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Abstract
Systemic-to-pulmonary artery shunt placement is an established palliative procedure for congenital heart disease, but it is 
associated with high morbidity and mortality. Data of all patients with biventricular circulation who underwent systemic-
to-pulmonary artery shunt implantation between 2000 and 2016 were reviewed. Endpoints of the study were shunt failure 
and shunt-related mortality. Shunt failure was defined as any shunt dysfunction requiring intervention or reoperation. Shunt-
related mortality was defined as death due to shunt dysfunction. A total of 217 shunts (central shunt, n = 131, Blalock-Taussig 
shunt, n = 86) were implanted in 178 patients. The median age of the patients was 98 days [1 day to 1.2 years]. Corrective 
surgery was performed at a median time of 0.6 years [3 months to 7 years] after shunt placement. Shunt failure was diagnosed 
in 21 patients (9.6%) at a median time of 14.6 days [0 days to 2 years]. Causes of shunt failure were stenosis (n = 11; 5%) 
and thrombosis (n = 10; 4.6%). The rate of freedom from shunt failure was 89.9 ± 2.6% at 1 year, the rate of shunt-related 
mortality was 3% (n = 5), and the rate of freedom from shunt-related mortality at 1 year was 97.5 ± 1%. Platelet transfusion 
was required in 43 patients (20%), all for postoperative thrombocytopenia. Perioperative platelet transfusion (p = 0.03) and 
shunt size of 3 mm (p = 0.03) were identified as risk factors for shunt failure. Shunt size of 3 mm was also identified as a 
risk factor for shunt-related mortality. The ideal shunt size in patients with biventricular circulation requiring a systemic-
to-pulmonary artery shunt is 3.5 mm or larger. Platelet transfusion increases the risk of shunt failure and should be avoided. 
Type of shunt and diagnosis have no influence on morbidity or mortality after shunt placement.
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Introduction

Systemic-to-pulmonary artery shunt placement is a well-
established palliation in the surgical management of selected 
neonates and infants with complex congenital heart disease. 
Systemic-to-pulmonary artery shunts were first described 
by Blalock and Taussig in 1945 (subclavian to pulmonary 
artery shunt) [1], Potts in 1946 (descending aorta to left 
pulmonary artery shunt) [2], and Waterston and Cooley in 
1962 and 1966 (ascending aorta to right pulmonary artery 
shunt) [3, 4]. In 1975, de Leval modified the technique using 
a polytetrafluoroethylene interposition graft known as the 
modified Blalock-Taussig shunt (mBTS) [5].

Although considered a “simple” surgical procedure, shunt 
placement is nonetheless associated with reported mortality 
rates of 10% or more [6–8]. This limitation has advanced the 
strategy of early primary correction of heart defects that are 
amenable to a biventricular repair [9]. Even in tetralogy of 
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Fallot (TOF) and pulmonary atresia with ventricular sep-
tal defect (PA/VSD), there are some centers that advocate 
the avoidance of first-step palliation [10–13] because of the 
expected high mortality after shunt placement. According 
to the literature, patients with univentricular hearts exhibit 
higher mortality after shunt placement than patients with 
biventricular physiology [9, 14]. Shunt-dependent survival 
is strongly influenced by the development of shunt-related 
circulatory complications, which, particularly in function-
ally single-ventricle hearts, may result in a dismal outcome 
[9, 14].

The clinical outcome of corrective surgery is determined 
by the morbidity and mortality induced by the surgical pro-
cedure on one hand, and by the complexity of the underlying 
heart disease on the other [9]. Shunt placement is indicated 
in patients with hypoplastic pulmonary arteries to promote 
growth [15] and might be a better option than primary repair 
in these patients.

We sought to review our outcomes in patients with biven-
tricular circulation who underwent systemic-to-pulmonary 
artery shunt placement in order to identify risk factors for 
postoperative complications.

