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Objectives: this study aim to assess the effectiveness of the Transcatheter balloon valvoplasty (BVP) of severe Pulmonary stenosis (PS) and
identify possible complications and predictors for the outcome.

Methods: A retrospective study was conducted at the Iragi Center of Cardiac Diseases for a 2-year duration in the period from 2021 to the
end of 2023; the patients with confirmed severe PS of both genders within the age equal to or less than 18 years were included. For every
patient included in the present study, the following data were collected: Demographic data, Echocardiographic criteria Hemodynamic pa-
rameters pre- and post-Cath, Catheterization data including the site of vascular access, need for general anesthesia and tracheal intubation,
number and size of balloons used, any complications recorded at therapeutic session obtained from Cath lab archive.

Results: After BVP, the pressure gradient across the valve reduced from 105+25 to 32 + 11(mmHg), (P<0.001); the systemic right ventricular
pressure dropped from 120 + 25 (mmHg) before to 54 + 14 (mmHg) after (P<0.001). A significant increase in the systemic pulmonary pres-
sure from 18 = 4 (mmHg) before to 22 + 3(mMmHg) (P<0.001). Tricuspid valve regurgitation (TVR) reduced significantly (P=0.002). Pulmonary
incompetence (Pl) changed from mild to moderate and severe in 12 cases (P=0.001). Nine cases (20%) developed complications; 6 (13.3%)
supraventricular tachycardia and 3 (6.7 %) Cardiac arrest and cardiopulmonary resuscitation. The strongest association to complication occur-
rence was pulmonary valve annulus size with r= 0.417 and TVR and PI severity with P=0.001, 0.017, respectively.

Conclusion: Transcatheter BVP is an effective procedure for severe PS cases but carry a risk of cardiac complications. The complication rate

was linked to the patients’ demographical characteristics and PV annulus size and degree of TVR and PI severity.
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Introduction
Pulmonary stenosis (PS) is a cyanotic congenital heart dis-
ease that constitute 8-10 % of all heart defects at birth and
is usually present in conjugation with other types of con-
genital anomalies of the heart [1]. However, Isolated PS is
a rare condition that occurs in about 1 per 2000 live births
worldwide, with higher prevalence reported in Asia [2,3].
The obstruction of the right ventricular out flow tract
had different forms includes valvular, supravalvular, or
sub-valvular depending on the site of obstruction, PS se-
verity divided into mild, moderate, or severe depending
on the degree of obstructions [4] which is usually made
by measuring the pressure gradient (PG) across the pul-
monary valve or the ratio of right ventricular peak systolic
pressure to left ventricular peak systolic pressure. Severe PS
is defined as a peak gradient more significant than 64 mm
Hg across the valve [2] or being present when the right
ventricular systolic pressure (RVP) equals or exceeds the
left ventricular systolic pressure [5] According to Echo, se-
vere PS is suggested when blood flow velocity across the
pulmonary valve (PV) is equal to or more than four m/sec
[6] Although patients with mild PS tend to be asympto-
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matic with an incidental finding of a murmur, those with
severe PS usually present with chest pain, dyspnea, and
even right sided heart failure [7].

The recent guidelines recommend that patients with
severe valvular stenosis with less than moderate pulmonic
valve regurgitation should be managed initially by tran-
scatheter balloon valvuloplasty while surgical repair is ideal
when patients are ineligible or after the failure of balloon
valvoplasty [8,9].

The transcatheter balloon valvoplasty is suitable only
for those with valvular PS, while dysplastic valves, infun-
dibular stenosis, presence of hypoplastic annulus, or other
associated cardiac lesions represent an indication for sur-
gical repair [10,11]. Multiple studies demonstrate the ef-
fectiveness of the procedure and short-term follow-up in
specific groups, but few papers report medium- and long-
term follow-ups, and that include the different groups of
patients with pulmonary valve stenosis (neonates, critical
stenosis or associated with other congenital heart diseases
[12]. This study evaluated the efficacy and outcomes of
transcatheter balloon valvuloplasty for severe pulmonary
stenosis in a single cardiac center, while also analyzing the
associated complications and identifying factors signifi-
cantly correlated with their occurrence.



