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Abstract

Background The ‘‘hybrid procedure’’ is an alternative

surgical palliation strategy for single ventricle congenital

heart disease. The purported benefit is improved cognitive

ability secondary to avoidance of cardiopulmonary bypass

in the neonatal period when neuronal apoptosis is greater.

It is unknown whether survival is improved after this

procedure. Intraoperative hypotension is common in these

patients, and we hypothesized that this hypotension was

associated with mortality or morbidity.

Methods We reviewed the records of 58/58 patients

undergoing a first-stage hybrid procedure from 2004 to 2010

in a tertiary pediatric academic centre. Risk factors for poor

outcome and the association between intraoperative hypo-

tension and morbidity or mortality were investigated.

Results Average preoperative arterial blood pressure

(ABP) [systolic/diastolic presented as mean (standard

deviation)] were 68 (12.7) / 38 (9.4) mmHg. Post-induction

ABP was 65 (15.2) / 37 (8.6) mmHg. The average intra-

operative nadir of ABP was 45 (7.0) / 26 (4.8) mmHg. On

return to the intensive care unit (ICU), the average ABP

was 69 (13.7) / 38 (11.6) mmHg. The nadir lasted longer

than ten minutes in 32/58 patients. The mortality at 48 hr,

60 days, and 12 months was 3/58 (5%), 10/58 (17%), and

15/58 (26%), respectively. Six patients returned to the ICU

on extracorporeal membrane oxygenation (ECMO). There

was a weak statistical correlation between the average

mean and diastolic BP pre-induction and changes of

[ 20% in systolic and diastolic BP during the case.
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Conclusion In this patient cohort, we can show an

association between short periods of intraoperative hypo-

tension and mortality or return to the ICU on ECMO, but

the importance of this is not certain.

Résumé

Contexte L’intervention « hybride » est une stratégie

palliative chirurgicale alternative pour traiter la cardiopathie

congénitale touchant un seul ventricule. L’avantage prétendu

d’une telle alternative est une meilleure capacité cognitive en

raison du non-recours à la circulation extracorporelle en

période néonatale, lorsque l’apoptose neuronale est plus

importante. Nous ne savons pas si la survie est améliorée

après cette intervention. L’hypotension peropératoire est

courante chez ces patients, et nous avons émis l’hypothèse que

cette hypotension était associée à la mortalité et la morbidité.

Méthode Nous avons passé en revue les dossiers de

58/58 patients ayant subi une intervention hybride de

premier stade entre 2004 et 2010 dans un centre

universitaire de soins tertiaires pédiatriques. Les facteurs

de risque d’un mauvais pronostic et l’association entre

l’hypotension peropératoire et la morbidité et la mortalité

ont été examinés.

Résultats La tension artérielle (TA) préopératoire

moyenne [systolique/diastolique présentée comme moyenne

(écart type) était de 68 (12,7) / 38 (9,4) mmHg]. La TA

post-induction était de 65 (15,2) / 37 (8,6) mmHg. Le nadir

peropératoire moyen de TA était de 45 (7,0) / 26 (4,8)

mmHg. Au retour à l’unité des soins intensifs (USI), la TA

moyenne était de 69 (13,7) / 38 (11,6) mmHg. Le nadir a

duré plus de dix minutes chez 32/58 patients. La mortalité à

48 h, 60 jours et 12 mois était de 3/58 (5 %), 10/58 (17 %),

et 15/58 (26 %), respectivement. Six patients sont retournés à

l’USI sous oxygénation extracorporelle à membrane

(ECMO). Une faible corrélation statistique a été observée

entre la TA moyenne et diastolique avant l’induction et des

changements [20 % dans la TA systolique et diastolique

pendant l’intervention.

Conclusion Dans cette cohorte de patients, nous pouvons

démontrer une association entre de brève périodes

d’hypotension peropératoire et la mortalité ou le retour à

l’USI sous ECMO, mais l’importance de cette association

n’est pas certaine.

