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Correlation Between Aortic Oxygen Saturation and Pulmonary Artery Size
in Cyanotic Congenital Heart Disease With Decreased Pulmonary Blood Flow
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Abstract

Background: One of the indications for surgical planning in cyanotic congenital heart disease patients is the appropriate
pulmonary artery size. Patient must be evaluated by an expert and in need of high-technology instruments. This is
a limitation in situation with long waiting list of cardiac surgery.

Objective: To find the correlations between McGoon ratio/Nakata index and aortic oxygen saturation in patients with
cyanotic congenital heart disease with decreased pulmonary blood flow, and to identify the appropriate oxygen saturation
for planning the surgical repair.

Methods: The author reviewed angiograms of the patients who had cardiac catheterization at Thammasat Hospital
from 2008 to 2017. The McGoon ratio and Nakata index were calculated and correlated to the aortic oxygen saturation
by using the Pearson product moment correlation (). The oxygen saturations that correspond to the surgical criteria values
of McGoon ratio/Nakata index were estimated by using linear regression analysis.

Results: A total of 100 cardiac catheterizations were performed in 82 patients. The correlation between McGoon
ratio/Nakata index and aortic oxygen saturation were moderately correlated ( = 0.61 and r = 0.46 respectively).
The patients were divided into 3 groups. Prediction of the oxygen saturations that corresponded to the surgical values
of McGoon ratio and Nakata index were 73.47% (95% confidence interval [CI], 70.34 -76.62) and 75.87% (95% ClI,
72.41 - 79.33) in Biventricular repair group, 76.23% (95% CI, 73.76 - 78.70) and 76.73% (95% CI, 74.24 - 79.23)
in Univentricular repair without Glenn operation group, 82.29% (95% CI, 79.87 - 84.70) and 85.03% (95% ClI, 81.57 - 88.49)
in Univentricular repair with previous Glenn operation group, respectively.

Conclusions: In this study, the lowest value of 95% CI of the predicted oxygen saturation in each group is selected
to determine the patient who is not benefit to further investigation for total correction or Glenn/Fontan operation.
For the Biventricular repair group, total correction should not be considered if oxygen saturation is less than 70%.
In the Univentricular repair without Glenn operation group and the Univentricular repair previous Glenn operation group,
the Glenn/Fontan operation should not be considered if oxygen saturation is less than 74% and 80%, respectively.
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Introduction

There are various operation methods to treat cyanotic
congenital heart disease with decreased pulmonary blood
flow. Palliative surgery, such as modified Blalock-Taussig
(MBT) shunt, is performed to increase pulmonary blood
flow in small infants. Corrective surgery, such as total
correction for tetralogy of Fallot, is performed in the
biventricular repair group. Glenn and Fontan operations
are the surgical techniques of choice in the univentricular
repair group such as complex congenital heart disease
(single ventricle physiology), tricuspid atresia, etc.
The operation method chosen depends upon the size
of the pulmonary artery branches. The MBT shunt is
suitable for patients with small pulmonary artery branches.
This surgical method decreases severity of cyanosis and
promotes growth of the pulmonary artery. Likewise,
appropriate size of the pulmonary artery branches is one
of the indications for suitability for total correction,
Glenn operation or Fontan operation. Currently, the
evaluation of the pulmonary artery size still needs
special tests with high technological methods such as
echocardiogram, cardiac catheterization, computerized
tomography (CT) scan, etc.

The McGoon ratio'™ is a method to evaluate the size
of pulmonary artery branches by measuring the summation
of right and left pulmonary artery diameter at the point
before its branching, divided by the diameter of the
descending aorta at the level of the diaphragm. Normal
range of the ratio is 2 - 2.5. The patients in the biventricular
repair group who have a ratio less than 1.2, are not suitable
for total correction and MBT shunt procedure is suggested,
while for those with a ratio equal to or higher than 1.2,
further investigations for total correction are suggested.
For the patients in the univentricular repair group,
the appropriate ratio for Glenn operation and Fontan
operation is equal to or higher than 1.8.

The Nakata index, presented by Nakata et al’

in 1984, is measured by a summation of cross-sectional area
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of right and left pulmonary arteries, divided by body surface
area (BSA). Normal range is 330 & 30 mm’/m’. Patients in
the biventricular repair group, the index should be higher
than 100 mm”/m” for total correction in patients with tetralogy
of Fallot and higher than 150 mm’/m’ for Rastelli’s operation
in patients with pulmonary atresia with ventricular septal
defect. For patients in the univentricular repair group,
the index should be higher than 250 mm*/m’ for Glenn
operation or Fontan operation.

