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Abstract

Background: The role of prenatal diagnosis in reducing neonatal mortality from transposition of 

the great arteries (TGA) is controversial. Factors affected by prenatal diagnosis such as proximity 

at birth to a cardiac surgical center (CSC) and CSC volume are associated with mortality in 

congenital heart disease. The purpose of the study was to determine the associations between 

prenatal diagnosis, distance from birthplace to a CSC, CSC TGA volume, and neonatal mortality 

in patients with TGA.

Methods: The Texas Birth Defects Registry was queried for all live born infants with TGA from 

1999 to 2007. Four hundred sixty-eight cases of TGA were included.

Results: Forty-eight patients (10.3%) were prenatally diagnosed, and 20 patients died before 

age 28 days (4.3%). Neither prenatal diagnosis nor close proximity to a CSC at birth (p > 0.05) 

were associated with decreased mortality. Low CSC TGA volume was associated with increased 

mortality (p < 0.0002). Mortality at the CSCs with <5 patients per year was 9.6%; CSCs with 

5 to 10 patients per year had 0% mortality, and those with >10 patients per year had 2.3% 

mortality. In multivariable logistic regression, only preterm birth (odds ratio, 7.05; 95% confidence 

interval, 4.13–12.05) and lower CSC volume (p < 0.001) were associated with neonatal mortality, 
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although prenatal diagnosis attenuated the detrimental association of lower volume CSCs with 

higher mortality (p for interaction = 0.047).

Conclusion: Lower CSC TGA patient volume was associated with higher neonatal mortality. 

Prenatal diagnosis may improve survival in lower volume CSCs.
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Introduction

The question of whether prenatal diagnosis of transposition of the great arteries (TGA) 

affects patient outcomes is controversial. The rate of prenatal diagnosis of all congenital 

heart disease has increased over the past 3 decades with improved ultrasound technology 

and availability (Hill et al., 2015). It seems intuitive that prenatal diagnosis would further 

improve outcomes of patients with TGA by allowing more rapid resuscitation, yet most 

studies have not confirmed this hypothesis (Copel et al., 1997; Kumar et al., 1999; Mahle et 

al., 2001; Verheijen et al., 2001; Bartlett et al., 2004; Brown et al., 2006; Blyth et al., 2008; 

Atz et al., 2010; Levey et al., 2010; Landis et al., 2013; Morris et al., 2014; Oster et al., 

2014; Wright et al., 2014). Three studies found a decrease in hemodynamic compromise in 

infants with a prenatal diagnosis of TGA with no change in mortality (Kumar et al., 1999; 

Verheijen et al., 2001; Brown et al., 2006). By contrast, three European studies have found 

significantly lower mortality in prenatally diagnosed patients with TGA (Bonnet et al., 1999; 

Khoshnood et al., 2005; van Velzen et al., 2015).

A major outcome of prenatal diagnosis is planned delivery at a cardiac surgical center 

(CSC). In a previous study, our group reported that increased distance between a birth 

hospital and a CSC in patients with hypoplastic left heart syndrome (HLHS) was associated 

with increased neonatal mortality compared with those born close to a CSC (Morris et al., 

2014) and also found a significant difference in mortality based on CSC HLHS volume, 

which is a phenomenon that has previously been described (Scott and Fixler, 2001; Checchia 

et al., 2005; Hirsch et al., 2008; Welke et al., 2009; Pasquali et al., 2012; Karamlou et 

al., 2014). Recent studies have suggested that delivery location is critical for mothers with 

fetuses affected by TGA given the potential need for urgent intervention (Donofrio et al., 

2014).

The purpose of this study was to use data from the Texas Birth Defects Registry (TBDR) to 

determine the associations between prenatal diagnosis, distance from birthplace to a CSC, 

CSC TGA volume and neonatal mortality in patients with TGA in a large, ethnically and 

socioeconomically diverse group of such patients over a 9-year period.
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Patients and Methods

PATIENT POPULATION AND STUDY DESIGN

Data were collected from the TBDR, which is maintained by the Birth Defects 

Epidemiology and Surveillance Branch of the Texas Department of State Health Services. 

Registry staff have conducted active, statewide surveillance of all delivery units and 

pediatric hospitals throughout Texas since 1999. Detailed birth, diagnostic, and mortality 

data were available for infants with a registry-monitored birth defect diagnosed within 

1 year of delivery to Texas-resident mothers. Clinical information came from abstracted 

medical records, including echocardiographic, radiographic, and examination records when 

available. Although operative summaries were available for the majority of patients, detailed 

surgical information was not universally available.

