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Abstract
Introduction. Tetralogy of Fallot (ToF) is a prevalent cyanotic congenital heart defect, with surgical repair 
strategies focused on relieving right ventricular outflow tract obstruction (RVOTO). The choice between a 
transannular patch (TAP) and a valve-sparing non-transannular patch (NTAP) remains controversial due to 
the trade-off between pulmonary regurgitation and the risk of residual RVOTO.
Aim. To evaluate the predictive value of intraoperative echocardiographic parameters – particularly the RVOT 
z-score – for identifying severe residual RVOTO in children with ToF and to analyse their long-term outcomes
after ToF repair.
Materials and Methods. This retrospective single-center study included 132 patients who underwent com-
plete ToF repair. Intraoperative transesophageal echocardiography (ITEE) was used to assess RVOT anatomy 
and hemodynamics. The study assessed baseline characteristics and perioperative measurements of pulmo-
nary valve (PV) and RVOT dimensions, pressure gradients, and long-term echocardiographic parameters. The 
primary endpoint was reoperation due to significant RVOTO. Statistical analysis included ROC curves, AUC 
calculation, threshold determination, sensitivity, and specificity. Group comparisons were performed using 
Student’s t-test or the Mann–Whitney U test, as appropriate.
Results. NTAP was performed in 82.6 % and TAP in 17.4 % of patients. Patients in the TAP group had a signifi-
cantly higher rate of RVOT-related reoperations (36.3 % vs 11.1 %; p = 0.0029), mainly due to severe pulmonary 
valve insufficiency and the need for RV–PA conduit implantation. The most accurate predictor of significant 
RVOTO requiring reintervention was an intraoperative RVOT z-score <-3.2, assessed by ITEE (AUC = 0.925; 
sensitivity 85.0 %, specificity 90.1 %). Other parameters, such as the Prv/Plv ratio, RV–PA gradients, and PV 
z-score, showed lower predictive accuracy.
Conclusions. Reoperations on the RVOT were more common after TAP than NTAP (36.3  % vs 11.1  %, 
p = 0.0029), mainly due to residual RVOTO and PV insufficiency. An intraoperative RVOT z-score < -3.2 
was the strongest predictor of significant RVOTO. Assessing RVOT and PV z-scores during surgery may 
help reduce reinterventions, support valve-sparing approaches, and lower the risk of late surgeries for 
PV insufficiency.
Keywords: congenital heart defects, surgical correction, prenatal diagnosis, increasing the pulmonary blood flow, 
endovascular interventions, transannular plasty, valve–sparing surgery.

Introduction. Tetralogy of Fallot (ToF) is one of the 
most common cyanotic congenital heart defects, ac-
counting for approximately 10  % of all cases [1]. First 
described by Étienne-Louis Arthur Fallot in 1888 [2], the 
defect is characterized by four main anatomical features: 
a ventricular septal defect (VSD), right ventricular out-
flow tract obstruction (RVOTO), overriding of the aorta, 

and right ventricular (RV) hypertrophy. Without timely 
surgical intervention, this pathology leads to severe hy-
poxia and heart failure in early childhood.

The first attempt at palliative surgical treatment of 
ToF  – the creation of a systemic-to-pulmonary shunt  – 
was performed by Alfred Blalock in 1944 to increase pul-
monary blood flow, and this approach is still in use today 
[3]. In recent decades, an alternative technique – patent 
ductus arteriosus (PDA) stenting – has been actively im-
plemented, first performed by J. L. Gibbs [4].

A key aspect of total ToF repair is the relief of RVOT 
obstruction, which is typically achieved using one of two 
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main techniques: the transannular patch (TAP) [5] or 
the valve-sparing technique  – non-transannular patch 
(NTAP) [6]. In the late postoperative period, the main 
challenges remain the need for reintervention, driven by 
factors such as pulmonary valve (PV) insufficiency or re-
sidual RVOTO. With the advancement of cardiac surgery, 
alternative approaches (transatrial and transpulmonary) 
have been developed to avoid ventriculotomy and pre-
serve RV structure and function. However, even with con-
temporary techniques, the issues of residual RVOTO and 
the need for TAP remain controversial. TAP effectively 
relieves RVOTO but creates a risk of severe PV regurgi-
tation, which over time can lead to RV volume overload, 
dilation, systolic dysfunction, and arrhythmias [7]. On the 
other hand, the NTAP technique reduces the risk of sig-
nificant pulmonary regurgitation but increases the likeli-
hood of residual RVOTO, which may result in progressive 
RV hypertrophy due to elevated intracavitary pressure 
and diastolic dysfunction [8]. Accurate assessment of the 
anatomical and functional characteristics of the RVOT in 
the perioperative period is a key factor in the successful 
total repair of ToF.