Hypoplastic left heart syndrome is palliated with a goal of

using the functioning right ventricle to supply cardiac

output to both pulmonary and systemic circulations.1 In the

first-stage Norwood procedure under cardiopulmonary

bypass (CPB) and deep hypothermic arrest, the ductus

arteriosus is ligated, the main pulmonary artery is divided,

the aortic arch is reconstructed, and the proximal aorta is

anastomosed to the pulmonary artery outflow from the

right ventricle. Pulmonary blood flow is supplied through a

modified Blalock-Taussig (BT) shunt, an artificial conduit

anastomosed between the right subclavian artery and the

right pulmonary artery. The systemic and pulmonary cir-

culations are in parallel – the BT shunt restricts flow as

pulmonary vascular resistance decreases. Further palliation

involves a hemi-Fontan procedure at about four to six

months old and ultimately a Fontan procedure at two to

three years of age.
Neurodevelopmental outcomes in Norwood survivors

are poorer than in children with other congenital heart

disease diagnoses or without congenital heart disease.2,3

There is an association between deep hypothermic circu-

latory arrest and lower subscores in certain cognitive tests.4

Regional cerebral perfusion has not been shown to prevent

this effect.5

An alternate palliative surgical strategy (‘‘hybrid pro-

cedure’’)6 provides systemic blood flow by stenting the

ductus arteriosus, controls pulmonary arterial (PA) blood

flow by placement of bilateral PA bands, and ensures

unobstructed pulmonary venous return by atrial septos-

tomy. The purported advantage of this procedure is to

delay aortic arch reconstruction and CPB until approxi-

mately six months of age, as bypass is not required to

perform these procedures.7 At our institution, a ‘‘reverse’’

BT shunt is also placed where there is no forward flow

across the aortic valve.8 In case of ductal device dis-

lodgement, this shunt would ameliorate the acute coronary

and cerebral ischemia.

Some centres have described favourable results with this

technique.9 Data from our institution suggest survival after

the hybrid procedure is no better than that with the Nor-

wood procedure, although other outcomes, including

duration of tracheal intubation and intensive care unit

(ICU) length of stay may be shorter.10

In both procedures, the palliated physiology is complex,

unstable, and difficult to assess. There are multiple reasons

for hypotension, desaturation, and inadequate oxygen

delivery. Treatment of hypotension using vasopressors may

result in blood flow being diverted into the pulmonary

vascular bed, causing heart failure, myocardial ischemia,

and sudden death. Inadequate perfusion pressures result in

inadequate oxygen delivery, and inotropic drugs have been

shown to increase myocardial oxygen consumption more

than oxygen delivery in this population.

Previous work in neonatal cardiac surgery involving deep

hypothermic circulatory arrest identifies a brief duration of

intraoperative hypotension after rewarming to be predictive

of mortality.11 This study examines the hypothesis that

intraoperative hypotension in first-stage hybrid patients is

associated with a return to the ICU on extracorporeal

membrane oxygenation (ECMO) or mortality within 48 hr,

60 days, or 12 months. We performed this study because of

clinical concerns about the incidence and treatment of
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hypotension in patients with single ventricles undergoing

the hybrid procedure.12,13 It is unclear if treating systemic

hypotension with vasopressors or inotropes actually

improves myocardial and coronary perfusion in this circu-

lation or merely increases pulmonary blood flow and

worsens coronary and cerebral perfusion. Frequently,

patients undergoing the Norwood procedure receive phe-

noxybenzamine on CPB to reduce systemic vascular

resistance postoperatively. Patients undergoing the hybrid

procedure can have periods of hemodynamic instability

during the procedure and do not have the impact of CPB to

consider.

Methods

The institutional ethics review board granted approval for

the study (REB File No.: 1000017526 April 2011, Hospital

for Sick Children Research Ethics Board) and waived the

requirement for informed consent.

Data sources

The records of all patients who had undergone hybrid

palliation from May 2004 until October 2010 were exam-

ined in this historical cohort study. Subjects were identified

from surgical databases and cross-referenced with cardi-

ology databases. As a new procedure, we log all patients

undergoing first-stage hybrid for quality review. All sub-

jects were inpatients.

