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[Abstract] Objective To evaluate the effects of a compound nutritional preparation on postoperative
wound healing, immune function, inflammatory response, nutritional status, and intestinal barrier function in
patients after cardiovascular surgery, so as to provide a new nutritional intervention strategy for rapid recovery
of trauma patients. Methods From September 2024 to January 2025, 65 eligible patients scheduled for
open cardiovascular surgery at the Second Affiliated Hospital of Army Medical University were recruited, and
randomly assigned via sealed envelopes to either an experimental group (n=32) or a control group (n=33).
From the first day after operation, both groups received isocaloric and isonitrogenous enteral nutritional
support for 7 d, and the control group was given a standard formula, while the experimental group took the
compound nutritional preparation. Wound healing was assessed with REEDA scale on postoperative days 7
and 14. Inflammatory markers, including the neutrophil-to-lymphocyte ratio (NLR), white blood cell (WBC)
count, C-reactive protein (CRP), TNF-a and IL-6 were measured preoperatively and on postoperative days 3
and 7. Immune function was evaluated by T-lymphocyte subsets (CD3", CD4", CD8 ) and serum
immunoglobulins (IgA, IgG, IgM). Nutritional status was assessed via serum albumin (ALB), prealbumin (PA),
and total protein (TP). Intestinal barrier function was indicated by serum levels of diamine oxidase (DAO),
lipopolysaccharide (LPS) and D-lactate. Body composition analysis was performed preoperatively and on
postoperative day 7. Incidence of postoperative infectious complications and length of hospital stay were
compared between the 2 groups. Results Finally, 60 patients completed the whole study, with 30
participants in each group. No significant differences were found in baseline indicators between the 2 groups.
When compared with the control group, the experimental group exhibited significantly lower postoperative
REEDA scores, reduced incidence of infectious complications, and shorter length of hospital stay (P<0. 05),
along with obviously higher skeletal muscle mass index (SMI) and 50 kHz whole-body phase angle (P<0. 05).
On postoperative day 3, there were no significant differences in above indicator between the 2 groups
(P>0.05). On postoperative day 7, notably higher CD3* and CD4" T-cell counts and serum PA levels were
observed in the experimental group than the control group (P<0.05). Significant group X time interactions
were observed in CD3*, CD4*, and CD8" T-cell counts and IgA level (P<0. 05). Additionally, the experimental
group had remarkably lower levels of NLR, CRP, TNF-a, IL-6, DAO, LPS, and D-lactate (P<0. 05), with
significant groupXtime interactions for NLR, CRP, IL-6, DAO, and D-lactate (P<0.05). There existed
significant groupXtime interactions in NLR, CRP, IL-6, DAO, and D-lactate. Conclusion The compound
nutritional preparation can promote wound healing, improve immune function and nutritional status, attenuate
the inflammatory response, protect intestinal barrier function, and thereby facilitate postoperative recovery in
patients undergoing open cardiovascular surgery.
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Table 1 Baseline demographic indicators, body composition and clinical characteristics of the participants
[n(%) ,M(Py,P,,) 5+ ]
Item Experimental group(n = 30) Control group(n = 30) /A P

Sex 0. 067 0.795

Male 17(56.7) 16(53.3)

Female 13(43.3) 14(46.7)
Agelyears 52.5(45.0,57.3) 53.0(48.8,58.0) -0.563 0.574
Fat mass/kg 17.3(14.6,20. 1) 19.0(14.6,21.4) -0. 451 0. 652
Skeletal muscle mass/kg 27.8(21.3,31.7) 24.0(20.2,28.2) -1.723 0. 085
BMI/(kg/m?) 24.1+£2.6 24.5+£3.0 -0. 541 0.591
Body fat percentage/% 27.1+7.6 28.7+7.6 -0.774 0. 442
Basal metabolic rate/kcal 1454.5(1213.8,1592.5) 1288.0(1186.0,1472.5) -1.626 0. 104
SMI/(kg/mz) 7.3(6.3,8.2) 7.0(6.0,7.9) -0. 636 0.524
50 kHz whole-body phase angle 6.3+0.8 6.0+1.0 1.279 0. 206
SGA grade 0.278 0. 598

A 11(36.7) 13(43.3)

B 19(63.3) 17(56.7)

C 0 0
NRS 2002 score 3.4+£0.6 3.3+0.5 0.936 0.354
NYHA class 1.558 0.756

I 2(6.7) 1(3.3)

