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Systemic‐to‐pulmonary shunt vs right ventricle to pulmonary
artery connection in the treatment of pulmonary atresia,
ventricular septal defect, and major aortopulmonary
collateral arteries
Fan Fan MD1,2,3

|

Bo Peng MD2

|

Zhimin Liu MD2

|

Yinglong Liu MD1

|

Qiang Wang MD2
1
Pediatric Cardiac Center, Beijing Anzhen
Hospital, Capital Medical University, Beijing,
China

Abstract
Objective: The systemic‐to‐pulmonary shunt (SPS) and right ventricle to pulmonary
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artery (RV‐PA) connection were evaluated to pursue the goal of rehabilitating
dysplastic native PAs via establishment of antegrade blood flow. However, the
application of these two palliative operations was still confusing. We compared the two
operations to determine their different effects on patients who have pulmonary atresia,
ventricular septal defects, and major aortopulmonary collateral arteries (MAPCAs).
Methods: From January 2011 to January 2016, 44 patients received the SPS
procedure, and 54 patients received the RV‐PA connection procedure; these
procedures were compared based on perioperative data and follow‐up data. There
was no significant difference between the two groups for follow‐up time (15.5 ± 11.8
vs 11.4 ± 10 months; P = .073).
Results: The SPS patients had a smaller preoperative pulmonary artery index
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(68.57 ± 38.25 vs 112.62 ± 61.63 mm2/m2; P < .01), more MAPCAs (2.4 ± 1.1 vs
1.8 ± 1.5; P = .045)

and

had

a

shorter

intubation

time

(26.73 ± 27.20

vs

40.88 ± 36.93 hours; P = .045), intensive care unit stay (3.6 ± 3.9 vs 5.7 ± 5.5 days;
P = .033), and hospital stay (9.9 ± 3.9 vs 14.7 ± 11.9 days; P = .014) than the RV‐PA
connection patients. The cumulative complete repair rate and cumulative survival
rate did not differ significantly between the two groups.
Conclusions: Both the SPS and the RV‐PA connection could rehabilitate the PA and
produce complete repair, while the SPS could achieve better early postoperative
outcomes and be suitable for patients with severe dysplastic PAs and large MAPCAs.
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was reconstructed using an extracardiac conduit. In the RV‐PA
connection group, 26 patients received a transannular patch, and

Staged repair is usually employed in patients with pulmonary atresia

28 patients received an extracardiac conduit. The complete repair

and ventricular septal defect (VSD), especially for patients with

included an interposing conduit, adopting a transannular patch or

diminutive pulmonary arteries and major aortopulmonary collateral

repairing without a transannule.

arteries (MAPCAs). Currently, surgical units around the world,

All of the clinical data were reviewed from the patients’ medical

including ours, focus on ways to promote the growth of native

records. The intracardiac anatomy was evaluated by using an

pulmonary arteries.1,2 As the unifocalization of MAPCAs was found

ultrasonic cardiogram (UCG). The hemodynamics, MAPCAs, and

to be a high‐risk procedure with a low patency rate and lack of

pulmonary artery size were determined from the angiographic

1

the systemic‐to‐pulmonary shunt (SPS) and the right

report. We used the pulmonary artery index (PAI), which was

ventricle to pulmonary artery (RV‐PA) connection have become

described by Nakata et al,9 as the quantitative standard to classify

the main palliative methods used for these patients. Both of these

the PA. Duration of hospitalization was defined as the duration

two operations have been reported to be safe and effective by

from the day of surgery to the day of discharge. The per month

other studies.3-6 However, few studies directly compare these two

increased PAI, calculated as (follow‐up PAI − preoperative PAI)/

palliative operations. The application of these two palliative opera-

(follow‐up months), was used to evaluate the ability to promote the

tions is still confusing. Here, we compare the results obtained

growth of the native pulmonary artery. The follow‐up did not stop

from patients undergoing SPS and RV‐PA connection procedures to

until the patients died or underwent the final completion.

growth,

determine the difference between these two palliative procedures.

All of the data were analyzed by PASW statistics 18.0 statistical
software. Normal distribution continuous data were expressed as
the mean ± standard deviation and tested by Student’s t tests.

