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ABSTRACT

KEY WORDS

Objective: Postoperative hypothermia is a common clinical complication with a high
incidence rate, potentially adversely affecting postoperative recovery. Transurethral
holmium laser enucleation of the prostate (HoLEP) is a minimally invasive procedure for
benign prostatic hyperplasia (BPH). Offering advantages such as minimal bleeding, broad
indications, and rapid postoperative recovery. However, research on risk factors for
postoperative hypothermia following HoLEP remains limited, and predictive models for
guiding clinical practice are lacking. This study aims to develop a predictive model for
assessing the risk of postoperative hypothermia in HoLEP patients and to identify relevant
risk factors.

Methods: Clinical data from patients who underwent HoLEP at affiliated Hospital of
Shandong Second Medical University were retrospectively collected. Patients were
categorized into a hypothermia group and a non-hypothermia group based on whether
postoperative hypothermia occurred. Preoperative, intraoperative, and postoperative
indicators were compared between the 2 groups. Least absolute shrinkage and selection
operator (LASSO) regression combined with logistic regression analysis was used to
analyze clinical data. A predictive model for assessing the risk of postoperative
hypothermia after HoLEP was constructed and internally validated using bootstrap
resampling.

Results: A total of 403 patients were included in the analysis, among whom 85 patients
developed postoperative hypothermia, with an incidence rate of 21.1%. Logistic regression
analysis identified operative duration (OR=1.009, 95% CI 1.003 to 1.015), underweight
status (OR=9.881, 95% CI 4.038 to 24.910), and prostate weight (OR=1.021, 95% CI 1.012
to 1.030) as independent risk factors for postoperative hypothermia, and these variables
were incorporated into the nomogram model. Internal validation showed strong
discriminative ability of the nomogram, with an area under the receiver operating
characteristic curve (AUC) of 0.755 (95% C1 0.686 to 0.820) and a C-index of 0.832 (95% CI
0.787 to 0.865). The calibration curve demonstrated good consistency between predicted
and observed outcomes. Decision curve analysis showed that the nomogram provided
greater clinical utility when the risk threshold for postoperative hypothermia was between
8% and 97%.

Conclusion: This study developed a nomogram model for predicting the risk of
postoperative hypothermia in HoLEP patients, providing clinicians with a simple and
effective predictive tool for individualized risk assessment and preoperative decision-
making.

hypothermia; prostate enucleation; risk factors; nomogram; predictive model

K P /5 51 AR 38 4 (benign prostatic hyperplasia, LI R ECONE WG 2 — o M 22 A SR,
BPH)/& LAHEPR B A F= A8 s, =W PR 55 Bl IR BPH — it & HE7E40 % LU, kAR SR BAE % iy 35 4
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BAEEN, 51~60 £ 55 K BPH Y & 2 56 2y
20%, 61~70 FH}ik50%, 81~90 % i ik 83% ", il
G s A 5t 1) TR O R 2RI HT SR VTR TR
TR BAE] . AT . ARSI A
AJGHERIERBGE S LR . BT, ZRERTS IR Y)
R T A AT AE TS IR o VDB« RS IRIAL . R
SRR AE 2 TR =0, Horh, S RIEBHOLHT
51| 7 58 3 K (transurethral holmium laser enucleation of
prostate, HoLEP)#{ 1A & H 1ij fij 51 i U1 Bk 45 1)
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EH, MECHEMRN T REREIROET ARG &4
AR A2 me R o KT, L1 141X HoLEP Ji [ #%
AR AR RURS: A 2R ) B 9 AR X A/, HL e = 0] A5
RURAR FIm IR I

A 53 15 1 38 i I HoLEP £ & A9 I PR 8
FAEFES . R FAREFE] . AR A i R
S B de /N 28 0T 46 R $F 51 (least absolute
shrinkage and selection operator, LASSO)[rl 5 i ¥
AT, JF4 H A £ K &R Logistic [7 14 43
B, DABE 52 AR 5 AR TR & AR I fa i P R . e
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1 HR5FHE

1.1 X%

PEFE 2022 4F 1 H #2023 4F 12 H FILAEE R
K20 R S Be 4T HoLEP BB o A9 AARIE: 1)IfIR
W R CRERTFIIRIS A2 W FNA TT 38 B (2006 4F
WATRR)Y R B AT HoLEP; 2) AR AR IF # (36.0~