Intraoperative transesophageal echocardiography 
(ITEE) has become an important tool for evaluating RVOT 
patency, especially in the NTAP method. ITEE allows real-
time assessment of RVOT dimensions, RV pressures, and 
the quality of surgical reconstruction. Several authorita-
tive sources recommend routine ITEE during every ToF 
repair to ensure the adequacy of RVOT reconstruction 
and prevent future RVOT reinterventions [9].

A normalized RVOT diameter index relative to body 
size (RVOT z-score) < -3.2 [10] has demonstrated high 
sensitivity and specificity in predicting significant RVOT 
obstruction in patients undergoing ToF repair. The rel-
evance of this study lies in the comparison of long-term 
outcomes of ToF repair with pulmonary valve preserva-
tion versus transannular patching.

Aim. To investigate and analyze preoperative, intra-
operative, and postoperative parameters to identify pre-
dictors of significant residual RVOTO in children after 
total ToF repair, and to compare the long-term outcomes 
between TAP and NTAP methods.

Materials and Methods. This retrospective study in-
cluded 132 consecutive patients diagnosed with ToF who 
underwent total repair at a single institution. Prenatal 
diagnosis was established in 61 patients (50.0 %). Clas-
sic ToF was diagnosed in 127 patients (96.2  %), while 
double outlet right ventricle with tetralogy-type anatomy 
was identified in 5 patients (3.8 %).

Additionally diagnosed: right aortic arch in 27 pa-
tients (20.5  %), PA branch stenosis in 13 (9.8  %), per-
sistent left superior vena cava in 7 (5.3  %), additional 
muscular VSDs in 3 (2.3 %), vascular ring in 3 (2.3 %), 
and a circumflex aortic arch in 1 patient (0.75  %). Ge-
netic abnormalities were present in 12 patients (9.1 %), 
including trisomy 21 (n=5), Di-George syndrome (n=5), 
and unspecified chromosomal abnormalities (n=2). Co-
morbid conditions were identified in 5 patients (3.8 %) 

and included: anorectal fistula (n=1), CHARGE syndrome 
(n=1), obstructive hydrocephalic syndrome (n=1), rhab-
domyoma (n=1), and hypospadias (n=1). Previous in-
terventions (all balloon pulmonary valvuloplasty) were 
performed in 16 patients (12.1  %), with a median of 
4.22 months [3.37; 6.28] (range: 0.93 to 10.2 months) 
prior to total repair. The mean age at the time of surgery 
was 9.03  ±  4.33 months, and the mean body weight  – 
7.6  ±  1.4  kg. (Table 1) The mean Nakata index prior to 
surgery was 171.4 ± 33.6 mm²/m².

Table 1
Preoperative characteristics of patients with ToF

Parameter
Total cohort

(n=132)
Prenatal diagnosis, n (%) 61 (50.0)
Genetic abnormalities, n (%) 12 (9.1)
Concomitant anomalies, n (%) 5 (3.8)
Sex (male), n (%) 81 (61.4)
Previous intervention (BPVP), n (%) 16 (12.1)
The mean age at the time of surgery, months 9.03 ± 4.33
The mean body weight, kg 7.6 ± 1.4
Additional congenital anomalies
Right aortic arch, n (%) 27 (20.5)
PA branches stenosis, n (%) 13 (9.8)
Persistent left superior vena cava, n (%) 7 (5.3)
Additional muscular VSDs, n (%) 3 (2.3)
Vascular ring, n (%) 3 (2.3)
Circumflex aortic arch, n (%) 1 (0.75)

The study analyzed baseline patient characteristics; 
preoperative, intraoperative, and postoperative meas-
urements of PV, RVOT dimensions and RVOT pressure 
gradients, and key echocardiographic parameters during 
the long-term follow-up period. The primary endpoint 
for determining predictors of RVOTO was the occurrence 
of significant RVOTO requiring reoperation.

