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WE.a4¢ FRiTHFHEEFERF AN FELFE (heart rate variability, HRV) 55 ¥ 3647 BAMZZ ey £ £
Fik RAGBMARA S &, KE202F3 A2224F 2 Ad TP EHRFWBERK G 85 BITIRER
FARB AR B F G — A M AKTE | KAKBH 1.4 3 X4 HRV.:SDNN, SDANN Index ,PNN50.LF HF, v\
B & if S FE AR . AL C K& & (hypersensitive C-reactive protein, hs-CRP) | & 43 L ( white blood cell, WBC) |
& 2l 2 -2 (interleukin-2, IL-2) | & %8 B/~ -6(interleukin-6, IL-6) . & 4~%-1B (interleukin-1B, IL-1B) . A % 37
7% A F-o( tumor necrosis factor-a., TNF-a) & vy -F# % (interferon-y, IFN-y) , 547 HRV 5 ¥ 13547 648 & M | v
BARGH 1 RHRV A B34 KRG RAIAR e A0 2k, KA M 4 W A AT 7 ik M i %X T4 42
(receiver operating characteristic, ROC) #§ & 3% 4& HRV T § & K& 48 h maB A whscse, 4% RaTH 1 X,
SDNN 5 hs-CRP(r=-0.25) .SDANN Index 55 WBC(r=-0.25) .LF 5 IL-18(r=-0.28) % TNF-a( r=-0.26) Z fi
% (P 3<0.05); K% 1 X,SDNN 5 hs-CRP(r=-0.46) \WBC(r=-0.33) . IL-2(r=-0.25) . IL-6( r=-0.40) ,
PNN50 5 hs-CRP(r=-0.40) \WBC (r=-0.36) .IL-6 (r=—0.33) ,LF 5 (r=-0.32) \WBC (r=-0.21) .IL-2(r=
-0.53) .IL-6( r=-0.39) ,HF 5 hs-CRP(r=-0.50) .IL-2 (r=-0.40) .JL-6(r=-0.60)3J £ fi #8 % ( P 3§<0.05) ; K &
% 3 % ,SDNN 5 hs-CRP(r=-0.35) \WBC(r=-0.29) .IL-2(r=-0.24) .IL-6(r=-0.27) , PNN50 15 WBC (r=
~0.49) \IL-2(r=-0.25) .IL-6( r=—0.28) .TNF-a(r=—0.23) ,LF 55 hs-CRP(r=-0.39) \WBC (r=-0.28) .IL-2(r=
~0.45) ,HF 5 hs-CRP(r=-0.42) \WBC(r=-0.39) .IL-2(r=-0.44) IL-6(r=-0.27) ¥ £ fi A8 % (P #<0.05) , &
A4k P RKgdRBAK(r=047) S5 K LR (r=0.36) 5 WBC 24X, REH 1 X VAS #4505
hs-CRP(r=-0.22) JFN-y(r=-0.23) 2 fi48% , KG @ A0 %k (r=-0.22) \ FREFHE (r=-0.23) BhFKR AL
BF1E] (r=-0.30) 5 SDNN £ #i 48 (P 35<0.05) ;LF FAM RJE 48 h Wil & A 4t 5 & L (AUC=0.671 5, P=0.0093),
th BREBHFEATARY HRV 5 K BEIAFEE 40X HRV A2 84 —Fr 47 B 6g 4] 69 B 5 R0 5 8ok A 3
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Abstract: Objective To investigate the correlation between perioperative heart rate variability (HRV) , inflammatory

