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Abstract

Background: Surgical management of tetralogy of Fallot (TOF) can be either with a total primary repair or staged
repair. The superiority of one technique over the other is still debatable, especially in developing countries with late
presentation and limited resources. The objective of this study was to compare the outcome of patients with
tetralogy of Fallot and borderline pulmonary anatomy defined as McGoon ratio between 1.2 and 1.6 who
underwent primary versus staged repair.

Results: The patients were divided into two groups: group A included patients who underwent primary repair
(n = 120) and group B included patients who underwent repair after previous modified Blalock-Taussig (MBT)
shunt operation (n = 100). Patients in group B were significantly older (11 ± 2.6 vs. 7 ± 3.1 months; p < 0.001)
and had higher McGoon ratio (1.61 ± 0.07 vs. 1.5 ± 0.08; p < 0.001). In group B, the total operative time
(277 ± 21.3 vs. 232 ± 24.6 min; p < 0.001), cardiopulmonary bypass time (81 ± 13.7 vs. 60 ± 11.2 min; p < 0.001),
and ischemic time (64 ± 12 vs. 53 ± 7.1 min; p < 0.001) were significantly higher. There was no difference in
postoperative complications between both groups. In-hospital mortality was nine patients (7.5%) in group A
and 6 (6%) in group B (p = 0.791).

Conclusion: Primary repair of tetralogy of Fallot in patients with borderline McGoon ratio is safe with low
morbidity and mortality. It has the potential of decreasing hospital stay, cost, and resource utilization of the
two-stage repair.

Keywords: Tetralogy of Fallot, McGoon ratio, Primary Fallot repair, Blalock-Taussig shunt

Background
Tetralogy of Fallot (TOF) is the most frequent cyanotic
heart disease with an incidence of 3–6 per 10,000 live
births. Significant advances in the surgical repair of TOF
have been achieved, with more than 90% of patients sur-
viving to adulthood [1].
The optimum timing and options for surgical repair of

TOF is still the subject of ongoing research. Different sur-
gical strategies are available according to the underlying
anatomy, and the surgical approach can be either a single-
stage or a two-stage repair. The latter consists of initial
palliation with a modified Blalock–Taussig (MBT),
followed by total repair at a later stage [2]. Opinions di-
verge from those who prefer neonatal repair in all symp-
tomatic TOF patients to those preferring to postpone

complete repair until later in life, depending on a tempor-
ary MBT shunt when necessary [3].
Two-stage repair avoids the risks of heart-lung ma-

chine in low-weight children. However, the early total
correction has the benefits of avoiding MBT shunt com-
plications, such as distortion of the pulmonary arteries,
early relief of systemic hypoxia, which allows a normal
rate of growth, preventing progressive right ventricle
(RV) hypertrophy, and early normalization of cardiac
chambers flow and pressure [4].
The objective of our study was to compare the outcomes of

TOF patients with McGoon ratio between 1.2 and 1.6 who
underwent primary repair versus those who underwent repair
after a previous modified Blalock–Taussig (MBT) shunt.

Methods
Patients population
Our multicenter study included 220 consecutive TOF pa-
tients with McGoon ratio between 1.2 and 1.6 operated
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between January 2014 and June 2019. Patients were divided
into two groups: group A included 120 patients who under-
went primary repair and group B included 100 patients
who underwent the two-stage repair. Patients were assigned
to each group according to the preference of the surgical
team. Patients who had an associated absent pulmonary
valve, atrioventricular canal defect, or pulmonary atresia
were excluded. The choice of the patients into either group
was based on surgical team preference and experience.

Preoperative parameters
Patient data were retrospectively collected from the data regis-
try in the cardiac surgery unit of each hospital. Preoperative
data included patients’ characteristics, echocardiographic, and
multi-slice CT details, especially right ventricular outflow tract
(RVOT) pressure gradient, degree of aortic overriding, size of
the pulmonary annulus, and McGoon ratio.

