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Objective: This study aimed to explore the incidence of acute shunt occlusion in neonates and infants within 24 hours after
undergoing MBTS surgery and to determine the potential predisposing factors of acute shunt occlusion.

Material and Method: The electronic database of patients was reviewed retrospectively. The occurrence of acute shunt
occlusion and the potential risk factors in neonates and infants who had undergone MBTS surgery between January 2009 and
December 2015 were collected.

Results: One hundred and two patients were enrolled. The incidence of acute shunt occlusion was 13.7% (14 patients). Using
a univariate analysis, a 3-mm shunt size (OR 11.88, 95% CI 2.24 to 63.11, p<0.01), a pulmonary artery size less than 4 mm
(OR 4.82,95% CI1 1.32 to 17.54, p = 0.02), no concomitant ligation of ductus arteriosus (OR 14.50, 95% CI 1.22 to 172.31,
p = 0.03) and the surgeon with low case volume (<6 cases per year) (OR 5.96, 95% CI 1.71 to 10.74, p<0.01) were
significantly associated with acute MBTS occlusion postoperatively. The multiple logistic regression analysis revealed the
surgeon with low case volume (<6 cases per year) (OR 8.90, 95% CI 1.74 to 45.66, p<0.01) and non-ligated patent ductus
arteriosus (PDA) (OR 36.58, 95% CI 2.02 to 661.26, p = 0.02) were the significant risk factors contributing to acute shunt
blockage.

Conclusion: A small volume of MBTS cases operated per year and non-ligated PDA are significant risk factors for acute

shunt occlusion within 24 hours postoperatively.
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Cyanosis is commonly associated with certain
congenital cardiac diseases, estimated incidence is
approximately 1 in 1,000 live births®. The pathology
mostly results from decreased pulmonary blood flow,
with ensuing inadequate oxygenation and hypotension.
The severity of cyanotic congenital heart disease may
vary from mild cyanosis to a life-threatening condition,
depending on the degree of right-sided cardiac
obstruction.

A modified Blalock-Taussig shunt (MBTS)
is a common palliative procedure. It connects the
systemic to the pulmonary circulation via a synthetic
shunt from a subclavian artery to a pulmonary artery®.
Therefore, it is an effective mean of providing an
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additional pulmonary blood flow and alleviating
deleterious outcomes from desaturation in vulnerable
patients for whom definite corrective surgeries were
not feasible. However, certain complications after MBTS
placement do exist®. For example, shunt occlusion or
overflow remains important complications after MBTS
surgery. Postoperative shunt blockage may cause a
sudden deterioration as a result of profound hypoxemia
and potential cardiac arrest, especially in an unstable
patient. Prevention of the modifiable risk factors and
early detection would prompt an immediate reoperation
or a medical management, leading to a better outcome.
The reported incidence of shunt occlusion varies
from 2.5 to 209%“9. The proposed perioperative risk
factors described in previous studies include low body
weight®®2 low activated partial thromboplastin time
(aPTT)®, small pulmonary artery size“!® and
polycythemia®. However, the published results were
not uniform, and none of the studies had been
conducted on Asian populations. This study was
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designed to explore the incidence of acute shunt
occlusion within 24 hours among neonates and infants
undergoing MBTS surgery, and to analyze the potential
perioperative factors of acute shunt occlusion.

Material and Method

This was a retrospective cohort study. The
Institutional Review Board (Si 765/2014) approval was
obtained with an exemption of consent. The medical
records of 102 patients aged less than 12 months and
having undergone MBTS surgery as their first
operation between January 2009 and December 2015
were retrieved from the hospital electronic database.

The patients’ characteristics and demographic
data were recorded. Documentation was made of the
perioperative variables related to the increasing risk
of shunt occlusions, such as the size of the polytetra-
fluoroethylene (PTFE) shunt, the systemic (subclavian
or innominate) and pulmonary artery sizes, the
preoperative and postoperative hematocrit levels, the
perioperative heparin administration, and the aPTT.
Additionally, the postoperative complications that
occurred during the index hospitalization and the
detailed characteristics of those patients who had
developed shunt occlusion were also documented.

The diagnosis of acute shunt occlusion was
based upon a combination of clinical signs and
investigations, including the absence of an audible
shunt murmur, a decrease in the partial pressure of
arterial oxygen (Pa0,), or an oxygen saturation (SpQO,)
of more than 20% from baseline. The incidence of acute
shunt occlusion was recorded after the confirmative
diagnosis was established from the echocardiographic
evidence for poor shunt flow. All patients were treated
with the re-operation according to the hospital protocol.

