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ABSTRACT

Purpose: To evaluate the risk factors and effects of fluctuations in oxygen saturation
on the occurrence and severity of retinopathy of prematurity (ROP).

Methods: From January 1, 2013 to January 31, 2020, 260 patients hospitalized in the
neonatal intensive care unit of Ajou University Hospital were retrospectively analyzed.
Results: Sixty-six patients (25%) were diagnosed with ROP; of them 39 required
treatment. In the multivariate regression analysis of ROP severity, the odds ratio (OR)
of gestational age was 0.32 (95% confidence interval [CI], 0.22 to 0.47; P<0.0001). The
OR of saturation of peripheral oxygen (Sp0O,) fluctuations at the 4th week after birth
was 1.02 (95% CI, 1.02 to 1.12; P=0.041).

Conclusion: SpO, fluctuations in premature infants younger than 30 weeks’ gesta-
tional age affects ROP severity, especially at the 4th week of life.
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HAWEE Fol o, n&ol A o] 5 e ol 4
o2} nolo] B0 2 Fojghehi A2kEIol ALk,
Sropuby e 26o] 1A Aok Ao Lol 9l 1
M= T o FFWEO2A vl%oke] B ol
g #8421 &} (vascular endothelial growth factor, VEGF) 2] 24 <]
Flofe, malz el ks F9) e daA
¢12K(insulin-like growth factor 1, IGF-1)7} A2l of ujg} vt
A 3 Qo] ’iFaL, nAdss gt ko] #HHrt dojut 7
2 FHETEFEH Aol o] 8t 2 $ 2ebA| ol A= msrotke] QF
T} et Ak atFo] Wobd A o2 Aika Al F
' VEGF7} Z7}8H7) =|aL o9} vl E-o] &3 Aol B 23} IGF-1
1450t A oA WHE o XA A4 o] S8 Hrft Y,
Ak 20d ot ofe] B3 A7 % MEE Ao v|Zohdt
W3S dslr] 918k -8 2k ¥ 3F % (saturation of peripheral
oxygen)®| =35 AASHITE thi-2o] AollA] w2 Akas)
= (70%-90%", 83%-89%"") & 7171 W] &olell Al 41Zk4k m] szt
Wze) who] aunkn Kot £ % A7 Al
HAESIES WE PSR AT WA A9l el 3
T Abalo] SHELATE, ShA)g ol ol etk Alzjgd
Wlo R AT S5 Jo| olels] e Wil
o3t vl zolnEhg o] g WK Aol BrbsHAon), A
pulse oximetryE o]-g5}o] B A 4-¢ W 0 2 n)4ole] AHu| A
2SS NP ALTHE ] AT AolhE 28 5 A =
o} & AFellx = o] gk tlo]H & o] -&ato] wgolol A At x
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o] FFTET 3TOE o], nlsiguySo] MAEkA] ¢ o
(control group), F|&roprdul o] vt =
T (untreated group), o] #] F =
57} F 23k F(teated group) 0 2 T3} CH HEH L w235}
A stage 1 0’| E&e] 3l =
& 5702 o] Bulws|Egel gl 7 2
HAARE kA X5 A A= glo] A
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FrE A t‘% HEE ‘?ﬂ"’f—t Yol w2} S(percent)E Al
A = Al A9 2 Aol 2 Hw5] 918 Kruskak
Wallis H test@} chi-square test &= Fisher's exact testE 242} 15
& 9 W3 wio] AEselom, [g 7k 3ol S 1] $J5he] post
NS, Pl Fel dae nAs AE
o2 ¥249317] 918l cumulative ordinal logistic regression analysis
= A, FAE T Q¢S A HEA Fo Aol B
H 8l Aday] 98 ¥ o] AP (fiting) o] SE<! Akaike

information criterion criteriaZ 7]5 0 & ©HA| 2 3] HEA (stepwise

hoc testE

regression)S 58l WS A ¥l}e] multivariable cumulative ordi-
nal logistic regression analysisZ 4] 8§} 31T},

R software version 3.6.3 (R Foundation for Statistical Computing,
Vienna, Austria)& AME-3F] FAIE AldsF o, BE 24 dlA

Pvalue 0.05 0|9kl 95 SAHo R o3k Aoz 75319
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Bonferroni correction ¥ o] w2} P-value
Felat Aoz e

Hpost hoc test2] 735
0.0167 [=0.05/3] H|¥HS 7|20 2 BAIH R
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a7 3l9e
W (Table 1), Zone 19|4] o] HFAYL- 378 (19%) 0] e}, Zt Fol|A] A

o] A2 A vhA 39 (15%)°] &2 A5E

aksich. 32 e ofv] gl Aol g Wol A g¥seh.
1. glgieo!
21t B AT A AR 2AAF, 12 % 5E opr} 4] v