markers, and recovery patterns in patients with gastric cancer. Methods The present retrospective study involved 85
patients who underwent laparoscopic radical gastrectomy and were hospitalized at Affiliated Hospital of Nanjing
University of Chinese Medicine from March 2022 to December 2024. Patients included 58 males and 27 females with the
age of (64.7+10.3) years. HRV indices (SDNN, SDANN Index, PNN50, LF, HF) and serum inflammatory markers
(hs-CRP, WBC, IL-2, IL-6, IL-18, TNF-a, IFN-y) were assessed before surgery, and on postoperative days 1 and
3. The study examined the correlations between HRV and inflammatory markers, as well as between HRV/inflammatory
markers on postoperative day 1 and postoperative recovery indicators. A receiver operating characteristic (ROC) curve
was generated using core diagnostic performance analysis to assess the predictive value of HRV for postoperative flatus
On preoperative day 1, SDNN exhibited a negative
the SDANN Index correlated negatively with WBC (r=-0.25) , and LF was neg-
atively correlated with IL-18 (r=-0.28) and TNF-a (r=-0.26) (all P<0.05). On postoperative day 1, negative cor-
SDNN with hs-CRP (r=-0.46), WBC (r=-0.33), IL-2 (r=-0.25), and IL-6
(r=-0.40) ; PNN50 with hs-CRP (r=-0.40), WBC (r=-0.36), and IL-6 (r=-0.33); LF with hs-CRP (r=
-0.32), WBC (r=-0.21), IL-2 (r=-0.53), and IL-6 (r=-0.39); and HF with hs-CRP (r=-0.50), IL-2 (r=
-0.40), and IL-6 (r=-0.60) (all P<0.05). On postoperative day 3, the following negative correlations were
observed; SDNN with hs-CRP (r=-0.35), WBC (r=-0.29), IL-2 (r=-0.24), and IL-6 (r=-0.27) ; PNN50 with
WBC (r=-0.49), IL-2 (r=-0.25), IL-6 (r=-0.28), and TNF-a (r=-0.23) ; LF with hs-CRP (r=-0.39), WBC
(r=-0.28), and IL-2 (r=-0.45) ; and HF with hs-CRP (r=-0.42), WBC (r=-0.39), IL-2 (r=-0.44) , and IL-6

within 48 hours following gastric cancer surgery. Results

correlation with hs-CRP (r=-0.25) ,

relations were identified as follows:

(r=-0.27) (all P<0.05). Additionally, postoperative initial flatus time ( 7=0.47) and bowel sound recovery time (7=
0.36) were positively correlated with WBC. The Visual Analog Scale ( VAS) score on postoperative day 1 showed a
negative correlation with hs-CRP (r=-0.22) and IFN-y (r=-0.23). Furthermore, postoperative flatus time (r=
-0.22), and bowel sound recovery time (r=-0.30) were negatively correlated with

SDNN (all P<0.05). LF significantly predicted postoperative flatus within 48 hours ( AUC=0.671 5, P=0.009 3).

ambulation time (r=-0.23),

Conclusion Patients with gastric cancer show significant inverse correlations between perioperative HRV and inflam-
matory markers. HRV is expected to be a novel, non-invasive digital biomarker for perioperative stress states, thereby
enabling prediction of postoperative recovery patterns in patients.

Key words; Heart rate variability ; Autonomic nervous function; Inflammatory markers; Surgical stress; Recovery prediction
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( high-sensitivity C-reactive protein, hs-CRP) . H 4fl
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(interleukin-2, IL-2) . [ 40 i 4 -6 (interleukin-6,
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Table 1 Various indicators of HRV and their clinical significance
EiEE 2N E X 117 3-8
SDNN/ms 24 h NA5EHE R-R [ bR VS R iERE 2N )

SDANN Index/ms

24 h 5 min FTBESEE R-R RIS E AR ERE , PG AT B BEAY B

ST E SIDNAN

HEZER PP {E
PNNSO/% ?ﬁg@ﬁ?ﬁﬁ\ R-R (A1 22 B> 50 ms 20 AN Kot G2 1RO 8 0 5 B R
25 JE 4
LE/ms> AL A5 0.04~0.15 Hz géﬁgéggﬁ s
HF/ms’ FRI% S5 0.15~0.40 Hz S kA 52 A 225K )

1.3 itZF4hE

i R 4.4.3 X8R #7581t 0, £5 5 IR
BT EER L xxs Tn , AT EIES D
ML M (P, Prs) R, IF SR n (%) 2R,
X] HRV 865 R MR AR XA 5 FE S 6 bR e 47 1
SRS, f5 6 IEA 501 i 32E1T Pearson #H G141
B, ANFF A IEA 530 B UEAT Spearman AH G KL
fifi 1 Graphpad Prism 9.5 {4 #4 8 22 3 34 T 1B 4%
fiF: ( receiver operating characteristic, ROC) ik, i1

