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Summary Background: Platelet parameters play an important role in thrombosis. This study
investigates the role of platelet parameters in the occlusion of modified Blalock Taussig (BT).
Objectives: To investigate the association between mean platelet volume (MPV), platelet dis-
tribution width (PDW) and BT conduit obstruction and to evaluate the role of MPV and PDW in
BT conduit obstruction.
Methods: 388 patients with modified BT shunt in the Pediatric Heart Center, Anzhen Hospital
From January 1, 2008 to December 30, 2014 were divided into BT obstruction group (OBS) 11
cases and BT non-obstruction group (N-OBS) 377 cases according to whether the BT tube
was occluded. The platelet count, mean platelet volume and platelet distribution width in
the both groups were measured. The BT pipe occlusion related risk factors were analyzed.
Results: There was no significant difference in PC value of OBS group [(221 � 28.4) � 109/L]
and that of N-OBS group [(198 � 69.1) � 109/L). MPV [(15 � 6.8) fL] and PDW (20 � 6.4)% in
OBS group were significantly higher than those in N-OBS group [(8 � 3.2) fL, (15 � 2.1)%]
(P < 0.05). Logistic regression showed that BT occlusion was not related to the tube diameter
and PC value (P > 0.05). Abnormal increases of MPV and PDW increased the risk of ductal oc-
clusion [(OR Z 2.1, 95%CI:1.47e2.49, P < 0.05), (OR Z 2.4, 95%CI:1.71e3.87, P < 0.05)].
Conclusion: Improved BT postoperative occlusion are closely related to MPV and PDW.
Increased MPV and PDW can increase the risk of postoperative BT occlusion.
ª 2018 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In 1944, Blalock and Taussig first reported on the successful
implementation of classic Blalock-Taussig (BT) shunt in
children with tetralogy of Fallot (TOF), thereby initiating
systemic-pulmonary shunt of cyanotic congenital heart
disease (CHD).1 However, the obvious shortcoming of
classic BT lies in that upper limb ischemia appears in some
children after operation. With the development of artificial
blood vessel technology, the modified BT shunt has not only
made pulmonary blood flow well controlled, but also
overcomes the shortcoming of the classic ones, which has
been widely promoted and applied in clinical practice.
Modified BT shunt can improve children’s hypoxia, activity
and life expectancy and promote the further development
of pulmonary artery. Thus, BT shunt is a safe and effective
phase I operation for the phase II radical ones.2,3 However,
thrombosis and even obstruction of artificial blood vessels
are still the main reasons for the failure of surgery despite
the continuous improvement in the materials of artificial
blood vessels and the increasing emphasis on anticoagulant
antiplatelet therapy.4e6 As we all know, platelets play a
major role in the pathophysiology of thrombosis. The mean
platelet volume (MPV) and platelet distribution width
(PDW) are important indicators of platelet activation.7e9

This study aimed to investigate the association between
MPV, PDW and BT conduit obstruction and to evaluate the
role of MPV and PDW in BT conduit obstruction.
2. Patients and methods
2.1. Subjects

A total of 388 children who were admitted to Pediatric
Cardiac Center of Anzhen Hospital from January 1, 2008 to
December 30, 2014 and underwent modified BT shunt were
enrolled in this study. Inclusion criteria: children under-
going phase I modified BT shunt. Exclusion criteria: ①

children without height recording; ② children without
body mass recording; ③ children undergoing modified BT
shunt with obstruction after BT shunt; ④ children with
surgical incision of right posterolateral or left posterolat-
eral approach; ⑤ children with preoperative pneumonia;
⑥ children with preoperative routine blood test suggesting
abnormalities in platelet count (PC), MPV and PDW. Chil-
dren undergoing modified BT shunt were divided into
obstruction (OBS) group and non-obstruction (N-OBS) group
according to the condition of the artificial conduit. The
diameter of BT conduit was stratified into D4mm and
D5mm. For PC stratification, PCⅠ�150 � 109/L, 150 � 109/
L < PCⅡ<250 � 109/L, PCⅢ�250 � 109/L; for MPV strati-
fication, MPVⅠ�5fL, 5fL < MPVⅡ<10fL, MPVⅢ�10fL;
for PDW stratification, PDWⅠ�12%, 12% < PDWⅡ<17%,
PDWⅢ�17%. Venous blood samples were collected post-
operatively in EDTA-C anticoagulant tubes, and detected
by blood samples including PC, MPV and PDW were
detected by Sysmex XE-2100 automatic hematology
analyzer and matched reagents for routine blood test,
including PC, MPV and PDW.
2.2. Surgical methods and postoperative
anticoagulant and antiplatelet therapy

All children underwent the connection between off-pump
subclavian artery-pulmonary artery. We performed median
sternotomy, dissected subclavian artery, left or right pul-
monary artery, connected subclavian artery-pulmonary ar-
tery with a 4 mm or 5 mm Gore-Tex artificial blood vessel
according to pulmonary artery development and body mass,
conducted anticoagulation with add-on heparin of
0.3e0.5 mg/kg to maintain ACT about 200 s, conducted
antiplatelet therapy with aspirin on day 2 after the surgery,
and administered aspirin alone on day 3 until the stoppage
of anticoagulation and antiplatelet therapy one week
before the second surgery.

