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Abstract

Objective: To investigate the association between anemia, red blood cell (RBC) transfusion, and ne-
crotizing enterocolitis (NEC) in very low birth weight (VLBW) infants, and to evaluate the impact of
anemia severity and transfusion timing on NEC risk. Methods: A retrospective case-control study was
conducted on 200 VLBW infants admitted to the NICU of the Affiliated Hospital of Qingdao University
from January 2017 to September 2024. Patients were divided into the NEC group (n = 68) and the
control group (n = 132) based on the occurrence of NEC. Clinical data including hemoglobin levels,
anemia classification, and RBC transfusion history were collected. Univariate analysis and multivari-
ate logistic regression were used to assess independent risk factors for NEC. Results: There were no
significant differences in general characteristics such as gestational age, birth weight, sex, or Apgar
scores between the two groups (P > 0.05). Compared with the control group, the NEC group had sig-
nificantly higher RBC transfusion rates (73.5% vs 46.2%), transfusion frequency (2.3 + 1.1 vs 1.5 #
0.9), cumulative transfusion volume (35.1 + 10.5 ml/kg vs 26.8 + 8.7 ml/kg), and NEC onset within 48
hours post-transfusion (26.5% vs 3.8%) (all P < 0.05). The NEC group also had a higher incidence of
severe anemia (25.0% vs 8.3%, P = 0.001) and a lower proportion of normal hemoglobin levels. Mul-
tivariate analysis identified RBC transfusion (OR = 2.85), severe anemia (OR = 1.42), earlier age at first
transfusion (OR = 0.92), and lower birth weight (OR = 0.97) as independent risk factors for NEC (P <
0.05). Conclusion: Both anemia and RBC transfusion significantly increase the risk of NEC in VLBW
infants. Early identification and appropriate management of severe anemia, as well as rational timing
of transfusions, are essential to reduce NEC incidence and improve outcomes.
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PR HH 2 1k 7 L(VLBW) 2 45 AR f K F 8025 500 g FL/NF 1500 g H#A LI 1]. 3288 LI
HEFRR BRI SRR EARRIG, EHE25 IR R R RE[2]. BEE AR E ORI, VLBW ¥
A LIS B IhREEINIGESS, JCILRAERIE RS WU FR GO 1k 5 G55 5 T (K Sh A AR R, RSB
T 5 T R R 3] IR EME /N 45 1 4 (NEC) & VLBW 2k )L I FLECAr i 1k R G 2 —,
T ECE P A A P T L R O R [4]. NEC RN 2%, FoR AR v Jo it i R e
Gug28 IRNESH  f T B T RE AR5 25 % 5 T N[5 NEC (975 K% 28 5 84 LI 5328 R Gk 52 4 TR
F T ML AL A JE i Al B P e B LR O, 300 {6 5 ARt 2 A L 25 5 32 B 11
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A2 VLBW A2 ) LA & WG PR el /&, 38 B G ) L I 21 85 1 (HBF )i R A% s AL R L
M EFAR., BHMERSREER R TIRE[6]. TR FEOGH A ) LI MR % RE A, T 52 248 5 1
IEHIhRE, THEMNE T REESHFIE RS 7). /£ VLBW B )LH, A AL, i
o T ) I B A AR SRS (8] Wil SV EAR IR 28 5 K AR A5 (5 AR I, AT MR NEC 1) & A2 X
Fi[9]. XM SFBHEAGAL, H—PHFHEFEIIGE, MINmENEHFHAEYREZENE, 5 NEC 1)
KA 7 H R ZA[10].

L4 M A ML YR TR AR LA LA BB, R X TR LB M R L Tkl H At T ik A T )
VLBW G#rA:JL[11]. £040 % i se i Pidt £ s i 20 8 KT, AT o5 v 455 5 BE 7, Ak 22 i 5] i
PR AEAIEAN S [0 R 12] 0 SR, T4 0 1T+ T BB S S S RS AN RLBEHR, K2 2E T A ) LK 0% R 48
RFEEKEINEOT . WAL, g AMUAOE bR, ek aeild 51 K R B B2
I P9 R D RESE AL 50 i ML m LR, ek — 8 kil NEC R AE[3][13]. LL4fa i s, Bk LA
) H 5 0 A T, ARBR IR K iy, X AR AT B d I AR T B R O T E A B AR AR, (2
# NEC B RA4[13].

