijllZits R
Table 2 Results of LLM training and testing

HiFl W EE MR (%) H#(%) F153%0(%)
Llama-3.1-8B-Instruct 30 5.00E-05 69.77 88.89 78.18
Llama-3.1-8B-Instruct 35 5.00E-05 76.19 86.49 81.01
Llama-3.1-8B-Instruct 40 5.00E-05 78.57 88.00 83.02
Llama-3.1-8B-Instruct 45 5.00E-05 82.32 86.54 84.38
Llama-3.1-8B-Instruct 50 5.00E-05 84.28 88.16 86.17
Llama-3.1-8B-Instruct 55 5.00E-05 84.71 88.67 86.64
Llama-3.1-8B-Instruct 60 5.00E-05 85.53 88.89 87.18
Llama-3.1-8B-Instruct 65 5.00E-05 85.99 89.40 87.66
Llama-3.1-8B-Instruct 70 5.00E-05 85.35 89.33 87.30
Llama-3.1-8B-Instruct 75 5.00E-05 85.90 88.16 87.01
Llama-3.1-8B-Instruct 80 5.00E-05 84.81 88.74 86.73

2 % R

2.1 YISREMEIEEHE RS

W I 2 4 5 DGR A 4 B 72 3 IR AT BE AL R 43
YIRS 513 ), Pl A 5t 221 f31), xof 28 o R A7 Ak
RRFE LA, WoR PIAL R A SRR 22 S LG
RS (P>0.05), PRIE T I 245 Ik 4 2 Rl
P (£3).
22 NGEERESH

XFYIN R EE 1) 513 1 f8 & R AT 3R I, S5 163 44l
B R TR, 350 (9 F8H R K AR ERE . 7E YISk
P IEARRE T S 22 ST, SR BN,
R A AR 5 R R AR R S A A Y R Y 4L &
WL RAE G E X (P<0.05), KA EER

Jo ML 218 OIS TR R AR B, [, 3T
M. M2LEE HEH /5% 2R WA SRR (3B
P<0.05) (#4),
23 BEFEAR)MMAILARSERXER

Logistic [E] )35 #7

TE 278 43 M Z 00, 38 3 5 R Logistic [ 1
WA e S AR R B E O A A, [
IKFIWIAL BRI X H Y. & B £ H 3
OB 5 R 5 kR AR AL A W OCHE (3 P
0.05) (£5). ¥ BiRg RN DT ZH R
Logistic [l )4 4387, 45K R, M 208 B AR
SRG KA E R IF A 0E A 0% CEE (P=0.027), Il
CLAR T ECRERE I LA BT, T AR AR ) A R IR
0.5% . [FIEEZE 05 AR S5 A 2B B O & 0E o A7t 2%
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KK (P=0.016), SIFRMBER LT MES, K & (B D). AGEMLTEM (AUC) H40.78,