A 3301 ghol F AT V)5l B Fols F 26078013
t}. 26078 thd ghol 5 vl GopduhE S o g Zlehke Slol= 668
(25%)olR o, nlgopduy o 2 Zlehike Slo} 3 2778(10%)

%
o

Table 1. Patients’ Demographic Characteristics

SoltE FF Lo e A 7= Akl TAIF I 2ol 7} 9)19%1—
(Table 1), A 87} /RS E SHANES, Abh AFUE, 2dFsH
7] AHEA S, T o] Z[EAH o @ AT, Aot A& 1)

B9 T, 58 35, WA A, AebdFA 2 A9 7Rk

n‘.Oi

ROP severity
Characteristic
Control (n=194) Untreated ROP (n=27) Treated ROP (n=39) P-value
Male sex 112 (57.7) 14 (51.9) 22 (56.4) 0.8440
GA (wk) 28 (24-29) 26 (24-28) 25 (23-29) <0.0001
Birth weight (g) 1,175 (540-1,770) 970 (670-1,260) 800 (420-1,100) <0.0001
C-sec 140 (72.2) 18 (66.7) 24 (61.5) 0.3857
Apgar at 1 min 4(0-8) 4(1-7) 3(0-6) 0.0042
Apgar at 5 min 6(0-9) 6 (2-8) 4(1-8) 0.0007
Values are expressed as number (%) or median (range).
Abbreviations: ROP, retinopathy of prematurity; GA, gestational age; C-sec, cesarean section.
Table 2. Patients’ Clinical Characteristics
ROP severity Post hoc
Characteristic Control Untreated ROP Treated ROP Povalue Control vs. Control vs. Untreated vs.
(n=194) (n=27) (n=39) Untreated Treated Treated

PDA <0.0001 0.2003 <0.0001 0.0054

None 70 (36.1) 6(22.2) 1(2.6)

Spontaneous 68 (35.1) 9(33.3) 7(17.9)

Symptomatic 56 (28.9) 12 (44.4) 31(79.5)
IVH 0(0-4) 1(0-3) 1(0-4) <0.0001 0.5463 <0.0001 0.0078
0: apply duration (d) 37 (2-274) 56 (4-125) 91(16-316)  <0.0001 0.0103 <0.0001 0.0016
Ventilator duration (d) 2(0-274) 10 (0-115) 41 (0-316) <0.0001 0.0007 <0.0001 0.0065
Mild BPD 130(7.6) 25 (92.6) 37(84.9) 0.0006 0.1830 0.0009 1.0000
Moderate to severe BPD 42(21.6) 12 (44.4) 33(84.6) <0.0001 0.0156 <0.0001 0.0832
RDS 136 (70.1) 24 (88.9) 33 (84.6) 0.0308 0.0410 0.0770 0.7270
PPHN 24 (12.4) 6(22.2) 15(38.5) 0.0003 0.2712 0.0002 0.2611
RBC transfusion 2(0-48) 5(0-38) 8(0-132) <0.0001 0.0002 <0.0001 0.0296
Initial resuscitation 16 (8.2) 2(7.4) 12 (30.8) 0.0009 1.0000 0.0004 0.0314
Sepsis 20 (10.3) 8(29.6) 13(33.3) 0.0002 0.0101 0.0006 0.7942
NEC 8(4.1) 3(11.1) 5(12.8) 0.0417 0.1375 0.0469 1.0000
HOD (d) 57 (30-173) 66 (46-154) 109 (51-231) <0.0001 0.0117 <0.0001 0.0007

Values are expressed as number (%) or median (range).

Abbreviations: ROP, retinopathy of prematurity; PDA, patent ductus arteriosus; IVH, intraventricular hemorrhage; BPD, bronchopulmonary
dysplasia; RDS, respiratory distress syndrome; PPHN, persistent pulmonary hypertension of the newborn; RBC, red blood cell; NEC, necrotizing

enterocolitis; HOD, hospital day.
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o] W&ol yuhgF FFwel % 7
(Table 2).

ChH 2R 3} ALS 7 A o) H =5 o|Ate] 71HA]H o)A
< ~’Fb‘—é 3, AT +€iﬂr nlgobg ety S AT (M)A 5
T A J) Abolel] F-ol7h ApolE Bl AR, 112
A, A EA B A 713 BE ek Abo]of] frof g 2

7F At (Table 2).

