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Abstract This study aimed specifically to identify the

predictors of prolonged recovery after the arterial switch

operation for transposition of the great arteries in infants. The

clinical records of all infants admitted to the surgical inten-

sive care unit (SICU) between January 2000 and March 2011

after an arterial switch operation were retrospectively

reviewed. The cohort was divided into a prolonged recovery

group that included all patients who exceeded the 75th per-

centile for duration of SICU stay and a standard recovery

group that included all the remaining patients. Of the 102

patients in the final analysis, 31 experienced prolonged

recovery. The median SICU stay was 18 days (range, 14–58

days) for the patients in the prolonged recovery group and

only 8 days (range, 5–13 days) for the patients in the standard

recovery group. After univariate analysis, a stepwise logistic

regression model analysis was used to compare the demo-

graphic data as well as the pre-, intra-, and postoperative

variables between the two groups. Of all the variables

analyzed, high postbypass serum lactate level [odds ratio

(OR), 2.610; 95 % confidence interval (CI), 1.464–4.653;

p = 0.039], need for larger volume of resuscitation fluid (OR,

3.154; 95 % CI, 1.751–5.682; p = 0.018), and noninfectious

pulmonary complication (OR, 2.844; 95 % CI, 1.508–5.363;

p = 0.025) were identified as independent risk factors for

prolonged recovery among infants undergoing an arterial

switch operation for transposition of the great arteries.
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Introduction

Advances in surgical techniques and postoperative man-

agement have made it possible for children to benefit from

surgical intervention to correct or palliate congenital heart

disease [6, 11], even complex abnormal cardiac lesions

[1, 6, 10] such as the transposition of the great arteries

(TGA) [7, 15]. During the neonatal period, TGA is the

most common cyanotic congenital heart disease, and

without surgical intervention, survival is not expected.

Because of the current low operative mortality and

excellent survival, the arterial switch operation (ASO) is

now the standard, effective, and preferred surgical proce-

dure for TGA [4, 13, 21]. Continued innovations for

this operation strategy have occurred. Furthermore, the

boundaries and juncture of the primary ASO in patients

with TGA have been extending in past several decades
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[13, 23]. Therefore, a growing number of neonates and

infants with TGA have undergone ASO for correction of

the arterial malformation and have required postoperative

intensive care [4].

Critical care in the surgical intensive care unit (SICU) is an

important stage for successful implementation of the afore-

mentioned operation. A previous study suggested that pro-

longed postoperative ICU time is independently associated

with impaired cognitive function for children 8 years old

[18]. Thus, prolonged recovery in the SICU after ASO has

become a critically important issue in the reduction of post-

operative morbidity and mortality. The defining factors

associated with prolonged recovery may therefore be essen-

tial for improvement of immediate and long-term outcomes.

The current study aimed to identify perioperative factors

that contribute to a prolonged recovery course after ASO

for infants admitted to the SICU.

Materials and Methods

After approval by the local ethics committee, the study was

conducted in an 18-bed SICU over an 11 year period (from

January 2000 to March 2011) at a university children’s

hospital located in Eastern China. Due to the retrospective

nature of our study, the need for informed consent was

waived.

The study enrolled 111 consecutive patients with TGA

undergoing the switch operation. Of the 111 patients, 53

with TGA and intact ventricular septum (TGA/IVS) were

routinely administered prostaglandin E1 (PE1, 5–10 ng/kg/

min) to reopen the ductus arteriosus or to maintain its

patency or mechanical ventilation if necessary after PE1

administration. They received ASO or rapid two-stage

ASO as soon as possible. Preoperative balloon atrial sep-

tostomy was not used in our center. Therefore, nine

patients with TGA/IVS had to receive emergency ASO

because of severe hypoxia or cardiac dysfunction.

Nine patients were excluded from the study due to

incomplete clinical data (3 patients), prematurity (1 patient),

death after surgery (3 patients), or need for extracorporeal

membrane oxygenation support in the immediate postoper-

ative period (2 patients). All the patients admitted to the

SICU received critical care immediately after surgery. None

of these patients returned to bypass or had revision of the

operation or coronary translocation.