Statistical analysis included the use of ROC curves, 
calculation of the area under the curve (AUC), threshold 
values, sensitivity, and specificity. Comparison of quan-
titative data between groups was performed using Stu-
dent’s t-test for normally distributed variables and the 
Mann–Whitney U test for non-parametric data.

Results. A valve-sparing repair (NTAP) was performed 
in 109 patients (82.6  %), while 23 patients (17.4  %) 
underwent total repair with PV annulus incision and 
transannular patching (TAP).

In the TAP group, the median Hegar z-score before an-
nulus incision was -4.4 (range: -8.4 to -0.9), and after the 
procedure, it was -0.8 (range: -1.8 to 2.0). The mean RV-
OT pressure gradient measured via ITEE after PV plasty 
was 13.2 ± 7.2 mmHg, while the median RVOT diameter 
z-score was 0 (range: -6.6 to 1.8). The average Prv/Plv ra-
tio was 76.8 ± 12.3% (Table 2). During surgery, 3 patients 
required additional resection of residual RVOT tissue, 
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causing significant obstruction. The median duration 
of artificial lung ventilation after surgery was 23 hours 
(range: 3 to 227 hours), and the median length of stay 
in the intensive care unit (ICU) was 4 days (range: 2 to 
18 days) (Table 2). Pulmonary artery branch plasty due 
to significant stenosis was required in 2 patients (8.7 %) 
during the same hospitalization.

In the NTAP group, the median Hegar z-score before 
PV plasty was -3.1 (range: -8.4 to 0.8), and after  – -1.0 
(range: -3.5 to 0.9). The mean RVOT pressure gradient 
via ITEE postoperatively was 27.1 ± 9.0 mmHg, and the 
median RVOT diameter z-score was -1.4 (range: -8.4 to 
0.9). The mean Prv/Plv ratio was 69.8 ± 12.6 % (Table 2). 

Table 2
Intraoperative and postoperative characteristics in both 
patient groups

Parameter
TAP

(n=23)
NTAP

(n=109) P<0,05
Hegar z-score 
before PV plasty -4.4 (-8.4; -0.9) -3.1 (-8.4; 0.8) 0.76

After PV plasty

Hegar z-score 0.8 (-1.8; 2.0) -1 (-3.5; -0.9) 0.03*
RVOT pressure 
gradient (ITEE), 
mmHg

13.2 ± 7.2 27.1 ± 9,0 <0.0001*

RVOT z-score 0 (-6.6; 1.8) -1,4 (-8.4; 0.9) 0.073
RV/LV ratio, % 76.8 ± 12.3 % 69.8 ± 12.6 0.022*
RVOT pressure 
gradient (direct 
measurement), 
mmHg

20.4 ± 9.4 21.5 ± 8.5 0.32

Duration of 
artificial lung 
ventilation, hours

23 (3; 227) 16 (1; 138) 0.0073*

ICU stay, days 4 (2; 18) 3 (2; 19) 0.0014*

Note: * – the difference is statistically significant

Intraoperatively, 6 patients (5.5  %) required additional 
resection of RVOT tissue due to significant residual ob-
struction. The median duration of artificial lung ventila-
tion was 16 hours (range: 1 to 138 hours), and ICU stay 
was 3 days (range: 2 to 19 days) (Table 2). One patient 
(0.92  %) required reoperation during the same hospi-
talization due to residual ventricular septal defect (VSD) 
shunting.

Long-Term Outcomes
The median follow-up period was 5.2 years (range: 

0.4 to 8.57 years). Two patients were lost to follow-up – 
one from the TAP group and one from the NTAP group.

In the TAP group (n = 22), the mean residual RV-
OT pressure gradient at the last follow-up visit was 
14.9 ± 8.7  mmHg, and the median PV z-score was 0.5 
(range: -1.7 to 3.6) (Figure 1, Figure 2, Table 3). During fol-
low-up, 8 patients (36.3 %) required reinterventions at a 
mean of 1.35 years postoperatively (range: 0.1 to 8.3 years) 
(Table 3). One patient (4.5 %) required RVOT plasty due to 
severe RVOTO; PA trunk and branches plasty, resection of 
residual infundibular stenosis, and closure of re-VSD were 
required in another patient (4.5 %). Two patients (9.1 %) 
underwent PA branches plasty, and four patients (18.2 %) 
underwent RV–PA conduit implantation due to severe PV 
insufficiency and progression of RV systolic dysfunction. 
Valve implantation in the RVOT position was performed on 
average 6.1 years (range: 1.3 to 8.3 years) after total repair. 
At the time of the last evaluation, severe PV regurgitation 
was present in 15 patients (68.2 %), moderate regurgita-
tion in 3 (13.6 %), and mild regurgitation in 4 (18.2 %) pa-
tients – all of whom had already undergone RV–PA conduit 
implantation owing to severe PV insufficiency.