AR I FR B, FR AN LA M 5 NEC (R AEAAAE— € ARG, B H FTOC T X 3 2 1] &
PAAH G IR 25 1 1 9 AN AT BN A IR . A9 BRI X0 £E4iiffufan il 5 NEC Z MR &R, JLHEH
Xt VLBW SHr A LI BARFZm o ik ) 75 8 K2 b g PR B A= ) LERE I 479 b (NICU)WE 1) VLBW Sk
JUIRANBEAT BB 7387, AR SCVPAL 1 33 R0 40 i if oot NEC R AR KU RIS, FaE— AR DT HE ZENL
il B IT B E NI PR S BR 2 A 5 9 B 1) T TSR S AR T T AR 3, AT FEAIR VLBW 3842 )L NEC HIR A4
R, s .

2. IRMREFE
2.1. FARKR

AHIF 7R — T (B0 451 %o HEIF 78, 36 EX 2017 4F 1 H~2024 4E 9 H AR 7E T 5 K 2Bt s BE B 4 L
HRE WP B (NICU)SA PO B AR L(VLBW,  HZEARE < 1500 o) MRS . %8RS R AE
IRFEE N 25 7 9 (NEC) 43 A NEC ZH AT BB 41, Horf NEC 4R 7E B 810 & 4 NEC H. Bell 43 #AiX FITIA
P S Uh BRI L, WIRAN R B R R4 NEC /9 VLBW L. PIAFRifE: HARE <1500 g, I
IRZERLERE . HERREA ™ E S RIERIE . BRI MO S s 105 1 ) L. &3k gh N iDL 200 41,
Horb NEC 4 68 7, XTHEZH 132 5. NEC HiZWiik#E Bell 70 itnitE[14], RARFEUA & LLERw 5
AN NEC FFMAITL . AT CIRET B RKEWBERAC S R (F LS : QYFYWZLL-
30100), FrH FEERES T SR ER

2.2. ARG E

2.2.1. ERE

T I [ 28 BORHMCAR B LI — MR IR S EANAE OGS & . — BT R RG: JARe . HARE . M. 1
SYEPFD S 238l Apgar PEAr BESEAES KAFYRG FEREEOL. 436 77 sCCH B P2 BUYTE ™) PR R T R
A LEE . NEC AHORBERMEHE: NEC KA FRE N H A L 5 1 A i Ta]) & Bell 353 20 L2 A0
AR BRI HE . 25 £ ) LA e 393 1) S i) et ) A P 00 20 25 19 (Hb) KT B B IRR R 2 75 488 A2 4 40 491 i i U
U S SRR D B (mlkg). Hoh, A LIRS IR JLRRE) 5 9 MRS
HEREAT 43 %[ 15]: Hb 120~144 g/L & SNSRI, 90~119 g/L N EIN, 60~89 ¢/ NEE M., L
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2.2.2. WIMABARER 534

ARSI TR E S I LB ILE) 5 5 RAHEEARMERAT16]. XFTF VLBW F7r2)L,
ST St 25 & 25 RS Hb HUH A IG AR, S0 HE IR SR R 2T LI PRAEAR « — MR e, M 8L
HH IR P B A B R B A L SR B R AR R (B A s PRI RIS 2 . OB PRIRANT 52 55 I
BPFF G AR e . 76 AR i BB B PR S RF IR 0 T, 6 00 R0 A X 58 v (7] A 5 38— A WP 5
RPN Hb < 115 g/L BTGRP SRR Hb < 110 /L BIE B4 ii): a4 H 6190 B s vl ese , i s
FHRLPRARCIN A S > 3 8 BLTE T WP S Hb KT 75~85 /L mI 25 &4 4 iy =N 4 B ik ik
ARLT PR . BRI LN 10~15 mlkg, HVER ]2 3~4 /N o 9 FEARSR IILRE 56 3 A KUK, I
IERE R SR . I BT AT 4 AR R 1 R A P A AT I 2 BRI, E 4°C KA TR R E AN
I35 K. B it AR e R M A LAE AR AL, R RN B RSURAE . B U AR A
SRR BB LR A S A R AL SR R B DA B R I & (mlkg), AT 2T IR 4
i PR 25 (1 2 B