Study Design and Data Definitions

The study population included all the patients who sur-

vived to SICU discharge. The patients’ demographic data

together with their anatomic and perioperative clinical

physiologic variables were collected retrospectively from

medical records. The demographic and preoperative vari-

ables included age, weight, preoperative cardiac dysfunc-

tion, noncardiac anomaly, pulmonary artery hypertension,

and pneumonias requiring mechanical ventilation (MV)

support and saturation of oxygen. The preoperative serum

urea nitrogen, creatinine, and blood glucose levels were

analyzed after admission.

The intraoperative variables included emergency opera-

tion, American Society of Anesthesiology (ASA) classifi-

cation, coronary artery anatomy patterns, cardiopulmonary

bypass (CPB) time, operation time, need for defibrillation to

resuscitate heart after circulatory arrest, ultrafiltrated vol-

ume, negative fluid balance during the operation, and post-

bypass serum lactate level. The postbypass serum lactate

level was analyzed at the end of the surgery. In part, the

postoperative variables were nosocomial pneumonia, non-

infectious pulmonary complication, postoperative arrhyth-

mia, postoperative pulmonary artery hypertension, and

postponed sternal closure.

The patients with TGA/IVS were divided into an early

switch group (n = 31; age, \3 weeks) and a late switch

group (n = 19; age, C3 weeks) according to the previous

method [13]. The definitions for the variables are presented

in Table 1.

Postoperative day 1 (POD 1) was defined as the period

between transfer from the operating room to the SICU and

7 a.m. on the morning after surgery. The SICU central

venous pressure (CVP) was measured at admission by

internal jugular catheter pressure tracing, whereas the left

atrial pressure (LAP) was measured by an intracardiac

atrial line pressure tracing. Arterial blood gas and hemat-

ocrit (Hct) were analyzed using the worst values on POD 1.

The postoperative levels of serum alanine transaminase

(ALT), serum aspartate aminotransferase (AST), blood

glucose, total bilirubin, serum urea nitrogen, and creatinine

were analyzed using the peak values on POD 1.

The POD 1 inotropic score was calculated by a previ-

ously described formula as follows: dopamine ? dobuta-

mine ? (milrinone 9 10) ? (epinephrine 9 100) using

peak infusions rates measured in lg/kg/min [3, 5]. The

volume of resuscitation fluid was calculated with the fol-

lowing formula: total intake resuscitation fluid on POD

1/weight of the patient on the day of the operation (ml/ kg).

Resuscitation fluid was retrospectively identified as any

volume of the intake fluids (colloid, crystalloid, or blood

products) and the medication infusion volumes. In the

practice, volume was given at the discretion of the

attending cardiac intensivist to maintain adequate circula-

tory parameters, namely, LAP 5–9 mmHg and aortic blood

pressure 60–80 mmHg. All fluid was infused at a constant

speed to avoid blood pressure rapid fluctuation. If LAP

exceeded 9 mmHg, fluid infusion was \3 ml/kg, with

appropriate diuretics after exclusion of cardiac dysfunction.

1384 Pediatr Cardiol (2012) 33:1383–1390

123



If LAP was \5 mmHg, 5–10 ml/kg of fluid was infused

within 20–30 min to complement volume. Two fluid

exposure cohorts, high- and low-volume resuscitation fluid

groups, were further created based on the 75th percentile

for the volume of resuscitation administered. The MV

period was from the time of arrival at the SICU to the time

of successful extubation. The criteria for extubation were

protocolized as in our previous study [24].

All the patients were transferred to wards when they met

the criteria for discharge from the SICU, specifically, com-

fortable breathing with supplemental oxygen via a nasal

cannula at 1 l/min or less; fractional inhaled oxygen at 0.3 or

less; stable and normal hemodynamics, heart rate, and blood

pressure; adequate tissue perfusion [27]; and consultation by

a cardiac intensivist and a cardiovascular surgeon.

Because no consensus existed on the exact definition of

prolonged recovery, the special patients in this study were

classified into two groups according to the duration of their

SICU stay: the prolonged recovery group and the standard

recovery group. The prolonged recovery group included all

the patients exceeding the 75th percentile for duration of

SICU stay, and the standard recovery group included all the

remaining patients.