1 6(20.0) 7(23.3)

I 19(63.3) 21(70.0)

v 3(10) 1(3.3)
Surgical procedure 1.998 0.397

Cardiac valve replacement 24(80.0) 27(90.0)

Aortic sinus aneurysm repair 2(6.7) 0(0.0)

Ascending aortic graft replacement 4(13.3) 3(10.0)

BMI: Body mass index; SMI: Skeletal muscle mass index; SGA: Subjective global assessment; NRS: Nutrition risk screening;

NYHA: New York Heart Association
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Table 2 Baseline laboratory indicators of the participants [ M(P,,P,,) ,x + s
Item Experimental group(n = 30) Control group(n =30) /4 P
NLR 2.4+£0.8 2.7+1. 4 -1.156 0.253
WBC/(10°/L) 6.0+1.5 6.4+1.9 -0.762 0. 449
ALB/(g/L) 45.8+3. 1 44.6+4.6 1.183 0.242
PA/(g/L) 278. 8+63. 2 264.3+64. 1 0. 878 0.384
TP/(g/L) 72.6+6. 1 71.6+6.9 0. 641 0.524
HGB/(g/L) 139. 8+17.0 137.2+13.5 0. 646 0.521
CRP/(mg/L) 3.0+1. 1 2.8+1.3 0.362 0.719
IegG/(g/L) 13.8+3.7 13.9+2.8 -0.203 0. 840
IgA/(g/L) 2.3(1.6,3.0) 2.3(1.9,3.0) -0.636 0.525
IgM/(g/L) 1.3(1.0,1.6) 1.2(0.9,1.5) -0.872 0.383
CD3"/(cells/ul) 961.0(744.5,1194.0) 892.0(750.5,1 168.0) -0. 067 0. 947
CD4"/(cells/ul) 551.3£178.9 522.5+168. 1 0.643 0.522
CD8"/(cells/ul) 292.0(209.0,415.5) 333.0(245.0,448.0) -0.237 0.813
CD47/CD8" 1.6(1.3,2.8) 1.6(1.0,2.0) -0. 800 0. 424
TNF-a/(pg/mL) 45.5(34.2,57.7) 48.3(38.2,75.9) -1.479 0.139
IL-6/(pg/mL) 14.0(10.4,20. 1) 13.4(11.7,23.4) -0.451 0. 652
DAO/(ng/mL) 2.8(1.8,3.5) 2.8(2.1,4.3) -0. 813 0.416
LPS/(pg/mL) 2 585.9+920. 3 2 650. 1+923. 4 -0.270 0.789
D-lactate/( umoL/mL) 0.3(0.2,0.3) 0.3(0.2,0.3) -1.079 0.280

NLR: Neutrophil-to-lymphocyte ratio; WBC: White blood cells; ALB: Albumin; PA: Prealbumin; TP: Total protein; HGB: Hemoglobin;

CRP: C-reactive protein; IgG: Immunoglobulin G; IgA: Immunoglobulin A; IgM: Immunoglobulin M; TNF-a: Tumor necrosis

factor-ac; IL-6: Interleukin-6; DAO: Diamine oxidase; LPS: Lipopolysaccharide

£3 ZiXEARBGOREEDAIES EEE (ITT 247 ) [ M(P,,, P,y |
Table 3 Comparison of postoperative wound REEDA scores
between 2 groups(ITT analysis) [ M(P,, P,,) ]

Experimental Control group
Imputation Item Z P
group(n =33) (n=32)
D7 score 2.0(1.5,2.6)  2.0(2.0,3.8) -2.041 0.037
M(‘,a]l
D14 score  1.0(0.0,1.1) 1.0(1.0,2.0) -2.278 0.002
D7 score 2.0(1.5,3.2)  2.0(2.0,4.0) -1.916 0.036
Worst
D14 score  1.0(0.0,1.3) 1.0(1.0,2.0) -2.234 0.014
D7 score 2.0(1.1,2.5) 2.0(2.0,3.8) -2.319 0.018
Best
D14 score  1.0(0.0,1.0) 1.0(1.0,2.0) -2.600 0.007

*4 FREAREHOREEDA S LLE (PP A7) [ M(P,, P,.) ]
Table4 Comparison of postoperative wound REEDA scores

between groups (PP analysis) [ M(P,, P,,) ]

Experimental Control group

Ttem A P
group(n = 30) (n=30)
D7 score 2.0(1.0,3.0) 2.0(2.0,4.0) -2.210 0. 027
D14 score 1.000.0,1.0) 1.0(1.0,2.0) -2.536 0.011