Apolell frolg Aol 2 B eich

2, AMA TS HEN O|0p2a)

n|&ole] Aol T 54 Al
23x3le WE (@t 2bo], TFEH2h 2 vl solg g %9]
o] W2 x}o] S B TH(P=0.0003, PL0.0001) (Table 3). H=3}F, &4
F 15 ARE 47 AR BE T FollA 9 Abixsts HE (H
#k zbo], BEHAh) AA] ZF - Abolol] frefgh Abo] 7} QIATH(Table
3).
3. O|=oYatHs 2laieele| cHAZIRM

A A L] v $13F == 0.31 (95% confidence interval [CI],
0.24-0.40; P<0.0001) 2 A} A o] 15 F71&rF n]sopdetry
o] WAL 0318 FHAskl o, 2 AF] Bl HREE 0.9
(95% CI, 0,99-0.99; P<0.0001)& ZAA|Z0] 200 g Z7}4FE 1
solgEyF o] WA Eo] 0998 st X 57} ¥ B
#ANEZF BT EE 8.57 (95% CI, 3.59-20.45; P<0.0001),
FTHE ool 71AAFH o F AT HuAFEE 5.16 (95% CI,
2.87-9.28; P<0.0001), A Ao Ml AP == 3.06 (95% CI,
1.16-8.06; P=0.024) 0 2 Fol = QQTH(Table 4), T3 A & X 45
7re] Ak ste HECATgk Aol, FF HAP 2 ¥l P E=E 7t

Table 3. SpO, Fluctuations and Retinopathy of Prematurity Severity
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7} 1,07, 1.34 (95% CI, 1.03-1.12; 95% CI, 1.12-1.59) 2L, &4 &
3% 2 AL 47 A7HA] AaThE WEe] vlw Tt 1
oo & n|szopdubs =t o] oko] AABAI BAF o2 Fols)
T (Table 4).

M

4. D|=01UHE 2/ QQ10| CHHEEXM

Ae Az SAAF] vl 224 0.32, 1.00 (95% CI,
0.22-0.47; 95% CI, 0.99-1.00; P<0.05)°]Q1 3L, FE = o]} 71#
A o] 8452 M F =7} 2.38 (95% CI, 0.99-5.71; P=0.0519),
ZA F 47 )] st o] WE(A g xFo])e] Hlm Y=

1.02 (95% CI, 1,02—1,12; P=0,041)Z E1 = cH(Table 5).

S |==0ldHES &

ol

9 F 12 A0k 3 A7) LexA EEAAE A

A 7:]]% 7}x1¢ olgiz<p<o 05), % 3 2 ¥
gk zkele} EEHAh | AT
0.27,0.30 (P<0,0001) & & T}2 Fof H] &) 558 A of AT

O R
% vjke] mlotelA] Aol &3

ROP severity Post hoc
SpO: fluctuation Control A Untreated ROP Treated ROP P-value Controlvs.  Controlvs. Untreated vs.
(n=194) (n=27) (n=39) Untreated Treated Treated

Max-min (%) 15.9(5.6-40.1)  19.4(12.7-35.3)  18.9(8.3-35.4) 0.0003 0.0125 0.0026 0.9261
1-week 14 (0.9-44.9) 18.4 (3.9-47.3) 19.9(8.1-49.1) 0.0001 0.1858 0.0001 0.1858
2-week 15(1.1-58.4) 17.7 (3.7-44.7) 17.3(3.3-50.1) 0.0371 0.1462 0.1462 0.7806
3-week 17 (2.5-55.8) 21.9(10.5-47.7)  19.6(8-47.5) 0.0356 0.1151 0.1366 0.6737
4-week 17.8(3-52.1) 20.7(10.1-45.4)  20.1(8.7-53.9) 0.0351 0.1426 0.1083 0.9915

Standard deviation 3.8(1.5-10.1) 4.7(3.2-8.4) 4.6(2-9.2) <0.0001 0.0034 0.0007 0.9967
1-week 3.2(0.2-13.1) 4.5(1.1-10.2) 4.6 (2.4-13.7) <0.0001 0.0673 <0.0001 0.1334
2-week 3.6(0.3-14.1) 4.2(0.8-11.9) 4.4(0.8-11.7) 0.0129 0.0740 0.0740 0.8106
3-week 4(0.6-14.4) 4.9(2.8-16.1) 4.7(1.8-14.4) 0.0371 0.0717 0.2526 0.4344
4-week 4.3(0.7-13) 4.5(2.6-11.7) 4.9(2-15.5) 0.0309 0.1898 0.0718 0.8315

Values are expressed as median (range).

Abbreviations: SpO:, saturation of peripheral oxygen; ROP, retinopathy of prematurity.
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Table 4. Risk Factors of Retinopathy of Prematurity Severity
(Univariate Cumulative Ordinal Logistic Regression Analysis)
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Table 6. Correlation between SpO, by Weeks after Birth and
Retinopathy of Prematurity

