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[ E] [BM] AFha&a(Hb) @& G(AD) #HE M (LYM)F b M (PLT) #3 HALP, /4 S 35 3E
A5 & BTN ST B 46 5 A s Pk 58 (STEMI) & 4 2 & R S BRA-N & 77 (PCL) KJE £ BRI % (NRP) R,
[FFiR] @B 2022 51 A—2024 1 A & e oo ERICE ) 449 4] STEMI % AREBERSLZEFL
4 NRP %24 NRP 41 145 4, £ % £ 428 304 41, & T Hb, Alb,LYM #= PLT 3Ll 443+ F HALP, @it $ ® &%
Logistic 1 )2 247 # & NRP Ko 1k 5 %vm B &, 128 R &2 M X 8 4F & 7 & STEMI & % PCI R/E NRP K& 4y
HENEE, [HR] 449 6 NRP &%+ NRP & 4 £ % 32.3% (145/449) . NRP 42 &% HALP A& T 4 L
%% (P<0.05) ,HALP # 7 NRP #5wh £& T @A (AUC) 4 0. 880(0. 847 ~0.909) , H AL A W14 <3.04 5 A 524 I7
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0.05), A F HALP % & 5% # Jk 5. LVEF #= hs-CRP % %) & %] & B ( hutps://xz0311. shinyapps. io/
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Risk analysis of no-reflow phenomenon in patients with ST-segment elevation myo-

cardial infarction based on HALP dynamic nomogram

WANG Xing, ZHANG Yan, ZHANG Minglei, GAO Jianbu, ZHANG Yongjie, QI Guibin

Nanyang Central Hospital, Nanyang, Henan 473000, China

[ ABSTRACT ] Aim To develop and validate a dynamic nomogram to predict the risk of no-reflow phenomenon
(NRP) after percutaneous coronary intervention ( PCI) in patients with ST-segment elevation myocardial infarction ( STE-
MI) by constructing HALP based on haemoglobin (Hb) , albumin ( Alb) , lymphocytes (LYM) , and platelets ( PLT).
Methods A retrospective analysis of 449 STEMI patients admitted to Nanyang Central Hospital from January 2022 to Janu-
ary 2024 was divided into 145 cases in the NRP group and 304 cases in the normal reflow group according to whether the
patients developed NRP after surgery. HALP was calculated based on Hb, Alb, LYM and PLT observations.  Independ-
ent influences on NRP risk were determined by multivariate Logistic regression analysis. ~ Dynamic nomogram of NRP risk
after PCI in STEMI patients were developed using the R language correlation software package. Results  The
incidence of NRP was 32.3% (145/449) among 449 patients with NRP.  The HALP of patients in the NRP group was
lower than that of patients in the normal reflow group (P<0.05). The area under the curve (AUC) of HALP for diagno-
sis of NRP was 0. 880 (0.847 ~0.909), and the Kappa coefficient of its optimal cutoff value <3. 04 versus patients with
accurate diagnosis of NRP was 0. 612.  The results of multivariate Logistic regression analysis showed that age, diabetes

mellitus, and high sensitivity C-reactive protein (hs-CRP) were independent risk factors for NRP after PCI in STEMI pa-
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tients (P<0.05), and left ventricular ejection fraction ( LVEF) and HALP were independent protective factors ( P<

0.05).

A dynamic nomogram ( https;//xz0311. shinyapps. io/DynNamicNRP/) based on HALP combined with age, di-
abetes, LVEF, and hs-CRP was effective in predicting the risk of post-PCI NRP in STEMI patients.

Conclusion

HALP is more effective than traditional risk factors in predicting NRP risk in STEMI patients after PCI, and the dynamic

nomogram developed based on HALP will help develop personalized treatment strategies for patients with high NRP risk.
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ST Bt ¥ 5 B4 .0 JLAE FE ( ST-segment elevation
myocardial infarction, STEMI) & Il K % WL #Y & /G
FOE, FLAT e bR RPN B T S AR
2 B R B KA AR YT ( percutaneous coronary inter-
vention, PCI) J& H Hil 5 A7 R IR T ik Y
25% 1 84 PCL ARG H BT E I M4 (no-reflow
phenomenon , NRP ) , H: & A= ML 5 4L A D e B 1
7 B AL 01 e R SJe 10 PR T 0 4 A R O 48 R
BRI WUBEFE | A2 O 3 F AR R ) 3 0 55 R
2 BRI, PO PCT RS NRPRURS: PR 2 A i
BTN XU, ST it R Al T 7 O, B I R
Y,