2 | MATERIALS AND METHODS

The categorical data were presented as frequencies accompanied by
percentages and were compared using the χ2 test. The skewed

All of the procedures performed in studies involving human

distribution data were presented as a median with an interquartile range

participants were in accordance with the ethical standards of

and were analyzed with the rank‐sum test. P < .05 indicated statistical

the institutional research committee and the institutional review

significance. The cumulative survival rate and cumulative complete repair

board at Fuwai Hospital approved the use of clinical data for this

rate of both groups were estimated using the Kaplan‐Meier method.

study. From January 2011 to January 2016, 98 consecutive patients
with pulmonary atresia and VSDs underwent palliative procedures at
Fuwai Hospital and were retrospectively reviewed in this study,

3 | RESULTS

including 44 patients who underwent an SPS procedure and 54
patients who underwent an RV‐PA connection. The patients with a

In our study, 98 patients with pulmonary atresia and VSDs underwent a

suitable native pulmonary artery size who underwent a one‐stage

palliative

completion or those with other concomitant complex intracardiac

an SPS and 54 patients who underwent an RV‐PA connection. The

abnormalities were excluded from this study.

perioperative data are tabulated in Table 1. The preoperative PAIs of

procedure,

including

44

patients

who

underwent

Both the SPS and RV‐PA connections were performed through a

the SPS patients were significantly smaller than that of the RV‐PA

standard median sternotomy. The SPS included two methods—a

connection patients (68.57 ± 38.25 vs 112.62 ± 61.63 mm2/m2; P < .01),

central shunt and a modified Blalock‐Taussig (BT) shunt. A central

and the number of MAPCAs of the SPS patients were significantly

shunt was used unless the central pulmonary artery was posterior to

larger than that of the RV‐PA connection patients (2.4 ± 1.1 vs 1.8 ± 1.5;

the aorta. In our study, 12 patients received a modified BT shunt and

P = .045). The age, weight, body surface area (BSA), sex ratio, and room

32 patients received a central shunt. The technique for the modified

air saturation did not differ significantly between the groups.

BT shunt was performed as described by de Leval et al7 in 1981.

When considering operative and postoperative data, the patients’

A Gore‐Tex conduit was interposed between the main pulmonary

shunt graft diameters were 5 or 6 mm; thus, these diameters were

artery branch and the subclavian artery or innominate artery. The

larger than those of other surgical units,3,10 except in three patients

technique used to insert the central shunt was reported by Gates

who received a shunt graft with a diameter of 4 mm. In contrast, the

et al.3 However, we did not make a side‐to‐side anastomosis between

mean diameter of the RV‐PA connection was 7.8 ± 2.0 mm, and this

the Gore‐Tex tube and the ascending aorta at the proximal end of

diameter was dependent on the patients’ weight and postoperative

the Gore‐Tex conduit: instead, we cut the end of the Gore‐Tex tube

oxygen saturation. Only three of the SPS patients needed a

into a slope with a 45° to 75° angle, and then we made an end Gore‐

cardiopulmonary bypass (CPB), while all of the RV‐PA connection

Tex‐to‐side aorta anastomosis. The technique used for the RV‐PA

patients needed one. The number of patients without a CPB was

connection has been described previously.8 If there was continuity

significantly different between the SPS patients and the RV‐PA

between the central PA and RV, a transannular patch was sutured

connection patients (41 [93.2%] vs 0; P < .01). The time that the CPB

to the edges of the incision from the PA to the RV infundibulum. If

took for the SPS patients was significantly shorter than for the RV‐PA

the PA was discontinuous from the RV, the RV to PA connection

patients (43 [39‐61] minutes vs 76.5 [56‐114.25] minutes; P = .031). The
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T A B L E 1 Perioperative data
SPS (n = 44)

3

T A B L E 2 Follow‐up data
RV‐PA connection
(n = 54)

SPS (n = 44)

RV‐PA connection
(n = 54)

P

Per month
increased PAI

13.27 ± 18.05

9.65 ± 10.33

.266

Late mortality

1 (2.3%)

5 (9.3%)

.312

Complete repair

9 (20.5%)

20 (37%)

.074

Lost to follow‐up

2 (4.55%)

1 (1.85%)

.875

Follow‐up time, mo

11.4 ± 10

15.5 ± 11.8

.073

P

Male sex

27 (61.4%)

33 (61.1%)

.98

BSA, m2

0.45 ± 0.19

0.44 ± 0.21

.781

Weight, kg

9.9 ± 5.0

10.0 ± 7.1

.974

Age, mo

25.0 ± 31.5

27.6 ± 49.3

.757

Room air saturation, %

72.7 ± 10.1

75.3 ± 8.7

.162

Preoperative PAI

68.57 ± 38.25

112.62 ± 61.63

<.01

Number of MAPCAs

2.4 ± 1.1

1.8 ± 1.5

.045

Off‐pump operation

41 (93.2%)

