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Abstract
Background: Congenital heart disease (CHD) is a

significant cause of childhood morbidity and mortality
worldwide. Treatment often involves systemic arterial-
to-pulmonary artery shunts (SAPAS); local data is

sparse. Methods: A retrospective study was carried out
at the Kenyatta National Hospital in Nairobi (Kenya)
between January 1st 2006 and December the 31st 2012.
All patients who received a SAPAS at the institution
during the study period were included. Results:
Twenty-four SAPAS were performed on 22 patients.
Ten of 24 SAPAS’s (41.7%) were central shunts and 14
of 24 SAPAS’s (58.3%) were modified Blalock-Taussig
shunts. The median age and median weight were 20
months (range 3-120) and 11.6 kilograms (range 4.7-23)
respectively. The median pre-operative and post-
operative arterial oxygen saturations were 68% (range:

29-92) and 89% (range 52-100) respectively.
Postoperative heparin was used in 4 of 23 shunt
procedures (17.4%). The in-hospital operative mortality
was 25%. Median length of post-operative follow-up
was 1 year; 95% were lost to follow-up. Four out of 22
patients (18.2%) had a subsequent definitive palliative
procedure. Conclusion: The utilization of SAPAS’s is
not optimal; this may be related to the poor post-
operative follow up of our patients. Further study is
required to determine the reasons for poor follow-up.
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Introduction

Congenital heart disease (CHD) is a significant cause of
childhood morbidity and mortality worldwide (1).
Treatment is primarily surgical and current practice is to
either restore the normal anatomy within the first 6
months of life (2), or to create a definitive palliative
alternative anatomical arrangement by 4 years of age
(3). In certain circumstances, such as cyanotic neonates
with tetralogy of Fallot (4) or cyanotic patients with
Tetralogy of Fallot and hypoplastic pulmonary arteries
(5), better outcomes are obtained if definitive surgery
(total correction or palliation) is preceded by creation of
a systemic arterial-to-pulmonary artery shunt (SAPAS).

SAPAS may be peripheral or central; there is a dearth of
local data on SAPAS use (6). The first report in the
literature of the use of a peripheral shunt (PS) to treat a
human being was by Blalock in 1945 (7). The right
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subclavian artery was connected to the right pulmonary
artery to increase pulmonary blood flow and alleviate
cyanosis. This procedure is known as the classical
Blalock-Taussig shunt (CBTS). It has been modified in
contemporary practice by using prosthetic material and
is now known as the Modified Blalock-Taussig Shunt
(MBTS) (8). Davidson reported creating a central shunt
(CS) by connecting the ascending aorta directly to the
main pulmonary artery (9). This procedure has been
modified using prosthetic material and is called the
modified Davidson shunt (10). The aim of our study
was to determine the indications for and outcomes of
SAPAS in our setting.

Methods

Our study was a retrospective, descriptive study carried
out at the Kenyatta National Hospital (KNH) in Nairobi,
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Kenya between January 1st 2006 and December the
31st 2012. The investigators identified relevant
patients using the cardiothoracic theatre register.
Patient case notes were then retrieved and the relevant
data was entered into a data sheet. All patients who
underwent a SAPAS procedure at KNH during the
study period were included. Patients who were
admitted to KNH but had received a SAPAS at another
institution during the study period were excluded.
Variables collected included: type of cardiac lesion,
type of SAPAS performed, age at surgery, indication
for surgery, use of postoperative anticoagulation,
length of intensive unit stay and operative mortality.
Microsoft Excel (2010) was used for data analysis;
there was no missing data. The study was carried out

after approval by the Kenyatta National
Hospital/University of Nairobi Ethics and Research
Committee.
Results

Over the study period, twenty-four SAPAS were
performed on 22 patients. The lesions in the shunted
patients are shown in Table 1.

Table 1 Cardiac lesion in SAPAS patients

Cardiac Lesion Number (%)
Tetralogy of Fallot (TOF) 11 (45.8)
Tricuspid atresia (TA) 7(29.2)
Double outlet right 6(25)
ventricles (DORV)

Ten (41.7%) of these were central shunts (CS) and 14
(58.3%) were modified Blalock-Taussig Shunts
(MBTS). Four of the 14 MBTS (28.6%) were
performed on the right side. The median age and
median weight at shunt surgery were 20 months (range
3-120) and 11.6 kilograms (range 4.7-23) respectively.
The median pre-operative and post-operative arterial
oxygen saturations were 68% (range: 29-92) and 89%
(range 52-100) respectively.