The TBDR classifies congenital anomalies using six-digit codes based on the British 

Pediatric Association Classification of Diseases (1979) and the International Classification 

of Diseases, Ninth Revision, clinical modification (1979). We included live births between 

January 1, 1999, and December 31, 2007, with the codes of 745.100 (TGA) and 745.110 

(TGA with ventricular septal defect); however, these codes included many patients with 

alternative or more complex cardiac diagnoses like TGA with moderate–severe pulmonary 

stenosis, double outlet right ventricle, single ventricle anatomy, heterotaxy syndrome, and 

atrioventricular septal defect. To improve accuracy of diagnosis, two pediatric cardiologists 

(D.A.L. and S.A.M.) reviewed TBDR clinical data. Patients with TGA with and without 

ventricular septal defects, with and without coarctation of the aorta, or mild pulmonary 

stenosis were included; infants with more complex cardiac diagnoses, genetic disorders, 

major extracardiac birth defects, or multiple congenital anomalies were excluded.

The study was approved by the Institutional Review Boards of Baylor College of Medicine 

and the Texas Department of State Health Services.

STUDY VARIABLES

The shortest driving time in minutes between a patient’s birth hospital and their cardiac 

surgical center (CSC) was calculated using geomapping software (CDX technologies and 

Microsoft MapPoint). We defined a CSC as any hospital in Texas that performed ≥1 arterial 

switch operation (ASO) during the study period. In the event that the patient died before 

transfer to a CSC or the CSC was not known, the nearest CSC was used to calculate driving 

time. Average daily driving times rather than distance were used to help reduce variability 

due to traffic, speed limits, and urban versus rural roads. Maternal socioeconomic status was 

estimated by (1) maternal educational level, and (2) percent living in poverty by maternal 

census tract, according to the 2000 U.S. Census (Pappas et al., 1993; Krieger et al., 2005).

Drive time to a CSC was divided into three groups: <10 min, 10 to 90 min, and >90 min, 

per our prior study (Morris et al., 2014). Ten minutes was chosen as the lower cutoff to 

delineate those delivering in or close to a CSC. Ninety minutes was chosen as the upper 

limit as this is the cutoff when transport by air ambulance would be considered (Roslonski, 

2008). Prenatal diagnosis was determined by the presence of a prenatal record mentioning 

significant cardiac disease in abstracted medical records present in the TBDR.
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Volume of TGA admissions was analyzed as both a continuous and categorical variable. 

Hospital volume was categorized into three groups based on the total number of TGA 

admissions per CSC during the total 9-year study period: < 5 TGA per year (7 CSCs), 

5 to 10 TGA per year (2 CSCs), and >10 TGA per year (2 CSCs). When using CSC 

volume as a continuous variable in multivariable analysis, volume was log transformed. The 

number of TGA patients cared for at any included CSC over the course of the study was 

used in lieu of surgical volume because the surgical date and CSC were missing for some 

patients. Because admission volume closely mirrors surgical volume, we believed this was 

appropriate reasonable proxy measure.

Ventricular septal defect (VSD) was coded as present when a VSD was noted in the record, 

or absent if an intact ventricular septum was mentioned or if a VSD was not mentioned. 

Preterm birth was defined as <37 weeks, small for gestational age was defined as <10% 

expected birth weight for gestational age, and low birth weight was defined as < 2.5 kg.

Performance of a balloon atrial septostomy (BAS) was collected when that information was 

available in the chart. When available, the date of the BAS was also recorded, and the 

time to septostomy was calculated. A highly restrictive or intact atrial septum (HRAS) was 

defined as having any of the following reported: (1) intact atrial septum, (2) BAS occurring 

on the first day life (day of life = 0), (3) severe hypoxia and/or acidosis on the first day 

of life, or (4) arterial switch operation on the first day of life. This information was not 

universally reported in the TBDR.

Therefore, presence of an HRAS was not included in any multivariable models that would 

assume lack of information was equivalent to an unrestrictive atrial septum. Instead, 

subanalyses were performed limiting evaluation to this population with an HRAS.

OUTCOMES

Neonatal mortality (birth to 27 days) was the primary outcome. This was used to focus on 

the deceased patients for whom prenatal diagnosis may have made the most impact and to 

minimize the competing effects of access to healthcare after discharge. Discharge mortality 

was not calculated as the CSC discharge date was not included in the TBDR. Patients were 

classified as deceased based on TBDR and vital records. Timing of death was classified 

as occurring before transfer to a CSC, after transfer but before surgery, or after surgery. 