Materials and Methods

All patients with biventricular circulation who underwent 
shunt placement and subsequent corrective surgery between 
2000 and 2016 at the German Heart Centre in Munich were 
included in the study. Patients were identified from our clini-
cal database and all available medical records and operative 
notes were reviewed. Indications for shunt placement were 
duct-dependent pulmonary circulation without antegrade 
blood flow, hypoplastic pulmonary arteries, hypoxic spells, 
and prematurity.

All patients were examined regularly after surgery at our 
outpatient clinic or by the referring pediatric cardiologist.

We defined two endpoints of the study:

– Shunt failure, defined as shunt thrombosis or stenosis
– Shunt-related mortality, defined as death as a conse-

quence of shunt failure.

The shunt size was determined according to the patient’s 
weight. The goal was a shunt/size index (mm/kg) of < 1.5. 
If the shunt/size index was ≥ 1.5, the shunt was considered 
oversized.

After surgery, the patients were examined regularly 
by echocardiography and all patients were seen every 
4–6 weeks in our outpatient clinic after discharge and were 
examined by echocardiography. Angiography was routinely 
planned and performed in all patients at 3–6 months after 
shunt implantation prior to further surgery. If there were 

signs of reduced shunt flow on echocardiography, angiog-
raphy was performed sooner.

Surgical Technique

Shunt placement was performed through a median sternot-
omy with cardiopulmonary bypass in the majority of the 
cases. The brachiocephalic trunk was exposed and the right 
pulmonary artery (PA) dissected up to the hilum. A bolus of 
100 IU/kg heparin was administered if surgery was not per-
formed on bypass. The brachiocephalic trunk was clamped 
with a side-biting clamp and a longitudinal arteriotomy 
was performed. An obliquely fashioned thin-wall Gore-Tex 
stretch vascular graft (W. L. Gore & Associates, Inc., AZ, 
USA) was sutured end-to-side to the brachiocephalic trunk. 
The clamp was released and good shunt flow ascertained. 
After trimming the shunt to the right length, it was anasto-
mosed to the right PA. In case of a right descending aortic 
arch, the shunt was anastomosed to the left PA. A central 
shunt was placed for anatomical reasons or at the discre-
tion of the attending surgeon. The anatomy was considered 
unsuitable for a mBTS if the PAs were hypoplastic. Cen-
tral shunt placement was performed interposing a thin-wall 
Gore-Tex stretch vascular graft between the ascending aorta 
and the PA in a similar fashion, using the pulmonary trunk 
or bifurcation in cases of hypoplastic PA. We have routinely 
used Propaten brand heparin-coated shunts since 2011.

Postoperative anticoagulation was performed according 
to a standard protocol as follows:

– For shunt size < 4 mm, intravenous heparin 5000 IU/m2/
day beginning 6 h after surgery until removal of the cen-
tral venous catheter; thereafter oral aspirin 3–5 mg/kg.

– For shunt size > 4 mm, intravenous heparin 5000 IU/m2/
day beginning 6 h after surgery until removal of the cen-
tral venous catheter and no postoperative aspirin.

Statistical Analysis

Statistical analysis was performed using SPSS 22.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Frequencies are given 
as absolute numbers and percentages. Continuous data are 
given as medians with ranges or as means with standard 
deviation. Comparison of categorical variables was carried 
out by using the two-tailed χ2-test or the Fisher exact test, as 
appropriate. Comparison of continuous variables was car-
ried out by using the t-test for independent samples. The 
Kaplan–Meier method was used to estimate the probability 
of freedom from shunt failure and shunt-related mortality. 
The Cox-regression analysis was used to identify risk fac-
tors for events. For all tests, a p value ≤ 0.05 was considered 
statistically significant.
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Results

Patients

A total of 217 shunts were implanted in 178 patients. The 
median patient age at time of surgery was 98 days [1 day 
to 1.2 years]. Only one patient received a shunt beyond the 
infant age. This patient, who had PA/VSD and multiple aor-
topulmonary collateral arteries (MAPCA), underwent suc-
cessful corrective surgery 5 years after shunt implantation. 
Initial patient characteristics are summarized in Table 1.

