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In pediatric cardiac anesthesia, we
usually use high FIo2 to avoid hy­
poxia due to surgical and/or anes­
thetic mainpulation. However, it is
well known that high FIo2 in­
creases the pulmonary blood flow be­
cause of inhibition of hypoxic pul­
monary vasoconstrictionl-3 • Thus, the­
oretically, ventilation with higher FIo2
might be disadvantageous to the pa­
tients who have left to right (L-R)
shunt. We evaluated the effects of air
ventilation and 100% O 2 ventilation
on pulmonary and systemic circulation
during anesthesia in infants who un­
derwent PA-banding for reducing high
pulmonary blood flow due to atrial
septal defect (ASD) and/or ventricular
septal defect (VSD).

Case Presentation

Case 1: 58-day-old, male
A 30-year-old primipara was ad­

mitted to the hospital to undergo
an emergency Caesarean section be­
cause of the monoumbilical artery
and agenesis of left kidney of the
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fetus. She delivered a male neonate
with 40-week-gestation, weight 2146g.
Five days later the delivery, two di­
mensional echocardiography revealed
VSD, patent foramen ovale (PFO), se­
vere tricuspid valve regurgitation, and
pulmonary hypertension. Digitalization
was started. After 24 days, tachycar­
dia, tachypnea, and retraction of the
abdomen and chest wall appeared. He
gradually manifested heart failure with
cyanosis. Dopamine at a dose of 7.5
p,g·kg-1·min-1 was started. One month
after, however, heart failure did not
subside, and Paco2 was increased to
60 torr. Immediate endotracheal intu­
bation and artificial ventilation were
started and the emergency operation
of PA-banding was proposed on the
next day.

Preoperative physical examination
revealed hepatomegaly and systolic
murmur of grade 3/6 of Levin.
Hematological examination revealed
hemoglobin of 13.5 g·dl-1. The chest
X-ray film showed marked car­
diomegaly with a cardiothoracic ra­
tio of 66%. Arterial blood gas (ABG)
analysis at intermittent mandatory
ventilation (IMV) with FIo2 of 0.21
and respiratory rate (RR) of 40
br-eath-rnin"! was pH 7.302, Paco2 39.3
torr, Pao2 42.5 torr, Base Excess (BE)
-6.3 mEq·Z-l, HC03 - 19.4 mEq·Z-l.
Electrocardiogram (ECG) showed bi-
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lateral ventricular hypertrophy. Body
weight was 3762g, and he was 58 days
old.

The blood pressure (BP) during
the anesthesia was maintained at 60­
70/30-40 mmHg. Surgery was done
uneventfully.

Case 2: Two month-old, female
A female neonate as a twin sis­

ter was delivered after an uneventful
39-week-gestation and weight 2,282g
at birth. Two days after the de­
livery, a heart murmur was noticed,
and echocardiogram revealed muscular
VSD and ASD. Because of respiratory
insufficiency, she was transported to
our hospital for PA banding at one
month-old. After admission, digitaliza­
tion and tube feeding were started.
However, because of persistent tachyp­
nea and tachycardia, she was intu­
bated and artificially entilated. The
ABG analysis at F102 0.21, IMV 30
beats-mln"! and PEEP 2 cmH20 was
pH 7.553, Paco2 40.8 torr, Pao2 46.8
torr, HC03 - 35.8 mEq·Z-l, B.E. 13.5
mEq·Z-l. ECG showed left ventricu­
lar dominant biventricular hypertro­
phy with left axis deviation. A chest
X-ray film revealed cardiomegaly with
cardiothoracic ratio of 60%. The lung
field was congestive. At the first P A
banding, banding was too tight result­
ing in Pao2 29 torr at F102 0.21. Seven
days after the operation, the reopera­
tion was performed.

Preoperative physical examina­
tion revealed the edema of eye lids
and hepatomegaly. Laboratory data
showed hypoproteinemia and elevated
transaminases. Five mcgkgr l-mln"! of
dopamine was administered because of
aggravation of heart failure. Her body
weight was 3,900g, and she was two
months old.

