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ABSTRACT Objective: To investigate the changes of C-reactive protein (CRP), N-terminal pro-B-type natriuretic peptide
(NT-proBNP), heart rate variability (HRV) and their relationship with postoperative cardiac function in children with congenital heart
disease (CHD) before and after interventional closure. Methods: From October 2020 to June 2021, 95 children with CHD who received
interventional occlusion in our hospital were selected as the research subjects. The serum CRP level was detected by chemiluminescence
method, the serum NT-proBNP level was detected by electrochemiluminescence immunoassay, the HRV indexes were analyzed by 24 h
ambulatory electrocardiogram and 12 lead synchronous electrocardiogram, and the changes of serum CRP, NT proBNP levels and HRV
indexes before and after operation were observed. The serum CRP, NT-probNP levels and HRV indexes were compared before and after
operation, and the serum CRP, NT-probNP levels and HRV indexes of children with different NYHA cardiac function grades after opera-
tion were compared. The correlation between preoperative serum CRP level, serum NT-probNP level, HRV index and postoperative NY-
HA cardiac function grading were analyzed. Results: The serum CRP, NT-proBNP and LF/HF levels in children with CHD after inter-
ventional occlusion decreased gradually, which at 3 days and 1 month after operation were lower than those before operation, and 1
month after operation were lower than those 3 days after operation(P<0.025). The TP, HF, LF, R-R, PNN50%, ASDNN, SDANN, SDNN
and rMSSD levels increased gradually, which at 3 days and 1 month after operation were higher than those before operation, and 1 month
after operation were higher than those 3 days after operation (P<0.025). The serum CRP, NT-probNP and LF/HF levels in children with
CHD at 3 d after operation increased with the increase of NYHA cardiac function grading. The TP, HF, LF, R-R, PNN50%, ASDNN,
SDANN, SDNN and rMSSD levels decreased with the increase of NYHA cardiac function grading (most have P<0.05). The NYHA car-
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diac function grading of children with CHD at 3 d after operation was negatively correlated with the CRP, NT-proBNP and LF/HF levels
in serum before treatment(P<0.05), and positively correlated with the TP, HF, LF, R-R, PNN50%, ASDNN, SDANN, SDNN and rtMSSD
levels (P<0.05). Conclusion: After interventional closure, the indexes of serum CRP, NT-proBNP and HRYV in children with CHD
changed significantly, which are significantly correlated with the postoperative NYHA cardiac function grade. The indexes of serum

CRP, NT-proBNP and HRV are expected to be sensitive indexes to evaluate the prognosis of children with CHD after interventional

occlusion.
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Table 1 Comparison of CRP, NT-proBNP and HRV frequency domain indexes before and after treatment( x+ s )

NT-proBNP
Time n CRP(mg/L) TP(mW ) HF(mW) LF(mW) LF/HF
(pg/mL)
Before operation 95 5.67+ 1.24 148.74%+ 16.03 872.67+ 84.36  63.23% 1435 27535+ 26.53 4.34+ 1.90
1,372.15%
3d after operation 95 428+ 1.15 106.73+ 14.20' 951" 116.92+ 21.94" 356.04+ 33.20' 3.09% 1.56'
1 month after 1,516.17¢
95 3.05+ 1.04 72.62+ 11.09 172,91+ 38.18" 429.09+ 44.73 2.52+ 1.20
operation 101.09
Sphericity test HF coefficient 1.0077 0.9785 1.0184 0.7510 0.8943 0.8901
1,151.597,
Overall analysis F, P 126.966, 0.000  729.808, 0.000 0,000 384.069, 0.000 442.700, 0.000 33.049, 0.000
T1vs TO t, P 8.851, 0.000 19.559, 0.000 35.286, 0.000 20.749, 0.000 19.638, 0.000 4.670, 0.000
T2 vs TO t, P 16.066, 0.000 37.465, 0.000 44.789, 0.000 25.695, 0.000 27.834,0.000 8.326, 0.000

Note: The overall analysis was one-way repeated measurement analysis of variance, and the correction of sphericity test was HF coefficient method. The
time pairwise comparison was the difference t-test, and the significance marker t was compared with the first time point in the group P<a's «'=0.05/2 =

0.025, 2 was the number of multiple comparisons (Bonferroni correction method).