mBTS was performed in 131 patients (60%; 116 [88.5%] 
right PA and 15 [11.5%] left PA) and 86 patients (40%) had 

central shunt placement. Shunt size ranged from 3 to 6 mm 
(Fig. 1). One in three patients (33%, n = 72) received hepa-
rin-coated shunts. The mean shunt/size index (mm/kg) was 
1.0 ± 0.3; 146 patients had shunt/size index > 1 and 12 had 
shunt/size index ≥ 1.5. All shunt characteristics are sum-
marized in Table 2.

Four patients (1.8%; three with acute cardiac failure and 
one with acute hypoxemia) required postoperative extra-
corporeal membrane oxygenation (ECMO), which was 
implanted postoperatively in the ICU during cardiopulmo-
nary resuscitation (CPR) in all cases. The shunt was partially 
clipped in three patients at the time of ECMO implantation 
in order to secure adequate blood flow for ECMO.

Forty-three patients (20%) with thrombocytopenia 
required platelet transfusion for postoperative bleeding. The 
indication was a thrombocytopenia. Other coagulopathy or 

Table 1  Preoperative characteristics of 178 patients

PA pulmonary atresia; VSD ventricular septal defect; MAPCA multi-
ple aortopulmonary collateral arteries; TOF tetralogy of Fallot; TGA  
transposition of the great arteries; PS pulmonary stenosis; PA IVS 
pulmonary atresia with intact ventricular septum

Total, n 178

 Age (days) 98 days 
[1 day to 
1.2 years]

 Weight (kg) 4.2 ± 2.6
 Male, n (%) 111 (62)

Diagnosis, n (%)
 PA, VSD ± MAPCA 77 (35)
 TOF 65 (30)
 TGA, PS 53 (25)
 PA IVS 22 (10)

Fig. 1  Distribution of 217 
shunts

Table 2  Characteristics of 217 implanted shunts

ECC extracorporeal circulation; mBTS modified Blalock–Taussig 
shunt

Total, n (%) 217

mBTS 131 (60)
Central shunt 86 (40)
3 mm 23 (10)
3.5 mm 34 (16)
4 mm 134 (62)
> 4 mm 26 (12)
Heparin-coated 72 (33)
ECC 186 (86)
Shunt/size index (mm/kg) 1.0 ± 0.3
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polycythemia was not associated. All 43 patients received 
also fresh frozen plasma (FFP) and packed red blood cells 
(PRBC). Further 40 patients received FFP and PRBC, but 
no platelets.

All of the patients on ECMO required platelet transfu-
sion. Five patients (two on ECMO) needed reoperation for 
postoperative bleeding.

A total of 199 angiographies were performed after sur-
gery; 178 were scheduled prior to further surgery and 21 
were performed emergently after finding severely reduced 
shunt flow on echocardiography.

There were 147 (83%) patients who underwent correc-
tive surgery within a median time of 0.6 years [3 months to 
7 years] after shunt placement. The patient who had correc-
tive surgery at 5 years after shunt placement was initially 
considered not to be suitable for biventricular repair.

There were 39 patients who required a second shunt 
implantation before corrective surgery. These patients were 
doubly included in the study: eight with shunt failure and 31 
who outgrew the initial shunt but still matched the inclusion 
criteria. A total of 31 patients died; 21 remained in shunt 
failure, and 147 achieved the corrective surgery. The course 
of all patients with implanted shunts is depicted in Fig. 2.

Mortality

The 30-day mortality rate was 6.7% (n = 12). Shunt-related 
mortality was confirmed in five patients (2.8%), all after 
shunt thrombosis. Four of these patients (4/5) died after CPR 
and one (1/5) had the shunt clipped on ECMO. The other 
7 (7/12) patients died of myocardial failure (n = 5) or sep-
ticemia (n = 2). In all seven of these, autopsy confirmed a 
patent shunt. There were 19 patients who died after hospital 
discharge, all of acute cardiac failure.