BEARIGH TR, IR CD3" T 5 CD4™ T 40408 3%
T TR IR ZH (P<0. 05) , 11 DS T A1 i1%% .CD4"/CD8”
FAH B2 13 fre 28 3R 2R 1 (1gG L TgA \IgM ) 7K F-2H 6] 2% 5
IS 2EE L (P>0. 05,4 5) . GEE/MHT s, R
557K ,CD3" TZHHI .CD4™ T4 . CD8™ T 41 jts K I 7
IgA Y AAAE Sl 25 0 20 0 < Bf 1) 52 800 (32 6) , R
5 2H X U AR AR b T R K R A T SRR T X
WRH . FRATEFRTEAR T 4 3 R AR WL 2 i 28 T A%
N (P<0.05) o 2B 2H [ 3R 5 A bt i (] - s g
KRR 25 5 5 B SR FIAEAR G 55 7 KRR
AF S 199 G0 8 R 4T A, LR HL A — i B s [RD AR
e

2.3.2  RIENMNIEAEE O PAARBI ARG IR
B RAE B PR B3R ¥ JC i A E] 22 5 (P>0.05) . R
Ja 8 7K IR 4 TNF-ao . CRP 1L-6 7K - K A 24 ity
55k B 40 9 HE A (neutrophil-to-lymphocyte ratio, NLR)
o EAK T 6 B 4H (P<0.05) , T 28 i (white blood
cells, WBC) 41 [0] 22 R LG i1 2# & L (P>0. 05,38 7) .
GEE 7M1 7% , RJ5 55 7 K NLR .CRP M IL-6 ¥ 77 1F ik
2B 20 5 < Bsf 18] 28 EL O (P<0. 05,3 8) , R IH 56 41
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Figure 1 Comparison of postoperative wound healing between the 2 groups
x5 AR EAZRERBIIEEIERILE [M(Py, P,;) ,x + 5]
Table 5 Comparison of immune function indices at different time points [ M(P,,, P,,) ,x + 5]
Item Time Experimental group(n = 30) Control group(n =30) 174 P
1gG/(g/L) D3 9.1£2.2 9.0+1.9 0.129 0. 898
D7 10. 6(8.7,12.9) 10.9(8.9,12.4) -0.392 0. 695
IgA/(g/L) D3 1.9+0. 8 1.9+0.7 0.126 0. 900
D7 2.3(1.7,3.1) 2.1(1.9,3.1) -0. 044 0. 965
IgM/(g/L) D3 0.9+0.3 0. 8+0.2 1.371 0.176
D7 1.3+0.4 1.3+0.5 0. 402 0. 689
CD3"/(cells/wlL.) D3 532.1+242. 4 531.3+280.0 0.012 0.991
D7 961.4+268. 5 722.6+299.9 3.250 0.002
CD4"/(cells/pl) D3 308.5(205.5,411.8) 308.5(213.5,375.3) 0.474 0. 637
D7 628. 0+170. 6 426.0+162.7 4. 693 <0. 001
CD8"/(cells/wL) D3 136.0(82.0,256.0) 164.0(118.5,268.5) -0.473 0.636
D7 276.0(180.5,346.5) 223.0(164.0,292.5) -1.589 0.112
CDh4'/CD8" D3 1.9(1.4,3.2) 1.7(1.2,2.3) -0.733 0. 464
D7 2.2(1.7,3.3) 1.8(1.3,2.6) -1.147 0.251
IgG: Immunoglobulin G; IgA : Immunoglobulin A; IgM: Immunoglobulin M
£6 HREINEEIEIR GEE A SHHITER
Table 6 Estimated parameters from the GEE model for immune function indicators
Item Parameter B SE 95%CI P
1gA/(g/L) Group X Time T3 0.282 0. 137 0. 014~0. 550 0. 039
CD3"/(cells /uL) Group X Time T3 274. 000 67.418 141. 863~406. 137 <0.001
CD4"/(cells /ulL) Group X Time T3 173. 167 37.985 98.718~247. 615 <0. 001
CD8"/(cells /ulL) Group X Time T3 99. 433 36. 816 27.275~171. 592 0. 007

IgA : Immunoglobulin A

R FERRBERT ] T R . TNF-o U 7R 8 25 R 40
S =N (P=0. 049) , T 38 BN A i 3%, IR 2 4 Jk ek Ja 50 3 RATA FEAR R UL 2 38 H ALV (P>0. 05) .

