ekl gerats] =] - Al 17 A A1 3 20109 O A O

71AA 7] a¥l= AIF S vl aekiE S
AW Fde] TFe] WA

AAE L o FHE ABA ofdoly Y Aok ad, Pt st

Association of Hypercapnia in the First Week of Life with
Severe Intraventricular Hemorrhage in the Ventilated Preterm Infants

Jeong Eun Kim, M.D., Ran Namgung, M.D., Min Soo Park, M.D.
Kook In Park, M.D. Chul Lee, M.D. and Myung Jun Kim, M.D.

Department of Pediatrics, Department of Diagnostic Ra d1'010gy*
Yonsei University College of Medicine, Severance Children's Hospital, Seoul, Korea

Purpose : The aim of this study was to examine whether hypercapnia during the first
seven days of life was associated with severe intraventricular hemorrhage (IVH) in preterm
infants requiring mechanical ventilation.

Methods : A matched pair analysis was performed for 19 preterm infants with severe IVH
(grade>3) and 38 infants with no severe IVH (normal or grade 1), who required mechanical
ventilation for more than seven days. The univariate and multivariate analysis of severe IVH
with maximal and minimal PaCO,, averag PaCO,, SD of PaCOs, and difference in the PaCOs
were assessed. The major perinatal factors and maximal ventilator index (VI) were also
compared.

Results ¢ Infants with severe IVH had a higher maximal PaCQO,; (86.1+18.4 mmlg vs.
60.1£ 11.6 mmHg, P<0.001) and mean PaCO: (47.5%+5.6 mmHg vs. 41.24+6.3 mmHg, P=
0.004) and a larger SD or difference in PaCOy (14.0+4.4 mmHg vs. 9.0+2.4 mmHg; 60.3%+
20.9 mmHg vs. 35.5+11.8 mmHg, P<0.001). However the minimal PaCO; values did not differ
between the groups. Disseminated intravascular coagulation, pulmonary hemorrhage, and the
air leak syndrome were more frequent in the IVH group than in the controls. The maximal
VI on each day was higher in the IVH group. The multivariate logistic regression analysis
after controlling for bleeding tendency showed that the air leak syndrome, maximal VI, and
maximal PaCO2 were independently associated with severe IVH [OR, 1.324 (95% CI, 1.011—
1.733; P=0.041)].

Conclusion : Extreme hypercapnia was significantly associated with severe IVH in preterm
infants, after adjustment for major perinatal risk factors. Frequent monitoring of the PaCO»
may be important for early detection of inadvertent hypercapnia and prompt correction of
high PaCOS levels. (J Korean Soc Neonatol 2010;17:34—43)
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Table 1. Demographic Characteristics

IVH (n=19) Control (n=38) P —value
Gestational age (wks) 26.9+1.7 26.8+1.5 0.602
Birth weight (g) 975.3£262.5 915.6£198.2 0.360
Gender (female) 8 (42.1%) 19 (50.0%) 0.574
Delivery type (C—secetion) 17 (89.5%) 28 (73.7%) 0.301
APGAR score (1min) 2 (1-7) 1 (0-5) 0.103
APGAR score (5min) 5 (2-8) 4 (1-7) 0.226
IVF=ET 6 (31.6%) 5 (13.2%) 0.153
SGA 3 (15.8%) 6 (15.8%) 1.000
Multiple gestation 9 (47.4%) 12 (31.6%) 0.244
Initial blood gases
pH 7.20x0.13 7.29£0.09 0.023
PCO,; (mmHg) 59.3+19.9 44.1%£9.8 0.005
PO; (mmHg) 79.2+£23.0 81.9+£11.0 0.632
Base excess (mM) —-6.7£3.7 —4.6+4.8 0.090

Values are mean+SD (range) or number of patients (%). Abbreviations : IVH, intraventricular hemorrhage group;
IVF—=ET, in vitro fertilization—embryo transfer; SGA, small for gestational age

Table 2. Maternal Characteristics

IVH (%) Control (%) P—value

(n=19) (n=38)
Antenatal steroid 8 (42.1) 15 (39.5) 0.849
Premature rupture of membranes (>24 hr) 5 (26.3) 15 (39.5) 0.327
Preeclampsia 5 (26.3) 9 (23.7) 1.000
Chorioamnionitis 7 (36.8) 15 (39.5) 0.847
Magnesium sulfate 2 (10.5) 11 (28.9) 0.183
Fetal distress 5 (26.3) 5 (13.2) 0.275
Placenta abruption 1 (5.3) 0C 0 0.333

Abbreviation : IVH, intraventricular hemorrhage group

2. B JpA A} 3. They Blofel UNE Sy
ek 24 sk, IVH 2ol A% 79 59t 8% of IVH Fold sHEdduhsa, A5y, 371%%

Abghehas Woke] HulghAVH ¥ vs. WIE, 86.1£18.4 509 W=7}t wopont, e duhs, ﬂﬂ“‘i‘ﬂ%mﬂ
mmHg vs. 60.1£11.6 mmHg, P<0.001), H3k o] 814= Fw ¥ 7§EZ, indomethacin &, HEZF,
(47.5+5.6 mmHg vs. 41.246.3 mmHg, P=0.004), AP A4, A Al AR e T gl el
FHoj gk #Hagke] 2401(60.3+£20.9 mmHg vs. 35.5+  #Fo]7} itk 18] al AFEE-S IVH vl A o %9k
11.8 mmHg, P<0.001), Fvt4ke] #=8AH(14.044.4 (Table 4).