Statistical Analysis

Descriptive data for continuous variables are presented as

mean ± standard deviation or as median and range when

appropriate, and descriptive statistics for categorical vari-

ables are presented as percentage or counts. First,

univariate analysis was performed to compare demo-

graphic data, and pre-, intra-, and postoperative variables of

the prolonged recovery patients with those of the standard

recovery patients. Comparisons between the two groups

were performed via the unpaired Student’s t test or the

Mann–Whitney U test for continuous variables and the chi-

square test for categorical variables. Then, logistic regres-

sion analysis was used to identify independent risk factors

for prolonged recovery. The variables with a p value lower

than 0.1 were enrolled in this regression model. A p value

lower than 0.05 was considered statistically significant.

Statistical analysis was performed via the Statistical

Package for the Social Sciences (SPSS) version 16.0

(SPSS, Chicago, IL, USA) for Windows.

Results

Outcomes

During the study period, 102 infants with TGA who

required a switch operation were enrolled in the study. The

patients’ demographic characteristics are presented in

Table 2, and the cardiac lesion types are shown in Table 3.

The median age at the time of the switch operation was

25 days (range, 1–360 days), and the median weight was

3.8 kg (range, 2.5–10 kg). The overall median SICU stay

for all the patients was 10 days (range, 5–58 days).

Of the 102 patients, 31 were identified as a prolonged

recovery group. The median SICU stay was 18 days

Table 1 Definitions of variables

Variable Definition

Preoperative cardiac

dysfunction

The cardiologists’ assessment or the empirical need for oral anticongestive therapy or inotropic support before

surgery.

Pulmonary artery

hypertension

Diagnosed by echocardiogram or cardiac catheterization.

Pneumonias before operation The presence of bilateral pulmonary infiltrates on chest radiography. Fever [38.5 �C. With or without a

documented source of infection in the lungs by a positive microbiologi culture finding. Need for

antiinflammatory treatment.

Noncardiac anomaly Major structural anomalies such as trachea stenosis, pulmonary agenesis, birenal deformity, and major

chromosomal abnormalities such as Down syndrome, Turner syndrome, and DiGeroge syndrome.

Emergency operation Mandatory surgery implemented within 24 h after diagnosis or admissions, including a critical condition, drug

or adjuvant therapy (PG E1, inhaled NO, vasoactive drugs, mechanical ventilation) and poor results.

Negative fluid balance Cumulative fluid intake (including IV-administered medication, fluid, blood products) minus output (including

urine, blood loss) during the operation.

Nosocomial pneumonia A documented source of infection in lungs by a positive microbiologic culture finding, fever [38.5 �C or

\35 �C, WBC count [12 9 109/L or \4 9 109/L.

Noninfectious pulmonary

complication

Pleural effusion, chylothorax, partial lung collapse, airway disorders (ventilator-associated pneumonia),

pneumothorax, pneumomediastinum, and pulmonary hypertensionrenic nerve palsy.

Postoperative arrhythmia Arrhythmia requiring infusion of antiarrhythmic drug or pacing not aimed to increase the heart rate for

circulatory improvement in the presence of age-appropriate sinus rhythm.

Postponed sternal closure Patients discharged from the operating room with an open thorax who achieve sternal closure in the SICU.

PG E1 prostaglandin E1, NO nitric oxide, WBC white blood count, SICU surgical intensive care unit
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(range, 13–58 days) for the patients in the prolonged

recovery group and only 8 days (range, 5–13 days) for the

patients in the standard recovery group. The hospital stay

for the patients in the prolonged recovery group was sig-

nificantly longer than for the patients in the standard

recovery group (p \ 0.001). The median hospital stays for

the two groups were respectively 24 days (range,

21–62 days) and 20 days (range, 13–54 days). In addition,

the hospital length of stay did not differ significantly

between the patients with TGA/IVS in the early switch

group (11 days; range, 7–24 days) and those in the late

switch group (14 days; range, 9–28 days) (p = 0.053).

Univariate Analysis

Demographic data and pre-, intra-, and postoperative vari-

ables were evaluated univariately as possible risk factors of

prolonged recovery separately. In the analysis of demo-

graphic and preoperative variables, only low weight was

associated with prolonged recovery (Table 3; p \ 0.05). The

intraoperative differences between the two groups are shown

in Table 4. The significant intraoperative characteristics of

the prolonged recovery group included long CPB time,

variant coronary patterns, and level of postbypass serum

lactate (all p \ 0.05).

