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OXYGEN CHALLENGE DURING CARDIAC CATHETERIZATION:
Prediction of Immediate Post-operative Survival in Adult Atrial Septal Defect

and Patent Ductus Arteriosus with Severe Pulmonary Hypertension

Kurt Glenn C. Jacoba, M.D., FPCP* Vergel A. Ouiogue, M.D., FPCP,**

ABSTRACT

This study associated the pre-opera-
tive hemodynamic oxygen challenge
parameters with immediate post-operative
survival. One hundred percent oxygen
challenge was given to seven atrial septal
defect and two patent ductus arteriosus
cases with borderline hemodynamic
parameters, Those excluded were cases
with pulmonary disease and valvular heart
disease. The challenge lowered the
pulmonary and systemic resistance ratio
by 43 ± 19.25%, decreased the pulmo-
nary vascular resistance by 36.54 ±
19.73%, and increased the systemic
vascular resistance by 25.32 ± 12.81%.
There was no change in the pulmonary
artery pressure. All survived the imme-
diate post-operative period. Thus, the
trend of decreasing RP/RS and increas-
ing OP/OS ratios after oxygen challenge
seem to predict a good immediate post-
operative outcome.
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INTRODUCTION

The shunt in atrial septal defect (ASD)
and patent ductus arteriosus (PDA) is
initially left to right.' Increased pulmonary
blood flow can induce pulmonary artery
(PA) vascular changes. These alterations
increase the pulmonary vascular resis-
tance (PVR) and pulmonary arterial
pressure (PAP). Increased right ventricu-
lar afterload eventually decreases right
vetricular ejection tractlon" and may in-
fluence operative survival in borderline
cases.

The Objective i~ to determine if
favorable response after inhalation of
100% oxygen is associated with good
immediate post-operative survival in atrial
septal defect and patent ductus arteriosus
with borderline parameters.

MATERIALS AND METHODS

All operated adult ASD and PDA
charts wili be reviewed at the Philippine
Heart Center from 1979-1987. Those
included were ASD and PDA cases who
had borderline hemodynamic character-
istics such as: 1) pulmonary and systemic
resistance ratio of ~0.4, 2) pulmonary

* artery pressure (PAP) of more than 80
mm Hg or 75% of the systemic artery
pressure, and 3) pulmonary and systemic
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flow ratio (QP/QS) of more than one.
Excluded were cases with associated
pulmonary disease and valvular heart
disease.

Right and left heart hemodynamic
studies were done prior to surgery. The
patients were given 100% oxygen using
a facemask with reservoir at 10 liters per
minute lasting for 15 minutes. Right and
left heart oximetry and pressure deterrni-
nations were done after 100% oxygen
challenge.

The study associated pulmonary artery
pressure, pulmonary vascular resistance,
systemic vascular resistance, pulmonary
and systemic resistance ratio, and pul-
monaryand systemic flow ratio with
immediate post-operative survival or
mortality.

Odds ratio could had been used to
test the association between the parame-
ters and survival, however, only percen-
tages were computed because of the
absence of mortality.

RESULTS

One hundred ninety nine records were
reviewed. Out of these, 132 had A3D
patch closure and 67 had PDA ligation.
Seven ASD and 2 PDA cases qualified
after the inclusion and exclusion criteria
were used.

There were 2 males and 7 females. •
Eight of these cases were classified under
New York Heart Association functional
classification 11 and 1 was in functional

class Ill. The mean age was ~9 ± 9.58
years.

All cases had severe pulmonary
hypertenslon. Only seven cases were
included in the comparison between the
pro and post oxygen challenge because
cases 1 and 2 had no. post-oxygen
challenge pulmonary artery pressure. The
mean pulmonary artery pressure did not
markedly decrease after oxygen challenge
from 95.71 ± 10.5 mmHg to 92.43 ± 18.12
mmHg with a mean pulmonary artery
pressure change of 6.52% (Table I).

Table I. Pre and Post Oxygen Challenge Systolic
Pulmonary Artery Pressure (PAP) and
Percent Change in 7 Asoa and 2 POApb
Cases.