Surgical technique
Median sternotomy was performed, whether primary or redo
sternotomy. At the second stage, dissection of MBT shunt
was done before cardiopulmonary bypass (CPB) and then li-
gated and divided after starting bypass. Patent ductus arterio-
sus (PDA) was ligated and divided if present to free the
pulmonary arteries. All operations were performed using
aorto-bicaval cannulation with intermittent doses of cold
blood cardioplegia for myocardial protection. The trans-
atrial approach was chosen for ventricular septal defect
(VSD) closure using Gore-Tex® or Dacron® patch (Gore-Tex;
W. L. Gore & Associates, Inc., Flagstaff, Ariz). Trans-atrial
infundibular resection was then performed and completed
through a pulmonary arteriotomy “trans-atrial-transpulmon-
ary approach.” Trans-ventricular resection was performed,
especially when the trans-annular patch was indicated or
with a narrow right ventricular outflow tract (RVOT), which
was augmented by a pericardial patch. Pulmonary commis-
surotomy was performed in almost all patients, and when a
small annulus was detected by not passing the calculated
Hegar dilator size, our incision was extended few millimeters
below the annulus. We have routinely augmented the main
pulmonary artery using a pericardial patch. The patch was
extended proximally across the annulus when indicated and
distally to enlarge any existing branch pulmonary artery sten-
osis. The tricuspid valve was repaired if there was more than
mild regurgitation with the saline test. After weaning from
bypass, right ventricle and pulmonary artery (PA) pressures
were directly measured, and pressure gradient less than 30
mmHg and RV/left ventricle (LV) pressure less than 60%
were accepted.

Operative parameters
Total operative, cardiopulmonary bypass, and cross-
clamp times, a gradient across RVOT, and RV/LV pres-
sure after repair were collected.

Postoperative parameters
Duration of intensive care unit (ICU) stay, mechanical
ventilation, and hospital stay, and complications includ-
ing bleeding, arrhythmias, wound or chest infections,
renal or hepatic dysfunction, and need of inotropic sup-
port were collected from medical charts.
Echocardiography was done before discharge to evalu-

ate gradient across the RVOT, tricuspid insufficiency,
pulmonary insufficiency, right and left ventricular func-
tions, pericardial effusions, and any residual shunts.

Statistical analysis
Data interpretation and statistical analysis were performed
using SPSS vs.25. (IBM, Armonk, New York, USA). Com-
parisons between the two groups were done using the in-
dependent t test for numerical data. Categorical data were
compared using the Chi-squared test. p values less than
0.05 were considered significant.

Results
Two hundred and twenty TOF patients with McGoon
ratio between 1.2 and 1.6 were divided into two groups
according to the repair strategy.

Preoperative and operative data
Preoperative patients’ data are presented in Table 1.
There was a higher-pressure gradient across the RVOT
in group B (p = 0.008). McGoon ratio was 1.4 ± 0.12 be-
fore shunt operation and was 1.61 ± 0.07 before the sec-
ond stage in group B and was 1.5 ± 0.08 in group A.
Total operative, cardiopulmonary bypass, and ische-

mic times were higher in group B (p < 0.001). Post-
bypass evaluation of repair using RV/PA pressure and
RV/LV pressure was non-significant between the two
groups (33 ± 6.3 vs. 34 ± 9 in groups A and B respect-
ively, p = 0.35). All patients were weaned successfully
from cardiopulmonary bypass with no intraoperative
mortality (Table 2).

Postoperative data
Four patients, two in each group, were transferred to
ICU with open-chest; three of them were exposed to
longer bypass time with visible myocardial edema des-
pite using hemofilter, and the 4th case had excessive
oozing with an anticipated need for exploration. All the
4 cases were closed after 24–48 h. The ICU and hospital
stay time were non-significant between both groups
(p = 0.116 and 0.183, respectively). Arrhythmias were
treated medically in all patients, and two patients in
group A and one in group B required permanent pace-
maker insertion. (Table 3).
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Pre-discharge echocardiographic data
Pre-discharge echocardiographic data are presented in
Table 4. Pericardial effusion was higher in group B
but did not reach a significant value (11% vs. 6.7%;
p = 0.336).