Acta Marisiensis - Seria Medica 2025;71(1)

Methods

Study design and setting

A retrospective study was conducted at the Iraqi Center of
Cardiac Diseases for a 2-year duration in the period from
the 15t of October 2021 to the 30" of September 2023.
Patients were recruited in the study when they matched the
following inclusion criteria:

1. Age of patients equals to or less than 18 years;

2. Transcatheter balloon valvoplasty done for severe PS,
which was diagnosed by Echo (blood flow velocity
across pulmonary valve PV equal to or more than
four m/sec or PG more than 64 mmHg).

Patients with any of the following exclusion criteria were
excluded from the study:

3. age more than 18 years;

4. PS is a part of other congenital heart diseases or with
other levels of right ventricular outflow tract obstruc-
tion;

5. dysplastic pulmonary valve;

6. missing data or lost follow-up.

Variables Measured in the Study
For every patient included in the present study, the follow-
ing data were collected:

— Demographic data, including patient’s age, gender,
and weight

— Echocardiographic criteria (blood flow velocity across
PV, right-sided dilatation, tricuspid valve incompe-
tence, doming of pulmonary valve, right ventricular
function, the pressure gradient across PV, PV annulus
size, and any other associated lesions).

— Hemodynamic parameters pre- and post-Cath
(SRV pressure (mmHg), SPA pressure (mmHg), PG
(mmHg), severity of Tricuspid regurgitation (TR),
Pulmonary incompetence (PI)s.

— Catheterization data: site of vascular access, need for
general anesthesia and tracheal intubation, number
and size of balloons used, any complications recorded
at therapeutic session obtained from cath lab archive.

— The size of the balloon, the size of the annulus, the
ratio of balloon to annulus size
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— Complications and fate of patients during the proce-
dure or on follow-up.

Transcatheter balloon valvoplasty details

All recruited cases were patients in the same cardiac center
and managed by the same pediatric cardiologist to over-
come the effects of years of experience with different car-
diologists.

TheTraditional balloon valvoplasty was done for most
of the cases in the following steps: After having vascular
access by femoral approach, an appropriate-size multipur-
pose catheter was introduced to the right ventricle, right
ventriculogram in full lateral projection obtained to ex-
plore the PV anatomy and measure the PV annulus an-
giographically. Pressure gradient (PG) across stenotic PV is
measured by subtraction of systolic pulmonary artery pres-
sure (PA PR) from that of RV. Transcatheter balloon with
a size 1.2-1.4 times that of the annulus size sliding over
an extra stiff guide wire for inflation of the stenosed PV
annulus. In all cases, Traditional balloon valvoplasty was
used, but in two cases, a Kissing balloon technique was used.
Because the size of the pulmonary annulus was large and
no suitable balloons were available to minimize the femo-
ral vein trauma, bilateral vascular accesses were obtained,
and two different assistants introduced two balloons to the
heart. The two balloons, when at the pulmonary annulus,
inflated simultaneously, as seen in Figure 1.

The following types of balloons were used: Tyshak
(NuMED, USA), Osypka VACS II (Osypka, Germany),
Valver (Balton, Poland), and Z-MED™ )Numed, USA).
The type of balloon was selected according to availability,
and for each period, one type of balloon was available at
the center. The procedure is considered successful if resid-
ual PG across PV is less than 35mmhg. The pulmonary
and tricuspid regurgitation following the procedure were
graded as mild, moderate, and severe [13] .

Statistical analysis

Data were managed, processed, and analyzed using the sta-
tistical package for Social Sciences version 28 (SPSS 28).
Descriptive statistics are presented as mean, standard devi-
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Fig. 1. Lateral angiograms demonstrate an inflated balloons across the pulmonary valve. A: Kissing balloon technique, B: Traditional bal-
loon valvoplasty.
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ation, median, interquartile range (IQR), frequency (No.),
and simple percentage (%) according to the type of vari-
ables. Parameters mean values before and after balloon val-
voplasty were compared using paired t-test. Frequencies of
severity were compared using Chi-square and Fisher’s exact
tests when applicable. Univariate and bivariate correlation
analysis was performed to assess the correlation between
incident complications and other variables. All statistical
tests were performed at a level of significance (P value) of <
0.05 to be significant.