mmHg vs. 9.0+2.4 mmHg, P<0.001) 7} 234 =

o HaghS 7 7 119 Zfol7} QIgiTh 283 A

_\L —(m ol\

4. BEIIA Melet RS AMH 22

74 5o pHO HAgk, Bk, Hdlwkd Hagke 2 AF TE7) A7 77 IVH oA tizdr o
o, Beke] BEHAS F Ala E4e] HAiglol B w2 AEgE ®glont %AI@ 2 9uj= OiO*DHIVH
Aoz #o3t o) & B oy, YA Az F+ T vs. IFE, 78.8+109.0¢ vs. 39.7+33.1¢

T 7kl folst o]l E RolX] Fgkth(Table 3). 0.142).



Table 3. Blood Gas Analysis between IVH and Control Group

IVH (n=19) Contol (n=38) P —value
pH
Maximum 7.4910.05 7.46%0.03 0.070
Minimum 7.06+0.09 7.20£0.07 <0.001
Average 7.30£0.04 7.33£0.04 0.012
Difference 0.43+0.13 0.26%+0.08 <0.001
SD 0.10£0.02 0.06£0.02 <0.001
PaCOz (mmHg)
Maximum 86.1+18.4 60.1£11.6 <0.001
Minimum 25.9£4.5 24.6%6.1 0.438
Average 47.5%£5.6 41.2%6.3 0.004
Difference 60.3+£20.9 35.5+11.8 <0.001
SD 14.0+4.4 9.0+£2.4 <0.001
PaO.; (mmHg)
Maximum 110.4£12.2 110.5%£8.3 0.965
Minimum 67.6£6.0 72.2%£5.1 0.042
Average 85.3£3.3 87.1x4.7 0.127
Difference 42.8114.4 38.4+9.0 0.157
SD 10.1£3.0 10.3+2.8 0.778
Base excess (mM)
Maximum 5.3+£5.3 4.2+8.1 0.579
Minimum —12.3+£5.5 —10.0+3.5 0.117
Average —3.0£2.6 —-3.4%2.6 0.621
Difference 17.6+8.3 14.2%+9.3 0.183
SD 4.5+£2.2 3.6x1.9 0.155
Values are mean+SD (range). Abbreviation : IVH, intraventricular hemorrhage group
Table 4. Clinical Features between IVH and Control Group
IVH (n=19) Control (n=38) P —value
HMD 19 (100%) 38 (100%) 1.000
Number of surfactant use 2.42%0.9 1.89£1.5 0.108
PDA 10 (52.6%) 20 (52.6%) 1.000
Indomethacin 4 (21.1%) 10 (26.3%) 0.821
DIC 11 (57.9%) 9 (23.7%) 0.011
Pulmonary hemorrhage 12 (63.2%) 10 (26.3%) 0.007
Air leak syndromes 4 (21.1%) 1 (2.6%) 0.021
Sepsis 0 (C 0%) 1 (2.6%) 1.000
NEC 2 (10.5%) 4 (10.5%) 1.000
Inotropics use 18 (94.7%) 37 (97.4%) 1.000
Death 8 (42.1%) 4 (10.5%) 0.006

Values are mean®SD (range) or number of patients (%). Abbreviations : IVH, intraventricular hemorrhage group;
HMD, hyaline membrane disease; PDA, patent ductus arteriosus; DIC, disseminated intravascular coagulation;
NEC, necrotizing enterocolitis

AF 1,2, 3, 4,5, 6 7949 ¥ &7 A4
A IVH oA AR {Fo8tA =9kon,
Al ¥ 57 Age] B IVHT2 530.1+

309.3, Wz
0.008) (Table 5).
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AFORE F3t atol & BHAW 37 7% 5, =8
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Table 5. Ventilator Index between IVH and Control
Group

IVH (n=19) Control (n=38) P

value

Day 1 616.3+£332.7 414.1£176.0 0.021
Day 2 485.6£356.9 220.7£145.6 0.007
Day 3 564.4+£405.3 212.7£184.7 0.004
Day 4 431.0£307.4 214.4%+188.6 0.025
Day 5 356.1£236.8 200.7£163.5 0.014
Day 6 382.4+£190.9 184.9£141.7 0.001
Day 7 345.1+£225.7 199.9£135.9 0.045
Average VI 530.1£309.3 242.3£128.9 0.008

Values are mean®SD (range) or number of patients
(%) . Abbreviations : IVH, intraventricular hemorrhage
group; VI, ventilator index (VI=mean airway pres-
sureXrespiratory rate)
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(hyperventilation) & %3} 352
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(o) KX
S H=
& Tk AAF B HIOE AT B F B 95

% Y
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Table 6. Identification of Variables Associated with Severe IVH in Multivariate Analysis

Odds ratio 95% CI P —value
Bleeding tendency 2.336 0.428—-12.747 0.327
Average VI 0.999 0.994-1.005 0.839
Air leak syndromes 6.730 0.143—-315.91 0.332
Maximal PaCOg 1.324 1.011-1.733 0.041
Difference of PaCO, 0.846 0.686—1.042 0.116
SD of PaCOg 1.104 0.529-2.303 0.792

Area under curve=0.918. Abbreviation : VI, ventilator index (VI=mean airway pressureXrespiratory rate)
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