The postoperative characteristics associated with pro-

longed recovery are shown in Tables 5 and 6. They included

inotropic score, time of MV, and Hct on POD 1 (all p \ 0.05).

In addition, the patients in the prolonged recovery group were

more likely to have nosocomial pneumonias, noninfectious

pulmonary complications, and the need for a large volume of

resuscitation during the SICU stay (all p \ 0.05).

Multivariate Analysis

Table 7 shows the overall analysis of the perioperative

variables for the study population with prolonged recovery

via logistic regression analysis. This multivariable regres-

sion model identified that the independent risk factors for

prolonged SICU recovery were high postbypass serum

lactate level (p = 0.039), need for a larger volume of

resuscitation fluid (p = 0.018), and noninfectious pul-

monary complication (p = 0.025) during the SICU stay.

The most powerful predictor of prolonged recovery was the

need for a larger volume of resuscitation fluid [odds ratio

(OR), 3.154]. Noninfectious pulmonary complication was a

modest predictor for prolonged recovery (OR, 2.844). In

addition, postbypass lactate level also was found to be a

significant predictor for prolonged recovery in the SICU

(OR, 2.610). The cut-off value of postbypass lactate level

for predicting prolonged recovery was 5.3 mmol/l. The

patients with these variables had a higher probability of

prolonged recovery in the SICU after the switch operation

for TGA than the patients without these risk factors.

Discussion

In this retrospective study of infant patients undergoing a

switch operation for TGA, we explored risk factors for

Table 2 Cardiac lesion typesa

Lesion types Standard

recovery (n)

Prolonged

recovery (n)

Total

(n)

TGA ? VSD ? ASD ? PDA 11 3 14

TGA ? VSD ? PS ? PDA 1 2 3

TGA ? ASD ? PDA 19 8 27

TGA ? VSD ? PDA 14 6 20

TGA ? VSD ? ASD 5 2 7

TGA ? VSD 6 2 8

TGA ? PDA 15 8 23

Total 71 31 102

TGA transposition of the great arteries, VSD ventricular septal defect,

ASD atrial septal defect, PDA patent ductus arteriosus, PS pulmonary

stenosis

Table 3 Demographic and

preoperative characteristics of

the prolonged and standard

recovery groups

MV mechanical ventilation

Variable Standard recovery

(n = 71) n (%)

Prolonged recovery

(n = 31) n (%)

p value

Median age: days (range) 25 (1–360) 13 (1–248) 0.332

Median weight: kg (range) 3.9 (2.5–10) 3.3 (2.5–5.5) 0.033

Cardiac dysfunction 24 (33.80) 10 (32.26) 0.879

Noncardiac anomaly 4 (5.63) 5 (16.13) 0.126

Pulmonary hypertension 24 (33.80) 9 (29.03) 0.636

Pneumonias 20 (28.17) 8 (25.81) 0.806

Need MV support 11 (15.49) 7 (22.58) 0.388

Saturation of oxygen (%) 72.2 ± 0.1 68.9 ± 0.1 0.225

Urea nitrogen (mmol/l) 4.8 ± 1.6 5.1 ± 2.4 0.686

Creatinine, lmol/l 46.26 ± 35.41 56.43 ± 38.05 0.165

Blood glucose, mmol/l 4.47 ± 1.04 4.68 ± 0.60 0.628
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prolonged recovery in the SICU. High postbypass serum

lactate level, need for a larger volume of resuscitation fluid

on POD 1, and noninfectious pulmonary complication were

found to be independent risk factors associated with

delayed recovery. In addition, the delayed recovery after

ASO significantly increased the hospital length of stay in

this study population.

In the final results, none of the preoperative variables

was shown to be an independent risk factor for prolonged

recovery. As expected and consistent with our results,

Wheeler et al. [27] recently reported that only prematurity

was independently associated with a prolonged ICU stay

after ASO. Unfortunately, the premature neonate was

excluded from the current study. Significant improvements

in fetal diagnosis, intervention, and scientific preoperative

management make it possible to reverse the insult of a

detrimental stimulation (e.g., abnormal hemodynamics,

acidosis, tissue hypoperfusion) on the structure or function

of the heart and other organs before the operation [5, 6].