2.3. Color Doppler flow imaging

Philips SONOS-7500-based ultrasonic system with the probe
frequency of 2e4 MHz were used in this study. After all
children were placed in the supine position in a sedated
state, we performed examinations via subxiphorid, apical,
parasternal and suprasternal acoustic windows. At least 10
ultrasonic cross-section views were showed for each chil-
dren, including the short axis view of the great vessels,
inferior and superior vena cava short axis view, subxiphorid
four-chamber view, apical four-chamber view, apical two-
chamber view, apical five-chamber view, apical left
ventricle inflow-outflow tract view, parasternal left
ventricle long axis view, parasternal right ventricle inflow
view, parasternal aortic short axis view, parasternal left
ventricle short axis view at the mitral valve and papillary
muscle levels, and suprasternal aortic arch long axis view.
The section at the suprasternal fossa section or under the
right/left sternoclavicular joint was used to observe the
vascular patency of the artificial blood vessels.

2.4. Statistical analysis

All data were processed by SPSS 16.0 software. Normally
distributed measurement data were expressed as
mean � standard deviation. Comparison between the two
groups was performed using t test and the influences of
confounding factors were eliminated by covariance anal-
ysis. Measurement data of non-normal distribution were
expressed as the median (quartile range). Comparison was
performed using rank-sum test between the two groups and
using c2 test between the enumeration data. The risk fac-
tors for modified BT conduit obstruction were assessed by
Logistic regression. P < 0.05 was regarded as statistically
significant differences.

3. Results

3.1. Clinical outcomes after modified BT shunt

A total of 388 children undergoing modified BT shunt were
enrolled in this study, including 203 males and 185 females
with a mean age of 1.05 (0.56, 2.90) years, an average height
of 72.0 (66.0, 88.3) cm, and mean body mass of [9.0 (7.0,
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12.0)] kg. Primary diseases for modified BT shunt include
pulmonary atresia (PA), TOF, transition of great artery (TGA),
double outlet right ventricle (DORV), single ventricle (SV)
and tricuspid atresia (TA). The classification of diseases is
shown in Table 1. Hospital deaths included 3 cases of TOF
and 2 cases of PA for severe postoperative pulmonary
infection and secondary disseminated intravascular coagu-
lation. During the hospitalization, 11 cases (2.8%) underwent
second modified BT shunt due to obstruction of the artificial
blood vessels, and improved after the second surgery. The
rest of the patients recovered well.
3.2. Comparison of platelets between the OBS
group and N-OBS group

The postoperative values of PC, MPV, PDW in the OBS group
and N-OBS group are shown in Fig. 1. No significant differ-
ences in PC value were found between the two groups
Table 1 The distribution of diseases for modified BT shunt
(%).

Disease Case Percentage

PA 205 52.8
TOF 119 30.7
TGA 25 6.5
DORV 18 4.6
SV 15 3.9
TA 6 1.5
Total 388 100.0

Figure 1 Comparison of PC, MPV and PDW values between the O
between the two groups.

Table 2 Logistic regression analysis of risk factors for BT condu

Variable Risk stratification

Diameter D5mm

D4mm

PC PCⅠ�150 � 109/L
150 � 109/L<PCⅡ<250 � 109/L
PCⅢ�250 � 109/L

MPV MPVⅠ�5fL
5fL<MPVⅡ<10fL
MPVⅢ�10fL

PDW PDWⅠ�12%
12%<PDWⅡ<17%
PDWⅢ�17%

a MPV increased, the hazard ratio for BT conduit obstruction enhance
[(221 � 28.4) � 109/L vs (198 � 69.1) � 109/L, P > 0.05).
MPV value was significantly higher in OBS group than in
control group (8 � 3.2fL vs 15 � 6.8fL, P < 0.05). The dif-
ferences in PDW value between the two groups were sta-
tistically significant (15 � 2.1% vs 20 � 6.4%, P < 0.05).