Secondary intermediate outcomes included age at diagnosis and age at surgery.

STATISTICAL ANALYSIS

Univariable comparisons were performed using Chi-square, Chi-square trend, Fisher exact, 

Wilcoxon rank sum, Kruskall-Wallis, and Spearman correlation tests where appropriate. 

In cases of multiple comparisons, Bonferroni correction was used. The primary analyses 

included all patients with TGA. Subanalyses were then performed evaluating associations 

between driving time, prenatal diagnosis, and CSC volume and neonatal mortality only in 

the subset of patients with an HRAS. For analysis of volume, a receiver operating curve 

analysis was performed to determine a threshold volume greatest change in mortality.
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Multivariable analyses were performed for neonatal mortality. Generalized estimating 

equations were used to account for correlation between patients at the same CSC. All 

variables were considered for inclusion if p ≤ 0.20 in association with the outcome. Presence 

of a VSD or coarctation were included in the initial models given prior literature suggesting 

association with mortality (Huber et al., 2011). Given the low event rate, variables were 

removed from the model if p > 0.05, using a backward stepwise approach. History of 

balloon atrial septostomy was not included in the model given this may be in the causal 

pathway. Preterm birth and low birth weight were not used in the same multivariable 

regression equations due to high collinearity. Multivariable analysis was not performed in 

the subgroup of patients with HRAS given the small number of outcomes.

Given potential effect modification of prenatal diagnosis or driving time by CSC volume, 

secondary analysis was performed incorporating interactions between prenatal diagnosis, 

driving time from birth facility to CSC, and CSC volume. p values < 0.05 were considered 

significant. Analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).

Results

During the years 1999 to 2007, there were 3,401,057 live births to mothers who were 

residents of the state of Texas, of whom 468 met criteria for inclusion; birth prevalence of 

TGA was 1.4 cases per 10,000 live births. A VSD was present in 41.9%. Maternal and infant 

characteristics are listed in Table 1.

Forty-eight patients (10.3%) were prenatally diagnosed. Median driving time from birth 

hospital to a CSC was 17.3 min (interquartile range, 4.9–82.6 min). Thirty-five percent of 

the infants were born <10 min from a CSC, 41.4% were born 10 to 90 min away, and 

23.6% were born >90 min away (Table 1). For the group with estimated driving times > 

90 min, median driving time was 141 min, with range 91 to 598 min. During the study 

period, 11 CSCs performed the arterial switch procedure, and TGA volume ranged from 3 to 

112 patients over the 9-year study period (Fig. 1). For 25 remaining patients, CSC was not 

documented in the registry, and these were excluded from the remainder of the analysis of 

hospital volume.

Two-hundred nine infants were documented as having undergone balloon atrial septostomy. 

Age at septostomy was available in 199 infants. For these infants, 57 (29%) underwent BAS 

on day of life 0, 73 (37%) on day of life 1, and the other 69 underwent BAS on day of life 2 

or later. Sixty-four infants in the cohort (14%) met study criteria for HRAS.

MORTALITY

Twenty infants (4.3%) died in the neonatal period. Two neonates died before transfer to a 

CSC with clinical signs of a highly restrictive atrial septum, one died at the CSC before 

surgery with hypoxia and a diagnosis of respiratory distress syndrome who was premature 

and low birth-weight, and 12 neonates died in the perioperative period (8 on the same day as 

surgery). The registry data did not include information on whether the remaining 5 patients 

had surgery before death; they died between ages 15 and 23 days.
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In univariable analysis, closer proximity to a CSC at birth was not associated with lower 

mortality (p = 0.51, Table 1). Prenatal diagnosis was not associated with lower mortality (p = 

1.00). There was no difference in neonatal mortality based on patient birth year (p = 0.537), 

anatomic factors, or maternal socio-demographic variables (Table 1).