BP during the second anesthesia was
maintained between 80 and 100 mmHg
of systolic pressure. Surgery was per­
formed uneventfully.

Anesthetic Management

In both cases, anesthesia was in­
duced with fentanyl 10 ttg·kg-1 and
pancuronium bromide 0.2 mg-kg"! in­
travenously. After induction of anes­
thesia, the radial artery and the
femoral vein were cannulated for moni­
toring systemic arterial pressure (Psa)
and central venous pressure (Pcv).
Anesthesia was maintained with in­
termittent injection of fentanyl and
pancuronium bromide. Respiration was
manually controlled with air.

We analyzed the blood gases from
three pressure lines (Psa, Pcv, and
Ppa), and Qp/Qs was calculated ac­
cording to the conventional formula,

Qp/Qs = Sao2 - Scvo2
Sao2 - Spao2

where Sao2 is the O 2 saturation of the
systemic artery, Scvo2 is the O 2 satu­
ration of the central venous, and Spao2
is the O 2 saturation of the pulmonary
artery. Sao2 was measured after P A
was encircled with the tape, 100% O 2

instead of air was used for ventilation
for 5 minutes, and then we calculated
Qp/Qs. Then F102 was returned to
21% again, and Qp/Qs was calculated.

The results of the measured vari­
ables are shown in table 1 and 2.
In the case 1, 100% O 2 ventilation
decreased Psa by 75% of the air ven­
tilation. Qp/Qs during air ventilation
was 6.9, and that during pure O 2 ven­
tilation was 7.9. The ABG analysis
revealed no progressive acidosis. Sao2
during air ventilation was kept greater
than 95%. In the same way the com­
parison of Sao2 between air ventilation
and 100% O 2 ventilation in the case 2
indicates that 100% O 2 ventilation de­
creased Psa by 93% of air ventilation.
And the Qp/Qs during air ventilation
was lower than that during 100% O 2

ventilation. The ABG analysis revealed
no progressive acidosis (table 1).

The O 2 extraction ratio or utiliza-



Vol 7, No 2 Air ventilation during pulmonary artery banding operation

Table 1. Hemodynamic data and blood gas data
of the patients

Case 1 Case 2

Fr02 0.21 1.0 0.21 1.0
Psa (mmHg) 45/31 34/28 79/52 74/50
Ppa (mmHg) 35/17 29/15 39/18 45/20
Pcv (mmHg) 10/6 7 11 11
Qp/Qs 6.9 7.9 3.1 4.9

Artery Blood Gas Analysis
pH 7.49 7.47 7.40 7.45

Paco2 (torr) 38.1 37.4 31.8 37.1

Pao2 (torr) 69.8 249.9 84.6 323.1
BE (mEq.l-l) 6.8 5.6 -3.4 0.8
HC 0 3 - (mEq·l-l) 29.4 25.2 19.6 25.9

Table 2. Blood gas data and oxygen extraction ratio
of the patients

Case 1 Case 2

Fro2 0.21 1.0 0.21 1.0

Psao2 (torr) 69.8 249.9 84.6 323.1

Ssao2 (%) 95.2 99.7 96.2 99.7

Csao2 (ml·dl- 1
) 20.1 21.5 15.0 16.2

Ppao2 (torr) 52.4 82.3 53.2 130.7

Spao2 (%) 89.7 97.3 86.2 98.4

Cpao2 (ml.dl- 1 ) 18.9 20.5 13.3 15.4

Pcvo2 (torr) 37.6 47.1 36.2 49.1

Scvo2 (%) 56.2 74.2 63.4 79.2

Ccvo2 (ml.dl- 1 ) 11.8 15.6 9.8 12.3

C(a - V)02
0.41 0.27 0.34 0.24

Cao2

Main symbols: P, pressure; S, saturation; C, content.
Modifiers: sa, systemic artery; pa, pulmonary artery; cv, central

vern

C(a-v)02 means Csao2 minus Ccvo2; Cao2 means Csao2
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tion coefficient CVo2/Do 2) is the frac­
tion of delivered O 2 that is actually
consumed. This can be expressed as
C(a-v)02 divided by Cao2. In both
cases the O 2 extraction ratio with
100% O 2 ventilation decreased com­
pared with air ventilation (table 2).