2.2.3. GitEFESR

B #0E R A SPSS 21.0 et 8- AT /04T . T E R E#HT IES AR . & B iEs
BRI £ EE(T+5) 88, HFMEEBCRAMOIREA t 856, F5AF & B 2046 W L AL EORT Y 43
SRR, IR ELBCR A Mann-Whitney ARG S . THECEERLDAMGIEL(F 43 %)%, AR LLECR A o2
365K Fisher KRR IGCAME —TRHIAEL < 5 B)o A MG AE PR L3T I A4 I 5 NEC R AR AT
KA FR, AFALRT A NEC AR EO= KA, 1= KA), EFRRFEMTHARTHE LT
A AR b B B S8 AR AR BN Z KR Logistic [FIABRBEAT 704 . KRB R 37% ik ik
ANBRI AR, DLBIR AR R, ik th 5 NEC KA B ZM O KSR . BIA4S5 5 DL
Odds HLAE(OR) K I 95% B (5 X AR m. I /KIE a=0.05, XUl P<0.05 NZESFEAGIMEE L.

3. &8

M FEIEGINAAR AR L 200 7], b NEC 40 68 5, XHHRZL 132 . #HLH— R PRARAE Hh
R IGTEE L BACkUL, NEC 45X ATERES (53 30.3 £2.4 Ji vs 30.4 +2.5 Ji]). HAEM
H(1126.1+109.4 gvs 1143.8 £ 157.9 g). TP 5 HLA1(52.9% vs 51.5%) FPRIBERAEHZ. 1 080 2 5 4>
B Apgar W7\ BESRAERS BB 7 LU 45 7 TH 22 S A0 B (Y P> 0.05), $RARPIALFELRHE R A AT T
PEFERLEE ).

Table 1. Comparison of general clinical characteristics between the two groups

1. ME—RRIERFFHEELR ST

faws (&, HARE FERTILEASE 1 0% Apgar 5 704 Apgar  BESESERS EEpe

H 5 - - W (n. o . . _

AR TRig) G xas) RO Ty SEAGY  WACH  (, TEs) (0,%)
NEC 4 1126.1 + 53
moey 0324 ool 36(29)  20(69) 79413 89+12 209452 U
X HEZH 1143.8 + 105

+ + + +
(ol3y 04%25 1570 68(13)  S6(A7) 7812 8812 308250 o
t/Z/){2 18 0.241 0.826 0.020 0.037 0.432 0.391 1.324 0.070
P18 0.829 0.4099 0.985 0.848 0.666 0.697 0.187 0.792
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NEC 20 & ) LR 46 & AE 2 K i i & 5 35 = T 5 R4 . NEC 419 50 51(73.5%) 452 3 21 4H fa i i
SR T T IR AL 61 B1(46.2%), R A ST X (P<0.001). S5xFIRA ML, NEC 4 Ui it H #
FHH(152+34 Kvs17.6£4.1 K, P<0.001), FEeHAR R iHHmMRkEELQ23+1.1 R vs1.5£09 K, P
<0.001), Bt EH 5 K (35.1 + 10.5 ml/kg vs 26.8 + 8.7 ml/kg, P < 0.001). {HEER MK, £ NEC 4
LA 18 41(26.5%)) NEC K AELERGI — UKL G 48 /NPy, %t AR S 61l 58 LEESR IS 48 /s
BP9 L NEC IR IRRIN(3.8%), PIALILIRZ 7 B E (P <0.001), RS RIRRL 45 NEC &
A SE, RIS 5 I & ZE NEC [ ELIFE NEC A & GE L3 2).

