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ABSTRACT Objective: To study the effects of balanced ultrafiltration on the inflammatory factors, coagulation function and lung
function in children with congenital heart disease after operation. Methods: 100 children with congenital heart disease who were treated
from September 2014 to September 2017 in our hospital were selected as the research objects, they were divided into the observation
group (55 cases) and the control group (45 cases) by random number table method, they underwent open heart surgery under
cardiopulmonary bypass, the observation group began to balance ultrafiltration after rewarming after cardiopulmonary bypass, and
underwent modified ultrafiltration was performed immediately after cardiopulmonary bypass, the control group only underwent modified
ultrafiltration immediately at the end of cardiopulmonary bypass. The changes of inflammatory factors, coagulation function and lung
function at different time points, postoperative recovery and incidence of complications were compared between the two groups. Results:
At 20 min(T),), 2h (T,) and 6h (T;) after cardiopulmonary bypass(postoperation), the serum tumor necrosis factor (TNF)-a, interleukins
(IL)-6, IL-10, activated partial thromboplastin time (APTT), thrombin time (TT), fibrinogen (FIB) and alveolar-arterial oxygen partial
pressure gradient (AaDO,) in the observation group were significantly lower than those in the control group (P<<0.05), the pulmonary
venous compliance (Cstat) and oxygenation index (OI) were significantly higher than those in the control group, and the time of using
vasoactive drugs, ventilator and ICU hospitalization were significantly shorter than those in the control group (P<<0.05). Compared with
the control group, the incidence of infection, disseminated vascular coagulation and pulmonary function were significantly decreased(P<<
0.05). Conclusion: On the basis of modified ultrafiltration technology, the combination of balanced ultrafiltration is more helpful to
reduce the release of inflammatory factors in children with congenital heart disease, and improve coagulation and pulmonary function,
promote THE postoperative recovery with higher safety.
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Table 1 Comparison of the general data between the two groups [ x+s,n(%)]

Observation group

Item

Control group(n=45) Xt P

(n=55)

Sex(M/F) 29/26 24/21 0.004 0.952
Age(years) 2.47+ 0.40 2.56x 0.37 1.158 0.250
Weight(kg) 11.07+ 2.25 11.01%+ 2.28 0.132 0.895

Classification of
I 23(41.82) 17(37.78) 0.168 0.682
cardiac function
I 32(58.18) 28(62.22)
Types of disease Simple ventricular septal defect 20(36.36) 16(35.56) 0.008 0.933
Ventricular septal defect with patent ductus
10(18.18) 9(20.00) 0.053 0.818
arteriosus
Ventricular septal defect with pulmonary
13(23.64) 12(26.67) 0.121 0.728
hypertension
Fallot's tetrad 5(9.09) 4(8.89) 0.001 0.972
The others 7(12.73) 4(8.89) 0.373 0.542
Extracorporeal
91.74+ 8.43 91.52+ 8.80 0.127 0.899

circulation time(min)

1.2 ik
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Table 2 Comparison of the inflammatory factors at different time points between the two groups(xs)
Index Groups n T, T, T, T, T,

TNF-a(mg/L) Observation group 55 3.25%+ 0.27 5.20% 0.47* 437+ 0.42%* 3.50+ 0.32* 3.14%+ 0.29
Control group 45 3.17+ 0.30 5.81+ 0.60* 5.26% 0.48* 4.05+ 0.37* 3.13+ 0.34
IL-6(ng/L) Observation group 55 2275+ 2.13 34.04+ 2.85* 30.11% 2.60* 25.72+ 2.54%* 2197+ 2.21
Control group 45 22.67+ 2.18 42.03% 3.06% 36.72+ 2.75% 30.10% 2.69* 22.84% 2.40
IL-10(ng/L) Observation group 55 4.87+ 0.82 13.94+ 1.56%* 10.73% 1.20* 6.93+ 1.00** 4.81% 0.85
Control group 45 4.95% 0.79 20.63+ 1.77* 14.34+ 1.33* 9.45+ 1.14* 4.94+ 0.89

Note: Comparison with T, time points, *P<<0.05; Comparison with control group, “P<<0.05.
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Table 3 Comparison of the coagulation function at different time points between the two groups(x:s)