37.4°C); 3)IRBERIEE . HEBRARIE: DR ARG
Hofth RGeS EAE PR 5 2)TF R Z AR 8 T g
S 3)Jo IR AR I R R BORME B B R
45 AR BIREE; S)RTFIIRKEAE SIS A A
WE AR YA R R 3 5 R R AT, HEZad IR
B R R A R B BEAS B DL S HEUE (AL
wyfy-2023-ky-205), 44 AXT LA AARIRFF 78 MR
Bg s prE A1

1.2 FALRE

FARBHELRAREHE 2SR, FAER
FERE 23 °C, WERE N S50%, iR
It A R R K T GREE A 37 °C), hBRAR Y R 37 C
0.9%(W/V)ZALHNE

1.3 #EWE

AHIF 5 38 2 A [ R AH DG SCR[6] 0T 45 & & K
A e R R e bR, 45 DEFEEAFR . 4
%, 3% B K B = T PP 25 (American Society of
Anesthesiologists, ASA)/4%, =& &4 . W& . AL
o, AR s, WS, DA KGR A R . OREIRE
O MG . PR GRS HE R . 2) R iR
Pro AT . IREFIAAE . 20000 . ARATIMH . 3)AR
R, 2R A2 TAR. TR . B . 1T
SRR E R, SRR E . R . ARG
WA SR SO B H A 1 SR, R T
A5 TRE SONAERE 2 TAEh 200 12 k1Y 2 4F
JE LR AR 260 21 i 8 SR 1A EE 45 4K (body
mass index, BMI)<18.5 kg/m*"; JEJIE & Xy BMI>
30 kg/m™™s ARHR I ILAE E SO I IR <35 g/LMY;
FMLE XM MLTE <120 /LY, BAS 24 ARRE .
P . AR L IMLE e 3% I A 4t SRy — 432470 i (A 0
1), WAL, RETREE ChEHF T RH R
A K BRI T S A R . AR IR E SO TR
SRR K BRI BT I A ) SR B O, KT 36 'C
A TR o ARG R A AR TR B X 52 43R
AR 2 AN EAR AR VLA

BIMARBEFEEIM 224 TAEANREZX, If
AT REEFA

14 AEHE

FRIAIEFE v 0 A3 S8R A Sk e 25 SR ) e o
FE, 0 SN REAE i F 4 4 (events per variable, EPV)
BOF10NERFAM, DS ORHERPEDT, RIS AT
SCHR[17]9R 8 B AR IR & A2 200 20%~70%,  Tiifii 4
WSR2 R 2R 20 20% A PR IE TS AU fry
FRoEtE, HR4E 10509 EPV E, ASAFFE HhSEPRI A
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BE 403 4], W Z 2240 A Logistic 8] 4 4728 £y 8 37
AT S RIE gy AR 21 301, 2 LASSO fifi e J5 44
A Logistic [7] 15 ()48 &4 ST, £F4 10 £5 1) EPV
JEl

1.5 GeitEabE

i Jil IBM SPSS 25.0 FI R 4.3.1 HEAT80E /3 b Az
Kl TR LAE(%) Rs , SR 2 R kA 7 20 ] L
B o MRNIEZ 534 03t i BB A B bR fE 25 R0
SR P ST FEAR (RIS R T AL ] e ;s AR IEZ 5
ZiivRa g i AL SRV 5 (S W X Ay QR RN 111 )
B2, R F Mann-Whitney U 6 56 #E47 20 18] HL 4%
P<0.05 hZESAGIE L.

KR &AL “glmnet” PEFT LASSO [B1)- 53047,
HIERIANE A A Z M AR OCHE , XA AR
177 LASSO [lH 504, JEEAT T4 88 Bk, LA
PR HACRYE M P i FERCEERT b, K0k iy
SR N 2R AE R A AR s T 22 [ FK Logistic [543

F1 HRITFEETR
Table 1 Fundamental data of the study participants

==

B, LI 2 52 e A T AR AR T & A= 1R 2t S AU R 2%
FIA “rms” ELHRHETHBE H A 37 JRUBS: PR 254 51 2k
FE TR >R FH Bootstrap 3 3E4T N FREGIE, 1 FH
e P I 2 R B AL i — B, IfHE —&EC
T8 8 (C-index), I “foroc” fu2ail Z ik & 1 1F 4y
fiF (receiver operating characteristic, ROC)Hik, 15
ith £& T I £ (area under the curve, AUC), AUC Wil
Fl70.5~1.0, 0.5 F/RBEHLILZ:, 1.0 RRELIEN .
A MEBI “rmda” AL PSR 2 PP SR ) T
HEST o