2.2 &¥FRIE HRV B3 iS4R L&
CHD ## JL & 4 A #3% R J§ R-R.PNN50% .ASDNN,

SDANN ,SDNN . rMSSD /K iz #i Fh , ARJa 3 d ARG 1 A
BTARRL ARG 1 AR ETARRE 3 d iF(P<0.025), #EILZE 2,

R 2 JAFTRIE HRV BHEFEAREL B (2t 5)

Table 2 Comparison of HRV time domain indexes before and after treatment(x+ s )

Time n R-R(ms) PNN50%(%) ASDNN(ms) SDANN(ms) SDNN(ms) rMSSD(ms)

Before operation 95 657.01% 52.78 12.26+ 4.74 51.27+ 8.17 77.64+ 14.40 84.87+ 22.40 31.50+ 591

3 d after operation 95 709.52+ 62.40' 14.64+ 497 56.57+ 8.22' 98.19+ 19.62' 108.98%+ 34.09° 37.87+ 6.01'

1 month after operation 95 773.19+ 73.82°  17.90% 5.34 59.89+ 9.89"  114.96+ 21.08" 132.78+ 49.70'  45.45% 7.26'

Sphericity test HF coefticient 0.9140 0.9933 0.9850 1.0018 0.9346 0.9875

Overall analysis E, P 81.108, 0.000 31.111, 0.000 25.530, 0.000 93.386, 0.000 39.917,0.000 107.437,0.000

T1vsTO t, P 6.251, 0.000 3.080, 0.003 4.727,0.000 7.961, 0.000 5.284, 0.000 7.391, 0.000

T2 vs TO t, P 14.066, 0.000 8.394, 0.000 6.537,0.000 13.777, 0.000 8.018, 0.000 13.909, 0.000

T2vs Tl t,P 6.027, 0.000 4.622, 0.000 2.763,0.007 5.770, 0.000 4.364, 0.000 7.676, 0.000

Note: The overall analysis was one-way repeated measurement analysis of variance, and the correction of sphericity test was HF coefficient method. The

time pairwise comparison was the difference t-test, and the significance marker t was compared with the first time point in the group P<a's «'=0.05/2 =

0.025, 2 was the number of multiple comparisons (Bonferroni correction method).
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BTG L (P>0.05), 119¢ 5 11 920 LF/HF 7KF-9 19 Lt
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Table 3 Comparison of serum CRP, NT-proBNP levels and HRV frequency domain indexes in children with different NYHA cardiac function grades 3

days after operation(x% s)

NYHA grades n CRP(mg/L) NT-proBNP TP(mW) HF(mW) LF(mW) LF/HF
(pg/mL)
Grade | 58 3.82+ 0.81 103.02+ 12.46  1,415.01+ 81.35 12937+ 21.96  367.16% 38.46 2.86+ 1.81
Grade 11 33 4.94+ 0.86° 11239+ 14.77*  1,334.50% 72.27* 98.80+ 19.07*°  342.98+ 33.69* 3.43% 1.76
Grade 111 4 5.92+ 1.25% 130.87+ 21.15® 1,129.86% 60.20® 72.49+ 15.32® 293.66+ 22.98* 4.03+ 1.50°
Sphericity test F, P 26.044, 0.000 11.086, 0.000 32.093, 0.000 31.977,0.000 10.675, 0.000 1.665, 0.195
IIvs 1 LSD-t, P 4.573,0.000 2.375,0.020 3.589,0.001 5.087, 0.000 2.298,0.024 1.121, 0.265
Mlvs I LSD-t, P 8.599, 0.000 7.060, 0.000 12.710, 0.000 9.465, 0.000 6.983, 0.000 2.283,0.025
Mvs II LSD-t, P 4.026, 0.000 4.685, 0.000 9.121, 0.000 4.378,0.000 4.685, 0.000 1.162, 0.248

Note: The overall analysis was one-way ANOVA. LSD-t test or hsd-q test was used to compare the two groups. The significant markers a and b were

compared with grad [ and grade I, respectively (P<0.05).