HALP J2&—F4f B2 W A PP 48 45, B il 2188
H (hemoglobin ,Hb) | HEH (albumin, Alb) | W4
L (lymphocyte , LYM ) F01 Ifi. /M ( platelet, PLT ) X
(A% —E NIRRT T i 85 BRI R
iE VS FRARBL R B 256 RIS bR, R0 TG 2
IR 7R = A = s N SR 1 DA TS
Hb'®) AL [ LYM Fil PLT' #) 5 STEMI f## PCI
ARJG TG B NRP RS A1 FE kB oE 35 5t
T AHEFEAR B HALP ] A 24 5 STEMI &% PCI
ARJG NRP RS IF48 S ARG B BG . Pt, A5
MEZHR . (1) %R STEMI & RFT HALP J& 7
5 PCIARJG NRP KU A ¢ ; (2) Bk HALP 455 1
PRFFHER L 1 51 26 8] BB 45 A A4 HLI PCT R J5 NRP
KUK 5 (3) IF & PCI AR J5 NRP XU sh A58 A, fF
TG PR B A= fff FH A 3 STEMI JR &

1 FERMTE

1.1 #HRIFH

Ve BRI P P E R 2022 4F 1 H—2024 4 1
F Y56 8 STEMI B4, S NARVE . (1) F#>18 ¥
(2) 454 STEMI ¥ 47 %5 (3) #F & PCI & BLiE,
HBAT . (1) BEAEA PCL ¥ (2) &M g 5 M ik
o B (3) H T E R YA A 40 MR D E 3R
BB GIT;(4)mER . EERA, 85 Rrtkn,;

ST-segment elevation myocardial infarction;

percutaneous coronary intervention;  no-

(5)3 3 /A R AR F 470 PLT 254 % . & 4 40 )\ 449
PlEH, AHERREREZR 2 HERT,
1.2 HiEsE

W B B O\ B B e R VR, B A (1) — Ml K
BAE, i MR R TR B RS R Rk R
i E L E | A2 E 4t % (left ventricular ejection
fraction, LVEF) W45 & An 47 3K 5 (2) 5236 % 204 .
PN R R R R R Y
M52 & LB H ik = B .5 8 C RN & & (high
sensitivity C-reactive protein, hs-CRP) | FHE AR,
B 48 M MR8 L Hb  Alb \LYM #1 PLT;(3) K ¥
B xR AXB A REKE, AR E=KFE
(kg)/[ & (m) 1?5 AR\ B ARG 17 ik 48 v )
B R U AL =11, 1 mmol/L % %8 i i 4% >
7.0 mmol/L HHA LK L& % KAA R REH
AR RAE(FE SRR L&A E)HE i E
K FH 4K E =80 mmHg fr/ = F 24l 4 & =
130 mmHg,
1.3 HALP it&AK

W& B F N R B Hb, Alb, LYM #8 PLT &,
HALP it & /A &' .HALP =Hb (g/L) xAlb (g/L) x
LYM(x10° L") /PLT(x10° L™") ,
1.4 NRP iZHf

NRP 245 £ % PCl R & i k 4k k& 2| E %
A, 2 A TIMI fn ik 4 <2 2" TIMI ik
EREXOR  MET2ME; 1 K. 2P HTHET
HEML,EFREFAMETHE2 R ERAT T
o8It A AL B 3K AT T, B E R 18,3
R R A A M B 3 A AT S R
Fhh VWEFDREE, ERAKALELFENA
WK B0 Bk B B £ AE B T B SL A TIML % 48, #
TWHERT —B N Fh & = £ EF 24T
RAIEE,
1.5 #EFIHE PC1 RJF NRP XA ZhZ 5 & E

HT L HE Logistic B A 474 X, R i&
= rms @A E T PCI K& NRP A7) & A, {F A
survival 1 dca. R R #HATRE W & S K & & Flk
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K% v 1 % A, 1 H DynNom A4 7| & I/ & i T
W % # 3£ FF & PCL A & NRP M6 30 A 7] 4 1A
1.6 SitELH