In univariable analysis, the highest volume CSCs (> 10 patients per year) had a mortality 

of 2.27% (range, 1.8–2.8%), medium volume CSCs (5–10 patients per year) had 0% 

mortality, and lowest volume group (< 5 patients per year) had 9.6% mortality (range 0 

– 100%). When hospital volume was included as a continuous variable, lower volume was 

significantly associated with increased neonatal mortality (p < 0.001; Fig. 1). Receiver 

operating curve analysis (area under the curve 0.725; p = 0.002) showed a threshold volume 

of <38 patients over the study period (4.2 per year), as having the most significant increased 

risk of mortality (sensitivity and specificity for mortality <38: 74% and 71%, respectively), 

with only 1.6% mortality for centers with ≥ 38 patients over the study period. The volume/

mortality association remained significant even after excluding the lowest volume hospital 

with 100% mortality from the analysis (p = 0.006; Fig. 1). Of note, four of the five deaths 

in the highest volume centers were in patients with VSDs, but the difference was not 

statistically significant (mortality 3.0% in VSD vs. 0.6% without, p = 0.08 in high volume 

CSCs). This pattern was not present in CSCs with < 5 patients per year (9.5% without VSD 

vs. 9.8% with VSD, p = 0.95). Neither age at diagnosis nor age at surgery was associated 

with mortality (Table 2).

In a subanalysis of infants meeting criteria for HRAS (n = 64), six infants died in the 

neonatal period (9.4%). Neonatal mortality was 0% in those with prenatal diagnosis, versus 

10.3% in those with a postnatal diagnosis, p = 1.00). Mortality did not differ by distance at 

birth from a surgical center (<10 min: 8.3%, 10–90 min: 12.5%, >90 min: 8.3%; p = 1.00). 

When evaluating by hospital volume, the lowest volume CSCs had the highest mortality 

in infants with HRAS (3/16 = 18.8%), while the mid-volume and high volume CSCs had 

0% (0/15) and 3.3% (1/30) mortality (lowest volume versus others p = 0.052). Only two 

prenatally diagnosed patients were born at the lowest volume CSCs; they both survived.

In the main effects multivariable analysis (Table 3, Model 1), only preterm birth (odds 

ratio, 7.05; 95% confidence interval, 4.13–12.05) and low hospital TGA volume remained 

significantly associated with higher neonatal mortality. In the lowest volume hospital group, 

mortality among those with prenatal diagnosis was 4.7% (1 death/21 patients), while those 

with a postnatal diagnosis had a mortality of 10.6% (11 deaths/104 patients) (p = 0.40). 

However, when we assessed for an interaction between prenatal diagnosis and volume as a 

continuous variable, the interaction was significant (p = 0.047) (Table 3, Model 2; Fig. 2).

Discussion

Our findings show that in the overall Texas TGA population, prenatal diagnosis and 

decreased distance at birth from a CSC were not associated with improved neonatal survival. 

However, prenatal diagnosis may have the potential to modify outcomes at lower volume 

CSCs. The mechanism of this interaction could be twofold. First, prenatal diagnosis may 

allow lower volume centers to intervene rapidly with BAS in cases of an HRAS, where 
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if postnatally diagnosed, deployment of resources may be slower than in institutions that 

perform these interventions more commonly. Indeed, neither of the prenatally diagnosed 

patients with an HRAS who delivered at a low-volume institution died in the neonatal 

period versus 3 of the 14 (21%) postnatally diagnosed patients. In the mid- and high-volume 

institutions, mortality in those prenatally diagnosed with an HRAS was 0/4 (0%) compared 

with 1/41 (2.4%) in those postnatally diagnosed. While these numbers are too low to prove 

the benefit of prenatal diagnosis in patients with HRAS at low-volume institutions, they are 

supportive of this theory. Second, it is possible that, for infants with TGA, prenatal diagnosis 

may in fact improve survival in patients cared for at low volume hospitals by prompting 

fetal cardiologists to refer more complex patients to higher volume centers and less complex 

patients to lower volume centers.

Prenatal diagnosis was not associated with overall lower mortality in our study as it was 

in some European studies (Bonnet et al., 1999; Khoshnood et al., 2005; van Velzen et al., 

2015) (Table 4) possibly because of our lower rate of prenatal diagnosis and lower mortality 

limited our power to show a significant difference. However, even descriptive statistics and 

unadjusted analyses did not indicate a difference. Furthermore, there was enough power to 

demonstrate a significant interaction.

