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Although results of repair or palliation of con-
genital heart disease have steadily improved
in the last two decades, anaesthesia for pae-
diatric cardiac surgery remains a sub-special-
ty with a number of complex high-risk proce-
dures. The anaesthesiologist is confronted
with a wide range of operations, with many
of them done infrequently. Simple analysis of
mortality rates and complications may be
misleading when other factors are not con-
sidered, cases complexity in particular. 
Surgical modifications and management im-
provements have led to increased survival af-
ter first-stage Norwood palliation of the hy-
poplastic left heart syndrome. However, mor-
tality still exceeds that of most reconstructive
procedures for complex congenital heart de-
fects. Peri-operative management and out-
come of HLHS palliation varies dramatically
from institution to institution [1]. Neverthe-
less, the anaesthesiologist has to know exact-
ly the principles of the circulation in univen-
tricular heart to ensure best care during the
peri-operative period.
One of the primary goals of pre- and imme-
diate postoperative management is mainte-
nance of “balanced” systemic and pul-
monary circulations. It is generally assumed,
that pulmonary to systemic blood flow ratio
(Qp/Qs) close to 1 is associated with the best
clinical presentation for neonates with HLHS
[2]. As pulmonary vascular resistance can
change, sometimes widely, after induction of
anaesthesia for stage I palliation, Qp/Qs will
also vary, despite adequate management. Im-
balances of Qp/Qs and limited myocardial re-
serve of the morphological right ventricle
compounded with inadequate systemic oxy-
gen delivery and end-organ perfusion ac-
counts for most of early mortality. To opti-
mize systemic oxygen delivery we, like some
centres, have adopted continuous monitor-

ing of systemic venous oxygen saturations
(SvO2) with or without oximetric catheters to
allow continuous Qp/Qs measurements [3].
For induction of anaesthesia it is important to
keep the circulation as it was before induc-
tion if the patient was in stable condition.
That means avoiding all anaesthetics that will
affect the peripheral vascular resistance. In
our centre we use only high dose fentanyl
and pancuronium for induction of anaesthe-
sia. We never use inhalational agents in
HLHS before initiation of bypass. After endo-
tracheal intubation the FiO2 was adjusted to
0.21. During the whole induction period it is
important to maintain the body temperature
of the infant to ensure that temperature in-
duced vasoconstriction is avoided. 
Our current concept is to facilitate high-flow
cardiopulmonary bypass to ensure maximum
organ perfusion even when cooling down to
18°C core body temperature. Vasoconstric-
tion is a natural reaction of the body to cold,
causing the blood vessels to contract. Such a
reaction would lead to a clear rise in blood
pressure on cardiopulmonary bypass (CPB).
Since the blood pressure is regulated in the
arteriolar loop of the capillary system, there is
a marked increase in blood pressure and a
passage of free water into the surrounding tis-
sue which, in turn, may lead to the intra-oper-
ative development of oedema. Such „ me-
chanical“ development of oedema is possibly
misconstrued as a capillary leak syndrome.
For this reason, many heart centres reduce
the flow on cardiopulmonary bypass. A re-
duction in the blood flow may lead to an in-
adequate supply of oxygen to the tissue,
however, despite the decrease in body tem-
perature. This oxygen debt is detected during
rewarming as a measurable increase in acidic
metabolic end products (e.g. lactate).
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Advocates of such a method claim that a re-
duced supply under hypothermic conditions
can be tolerated by the body in a similar way
to hibernation. Another approach is to coun-
teract the natural reaction of the body and
use medication to compensate for the cold-
induced vasoconstriction. In such a way, the
surgeon has perfect conditions in which to
operate while all the organs remain perfused
even during hypothermia. In order to main-
tain the blood pressure, or rather organ per-
fusion, during vasodilation, the flow on CPB
must be increased (up to 20% of baseline). In
a recent study we have published results of
the “high-flow, low resistance technique [4]. 
The most critical period is termination of
CPB. We routinely use continuous infusion of
dopamine 4-6 µg kg-1 min-1 as inotropic sup-
port only. All other therapy was guided by de-
termination of the Qp/Qs ratio and the result
of transoesophageal echocardiographic ex-
amination in infants down to 3 kg/BW. 

Balanced circulations with low total cardiac

output

SaO2 of 75–80% and SvO2 of 40–55% with
corresponding Qp/Qs between 1 and 2: If
lactate levels are rising, inadequate total car-
diac output and low systemic oxygen deliv-
ery is assumed. Since Qp/Qs is already in op-

timal range, measures to improve systemic
oxygen delivery concentrate on elevation of
haematocrit and on augmentation of inotrop-
ic support (norepinephrine starting with 0.05
µg kg-1 min-1 up to maximum of 0.1 0.05 µg
kg-1 min-1). Before further decision transoe-
sophageal echocardiographic examination is
done to exclude anatomical problems. If aer-
obic conditions are still not achieved, ECMO
support should be instituted.

Unbalanced circulations with high systemic

oxygen delivery

SaO2 of 75–80% and SvO2 above 60% with
corresponding Qp/Qs ≤1: with rising lactate
levels, measures that increase systemic vascu-
lar resistance or decrease pulmonary vascu-
lar resistance should be initiated to adjust
Qp/Qs between 1 and 2.
Unbalanced circulations with pulmonary

overcirculation

SaO2 of 75–80% and SvO2 below 40% with
corresponding Qp/Qs ≥2: with rising lactate
levels, measures that decrease systemic vas-
cular resistance or increase pulmonary vascu-
lar resistance should be commenced to ad-
just Qp/Qs between 1 and 2
Fig. 1. Qp/Qs ratio in survivors and non-sur-
vivors: calculated Qp/Qs ratio was higher in
survivors than in non-survivors [3].

Figure 1
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In every case the time course of lactate is re-
peatedly measured to determine perfusion
deficits early. We are aware that lactate is an
unspecific parameter for estimation of circu-
lation, but we know from our own as well as
studies from other groups that an increase in
lactate in the early postoperative period is a
clear indicator to look carefully for the reason
of that increase of lactate. 

Conclusion

Anesthetic management in patients with
HLHS is still challenging. Basic principle in
planning anaesthesia is to maintain “bal-
anced” systemic and pulmonary circulations.
During the early post-bypass period the drug
therapy as well as respirator settings should
be guided by the determination of the
Qp/Qs ratio, as well as close measurements
of haemodynamic and laboratory parameters
such as lactate, SaO2, SvO2.
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