Systolic PAP +
Cases Pre-Oxygen Post-Oxygen

Challenge Challenge

Percent
Change

ASD
1. IF" . 114
2. DS· 86
3. CF 100 98 2
4.QN 90 85 5
5. RM 90 93 3.3
6. BJ 113 118 4.4
7. BZ 82 60 26.8

PDA
8. HP 91 88 3.2
9.JL 104 105 0.96

• not included in the computation
+ values in mm Hg
a ASD = Atrial septal defect
b PDA = Patent ductus arteriosus

Eight pulmonary and systemic flow
ratios were included in the analysis
because case 4 had no post-oxygen
challenge determination. The mean apt
QS ratio increased from 1.6 ± 0.43 to 3.06
± 1.54 with a mean change of 85.64%
(Table 11).
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Table 11.Pre and Post-Oxygen Challenge Pulmo- Table Ill. Pre and Post-Oxygen Challenge Pulmo-
nary and Systemic Blood Flow Ratio nary Vascular Resistance (PVR) with
(QP/QS) with Percent Change in 7 ASO Percent Change in 7 ASO and 2 POA
and 2 ASO Cases Cases.

OP/OS Percent PVR" Percent
Cases Pre-Oxygen Post-Oxygen Change Cases Pre-Oxygen Post-Oxygen Change

Challenge Challenge Challenge Challenge

ASO ASO
1. IF 1.99 , 2.38 19.56 1. IF 710.0 453 35.8
2. OS 1.32 2.27 71.96 2. OS 816.9 535 34.5
3. CF 1.27 2.80 120.40 3. CF 1553.0 814 47.6.
4.0N 1.01" 4.0N 643.5 618 3.9
5. RM 2.39 3.21 34.30 5. RM 591.0 435 26.4
6. BJ 1.74 6.20 256.32 6. BJ 680.0 174 74.4
7.BZ 1..11 1.58 42.34 7. BZ 503.0 334 33.6

POA POA
8. RR 1.52 1.73 13.82 8. RR 689.0 845 22.6
9.JL 1.90 4.30 126.31 9. JL 1022.0 510 50.1

" not included in the mean computation

In 7 cases, the pulmonary vascular
resistances were more than 640 dynes/
sec/cm-soCases 5 and 7 were less than
640 dynes/sec/cm". Only case 8 in-
creased from 689 to 845 dynes/sec/ern".
The mean pulmonary vascular resistance
decreased from 800.93 ± 313.93 dynes/
sec/ern+ to 524.58 ± 214.32 dynes/sec/
ern+ with a percent change of 36.54%
(Table Ill).

The pre-oxygen challenge systemic
vascular resistance determinations of
cases 1, 2, 3 and 5 were,more than 1500
oynes/sec/crrr-. Sever. post-oxygen
challenge systemic vascular resistance
increasedwhile cases 1 and 9 decreased.
The mean systemic vascular resistance
increased from 1426.36 ± 401.20 to 1667
± 486.53 dynes/sec/ern+ with a percent
change of 25.3% (Table IV).

Pulmonary vascular resistance in dynes/sec/ern"

Table IV. Pre and Post Oxygen Challenge Sys-
temic Vascular Resistance (PVR) with
Percent Change in 7 ASO and 2 POA
Cases.

SVR"
Cases Pre-Oxygen Post-Oxygen

Challenge Challenge

Percent
Change

ASO
1. IF 1796.0 1417 21.1
2. OS 1715.7 2142 24.9
3. CF 1980.0 2480 25.3
4.0N 843.5 1020 20.9
5. RM 1633.0 2090 22.5
6. BJ 1456.0 1733 19.0
7. BZ 884.0 1163 31.6

POA
8. RR 1140.0 1766 54.9
9. JL 1389.0 1283 7.6

" values in dynes/sec/crn-"

Nine. pulmonary and systemic resis-
tance ratios (RP/RS) pre-oxygen chal-
lenge were more than 0.4. Cases 3, 4
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and 9 ratio were more than 0.7. All
pulmonary and systemic resistance ratios
decreased post oxygen challenge, how-
ever cases 4, 8 and 9 still had more
than 0.4 ratio after oxygen challenge. The
mean RP/RS decreased from 0.58 ± 15
to 0.33 ± 0.15 with a percent change of
43% (Table V).

