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Abstract

Objectives: Congenital diaphragmatic hernia (CDH) can cause significant mass effect in the 

fetal thorax displacing the heart into the opposite hemithorax. In left CDH (L-CDH), this is 

associated with smaller left-sided cardiac structures and lower left ventricular cardiac output 

(LVCO). The effect of these physiologic changes on cerebral blood flow is not well understood. 

We sought to describe the middle cerebral artery pulsatility index (MCA PI), a measure of vascular 

impedance, in L-CDH and right CDH (R-CDH) versus unaffected fetuses, and the relationship of 

MCA PI to LVCO. We hypothesized that MCA PI is lower in L-CDH and similar in R-CDH 

compared to controls. We further hypothesized that MCA PI would be correlated with LVCO.

Methods: We identified all fetuses with CDH at UCSF from 2011 to 2018. Fetal 

echocardiograms and ultrasounds were reviewed. Umbilical artery (UA) and middle cerebral 

artery (MCA) Dopplers were measured to calculate pulsatility indices. Ventricular outputs were 

calculated using Doppler derived stroke volume and fetal heart rate. Lung-to-head ratio (LHR), 

estimated fetal weight, biparietal diameter (BPD) and head circumference (HC) were obtained 

from fetal sonograms. A subset of survivors had data available from neurodevelopmental 

assessments as measured by the Bayley Scales of Infant Development-3rd edition. Measurements 

in CDH fetuses were compared to unaffected, gestational age-matched controls.

Results: A total of 66 fetuses (L-CDH= 53; R-CDH= 11) comprised the study cohort, with 27 

unaffected fetuses serving as controls. Mean gestational age at evaluation was similar in all three 
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groups. Compared to controls, fetuses with L-CDH had significantly lower MCA PI z-scores 

(−1.3, 95% CI: −1.6, −1.0; control: 0.08, 95% CI: −0.5, 0.6, p <0.001), while there was no 

difference when compared to the R-CDH group. There was a strong positive association between 

LVCO and MCA PI z-score (p= 0.01). BPD and HC were similar in all three groups. At follow up, 

mean cognitive and language scores in the CDH group were within one standard deviation of the 

general population.

Conclusion: MCA PI values are significantly lower in L-CDH fetuses as compared to controls 

and a lower LVCO was correlated with lower MCA vascular impedance. The neurodevelopmental 

effect of changes in MCA PI in response to decreased LVCO are unknown, although all survivors 

that underwent testing in this cohort scored in the normal range.

Keywords

congenital diaphragmatic hernia; middle cerebral artery pulsatility index; cerebrovascular 
resistance; cerebral sparing; neurodevelopment

INTRODUCTION:

Congenital diaphragmatic hernia (CDH) can cause significant mass effect in the fetal thorax 

displacing the heart into the opposite hemithorax with resultant redistribution of cardiac 

blood flow in the fetus1–2. In left CDH (L-CDH) fetal flow disturbance results in left cardiac 

hypoplasia2–5 which improves after birth, CDH repair2 and fetal endoscopic tracheal 

occlusion6. The severity of CDH as measured by the lung-to-head ratio (LHR)7 and presence 

of liver herniation into the chest is known to be associated with the degree of left heart 

hypoplasia in-utero8.

In the fetal circulation, the left heart provides cardiac output to the brain and coronary 

arteries9. Reduction in left ventricular cardiac output (LVCO) has been established in L-

CDH5 however the physiological effects on cerebral blood flow are not well understood. In 

hypoplastic left heart syndrome (HLHS) diminished cerebral perfusion and oxygen delivery 

results in an adaptive response with reductions in cerebrovascular resistance as measured by 

the middle cerebral artery pulsatility index (MCA PI)10–11. Neurodevelopmental outcomes 

in patients with CDH are known to be impaired12–18. The etiology is likely multifactorial 

including genetic factors, postnatal cardiopulmonary instability, and chronic illness related 

to severity of the clinical course19–21. However, given the fetal flow disturbances described 

in fetuses with L-CDH that may alter cerebral blood flow, it is plausible that impaired 

cerebral perfusion in utero can influence neurodevelopmental outcomes and cerebral 

development.

Our aims for this study were to 1) compare cerebrovascular resistance in fetuses with L-

CDH and right CDH (R-CDH) to unaffected (control) fetuses; 2) evaluate the correlation 

between fetal cerebral vascular resistance and LVCO; and 3) describe neurodevelopmental 

outcomes in this cohort of infant survivors of CDH. We hypothesized that cerebral vascular 

resistance would be reduced in the setting of L-CDH, secondary to lower LVCO as 

compared to control fetuses but unchanged in those with R-CDH compared with controls.
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PATIENTS AND METHODS

The clinical and sonographic data of fetuses with R- or L-CDH evaluated at the Benioff 

Children’s Hospital Fetal Treatment Center at the University of California San Francisco 

between 2011-2018 were retrospectively reviewed. This included fetal sonograms and 

echocardiograms, an integral component of standard clinical management of a fetus with 

CDH in our center. Exclusion criteria consisted of significant congenital heart disease 

(CHD) (described below), known chromosomal or genetic abnormalities, and twin gestation. 