The rate of freedom from shunt-related mortality at 1 year 
was 97.5 ± 1% (Fig. 3).

Shunt Failure and Treatment

A total of 21 shunts (9.6%) remained in a failure at a median 
of 14.6 days [0 days to 2 years]. Angiography showed shunt 

stenosis in 11 patients, which was treated with balloon angi-
oplasty (n = 4), stent implantation (n = 4), or surgical shunt 
replacement (n = 3).

Shunt thrombosis was diagnosed by angiography in five 
patients. The treatment in all of these was reoperation for 
shunt exchange. Additionally, shunt thrombosis was diag-
nosed at autopsy in another five patients.

The course of the patients with shunt failure is depicted 
in Fig. 4. The rate of freedom from shunt failure at 1 year 
was 89.9 ± 2.6% (Fig. 5).

Risk Factors for Shunt Failure and Shunt‑Related 
Mortality

Perioperative platelet transfusion (p = 0.03) and shunt size 
of 3 mm (p = 0.03) were identified as risk factors for shunt 
failure. Shunt size of 3 mm was also a risk factor for shunt-
related mortality (p = 0.01).

Underlying diagnosis, shunt type, patient weight and sex, 
and transfusion of other blood products did not significantly 
influence the risk for shunt failure or shunt-related mortality 
(Table 3).

Discussion

Placement of a systemic-to-pulmonary artery shunt can be 
a life-saving procedure for patients with congenital heart 
defects associated with diminished or absent pulmonary 
blood flow. However, despite numerous improvements in 
diagnosis, intensive care medicine, and intraoperative man-
agement in recent decades, the overall outcome of the mBTS 
remains unsatisfactory. Our retrospective analysis of shunt 
placements in patients with biventricular circulation dur-
ing 15 years showed a 30-day mortality rate of 6.7% after Fig. 2  Flowchart of 217 shunts in 178 patients

Fig. 3  Freedom from shunt-related mortality
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initial shunt placement. This analysis featured a large single-
center cohort of 217 shunts implanted in 178 patients with 
biventricular circulation. The shunt-related mortality was 
only 3% (n = 5), but a total of 21 patients (9.6%) developed 
shunt failure. We found that the size of shunt influenced the 
probability of a stenosis or thrombosis and increased the 

risk of shunt-related mortality. Transfusion of platelets also 
worsened the postoperative prognosis in terms of greater 
risk of shunt failure.

A number of single-center reports from an earlier era 
evaluated the outcomes of shunt placement. These studies 
reported mortality rates ranging from 3.7 to 14% [16–20], 
and more recent studies have confirmed that mBTS place-
ment remains a high-risk procedure. Petrucci and colleagues 
examined outcomes in 1273 patients (62% with biventricular 
heart defects) from the multi-institutional Society of Tho-
racic Surgeons (STS) Congenital Heart Surgery Database 
and identified an overall mortality rate of 7.2% [14], and in 
2014, Bove et al. reported an 8.7% overall hospital mortality 
rate in 150 neonates after shunt surgery [9]. In our study, the 
overall 30-day mortality rate after shunt surgery was 6.7% 
(n = 12), but the shunt-related mortality rate was only 3%. 
Our report included only patients with biventricular circula-
tion. We found a lack of publications analyzing the reasons 
for shunt-related mortality. In our analysis, autopsy results 
showed that 7 of 12 patients who died with a shunt in situ 
died of reasons unrelated to the shunt itself.