Statistical analysis

The primary objective of this study was to
identify the incidence of acute shunt occlusion. The
sample size was calculated on the assumption of a
15% incidence of acute shunt occlusion, based on
estimated rates between 2.5 and 20% in previous
publications“®). A sample size of 100 patients was
needed to achieve a 95% confidence interval (ClI) with
a 7% margin of error.

Demographic data was analyzed using
descriptive statistics. The mean and standard
deviations were shown for continuous variables with
normal distribution; otherwise, the median with
minimum and maximum was presented. For a univariate
analysis, an independent sample t-test and a binary
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logistic regression were used for continuous and
categorical variables, respectively. As for examining
the risk factors of acute shunt occlusion, factors with
the clinical feature of interest or factors with p<0.15
from the univariate analysis were entered into a multiple
logistic regression model. The crude odds ratio (OR),
the adjusted OR and the 95% CI were reported to
determine the strength of the association between the
possible factors and the occurrence of an acute shunt
occlusion. A p-value of less than 0.05 was used as the
cutoff value for statistical significance. The statistical
analysis was performed using PASW Statistics for
Windows, 18.0 Chicago: SPSS Inc.

Results

One hundred and two patients were enrolled
in this study. The patient’s median age was 1 month
ranged from 1 day to 11 months, mean body weight
was 4.3+1.8 kg. There were 19 patients (18.6%) had
prior endotracheal intubation due to severe cyanosis.
General anesthesia was conducted on all patients as a
standard practice. No major intraoperative adverse
events were noted. The blood pressure was maintained
above the normal baseline value via fluid and
inotrope(s) administration. Eighteen patients (17.6%)
were extubated at the conclusion of surgery. Most
patients underwent MBTS surgery via a thoracotomy
incision, whereas one patient required a median
sternotomy approach because of severe hemodynamic
instability that necessitated the use of a cardio
pulmonary bypass. PTFE grafts were used for the
interposition tube graft in all patients. The shunt
location was predominately the right MBTS. The other
demographic data is shown in Table 1.

Fourteen patients (13.7%) had an acute shunt
blockage within the first 24-hour period after the
operations, with 11 patients (78.6%) having the
occlusion within 6 hours. The univariate analysis of
the possible risk factors related to acute shunt
occlusion are demonstrated in Table 2. According to
the univariate analysis, a 3-mm shunt size (OR 11.88,
95% Cl 2.24t0 63.11, p<0.01), no concomitant ligation
of ductus arteriosus (OR 14.50, 95% CI 1.22t0 172.31, p
=0.03), asmall pulmonary artery size (OR 4.28, 95% ClI
1.32t0 17.54, p = 0.02) and the surgeon with low case
volume of less than 6 cases per year (OR 5.96, 95% CI
1.71t010.74, p<0.01) were associated with acute shunt
blockage significantly. While using the multiple logistic
regression analysis, the surgeon with low case volume
(<6 cases per year) (OR 8.90, 95% CI 1.74 to 45.66,
p<0.01) and non-ligated patent ductus arteriosus
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Table 1. Demographic data

Total (n = 102)

Gender: Male
GA (wk)
Birth weight (kg)
Age (d)
Body weight (kg)
Preexisting endotracheal tube
Diagnosis
Pulmonary atresia with ventricular septal defect
Common atrium common ventricle with pulmonary stenosis or atresia
Univentricular heart with pulmonary atresia
Tricuspid atresia with pulmonary atresia
Tetralogy of Fallot
Others
Incision site
Thoracotomy
Median sternotomy
Shunt location
Right
Left
Shunt size (mm)
3.0
35
>4
Pulmonary artery size (mm)
Subclavian or innominate artery size (mm)
PDA ligation
Inotrope administration
Preoperative
Postoperative
Number of postoperative inotrope administration
0
1
>2
Hematocrit (%)
Preoperative
Postoperative
Activated partial thromboplastin time (sec)
Preoperative
Postoperative
Oxygen saturation (%)
Preoperative
Postoperative
Heparin administration
Intraoperative
Postoperative
Time to extubation
In operating room
<6 hour
6 to 24 hour
>24 hour