Variable OR 95% CI P-value Variable Correlation coefficient P-value
GA 0.31 0.24-0.40  <0.0001 SpO:2 fluctuation (max-min)
Birth weight 0.99 0.99-0.99 <0.0001 1-week 0.27 <0.0001
PDA 2-week 0.16 0.0122
Spontaneous 2.38 0.93-6.14 0.0714 3-week 0.15 0.0134
Symptomatic 8.57 3.59-20.45 <0.0001 4-week 0.16 0.0104
IVH 1.84 1.42-2.39  <0.0001 SpO:2 fluctuation (SD)
02 apply duration 1.03 1.02-1.04  <0.0001 1-week 0.30 <0.0001
Ventilator duration 1.03 1.02-1.05 <0.0001 2-week 0.18 0.0038
Mild BPD 6.46 2.25-18.58 0.0005 3-week 0.14 0.0206
Moderate to severe BPD 5.16 2.87-9.28  <0.0001 4-week 0.16 0.0084
RDS 2.63 1.22-5.65 0.0132 Abbreviations: SpO2, saturation of peripheral oxygen; SD, standard
RBC transfusion 1.14 1.08-1.19  <0.0001 deviation.
Sepsis 3.85 1.98-7.47 0.0001
NEC 3.06 116-8.06  0.0240 o] it AaFste HE(Edg: 2ke], FFAADS nlsobgEy
HOD 1.04 1.03-1.05  <0.0001 =9 FSTol 2 2ol & B, 24 F 4532 b XS
SpO: fluctuation (max-min) 1.07 1.03-1.12 0.0021 WHFo] AAGFE v|golduty Fo] FF w7t ST, Est v
1-week 1.05 1.02-1.09 0.0005 sopguhgF o] WA FF o) YIS WX nlgole] o
2-week 103 LOL-L0G 00182 <l Aol folnle Alxbw Sl i) whw A} e
3-week 1.02 1.00-1.05  0.0930 B ThE =20 H]8] AT 13 2} AT W0 1w
4-week 1.03 1.01-1.06 0.0164 i ‘;‘l /}]'5&74]‘,\—7} 1ol T 13 3} A E SRS WE o] ko] U
o) 1 e e A AL 54 098 8
2 week 114 L02-127 00175 ChHTREA A= B S 457 2] AR st e wlFo] TF ol theh
3'Week 1_07 0.98_1.18 0.1313 ‘IQI‘O U]?l- ?‘]X}—g— "l ?‘g%q—. O]—‘\i— Ag'jﬁ— %Ag —%71021)\‘—| U]%O]—.g]
4-week 1.14 1.03-1.26  0.0123 B HAl A7) nlGel g tEFoll BEH o2 JEFS v]H|
Abbreviations: OR, odds ratio; CI, confidence interval; GA, gestational W, ¥7|82 25 o] 23 Fei7t s A H A A st e WE
age; PDA, patent ductus arteriosus; IVH, intraventricular hemorrhage; 3]

BPD, bronchopulmonary dysplasia; RDS, respiratory distress
syndrome; RBC, red blood cell; NEC, necrotizing enterocolitis; HOD,
hospital day; SpO:, saturation of peripheral oxygen; SD, standard
deviation.

Table 5. Risk Factors of Retinopathy of Prematurity Severity
(Multivariate Cumulative Ordinal Logistic Regression Analysis)

Variable OR 95% CI  P-value
GA 032  0.22-0.47 <0.0001
Birth weight 1.00  0.99-1.00 0.0258
Apgar at 1 min 1.19 0.94-1.52 0.1525
Moderate to severe BPD 238  0.99-5.71 0.0519
SpO: fluctuation average 1.33 0.97-1.82 0.0774
2-Week SpO: fluctuation (max-min) 0.97 0.93-1.01 0.0961

4-Week SpO: fluctuation (max-min) 1.02  1.02-1.12 0.041

Abbreviations: OR, odds ratio; CI, confidence interval; GA, gestational
age; BPD, bronchopulmonary dysplasia; SpO-, saturation of peripheral
oxygen.

FHE o2 gt 55 A% Aol partial pressure of oxygen
H Wt A o] 4%k gJEs o

==

= AR A2 G AT AEH O wE T =
SHTE Ak WlEo] AR A ik D] o] o] Alglen,
WHEe] Free) gt Ay yalo] Jwr) o) JAdAz A
o= m|<ah Wk ko] AAkA il Ik A A e
A gl FHekslr] WlEl Aoz A=, Ak WEo] F45
5 Aaka = kA S ol A = E m 2 it ddke] Aol
B A= A o2 AZEt

5o Ak WlE o] nsoldutFo] S nRithE & A
3 AT o] F HA| R nlgole] kA WF T vl Gopguty S Alo]e
B2 ATEE Be AwSe] 219l Saito 520 w2 18]
n|solg g o 2 5t AT ol|A] 35| o)) rlsopd e 7}
Z1 gole] Pa0, o] t 2131, Cunningham 52'¢] Z1e§gh F32]
ATellM= 3T o] te] mlGopdul S Shol 38H 3 m]<olrgat
o] QAU 1217 9] Shol =S u|wdk Ay AF 23 Fehe] 7
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