As shown in Table 4, the prenatal diagnosis rate in Texas during this period (10.3%) was 

much lower than some comparison studies. To determine whether this was due to under 

ascertainment of prenatal diagnoses by the TBDR, we conducted an independent study on a 

cohort of patients at Texas Children’s Hospital with TGA during the same time period and 

found a prenatal diagnosis rate of 15.4%. Given that Texas Children’s Hospital is a large 

referral center with its own fetal cardiology program, it is unsurprising that its rate would 

be higher; however, this rate is still relatively close to the statewide prenatal diagnosis rate 

obtained from the TBDR. Furthermore, while there are many population-based studies of 

prenatal detection of TGA, with rates ranging from 0% to 72.5% (Montana et al., 1996; 

Garne et al., 2001; Jaeggi et al., 2001; Stoll et al., 2001, 2002; Khoshnood et al., 2005; Khoo 

et al., 2008; Friedberg et al., 2009; Marek et al., 2011; Nielsen et al., 2014), a study by 

Pinto and colleagues using data from the Utah Birth Defects Network, a state with similar 

demographics to Texas, reported a prenatal detection rate of 14% (Pinto et al., 2012).

Despite the overall low mortality rate, there was a significantly higher mortality in the 

lower volume CSCs. Our findings are similar to those of Hirsch and colleagues who found 

an inverse relationship between surgical volume and postoperative mortality (Hirsch et al., 

2008). They demonstrated a mortality rate in CSCs performing ≤2 ASOs per year of 9.4%, 

compared with 27.8% in our study, and a mortality rate of 3.2% in CSCs performing over 

10 ASOs per year, compared with 2.3% in our study. Other studies have found an overall 

in-hospital mortality of 1.4 to 11.4% (Blume et al., 1999; Sarris et al., 2006; Lalezari et 

al., 2011; Fricke et al., 2012; Khairy et al., 2013; Anderson et al., 2014; Karamlou et al., 

2014). Karamlou et al found that CSC volume and surgeon experience matter more in ASO 

surgeries, compared with Norwood procedures (Karamlou et al., 2010). This finding was 

strengthened in another study by Karamlou and colleagues, which showed that surgeon 

volume plays a larger role than center volume in outcomes of the ASO (Karamlou et al., 

2014). Unfortunately, surgeon data were not available in the TBDR.
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The previously cited studies describing the association between low surgical volume and 

increased mortality in congenital heart surgery were from large national data-bases in the 

United States (Scott and Fixler, 2001; Checchia et al., 2005; Hirsch et al., 2008; Welke et 

al., 2009; Pasquali et al., 2012; Karamlou et al., 2014). Although the data were consistent, 

application of these findings has been difficult in that often the selection of represented 

institutions was not consistent with real world options available to families, in that these 

hospitals are from many different states. This highlights one of the unique aspects of this 

study: our dataset was a complete 9-year birth cohort of TGA in a single state. Given that 

over half of neonates in Texas are covered by Medicaid, analysis of the relationship between 

volume and mortality among all CSCs within the state allows for examination of disparities 

in care among a similar payer pool (State of Texas, 2012). Our findings suggest that surgical 

site is a modifiable risk factor of significant importance, but one that may be offset by 

increased prenatal diagnosis.

It is difficult to determine why there was a higher mortality rate at the larger volume CSCs 

compared with the medium volume centers. Only one of the five deaths at the highest 

volume centers was associated with an HRAS, versus none at the medium volume centers. 

Both high and low volume centers had 11% of infants that were born preterm. Furthermore, 

it is unclear why patients with VSDs at high volume center had higher mortality. It may be 

that the patients at the larger CSCs (especially those with VSDs) had greater complexity not 

otherwise captured in the dataset.

Distance from a CSC was not associated with neonatal mortality among neonates with 

TGA, in contrast to our previous study in HLHS (Morris et al., 2014). In the HLHS cohort, 

the majority of deaths that were associated with increased distance from a CSC were 

presurgical. In comparison, the presurgical mortality in this study was quite low. Part of this 

difference in presurgical mortality is likely due to the fact that TGA is easier to diagnose 

postnatally than HLHS, as patients with TGA tend to be more cyanotic initially. This may 

increase early detection and offset the distance to a CSC phenomenon seen with HLHS. 

Also, patients with HLHS who decompensate develop shock, whereas patients with TGA 

most often present with severe hypoxemia, which is often less fatal and more responsive to 

prostaglandin therapy.