B ROC ik F 1 FH (area under curve, AUC) , &
S SERT ARG FEEFRPR 2 W30 RE . K 56 7K 1
a=0.05,
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Table 2 General clinical data of patients undergoing laparoscopic radical gastrectomy (n=285)
R 64.7+10.3 FARIH/min 260.0(220,310)
5] A Hp 1L/ mL 50(30,50)
B 58(68.2) Jilvdeg 430
Ltk 27(31.8) I 26(30.6)
BMI/ (kg/m?) 23.7+2.8 Il 6(7.1)
RATH A BT I 37(43.5)
= 16(18.8) \Y 16(18.8)
= 69(81.2) KBS
ASA 53 el 43(50.6)
I 0(0.0) T 42(49.4)
Il 57(67.1) AJGH EAE
I} 28(32.9) H 33(38.8)
Ao i 0 LA ¥ 52(61.2)
H 51(60.0)
¥ 34(40.0)
YIBR
bl 15(17.6)
I 42(49.4)
28 28(32.9)

22 BERWE 1R AREE 1 XMRFE 3 XpyiEHR
HRV #8545 SMAEIR (WK 3) MARJFRETEIR (W3R 4) .

TS T B RARA AR B HRV $8h5 S RYEFEHR (n=85)

Table 3 HRYV indices and inflammatory markers in patients undergoing laparoscopic radical gastrectomy (n=285)

Eistan INCIE RIS RIGH 1R ENEE RPN
SDNN/ms 165.92(96.01,205.45) 80.00( 59.80,132.44) 127.11(75.40,180.21)
SDANN Index/ms 46.42(32.80,55.18) 44.82(29.67,61.66) 49.46(37.06,63.13)
PNN50/% 4.79(1.64,10.42) 6.28(3.12,14.82) 8.93(3.02,21.01)
LF/ms’ 592.15(265.59,936.32) 456.84(173.38,1 512.67) 941.05(196.69,2 952.70)
HF/ms’ 352.12(183.21,655.98) 402.93(185.79,1 163.61) 943.74(303.90,3 134.97)
hs-CRP/ (mg/L) 0.55(0.50,1.80) 38.60( 18.66,57.73) 30.50(12.20,81.88)
WBC/(G/L) 4.90(4.38,5.83) 13.24(10.75,19.13) 7.12(4.65,9.35)

IL-2/(pg/mL)
IL-6/( pg/mL)
IL-18/(pg/mL)
TNF-o/ ( pg/mL)
IFN-y/(pg/mL)

2.01(1.67,2.62)
2.91(1.83,4.64)
4.01(1.59,10.88)
1.47(0.95,2.19)
4.75(2.57,10.50)

2.39(1.79,2.86)
13.62(6.01,34.47)
7.56(2.96,14.28)
1.59(1.14,2.67)
3.70(1.81,7.87)

2.29(1.76,2.55)
8.47(4.00,14.45)
6.59(2.87,13.98)
3.22(1.72,7.52)
1.52(0.60,2.57)

F4 ATMEEET BEAGARBE ARG HRESER (n=285)
Table 4 Postoperative recovery indicators in patients
undergoing laparoscopic radical gastrectomy (n=85)

2.3 XML

2.3.1 HRV {8155 RYEFE PR A

Ei=L7n Bl
ARJEH ESHH/h 45.37(39.79,50.60)
BT IR B E]/h 67.40(44.05,90.83)
TR st [E]/h 18.97(17.26,19.93)
A JGAEBE s [E]/d 5.00(4.00,6.00)

ARJGH 1 K VAS 5
Jig Mg 55 5 st (] /h

2.00( 1.00,3.00)
32.33(24.82,40.33)