Index Groups n T, T, T, T; T,
APTT(s) Observation group 55 31.50+ 1.39 36.63+ 1.84* 3432+ 1.70* 32.76x 1.59*% 31.22+ 1.40
Control group 45 31.43% 1.46 39.06x 1.90* 36.71+ 1.82%* 34.45+ 1.74* 31.71+ 1.38
TT(s) Observation group 55 20.02+ 1.18 23.11% 1.34* 22,53+ 1.27*% 21.29+ 1.23*% 20.06% 1.15
Control group 45 19.89+ 1.20 24.04% 1.51* 2341+ 1.35% 21.99+ 1.39* 20.02+ 1.24
FIB(g/L) Observation group 55 1.97+ 0.35 3.04+ 0.47* 2.83+ 0.41* 2.25+ 0.40** 1.95+ 0.39
Control group 45 1.95+ 0.38 3.58+ 0.55% 3.07+ 047* 2.87+ 0.44* 1.99+ 0.32

Note: Comparison with T, time points, *P<<0.05; Comparison with control group,*P<<0.05.
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i, B4 Cstat ,AaDO, Ol 4 T, It} & HL 40 22 R ¥ G 24 7
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Table 4 Comparison of the pulmonary function at different time points between the two groups(x+s)

Index Groups n T, T, T, T, T,
Ctat Observation group 55 6.03% 0.54 5.40% 0.37* 5.55+ 0.41*% 5.71% 0.50** 6.05% 0.51
(mL/cmH,0)
Control group 45 5.97+ 0.58 4.76% 0.32* 5.03+ 0.38* 528+ 0.41* 6.01+ 0.59
AaDO,(mmHg) Observation group 55 204.55+ 17.40 227.86% 20.64** 220.41% 19.75* 212.04+ 18.40** 205.71% 15.57
Control group 45 203.86+ 18.82  247.74+ 22.82*% 246.93t 18.94* 226.92+ 20.28*  204.95+ 18.30
Ol Observation group 55 288.76% 30.45 230.45% 22.71*% 240.85% 24.11* 270.11% 27.40**  290.96% 29.40
Control group 45 290.05+ 28.46  201.24% 20.72* 210.85% 18.45* 259.44+ 23.04*  289.74+ 30.74

Note: Comparison with T, time points, *P<<0.05; Comparison with control group, *P<<0.05.
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Table 5 Comparison of the postoperative recovery between the two groups(xs , h)

Groups n Time of using vasoactive drugs Time of ventilator ICU hospitalization
Observation group 55 9.75+ 1.47 19.43+ 2.51 43.34% 745
Control group 45 16.84+ 2.03 28.28+ 3.24 51.01% 9.27
t 20.227 15.390 4.588
P 0.000 0.000 0.000
2.5 MAHRELLR AL FXHRAL(P<0.05), lL3E 6.
WAL TR B 04 PRI I i D BE 405 55 4 A= < B
3+ 6 WA RELLB((%)]
Table 6 Comparison of the complication between the two groups[n(%)]
Groups N Infection Disseminated vascular Pulmonary function e oiters [P
coagulation injury
Observation group 55 3(6.67) 2(4.44) 2(4.44) 3(6.67) 10(22.22)
Control group 45 5(11.11) 5(11.11) 4(8.89) 5(11.11) 19(42.22)
IS 4.121
P 0.042
3 Wis BREE, (HALAT HE S B, PR IR LA REuE A R

PRAMEIE/ NS AF A P # WL A D7 28, A B
TR DIETF AR L2, (BASMERATE K — RS A2
FRBRPEIRSEE UL, ST T L 2 A R A8 I 2 1) R 4%
fih, RO ik AR IS , 5 LM R A — R A SR SN, 7
I3 TNF-or IL-6 IL-10 5 4AE K7 A R0, e e fer
TGE I PR RIZT 5 il 2 It 2 D A e BEGHS , B0 8 PR 3L/
BRI FE , & REE P REZR AL, ¥ LA 5 L 2= mT H B
SRECPE LA PERE I, R US ™00 Ak, R B 9 AE PR i
IR D REZE L2 EL AR AT B , 17 2 ZEHL ] MG ER L
55 R IEAR PEAMA AT B RS , 1T 1 240 0 B4 ™ A
R A O R, A i MW A S B RS I, in 2 TR Y R
PRSI | T S5t 2 Al o T FSCA 4% , AR AR B , AU
MITARIGIE 5 SN FAI LT R,