Gestational age-matched singleton fetuses with normal cardiovascular anatomy, normal 

uteroplacental function and normal extracardiac anatomy were chosen to comprise the 

unaffected control group.

Sonographic data collected on subjects with CDH included LHR and the presence or 

absence of liver herniation. LHR is calculated by dividing the area of the unaffected lung by 

the fetal head circumference7. In addition, estimated fetal weight (EFW), biparietal diameter 

(BPD), head circumference (HC), abdominal circumference (AC) and femur length (FL) 

were also collected. This data was obtained from the sonogram performed within 24 hours 

of the fetal echocardiogram. All included subjects (CDH and unaffected fetuses) underwent 

a complete standard of care fetal echocardiogram. This includes multiple tomographic views 

of the fetal heart according to the AIUM guidelines22 as well as color Doppler and pulsed-

wave spectral Doppler examination of the umbilical cord, venous structures and middle 

cerebral artery. Studies were performed on Sequoia C512, S2000 or GE E10 ultrasound 

systems (Siemens, Mountain View, CA, USA and GE Healthcare, Milwaukee, WI, USA). 

The images were stored digitally in standard DICOM format. Two pediatric cardiologists 

(K.A.K. and W.J.H.) reviewed the echocardiograms. Vascular resistance, expressed as the 

pulsatility index, was obtained from the middle cerebral artery using the following equation: 

MCA PI= (peak systolic velocity-end-diastolic velocity)/time averaged maximum velocity). 

The MCA PI was transformed to a z-score for gestational age based on published normative 

data23. Similarly, the pulsatility index in the umbilical artery (UA PI) was calculated and a 

resultant cerebro-placental ratio was determined (MCA PI/UA PI). The cardiac output for 

each ventricle was calculated using the following equation: cardiac output= heart rate x 

(velocity time integral x valve area). The combined cardiac output (CCO) was calculated as 

the sum of the right and left ventricular cardiac output. Measurements of the aortic and 

pulmonic valve were obtained from a 2D image from inner edge to inner edge of the valve at 

onset-systole. Aortic and pulmonic velocity time integrals were planimetered and averaged 

over three cardiac cycles from a spectral Doppler sample taken with an angle <20 degrees to 

the direction of flow. The percent of CCO from each ventricle was calculated by the ratio of 

left ventricular output (LVCO/CCO) and right ventricular output (RVCO/CCO) to CCO. To 

measure inter-reader reliability, a faculty echocardiographer (S.P.) measured the MCA PI on 

a randomly selected 20% of the subjects and compared them to the original measurements. 

The intraclass correlation coefficient of the MCA PI was 97.7% (95% CI: 95.9-99.7%).

A subset of survivors underwent neurodevelopmental testing as part of routine clinical care. 

Patients were administered the Bayley Scales of Infant Development-3rd Edition (BSID-III) 

by either a licensed psychologist or trained nurse practitioner. The motor, cognitive and 

language summary scores were collected and analyzed for this study.
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Statistical analysis:

Standard descriptive statistics were utilized. Univariate analyses involved comparisons with 

two-sample Student t-test or linear regression for parametric data and the Mann-Whitney test 

for non-parametric data. Multivariable analyses were performed using linear regression 

equations adjusting for relevant variables for continuous outcomes. P-values < 0.05 were 

considered statistically significant. All analyses were performed with STATA version 14.2 

(Stata Statistical Software: Release 14, College Station, TX: Stata Corp LP). The study was 

approved by the UCSF institutional committee on human research with a waiver of consent.

RESULTS

Between 2011 and 2018, 95 subjects with available data were referred to UCSF for 

evaluation of CDH (80 L-CDH and 15 R-CDH). The unaffected comparative group was 

comprised of 27 subjects. Demographics and characteristics of the entire cohort of CDH 

fetuses are presented in Table 1 prior to applying the exclusion criteria for the current study. 

Six (7.5%) subjects with L-CDH were excluded for significant CHD consisting of aortic 

coarctation, right dominant unbalanced complete atrioventricular canal with hypoplastic left 

ventricle, atrioventricular canal defect, tetralogy of Fallot, tetralogy of Fallot with absent 

pulmonary valve, double outlet right ventricle with mitral atresia and aortic coarctation with 

multiple ventricular septal defects. Subjects with CHD (isolated small muscular ventricular 

septal defect, right aortic arch, and left superior vena cava to coronary sinus) unlikely to 

cause hemodynamic disturbance in utero were included. Subjects with known genetic 

abnormalities (n= 11), including trisomy 21, mosaic Turner’s syndrome and 22q11.2 

deletion syndrome, were excluded. Extracardiac abnormalities confirmed postnatally are 

listed in Table 1. Those with structural brain anomalies were also excluded from the 

analysis. Pregnancy outcomes included termination of pregnancy in 25 cases (L-CDH: n= 

20, 25%; R-CDH: n= 5, 33.3%) and fetal death in 2 subjects (2.5%) with L-CDH.