ARAT4 1 K, SDNN 5 hs-CRP £ 17 AH 56 1,
SDANN Index 5 WBC fF7EfifH LK R, LF 5
IL-18 TNF-a fAFE A KRR, IR 5; RIF5H 1
& ,SDNN LF 5 hs-CRP \WBC .IL-2 IL-6 f£1E 7 4
KK Z ,PNN50 5 hs-CRP WBC IL-6 17 7E i A 5%
KA ,HF 5 hs-CRP IL-2 IL-6 fF7E ARG K R, WL
% 6, KJ5%5 3 K, SDNN 5 hs-CRP WBC . IL-2 IL-6
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EAE 1 40 56 56 &, PNN50 5 WBC., IL-2, IL-6,
TNF-offfE i % 5 %, LF 5 hs-CRP ,WBC ,IL-2

# 5 REIEE 1 K HRV &354%

5 RN AR AL B

Table 5 Correlation analysis of HRV indicators and inflammatory factors on preoperative day 1

AL A5 % ,HF 5 hs-CRP \WBC .IL-2 .IL-6 ff
TERAIRER, R 7,

EiEgan hs-CRP(r/P) WBC(r/P) IL-2(#/P) IL-6(#/P) IL-18(#/P) TNF-a(r/P) IFN-y(r/P)
SDNN -0.25/0.02 0.05/0.67 -0.01/0.95 -0.15/0.16 0.09/0.42 -0.12/0.28 -0.07/0.53
SDANN Index  -0.11/0.33  -0.25/0.02 -0.06/0.56 -0.19/0.09 0.09/0.44 -0.09/0.40 0.01/0.93
PNNS50 0.15/0.18  -0.18/0.11 -0.07/0.50 -0.01/0.91 0.00/0.09 -0.16/0.14 0.01/0.91
LF -0.06/0.58  -0.10/0.35 -0.21/0.06 -0.06/0.57  -0.28/0.01 -0.26/0.02 -0.13/0.25
HF 0.16/0.15  -0.16/0.16 0.01/0.95 0.14/0.22  -0.04/0.70 -0.17/0.13 0.15/0.16
#6 AREH 1K HRV &4815-5 RAEH TASCE 7
Table 6 Correlation analysis of HRV indicators and inflammatory factors on postoperative day 1
=L hs-CRP(r/P)  WBC(r/P) IL-2(r/P) IL-6(r/P) IL-1B(#/P) TNF-a(r/P) IFN-y(r/P)
SDNN -0.46/<0.01  -0.33/<0.01 -0.25/0.02 -0.40/<0.01 -0.10/0.38 0.00/0.99  0.03/0.79
SDANN Index  -0.16/0.15 -0.32/<0.01 0.01/0.95 -0.11/0.30 -0.01/0.91 0.1270.27 -0.12/0.28
PNN50 -0.40/<0.01  -0.36/<0.01 -0.14/0.21 -0.33/<0.01 -0.04/0.75 0.03/0.80 -0.07/0.54
LF -0.32/<0.01  -0.21/0.049 -0.53/<0.01 -0.39/<0.01 0.03/0.77 -0.11/0.31 0.1070.38
HF -0.50/<0.01  -0.21/0.052 -0.40/<0.01  -0.60/<0.01 0.06/0.58 0.04/0.75 0.09/0.41
#7 K4 3 K HRV 4805 5 RIYEN TN E T
Table 7 Correlation analysis of HRV indexes and inflammatory factors on postoperative day 3
BTzt hs-CRP(#/P)  WBC(r/P) IL-2(r/P) IL-6(r/P) IL-1B(#/P)  TNF-a(r/P) IFN-y(r/P)
SDNN -0.35/<0.01 -0.29/0.01 -0.24/0.03 -0.27/0.01 0.06/0.61 0.02/70.84  -0.13/0.24
SDANN Index 0.00/0.97 -0.12/0.27 0.03/0.76 -0.12/0.26 -0.01/0.92 -0.04/0.73  -0.03/0.78
PNNS50 -0.14/0.20 -0.49/<0.01  -0.25/0.02 -0.28/0.01 -0.06/0.60 -0.23/70.03  -0.19/0.09
LF -0.39/<0.01 -0.28/0.01 -0.45/<0.01  -0.14/0.20 0.04/0.75 -0.01/0.91  -0.14/0.21
HF -0.42/<0.01 -0.39/<0.01 -0.44/<0.01  -0.27/0.01 -0.11/0.32 0.05/0.66 -0.11/0.33
232 ARJFEH 1 KAV HRV 83 SAREHRE 0.05), WK S8,
FEAR AR S AR A R IR Bl ] | Hﬁjﬂ—‘%ﬁ‘Vk’EHﬂ‘l‘Eﬂ