J5 R AEAT AR I RAE B BE R I A 40.8% (F26) . Z4s WA AUCHE R 076, I ZRME — B8 80l 0.75,

5 PR R Logistic 81 U5 43 M1 A — 2. Wk 4 — O e B 0730 TR B 4 IR & R

2.4 Z[FXE Logistic B3R B E SIIE (RRFATL) SR PN HLA 5 S8 AR I S AE T 51 28 14
BT Z W K Logistic M7 Hr &5 3, M2 (K2),

% Logistic [mIH &AL, 25 i Yl 25 4 5 10 45 ROC i

®3 NEESMKEBENERFHE

Table 3 Baseline characteristics of patients in the training and testing sets

VIIE: A e A4
e / P g / P
e es13) ) X g (n=513) o) X
(% %+ 5) 43.90+13.54 43.94+13.55 0.03 0.975|| BRI ZRR(%)]
AEBERHE] (d,% + 5) 6.59+2.79 6.86£2.72 124 0214 0 259(50.49) 114(51.58) 007 0785
LTI (X101, % £5)  4.50+0.62 4.55¢0.53  1.16 0.247 1 254(49.51) 107(48.42) ’ '
MELLEFHE (gL, +5)  132.15223.95 1353622048 1.74 0.082|| kit2hiEE(n(%)]
Hn(%)] 0 300(58.48) 129(58.37)
0.00 0.978
5 167(32.55) 75(33.94) 013 0715 1 213(41.52) 92(41.63)
§ie 346(67.45)  146(66.06) ’ T LRI 20 (%) ]
lE (%)) 0 469(91.42) 200(90.50)
0.16 0.686
0 511(99.61)  220(99.55) I B 1 44(8.58) 21(9.50)
1 2(0.39) 1(0.45) ’ HERLGERR(%)]
AR (%)] 0 510(99.42) 221(100.00) [ P
0 124(26.00) 58(28.43) 043 0511 1 3(0.58) 0(0.00) i
1 353(74.00)  146(71.57) ’ KI N R (%))
BRI [0 (% )] 0 513(100.00)  220(99.55) o301
0 51(9.94) 21(9.50) 1 0(0.00) 1(0.45) ’
0.03 0.854
1 462(90.06)  200(90.50) SRR RN 240 (%) ]
BibRIEn (%)) 0 360(70.18) 162(73.30)
0.74 0.391
0 494(96.30)  216(97.74) Lol 0314 1 153(29.82) 59(26.70)
1 19(3.70) 5(2.26) ’ ’ AR I A 25 [0 (%) ]
HIMER(%)] 0 161(31.38) 62(28.05)
0.81 0.368
0 443(86.35)  190(85.97) S - 1 352(68.62) 159(71.95)
1 70(13.65)  31(14.03) ’ RN 1L M 25 (%) ]
M (%)] 0 508(99.03)  218(98.64)
0.01 0.944
0 392(76.41)  171(77.38) 1 5(0.97) 3(1.36)
0.08 0.777 -
1 121(23.59) 50(22.62) RN R 2 1 — B 24 (%)
AN IE /53 [0 (%) 0 16(3.12) 11(4.98)
1.51 0.220
0 464(90.45)  207(93.67) S s 1 497(96.88)  210(95.02)
1 49(9.55) 14(6.33) i i Hufke 3 119 25(n (%) ]
LT3 H IE R 575 0 (%) 0 513(100.00)  220(99.55) 0301
0 415(80.90)  189(85.52) 1 0(0.00) 1(0.45) '
227 0.132
1 98(19.10) 32(14.48) FULLIE SRR 1R 24[n (%) ]
KAER L[ (%)] 0 497(96.88)  211(95.48)
0.89 0.344
0 490(95.52)  211(95.48) 1 16(3.12) 10(4.52)
0.00 0.980
1 23(4.48) 10(4.52) EA[n(%)]
B [n(%)] 0 350(68.23) 142(64.25)
1.10 0.294
0 441(86.13)  188(85.07) 1 163(31.77) 79(35.75)
0.14 0.705
1 71(13.87) 33(14.93)
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Table 4 Comparison of baseline characteristics between patients with and without postoperative constipation in the training
set
RKAAER  KAER RKAAER  RAAEFD
o<y P Loy / P
= (n=350) (n=163) X - (n=350) (n=163) e

EWR (% 5+ 5) 43.86x13.40 44.00+13.88 -0.11 0.912 || KAEFIM[(%)]

{ERERTE (d,5 + 5) 6.53+2.64 6.72£3.09 -0.73 0.469 0 335(95.71)  155(95.09) 010 0751

TN (X101, % = 5)  4.53:0.63 443061  1.79 0.074 1 15(4.29) 8(4.91) ’ ’

MAAEATE(gL,x +5)  133.76£23.35 128.67+24.92 2.25 0.025 || EElfii[n(%)]

il (%)] 0 302(86.53)  139(85.28)

0.15 0.701
5 106(30.29) 61(37.42) 558 0.108 1 47(13.47)  24(14.72)
4 244(69.71)  102(62.58) ’ ' S 20 (% )]

A3 (%)) 0 171(48.86)  88(53.99) 117 0979
B 339(96.86)  152(93.25) S - 1 179(51.14)  75(46.01) ’ ’
[1%% 11(3.14) 11(6.75) ; i SBR[ (%)]

WitEn(%)] 0 211(60.29)  89(54.60)

148 0.224
0 349(99.71)  162(99.39) 0535 1 139(39.71)  74(45.40)
1 1(0.29) 1(0.61) ’ DR A R (%) ]
B4R (%)] 0 320(91.43)  149(91.41)
0.00 0.995
0 85(25.76) 39(26.53) 1 30(8.57) 14(8.59)
0.03 0.859
1 245(74.24)  108(73.47) HR R R (%))
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