Discussion
The optimal surgical management of TOF has been
the subject of ongoing debate, especially in the

Table 2 Operative data (continuous variables are presented as
mean, standard deviation, and range and categorical data as
number and percent) (RVOT right ventricular outflow tract, RV
right ventricle, PA pulmonary artery)

Group A
(n = 120)

Group B
(n = 100)

p value

Total operative time (minutes)

Range 195–270 210–315 < 0.001

Mean ± SD 232 ± 24.6 277 ± 21.3

Total bypass time (minutes)

Range 52–110 67–130 < 0.001

Mean ± SD 60 ± 11.2 81 ± 13.7

Ischemic time (minutes)

Range 43–80 47–95 <0.001

Mean ± SD 53 ± 7.1 64 ± 12

Approach for RVOT resection

Trans-atrial- transpulmonary 38(31.7%) 40 (40%)

Trans-ventricular 82 (68.3%) 60 (60%) 0.198

Pulmonary valve commissurotomy 48 (40%) 58 (58%) 0.008

Trans-annular patch 72 (60%) 42 (42%)

Post bypass pressure RV/PA

Range 18–46 24–44 0.35

Mean ± SD 33 ± 6.3 34 ± 9

Table 3 Postoperative data.

Group A (n = 120) Group B (n = 100) p value

Time of ventilation (hours)

Range 18–280 14–248 0.037

Mean ± SD 44 ± 9.3 41 ± 11.5

ICU stay (days)

Range 3–22 3–23 0.116

Mean ± SD 5.3 ± 4.2 6.3 ± 5.2

Hospital stay (days)

Range 7–28 7–31 0.183

Mean ± SD 10 ± 4.8 11 ± 6.3

Exploration for bleeding 4 (3.3%) 7 (7%) 0.233

Arrhythmia 46 (38.3%) 36 (36%) 0.806

SVT 22 (18.3%) 16 (16%)

Nodal Rhythm 21 (17.5%) 18 (18%)

CHB 3 (2.5%) 2 (2%)

Deep Wound infection 2 (1.7%) 6 (6%) 0.145

Diaphragmatic paralysis 6 (5%) 3 (3%) 0.515

Operative mortality 9 (7.5%) 6 (6%) 0.791

(Continuous variables are presented as mean, standard deviation, and range
and categorical data as number and percent) (CHB complete heart block, ICU
intensive care unit, SVT supraventricular tachycardia)

Table 1 Preoperative patients’ data (continuous variables are
presented as mean, standard deviation and range and
categorical data as number and percent) (RVOT right ventricular
outflow tract)

Group A
(n = 120)

Group B
(n = 100)

p value

Age (months)

Range 3.5–9 8–14

Mean ± SD 7 ± 3.1 11 ± 2.6 < 0.001

Weight (kg)

Range 4–8.5 8.3–14

Mean ± SD 6.8 ± 2.2 9 ± 3.1 < 0.001

Male 66 (55%) 60 (60%) 0.455

McGoon ratio 1.5 ± 0.08 1.61 ± 0.07

Mean ± SD < 0.001

O2 saturation (%)

Range 60–92 76–88 < 0.001

Mean ± SD 74 ± 12 82 ± 4.3

Pressure gradient across RVOT (mmHg)

Range 67–90 71–105 0.008

Mean ± SD 81.6 ± 6.3 84.5 ± 9.3

Table 4 Pre-discharge echocardiographic data.