Table 2. Analysis of the relationship between transfusion related characteristics and NEC occurrence

2. WIMARXHHES NEC REXRDH

Bz )L N I filfl 5 48 h Y NEC &4
JH 5 Vo b A A 1ML VR S, 1
20 51 Wl %) B g H B R (ml/kg) 515(%)
Y
21556’8% 50 (73.5) 152434 23+1.1 35.1£10.5 18 (26.5)
o iR 40
(e 132) 61 (46.2) 17.6+ 4.1 1.5+0.9 26.8 +8.7 5(3.8)
HZI 1 13.561 4.147 5.512 5.948 109.49
PH <0.001 <0.001 <0.001 <0.001 <0.001

PR B LT IR AE T LA AR i3 25 5% . NEC LB LB 5 3 M OUAS RIRE B f 28 i, e FRE AR i K
RN 25.0%, SEFETHIRAN 8.3% (P=0.001). A1)z, NEC 41 Hb {RFFEIEHR K6 51, 1% IR
A 35151 & )L Hb 4+ 1E % (P = 0.003) o R 2H 5 22 MR A B 3 I 1) A AR 26 22 e it 2% 7 (P {E3>0.05).
MRKFE, NEC AR MAREHE E T XA, SRS nT §E & NEC RAEM G 2R 2 — (3 W% 3).

Table 3. Comparison analysis of anemia degree and NEC

5% 3. RMIEES NEC RItLE 4R

LML NEC 4i(n = 68) HHRA(n = 132) HZI* 8 P{A

IEH Hb>145 g/L 6 (8.8%) 35 (26.5%) 8.619 0.003
% Hb 122~144 g/L 17 (25.0%) 47 (35.6%) 2.642 0.104
R Hb 90~119 g/L 28 (41.2%) 39 (29.5%) 2.725 0.099
H J¥ Hb 60~89 g/L 17 (25.0%) 11 (8.3%) 10.354 0.001

B AHIE UK S IR A8 B A EE I FE FE S5 40 N Logistic [l AL HEAT Z IR 0. 45 R ER, 4
S g 22 5 (A o i) & NEC RAEMMGI R R, #s2id i) &)L A NEC AU 25 19 0
(OR =2.85,95% CI: 1.65~4.90, P < 0.001). T {4l H &5 NEC &4 KUK £ 51 AH G (OR = 0.92, 95% CI:
0.86~0.98, P = 0.014), i B3 M4 vl fE(EE NEC Uk E. FRIMAEE LM s E), NEC k£
FR) XU 388 5 (OR = 1.42, 95% CI: 1.15~1.76, P < 0.001). ItAk, A4 2 5200 NEC [ A &,
AR ARG U] % AE NEC XU # K (OR = 0.97, 95% CI: 0.95~0.99, P = 0.030). JA# MR b 2 N FE
NEC JAU; () 34 B KL B 4t 2 5 % PE(OR = 0.88, 95% CI: 0.77~1.01, P =0.070). %L, ZREDE
B R 3 LR A LA 2 TR 2R (B A2 75 i 100 i I B L)X AR A HE AR AR B )L NEC R A2 5 3 5 il (7
LA 4 FIE 1)
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Table 4. Multivariate Logistic regression analysis

% 4. BEE Logistic EIAHH

A OR 1{#(95% CI) P 1H
1M 2.85 (1.65~4.90) <0.001
IER/ClIINREC 0.92 (0.86~0.98) 0.014
BRI 1.15 (0.78~1.69) 0.467
Hp RS B M. 1.36 (0.98~1.86) 0.052
M 1.42 (1.15~1.76) <0.001
FLE3 0.88 (0.77~1.01) 0.070
AR 0.97 (0.95~0.99) 0.030
FHE : OR (95% Cl) Pfa
i 1L | ] 2.85(1.65-4.90) <0 001*
R A & + 0.92 (0.86-0.98) (0.014*
R M — - 1.15(0.78-1.69)  0.467
o 2 0L e 1.36 (0.98-1.86)  0.052
A I —— 142 (1.15-1.76) < po1*
i35 . 0.88(0.77-1.01)  0.070
HAEHKE i 0.97 (0.95-0.99)  0.030%
1‘0 2.I0 4‘0