4E

A

2 ES

2.1 —fRE#

AW LGN A 403 14T HOLEP iR &, KAER
JeE AR 85 B, A& A ARG AR 318 6], Wi 4E iR
BEAMGEE 1L, Ruabr4 5, ARhfgbremm, b
215K,

AL/ (%) 98/ [1511(%)] HEJE/[511(%6)] R 2/ [11(%)]

215 n A% ) = ) P ) = ) =
EIRRENE] 318 70.9+7.6  294(92.5) 24(7.5) 12(3.8)  306(96.2) 13(4.1) 305(95.9) 67(21.1) 251(78.9)
AR 85 71.8+7.1  77(90.6)  8(9.4) 16(18.8) 69(81.2)  5(5.9)  80(94.1) 20(23.5)  65(76.5)
iz 0.179% 0.319% 23.498F 0.173% 0.2407%
P 0.296 0.572 <0.001 0.678 0.624
i AR /[ 151(%)] 0 LR/ [151(%6)] FERAG/B1(%)] MU/ B(%)]  PFR RSB/ [51(%)]
BRI 80(25.2) 238(74.8) 123(38.7) 195(61.3) 55(17.3) 263(82.7) 48(15.1) 270(84.9) 18(5.7)  300(94.3)
A 26(30.6)  59(69.4) 30(353)  55(64.7) 12(14.1) 73(85.9) 12(14.1)  73(85.9) 4(4.7) 81(95.3)
UyIZ 1.021F 0.326F 0.489% 0.050F 0.006+
P 0.312 0.568 0.485 0.822 0.94

ASA ST UH1(%)] s R I INURE/[51)(%)]
Al 1% %% 4% IV AHRC P ”é
IR IRENTE] 29(9.1) 177(55.7) 104(32.7) 8(2.5)  36.4(36.2,36.5) 44(13.8) 274(86.2)
AR 10(11.8) 47(55.3) 26(30.6) 2(23)  36.3(36.2,36.5) 13(15.3) 72(84.7)
Uiz 0.5871 -0.862% 0.117%
P 0.899 0.389 0.732

53 0, N S, o

15 %J“‘Mﬁ G4] ——— A nmol-L) 5“’**/ [ J(;;” F AN /min
LR AR 57(17.9) 261(82.1) 5.4(4.9, 6.3) 10(3.1) 308(96.9) 100.0(75.0, 130.0)
AL 16(18.8) 69(81.2) 5.4(4.8, 6.3) 2(2.4) 83(97.6) 122.0(95.0, 180.0)
UyIZ 0.037% -1.093% 0.001% -3.979%
P 0.848 0.274 0.982 <0.001
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F1(%)

215 JPRIERT K /min HIB R /g ST S /mL AR R i /mL
JEMEMIE 125.0(100.0, 155.0)  60.0(45.0, 80.0) 1 000.0(1 000.0, 1 000.0) 48 000.0(36 000.0, 60 000.0)
M 150.0(115.0,215.0)  80.0(50.0, 120.0) 1 000.0(1 000.0, 1 500.0) 60 000.0(45 000.0, 90 000.0)
tilZ -3.543% -5.409% -1.239% -3.914%

P <0.001 <0.001 0.216 <0.001

TR0 2R, IRMIEZS A0 BT BOR LB 22808, AIRMIEZS 045 53 OB 28 (B 1 09 23z
B, BIVMROSRR . Fl, T, $ZME. WS E SO H IR 1 SZRL R, IFRIR T 4R il e O e 2 1
AR DRI 120K BAFRE ONAFIR>60 %/ 5 fiis 5 S8 BMISI8.5 kg/m®; AERERE O BMI=30 kg/m®s AR LA E N
MG FEE <35 g/L; FEME SO ML <120 g/Ls ARFTHIRAE SO TR B R AR T A OR . BMI: (&

HIRG ASA: KEBRBEEITPIZS .