Anesthetic, surgical, and intensive care records were

examined, and progress notes were reviewed for compli-

cations after surgery. The study factor of interest was

intraoperative hypotension at any stage of the procedure.

Hypotension was defined as ‘‘prolonged’’ if it per-

sisted C ten minutes. Arterial blood pressure (ABP) values

were taken from the handwritten anesthetic record corre-

sponding to times prior to surgery, prior to induction of

anesthesia, immediately after induction, lowest during

surgery, and on return to the ICU. The relative ABP

decrease, defined as the difference between ABP on the

ward and any subsequent ABP during the perioperative

period, was also examined. Arterial blood pressures were

determined from indwelling arterial catheters in all subjects

for post-induction, intraoperative, and postoperative val-

ues. For the pre-induction ABPs, values were obtained

from indwelling catheters where available.

In the absence of conventional agreement as to the

definition of hypotension in a neonate,13 an intraoperative

ABP of\ 45 mmHg systolic,\ 28 mmHg diastolic, or an

absolute drop of [ 20 mmHg systolic or [ 15 mmHg

diastolic compared with preoperative systolic and diastolic

BPs, respectively, was considered hypotension. Relative

hypotension (defined as [ 20% reduction in the pre-

induction systolic, mean, or diastolic ABP (SBP, MDP,

DBP, respectively) and duration of hypotension were

examined. The outcomes of interest were return to ICU on

ECMO or death. Secondary analysis included birth weight

and age, day of surgery weight and age, and anatomical

variants. Data on incidence of large vessel thrombosis,

necrotizing enterocolitis (NEC), cerebral ischemia, or

hemorrhage were collected as markers of hypoperfusion

but not used in subsequent analysis.

Statistical analysis

Descriptive data of the cohort are presented as mean

[standard deviation (SD)] for normally distributed data.

Data not normally distributed are presented as median

(interquartile range [25%-75%]). Data were assessed for

normal distribution using basic descriptive statistics and

graphical examination of the data. Univariable logistic

regression was performed. Data analysis was performed

with Microsoft Excel 2010 (� Microsoft Corporation,

Redmond, WA, USA) and SAS v 9.2 (Cary, NC, USA). A

P value of \ 0.05 was considered significant.

Results

The records of all 58 patients who underwent combined

ductus arteriosus stenting and pulmonary artery banding

from May 2004 to October 2010 were retrieved. Table 1

outlines the demographics of the cohort. Complete intra-

operative data were available on 42/58 patients; some

patients did not have intraoperative lactates (4/58) or an

ABP (14/58) recorded immediately prior to induction,

usually due to an inability to obtain an accurate noninva-

sive ABP on an awake neonate. Two patients did not have

preoperative lactates recorded. All patients had a

Table 1 Demographics of cohort

Male 32/58 (55%)

Gestational age (weeks) mean (SD) 39.0 (1.7)

Birth weight (g) mean (SD) 3,136 (555)

Age on day of surgery (days) median [IQR] 7 [5-15]

Pre-natal diagnosis 42/58 (72%)

Single ventricle diagnosis other than HLHS 13/58 (22%)

Aortic atresia present 27/58 (47%)

Aortic atresia and mitral atresia 15/58 (26%)

Aortic atresia and mitral stenosis 8/58 (14%)

Other congenital anomalies present 11/58 (19%)

HLHS = hypoplastic left heart syndrome; IQR = interquartile range;

SD = standard deviation
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preoperative ABP measurement on the ward just prior to

the procedure, and all had intraoperative and postoperative

ABP measurements.

All patients received indwelling arterial and central

venous catheters. Table 2 outlines the perioperative medi-

cal management in this cohort and outlines the average

ABP measured in our cohort at our specified times of

interest. Table 3 indicates the recorded intraoperative

adverse events. In 2/58 (3%) patients, the reverse BT shunt

was placed where there was coronary ischemia despite

evidence of forward flow on echocardiography.

Table 4 outlines the important adverse outcomes

observed in our cohort.