Table V. Pre and Post-Oxygen Challenge Pulmo-
nary and Systemic Vascular Resistance
Ratio (RP/RS) with Percent Change In 7
ASD and 2 PDA Cases.

RP/RS
Cases Pre-Oxygen Post-Oxygen

Challenge Challenge

Percent
Change

ASO
1. IF 0.40 0.32 20
2. OS 0.48 0.25 48
3. CF 0.78 0.34 56
4.QN 0.76 0.60 21
5. RM 0.40 0.22 45
6. BJ 0.47 0.10 79
7.BZ 0.57 0.29 49

POA
8. RR 0.61 0.42 23
9.JL 0.74 0.40 46

All of the nine cases survived imme-
diately after their operations. They were
discharged after an average of 10 days
of post-operative hospitalization.

DISCUSSION

The frequently feared irreversibility of
pulmonary vascular changes in atrial
septal defect and patent ductus arteriosus
with borderline hemodynamic parameters
might not be real in cases who respond
to 100% oxygen challenge. This was seen
even in cases with an RP/RS of more

than 0.7 and a OP/OS of less than 1.5.
There were reductions in the pulmonary
vascular resistance, pulmonary and
systemic vascular resistance ratio, and in-
crease in the pulmonary and systemic
blood flow ratio. The immediate post-
operative survival was dependent in the
afterload imposed to the right ventricte."
A high pulmonary vascular resistance will
further increase after the shunt was closed
because of additional volume load diverted
to the pulmonary artery.' The increase in
resistance will not occur if the pulmonary
vascular capacity could sufficiently acco-
modate the additional blood volume." In
this study, an 85.64% increase of mean
pulmonary and systemic blood flow ratio
from the baseline was seen. There was
a 36.54% reduction of mean pulmonary
vascular resistance except in a case. The
post-operative courses of all the patients
were uneventful considering the fact that
an afterload mismatch can cause imme-
diate right ventricular failure. It would be
interesting to know the long term survival
of the case # 8 who had an increase in
pulmonary vascular resistance after
oxygen challenge (Table Ill). This could
not be done because the patient did not
consult after the operation.

Basing on the trend seen in the
present study, the two most reliable
parameters in predicting immediate post-
operative survival were pulmonary and
systemic vascular resistance and flow
ratios. All survivors' RP/RS decreased and
OP/OS increased. The pulmonary artery
pressure may not be an effective predic-
tor of good post-operative survival. The
decrease in pulmonary vascular resistance



was equalized by a corresponding in-
creased in pulmonary blood flow prevent-
ing a reduction of the pulmonary artery
pressure. Pulmonary vascular resistance
was not consistently seen to decrease
after oxygen challenge (Table Ill). The
systemic vascular resistance was used in
the ratio of the pulmonary vascular
resistance of the systemic vascular
resistance. It showed that the reduction
of PVR was more than the SVR. Other
studies had shown Similar hemodynamic
changes after the oxygen challenge
except in the reduction of pulmonary artery
pressure, however, these studies were not
associated with the immediate post-
operative· outcorne.v'

LIMITATIONS

1) The non-ideal method of oxygen
administration by mask with reservoir was
used. Oxygen administration should be
done using a non-rebreathing high flow
system." 2) There was no operated RP/
RS and OP/OS non-responders to O2

challenge. The presumption was that in
cases who did not respond to oxygen
challenge, the operation was deferred
because Heath and Edwards related non-
response with irreversibility of the pulmo-
naryvascular chanqe.' Three cases in this
study had a baseline RP/RS of more than
0.7, but had responded to oxygen
challenge and they were successfully
operated. 3) Few cases were studied in
the series due to the strict inclusion
criteria. A larger population could h~ve
been studied if those with associated
valvular heart disease and pulmonary
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disease were included. The inclusion of
these cases may however introduce other
variables that can affect survival outcome
analysis. 4) The oxygen consumption
values were derived using the La Farge
table. The equipment for direct determi-
nation of oxygen consumption was not
available. The table can underestimate the
actual value if the age is >40. The mean
age of the cases in this study was 19
years.

In summary, the trend of decreasing
RP/RS and increasing OP/OS after
oxygen challenge in borderline atrial septal
defect and patent ductus arteriosus cases
seem to predict good immediate post-
operative outcome.
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