Ethical approval

The ethical committee at Baghdad university-college of
medicine approved the study with approval number (41)
dated on 23-4-2024.

Results
In A total of 45 patients matched the inclusion criteria and
were included in the analysis. Patients’ ages ranged between
4 months and 18 years, with an interquartile range (IQR)
of 1 — 8.5 years. 20.0% of them were < 1 year old, 46.7%
were 1-5 years of age, and 33.3% were > five years old. The
patients’ weight ranged from (9-24) Kg with an IQR of 14.
Females outnumbered males with 53.3% vs. 46.7% re-
spectively. None of the patients had syndromic features.
Before balloon valvoplasty, most cases had no RV dysfunc-
tion (80%) compared to those with dysfunction 20%. The
most frequent access site was the femoral vein, followed by
the femoral artery (93.3% vs. 8.9%) respectively. General
anesthesia was used in most cases while general anesthe-
sia with tracheal intubation (88.9 % vs. 26.7%) respec-

Table 1. The catheterization and balloon-related variables
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tively. Osypka was the predominant type of balloon used
(64.4%), followed by Tyshak in 20%. Most patients re-
quired only one balloon per session (73.3%), and 26.7%
needed two balloons. The double-balloon (Kissing balloon
technique) was used in only 4% of the cases. The mean PV
annulus was 11.67 + 3.087, while the mean balloon size
used was 15.96+ 3.69. The mean value for the balloon /PV
annulus ratio was 1.38+ 0.08. The complication occurred
in 9 (20) % of the cases, distributed as SVT and, cardiac
arrest and CPR, with incidents of 13% vs 7%, respectively
as seen in Table 1.

Regarding changes in SRV pressure, SPA pressure, and
PG after balloon valvoplasty, a significant reduction was re-
ported in SRV pressure from 120 + 25 (mmHg) before to 54
+ 14 (mmHg) after (P<0.001). A significant increase in the
SPA pressure was reported after balloon valvoplasty, from 18
+ 4 (mmHg) before to 22 + 3 (mmHg) after (P<0.001). As
for PG, it reduced from 105 + 25 (mmHg) before to 32 + 11
(mmHg) after (P<0.001), as shown in Figure 2.

A comparison of the severity of tricuspid regurgitation
(TR) and pulmonary incompetence (PI) before and after
balloon valvoplasty revealed a significant change in the
severity of both, as highlighted in Figure 3. The severity
of TR reduced significantly (P=0.002). Severe TR found
in (28.9%) to zero after intervention. Moderate cases
dropped from 14 (31.1%) to 13 (28.9%), and mild cases
increased from 18 (40%) to 32 (71.1%) after intervention.
The PI severity changed significantly (P=0.001) out of 45
(100%) mild PI before balloon valvoplasty into 33 (37.3)
after. Moderate and severe PI was shown after the interven-
tion in 12 cases.

. Total (45)
Variable No. (%)
. Yes 9(20%)
RV dysfunction before the Cath
No 36(80%)
X o Femoral 42 (93.3%)
Venous access used during catheterization -
Subclavian 3(6.7%)
) - Yes 4(8.9%)
Artery access used during catheterization
No 41(91.1%)
. . - Yes 40(88.9%)
General anesthesia use during catheterization.
No 5(11.1%)
. o Yes 12(26.7%)
Endotracheal tube during catheterization
No 33(73.3%)
Ospyka 29(64.4%)
Tyshak 10(22.2%)
Type of balloon used
Baltoon 5(11.1%)
Z-MED™ 1(2.2%)
) One 33(73.3%)
Number of balloons used per session
Two 12(26.7%)
. Yes 2(4.4%)
Double balloon tech (kissing balloon)
No 43(95.6%)

PV annulus size (mm)
Balloon size (mm)