It will be interesting to see if the new recommendations for universal postnatal screening 

for critical congenital heart disease change outcomes with respect to prenatal diagnosis in 

TGA (Martin, 2013). Pulse oximetry screening detects hypoxia in those for whom it was not 

previously recognized. However, the primary contributors to mortality in TGA appear to be 

either an HRAS, which presents very early with severe hypoxia and is only improved with 

rapid intervention, or surgical complications. Neither of these would expect to be altered by 

routine screening. Also, age at diagnosis was not associated with mortality. In contrast, pulse 

oximetry screening may be critical in predominantly ductal-dependent lesions, which may 

not clinically present until closure of the ductus arteriosus. Early studies of pulse oximetry 

screening in TGA suggest that screening may prevent hospital discharge before diagnosis for 

some patients with TGA, but prenatal screening would still be critical in preventing adverse 

neurological outcomes and circulatory instability present in the sickest neonates with TGA 

(Bartos et al., 2015; Eckersley et al., 2015).
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Limitations

While the total number of patients in this study is large, the primary outcome of neonatal 

mortality is rare. This limited our ability to develop a multivariable regression model for 

neonatal mortality that included all potential confounders and covariates. For example, four 

of the five patients who died in higher volume CSCs had a VSD (p = 0.08); a larger study 

sample or higher mortality would have increased our statistical power and may have resulted 

in this being statistically significant.

Also, we were unable to reliably determine the degree of atrial septal restriction for all 

patients. While evidence of an HRAS was apparent in the medical records for 64 of the 

infants as defined, we could not reliably determine who did not have an HRAS, so did 

not believe this was appropriate to include in the multivariable analysis. For example, in 

some patients, there is only a record of an echocardiogram with TGA and a patent foramen 

ovale, BAS on day of life 1 and an arterial switch operation some days later. Without 

clinical records suggesting hypoxia, acidosis, or changes on x-ray in patients like this, it is 

challenging to know whether the BAS was performed somewhat electively or for clinical 

deterioration. As almost half of the population underwent BAS before ASO, this is too 

nonspecific of an indicator of an HRAS. Given this, we thought it was most appropriate to 

perform stratified analyses in the population which had evidence of an HRAS, and believe 

this subanalysis adds to the study.

This study used abstracted registry data and not full medical charts and some of our 

variables are missing values; for example, age at surgery was available for only 78.9% 

and age at diagnosis for 96.7% of the patients. To use a uniform population, patients with 

extracardiac birth defect or chromosomal abnormalities were excluded from analysis; the 

outcomes of these patients would be an interesting future analysis.

Coronary artery anatomy, which has been shown to be a risk factor for mortality in TGA was 

not available in this dataset (Pasquali et al., 2002).

CONCLUSIONS

There was no association between prenatal diagnosis or proximity to a CSC and neonatal 

mortality in infants with isolated TGA. However, lower CSC TGA volume was highly 

associated with higher neonatal mortality. We found an interaction between prenatal 

diagnosis and hospital volume that may confer a protective effect for prenatally diagnosed 

patients at low volume centers that has not, to our knowledge, been previously described. 

Focused efforts to improve prenatal diagnosis may improve survival for newborns with 

TGA.
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FIGURE 1. 
Percent neonatal mortality per Cardiac Surgical Center based on TGA volume. There was a 

significant difference in neonatal mortality (p < 0.0001) based on hospital TGA volume.
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FIGURE 2. 
Subgroup analysis of neonatal mortality by cardiac surgery center TGA volume and prenatal 

diagnosis. There is an interaction (or effect modifier) between low volume centers and 

prenatal diagnosis (p = 0.047); there were no deaths in the prenatally diagnosed patients at 

low volume centers.
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TABLE 2.

Association of Prenatal Diagnosis and Time to Surgical Center with Intermediate Secondary Outcomes of Age 

at Diagnosis and Age at Surgery for neonates with Transposition of the Great Arteries (TGA), Texas, 1999 to 

2007

Intermediate outcomes Age at diagnosis (days)

<1 1–2 >2 p-Value

Time to CSC 0.0002

 <10 min 120 (74%) 32 (20%) 10 (6%)

 10–90 min 108 (56%) 48 (25%) 36 (19%)

 >90 min 72 (65%) 31 (28%) 7 (6%)

Age at surgery (days)
a

0–2 3–4 5–7 >7

Prenatal Dx 0.15

 Yes 4 (11%) 5 (13%) 20 (53%) 9 (24%)

 No 45 (14%) 75 (23%) 113 (34%) 98 (30%)

Time to CSC 0.82

 <10 min 22 (16%) 29 (22%) 45 (34%) 38 (28%)

 10–90 min 20 (13%) 33 (21%) 56 (36%) 46 (30%)

 >90 min 7 (9%) 16 (21%) 32 (41%) 23 (29%)

a
Data not available for all patients.
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