% 4 RJF 3 dRE NYHA D IhaES R 8L HRV BHHERRELE (22 5)

Table 4 Comparison of HRV time domain indexes in children with different NYHA cardiac function grades 3 days after operation(xt s )

NYHA grades n R-R(ms) PNN50%(%) ASDNN(ms) SDANN(ms) SDNN(ms) rMSSD(ms)
Grade | 58 718.82+ 57.46 15.70+ 2.79 57.07+ 7.95 106.87+ 17.38 116.24+ 35.09 3931+ 5.27
Grade 11 33 703.88+ 57.87 14.73%+ 2.50 56.19+ 7.94 9491+ 14.72* 96.86% 30.68" 34.98+ 4.78*
Grade 111 4 681.78+ 52.99* 13.54+ 1.64* 54.97+ 7.70 87.47+ 13.80° 83.19+ 27.72¢ 31.97+ 4.01*

Sphericity test F, P 1.291,0.280 2.283,0.108 0.227,0.797 7.215,0.001 4.703,0.011 10.170,0.000

Bvs A LSD-t, P 0.900,0.370 1.263,0.210 0.386,0.701 2.527,0.013 2.009,0.047 2.960,0.004
Cvs A LSD-t, P 2.232,0.028 2.810,0.006 0.918,0.361 4.096,0.000 3.426,0.001 5.018,0.000
CvsB LSD-t, P 1.331,0.186 1.548,0.125 0.533,0.595 1.570,0.120 1.417,0.160 2.058,0.042

Note: The overall analysis was one-way ANOVA. LSD-t test or hsd-q test was used to compare the two groups. The significant markers a and b were

compared with grad [ and grade I, respectively (P<0.05).
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Table 5 Correlation analysis between serum CRP, NT-proBNP levels and HRV indexes before treatment and postoperative NYHA cardiac function grade

NYHA cardiac function grade

Indexes
P

CRP -0.652 0.000
NT-proBNP -0.675 0.000
TP 0.532 0.007
HF 0.483 0.022
LF 0.476 0.024
LE/HF -0.635 0.000
R-R 0.446 0.016
PNN50% 0.373 0.025
ASDNN 0.388 0.021
SDANN 0.347 0.031
SDNN 0.395 0.018
rMSSD 0.304 0.035

Note: rs was Spearman correlation coefficient.

BN S TGO, BRI T 2210 4 A, i T A 0 =G IR
B AN A AEEARYE T BILONEFRIEIE , O ER
i AR RGBT T O AR LA, DRI B 46 AE
SN, BEARG 0 22 4R 430 BNP 53X —£5 18 76 T I 5E 20 4,
REMIE, AR RN, AR5 3 dEF,CHD EILRY MG CRP,
NT-proBNP /K7 LF/HF 7K F-ffiE NYHA (0 IJRES R T
ifii % , TP HF .LF .R-R .PNN50% ,ASDNN SDANN SDNN
tMSSD KPR NYHA D IIRE T = mibEAIL, 327 i
CRP NT-proBNP 7k} HRV #5455 CHD H LA G 02 6E
BHEYNEE, RJEAR NYHA LIIEES4H CHD &L, H:
1% CRP NT-proBNP 7KF- f HRV 545 23 25 7k, it
Kl if 7% CRP NT-proBNP /K- & HRV F545 7] % CHD & JL
AJF D IIREMK S AL SR AL A M ERE S o 280, A0F 58,
TEXTARJG AR NYHA O BE5r 4 8 L HRV $5 45 #4741 4] 7
ALK LA, A HRV HER S sl b L A TE 41t
2295 QIS AL, 40 LE/HF PNN50%7KF 1T 020 5 T 2040 i
2SR L, PNN50% . ASDNN sk F-1114% 55 11 2% Le 45 2% SR 3
B HF AT AR H— NYHA O U)fE T 200 112 LEITFRL
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SR RTINS CRP NT-proBNP f LF/HF /K2 ¢, 5
TP HF LF R-R PNN50% ASDNN SDANN SDNN .rMSSDsK -
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FRAT TG CHD B JLOIReE M

£z |- frik ,CHD LI % CRP NT-proBNP 7K & HRV
KRG eI, ARJGARH NYHA L IIRE 40
£ JLIMYE CRP NT-proBNP 7K & HRV F84R/K AR, AT
I3 CRP NT-proBNP 7Kk -}z HRV $§#7 7k 5 R J§ NYHA
DIIREST 2 B I 2 B AR & , CRP \NT-proBNP HRV 4 2
BCRPEAG CHD g LTS AU R AR
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