57 (55.9)
37.9+15
2.8+0.5
1(1.0,330.0)
4.28+1.80

9 (18.6)

25 (24.5)
17 (16.7)
18 (17.6)
11 (10.8)
15 (14.7)
16 (15.7)

101 (99.0)
1(1.0)

88 (86.3)
14 (13.7)

9(8.8)
51 (50.0)
42 (41.2)
5.7+2.3
4.041.2
3(2.9)

20 (19.6)
97 (95.1)

5 (4.9)
80 (78.4)
16 (15.7)

49.0+7.6
46.1+6.9

31.4+5.1
57.5+49.6

81.748.5
91.846.5

79 (77.5)
77 (75.7)

18 (17.6)
16 (15.7)
33 (32.4)
35 (34.3)

Data presented as mean + SD, median (min, max) or n (%)
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Table 1. Cont.

Total (n = 102)

Surgeon (occlusion/total cases)
1

2
3
4

4166 (6.1)
4/8 (50.0)
2/13 (15.4)
4/15 (26.7)

Data presented as mean + SD, median (min, max) or n (%)

(PDA) (OR 36.58, 95% CI 2.02 to 661.26, p = 0.02)
appeared to be the significant risk factors, as presented
in Table 3.

The postoperative complications are shown
in Table 4. Three patients developed cardiac arrests
and died within 24 hours, in which one of those 3
patients was included in the shunt occlusion group.
The detailed characteristic of the patients with a shunt
occlusion are shown in Table 5.

Discussion

A MBTS occlusion is a disastrous compli-
cation after shunt surgery. The incidence of shunt
blockage has been recognized as ranging from 2.5% to
20%“9, Prior publications predominantly included the
shunt occlusion occurring at any time during the entire
hospital stay or during the later follow-up period. The
current study focused on the incidence of MBTS
occlusion within the 24-hour period after surgery, which
was observed in 13.7% of the patients. This result is
comparable with a study by Gedicke et al, which
demonstrated a rate for the first 24-hour shunt blockage
of 11.8%©). Furthermore, this study found that
approximately 80% of the patients with early shunt
occlusion (within 24 hour) developed shunt occlusion
within the first six hours. This implies that it is
particularly important to closely monitor for, and to
prevent, the development of a shunt blockage during
the first six hours after surgery. All potential factors
should be identified and eliminated in order to prevent
an acute shunt occlusion from occurring.

Although several publications have
investigated the risk factors for shunt occlusion, the
results were incongruent. Theoretically, the causes of
shunt blockage could be either a mechanical
obstruction or a thrombosis. Mechanical obstructions
might be related to patients” anatomical variations, the
surgical techniques or the surgeons’ experience. The
shunt thrombosis component could plausibly be
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precipitated by a variety of factors. For instance, stasis
of blood flow and hypercoagulability play a major role
in contributing to thrombosis. A poor shunt flow could
also occur as a result of a low cardiac output or a
competitive flow from a PDA. In addition, a low flow
state can be provoked by increased shunt resistance
due to an increase in the length of the graft tube,
hyperviscosity, a small shunt size, a small pulmonary
artery size, or an increased pulmonary vascular
resistance.

A small shunt size was generally presumed as
a predisposing factor for acute shunt occlusion as it
increases a greater resistance to blood flow and,
consequently, a risk of thrombosis. However, this study
was unable identify a statistical significance of this
factor with a multiple logistic regression analysis. The
finding is consistent with the other study®. Their
incidence of the occluded shunts was also around 10%
similar to the current study, which was probably too
small to detect a significance of shunt size.

In this study, a small pulmonary artery size
was another significant risk factor contributing to acute
shunt occlusion according to the univariate analysis,
but not the multiple logistic regression analysis. Asmall
pulmonary artery can cause shunt thrombosis as a
result of a limited blood flow to the pulmonary vascular
bed. Guzetta et al. also described a significant
association of shunt thrombosis with a smaller
pulmonary artery size®. Their finding is consistent with
the study by Al Jubair et al that shunt failure was more
prevalent if the pulmonary artery diameter was less
than 4 mm@®93,

The steal phenomenon from a competitive
flow through non-ligated PDA attenuates the shunt
flow and increases the risk of thrombosis. The present
study is able to identify a PDA preservation as a
significant risk factor for acute shunt occlusion which
is correlated with the study by Gedick et al®. The
increased incident of shunt thrombosis was also
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Table 2. Possible risk factors associated with acute shunt occlusion: univariate analysis