K JH SPSS 22.0 MedCale 22.0 R & % 4.3.3
ST FRERERE, RO (%) % T,4
BB EA X B, SR L ELREAKIER,
EATEXMU axs £, RABIHER A,
KA ROC dh & 24 £ it & Hb Alb LYM PLT #¢
HALP #y dh % T W R (area under the curve, AUC)
KA % B % Logistic El 3447 PCI K J& NRP #y 4 32

fElEE, P<0.05 hZREFHITEE XL,

2 # B

2.1 NRP FfEEERBERAALLE

449 5 F8 F NRP 1 & £ %8 32.3% (145/
449) . NRP 4B HF W0 WE O L) Wies & &7 5k
JE CH il =& hs-CRP \PLT FI#E 4R S22 el T
TE# B WA (¥ P<0.05) , LVEF L5 Hb Alb
LYM Fl HALP X FIEH &M () P<0.05;3% 1) .

F1. NRP HIEEERBERAALLR

Table 1. Comparison of clinical data between patients with NRP and normal reflow

T H IEHE 4 (n=304) NRP 4{(n=145) SLIXIEN P
R, V84 57.7749.27 64.70£10. 85 6.994 <0. 001
/[ B % ) ] 1.730 0.188

53 96(31.6) 37(25.5)

5 208(68.4) 108(74.5)
IR (kg/m®) 25.25+2.73 25.05+2.39 0.781 0.435
TR R/ LB (% ) ] 39(12.8) 14(9.7) 0.950 0.330
WEIRIR/ [ B(%) ] 139(45.7) 101(69.7) 22.598 <0.001
R/ [ (% ) ] 152(50.0) 86(59.3) 3.416 0. 065
LVEF/% 48.21+10.28 44.85+7.70 3.863 <0. 001
4k ./ mmHg 140. 88+13. 06 144.50+14.23 2.668 0.008
#F 7KK/ mmHg 79.52+8.75 82.89+12.73 2.882 0.004
WESE A 1/ (pe/L) 22.70£6.19 20.31+7.81 3.239 0.001
WU/ ( mmol /L) 0.09+0. 03 0.10+0. 03 1.146 0.253
Hih =5/ (mmol/L) 1.83+0.46 1.96+0. 33 3.500 0.001
hs-CRP/ ( wmol/L) 0.68+0.19 0.79+0.17 6.307 <0.001
2R 4EfE H R/ (wmol /L) 10.94+1.09 11.17+1.31 1.892 0.059
H 4/ (x10° L) 10.92+1.76 10.77£1.54 0.895 0.371
HfR 4/ (x10° L) 10.71+7.58 9.89+2.94 1.639 0.102
Hb/ (g/L) 140.50+18. 92 124.66%17.37 8.514 <0.001
Alb/(g/L) 38.1122.86 34.37+3.55 11.928 <0. 001
LYM/(x10° L™") 1.81%0.76 1.1320.47 11.657 <0. 001
PLT/(x10° L™") 205.73+53.75 229.34+48.01 4.685 <0. 001
ST/ [ (% ) ] 8. 464 0. 004

L/ 147(48.4) 49(33.8)

AR 157(51.6) 96(66.2)
FHK JE/mm 23.91+5. 44 23.39+6.59 0.825 0.410
HALP 4.97+2.64 2.11+0.91 16.909 <0.001
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2.2 tHXETE ROC HIZHH

Hb Alb, LYM PLT K HALP fiJ AUC 435 KN
0.749(0.707 ~ 0.789) ,0.811 (0.771 ~ 0.846) .
0.763(0.721 ~0. 802) 0. 607 (0. 560 ~0. 653 ) Fl1 0. 880
(0.847 ~0.909) ; BT {H 73] <124.6 ¢/L. <
35.76 ¢/L . <1.85(x10° L") \>176.38 (x10° L")

*2. H

M<3.04 (2 FIE 1), T I AR 34T 5
4 ,NRP 41/83# Hb Alb LYM PLT F1 HALP |y
ETIEHEREH (P<0.05), 5T Hb Alb LYM,
PLT Fl HALP S AE#KIMr{E 5 FL 02 W NRP f8 35 i
17— EUOVE K 58 43 1, Kappa Z 5043 5l 0. 446 .
0.506.0. 354 0. 160 F10.612(F£3),