Group A
(n = 120)

Group B (n = 100) p value

Pulmonary regurgitation

No–mild 64 (53.3%) 50 (50%)

Moderate 43 (35.8%) 40 (40%)

Severe 13 (10.8%) 10 (10%) 0.835

PG across RVOT

Range 15–40 10–40

Mean ± SD 21 ± 3.3 22 ± 5.2 0.085

Residual VSD (< 3mm) 7 (5.8%) 4 (4%) 0.758

Pericardial effusion
Surgical evacuation
of PE

8 (6.7%) 0 11 (11%) 3 (3%) 0.336 0.092

(Continuous variables are presented as mean, standard deviation, and range
and categorical data as number and percent) (PE pericardial effusion, PG
pressure gradient, RVOT right ventricular outflow tract, VSD ventricular
septal defect)
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developing countries with late presentation of TOF
patients. Surgical management of TOF can be either
with a total primary repair or staged repair. The su-
periority of one technique over the other is still de-
batable. Kanter and associates reported that primary
repair or shunting of symptomatic neonates provides
the same long-term outcome [5]. However, reports
from other studies have shown superior results for
primary total correction [4, 6–9].
The safety issue of CPB in small infants was argued.

Hirsch and coworkers reported the rate of CPB-
related complications in neonates who underwent pri-
mary total correction versus those who underwent
palliative procedures in different types of congenital
cardiac pathology. They have shown that CPB per se
is not an independent determinant of survival and
concluded that effective repair and proper pre- and
postoperative management are the critical determi-
nants of survival [9]. Several recent studies supported
the early total correction of TOF irrespective of age
and weight [1, 2, 4, 7].
The age of our patients at primary intervention was

relatively higher compared to other series, which
could be attributed to late referral for surgery and
crowded waiting lists. Furthermore, all patients had
McGoon ratio between 1.2 and 1.6, which had put
them in the category of less favorable anatomy and
consequently less favorable outcome for many centers.
Many authors have published a low mortality rate for
primary repair even at a younger age; however, they
have not considered pulmonary artery anatomy as a
risk factor.
McGoon ratio was higher in group B, which could

be attributed to the growth of the pulmonary arteries
after performing MBT shunt. Although the rate of
trans-annular patch use was higher in group A, we
did not find a statistical difference between the two
groups in post-repair RV/PA and RV/LV pressure
gradients. The difference in total operative, cardiopul-
monary bypass, and ischemic times was significantly
different, and this was related to the nature of the re-
operation in group B, which required a lot of dissec-
tion under bypass support. There was no significant
difference in postoperative complications between the
two groups. These results were the same as reported
by many other authors who showed that a previous
systemic–pulmonary artery shunting palliation was
not a significant risk factor for mortality and there
was no significant difference in the duration of ICU
or hospital stay in the group of patients who had
staged repair versus those who had primary repair [2,
3, 5, 10, 11].
Our 30-day mortality was 7.5% in group A and 6%

in group B. In group A, two patients developed

intractable pulmonary hemorrhage, five patients devel-
oped progressive low cardiac output and heart failure,
and two patients died after prolonged ventilation with
respiratory and multi-organ failure. The causes of
death in group B were refractory ventricular
arrhythmia in one patient, low cardiac output and
heart failure in four patients, and sudden cardiac ar-
rest in one patient. Mulder and associates have pub-
lished a multi-institutional report that included 938
patients, and they found that mortality for repair ver-
sus shunt group was similar (4.3% vs. 4.4%) [12].
In summary, this study showed that the outcome of

primary TOF repair was comparable to that of staged re-
pair. Operative times were prolonged with the staged re-
pair; however, the primary repair was associated with
longer ventilation time and more use of the trans-
annular patch.

Study limitations
This study is a retrospective cohort study with its draw-
backs of selection and referral biases. Another limitation
is the short-term follow-up, and a longer follow-up study
is recommended. Lastly, the study did not report the
outcome of the shunt operations before offering a total
repair in group B.

Conclusion
Primary repair of the tetralogy of Fallot in patients with
borderline McGoon ratio is safe with low morbidity and
mortality. It has the potential to decrease hospital stay,
cost, and resource utilization compared to the two-stage
repair.
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