Modified Blalock-Taussig shunt

Univariate analysis

Occlusion Non-occlusion Crude OR p-value
(n=14) (n=188) (95% ClI)

Gestational age (wk)
<37 1(8.3) 11 (91.7) 0.52 (0.06, 4.36) 0.54
>37 13 (14.9) 74 (85.1) 1

Birth weight (kg)
<25 3(14.3) 18 (85.7) 0.93 (0.23, 3.68) 0.91
>2.5 11 (15.3) 61 (84.7) 1

Body weight (kg)
<3 6 (20.0) 24 (80.0) 2.06 (0.53,8.12) 0.30
3-4 4 (11.4) 31(88.6) 1.07 (0.25, 4.63) 0.93
>4 4(10.8) 33(89.2) 1 -

Shunt size (mm)
3.0 5 (55.6) 4 (44.4) 11.88 (2.24, 63.11) <0.01
35 5(9.8) 46 (90.2) 1.03(0.26, 4.12) 0.96
>4.0 4(9.5) 38 (90.5) 1 -

Pulmonary artery size (mm)
<4 5(35.7) 9 (64.3) 4.82 (1.32, 17.54) 0.02
>4 9(10.3) 78 (89.7) 1

Ligation of patent ductus arteriosus
No 12 (12.1) 87 (87.9) 14.50 (1.22, 172.31) 0.03
Yes 2 (66.7) 1(33.3) 1

Perioperative heparin administration
No 1(7.1) 13 (92.9) 2.25(0.28, 18.73) 0.45
Yes 13 (14.8) 75 (85.2) 1

Polycythemia

Preoperative
No 12 (14.6) 70 (85.4) 1 0.59
Yes 2(10.0) 18 (90.0) 0.65 (0.13, 3.16)
Postoperative

No 12 (13.6) 76 (86.4) 1 0.93
Yes 2 (14.3) 12 (85.7) 1.06 (0.21, 5.31)

Postoperative inotrope administration
No 0(0) 5 (100.0) 1.00
Yes 14 (14.4) 83 (85.6)

Postoperative aPTT (sec)
<35 2(10.0) 18 (90.0) 0.51 (0.09, 2.95) 0.45
>35 5(17.9) 23 (82.1) 1

Surgeon annual MBTS case volume
<6 10 (27.8) 26 (72.2) 5.96 (1.71, 10.74) <0.01
>6 4(6.1) 62 (93.9) 1

Data presented as n (%)
aPTT = activated partial thromboplastin time

demonstrated by Zahorec et al®, even though the
outcome did not yield a clinical significance. Currently,
PDA closure is still controversial and performed
according to the surgeon’s preference?. PDA has a
great benefit as it can be an immediate rescue in the
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presence of shunt blockage, allowing some degree of
pulmonary blood flow. MBTS surgery is commonly
performed via a right thoracotomy approach, as right
MBTS is more prevalent (88% of patients in this series).
In order to ligate a PDA, a left thoracotomy is required.
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Table 3. Results of multiple logistic regression analysis of acute shunt occlusion

Adjusted OR (95% CI) p-value
Surgeon with low case volume (<6 cases/yr) 8.90 (1.74, 45.66) <0.01
Shunt size <3 mm 4.50 (0.72, 28.02) 0.11
Pulmonary artery size <4 mm 2.22 (0.46, 11.83) 0.35
Non-ligated patent ductus arteriosus 36.58 (2.02, 661.26) 0.02
No perioperative heparin administration 1.24 (0.12, 12.56) 0.85

Table 4. Postoperative complications

Total (n = 102)

No. of patients with shunt occlusion

<24 hr 14 (13.7)

>24 hr 2(2.0)
Shunt overflow 1(1.0)
Reoperation 18 (17.6)

Shunt revision/replacement/thrombectomy 16 (88.8)

Shunt banding 1(5.6)
Stop bleeding 1(5.6)
Cardiac arrest 3(2.9
Death 3(2.9

Data presented as n (%)

This technical difficulty makes it less appeal for
surgeons to ligate a PDA since it can also be
spontaneously obliterated after prostraglandin E1
(PGEZ1) is discontinued. Nonetheless, as a result of a
retrospective study, data regarding the existent of
preoperative and postoperative PDA are limited. Even
though non-ligated PDA is a statistically significant
factor for early shunt occlusion, it is unable to
completely assumed that there is a competitive flow
through a PDA in every single patient.