The size of the pulmonary artery branches probably
varies with the amount of pulmonary blood flow. Since
amount of pulmonary blood flow determines the level of
oxygen saturation, the size of the pulmonary artery will
probably correlate with oxygen saturation as well. Cutaneous
oxygen saturation can be easily measured by pulse oximetry,
and it may be a simple method to estimate the size of the
pulmonary artery branches. The objective of this study was
to find the correlation between the McGoon ratio, Nakata
index and aortic oxygenation and to define an appropriate
oxygen saturation value for planning the surgical operations

in patients with cyanotic heart disease.

Methods

Study Design

This retrospective study reviewed the 10 years
cardiac catheterization data of patients with cyanotic congenital
heart disease with decreased pulmonary blood flow (from
2008 - 2017). The angiograms were reviewed and the diameter
of the right and left pulmonary arteries were measured to
calculate the McGoon ratio and Nakata index. The procedures
were performed with patients under general anesthesia and
room air ventilation. The aortic oxygen saturation data was
recorded. Patient hemodynamics had to be stable during the
catheterization procedure in order for the subject to be included
in this study.
Patients

A total of 82 patients were included in the study

according to the following inclusion criteria: age between
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2-month and 15-year, and the angiographic image showed
confluent of pulmonary artery branches. Patients were
excluded if they had main aortopulmonary collateral arteries
(MAPCAS), non-confluence of the pulmonary artery branches,
absent pulmonary valve syndrome and acute/chronic
pulmonary disease. This study also excluded patients
who developed hypoxic spell or hypotension during
procedure.
Data Collection

Demographic and clinical data were recorded:
age, sex, diagnosis, body weight, height, body surface area
(BSA), and oxygen saturation in the ascending aorta during
cardiac catheterization. Diameters of right and left pulmonary
artery were measured prior to the first branching of the
pulmonary artery branch (Figure 1A). In patients with
previous MBT shunt or Glenn operation, the location of
measurement was just lateral to the anastomosis site. Patients
who had pulmonary artery branch stenosis (except for
stenosis at confluent point of pulmonary artery branches
which was usually narrowed from the pulmonary trunk
hypoplasia), the point of maximum stenosis point
was measured instead (Figure 1B). The descending

aorta (DAO) diameter on an angiographic image was

Figure 1
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measured at the level of the diaphragm (Figure 1C).
Ethics

This study was approved by Human Research
Ethics Committee of Thammasat University No.1 (Faculty
of Medicine) on January 29, 2018. The certificate of approval
number is 023/2561.

Data Calculation and Analysis

Data were calculated with the McGoon ratio’ and
the Nakata index’ to reflect as pulmonary artery size.
The McGoon ratio was calculated by the summation of
right and left pulmonary artery diameter, divided by the
diameter of DAO whereas the Nakata index was calculated
by the summation of cross-sectional area of right and left
pulmonary artery, divided by BSA.

Analyses of numerical data were represented by
mean * standard deviation (SD) and categorical data are
represented by their respective rates or proportions. Correlation
between McGoon ratio, Nakata index, and aortic oxygen
saturation was evaluated by the Pearson product moment
correlation (7), and the linear regression analysis was used
for prediction of the aortic oxygen saturations which were
associated with the proper McGoon ratio and Nakata index

for each type of surgical repair.’

Diameter Measuring Technique of Pulmonary Artery Branches and the Descending Aorta

A, Diameter of the right and left pulmonary artery branches prior to the first branching. B, Diameter of

the stenosis of pulmonary artery branch. C, Measuring the DAO diameter at the level of diaphragm.



A total of 82 patients who had cyanotic congenital
heart disease with decreased pulmonary blood flow
underwent cardiac catheterization during the 10 years
period. The total number of cardiac catheterizations was
115 procedures with 10 patients undergoing procedures
twice and 14 patients undergoing 3 procedures. All patients
who underwent more than 1 procedure had a different
clinical status from their previous one, such as following
a new palliative surgery or Glenn operation. The interval
duration of re-cardiac catheterization was at least 11 months
(average 22 months). Fifteen procedures were excluded
from the study (Table 1).