All shunts expanded
polytetrafluoroethylene (ePTFE) and created using
continuous prolene. The median shunt diameter was

were made of

Smm (range 3.5-7). The median duration of surgery
was 4 hours (range 3.5-5). Within 12 hours of
completion of surgery, intravenous heparin was used
in 4 of 23 shunt procedures (17.4%). Long-term post-
operative aspirin was used in 7 of 23 shunt procedures
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(30.4%); the rest of the patients did not receive any
anticoagulant. The median length of intensive care stay
(LOICUS) and the median length of hospital say
(LOHS) were 3 days (range 2-82) and 8.5 days (range
5 - 48) respectively. The in-hospital operative
mortality was 25% (6 deaths). The median length of
post-operative follow-up was 1 year (range 1 to 6).
Four out of 22 patients (18.2%) had a subsequent
definitive palliative procedure; we could not tell if any
patient had a corrective procedure. At the time of data
collection, 20 of 22 patients (91%) had not been seen
in the clinic for the last 2 years.

Discussion

The median age at SAPAS (MBTS or CS) surgery in
our patients was 20 months; no SAPAS was performed
in neonates. In contemporary best practice, MBTS are
primarily performed in neonates (11); the aim is to
cyanosis and to subsequent
definitive surgical procedures. It is not clear why no

alleviate facilitate
shunts were performed in neonates, however, a
previous study (carried out at the same hospital) on the
management pathway of CHD showed that the mean
age at which CHD was first confirmed by
echocardiography was 18.6 months(6). The authors
also noted that the mean age at which CHD was first
suspected was 9.5 months. It is likely that CHD is not
recognized in the majority of neonates in our setting.
This is a concern as the prognosis of cyanotic neonates
who do not receive timely intervention is poor. It is not
unreasonable to postulate that most neonates requiring
SAPAS in our setting die before a diagnosis of CHD is
made. Sixteen of 24 shunt procedures (66.7%) were on
patients  with  hypoplastic  branch  pulmonary
arteries(BPA’s); 8 of 16 patients with hypoplastic
BPA’s (50%) received a single PS and the rest
received a single CS. Nakata showed that poor surgical
outcomes(death) are obtained when total surgical
correction is attempted in patients with hypoplastic
BPA’s(5). SAPAS’s are used to ‘grow’ BPA’s to
facilitate total correction or optimal definitive
palliation. In this regard, CS’s have been shown to
grow hypoplastic BPA’s sufficiently in accordance
with Nakata’s recommendations (12). There appears to
be conflicting evidence as to whether peripheral shunts
(CBTS and MBTS) grow BPA’s sufficiently (13, 14);
this may explain why surgical opinion and practice
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differ in regard to the most suitable shunt in a setting
of hypoplastic BPA’s. Work by Borowski et al
provides an explanation for the apparent conflict of
evidence (15). Their work shows that BPA growth
depends on shunt size and the duration that the shunt
has been in place. They noted that to obtain adequate

BPA growth, more than one PS is usually required (i.e.

a second operation is necessary after some time). In

addition, when the duration of time required for

adequate BPA growth in their paper is compared to CS
outcomes reported in the literature, it is clear that a PS
takes a longer time to achieve adequate BPA growth.

These two concepts are important to appreciate as they

greatly affect surgical decision making. Their

implications may be summarized as follows:

1. A single CS will be sufficient to achieve adequate
BPA growth but more than one PS will be required
to achieve adequate growth.

2. It will take longer to achieve adequate BPA growth
using a PS than a CS.

Another concept also affects the choice of shunt used:

there is evidence that a CS is a risk factor for operative

mortality (16). Considered together, these three
concepts provide reasonable arguments for the use of
either shunt. The hospital mortality of 25% is quite
high compared to the 10% reported in the literature

(17, 18); two factors may have contributed to this.

First, our patients are older than the typical patient in

contemporary practice. Having lived with the

pathology for longer they may represent a sicker
cohort of patients. Secondly, only 17.4% of our
patients received heparin post-operatively and only

30.4% received post-operative acetylsalicylic acid.

Although more recent evidence suggests that failure to

administer postoperative heparin (19) and aspirin (20)

are risk factors for operative mortality, older evidence

suggested that post operative intravenous heparin (21)

and oral aspirin (22) were unnecessary. This may

explain why a large number of patients in our cohort

didn’t receive them. Over 50% of SAPAS patients did

not present for a single follow-up visit. The remainder

only presented for one follow-up visit; 95.5% were lost
to follow-up. Only 18.2% went on to have definitive
palliative surgery (we cannot tell if any had total
corrective surgery). This poor progression to the next
surgical procedure it probably due to the extremely
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poor follow-up. The poor quality of follow-up is
worrisome as a single SAPAS will not provide long-
term palliation (23) nor will a single PS produce
adequate growth of BPA’s. It is likely that a significant
number of these children have died. This is a tragedy
in an era when 90% of children with CHD reach
adulthood and experience a good quality of life after
having either a total correction or a definitive palliative
surgical procedure (24).

Conclusion

Our findings suggest that the utilization of SAPAS in
our setting is not optimal and that this may be related
to poor patient follow-up. Future studies should
determine the reasons for poor follow-up with a view
to providing data that may be used to improve this
aspect of care.
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