Moreover, the boundaries of primary ASO for patients with

TGA have been extended [13]. Therefore, the benefit of

choosing the best time to correct cardiac anisotrophy out-

weighed the negative effect of a poor status before the

operation.

Notably, among the intraoperative variables, only high

postbypass serum lactate level was significantly and inde-

pendently associated with an increased probability of a

prolonged recovery. The following reasons may to some

extent helped to exclude other intraoperative variables as

independent factors for prolonged recovery after ASO.

First, the same cardiac surgical team performed the ASO at

our center, so the strategy and procedure of surgery were

similar in the two groups. Second, all the patients in both

groups used the modified ultrafiltration strategy, which has

Table 4 Intraoperative

characteristics of the prolonged

recovery and standard recovery

groups

ASA American Society of

Anesthesiology classification,

CPB cardiopulmonary bypass

Variable Standard recovery

(n = 71) n (%)

Prolonged recovery

(n = 31) n (%)

p value

Emergency operation 7(9.86) 5(16.13) 0.504

ASA classification 0.635

2 3 0

3 38 15

4 25 16

5 5 0

Variant coronary patterns 8 14 \0.001

CPB time (min) 165.83 ± 41.47 185.29 ± 38.16 0.028

Operating time (min) 250.52 ± 55.47 260.61 ± 52.28 0.392

Need for defibrillation 14 (19.72) 10 (32.26) 0.170

Ultrafiltration volume (ml) 358.03 ± 102.32 400.13 ± 231.93 0.182

Negative fluid balance 15 (21.13) 9 (29.03) 0.387

Postbypass lactate (mmol/l) 4.27 ± 1.19 7.63 ± 3.44 0.001

Table 5 Postoperative

hemodynamic and laboratory

variables of the prolonged

recovery and standard recovery

groups

CVP central venous pressure,

MV mechanical ventilation, PO2

partial pressure of oxygen,

PCO2 partial pressure of carbon

dioxide, AST aspartate

aminotransferase, ALT alanine

transaminase

Variable Standard recovery

(n = 71)

Prolonged recovery

(n = 31)

p value

CVP (mmHg) 9.80 ± 4.18 10.22 ± 3.98 0.634

Inotropic score 19.28 ± 15.27 25.40 ± 9.87 0.043

Time of MV (h) 90.9 ± 49.3 190.1 ± 67.4 \0.001

Hematocrit (%) 36.71 ± 7.82 31.28 ± 6.55 0.001

pH 7.52 ± 0.74 7.49 ± 0.12 0.329

PO2 (mmHg) 85.42 ± 31.20 84.07 ± 28.53 0.838

PCO2 (mmHg) 32.46 ± 4.72 33.93 ± 6.01 0.191

AST (U/l) 147.35 ± 97.95 169.32 ± 80.83 0.276

ALT (U/l) 25.15 ± 18.42 26.52 ± 22.34 0.749

Total bilirubin (lmol/l) 90.48 ± 55.79 97.43 ± 47.50 0.287

Urea nitrogen (mmol/l) 6.12 ± 4.04 7.53 ± 3.57 0.096

Creatinine (lmol/l) 56.25 ± 39.20 69.75 ± 45.81 0.123

Blood glucose (mmol/l) 16.51 ± 5.12 18.26 ± 5.14 0.217
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been shown to facilitate patients’ recovery after ASO [14].

In addition, previous findings show that patients with

common coronary variants have undergone ASO without

additional worse complications than those with a usual

coronary pattern [19, 22] and that patients with complex

coronary arterial anatomy have a slightly longer hospital

course [16]. There were a few complex coronary arterial

anatomies, and optimized surgical techniques were used to

relocate these challenging variations in our study. There-

fore, coronary variant was not a factor for prolonged

recovery in the multivariable analysis.

As expected, a set of postoperative events, including the

need for a larger volume of resuscitation fluid and nonin-

fectious pulmonary complications, was found to be asso-

ciated with prolonged recovery. In the current study, a

larger volume of resuscitation fluid was the strongest pre-

dictor for prolonged recovery of patients after ASO, but we

cannot provide exact rationales to interpret this result.