Logistic regression analysis of risk factors for BT conduit
obstruction showed that 4 mm conduit did not increase the
risk of obstruction as compared to the 5 mm ones. PC is not
associated with the risk of obstruction. The risk of conduit
obstruction was obviously increased in parallel with the
abnormal increases in MPV and PDW values postoperatively.
*P < 0.05 as compared to the control group (Table 2).
4. Discussion

CHD children with inadequate pulmonary blood and pulmo-
nary dysplasia tend to undergo BT shunt palliative surgery
and then the radical surgery. Modified BT shunt can not only
improve the clinical status of hypoxia in children, but also
promote the further development of pulmonary artery.
However, artificial vascular obstruction is still the main
reason for surgical failure. Increasing evidence supports the
important role of platelets in thrombotic diseases. In clinical
practice, we often value the clinical significances of
increased or decreased PC, while neglecting the clinical
values of MPV and PDW. MPW is the mean platelet volume
measured by hematology analyzer, while PDW is the varia-
tion of platelet volume obtained after data processing of
platelet distribution by hematology analyzer, and represents
the dispersion of platelet size in blood, and often expressed
as CV%. Previous reports have showed that increased MPV
is related to myocardial infarction, coronary collateral
BS group and N-OBS group. Note: *P < 0.05 for the comparison

it obstruction.

OR (95% CI) P value

1.0
1.1 (0.82e1.43) 0.58
1.0
0.96 (0.74e1.23) 0.29
1.5 (0.69e2.54) 0.11
1.0
1.3 (0.81e1.58) 0.17
2.1 (1.47e2.49)a 0.03
1.0
1.6 (0.86e2.02) 0.08
2.4 (1.71e3.87)a 0.01

d. PDW also functioned as a risk factor for BT conduit obstruction.



602 Y. Zhu et al.
dysplasia, stroke and venous thromboembolism.10e12 In
addition, elevated MVP is also associated with infective
endocarditis, rheumatoid arthritis, and diabetes,13e15 and
elevated PDW is significantly associated with myeloprolifer-
ative disorders, diabetes, and various cardiovascular dis-
eases.12,14 Larger volumes of platelets contain more dense
particles and tend to be more active which can release more
substances including 5-HT and thrombomodulin, thereby
easy to promote thrombosis. PDW values are significantly
increased during platelet activation. Due to the interaction
between actin filaments and myosin thick filaments, acti-
vated platelets have morphological changes, including tran-
sition from normal disciform to napiform, pseudopodium on
the cell surface and platelet aggregation, triggering throm-
botic disease. Beyan et al16 believe that the PDW value
should not be used as an independent indicator of platelet
activation, since great morphological changes in platelets
can be clinically observed in many cases, such as hemor-
rhagic disease and myelodysplastic syndrome, without
complication of coagulation activation. But PDW and MPV
increase simultaneously, suggesting platelet activation. The
results of this study suggest that modified BT conduit
obstruction is significantly associated with elevated MPV and
PDW but not with PC. Thus, MPV and PDW can better reflect
changes in prethrombotic platelets than does PC, specu-
lating that MPV and PDW changes are likely to be earlier than
the changes in PC, and PC changes only in the later stages of
severe thrombotic disease with relative lagging behind the
trend of change. Therefore, patients with increased MPV and
PDW in the peripheral blood may have timely detection of
platelet aggregation and platelet activation markers such as
TXB2, DH-TXB2 and PAI-1. If these indicators are significantly
increased, we need to strengthen anticoagulant and anti-
platelet therapy, and adjust the doses of heparin and aspirin.

The diameter of artificial blood vessels affects the
postoperative patency rate, resulting in the multiple
choices of artificial blood vessels in various heart centers
when most of the choices are made based on the experi-
ence of the surgeon. Thin artificial vessels can reduce the
load on the heart and may have some advantages in pro-
tecting cardiac function, but if the vessel is too thin, it is
easier to be blocked and weak in promoting the further
development of pulmonary artery. Too thick one may bring
shortcomings, including excessive shunt, increased cardiac
load, diastolic heart insufficiency, and influences on
myocardial contraction.17 As reported, 3 mm conduit can
promote pulmonary artery development without increase in
the obstruction rate.18 However, other scholars found that
4e5 mm artificial blood vessels can better promote pul-
monary artery development, while decreasing obstruction
rate without significant increased mortality rate. The ma-
jority of CHD patients in our center were treated with 4 mm
and 5 mm conduit with satisfactory outcomes, showing that
4 mm or 5 mm artificial vessels are not associated with
postoperative obstruction.

Some scholars believe that the surgical incision may be
related to modified BT obstruction. To exclude the influ-
ence of the surgical incision approach, we performed me-
dian sternotomy in all patients undergoing modified BT
shunt. The results of this study suggest that the differences
in MPV and PDW may be the important factors affecting
the obstruction in children with similar surgical incision
approach and matched gender, age and body mass. In such
a retrospective and a single-center study, the sample size
of the OBS group is relatively small and further studies with
large multicenter samples are still be expected.
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