This study did not find an association
between preoperative or postoperative polycythemia
and the incidence of acute shunt obstruction. Hyper-
viscosity from polycythemia is a major factor for higher
resistance to blood flow, leading to shunt thrombosis.
A hemoglobin level over 18 g/dL was needed to show
a significant relationship to shunt blockage in the
previously published study®.

Theoretically, heparin administration should
be able to prevent the development of shunt thrombosis
as it could oppose the effects of the hypercoagulable
state that is well-known to aggravate the risk of
thrombosis. When shunt occlusion was suspected, the
heparin infusion was usually started while awaiting
the echocardiographic confirmation. However, this
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study did not find any correlation between the
perioperative heparin administration and the incidence
of acute shunt occlusion. The antithrombotic therapy
in neonates and children guidelines by Monagle et al
suggested the routine use of intraoperative heparin
following MBTS placement®, but the use of post-
operative heparin is still under debate®®. The dosage
and timing of the heparin administration varied widely
among the surgeons; therefore, the result of the study
could be confounded. One retrospective series reported
no significant differences in early shunt failure between
the heparin and the no-heparin groups®®.

MBTS surgery requires a skillful surgeon.
There were technical difficulties regarding the
complicated cardiac anomaly, limited surgical approach
and small blood vessels in neonates and infants. In
order to obtain a good result, experience from repetitive
case exposure is necessary. Therefore, the authors
selectively used an average number of MBTS cases
operated per year as a surrogate for a surgical
competency. To date, there is no recommendation on
the number of cases per year to maintain a sufficient
surgical skill. In this study, four surgeons, with the
occlusion rate of over 15%, performed MBTS surgery
1to 5 cases per year. Therefore, MBTS surgery of less
than 6 cases per year was used as a cutoff value for a
small case volume. Evidently, the surgeon’s MBTS
case volume of less than or equal to 6 cases per year
has an approximately 9 times greater risk for early
postoperative shunt occlusion. However, the result
should be interpreted with caution as there were other
confounding factors, such as the complexity of
congenital heart disease, anatomical variants, a
proficiency of teamwork, etc.

Acute shunt failure was observed more
frequently in a conventional thoracotomy (20%)
compared with the sternotomy approach (8%) in a study
by Odim et al*”. They recommended the sternotomy
over the thoracotomy approach to MBTS for neonates
and infants. In addition to a lesser rate of shunt
occlusion, the sternotomy approach was found to
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be superior in terms of reduced morbidity and mortality
as it provided more hemodynamic stability, was
technically easier to perform, avoided lung
compression, including the possibility to ligate a PDA
simultaneously. Because of the limited number of
sternotomy incisions in this report, the surgical
approach was not included for statistical analysis.

Currently, there is insufficient evidence to
recommend a specific therapy for acute shunt
thrombosis®®. The management is at the surgeon’s
discretion and varies greatly. The treatment options
for a shunt occlusion include reoperation with a shunt
revision, a shunt take down and replacement, a catheter-
based intervention, or thrombolysis. At the author’s
hospital, the protocol is to re-operate on all patients.
All patients who were diagnosed with an acute shunt
occlusion in this study had re-operations to do a shunt
revision of the same size; to upsize to a larger shunt; or
to perform a thrombectomy.

The advancements in early diagnosis,
surgical techniques, neonatal cardiac anesthesia and
intensive care have led to a decline in postoperative
MBTS morbidity and mortality. The overall mortality
rate after MBTS was reported as 2 to 18.2%5611,
According to a study by Kucuk et al., 2% of mortality
was associated with thrombotic occlusion, and the
patient died during a shunt revision®. Others expired
due to cardiac decompensation in the 48-hour
postoperative period, sepsis and pneumonia. The
overall mortality is this series was 2.9%, but the mortality
rate in the acute-shunt failure group was as high as
7.1% suggested the significance of the prevention of
acute shunt occlusion.

The retrospective design had become a major
limitation. The available database was not able to
provide adequate information. Since the primary
research question was to determine the incidence of
acute shunt occlusion, the statistical power of the
sample size might be insufficient to identify the risk
factors. A future, prospective study or a multi-center
study should be carried out to provide more accurate
data and improve the quality of the evidence.