TE ROC &N TER

Table 2. Results of ROC curve analysis for related variables

SR AUC 95% CI AW E Youden 154§ SE  REUE/% FERE/% P
Hb 0.749 0.707 ~0.789 <124.6 g/L 0.455 0.026 65.52 79.93 <0.001
Alb 0.811 0.771 ~0. 846 <35.76 g/L 0.512 0.023 68.28 82.89 <0.001
LYM 0.763 0.721 ~0.802 <1.85(x10° L") 0.453 0.022 97.24 48.03 <0.001
PLT 0. 607 0.560 ~0.653  >176.38(x10° L") 0.216 0.027 89. 66 31.91 <0.001
HALP 0. 880 0.847 ~0.909 <3.04 0. 665 0.016 86.90 79.61 <0.001
Hb Alb LYM PLT HALP
100F F F F F
80| - 3 - 3
% 60
w® 4or - - - -
20F - BEXIE L BEEXIE L - BEXIE L - BiEXE H - BiEXE
AUC:0.749 AUC:0.811 AUC:0.763 AUC:0.607 AUC:0.880
ok 95%Cl:0.707~0.789 i 95%Cl:0.771~0.846 1 95%Cl:0.721~0.802 95%Cl:0.560~0.653 95%Cl:0.847~0.909

0O 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100 O 20 40 60 80 100
100-45 2 /%

B 1. ##XT=R ROC Lk

Figure 1. The ROC curves for the relevant variables

#3. AL NRP EEHXTENALE e
Table 3. Group comparison of related variables in o NRP 4l IEEERA
. . . Aph B P
patients with and without NRP (n=145) (n=304)
BT A9 (% ) PLT/(x10° 1L7") 24.382 <0.001
NRP £ R <176. 15(10. 1.

. _145 Em_%g:ﬂ B P 76.38 5(10.3)  97(31.9)
(n=145)  (n=304) >176.38 130(89.7) 207(68.1)

Hb/(g/L) 89.452 <0.001  y oa B 0.160 <0.001
>124.6 50(34.5)  243(79.9) HALP 174967 <0.001
<124.6 95(65.5)  61(20.1)

, >3.04 20(13.8)  242(79.6)

Kappa &% 0.446 <0.001

<3. . .

Alb/ (/L) 115. 169 <0. 001 3 04‘, 125(86.2)  62(20.4)
>35.76 46(31.7)  252(82.9) Kappa A5 0.612 <0.001
<35.76 99(68.3)  52(17.1)

Kappa 3% 0.506 «0.001 2.3 PCIARE NRP RBEHIZEE Logistic BJFHH

LYM/(x10° L) 90.428 <0.001 ZHZE Logistic A4 Hr45 5 W | AF#Y OB IR
>1.85 4(2.8)  146(48.0) Jp5 A1 hs-CRP &y PCI A Jii NRP XU A8 7t 57 £ 6 K &2
<1.85 141(97.2) 158(52.0) (P<0.05) ,LVEF Hl HALP “}y PCI RJ5 NRP XU )

Kappa R 0.354 <0.001 MSEARH R (P<0.05;384)
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% 4. PIC R/5 NRP K& H & EZE Logistic BlJ3 547

Table 4. Multivariate Logistic regression analysis of
the risk of NRP after PCI

A Gt B SE  Wald {H OR(95% CI) P

RS 0.081 0.016 26.128 1.084(1.051 ~1.118) <0.001
BEIR G 1.176 0.326 13.044 3.241(1.712 ~6.134) <0.001
LVEF -0.086 0.026 11.289 0.917(0.872 ~0.965) 0.001
e 0.019 0.012 2.466 1.020(0.995 ~1.044) 0.116
POk 0.021 0.015 2.162 1.022(0.993 ~1.051) 0.141
WIESEH  -0.041 0.021 3.706 0.960(0.920 ~1.001) 0.054
IS 0.005 0.004 1.372 1.005(0.997 ~1.014) 0.242
hs-CRP 0.255 0.081 9.944 1.290(1.101 ~1.511) 0.002
MAeRTY 0.169 0.317 0.286 1.185(0.637 ~2.204) 0.593
HALP -1.223 0.149 67.741 0.294(0.220 ~0.394) <0.001