Data expressed as mean +SD

11.67+3.087 ¢
15.96+3.69¢¢

Balloon/PV annulus ratio 1.38+0.08e°
. - Yes 80%
Incidence of complication
No 20%
Type of complication SVT 6(13.3%)
b P Cardiac arrest & CPR 3(6.7%)

ee analysis done by student t-test. RV: right ventricle, PV: pulmonary valve, SVT: supraventricular tachycardia, CPR: cardiopulmonary resuscitation
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Comparison of Pressures Before and After Balloon Valvuloplasty
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Fig 2. Comparison of SRV pressure, SPA pressure, and PG before and after balloon valvoplasty of the studied group (N=45).
SRV: Systemic right ventricular, SPA: Systemic pulmonary artery, PG: Pulmonary Gradient. *High significant difference at P<0.05.

The bivariate correlation analysis shows that seven pa-
rameters were significantly linked to the incidence of
complications in balloon valvoplasty. These are age, body
weight, ET during catheterization, PV annulus size (which
showed moderate correlation compared to others that had
weak correlations), balloon size, P<0.05. see Table 2. In
comparison, the gender did not show a significant corre-
lation with incident of complication P value > 0.05 (not
shown in table).

Cross-tabulation for the frequency of complications
with respect to TR and PI severity after balloon valvulo-
plasty showed that complications occurred in 20% of the
cases compared to 80% who did not suffer any complica-
tions. The complication rate was significantly associated

with the severity of TR and PI post after balloon valvulo-
plasty, and the difference was statistically significant (0.001
and 0.017), respectively, Table 3.

Further analysis was performed using binary regression
testing using the complications as the dependent variable
against age, sex, weight, ET during catheterization, PV
annulus size, balloon size, TR severity, and PI severity af-
ter balloon valvuloplasty as an independent variable. This
analysis showed that all of these variables except sex were
significant predictors of complications with an Odds ra-
tio OR ranging between 1.25 to 1.84 in all these variables
P value <0.05). Sex appeared as a non-significant predic-
tor (P value = 0.881), as shown in Table 4.

Severity of TR and Pl Before and After Intervention

401
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20F
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1
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Fig 3: Comparison of the severity of TR and Pl before and after balloon valvoplasty in the studied group (N=45). TR: tricuspid regurgitation,
PI: pullmonary incompetence.
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Table 2: Pearson correlation between demographic criteria versus complications in balloon valvoplasty

Variable Correlation coefficient P-value
Age 0.396 0.007
Weight (kg) 0.374 0.011
ET during catheterization 0.359 0.015
PV annulus size (mm) 0.417 0.004
Balloon size (mm) 0.387 0.009

ET: endotracheal intubation, PV: pulmonary valve

Table 3. Correlation between complications incidence after TBV based on TR and PI severity

No complicatio

n

With complication

Parameter No. (%) No. (%) Total P-value*
) Mild 29(90.6%) 3(9.4%) 32
TR severity after balloon 0.001
Moderate 7(53.8%) 6(46.2%) 13
Mild 31(93.9%) 2(6.1%) 33
Pl severity after balloon Moderate 4(44.4%) 5(55.5%) 9 0.017
Severe 1(33.3%) 2(66.6%) 3
Total 36(80%) 9(20%) 45
TR: tricuspid regurgitation, Pl: pulmonary incompetence
Table 4. Results of binary regression analysis for the predictors of post-balloon valvuloplasty complications
Variable in the equation B S.E. OR 95% C.I. for OR P-value
Age 0.46 0.16 1.59 1.28-1.90 0.005
Sex 0.04 0.11 1.04 0.82-1.26 0.881
Weight 0.38 0.14 1.46 1.19-1.74 0.009
ET during catheterization 0.22 0.10 1.25 1.06 - 1.44 0.028
PV anulus size 0.45 0.14 1.56 1.30-1.83 0.003
Balloon size 0.39 0.12 1.47 1.24-1.70 0.007
TR severity after balloon valvuloplasty 0.44 0.13 1.55 1.30-1.80 0.005
Pl severity after balloon valvuloplasty 0.61 0.19 1.84 1.48 -2.21 0.001

ET: endotracheal intubation, PI: pulmonary incompetence, PV: pulmonary valve TR: tricuspid regurgitation.