In conclusion, the incidence of acute MBTS
shunt occlusion within 24-hour postoperatively was
comparable to previous literature. A surgeon with low
case volume and non-ligated PDA are the significant
predisposing factors associated with acute MBTS
occlusion. The currently available data are still
inhomogeneous; thus, there is no single best-predictor
for acute shunt occlusion in neonates and infants
undergoing MBTS surgery. Vigilant postoperative
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monitoring and early recognition are essential for
immediate treatment to correct the devastating
condition and improve patient’s outcome.

What is already known on this topic?

Acute modified Blalock-Taussig shunt
(MBTS) occlusion is catastrophic. The risk factors for
shunt obstruction vary in published literature.

What this study adds?

The incidence of acute shunt occlusion is not
uncommon. Asurgeon with low case volume (<6 cases
per year) and non-ligated PDA are significant risk
factors for acute shunt occlusion within 24 hours
postoperatively.

Acknowledgements

The authors wish to thank Chulaluk Komoltri
for statistical analysis support, and Chusana
Rungjindamai for document assistance.

Potential conflicts of interest
None.

References

1. Hoffman JI, Kaplan S. The incidence of congenital
heart disease. JAm Coll Cardiol 2002; 39: 1890-900.

2. Yuan SM, Shinfeld A, Raanani E. The Blalock-
Taussig shunt. J Card Surg 2009; 24: 101-8.

3. Gladman G, McCrindle BW, Williams WG, Freedom
RM, Benson LN. The modified Blalock-Taussig
shunt: clinical impact and morbidity in Fallot’s
tetralogy in the current era. J Thorac Cardiovasc
Surg 1997; 114: 25-30.

4. Guzzetta NA, Foster GS, Mruthinti N, Kilgore PD,
Miller BE, Kanter KR. In-hospital shunt occlusion
in infants undergoing a modified blalock-taussig
shunt. Ann Thorac Surg 2013; 96: 176-82.

5. Alkhulaifi AM, Lacour-Gayet F, Serraf A, Belli E,
Planche C. Systemic pulmonary shunts in
neonates: early clinical outcome and choice of
surgical approach. Ann Thorac Surg 2000; 69: 1499-
504.

6. Kucuk M, Ozdemir R, Karacelik M, Doksoz O,
Karadeniz C, Yozgat Y, et al. Risk factors for
thrombosis, overshunting and death in infants after
modified blalock-taussig shunt. Acta Cardiol Sin
2016; 32: 337-42.

7. Moszura T, Zubrzycka M, Michalak KW, Rewers
B, Dryzek P, Moll JJ, et al. Acute and late
obstruction of a modified Blalock-Taussig shunt:

S145



10.

11

12.

S146

atwo-center experience in different catheter-based
methods of treatment. Interact Cardiovasc Thorac
Surg 2010; 10: 727-31.

Bove EL, Kohman L, Sereika S, Byrum CJ, Kavey
RE, Blackman MS, et al. The modified Blalock-
Taussig shunt: analysis of adequacy and duration
of palliation. Circulation 1987; 76: 11119-23.
Gedicke M, Morgan G, Parry A, Martin R, Tulloh R.
Risk factors for acute shunt blockage in children
after modified Blalock-Taussig shunt operations.
Heart Vessels 2010; 25: 405-9.

Williams JA, Bansal AK, Kim BJ, Nwakanma LU,
Patel ND, Seth AK, et al. Two thousand Blalock-
Taussig shunts: a six-decade experience. Ann
Thorac Surg 2007; 84: 2070-5.

Petrucci O, O’Brien SM, Jacobs ML, Jacobs JP,
Manning PB, Eghtesady P. Risk factors for mortality
and morbidity after the neonatal Blalock-Taussig
shunt procedure. Ann Thorac Surg 2011; 92: 642-
51.

Dirks V, Pretre R, Knirsch W, Valsangiacomo
Buechel ER, Seifert B, Schweiger M, et al. Modified
Blalock Taussig shunt: a not-so-simple palliative
procedure. Eur J Cardiothorac Surg 2013; 44: 1096-

13.

14.

15.

16.

17.

102.

Al Jubair KA, Al Fagih MR, Al Jarallah AS, Al
Yousef S, Ali Khan MA, Ashmeg A, et al. Results
of 546 Blalock-Taussig shunts performed in 478
patients. Cardiol Young 1998; 8: 486-90.

