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Effects of Maternal Hyperventilation and Oxygen Inhalation
during Labor on Fetal Blood-gas Status

Michio HARUTA, Takao FUNATO, Yoshiaki NAKA and Noriatsu SAEKI
Department of Obstetrics and Gynecology, Nissei Hospital, Osaka

BE EROBHRILBEBRANBRCE 2 2FEBLEFT 5100, AHHED WA O B RS 5441
DRBOMBEH AMELREL, EME 4o CHE L, N #ASHAD IBRESAE S —FEEBRS(MA
(EmEikm) pH<7.5, MA Pco,>23mmHg), H# (94 ZBEREE—EHRTK (MAPH>T.5,
MA Pco, <23mmHg), NO # (184 IEMFHE—EFHT (MApH<7.5 MA Pco,>23mmHg),
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Synopsis The effects of maternal hyperventilation and oxygen inhalation on fetal blood-gas status were
studied in 54 fetuses, vaginally delivered of mothers without medical and obstetrical complications. The
cases were divided into four groups according to MA (maternal arterial) pH and Pco, values and by
respiring either oxygen or room-air as follows. Group N: pH<7.5, Pco,>23mmHg (normoventilation),
without maternal oxygen inhalation, group H: pH>7.5, Pco,<23mmHg (hyperventilation), without oxy-
gen inhalation, group NO: pH<7.5, Pco,>23mmHg, with oxygen inhalation and group HO: pH>7.5,
Pco, <23mmHg, with oxygen inhalation. Umbilical venous (UV) Po, (27.8mmHg : mean), So, (60.8%) and
Co, (oxygen content, 12.4ml/dl), and umbilical arterial (UA) Po, (17.9mmHg), So, (35.6%) and Co, (7.3ml/
dl) values in group H were significantly lower than those in group N. The fetal oxygenation in group HO
was similar to that in group N, and the fetal oxygen values in group NO were significantly higher than those
in the other groups. The fetuses in groups H and HO tended to respiratory alkalosis. The UV oxygen
values had negative correlations with MA pH and positive correlations with the MA Pco, value in both
oxygen and no-oxygen groups. There was no significant correlation between maternal and fetal Pco,
values, and higher fetal oxygen extraction (41% :mean) in group H. These facts suggest that severe
maternal respiratory alkalosis due to hyperventilation may lead to a disorder in placental circulation.
The practice of maternal oxygen inhalation and blood-gas analysis during the second stage of labor is
recommended, because although maternal hyperventilation during labor is frequently overlooked, it reduces
fetal oxygenation ; and decreased fetal oxygenation due to maternal hyperventilation is also improved by
maternal oxygen inhalation.
Key words: Hyperventilation*Oxygen inhalation¢Labor+Fetal oxygenation+Acid-base equilibrium
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# 1 Characteristics of population
Group N H NO HO
O, inhalation - - + +
Ventilation Normo- Hyper- Normo- Hyper-
(MA Pco, (>23mmHg <23mmHg >23mmHg <23mmHg
MA pH <75 7.5 <7.5 >7.5
No. of cases 18 9 18 9
Maternal
age(y) 27.5+2.9 28.3+2.1 27.9+3.2 27.9+1.8
parity 0.7£0.8 0.740.7 0.4+0.6 0.8+0.8
body weight(kg) 62.3+6.0 59.0+3.9 62.947.7 66.2+6.9
Hb(g/dD 10.9+0.8 10.6+0.8 11.3%+0.8 10.9£0.5
duration of(min)
0, inhalation / / 50456 2154+
Neonatal
body weight(g) 3,112+342 3,099+282 3,125+296 3,261+315
1min. Apgar score 8.6+0.5 8.1+0.4* 8.8+0.6 8.3+0.4
5min. Apgar score 9.1+0.5 9+0 9.21+0.4 9.2+0.4
Hb(g/dD 15.5+0.6 15.4+0.7 15.5+0.7 15.7+0.7
Placental weight(g) 574+99 542+89 567+95 589+108
Hb : Hemoglobin concentration. (Mean=S.D.)

*** [ Significant difference compared to group NO (p<0.05, p<0.01).
Normo- . Normoventilation. Hyper- . Hyperventilation.
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% 2 Maternal and fetal blood-gas status