0%

<.01

Blood product
transfusion

3 (6.8%)

30 (55.6%)

<.01

CPB time, min

43 (39‐61)

76.5 (56‐114.25)

.031

pleural effusions and two from low cardiac output. Two of the RV‐PA

Intubation time, h

26.73 ± 27.20

40.88 ± 36.93

.045

connection patients who received the complete repair died: one from

ICU stay, d

3.6 ± 3.9

5.7 ± 5.5

.033

endocarditis and one from a subarachnoid hemorrhage. One of the SPS

Complication

1 (2.3%)

10 (18.5%)

.027

patients whose follow‐up UCG showed low shunt blood flow died of

Hospital stay, d

9.9 ± 3.9

14.7 ± 11.9

.014

severe cyanosis and persistent hypoxia before the complete repair. The

Perioperative
mortality

0

1 (1.85%)

NA

Abbreviations: PAI, pulmonary artery index; RV‐PA, right ventricle to
pulmonary artery; SPS, systemic‐to‐pulmonary shunt.

patients and one of the SPS patients. Three of the RV‐PA connection
patients who did not have a complete repair died: one from prolonged

Abbreviations: BSA, body surface area; CPB, cardiopulmonary bypass;
ICU, intensive care unit; MAPCAs, major aortopulmonary collateral
arteries; NA, not applicable; PAI, pulmonary artery index.

trend showed that the RV‐PA connection patients had higher mortality
when they received the complete repair. In the SPS group, the second
shunt operation was performed in three SPS patients whose preoperative PAI were lower than 90 mm2/m2. The preoperative PAI of
one of the SPS patients was just 4.5 mm2/m2, and the latest PAI was
110.6 mm2/m2 48 months after the second shunt. With regard to

patients who received a blood product transfusion differed significantly

catheter interventions, the SPS patients received 6 coil occlusions, while

between the groups during the operation (3 [6.8%] vs 30 [55.6%];

the RV‐PA connection patients received 30 coil occlusions, 4 balloon

P < .01). The duration of intubation, stay in the intensive care unit (ICU),

angioplasties, and 1 pulmonary stent implantation.

and hospital stay of the SPS patients were significantly shorter than that
of the RV‐PA connection patients (Table 1). One 10‐year‐old patient,
with a preoperative PAI of 25.6 mm2/m2, received central shunt

4 | D I S C U SS I O N

extubation in the operation room and was discharged successfully
without any complications. One SPS patient received a pericardial

In this study, we research the different effects of SPS and RV‐PA

fenestration because of pericardial effusion, while the RV‐PA patients

connection on patients associated with pulmonary atresia, VSD, and

included seven with pulmonary overperfusion, one with pericardial

MAPCAs. We found the SPS and RV‐PA connection had similar

effusion, one with a cerebral hemorrhage, and one with diaphragm

abilities to improve the growth of native hypoplastic pulmonary

paralysis. One operative death occurred in an RV‐PA connection

arteries, while the SPS achieved better early postoperative outcomes

patients whose CPB could not be stopped until the surgeon changed the

and was suitable for patients with more severe dysplastic PAs and

RV‐PA connection to a modified BT shunt. The CPB took 911 minutes,

large MAPCAs. Although the mortality of pulmonary atresia, VSDs,

the patient died of serious pulmonary edema and respiratory failure

and MAPCAs has decreased over the past decades, the patients still

9 hours after the operation. By contrast, no perioperative deaths

posed a therapeutic challenge for the surgeons. The size of the native

occurred in the SPS patients.

pulmonary arteries and the condition of MAPCAs greatly determined

The follow‐up data were tabulated in Table 2 and showed in

the method of surgical management. Some studies11,12 reported

Figure 1. The follow‐up time, per month increased PAI, late mortality,

the one‐stage complete unifocalization and repair. However,

complete repair rate, and lost to follow‐up rate did not differ

these studies showed relatively higher mortality, had small sample

significantly between the groups (Table 2). The cumulative complete

sizes and had no long‐term follow‐up. The development of native

repair rate was similar between the two groups, and the rate

pulmonary arteries was uncertain for the patients with diminutive

was more than 50% in both groups 2 years later. Twenty of the

pulmonary arteries. According to our experience, the higher

RV‐PA connection patients received the complete repair, including 12

pulmonary resistance always occurred in the younger patients and

with a valved conduit and 8 with a transannular patch. In the

was associated with distal pulmonary artery dysplasia which might

SPS group, nine patients received the complete repair, including

result in a difficult early postoperation period. Healing these patients

six with a transannular patch and three who had the repair without

would thus become an impossible task to accomplish, especially for

a transannule. Death occurred later in five of the RV‐PA connection

most medical centers without excellent postoperative care teams in

4
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F I G U R E 1 A, Kaplan‐Meier curve of the survival rate; B, Kaplan‐Meier curve of the complete repair rate. RV‐PA, right ventricle to
pulmonary artery; SPS, systemic‐to‐pulmonary shunt
developing countries such as China. The staged procedures can