2.2 HoLEP [F{R&B R EHTHIE

FHLASSO [l % £ 48 R AEAb 2, 45 B 2
T 2, kBT RL A B LG . LASSO [BlH Y
S (lambda, A)IERE 3 LIE, HEEEETT

2121191917171513131197 54333321

1.05F
1.00F
51
g
5
o
D 0.95F il
- I sty
E |
=]
£
R 090F
0.85F
L 1 1 1 1 1
< 7 -6 -5 -4 -3 =2
log/ A

1 {#FH LASSO B3R 4TIl PR4FHE LT

PRI ME AR R (0=0.017 927 15), LASSO
MEEE R R FARRK . W . 2. iy RE
F A R A 5L S 4 A8 B HoLEP J A% 44 i Y P A8
HE ),

2:5

1.5F

0.5

Coefficients

Figure 1 Clinical feature selection using the LASSO regression model

A: In the LASSO model, the optimal parameter (1) was selected via minimizing criteria with five-fold cross-validation. The partial

log-likelihood deviance (binomial deviance) curve in relation to log (A) was plotted, and vertical lines were indicated at the optimal

values based on the minimum criteria and the 1-SE (one standard error) rule. B: LASSO coefficient profiles for the 21 features were

depicted. The coefficient distribution map was generated from the log (1) sequence. LASSO: Least absolute shrinkage and selection

operator.

2.3 HoLEP 5 R A3 37 KU B 2 1 I 1%

% H Logistic FIHEGUE iR Ph AR R, LUEE AL
RJIGMCAARIE N R AE &, L LASSO [a] )55 & H 14 5 4~
AN [ AR B EFT Logistic [F1U30 87 . 45 58 R E
R -ZEHE S K IR H N 0.495, R RN A S AR B

WRERAGIFE L, AR PR, B
WA ER . FARK ., W&, JidRES N
HoLEP J& Ik 4 i & A& /9 2l 57 KU B I & (3 P<
0.05, #£2),
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2 Logistic B3N LR

Table 2 Results of the Logistic regression analysis

A OR 95% CI P

FAREH 1.009 1.003~1.015 0.001
fiE2 9.881 4.038~24.910 <0.001
HAF 0.542 0.223~1.431 0.193
A i A 1.021 1.012~1.030 <0.001
ARAGAIR 0.341 0.090~1.203 0.102

OR: fE#H; 95% CI: 95% BHEIX ],

2.4 HoLEP [5{R4R B FUNA Y i 22 37 5 I6-IF
PALASSO [F119 K Z[H 2 Logistic [F13 0 3R 15 1)
3AER(TREHG . R . TS AR E i) R N R
L HoLEP J5 72 & & A= AR AR i IR 45 )=y, #E 57
HoLEP J5 fi A i i) U A AU 51 2 151, Ao [R 3%
F18) DT HR e T A5 B 23 A v 3R A A ] I 2R B AT Ak
BB S3 BE B 23 BN R - T RIS 0~350 min X% iz 0~
574 MWIE, “/7 XERL04r, OET XN 44475 B

Points L L L 1

G| I T 0~240 g RFRY 0~100 23(181 2) 1 R 2
PERT BRI — 2Pk, RS IR Wk HAR i 2 (15
3), C-index }y 0.832(95% CI 0.787~0.865), $&/RKi%H
A5 P AR AR R — 3Pk R 45 AUC 28 0.755(95% CI
0.686~0.820) (18l 4), 7R iz RIAT Ao 1) 0L IN E 7 o
PSR 12 73BT 285 5 B 24 9 4R [ A5 L i HoLEP Ji
AR AR TR 114 R 36 [ {6 8%~97% 31 I P (&1 5) $ 7 i A5
RGP IR 25

Surgical duration L L

]
40 50 60 70 80 90 100

0 50 100 150 200

Underweight L

250 300 350

Yes
1

Prostate weight L 1 1 1

1 1 1 1 1 1 1 1
100 120 140 160 180 200 220 240

Total points L 1 L

80 100 120 140 160 180

Risk of delayed healing L

E 2 HoLEP F{RM&RAIFNAEER 524 F

0.5 0.7 0.9

Figure 2 Nomogram of the prediction model for hypothermia after HoOLEP

HoLEP: Transurethral holmium laser enucleation of prostate.
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0.8

0.6
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Actual survival

02

ok T Apparent .