Discussions

Although transcatheter balloon valvoplasty has been as-
signed as the treatment of choice for pediatric patients
with severe valvular PS since 1982 [14], data in develop-
ing countries, including Iraq, is sparse about the efficacy of
such a procedure. This is the first Iraqi study that describes
the outcome of transcatheter balloon valvoplasty in pediat-
ric population with severe PS.

Most patients with severe valvular pulmonary steno-
sis nowadays are managed during childhood [15].In the
current study, the median age of patients who underwent
transcatheter balloon valvuloplasty was three years; this
matches studies by Parezanovic et al. [16] and Voet et al.
[17]. General anesthesia during the procedure is preferred
in pediatric patients [18] and this matches the findings in
the present study as the majority of children, 88.9%, need-
ed general anesthesia during the procedure. However, only
26.7% needed endotracheal intubation, and the rest of the
patient laryngeal tube was used.

The analysis showed a significant reduction in each of
SRV pressure, SPA pressure, and PG after balloon angio-
plasty (P<0.001), which agrees with that found by Manal
et al. study, which carried in infants with immediate im-
provement of the condition [19]. Moreover, it agrees with
Karagoz T et al. and Weryriski et al. [20,21]. Rao PS. The
results of several investigators who documented impressive
results of BPV in children were reviewed, and all data re-
ported immediate significant improvement of pulmonary
valve pressure gradient in neonates, children, and adults

[22]. An adolescent study in Pakistan also declared the pro-
cedure as very safe procedure with high success [23] . In
addition, EL-saeidi et al identified predictors for success
including the absence of infundibular and supravalvular
stenosis and a large pulmonary valve diameter [24].

The present study showed that TR severity reduced sig-
nificantly (P=0.002). The evidence presented is in line with
the data from other studies, such as Fawzy M et al., which
demonstrated that severe TR in about seven patients either
improved or entirely resolved during the follow-up period
following valvoplasty [25]. Similarly, Mechmeche R et al.
observed that patients with significant pulmonary stenosis
and right ventricular failure experienced complete remis-
sion of tricuspid insufficiency within five years following
balloon pulmonary valvuloplasty [26]. Similarly, Weber H.
exhibited the reversion of tricuspid valve inadequacy and
the eradication of right-to-left shunting at the atrial level in
a comparable group of patients [27].

In transcatheter balloon valvoplasty, a severe PS repre-
sents a risk factor for more than moderate pulmonary re-
gurgitation following valvoplasty [28], this match results
in this study as pulmonary incompetence (PI) changed
from mild to moderate and severe in 12 cases (P=0.001).
Parezanovic et al. reported that pulmonary valve insufhi-
ciency after dilatation occurred in 6.6% of cases and was
most common in children aged up to 12 months [16]. On
the other hand, in Mughal et al post procedure echocar-
diography did not detect any case of moderate or severe
pulmonary valve regurgitation (PR) while mild PR was
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observed in about half of the patients, and this could be
attributed to older age group in their study than the cur-
rent study [23].

The degree of pulmonary and tricuspid regurgitation
following valvoplasty did not correlate with patients’ age,
gender, and body weight, and this does not match the re-
sults by Yin et al., who identified several risk factors for
pulmonary regurgitation that occur post valvoplasty for
pulmonary stenosis include the young age of patients, low
weight at the time of the procedure, and small annulus
diameter [28] This difference could be attributed to dif-
ferences in characteristics between samples in addition to
differences in the procedures used, such as Yin et al.’s use
of a single balloon in all patients. In contrast, in the pre-
sent study, in 12 patients (26.7%), two balloons were used
during the procedure, and 2 cases needed kissing balloon
valvoplasty, and the two balloon methods are known to
increase the risk of pulmonary regurgitating [29]. The type
of the balloon used in the current study was mainly de-
pendent on the availability, as at each period a single ballon
type available at the center. This resulted in using Ospyka
in (64.4%) of patient which is made from non-compliant
material with high durability and suitability for high pres-
sures [30] . Establishment of the effect of the type of the
balloon used in comparison with previous studies where
not feasible as previous studies did not mention the specific
type of balloon used in the study methodology [31].