Therefore, 100 catheterization procedures were
included in the primary analysis. These 100 data sets were
divided into two major groups (Table 2). The first group
(54 procedures) were in the Biventricular repair group and
the second group (46 procedures) were in the Univentricular
repair group. The second group was divided into 2 subgroups,
28 procedures were in the Univentricular repair without
Glenn operation group; and 18 procedures were in the
Univentricular repair with previous Glenn operation group
(Figure 2). The reason for this subgroup division was the
different hemodynamic pattern of the patients without or with
Glenn operation. The data of McGoon ratio, Nakata index, and
aortic oxygen saturation in each group are presented in Table 3.

The Pearson correlations between McGoon ratio
and Nakata index, McGoon ratio and aortic oxygen saturation,
and Nakata index and aortic oxygen saturation in all procedures
are shown in Table 4 and Figure 3.

The correlations between McGoon ratio and aortic

oxygen saturation, Nakata index and aortic oxygen saturation

Table 1 Details of Exclusions
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in each group were studied and the equations were calculated
from linear regression analysis to predict the aortic oxygen
saturation from the values of the appropriate McGoon ratio
and Nakata index for each type of operation. For McGoon
ratio, the recommended value for total correction in the
Biventricular repair group was equal to or higher than 1.2
and equal to or higher than 1.8 for Glenn operation and
Fontan operation in the Univentricular repair group. The
reference value of the Nakata index for total correction in
the Biventricular repair group was higher than 100 mm®/m’
and higher than 250 mm*/m’ for Glenn operation and

Fontan operation in the Univentricular repair group (Table 5).

Discussion

According to the cardiac catheterization procedure
with room air, the data of aortic oxygen saturation might
have suffered interference with a little bit oxygen in the
anesthetic circuit machine in which the fraction of inspired
oxygen (FiO,) of air flow was nearly 0.21. The correlation
between McGoon ratio and Nakata index was statistically
significant with high positive correlation (» = 0.85, P < 0.01).
This correlation is similar to the study from Klandima et al’
in 2006 which compared these parameters in patients with
tetralogy of Fallot by measuring the angiographic imaging.
In this study, both McGoon ratio and Nakata index had
statistically significant correlation to aortic oxygen saturation.
The correlation between McGoon ratio and aortic oxygen
saturation was statistically significant with moderate positive
correlation (» = 0.61, P < 0.01), while the correlation
between Nakata index and aortic oxygen saturation was
statistically significant with low positive correlation (= 0.46,

P <0.01).

Details of Excluded Patients No.
Unclear/poorly visualized angiographic image 9
Loss of angiogram 2
Not enough cardiac catheterization data (no information of aortic oxygen saturation) 1
Presence of main aortopulmonary collateral arteries (MAPCAs) 3
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Table 2 Demographic and Clinical Characteristics of Patients Included in This Study

Characteristic

Gender, No. (%)
Male 54 (54)
Female 46 (46)

Height, mean £ SD, cm 90.8 £ 12.1

Abbreviation: AVSD, atrioventricular septal defect; CHD, congenital heart disease; DORV, double outlet right ventricle; PA intact IVS, pulmonary atresia
intact interventricular septum; PDA, patent ductus arteriosus; PS, pulmonary stenosis; RV, right ventricular; SD, standard deviation; TA, tricuspid atresia;
TOF, tetralogy of Fallot; VSD, ventricular septal defect.

Cyanotic congenital heart disease with decrease pulmonary blood flow

(100 procedures)
Biventricular repair group Univentricular repair group
(54 procedures) (46 procedures)
Univentricular repair Univentricular repair
without Glenn operation with previous Glenn operation
group (28 procedures) group (18 procedures)

Figure 2 Divisions of the Patients With Cyanotic Congenital Heart Disease With Decreased Pulmonary Blood Flow
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A, The graphic correlations between McGoon ratio and Nakata index. B, McGoon ratio and aortic oxygen saturation.

C, Nakata index and aortic oxygen saturation.