Figure 1. Multivariate Logistic regression analysis (*P < 0.05)

& 1. ZEE Logistic [BY3 534 (*P < 0.05)

4. W

AT R BoR, EWRACHAEARE )L, NEC K521 0 S 2040 0 i 1 25 )AH 5C . NEC 48 JL3T
10 B <87 =TI & W= Ll (T 1 RS [ PR e O el = R B =i v A E I = R [V 7 e VR N S OB 51
TERTILS 48 /NI PR o« IR HE7R T MARAS A B S T id AR I AT A, 3 PTREAE NEC BIR AR
HHERBEEH. £HNE Logistic FIEHTEE—SUESL, FEEFTM. Lo & i i H #52m7 & A4k
AR, ¥ NEC MLl R . EAERENZS, A7+ NEC 43 LML & A4 T B K r L
Bl AR TR R, SO BT )L a2 NEC & LIILFRHIE, 4EFFIEH Hb /KPRl BEXT VLBW JLEA —
EMRTEH . X— R SGBEA AR5 FIRIEIRE, 29 25%~40%1) NEC B JLIERAHT 48 /Nt
N2 LR AR L[ 17], FX IR 5 O AAIE S22 NEC BT fG R PRI 2 18] Odom 25 ) [a] i 47T 52 & B,
HAE RS 14 R NEC (577 )L, BreA i 02 R0 il 342 i, 4l NEC US4 & 6 1%
[19]. T Patel Z5FiRHEM: A FIHF FU BT A m BT R B, EAR NEC B LI SR8 &, (HTEAL IE 7T M FE FE 55 0R
RNEIG, HiflA L5 NEC JF A0 oeM, K2/ BT MR 8N 17 NEC fRE[20], 1X—2 7
LR, WEPRSZ B b 5 H— R BR il f, T B8 S N SR AT R R AR 2 TE T

ML BE o3 A, 220 AT 2304 5 R i VAN L, YRR A dw o E A, LA I =55 43 A
S B HEVE YR/, KA FAEPEBEUIRZAS[21]. FE I CGESC P E I REVE, B A RE L B a2
WA ([22], [RIRF, 2 AT FHeRAE L A R BR A I 5 RS, (5K & T R WiE 5 5 R AR AR - 6
MPER, BB B R RE 240, MM NEC HR A3 R R [23]. 23T &) LI IR B 52 41 40 i 4 i
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SR I i T 2 AT NG “ FRETE T, AR M 2RI A PR A B AR R E A, I A S AL R ORT T
BEVEI A . X — MU E Sh Y S2 a6 Hh A5 B ENE: 2310 A3 2L U8 B 4N iR 88, BRI S A B
FH UL Z0 2 1 1 2040 P 22 BOE A% R -, B A 3 I RORE IR R B, 53R B0 NEC B R4 [24]. K,
S 1 3k R A N TR R 2 S A 1 4 B A A7 T R A ) A PR O (U 4k L 4 B TR 45 T e ik
R G5 R N 98 i S B o — SERIF SR B, I FE R AR )L AT R B 2% PR 4 R K b R i A
(ISR [8] [25]. A 2#FIIE NEC i LAE A0 BT i 1 o 0or e 2 0 25w T 0T R, B2k ) L I s 4h A
W F P 7 4T B T BOR T T v, AT RES B R T AL I 4T 40 AR A R PR B R B T SS AR N 226 IX LK
I G 3% 2 A BESCRE T LAE NEC R AR H i k4 5 980 OBLI B BRI, 320100 S50 i R A
vy i 51 RS )P - % ORE IR NPT RESLFIME . N R NEC [ “SfaRA a7 [26]. X TG H
AR E LR, KB 7 T AL T SSIRA, — B2 1E 2R S AT A S R SORE R, IniE NEC
FIRAE[25].