AJ5 B UGE S K 5k &2 R ] 5 WBC
HFAEFF LR RGH 1 K VAS 4> 5 hs-CRP,

IFN-y f7-1E 11 *H?é?é%,%#ﬁ%fr*‘éﬁx(l%

W9,

5 SDNN MM LR R, ZRA 51T
(P<0.05) .,

-
FE X

# 8 ARJFH 1| RRMAEAR SRS BRI A BT
Table 8 Correlation analysis of inﬂammatory indexes and postoperative recovery indicators on postoperative day 1
E1=L7D hs-CRP(r/P) WBC(r/P) IL-2(#/P)  IL-6(r/P) IL-1B(+/P) TNF-a(#/P) IEN-y(r/P)
AREEGESHK 0200007 0.47/<0.01  -0.16/0.14  0.04/0.71 -0.18/0.11  -0.04/0.70  0.00/0.97
it TR B ] 0.15/0.17 -0.21/0.06 -0.16/0.15  0.11/0.34  -0.06/0.58  -0.14/0.19  0.02/0.83
TR BB ] 0.14/0.22  0.06/0.60 -0.07/0.54  0.04/0.71 -0.02/0.84  -0.11/0.32 -0.08/0.44
AJ5 A B e ] 0.01/0.91 -0.12/0.28 -0.12/0.29  0.15/0.17 0.19/0.09  -0.13/0.25  0.03/0.76
ARJGHE 1K VAS W -0.22/0.05  0.11/0.30 -0.16/0.14  -0.10/0.36 0.01/0.95 0.10/0.39  -0.23/0.04
A E R AT 0.06/0.60  0.36/<0.01  -0.12/0.28  0.06/0.59  -0.07/0.50 0.13/0.25 -0.01/0.94
£9 ARJF%H 1 K HRV $8t5 5 AR5 BEE 18 FR A SCE 4T
Table 9 Correlation analysis of HRV indexes and postoperative recovery indicators on postoperative day 1
ETi SDNN(#/P) SDANN Index(r/P) PNN50(r/P) LE(+/P) HF(r/P)
AJFEREAI K -0.22/0.04 -0.07/0.55 -0.12/0.28 0.15/0.18 0.11/0.30
WK B (A -0.13/0.24 -0.14/0.20 -0.01/0.95 0.08/0.48 0.00/0.97
TR BhAs(A] -0.23/0.04 0.06/0.56 0.10/0.37 -0.06/0.62 0.09/0.39
P NEYERC ] -0.08/0.45 -0.07/0.54 0.08/0.48 0.04/0.74 0.08/0.48
RIGH 1 K VAS 455 -0.12/0.26 0.00/0.98 -0.06/0.61 -0.11/0.31 -0.02/0.89
Ji Wi ik 52 BT ) -0.30/0.01 -0.01/0.96 -0.13/0.24 0.12/0.29 0.01/0.91
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 HRV 418 b5 ROC Hi£E T A9 r FL AUC, LF 1
AUC 4 0.671,P=0.009, % FARJ5 48 h WPk & # <
HELWEX, WHE 1,

A B C
1.0 : 1.0 1.0
0.8 0.8 F 0.8
# 0.6 06+ # 0.6
1 2 %
B 04 B 04t ¥ 04
" AUC: 0.605 5 AUC: 05300 AUC:0.565 8
02F 95%Cl: 0.479 4~0.731 5 0.2 L 95%CTI: 0.405 4~0.654 6 021 95%CIL: 0.440 0~0.691 6
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b 101 E 1.0r
0.8 [ 0.8
06} # 06
# i # Py
E 04t / B 04
<7 AUCO671'S ©AUC0.5679
02 95%CI:0.556 6~0.786 4 02 95%CI:0.437 1~0.698 7
P=0.009 3 P=0303 0
0 L L L L | 0 L= L L L L '
0 02 04 06 08 1.0 0 02 04 06 08 1.0
145 IS
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