Discussion

In our study, Qp/Qs was reduced
by the air ventilation, and simultane-

ously Psa was increased. This result
is in contrast to the clinical investi­
gation by Beekman et a14

• His study
demonstrated an increase in systemic
vascular resistance (SVR) and arterial
pressure by hyperoxia. No patient in­
vestigated by him, however, had an
intracardiac shunt because of operative
repair. Many textbook of cardiac anes­
thesia for the pediatric patients did
not refer to the oxygen concentration
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of ventilation during PA-banding. Resi­
dents in anesthesia are apt to use high
oxygen concentration since low oxygen
saturation is common in many patients
undergoing PA-banding. However, un­
der the 100% 02 ventilation, L-R shunt
was increased by the decrease in pul­
monary vascular resistance (PVR). Es­
pecially, in the patients with immature
left ventricular function, the increase
in L-R shunt may result in a marked
decrease in systemic blood pressure.
On the contrary, under the air ventila­
tion large pulmonary muscular arteries
were constricted by the reflex of au­
tonomic nervous system, resulting in
an increase in systemic blood flow and
decreased L-R shunting.

The effect of air ventilation on the
small pulmonary muscular arteries is
influenced directly by the oxygen ten­
sions of both the alveolar gas and
the pulmonary artery blood, leading
to hypoxic pulmonary vasoconstriction
(HPV)2,5-9

The lung of banding side is collapsed
during surgical procedure, resulting in
an increase in PVR of the collapsed
area. This increase in PVR is report­
edly not caused by twisting or kink­
ing of pulmonary vessels but by HPV
mainly!". Thus, improvement in Qp/Qs
may be expected by decreasing F102.

The major drawback for the use of
air is inadequate oxygenation to the
body. During 21% 02 ventilation, does
this critical level of 02 delivery sat­
isfy 02 demand of the body? The
O 2 extraction ratio or utilization co­
efficient CV02/D02) is the fraction of
delivered 02 that is actually consumed.
This can be expressed as C(a-v)02
divided by Ca02, since the effect of
the cardiac output is canceled out in
the above equation. Normal values are
around 0.25. The relationship between
D 0 2 and V02 has been the subjects
of numerous studies. Shibutani et al.
showed that an increase of 02 con­
sumption (V02 ) at 02 delivery (D02)

less than 330 ml-rninr l-M'' develops tis­
sue 02 deprtvation'". The patients with
the congenital heart disease (CHD)
have varying degrees of hypoxemia.
These pathophysiologic mechanisms of
the patients with CHD may alter the
diffusion mechanism of the O 2 deliv­
ery. For example, oxyhemoglobin dis­
sociation curve of the patients with
CHD patients, primordial environment
where the 02 tension required by the
mitchondoria, and capillary networks
of the tissue may differ from the nor­
mal patients12,13. However, these has
been no information about the differ­
ence between CHD patients and nor­
mal patients. In our study the 02
extraction ratio during air ventilation
was higher than that during 100% 02
ventilation.

In our cases the O 2 saturation de­
tected by the pulse oximeter (SP02)
was more than 70%, and systemic aci­
dosis was not observed during anes­
thesia. Thus, 02 delivery was sufficient
in maintaining the systemic circulatory
status.

In summary, air ventilation may be
preferable to high O 2 ventilation in
patients with L-R shunt during anes­
thesia for PA banding.

(Received Jun. 22, 1992, accepted for
publication Jul. 9, 1992)
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