RV‐PA connection patients, a normothermic CPB on a beating heart

obviously relieve cyanosis and assist patients with the transition to a

was used to keep the hemodynamics stable. Therefore, the SPS

time when they developed larger native pulmonary arteries and are

patients were able to avoid the influence of a CPB, reduce the

able to receive the complete repair. The theoretical basis of both

operation time, reduce the transfusion of blood products, and

the SPS and the RV‐PA connection was increasing the blood flow of

alleviate the systemic inflammatory response. Second, the incision

the native pulmonary arteries. The patients exhibit different post-

of the right ventricle for the RV‐PA connection patients also affected

operative results because of the different sources of blood flow and

the function of the right ventricle, while the untouched heart of

different methods of surgical management.

the SPS patients did not face this problem. Third, the different

The SPS was superior in dealing with diminutive pulmonary

strategies and effects of the MAPCAs played another vital role.

atresia. Our results showed that the SPS patients had smaller

Like many other studies,11,14,15 the management of the MAPCAs

pulmonary artery size and a larger proportion of diminutive‐sized

was also a focus of our research. For the SPS patients, the MAPCAs,

pulmonary arteries. Sullivan et al13 reported that the RV‐PA

which caused the pulmonary overperfusion postoperation or

connection patients were older. Although the patients in both groups

showed no stenosis before the complete repair, were occluded. The

in our study did not differ significantly in age, the Sullivan study was

MAPCAs were seldom treated at preoperation, because they did not

similar to ours. The older patients actually required a longer time to

affect the operation. In contrast, to reduce the blood returned to the

grow the pulmonary arteries. For the RV‐PA connection patients, a

surgical field for the RV‐PA connection patients, the larger sized

very thin conduit could not be made because of the high risk of

MAPCAs had to be occluded before the RV‐PA connection. Although

stenosis for a thin conduit. However, the interposed tube between

our study was managed in our hybrid operation room, an emergency

the aorta and the main pulmonary arteries could easily be made

operation might be necessary when the patients’ pulmonary blood

even for the extremely diminutive arteries. The smallest PAI at

relied greatly on the MAPCAs. In the process of dealing with the

preoperation in our study was 4.5 mm2/m2 which belonged to one of

MAPCAs, we found that the RV‐PA connection patients had to

the SPS patients. This patient received the central shunt for the first

receive more transcatheter occlusions and that the SPS patients

operation and the right modified BT shunt for the second operation.

could adapt to the MAPCAs better. The main reason for this, with

2

2

The recent follow‐up PAI was 110.6 mm /m which was close to the

the exception of a different surgical technique, was the higher

criterion for a complete repair. This seemed impossible for the RV‐PA

pressure of the antegrade blood flow of the SPS patients. The higher

connection patients.

pressure of the SPS shunt could oppose the blood flow from large

When compared with RV‐PA connection patients, the SPS

collaterals which promoted the stenosis of MAPCAs, but the

patients achieved better early postoperative outcomes, for example,

pressure of the RV‐PA shunt was sometimes not high enough to

a shorter duration of intubation, ICU stay, and hospital stay. There

oppose the blood flow from the large collaterals. The RV‐PA shunt

were three main reasons that led to this result. First, a CPB was used

even became an outlet of blood flow from the large collaterals for

less for the SPS patients. Because of the placement of lateral forceps,

some patients.

most of the patients who underwent the SPS did not require a CPB

Both operations had the goal of rehabilitating the dysplastic

unless there was severe cyanosis when the PA was clamped. For the

native PAs via establishment of antegrade blood flow that, in one
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ET AL.