In the NTAP group (n = 108), the mean residual 
RVOT pressure gradient during follow-up was 22.45 ± 
9.7 mmHg, and the median PV z-score was -0.1 (range: 
-2.7 to 2.2) (Figure 1, Figure 2, Table 3). Twelve patients 
(11.1 %) required reintervention at a mean of 1.24 years 
postoperatively (range: 0.67 to 5.5 years) (Table 3).

NTA TAP 

patients (8.3 %) had moderate-to-severe regurgitation, and seven patients (6.5 %) had 

severe PV regurgitation, including three patients who underwent TAP due to severe 

RVOTO and PV annulus hypoplasia. 

Thus, over the 8-year follow-up period, patients in the TAP group required 

significantly more RVOT-related reoperations compared to the NTAP group (8 patients, 

36.3 % vs 12 patients, 11.1 %; p = 0.0029) (Tab.3). This difference is primarily due to the 

need for RV–PA conduit implantation in TAP patients resulting from severe PV 

insufficiency, and the number of such reoperations is expected to increase further over 

time. 

Table 3 

Postoperative characteristics of two groups in the long-term period 

Parameter 
TAP 
(n=22) 

NTAP 
(n=108) 

P<0,05 

RVOT pressure 

gradient, mmHg 
14.9 ± 8.7 22.4 ± 9.7 0.004* 

PV z-score 0,5 (-1.7; 3.6) -0.1 (-2.7; 2.2) 0.25 

Reoperations on 

the RVOT 
8 (36.3 %) 12 (11.1 %) 0.0029* 

Note: * – the difference is statistically significant 

 

 

 

 

 

 

 Figure 1. Dynamics of changes in the maximum pressure gradient across the right ventricular 
outflow tract (RVOT) in both patient groups over an 8-year follow-up period
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Table 3
Postoperative characteristics of two groups in the long-
term period

Parameter
TAP

(n=22)
NTAP

(n=108) P<0,05

RVOT pressure 
gradient, mmHg 14.9 ± 8.7 22.4 ± 9.7 0.004*

PV z-score 0,5 (-1.7; 3.6) -0.1 (-2.7; 2.2) 0.25

Reoperations on 
the RVOT 8 (36.3 %) 12 (11.1 %) 0.0029*

Note: * – the difference is statistically significant

Four patients (3.7 %) underwent balloon pulmonary 
valvuloplasty (BPVP), five patients (4.6  %) underwent 
excision of residual subvalvular obstruction with preser-
vation of the pulmonary valve, and three patients (2.7 %) 
required TAP due to severe RVOTO and PV annulus hypo-
plasia. During long-term follow-up, PV was competent in 
nine patients (8.3 %), 50 patients (46.3 %) had mild PV 
regurgitation, 12 patients (11.1 %) had mild-to-moderate 
regurgitation, 21 patients (19.5 %) had moderate regur-
gitation, nine patients (8.3  %) had moderate-to-severe 
regurgitation, and seven patients (6.5 %) had severe PV 
regurgitation, including three patients who underwent 
TAP due to severe RVOTO and PV annulus hypoplasia.

Thus, over the 8-year follow-up period, patients in 
the TAP group required significantly more RVOT-related 
reoperations compared to the NTAP group (8 patients, 
36.3 % vs 12 patients, 11.1 %; p = 0.0029) (Tab.3). This 
difference is primarily due to the need for RV–PA conduit 
implantation in TAP patients resulting from severe PV 
insufficiency, and the number of such reoperations is ex-
pected to increase further over time.