Table 5 shows the univariate analysis for outcomes with

odds ratios and confidence intervals. Statistically signifi-

cant risk factors for poor outcome with logistic regression

Table 2 Perioperative data

Preoperative course

Median greatest preoperative lactate

(mmol�L-1)

3.85 [2.7-7.3]

Median lactate immediately prior to

surgery (mmol�L-1)

1.6 [1.2-1.9]

Tracheal intubation prior to surgery 22/58 (38%)

Milrinone prior to surgery 12/58 (21%)

Milrinone and dopamine prior to surgery 3/58 (5%)

Epinephrine infusion prior to surgery 2/58 (3%)

Preoperative ECMO 1/58 (2%)

Intraoperative management

Fentanyl used at induction 57/58 (98%)

Pancuronium used at induction 54/58 (93%)

Isoflurane for maintenance 37/58 (64%)

Sevoflurane for maintenance 17/58 (29%)

Intraoperative blood pressures Systolic Diastolic

Average ABP immediately prior to

induction (mmHg)

68 (12.7) 38 (9.4)

Average ABP immediately after induction

(mmHg)

65 (15.2) 37 (8.6)

Average lowest recorded ABP during case

(mmHg)

45 (7.0) 26 (4.8)

Median time (after induction) of ABP

nadir (min)

100 [68-138]

ABP nadir duration [ 10 min 32/58 (55%)

Average ABP on return to ICU (mmHg) 69 (13.7) 38 (11.6)

Intraoperative blood pressure
management

Proportion

receiving

Median

dose

Phenylephrine (lg�kg-1) 15/58 (26%) 5.3 [3.5-

6.5]

Calcium chloride (mg�kg-1) 17/58 (29%) 56 [20-

63]

Colloid transfusion (albumin) (mL�kg-1) 19/58 (33%) 19 [10-

24]

Packed red blood cell transfusion

(mL�kg-1)

45/58 (78%) 27 [12-

34]

Milrinone (used alone) 5/58 (9%) n/a

Dopamine (used alone) 3/58 (5%) n/a

Epinephrine (used alone) 6/58 (10%) n/a

Multiple inotropes other than epinephrine 8/58 (14%) n/a

Multiple inotropes including epinephrine 11/58 (19%) n/a

Data are expressed as n (%), mean (standard deviation), and median

[interquartile range]. ECMO = extracorporeal membrane oxygena-

tion; ABP = arterial blood pressure; ICU = intensive care unit

Table 3 Intraoperative adverse events

Unexpected cardiac arrest 8/58 (14%)

Supraventricular tachycardia 7/58 (12%)

Junctional rhythm 4/58 (7%)

Median [IQR] greatest intraoperative lactate

(mmol�L-1)

1.7 [1.2-

2.8]

Reverse Blalock-Taussig shunt placed 21/58

(36%)

IQR = interquartile range

Table 4 Adverse outcomes of cohort

Adverse outcomes (n = 58) n (%; 95% CI)

Return to ICU on ECMO 6 (10%; 5 to 21)

Large vessel thrombosis within 30 days 9 (16%; 8 to 27)

Suspected necrotizing enterocolitis 13 (22%; 14 to 35)

Cerebral hemorrhage or ischemia 7 (12%; 6 to 23)

Subsequent heart transplantation 5 (9%; 4 to 19)

Death within 48 hr 3 (5%; 2 to 14)

Death after 48 hr but within 60 days 7 (12%; 6 to 23)

Death after 60 days but within 12 months 5 (9%; 4 to 19)

CI = confidence interval; ICU = intensive care unit; ECMO =

extracorporeal membrane oxygenation

Table 5 Univariable table for important complications

OR (Wald 95% CI

limits)