TEIE AN 7+, TANEC (Transfusion-Associated NEC)IX —ME& 52 2] 2 ik . £ Wi [a] et 72
8, NEC 5 ¥ A7 A I 1] B B AHSCPE[27] (28], A W70 NEC K4 T4 ifiLf5 48 /N 5E XN TANEC,
I Z2 F L HATE] NEC KUK 2 3 T 51291 RGN AT Meta 23 BT [FIAE SCRFIX — W5, %I AH ¢ NEC (1)
A A LL(ORYPE 2 M S IL 3~4 £5[30]. Al BEA R B\ F10F 70 (R0 R & B4t o £ 472 7= )L
NEC Kz m AR, HA X HEIM NEC /a5 KA [31]. H—J 7, WA #7002 &
BAEEUR IR AR A[17]. B, ZinSHiimx NEC fsgmin] e AR — R R, mE R H
TER 4 5

AWK NEC 40 VLBW L MAL 8 A IEH # IR, $oR3T M) LF =& NEC ) “ 2%,
HE— PR R T FTITE NEC RIEALE] 1% O AT . 5 5m T <@ i ” , ImpK b5 R B <8k 6 37 1f
XA G R0 L RFRMTE NEC KA R CEEH, SRR A —8 RITEG NEC ]
REBE N OCVE A IR 3 i i A B Ak D [32]. Ak, iU I H SR AT TR 2 NEC KA AT G B 2%
WYL, A GRS EAT B L VLBW JLEE 5 K 4E NEC. — 7 THI, 93 1 fi 55 BT IR P4 25 28 (1
A UAEAE TR R i, AERVE T NEC Mmifa AR 53— 7T, VLBW L5 IE /2 W g i 2 S 0 5
BT B ORI B3], OB HEAT I AT B W AR e M = AR O . R AR AE UG A R I &
DI i —4n i R (B B, i [ B TR I S 7% S gy AN ML 2 g 22 A8 A R U R 331 FEETS 5C R, 330M
VLBW LBz 525 i v] G — 20 B g A e, SEHXREFEAE, s s sheRes . BEA
FAL R, X —HLHI AT RE S %A IC NEC )R A4 25 UIAHE[34]

Rz, AEUERE M R AR T U B NEC KR — AN B 5 ) a1 REEE A L B 4
i, NELERA RN R iR B A FIR & . AR EE —ERRRYE. B, AT
OB B, FEAREAIN AR, TR ARG . ABEA T T RS NEC [, R
HBE— DR A L B 210 0 s A7 B [R] DL R 75 505 P e % 0 40 i 45 T i 2 35 2 NEC R AR A G
HRER. RRHEFE FIR RN, DU — B IR NEC ARSI s somk. Lk,
WHoess R m HER A M55 NEC KAERIEMX, HBTHT BRI, BAAEBERAA
&, DA R A 2T AN LS5 NEC Z [ B BEIER K R Bilan, ZTi ™= A8 L5 T ae e sz i, 14
I 3R] BN EE Y A DI A, X AEAF 3 00 oM LA S . 2™ E ) VLBW ) LA A B AT Re 2
I, PAFRNACL, ATREE AR AR . A BESR ZFH AR M RS 2R, (HA 7 IR
FURATTE A0 R A0 UE P R 2 o AR 78 nT AE TE VG NN 2 o BAF, USCRR BE VR 4R 1 I PR O 78
Hdl, DURANABEARIAZ . B, FRATE TR AN D B ML R, T8 e ™ A A, FHK
PR 2 AR ~FA8 A
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5. &

gr BRTIR, ASHETERM, ARG AR E ) LI 2R RN 2040 B % 6973 5 NEC R AEZIIM 0. 3T
FESEE, NEC AR AR sy s 240 S m] i 2 2Rt (BAE —E 26 AR R AT REA K NEC, T
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