2.4 MIEFIIEIE STEMI & PCI KF NRP XUB&
B % 2 &
KW B PR . LVEF _hs-CRP #1 HALP 14

TN STEMI (23 PCI RJ5 NRP UK i 51 28 [ 45
(F2A) , FEIEMZ ) C-index 4 0. 946, 32 B %]
EACRRIESE SR T PR - SaF S g i F N |
2B) ., Simple #5571 7R 51 £ 000 o A 1 5 S B U
gegiitam —3 (K 2C) . R Ze s Prds R o
AU [ >0. 047 , 51 2k (5] fig 4 ik b 285 22 SC I I R ¥
Weti (& 2D)
2.5 % PCI RJF NRP RUEHIZ AT & E

HTF STEMI 35 PCI ARJ5 NRP KU i 51 26 1]
Fa i sh 255 2k ] (https : //x20311. shinyapps. io/Dyn-
NamicNRP/ ) B3V E AL WLIE 3A , FE#RAE 5 if o
NBEFER BEIRAE  LVEF  hs-CRP F1 HALP 7% &
J& , 1T LAAE B 245 9 £ B [BJR 4l 2 b B Bz
STEMI £ & PCI AR J5 NRP KUK (19 4 i HE 5 i
95% CI, LK 3B,

A SMESY e awwwwwwwwwwww y
0 20 40 60 80 100
s ALY
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T _=
LVEF/% ﬁ,,:,'_\,.\,_,_‘
4@ 15
hs-CRP/(nmol/L)
3 9 14
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28 26 24 22 20 18 16 14 12 10 8 6 4 2 0
422 438
BaYI5y r — — — r—— ——e T 1
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01426y 04767
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-15 ~1 -05 0 05
B C 1000 D
03
800 L&l
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& 400t S
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200f -3
0
ST iR fh 2% o i g i i i L L N L L N
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L B . R ) ) . REEE ,
0 02 04 06 08 1:100 1:4 2:3 3:2 4:1 100:1 1:100 1:4 2:3 3:2 4:1100:1
F & EFNIE AL # b PR3 ER L

2. MIEFIIE PCI R/E NRP KU 51 £ B

Figure 2. Nomogram for construct and verifying NRP risk after PCI

3 4 i
NRP J& PCI ARJ5 W H ™ 5 1 3F K IE , 2R
FHEEIR YT R e 2Ry MERE . IR L, ALK

B ANAR YT NRP 2 CHE B, HALP J& &R AE FlE 3+
R B LA 4565, tH Hb  Alb LYM 1 PLT W00 {& 2H
B, AHEFEA B, NRP f#35 HALP KF44%, Hi2
W NRP i) AUC 4 0. 880 (95% CI:0. 847 ~0.909) ,
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A
Age
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1 | B ) | 1 ) ) | I 1 )
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| U U | U Ry i) LT )
195 = 23 a7 T m g gl 55 57
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3 gg 14
| | I I 1
3 5 7 9 11 134
HALP
0 !! 28
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[ Set x-axis ranges

Predict

Press Quit to exit the application

Quit

B

Graphical summary

95%Confidence interval for response

b
-
[ o
-
-1 0 .
Response variable
Numerical summary

Age DM LVEF hs-CRP HALP Prediction Lower.bound Upper.bound

1 60 0 44 8 4 0.227 0.177 0.277
2R G0N 44 8 4 0.388 0.341 0.435
BRG] 44 6 4 0.317 0.255 0.378
4 60 1 36 6 4 0.375 0.301 0.448
SICN 36 6 4 0.552 0.461 0.643

Model summary
Call:
glm(formula = NRP ~ age + MD + LVEF + hs-CRP + HALP,data = data,
el yieily
Coefficients:
Estimate Std. Error t value Pr(>Itl)
(Intercept) -0.096851 0.183679 -0.527 0.5983