Group
Blood-gas N H NO HO
Po,  (mmHg) 105.6+6.5 117.6+11.8* 198.6+14.6**1F | 199.6+3.3**t}
So, (%) 97.3+0.4 98.3+0.6* 99.340.1**tt 99.4+0**00
MA Co, (ml/dD 14.1+1.0 14+1.0 15.3+1.0**4f 14.740.7
pH 7.421%0.035 7.546+0.048** 7.426+0.04611 7.564+0.051**0¢
Pco, (mmHg) 28.242.7 19.8+2.5%* 27.9+2.81t 19.142.5%%00
BD  (mmol/D 4.8+2.1 4.3+2.3 4.8+2.5 2.7+1.8*¢
Po, (mmHg) 32.3+2.3 27.84£2.8** 37.1+1.7**% 32.942.5110¢
So, (%) 69.2+4.1 60.845.2%* 75.54+2.3**t 70.1+4.81¢
- Co, (ml/dD 14.2+1.0 12.4+1.2** 15.5+0.8**t} 14.5+1.11¢
pH 7.343+0.029 7.386-+0.05 7.340+0.033 7.407+0.056*¢
Pco, (mmHg) 39.3+3.6 33.946.8 39.4+3.2 31.743.9%*00
BD  (mmol/D) 4.1+1.4 4.8+1.5 4.3%2.1 3.7+2.2
Po,  (mmHg) 22.44+2.9 17.942.3** 25.0+3.0*ft 22.1+3.311¢
So, (%) 46.3+8.1 35.6+5.9** 52.8+7.6*1t 48.3+8. 7t
UA Co, (ml/dD 9.5+1.7 7.341.3%+ 10.8+1.6*tt 10.1+1.9%t
pH 7.296+0.034 7.328+0.044 7.300+0.030 7.354+0.061
Pco, (mmHg) 47.5+4.6 42.0+6.6* 46.5+3.6 37.844.2%+00
BD  (mmol/D 4.1+1.5 4.9%1.9 4.1%2.0 4.2+2.4
So, : Oxygen saturation. Co,: Oxygen content.  BD : Base deficit. (Mean+S.D.)
MA : Maternal arterial. UV : Umbilical venous. UA : Umbilical arterial.

*+* : Significant difference compared to group N (p<0.05, p<0.01.
11 . Significant difference compared to group H (p<<0.05, p<0.01).
000 : Sjgnificant difference compared to group NO (p<0.05, p<0.01).
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% 3 Correlation coefficients: Maternal arterial
pH or Pco, value versus fetal oxygen value

MA MA pH MA Pco,
N+H NO-+HO N+H NO+HO
uv groups groups groups groups

Po, | —0.489** | —0.651** | 0.599** 0.588**
UV So, | —0.398* | —0.595** | 0.546** 0.591**
Co, | —0.418* | —0.404* 0.516** 0.389*

MA : Maternal arterial. UV : Umbilical venous.
So, : Oxygen saturation. Co, : Oxygen content.
***: Significant correlation (p<0.05, p<0.01),

% 4 Correlation coefficients: Maternal arterial
versus umbilical venous and arterial acid-base
values

Group
Acid-base N H NO HO

pH 0.654** | 0.667* | 0.479* | 0.759*
MA:UV  Pco, |0.646**|0.401 0.478* 1 0.388
BD 0.599** 1 0.724* | 0.719** | 0.712*

pH 0.735** | 0.818** | 0.468* | 0.660*
MA:UA Pco, |[0.512* [0.410 0.522* | 0.273
BD 0.511* |0.673* | 0.602** | 0.664*

MA : Maternal arterial. UV : Umbilical venous.
UA : Umbilical arterial. BD : Base deficit.
*, **: Significant correlation(p<0.05, p<0.01).
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x100(%)

404

Oxygen Extraction

304

204 1

N H NG HO
Group

1 Oxygen extraction
: Significant differences compared to the other
groups (p<0.05).
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UA)Pco, & UV HEFEE
MEORICIES KWRT I > EBLHE D
5, LicoioT, EROBSIKRBICERRL, E
DOBEZSVREBBL A EIE TS C L,
2« RIS EABLOEAL I RBRL & (2
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r) BASREY 5-HEHE & B IR EAL
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# 5 Maternal to fetal oxygen pressure gradient
versus fetal oxygen pressure value(Correlation
coefficients)

Groups N+NO H+HO

Po, 0.763** 0.663**
(MA-UA)Po,: UV So, 0.674** 0.654**
Co. 0.566** 0.635**

MA : Maternal arterial. UA : Umbilical arterial. UV :
Umibilical venous. So, : Oxygen saturtion. Co, : Oxygen

content.
** - Significant correlation(p<0.01).

%6 Duration of maternal oxygen inhalation
and fetal oxygenation

Group Short Long

. < 30min. > 30min.
Duration (15~27min) | (34~120min.)

No. of cases 9 9
Po, (mmHg) 198.9+19.2 198.2+9.2
MA So, (%) 99.340.1 99.340.1
Co, (ml/dD 15.1+1.0 15.4+1.0
Po, (mmHg) 37.4+1.7 36.8+1.8
UV So, (%) 76.4%+2.2 74.6+2.1
Co, (mil/dD 15.340.5 15.6+1.1
Po, (mmHg) 25.4-+2.8 24.6+3.3
UA So, (% 54.24+7.9 51.34+7.6
Co, (ml/dD 10.9%+1.4 10.7+1.8
(Mean+S.D.)

MA : Maternal arterial. UV : Umbilical venous. UA :
Umbilical arterial. So, : Oxygen saturation. Co, : Oxy-
gen content.
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MATERNAL HYPERVENTILATION

SPONTANEOUS CONTROLLED

7.6
7.4 W @HEART FILLING

-
P Pco, W CARDIAC OUTPUT
M pH

50
NORMAL BP 4-BP

UTERINE
26 VASOCON- ?
STRICTION

©OSHIFT HbO, SAT WP-UTERINE BLOOD

UNBILICAL BLOOD FLOW
- FLOwW

M- AFFINITY Hb4-0, @ PLACENTAL 0, TRANSFER—"

A 4 FETAL Po,
ANAEROBIC METABOLISM
FETAL METABOLIC ACIDOSIS

X 2 Pathophysiology of maternal hyperventila-
tion
Quoted from Shnider, S.M. and Moya, F.: The
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