1 1 1
0 0.2 0.4 0.6 0.8 1.0

Nomogram predicted survival

B=1 000 repetitions, boot Mean absolute error=0.03 n=403

B3 Wl BIR i i 2k

Figure 3 Calibration curve of prediction model

The x-axis represents the predicted risk of postoperative
hypothermia. The y-axis denotes the actual incidence of
postoperative hypothermia. The diagonal dashed line indicates
the performance expected from an ideally perfect prediction
model. Meanwhile, the solid line illustrates the performance of
the nomogram. A closer alignment of the solid line with the

diagonal dashed line indicates superior predictive accuracy.

1.00 -

0.75

True positive rate
(=)
i
S
T

0.25F

AUC=0.755

1 1 1
0 0.25 0.50 0.75 1.00
False positive rate

4 FUREE) ROC
Figure 4 ROC of the prediction model
ROC: Receiver operating characteristic; AUC: Area under the

curve.

0.20
— Nomogram
— All
0.15F — None
&
% 0.10
]
153
Z  00s5F
0 -
-0.05 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

Threshold probability

B5 TR a R 5k i Lk

Figure 5 Decision curve of the prediction model

The y-axis measures net benefit. The blue line represents the
nomogram for predicting postoperative hypothermia risk. The
thin solid line indicates the assumption where no patients
experience postoperative hypothermia, whereas the thick solid
line represents the assumption where all patients experience
postoperative hypothermia. The decision curve analysis shows
that, within a threshold probability range of 8% to 97%, the
utilization of the non-adherence nomogram to predict the risk
of postoperative hypothermia in the current study would result

in greater benefits.

3 it iR

HoLEP J5 IR 1 & A %k 21.09%, 5 Becerra
GRS R — 2 B R FN HoLEP & IG A it i
KA XTI RSE A 2 " ARSI R ISR
T 14~ HoLEP J& &A= IR A 51 4L IR, F] T i
I HoLEP J7 & AR AR g XU, B T FARBF K |
FUF A R 3 TN R R, 2 A i e
FHH LR K R 3R ] T HoLEP J& & A= AR AR A 55
AU E 3

AR SR G TR, v LU — A e
FA GG R0 T, AL S0 HoLEP 5 & A= IR A I
MR, BN, FEEEBMIN 18 kg/m?, Rij% i & &
4100 g, FARBFK A 200 min, #EHE HoLEP J& {14
TR TS RIS LR P AT, BMIA 18 kg/m?* X 7 ()
4344 4%, HIF AR EE R 100 g X R PE4R 2 42
4y, TR A 200 min X A2 R 3348, &0t
SRR N 11943, KPR KU RELZ R 0.87, AR TE
MR XS s 59— BMIA 20 kg/m®, RS AR
FHON 80 g, FAMK N 100 min, #R4HE HoLEP J5 ik
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PRI TR A S £ I T T, BMI A 20 kg/m?” Xif i fY
PEAYR 043, HiF MR EE & 80 g X A A P43 244 33
55, FARBHE A 100 min XF R A IE29 0 18 43, 4t
AR 51 48, XN AU R AL 0.20, (R4
4 A XU AR

ARG R I T AR BHZ AR ST A AR IR 1 1k 37
AU R 2, 7 T HoLEP J&5 AR R Y & A= v 473 3
e, SIUAEEIIR SR 8. TR
K, BE A REREIETAREZIR AT R AL,
H PR A T RIS, Ak,
ER: IV S e v 2 I D o = 9 7R i N T
TR T O R N B R R, B R AR AR B S AL T
“VIEE” BRI, PUARGR ZARZE, RAEME
L AU 8 1

A B K, A A R T K T
AREHE, FirF BRG] g 5% R B S 301K
IR E A

AHIFGY 52 P8 J& HoLEP J&5 A VL & AE B 5 1%
K, SUMEMRPIEER 3, s i) BE R E R
ik, PRARSFHCRAL, AT LRI Bz R A g2, I
AR EAR A T REME o R N = IR T &
AT ORI, B2 R A Hy T BRI RN TR 8 Bl A A O AR
TR

L PR 5 (6, AT AR R ) AR AR
DA B S A im RS 2, A 50 91 2 (1A AL 1o
T 10 HoLEP Ji I AR ik i A DG A 16 R 22 i i 5, 4t
SE T P RO AR S R SO, AT AT R AR AE R
S AR T XU, 1 R0 3 DA TP A2 25 o % T g 00 A PR AR
T R AU B, ORI A O A Ak TR R R R
AR AR, U TR R, LA
IR TR s ARl AN BOR RSN IR, fRE
BETETF AR P ORI A, P
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