|

5

case, came from the right ventricle and, in another case, came from
the systemic arteries. We tried to use the per month increased PAI to
evaluate the ability to promote the growth of the native pulmonary
artery, which was not previously described in the literature. Although
it showed no significant difference, there are still two important
features that differ between the two methods. First, the initial PAI of
SPS was significantly lower than that of RV‐PA connection
(68.57 ± 38.25 vs 112.62 ± 61.63 mm2/m2; P < .01). Although the
per month increased PAI was similar between the two groups, the
growth of smaller initial native PA would be harder to establish and
more valuable. Second, the different sources of pulmonary blood
between the two methods had different effects on the pulmonary
arteries. For the SPS patients, the only way to promote the growth of
PA was to shunt the flow with higher blood pressure, which had the
effect of promoting growth in entire segments, including the distal
and proximal parts. As Figure 2 shows, the SPS patient had severe
dysplastic distal and proximal PA at preoperation, and we can see
the obvious development of distal and proximal PA at follow‐up.
The convenience of using a transcatheter treatment to promote the
growth of native PA was deemed an advantage of the RV‐PA
connection by some studies,6 including ours. Four balloon angioplasties and one stent implantation were performed for the RV‐PA
patients to expand the size and relieve stenosis of the PA. Figure 3
shows an RV‐PA connection patient who underwent implantation of
right pulmonary arterial stent when we found stenosis of right
pulmonary artery 11 months after RV‐PA connection. However, this
strategy had some limits for severe dysplasia PA. The balloon
angioplasties and stent implantation can only expand the proximal
trunk of PA, while the distal circulation of PA can not be effectively
promoted to grow like the SPS because of the relatively lower
shunting pressure. The better distal PA circulation of SPS patients
can achieve lower pulmonary resistance and better complete repair
outcomes.
In our study, the complete repair rate and the cumulative
complete repair rate was similar between the two groups. Nevertheless, the RV‐PA connection patients who received the complete
repair seemed to be associated with higher mortality as we described
in the result (Figure 1). The reasons were diverse, but the three most
important reasons were the repeated incision of the RV and the PA,
the better distal pulmonary circulation of the SPS, and less tissue

F I G U R E 2 Cardioangiography of one systemic‐to‐pulmonary
shunt (SPS) patient at different time, A, preoperation; B, 11 months
after SPS; C, postoperation complete repair 24 months after SPS

adhesion of the SPS because of the untouched heart in the first
operation. These reasons might lead to longer operative time and

maintain good heart function. The reason for different methods for

more complex manipulations for the RV‐PA connection patients.

complete repair was the different treatment of pulmonary annulus in

Further, the main method for a complete repair is different between

the two groups. In the SPS group, the higher pressure of the blood

the two groups. The patients in the RV‐PA connection group mostly

flow could promote the growth of an uninjured pulmonary annulus.

adopted the valved conduit, while the patients in the SPS group

To interpose a conduit between the right ventricle and the

mostly adopted the transannular patch. This difference significantly

pulmonary artery in the RV‐PA connection group, the pulmonary

affects the long‐term prognosis of patients according to our

annulus is always injured, which determined the use of the valved

experience. Because of the calcification, degeneration or stenosis of

conduit for a complete repair. We noticed that the Melbourne group

the valved conduit, the patients who used the valved conduit face

regarded the RV‐PA connection as the bedding before the complete

a high risk of reoperation to change the conduit. The incomplete

repair.15 Their rationale was the easy access to the PA of the RV‐PA

pulmonary annulus of the transannular patch patient has the ability

conduit and the restrictive SPS shunt. However, we thought that was

to grow as the patients grow older which would help these patients

unnecessary. The SPS shunt promoted the growth of pulmonary

6

|

FAN

ET AL.

5 | CO NCL USIONS
Our study presented a comparison of two palliative operations for
patients who had pulmonary atresia, VSDs, and MAPCAs. Both the
SPS and the RV‐PA connection could rehabilitate the PA and be the
basis for a complete repair, while the SPS could achieve better early
postoperative outcomes and be suitable for patients with severe
dysplasia PAs and large MAPCAs. As the valved conduit was adopted
in most of the RV‐PA patients, they have a high risk of reoperation to
change the conduit in the future.
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R E F E R E N CE S

F I G U R E 3 Cardioangiography of one right ventricle to pulmonary
artery (RV‐PA) connection patient at different time, A, preoperation;
B, 11 months after RV‐PA connection; C, implantation of right
pulmonary stent

arteries well for our patients and the repeated SPS shunt effectively
relieved the diminutive‐sized PAs. If we made the RV‐PA connection
after the SPS, all of our efforts to conserve the pulmonary annulus
would be in vain.
Our study had the inherent limitations of retrospective studies.
The patients were not randomly allocated into groups. Some patients
did not receive the complete repair because of economic reasons and
this could have influenced the results to some extent. If the patients
could have received the repair in time, the results may be more
satisfying. Last, our study had a relatively small sample size and a
short follow‐up time.
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