P
value

Average systolic pressure pre-induction 2.38 (0.72 to 7.92) 0.16

Average mean pressure pre-induction 1.21 (1.06 to 1.39) 0.006

Average diastolic pressure pre-induction 1.38 (1.07 to 1.77) 0.01

Difference between systolic pressure

pre- and post induction*

1.49 (1.03 to 2.15) 0.04

Difference between mean pressure pre-

and post induction*

1.46 (1.00 to 2.13) 0.05

Difference between diastolic pressure

pre- and post induction*

1.21 (1.05 to 1.41) 0.01

ECG changes during case 0.99 (0.84 to 1.17) 0.92

Inotrope score 1.81 (0.21 to 15.80) 0.59

Peak intraoperative lactate 4.00 (0.31 to 51.29) 0.29

*Difference defined as the difference between arterial blood pressure

(ABP) on the ward and any subsequent ABP during the perioperative

period. OR = odds ratio; CI = confidence interval; ECG =

electrocardiogram
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analysis included pre-induction MBP and DBP and a[20%

relative difference in intraoperative SBP and DBP compared

with the respective pre-induction values.

Duration of hypotension was also examined; an ABP

nadir lasting more than ten minutes was not associated with

adverse outcome. Risk factors identified in prior studies

were also examined; low birth weight and the presence of

aortic atresia showed no association with outcome.14 Due

to the small number of adverse outcomes (\ 20 events),

multivariable analysis was not used to identify independent

predictors of outcomes.15 Linear gradients were further

confirmed by examination of receiver operating charac-

teristic curves, which showed absence of effect for all

values.

Discussion

We describe the perioperative hemodynamic data of the

first-stage hybrid procedure at our institution. Case series

published thus far indicate that survival rates after the

hybrid procedure are similar to the established Norwood

procedure.9,16 Some series suggest that the hybrid proce-

dure may offer survival advantages in high-risk neonates,

including those of low birth weight.14 Despite this, the data

indicate that mortality after both hybrid and Norwood

procedures remains high. There is evidence that hemody-

namic instability in the postoperative period is equally

frequent for both the hybrid and Norwood procedures.17

This cohort received standard anesthesia management

by our institution. By our definition, the patients’ ABP at

induction and immediately post-induction was normal;

however, the records displayed important falls in ABP at a

median time of 100 min after induction. This nadir usually

corresponded with a surgical intervention, such as stent

deployment or placement of pulmonary artery bands.

Patients received treatment for this ABP nadir, the majority

with red blood cell transfusion and vasoactive drugs. Due

to intraoperative cardiac arrest, 10% of our patients

required commencement of ECMO.

At the conclusion of data collection (March 2011),

15/58 (26%) of patients in this cohort had died. This is in

keeping with previously published data for both the hybrid

and the Norwood procedure.16 Major adverse events,

including large vessel thrombosis, cerebrovascular events,

and suspected NEC requiring antibiotic therapy, are com-

mon in this group.

Only the pre-induction MBP and DBP and a large

([ 20%) decrease in SBP and DBP were suggestive of

adverse outcomes. Previously identified risk factors, e.g.,

low birth weight or lack of antegrade flow in the aorta,

were not appreciably associated with adverse outcomes.

The study data are limited to a single centre with ret-

rospective data collection, which may bias results reflecting

practice at one site. Prospective data collection would have

been preferable. Few centres perform this procedure and

ideal patient selection remains unclear. The ideal hemo-

dynamic management is also uncertain, and morbidity and

mortality are high. We have included all patients from our

first attempts at this procedure and patients with atypical

anatomy. Prior studies have also included single ventricle

pathologies other than hypoplastic left heart syndrome in

analysis of outcome.18 This patient cohort also had a higher

frequency of comorbidities than prior studies, suggesting a

poorer outcome.9,19

Results of this study identify a statistical association

between adverse outcomes and pre-induction MBP and

DBP and large reductions in intraoperative SBP and DBP.

This may reflect the importance of coronary perfusion,

which cannot be assured by a high SBP because of ‘‘run-

off’’ perfusion into the pulmonary vascular bed. In our

view, this is an important series (n = 58) for this infre-

quently performed procedure. Although there is a high

incidence of intraoperative and interstage morbidity and

mortality in this series, we are unable to draw any further

conclusions from the data. This lesion presents complex

hemodynamic management challenges. Identification of

predictive factors of poor outcome amenable to anesthesia

intervention remain unclear.

Competing interests None declared.
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