Regarding our finding that shunt size of 3 mm is a risk 
factor for shunt-related mortality, it is well known that 
both a patient’s weight and the use of smaller shunts are 

Fig. 4  Shunt failure and treat-
ment in 21 patients

Fig. 5  Freedom from shunt failure

Table 3  Risk factors for shunt 
failure and shunt-related 
mortality

Variable Univariate analysis Multivariate analysis

Shunt failure HR 95% CI p HR 95% CI p

Shunt size of 3 mm 4 1.4–11.3 0.009 3.2 1.1–9.3 0.03
Transfusion of platelets 3.2 1.3–7.9 0.01 2.7 1.1–6.9 0.03
Shunt-related mortality
 Shunt size 3 mm 6.2 1.4–28.2 0.01
 Diagnosis 0.8
 Shunt type 0.2
 Heparin-coated 0.9
 Weight 0.8
 Sex 0.9
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significantly related to poor outcomes after shunt placement 
[21, 22]. However, weight alone had no influence on shunt-
related mortality in our cohort, whereas the 3-mm shunt 
size increased the risk of shunt-related mortality. This find-
ing suggests a benefit for shunt oversizing, although other 
authors have reported that excessive pulmonary blood flow 
can also contribute to mortality [6, 9]. We could not identify 
an increased risk of mortality related to shunt oversizing 
in our cohort. Furthermore, patients with additional blood 
flow, such as MAPCA, who should have a higher risk of 
pulmonary flooding, did not have a higher risk of mortality.

One older (1995) multivariate risk analysis for mortality 
found that left mBTS and male sex were associated with 
increased mortality [20]. Pulmonary atresia with intact ven-
tricular septum has also been identified as a significant risk 
factor for mortality after shunt surgery [14]. In our study, 
neither sex nor the nature of the underlying heart defect had 
any influence on postoperative mortality. On the other hand, 
other authors have, as we have, found that that shunt size of 
3 mm is related to increased risk of shunt failure [21, 22]. 
It is assumed that a shunt size of at least 3.5 mm is required 
for sufficient flow and a respective flushing effect to prevent 
thrombus formation.

We found that perioperative transfusion of platelets 
increased the risk for shunt failure, which has not been 
previously reported. Forty-three patients (20%) required 
postoperative platelet transfusion to control bleeding, due 
to postoperative thrombocytopenia. Transfusion of other 
blood products such as fresh frozen plasma or packed red 
blood cells showed no influence on shunt failure and mor-
tality. Heparin-coated polytetrafluoroethylene shunts have 
been introduced in an attempt to reduce acute shunt occlu-
sion by inhibiting thrombus formation. This type of shunt 
has been available since 2011, and it comprised 33% of the 
shunts in our study. We did not detect an obvious advantage 
of heparin-coated shunts in our study, and a previous his-
topathological analysis of PTFE shunts showed that partial 
endothelialization and discrete pseudointima proliferation 
were equal in both heparin-coated and non-heparin-coated 
shunts [23].

We also could not find any association between antico-
agulation regimens and shunt failure. All of our patients 
received an early postoperative intravenous heparin regimen 
after shunt surgery, and although the patients with shunt 
size < 4 mm received aspirin addition to heparin, the rate of 
shunt thrombosis was higher in these patients. Factors that 
may initiate thrombus formation during the early postopera-
tive period with fresh surgical anastomoses include periods 
of low systemic blood pressure and pulmonary hyperten-
sion with consecutive stasis [6]. In contrast to our findings, 
Li et al. found a beneficial effect of aspirin after palliative 
shunt placement in infants. Patients who received aspirin 
had a lower risk of shunt thrombosis (p = 0.008) and death 

(p = 0.057) compared with those not receiving aspirin [24]. 
Another prospective study showed that hemodilution to a 
hematocrit value of 45% was also associated with a signifi-
cantly higher shunt patency rate [25].

Conclusion

Type of shunt and preoperative diagnosis have no influ-
ence on morbidity or mortality after shunt placement in 
patients with biventricular circulation. The ideal shunt 
size in patients with biventricular circulation requiring a 
systemic-to-pulmonary artery shunt is 3.5 mm or larger. 
Platelet transfusion increases the risk of shunt failure and 
should be avoided.
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