The graph presents the dynamics of the maximal pres-
sure gradient across the RVOT in the two groups over an 
eight-year period following surgical correction. The data 
are shown as a time-distributed chart, with measure-
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 Figure 2. Dynamics of the PV z-score after ToF repair in both patient groups over  
an 8-year follow-up period

ments taken at the following postoperative intervals: 3 
months, 6 months, 1 year, 3 years, 5 years, and 8 years 
after total repair.

In the early postoperative period, both groups exhib-
ited relatively elevated RVOT pressure gradients, with 
mean values around 30–40 mmHg in the NTAP group and 
15–25 mmHg in the TAP group. During the first year of 
follow-up, the median gradients remained stable; how-
ever, isolated cases of increasing gradients exceeding 
60 mmHg were observed, reflecting progressive RVOTO 
and the need for reintervention.

In the subsequent years (up to 3–5 years), the gradi-
ents remained stable or slightly decreased, likely due to 
somatic growth and annular enlargement of the PV. Inter-
estingly, at eight years of follow-up, the TAP group dem-
onstrated an increase in both the median RVOT gradient 
and its variability, with several cases exceeding 80 mmHg. 
This trend is attributed to rising gradients across the RV–
PA conduit, which required reintervention with conduit 
implantation in 18.2 % of patients in this group.

The graph presents changes in the pulmonary valve 
Z-score over time in groups following total repair of ToF. 
Measurements were taken at 3 months, 1 year, 3 years, 
and 8 years postoperatively.

At all follow-up points, the Z-score in the TAP group 
remained consistently higher than in the NTAP group, 
possibly indicating a larger annular size following TAP 
repair. In the TAP group, median Z-scores remained posi-
tive (0.5-2.0), whereas in the NTAP group, values hovered 
around 0 or were slightly negative. The lowest Z-scores 
in the NTAP group were recorded at 3 months postop-
eratively (with some values below -4), suggesting rela-
tive annular hypoplasia in this cohort. By 8 years, Z-score 
values remained stable in both groups, although a higher 
proportion of patients in the TAP group exhibited supra-
normal Z-scores, potentially associated with annular di-
lation after transannular patching.

Overall, 14 patients (10.6  %) from both groups re-
quired reoperation during the follow-up period due to 
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residual RVOTO. Analysis of preoperative, intraoperative, 
and postoperative echocardiographic and hemodynamic 
parameter (PV z-score, RV/LV pressure ratio, RV–PA 
gradient (measured directly and via ITEE), and RVOT z-
score) revealed that the most powerful predictor of sig-
nificant RVOTO was the RVOT z-score, measured intra-
operatively via ITEE. RVOT z-score < -3.2 demonstrated 
high sensitivity (85.0  %) and specificity (90.1  %), with 
an area under the ROC curve (AUC) of 0.925, indicating 
strong diagnostic accuracy.

Other intraoperative parameters, such as Prv/Plv ra-
tio, RV–PA gradient and PV z-score, showed substantially 
lower predictive ability. Thus, for Prv/Plv ratio with a 
cutoff > 0.78 had 60 % sensitivity, 67.6 % specificity, and 
AUC = 0.673. For directly measured RV–PA gradient with 
a threshold > 27 mmHg had 47.4  % sensitivity, 73.9  % 
specificity, and AUC = 0.583 and for RV–PA gradient via 
ITEE with a cutoff > 39 mmHg showed 50.0 % sensitivity, 
91.0 % specificity, and AUC = 0.721. For PV z-score at a 
threshold < -1.5 had 50.0 % sensitivity, 84.7 % specificity, 
and AUC = 0.659 (Figure 3).

Furthermore, a correlation was identified between 
the RVOT z-score and the Prv/Plv ratio (r = -0.58, 
p < 0.01), indicating a certain interdependence between 
the anatomical and functional assessments of the RVOT. 

50.0 % sensitivity, 91.0 % specificity, and AUC = 0.721. For PV z-score at a threshold < -
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Figure 3. Receiver operating characteristic (ROC) curves of individual parameters predicting residual RVOT 
obstruction in patients after tetralogy of Fallot (ToF) repair

However, the RVOT z-score demonstrated a superior 
predictive value for determining the need for reinter-
vention compared to the Prv/Plv ratio.