— B0, R T IS X TNF-o LA RREEFEARVE T . AR
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RT FEINERZINERERMHIERIEE [(M(P,, P, ]

Table 7 Comparison of inflammation and stress indicators at different time points [ M(P,,, P,;) ]

Item Time Experimental group(n=30) Control group(n=30) VA P
NLR D3 9.8(7.2,14.7) 9.3(6.7,12.7) -0. 192 0. 848
D7 4.0(3.5,5.0) 4.8(3.9,6.7) -2.587 0.010
CRP/(mg/L) D3 104.2(79.4,143.2) 90.4(68.2,117.45) -1.223 0. 221
D7 19.9(14.4,30. 1) 32.5(17.5,56.0) -2.935 0. 003
WBC/(10°/L) D3 11.6(9.0,14.0) 11.5(9.4,14.3) -0. 569 0. 569
D7 9.5(8.8,11.8) 10.2(7.6,12.9) -0. 606 0. 544
TNF-a/(pg/mL) D3 67.0(48.8,79.6) 76.6(51.3,115.5) -1.575 0.115
D7 46.6(37,62.9) 63.3(40.2,79.7) -2.255 0. 024
IL-6/(pg/mL) D3 25.2(14.0,46.4) 55.2(16.4,157.2) -1.523 0. 128
D7 12.9(6.4,37.5) 43.2(13.6,96.0) -2.454 0.014

NLR: Neutrophil-to-lymphocyte ratio; CRP: C-reactive protein; WBC: White blood cells; TNF-a: Tumor necrosis factor-ot;

IL-6: Interleukin-6

RS RIERNHIEW GEERBESH A ITER

Table 8 Estimated parameter from the GEE model for inflammation and stress indicators

Ttem Parameter B SE 95%CI P
NLR Group X Time T3 -2. 066 0. 825 -3. 684~-0. 448 0.012
CRP/(mg/L) Group X Time T3 -18.720 5.155 -28.823~-8. 617 <0. 001
IL-6/(pg/mL.) Group X Time T3 ~78. 656 37.415 -151.988~-5.324 0.036
TNF-o/(pg/mL) Group -8.931 4.535 ~17. 821~-0. 042 0. 049

NLR: Neutrophil-to-lymphocyte ratio; CRP: C-reactive protein; TNF-a: Tumor necrosis factor-a; 1L-6: Interleukin-6

x9 ARMNEAZREEFKAIERLE [M(Py, Py) ,x + 5]

Table 9 Comparison of nutritional status indicators at different time points [ M(P,,,P,;) ,x + 5]

Ttem Time Experimental group(n = 30) Control group(n = 30) /7 P
ALB/(g/L) D3 38.0+3.9 38.3+4.9 -0. 225 0. 823
D7 36.8+3.0 36.9+5.2 -0. 153 0.879
PA/(g/L) D3 153.0(142.0,182.0) 144.0(124.0,164.0) -1.168 0.243
D7 237.1+50. 4 203. 6+45.3 -2.709 0. 009
TP/(g/L) D3 61.2+5.3 61.1+5.3 0. 058 0.954
D7 60.6(59.1,67.1) 63.7(55.8,66.4) -0. 037 0.971

ALB: Albumin; PA: Prealbumin; TP: Total protein

2.3.3 EHFIRWRH  RIGWHYLE TSP B
TR, ARBIMARIG S 3 REFEhrALN 22 7 LS4
X (P>0.05), EARJGHE 7K, KL PA KT B &5
TXT R (P<0.05) , 1 ALB } TP /K -4 8] 22 R I 45
P2EE L(P>0.05,39) . GEEZ3#H7 s, B [a) &8 3¢
FEARAS ALY 32 BRI AR o R DL (g 2 A0 4 X ] 58
HAN(P>0.05) . 450 KM, BTl fea B T2
HEARJG PA IR .