Table 3 McGoon Ratio, Nakata Index, and Aortic Oxygen Saturation Data in Each Group

Group of Patients McGoon Ratio

Mean (Range)

Nakata Index, Aortic Oxygen

2, 2
mm’/m

Saturation, %

All patients with congenital cyanotic heart with 1.88 (0.86 - 3.66)
decreased pulmonary blood flow (100 procedures)

Biventricular repair group (54 procedures) 1.94 (0.86 - 3.66)

Univentricular repair without Glenn operation 1.75 (1.16 - 2.79)
group (28 procedures)
Univentricular repair with previous Glenn 1.87 (1.28 - 2.63)

operation group (18 procedures)

224.89 (37.58 - 642.19) 80.2 (47 -97.1)

238.94 (37.58 - 642.19) 81.7 (47 -97.1)

219.21 (85.61 - 632.21) 75.8 (58.4 - 88.3)

191.56 (112.42 - 349.31) 82.7 (66.8 - 89.4)

Table 4 The Pearson Correlations Between McGoon Ratio and Nakata Index, McGoon Ratio and Aortic Oxygen Saturation,

Nakata Index and Aortic Oxygen Saturation in 100 Procedures

Correlation r
McGoon ratio and Nakata index 0.82
McGoon ratio and aortic oxygen saturation 0.61
Nakata index and aortic oxygen saturation 0.46

95% CI P Value
0.75-0.88 <0.01
0.48-0.72 <0.01
0.29 - 0.60 <0.01

Abbreviation: CI, confidence interval.

Table 5 Prediction of Aortic Oxygen Saturation by the Reference Values of McGoon Ratio and Nakata Index in Biventricular

Repair Group, Univentricular Repair Without Glenn Operation Group and Univentricular Repair With Previous Glenn Operation Group

Correlation Type

Reference Value

Aortic Oxygen

95% CI1 P Value

Saturation, %

Biventricular repair group McGoon ratio

Nakata index

Univentricular repair without Glenn McGoon ratio

operation group Nakata index

Univentricular repair with previous McGoon ratio

Glenn operation group Nakata index

1.2
100
1.8
250
1.8
250

73.47
75.87
76.23
76.73
82.29

85.03

70.34 - 76.62
72.41-79.33
73.76 - 78.70
74.24 -79.23
79.87 - 84.70

81.57 - 88.49

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01




Vol.41 No.3 July-September 2018

As shown in Table 5, the lowest values of 95%
CI in each group is the most appropriate aortic oxygen
saturation to predict further management. The predicted
aortic oxygen saturations from the reference McGoon ratio
are lower than those from the reference Nakata index in
each group. Therefore, the author suggests the lowest value
of 95% CI of aortic oxygen saturation which is referenced
from McGoon ratio is more reliable to predict the patients
who won’t be amenable for total correction, Glenn operation
and Fontan operation.

The predicted lowest aortic oxygen saturation
suitable for total correction in Biventricular repair group
was 70.34%. This predicted value is lower than the other
two groups because the reference value of McGoon ratio is
lower than the others. The predicted aortic oxygen saturation
in the Univentricular repair without Glenn operation group
is 73.76% while the predicted aortic oxygen saturation in
the Univentricular repair with previous Glenn operation
group is 79.87%. One of the reasons for different oxygen
saturation in each subgroup is the different hemodynamic
pattern. In the Univentricular repair without Glenn operation
group, the pulmonary blood flow depended on the partially
oxygenated blood across the restricted part either via
pulmonary stenosis or MBT shunt and then some of this
oxygenated blood is recirculated to the lung again. On the
other hand, in the Univentricular repair with previous
Glenn operation group, the pulmonary blood flow comes
from the deoxygenated SVC flow to the pulmonary artery
branches (non-restrictive communication) resulting in higher
efficiency of oxygen exchange in the lung, thus higher
aortic oxygen saturation at the same level of pulmonary

blood flow.
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Conclusions

The result of the study shows statistically significant

correlation between McGoon ratio, Nakata index and aortic
oxygen saturation in cyanotic congenital heart disease with
decreased pulmonary blood flow. In general, the correlation
between the cutaneous oxygen saturation by pulse oximetry
is not well correlated with the aortic oxygen saturation if
aortic oxygen saturation is less than 75% - 80% but the
value tends to overestimate the aortic oxygen saturation.”"'
It is therefore simple to use cutaneous oxygen saturation to
evaluate the patients for surgical planning. The patients in
Biventricular repair group who have oxygen saturation
equal to or higher than 70%, should be further investigated
for total correction. By contrast, if they have oxygen saturation
less than 70%, they should undergo MBT shunt to increase
oxygen saturation and promote pulmonary artery size.
The patients in Univentricular repair without Glenn operation
group who have oxygen saturation less than 74%, are not
good candidates for Glenn operation and Fontan operation.
Likewise, the patients in Univentricular repair with previous
Glenn operation group who have oxygen saturation less
than 80%, are not good candidates for further investigation

for Fontan operation.
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