Discussion. Although the era of cardiac surgery be-
gan with the first total repair of ToF in 1954 by Lillehei 
C.W. [12], the investigation of surgical approaches and 
long-term outcomes of ToF repair remains highly rel-
evant today. Reconstruction of the RVOT during ToF re-
pair is a common procedure. While valve-sparing repair 
(non-transannular patch, NTAP) is generally preferred, 
determining which patients are suitable candidates for 
this approach remains controversial [13].

According to Linda J. Schulte et al. [14], valve-sparing 
repair is considered safe in patients with a PV Z-score  
> -2. In a meta-analysis by Sitanggang et al. [15], a PV 
z‑score ≥ -2.59 (sensitivity 81.3 %, specificity 75 %) was 
associated with a lower risk of residual RVOTO following 
NTAP. In our study, the lowest risk of reintervention was 
observed in patients with a PV z-score ≥ -1.5 (sensitivity 
50.0 %, specificity 84.7 %, AUC = 0.659).

Siddiqi U. et al. [16] identified the intraoperative 
RVOT gradient with a threshold > 45 mmHg assessed 
by ITEE as the most reliable predictor of reintervention. 
This finding closely aligns with our result, where an in-
traoperative RV–PA gradient > 39 mmHg predicted the 
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need for reoperation due to RVOTO (sensitivity 50.0 %, 
specificity 91.0 %, AUC = 0.721).

The prognostic value of the Prv/Plv ratio remains 
controversial. Boni L. et al. (2009) reported successful 
valve-sparing ToF repair in patients with intraoperative 
PV z-score ≥ -3 and postoperative Prv/Plv < 0.9, pro-
vided stable hemodynamics and absence of subvalvular 
stenosis [17]. Hickey et al. found that a postoperative R 
systolic pressure < 50 mmHg was associated with a low-
er risk of RVOTO [6]. Toshkhani D. et al.  [18] also em-
phasized the relevance of intraoperative gradients but 
noted their susceptibility to variation based on anesthe-
sia and systemic hemodynamics. In our study, a Prv/Plv 
ratio > 0.78 predicted residual RVOTO with a sensitivity 
of 60 % and specificity of 67.6 % (AUC = 0.673). These 
conflicting data regarding hemodynamic parameters 
highlight the advantage of anatomical indices, such as 
the RVOT z-score, which are less affected by physiologi-
cal fluctuations.

According to our previously published data 
(2020) [10], an RVOT z-score < -3.2 had the highest pre-
dictive value among all assessed parameters for iden-
tifying significant residual RVOTO (AUC  =  0.979; p < 
0.0001). In the current study, conducted on a larger pa-
tient cohort with extended follow-up, the RVOT z-score < 
-3.2 again demonstrated the highest sensitivity (85.0 %) 
and specificity (90.1 %) for predicting RVOT obstruction 
(AUC  =  0.925; p < 0.001), compared to other echocar-
diographic and hemodynamic parameters (PV z-score,  
Prv/Plv ratio, direct RV-PA gradient, and ITEE data).

Thus, the RVOT z-score proved to be the most effec-
tive intraoperative predictor and may be recommended 
for routine use during ToF total repair. This parameter 
may aid in the development of a standardized intraop-
erative decision-making algorithm. Based on our data, 
if the intraoperative PV z-score measured with a Hegar 
after commissurotomy is ≥ -3.2, valve-sparing repair can 
be safely performed. In cases with PV z-score < –3.2, TAP 
repair is indicated. If the PV z-score is ≥ -3.2 after infun-
dibulectomy, it is necessary to assess the RVOT z-score. 
When the RVOT z-score is ≥ -3.2 based on ITEE findings, 
PV annulus can be preserved and the operation complet-
ed. However, if the RVOT z-score is < -3.2, it is advisable 
to return to cardiopulmonary bypass and perform a more 
aggressive resection of the subvalvular structures. Fol-
lowing this algorithm may reduce the number of reoper-
ations due to residual RVOTO, broaden the indications for 
valve-sparing surgery, and decrease the number of RVOT 

interventions required due to severe PV insufficiency in 
the long term.

Conclusions. The long-term results of ToF repair 
with TAP and NTAP differ in the presence of reoperations 
on the RVOT due to residual RVOTO and PV insufficiency 
(8 (36.3 %) vs 12 (11.1 %), 0.0029). RVOT z-score < -3.2 
was identified as the most accurate intraoperative pre-
dictor of significant RVOTO and can be used to guide sur-
gical decision-making. Intraoperative assessment of both 
RVOT z-score and PV z-score during ToF repair may re-
duce the need for reinterventions due to residual RVOTO, 
broaden the indications for valve-sparing procedures, 
and decrease the incidence of late RVOT surgeries caused 
by severe PV insufficiency.