2.3.4 MaBtERIhEaE Wi B E BRI RETR AR E
AR SARJGE 3 KRBT B A M 25 (P>0.05) . R
J5 557 R IR 4H DAO \LPS M D-FLIR /K- B 2K T %)
M4 (P<0. 05,7 10) . GEE/r#r 7 (F11),DA0 Fl

D-FLERTEAR S5 26 7 KA 35 B 4 ) < sf [1) 58 H. R4 1y
(P<0.05) , 2 B 32X 56 41 s 79 100 5 A o R[] o o
EHE . LPS B BE R R AR Ak 8 2 HTC B 35 158 B AR
Moo S5 RAEN, TR A B F ks AR 5 B BB
B, JUHAKIAE DAO F1 D-FLIE Ay FEA
2.3.5 ARG T KRBT AR B H8 45 Lt
IR EZEF(P>0.05). KNEH7TK, 504 SMIFI
50 kHz 4= B ARt 25 8 T %0 IR (P<0. 05) o T
S LR  BMIARAE T 0 Hb K b AT i R 41 ]
S TG E X (P>0. 05,7 12) . 4RFEAE )T
B SRR FA BT 2 AR 5 AR A A S s LR
FEEIR AR
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Table 10 Comparison of intestinal barrier function indicators at different time points [ M(P,, P,;) ,% + s]

Item Time Experimental group(n = 30) Control group(n =30) /4 P
DAO/(ng/mL) D3 4.0(3.1,5.4) 4.6(3.1,7.7) -1.183 0.237
D7 3.0+1.3 4.2+£2.0 -2.689 0.010
LPS/(pg/mlL.) D3 4701.1+£1313.7 5507.5+2139. 8 -1.759 0. 085
D7 2 682.1+£776. 8 3 194. 6+952.0 -2.285 0. 026
D-lactate /( umol/mL) D3 0.3+0. 1 0.3+0. 1 -0. 040 0.968
D7 0.3(0.2,0.3) 0.3(0.2,0.4) -2.055 0. 040

DAO: Diamine oxidase; LPS: Lipopolysaccharide

F11 FRIEINEEIEIR GEERBESHMBITER

Table 11 Estimated parameters from the GEE model for intestinal barrier function indicators

Ttem Parameter B SE 95%CI P
DAO/(ng/ml.) GroupXTime T3 -0. 898 0.367 -1.617~-0. 178 0.015
D-lactate /( pumol/mL) GroupxTime T3 -0. 068 0.029 -0. 124~-0. 012 0.018

DAO: Diamine oxidase

K12 REETRZRAENEETIEIRLE [M(Py, P)y) % 2]

Table 12 Comparison of body composition indicators among participants on postoperative day 7 [ M(P,,, P,;) ,% +s]

Item Experimental group(n = 30) Control group(n =30) 74 P

Fat mass/kg 15.4(13.1,19.0) 17.4(13.6,20.4) -0. 495 0. 620
Skeletal muscle mass/kg 25.5+5. 1 23.0+4.9 1.984 0. 052
BMI/(kg/m?) 22.7(21.7,24. 1) 23.5(21.6,25.4) -1.095 0.274
Body fat percentage/% 25.1(20.5,32.8) 29.8(21.2,35.1) -0.776 0.438
Basal metabolic rate/kcal 1374.2+188. 4 1300. 7£179. 6 1.548 0. 127
SMI/(kg/m®) 7.0+0. 8 6.5+0.9 2.316 0.024
50 kHz whole-body phase angle 5.9+0.8 5.2+1.1 2.702 0. 009

BMI: Body mass index; SMI: Skeletal muscle mass index

2.3.6  ARJFEGL M I & E FUE BERT A] R A
Je R VE I R A 2R IR TR IR (P<0. 05) , H:
P 2H e A I BRI 2 5], Xof REZH S 2 i ik g 5 61
PRLILAE 191 Je 22 F T 24 B R 2 491 e Ab il 2R
J& oF- 34 A3 B B D) 3 T BRZE [ (13, 542.4) vs
(15.6+3.7)d,P<0.05]., #59EW, & HEFFHF T
TURT AT S RRAR A S5 % IR I 4 J A S A3 e B[]

O IS SRR 1 8 405 5 PR SIMIE A 0L 38, 1 26 o
AR5 A T S | AR B 4k Mk e RS, B
WAEA B IR R KK, MmO s A S5 ARG
Y I, SRR AR X SR e E e
s R R Sh Y S g s R R, —Fh S s
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FHR R (YA R AIC/E B ) 19 78 37 57 BAT i
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3P ARG A BE R X B R B — A 0 i R
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AW IR O A BB F AN, EER TN
ShER L BRI E R RN LA
R LhAE 55405 11 A4 (0 s R AR B A 3 105 1
A 0 e Ry BT U IR R T LA A
Yi2Es o s R i D A s R E s SR T IS i
LG PR TG 22 18] 9 S5 v ) A5, eless 1 1 A 5
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