In the current study, the PI did not correlate with the
patient’s age, sex, or body weight, while a study by Berman
et al. identified five features associated with the develop-
ment of PI following balloon valvoplasty; these include
young age, severe degrees of stenosis, large B/A ratio, types
of balloon used, and low-pressure gradient following valvo-
plasty [32] this could be explained by the fact that Berman
et al. study recruited young infants with a mean age of 18
days, while the median age in our study was three years.

Pulmonary insufhciency is proven to be a significant
problem that increases in frequency with time, reaching a
prevalence of 90% [33]. Rao identified B/A ratios to be the
most important factor related to the incidence of PI, so he
suggested that balloon of 1.2 and 1.25 times the diameter
of the PV may result in a better outcomes in pulmonary
valvoplasty as compared to the previously recommended
ratios of 1.2-1.4 [31], this could explain the relatively high
incidence of more than mild PI in current study in 12 out
of 45 patients post valvoplasty as the mean B/A ratios in
the current study 1.38+0.08.

Out of the 45 cases included, nine patients (20%) de-
veloped complications; these were 6 (13.3%) SVT and 3
(6.7%) Cardiac arrest and CPR. This is lower than that
reported by the Parezanovic et al. study, where SVT was
reported in (6.8%) of patients, and in addition, there were
4.5% in their study developed ventricular arrhythmia [16].
Weryniski et al. [21] reported complications in 3.6% of
children following valvoplasty, including one severe com-
plication in the form of a wedge up of a detached balloon
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in the femoral vein, which subsequently required surgical
intervention. Seven factors have been identified in the cur-
rent study to be related to the incidence of complications
in valvoplasty for severe PS. These include the age of pa-
tients, body weight, ET during catheterization, PV annu-
lus size, balloon size, TR severity, and PI severity P<0.05.

No mortality was recorded following transcatheter bal-
loon valvuloplasty in children with severe PS in the current
study, which matches the results reported by Rao PS. et
al. [34] and Parents et al. who had similar conclusion in a
retrospective study at single institution when children un-
derwent a baloon valvoplasty had an excellent long-term
outcome and no mortality [35]. These outcomes are better
than that registered in previous studies with documented
mortality range from 4% to 14% of the treated patients
[36,37] .'The notable disparity can be attributed to the ad-
vanced age bracket of our patients compared to those in
these studies.

The current study was not without limitation; it was a
retrospective analysis, so documentation and selection bias
are unavoidable. There was no data on long follow-ups to
see when the stenosis might recur or what the long-term
complications could be seen. So, future studies incorporat-
ing a longitudinal data for assessing long term outcome are
mandatory that will provide a broad picture for long term
effectiveness of this procedure. Finally, small sample size
and single center setting represent a major limitation as a
larger sample multicentric study will probably have better
generalizability for patients’ results [38—40].

Research involving transcatheter balloon valvuloplasty
is important since it emphasizes their efficacy as a safe,
successful, mini-invasive alternative to open-heart surgery,
which is of particular importance to younger patients.

The current study was done by the same cardiologist in
the same center, which ensures consistency in technique
and reduces the variability of two confounders.

Retrospective studies will give insight into the short-
term complications, their associations with patients, and
operation factors. This underscores the need for a long pa-
tient follow. Having robust data that helps make informed
patient decisions upscale our preparedness for possible
complications

Conclusion

Transcatheter balloon valvuloplasty demonstrates clinical
efficacy in the management of severe pulmonary stenosis
in pediatric patients. The procedure is not free of compli-
cations that correlate with demographical and procedure
related factors which highlight the importance of careful
patient selection and procedural planning. These insights
can guide clinical practice to optimize patient outcomes
and minimize procedural risks.
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