Prospects for further research. Future studies 
should focus on validating the predictive value of the 
RVOT z-score in larger patient cohorts and different sur-
gical centers. Development of standardized intraopera-
tive protocols incorporating RVOT z-score may improve 
surgical decision-making and reduce reintervention 
rates. Additionally, combining anatomical and functional 
parameters into integrated risk models may enhance the 
selection of valve-sparing techniques and guide long-
term follow-up strategies in patients after ToF repair.
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Довгострокові результати корекції тетради Фалло зі збереженням клапана  
легеневої артерії або з трансанулярною латкою

Бородінова О.С., Михайловська А.О.

ДУ «Науково-практичний медичний центр дитячої кардіології та кардіохірургії МОЗ України», м. Київ, Україна
Резюме
Вступ. Тетрада Фалло (ТФ) – поширена ціанотична вроджена вада серця, хірургічне лікування якої спря-

моване на усунення обструкції вихідного тракту правого шлуночка (ВТПШ). Вибір між трансанулярною 
пластикою (TAP) та клапанозберігаючою технікою (NTAP) залишається дискусійним, що пов`язано з наяв-
ністю недоліків кожного з методів – вираженою регургітацією на клапана легеневої артерії та ризиком за-
лишкової обструкції.

Мета. Оцінити прогностичну цінність інтраопераційних ехокардіографічних параметрів, включно з 
RVOT z-score, для діагностики значимої залишкової обструкції ВТПШ у дітей з ТФ та проаналізувати їх дов-
гострокові результати після проведення радикальної корекції вродженої вади серця.

Матеріали та методи. Це ретроспективне одоцентрове дослідження включало 132 пацієнти, які отри-
мали радикальну корекцію ТФ. Інтраопераційна черезстравохідна ехокардіографія (ІТЕЕ) застосовувалась 
для оцінки анатомії ВТПШ та гемодинаміки. Оцінювалися базові характеристики та періопераційні показ-
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ники розмірів клапана легеневої артерії, ВТПШ, градієнтів тиску на ньому та зміни ехокардіографічних по-
казників у віддаленому періоді. Статистичний аналіз включав побудову ROC-кривих, розрахунок AUC, ви-
значення порогових значень, чутливості та специфічності. Порівняння груп проводилося з використанням 
t-критерію Стьюдента або критерію Манна–Уітні, залежно від розподілу.

Результати. У 82,6 % пацієнтів було виконано NTAP, у 17,4 % – TAP. У групі TAP значно частіше спосте-
рігалися реоперації, пов’язані з ВТПШ (36,3 % проти 11,1 %; p = 0,0029), переважно через виражену недо-
статність клапана легеневої артерії (ЛА) та потребу в імплантації правошлуночково-легеневого кондуїта. 
Найбільш точним предиктором значимої обструкції ВТПШ, що вимагала повторного втручання, був інтра-
операційний RVOT z-score < -3,2, визначений за допомогою ІТЕЕ (AUC = 0,925, чутливість 85,0 %, специфіч-
ність 90,1 %). Інші параметри, такі як співвідношення Prv/Plv, градієнт тиску правим шлуночком та ЛА між  
та z-score клапана ЛА, мали нижчу прогностичну точність.

Висновки. Частота повторних втручань на ВТПШ була вищою після TAP, ніж після NTAP (36,3 % проти 
11,1 %, p = 0,0029), переважно через виражену недостатність клапана ЛА та обструкцію ВТПШ. Інтраопера-
ційний RVOT z-score < -3,2 був найсильнішим предиктором значимої обструкції ВТПШ. Оцінка ВТПШ і z-score 
клапана ЛА під час операції може зменшити потребу в реопераціях, сприяти вибору клапанозберігаючої 
тактики та знизити ризик наступних хірургічних втручань через недостатність клапана легеневої артерії.

Ключові слова: вроджені вади серця, хірургічна корекція, пренатальна діагностика, збагачення легенево-
го кровотоку, ендоваскулярні втручання, трансанулярна пластика, клапанозберігаюча операція.
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