Zahorec M, Hrubsova Z, Skrak P, Poruban R,
Nosal M, Kovacikova L. Acomparison of Blalock-
Taussig shunts with and without closure of the
ductus arteriosus in neonates with pulmonary
atresia. Ann Thorac Surg 2011; 92: 653-8.
Monagle P, Chan AK, Goldenberg NA, Ichord RN,
Journeycake JM, Nowak-Gottl U, et al.
Antithrombotic therapy in neonates and children:
Antithrombotic therapy and prevention of
thrombosis, 9th ed: American College of Chest
Physicians evidence-based clinical practice
guidelines. Chest 2012; 141: e737S-801S.

Mullen JC, Lemermeyer G, Bentley MJ. Modified
Blalock-Taussig shunts: to heparinize or not to
heparinize? Can J Cardiol 1996; 12: 645-7.

Odim J, Portzky M, Zurakowski D, Wernovsky G,
Burke RP, Mayer JEJr, et al. Sternotomy approach
for the modified Blalock-Taussig shunt. Circulation
1995; 92 (Suppl. 2): 256-61.

J Med Assoc Thai Vol. 100 Suppl. 7 2017



A “ [ d’ [ =l [ v 1 a vl a v ! d’ v ! Y
auamsauastdgidesvesmseaduuyydgynaulugthemsnusniiauasahewdnerguesna 1 i insumsendin

Modified Blalock-Taussig Shunt
i aa i o { I3 “ 4 v A s 4 “ v Qv
ta1nny mmmﬂwma, 3381 77)’1/@'70’11!, gamun al IIE’]MWW, 1nigalns ﬁuﬁ)Nﬂ[ﬂﬂﬂ, f)?[ﬂmt'] flsafrIna

fﬁgzlizﬂm? zﬁ%}ﬁnmgﬁﬁﬂ7m?m:zfi)ﬂ“z/zﬁ'mamﬁg@ﬂ”uuyﬂté’aywa”u (el 24 ) ?ugﬁ]'wmm u5nzﬁmm:g?/9mﬁna7gu2an9'7
1 11 nsymsmdn Modified Blalock-Taussig Shunt (MBTS)

Jaquasisms: 417un75§nw%m4a”mntm:zﬂflué’tﬁnmaﬁﬂﬂ;?’bgl?uisyyfﬁmf‘fwgynn7ﬂﬁwn75@@@”1;61/@0 MBTS uyuidounay
umfﬂﬂ”mﬁ'w77"1,1'7f)zﬁwnm'aﬂ7ﬂﬁwn75§mﬁu‘um MBTS ?ugywmmumtﬁﬂ ua:g«%mﬁna@/uz]am} [ 1 fnsumsnda MBTS
suaiaunTIAY WA, 2552 FuAousiTAy WA, 2558

wamsARY: PYsznsyIsg 102 Ay Wﬂgﬂ”ﬁnﬁm:l/ammﬁﬁnﬁgﬁﬁ”m/ao MBTS 5060 13.7 (14 a) msiamizwalaolis
univariate M1 shunt W18 3 3., (OR 11.88, 95%CI 2.25-63.11, p<0.01) wmnanaonidonunaiabuniiénn 4 u. (OR 482,
95%CI 1.32-17.54, p = 0.02) mﬁﬂ?ﬂzyn ductus arteriosus 5@@3& (OR 14.50, 95%CI 1.22-172.3, p = 0.03) unm’mm@%i/
Anounmenin MBTS uoonn1 6 iemail (OR 5.96, 95%CI 1.71-10.74, p<0.01) iWhilasoidsaiinanamsiin MBTS andumelu
24 Pluandnn vassioANaMET multile logistic regression Wm'ﬁimmg?jwﬁ}r‘”ﬁfmWna;hﬂ”ﬂ MBTS 126771 6 s10a01]
(OR 890, 95%CI 1.74-45.66. p<0.01) uasnislulagn ductus arteriosus 7R3y (OR 36.58, 95%CT 202-661.26. p = 0.02)
dhuasoidaiilnia MBTS gasi

ﬂgif; Arounmainan MBTS aoiia zm:mﬁﬂ%ygyn ductus arteriosus 1171117@ﬂ”f/tﬁlwﬁﬁ7?ﬂ?ﬁwn75g@ﬁ"u wyvidsymay (mely 24

#2lua) vo9 MBTS viddnan

J Med Assoc Thai Vol. 100 Suppl. 7 2017 S147