Age 0.011077  0.001704 6.500 2.16e-10***

DM1 0.160489  0.034946 4.592 5.72e-06"**

LVEF -0.007288 0.002718 -3.681 0.0076**

hs-CRP  0.035633 0.008536 4.175 3.60e-05"**

HALP -0.076211 0.006906 -11.035 <2e-16***
Signif.codes:" 0i***¥221(001 ***>=10.01'**0.05*:>10:1:51
(Di i for ian family taken to be 0.1338923)

Null deviance: 98.174 on 448 degrees of freedom
Residual deviance: 59.314 on 443 degrees of freedom
AIC: 379.35
Number of fisher scoring iterations: 2

[ 3. STEMI £ PCI RJF NRP XU 1755 £ EIRETE
Figure 3. Operation page of dynamic nomogram of NRP risk after PCI in STEMI patients

XA A AR AL — B 50 53 F i, HALP <3. 04
IR A S5 EHI2 W NRP B & 1Y Kappa R A
0.612, % T HALP %5 & 1% &8 fa b I R A4 2 1)
STEMI 3% PCI RJ5 NRP XU 5 2551 2k 1K 7 45 B
Il RS AR HEAT NRP XU PFAR AT - A A B AL

1E HALP Hv, Hb 1 Alb 3 % iz ML pLAA 8 3500
L, LYM F1 PLT 32 %2 iz ML AR 2 AE G 928 ) v 7K -
AR K Hb B EIRA B XS5, 52 m .0 AL
AR, X g bR sh Bk 4 B ) 3 m, &
JER TN SR ZE T e AT, 390 PCL RS NRP X
600 Al PR AT 3 I P Rz T i A 5 O JUL P
FEMTA & NRPU it sh  Hb F1 Alb 15 48 5E 20
A K, Hb FEAREE AL 2E LA RE A0 B R 5 FNAIE 2140
MR R ER 15 AR S E RN, 5 30N K D e R i,
FEAR F ML AR A2 BE, T8 AR 8 it i A 4 S, T T
NRPT . IeAh, UHLA Alb PRI, RAEN RETES N
B A0 M B - 3k A2 1 1 A0 R B R
SN A I ZE IR L LYM FEALR )
ZS5PiRAEL R Y LYM B/, 5 4 i A
T Bl Z U800 R SR E KN, fih 2 P9 Bz 40 3 £k
SECE AN I N B K, 51 R S A BE €, i
NRP"™! PLT 3 P 85 B A 45 35+ 4 i\ B-PLT
BRER 505 PR T2 el I Y 0 I R AE L AL

R R TR ) B R 30 9 i A I, 5 S50 it 7 2
FE IR T B A A W4, PRI, & PLT 234
STEMI % PCI AJ5 NRP KU " (E 457 &
J&, Alb J& PLT A M FHEHHIF] 12 PLT 535
AR PKU e 1) T A5, PRI, 24 AL BEAIGHS 2 34m
PLT, fi2ik NRP' |

FIRBFSE TS 478 Hb Alb [LYM F1 PLT AJ i@
Wz %% 25 PCl KRG NRP ML, 8 i xf
HALP 19 ROC 14534 & 8L, HALP 3 5t i) Hb |
Alb LYM F1 PLT fg 50 fERf Bl PCL R J5 NRP A
B, AR ROC 14 73 A i fe A A T {8 2F A7 — ik
K1 43 M7, 45 S 3IE S HALP ( <3.04) 5 EH S22 W
NRP 41 Kappa RELHK 0. 612, 43518 F Hb( <
124.6 g/L) .Alb(<35.76 ¢/L) LYM( <1.85x10° L") ,
PLT(>176.38 x10° L") ) Kappa R %, ZH &
Logistic [A1F43 #7138 75 HALP A LA 7 T4 5 6
K PIZ T PCL AR JG NRP KUK . 3X SEfIF 57 45 Fh 4
B, HALP RBA A & FiRTsbr B B ol ey 4 B
Jog LR | E 4 T 25 A I T Ml S M STEMI f 3%
BEFMARAEIR , U PCI A J5 NRP KUK . AHFSE
R IUEGSCR R AR WKW . LVEF & hs-CRP
5 PCI ARG NRP JXUBS AHOG 3 3 RO PR 23 18 1
A5 PR B T i e A 0 o A et tR: 20 Bk ot 9 25 o0 L
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7E PCI AP S 45145 17 | hs-CRP 2 5 AT AL, H:
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