HRIE A F 2 LU/ NERE I, 28— R
BT R T 2 A1 9K Bl ), 4 K 23 | LA P 240 I
AT/ LR ARSI RIE RSN EOR T H
I R b ) B R 2 S 5 0 MR 8 | I R D R
U, HHLER IR BT A BROME LA B BUBIROCR 78 1991 4E
Naik S T2 R IEROR X BOAIE TR A5 R A sk
ZEIKIEAT R ]S, PTEON PO A8 H K o R LA,
F T R O R U (E) 5, A i AR IR R A
JRAE DT T AR AR 51, S EPEIER ARE 1996 4F Jourmois
P, ZEORIE IR MIA PR AR P R L A TR IR, O
YV IS B RO RN TE , AERFIY LS T Y, AR HME
TEUE RN 5, SRAN TR ROBIEE AR B I8 Hh R A AN AL

FTAE B AR APE R T, TEIR I ARG S A T SR X —
SR, AT A IR S0 AL R U T A 8 A B 25 6 O
PARSMIGIA BRI AT , Ay EE S P01 A R DRI A Bl BB B F =
67 o AT RS R 3 WP S e B, 1 X B s D AR
I3, 48 95 A5 WE AL BB (], X il D) ge A — e R YE A .
AT LI, 1 5T A A U AR A T R
GERE T E N A AR AR SR VS kY S

RIFFREER R, A A IR0 B LIEAR G SE T
FEMINRE . MTHRESFES A FIIL T ek R g L,
T AT TG PR U, A A S IR A S A BT A I
WP FRAE G I R AR IR AR SE B R, IR AR
KIS BRI, HE— 2508070 5 i IR (A B AR 2058 1 il
LR VAT D O , e I D) B, R AR IS th A
HAHIZE IS o A ROE S SAE R 7 EE R DI BE e , AN ]
WD JRAE A IO X il T A LA PN B AR 5, 3 AT R R IR A
JE, W B e AR B Xtz s B — e R Ve . BASHE
FE IR AT R IR AR ) R LA 48 776 4 245 it R s ] | g
BT R A ] ICU A3: g s[RI 340 4, I R iE & A 28 TR AR, /s 7E
ARUGESRE R T BEMTIEE I DIResF 005 , A A B
RN A TR ARG IRE , BAA T =2t

L5 LR, e RIS EOR b, RS A e R A B Tk
B/NLSEOIRAR G SRRE B F IR, B B B T Re il
Urse i Ve, AT AR AR G IR A, vl B AR A I i

£ % 3L Wi (References)

(1] AX#E, Fosh, ATH, 5. F B AR S IR ER R &4 Meta

S E IR E 5, 2016, 45(09): 1240-1243, 1248



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Vol20 NO.2 JAN.2020

- 337 .

[2] RFMH. SR M DR S G 97 69 2 B Ao BRI [T]. 55 A B B 06 R %
&,2016, 13(04): 26-31

[3] ##iAl, 24, F 55, F LRSI EILE R M5 K5
A 4 4 48 ;‘é‘iffr 7O MR A EF &, 2018, 18(11):
2150-2153

[4] Nakayama M, Kawaguchi Y, Akiba T, et al. A new peritoneal dialysis
fluid for Japanese patients: a randomized non-inferiority clinical trial
of safety and efficacy[J]. Clin Exp Nephrol, 2017, 21(5): 895-907

[5] Fang Y, Guan Y, Wan C, et al. The dynamic observation of plasma
concentration of antimicrobial agents during balanced ultrafiltration
in vitro[J]. Artif Organs, 2014, 38(1): 48-55

[6] T A%, FHEEAT, RAEW. D IURIMEIRF (M
23], 2009: 100-105

] oAb R H R

[7] Kurniawati ER, Weerwind PW. Extracorporeal Life Support in Adult
Patients: A Global Perspective of the Last Decade [J]. Dimens Crit
Care Nurs, 2019, 38(3): 123-130

[8] Rance G, Arney D, Srey R, et al. Establishing a Ventilator-Heart Lung
Machine Communication Bridge to Mitigate Errors when Weaning
from Bypass[J]. J Extra Corpor Technol, 2019, 51(1): 38-40

[9] Pietribiasi M, Katzarski K, Galach M, et al. Kinetics of plasma
refilling during hemodialysis sessions with different initial fluid status
[J]. ASAIO J, 2015, 61(3): 350-356

[10] Dekker NAM, van Meurs M, van Leeuwen ALI et al. Vasculotide, an
angiopoietin-1 mimetic, reduces pulmonary vascular leakage and
preserves microcirculatory perfusion during cardiopulmonary bypass
in rats[J]. Br J Anaesth, 2018, 121(5): 1041-1051