Interestingly, Wernovsky et al. [26] reported that fluid

overload contributed to morbidity after arterial switch

surgery. The systemic inflammatory response to open heart

surgery and CPB may contribute to endothelial injury and

capillary leakage, leading to fluid leakage from the

microcirculation. Therefore, in the earlier stage after ASO,

volume expansion with colloid or crystalloid is necessary

to maintain adequate preload and cardiac output. However,

recent data suggest that the use of colloid for volume

expansion has no survival advantage and possibly poses

some detriment [8, 17].

Maintaining fluid balance, even a negative fluid balance

for ‘‘permissive hypovolemia,’’ has been accepted as one of

the important strategies for reducing the amount of pul-

monary edema, preventing intravascular volume overload,

and reducing multiple-organ dysfunction early after pedi-

atric cardiac surgery [25]. In the clinical setting, transient

myocardial dysfunction early after cardiac surgery is com-

mon, and it is necessary to use inotropic drugs to maintain

mean arterial blood pressure above the age-appropriate

lower limit. In addition, elevation of ventricular end-dia-

stolic pressure from impaired myocardial function may

further elevate postoperative periphery blood pressure and

potentially lead to leakage of fluid from the microcircula-

tion. The loss of fluid results in pleural effusion or ascites

and even multiple membrane cavity effusion or anasarca.

These all were a direct cause of a prolonged SICU stay.

Although speculative, the need for large-volume resus-

citation in the early postoperative period after the ASO

may represent the compounding effects of multiple risk

factors that mediate a prolonged recovery in the SICU.

Noninfectious pulmonary complications occur com-

monly after pediatric open (32 %) and closed (20 %) heart

surgery [12] and are reported to be associated with a pro-

longed ICU stay after cardiac surgery [2, 12]. Similarly, they

were observed in 38.2 % of patients after ASO in the current

study. Polito et al. [20] indicated that complex congenital

heart surgery may promote the occurrence of such compli-

cations. The special patients in our study may have been

responsible for the high ratio. The prolonged recovery group

had a significantly higher incidence of noninfectious pul-

monary complications than the standard recovery group,

suggesting that the patients with these complications were

more likely to have a prolonged SICU stay after ASO. The

information regarding their contribution to the prolonged

recovery was sparse. A previous study suggested that

Table 6 Postoperative clinical variables of the prolonged recovery

and standard recovery groups

Variable Standard

recovery

(n = 71)

(n)

Prolonged

recovery

(n = 31)

(n)

p value

Nosocomial pneumonias 0.004

Yes 26 21

No 45 10

Noninfectious pulmonary

complication

\0.001

Yes 19 20

No 52 11

Arrhythmia 0.265

Yes 26 15

No 45 16

Pulmonary hypertension 0.207

Yes 7 6

No 64 25

High volume of resuscitation 0.007

Yes 12 13

No 59 18

Postponed sternal closure 0.064

Yes 44 25

No 27 6

Table 7 Multivariable model

analysis: independent risk

factors associated with

prolonged recovery

OR odds ratio, CI confidence

interval

Variable OR 95 % CI p value

Postbypass lactate 2.610 1.464–4.653 0.039

High volume of resuscitation fluid 3.154 1.751–5.682 0.018

Noninfectious pulmonary complication 2.844 1.508–5.363 0.025
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noninfectious pulmonary complications have strong influ-

ence on the overall ventilator duration for children after

cardiac surgery [9]. Notably, the prolonged recovery patients

had a long time of MV support in the current study. It can be

speculated that this was a result of the pulmonary

complications.

The limitations of the current study should also be

acknowledged. First, this study was based on a single

center, local practice patterns, and a small number of cases,

which may limit the application of the current results to

other institutions. Second, this was a retrospective study,

which may have introduced potential classification bias and

thus was subject to physician practice variations with

regard to administration of fluid, use of inotropic agents,

and parameters for extubation and discharge from the

SICU. It is likely, however, that this variability was present

randomly across the cohort, thus having minimal impact on

the final analysis.

In conclusion, the current study found that the high

postbypass serum lactate level, the need for a larger vol-

ume of resuscitation fluid on POD 1, and the noninfectious

pulmonary complications were identified as independent

risk factors for prolonged recovery after ASO in the SICU.

A prospective multicenter study with a larger number of

patients is necessary for further investigation of this

important clinical problem.
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