[11] Kundra TS, Nagaraja PS, Bharathi KS, et al. Inhaled levosimendan
versus intravenous levosimendan in patients with pulmonary
hypertension undergoing mitral valve replacement [J]. Ann Card
Anaesth, 2018, 21(3): 328-332

[12] #R4b, FREr. PR IA SR M AR5 L) S5 Il AR A7 ok A Rtk
[ 25 %48, 2016, 13(35): 32-35

[13] Castro AC, Neri M, Nayak Karopadi A, et al. Wearable artificial

B [0+

kidney and wearable ultrafiltration device vascular access-future
directions[J]. Clin Kidney J, 2018, 12(2): 300-307

[14] Unlg S, Pagourelias E, Sezensz B, et al. Higher ultrafiltration rate is
associated with right ventricular mechanical dispersion [J]. Anatol J
Cardiol, 2019, 21(4): 206-213

[15] RA DILKRAIES kit B AT & [J]. ¥ BARIMETREE,
2016, 14(01): 62-64

[16] Lin CW, Aguilar S, Rao E, et al. Direct grafting of tetraaniline via
perfluorophenylazide photochemistry to create antifouling, low
bio-adhesion surfaces[J]. Chem Sci, 2019, 10(16): 4445-4457

[17] Kazory A. Ultrafiltration Therapy for Heart Failure: Balancing Likely

Benefits against Possible Risks [J]. Clin J Am Soc Nephrol, 2016, 11
(8): 1463-1471

(18] ) Ju. 4 SMJEIR o B A8 I8 77 i AR R B 3L 40 LS BEF R
JG R o) 5869 %5 A [J]. o B s AR AT E 5, 2018, 11(08): 789-792

[19] Tsuji Y, Suzuki N, Hitomi Y, et al. Quantification of autonomic
nervous activity by heart rate variability and approximate entropy in
high ultrafiltration rate during hemodialysis [J]. Clin and Exp Nep,
2016, 21(3): 1-7

[20] Matata BM, Scawn N, Morgan M, et al. A Single-Center Randomized
Trial of Intraoperative Zero-Balanced Ultrafiltration During
Cardiopulmonary Bypass for Patients With Impaired Kidney Function
Undergoing Cardiac Surgery [J]. J Cardiothorac Vasc Anesth, 2015,
29(5): 1236-1247

[21] Flythe JE, Assimon MM, Overman RA. Target weight achievement
and ultrafiltration rate thresholds: potential patient implications [J].
Bmc Nep, 2017, 18(1): 185

[22] 4+ &k, 7 B, & B A, . 350 UAR SR 2R o B AR AT
HEF e al]. A ESF TR5 16K, 2016, 20(02): 136-142

(23] Ar3¥, B s, 0, . 2R AR R P4 A2 I8 2 & K JiE
JEERAEE ARG Yra [J]. ¥ BRI S &, 2017,
15(03): 144-147

[24] Sun H, Tang B, Wu P. Development of Hybrid Ultrafiltration
Membranes with Improved Water Separation Properties Using
Modified Superhydrophilic Metal-Organic Framework Nanoparticles
[J]. ACS applied materials & interfaces, 2017, 9(25): 21473-21484

[25] Ames WA. Pro: The Value of Modified Ultrafiltration in Children
After Cardiopulmonary Bypass[J]. J Cardiothorac Vasc Anesth, 2019,
33(3): 866-869

[26] Heath M, Raghunathan K, Welsby I, et al. Using Zero Balance
Ultrafiltration with Dialysate as a Replacement Fluid for
Hyperkalemia during Cardiopulmonary Bypass [J]. J Extra Corpor
Technol, 2014, 46(3): 262-266

[27] F R, AL, SRABIR, . R -FHAR AR INPASR I L e K &
amiah-E -6, @ miai% -10 oS4k C- Bp & &t % va[l]. ¥%
i o 9k 2 &, 2018, 24(05): 556-560

[28] Datt B, Munro HM, DeCampli WM. The Novel Use of a Low Prime
Modified Ultrafiltration Apparatus in a 13-kg Jehovah's Witness
Patient: A Case Report [J]. J Extra Corpor Technol, 2018, 50 (3):
178-183

[29] Crimi E, Hernandez-Barajas D, Seller A, et al. The Effect of Modified
Ultrafiltration on  Serum  Vancomycin  Levels  During

Cardiopulmonary Bypass in Cardiac Surgery [J]. J Cardiothorac Vasc

Anesth, 2019, 33(1): 102-106

[ e B O P AN e N X DI W N e A R

A& 2R E 0 Hal)] EF RS, 2017, 34(6): 1189-1191