After applying the exclusion criteria, 53 subjects with L-CDH and 11 subjects with R-CDH 

that had available fetal hemodynamic data were analyzed (Table 2). There was no significant 

difference in the mean gestational age at the time of fetal echocardiogram or estimated fetal 

weight between CDH and control subjects (Control: 22.8 wks, 95% CI: 21.7-23.9; L-CDH: 

24.0 wks, 95% CI: 23.2-24.9, p= 0.09; R-CDH: 22.6 wks, 95% CI: 20.8-24.3, p= 0.8). The 

mean LHR in the L-CDH group was 1.07 (95% CI: 0.97-1.2) and in the R-CDH group was 

0.98 (95% CI: 0.73-1.2). 67.9% (n= 36) of the L-CDH group had the liver herniated into the 

thorax. When evaluating LV output as a percentage of combined cardiac output (ratio of 

LVCO/CCO), fetuses with L-CDH had lower values compared with control fetuses 

(Control= 0.38, 95% CI: 0.33-0.42; L-CDH= 0.32, 95% CI: 0.29-0.35, p= 0.04), while the 

ratio of RVCO/CCO was higher (Control 0.62, 95% CI: 0.58-0.66; L-CDH= 0.68, 95% CI: 

0.65-0.71, p= 0.01). In fetuses with R-CDH, there were no differences when compared to 

controls (LVCO/CCO: 0.42, 95% CI: 0.34-0.5, p= 0.26; RVCO/CCO: 0.58, 95% CI: 

0.50-0.66, p= 0.26). Fetuses with L-CDH had a trend towards a slightly larger BPD as 

compared to control fetuses (L-CDH: 5.8, 95% CI: 5.6-6.1; Control: 5.4,95% CI: 5.0-5.7, p= 

0.05). There was no significant difference in HC when comparing each CDH group to the 

unaffected group.
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The MCA PI z-score was significantly lower in L-CDH (−1.3, 95% CI: −1.6, −1.0) as 

compared to control fetuses (0.08, 95% CI: −0.5, 0.6; p< 0.001) (Table 3 and Figure 1). In 

fetuses with R-CDH, the MCA PI z-scores (−0.7, 95% CI: −1.4, −0.01) did not differ from 

unaffected fetuses (p= 0.14). The UA PI did not differ in the R- or L-CDH group compared 

with the control group. Consequently, the cerebro-placental ratio (MCA PI/UA PI) was 

significantly lower in the L-CDH group compared with control fetuses (p= 0.0012). After 

adjusting for gestational age and estimated fetal weight at the time of the fetal 

echocardiogram in a multi-variable model, we found minimal impact of the timing of fetal 

echocardiogram and size of the fetus on the difference in MCA PI z-score between L-CDH 

and control groups (−1.3, 95% CI: −1.8, −0.7, p< 0.001). There was a significant association 

between the percentage of LV cardiac output (LVCO/CCO) and the MCA PI z-score, in an 

analysis including all fetuses. For every 5% increase in the percentage of LV cardiac output 

the MCA PI z-score increased by 0.22, 95% CI: 0.05–0.39, p= 0.01 (Figure 2). There was no 

correlation between LHR and MCA PI z-score (r= −0.1, p= 0.35). In addition, the presence 

of liver in the thorax was not associated with MCA PI z-score among the L-CDH subjects 

(Liver herniated: −1.2, 95% CI: −1.5, −0.87; Liver not herniated: −1.5, 95% CI: −2.4, −0.8, 

p= 0.3)

A subset of surviving patients had neurodevelopmental outcome testing with the BSID-III in 

early (n= 20) and late infancy (n= 15) (Table 4). At both time points, the mean cognitive and 

language scores were within normal limits. A small number of subjects (n= 5) had abnormal 

motor scores at any time point (< 85).

DISCUSSION

Our study demonstrates that fetuses with L-CDH have significantly lower cerebral vascular 

resistance compared with control fetuses. The percentage of LV cardiac output in L-CDH 

fetuses was low and directly correlated with the MCA PI z-score. Our findings suggest that 

diminished LVCO may affect cerebral vascular resistance as a compensatory mechanism.

Our findings highlight several important physiologic considerations. First, similar to prior 

studies2–5, our study reports lower LVCO compromising 32% of the total cardiac output 

compared to 38% in unaffected fetuses. In contrast, LVCO in R-CDH was similar to control 

fetuses, though the sample size was small. This finding diverges slightly from those of Byrne 

et al5, possibly due to less severe cases being included in our analysis. Diminished LVCO in 

L-CDH may be due to a mass effect with varying physiologic mechanisms proposed 

including decreased pulmonary venous return and/or diminished right-to-left foramen ovale 

flow as a result of altered geometry of the ductus venosus 3–5,24–27 Our findings support the 

latter as the right ventricular cardiac output as a percentage of the total cardiac output was 

significantly higher in the L-CDH group (68%) as compared to the control fetuses (62%).

Second, cerebral vascular resistance was significantly lower in the L-CDH group compared 

with control fetuses and may be associated with diminished antegrade flow to the cerebral 

circulation. Other studies have demonstrated decreased MCA peak systolic velocity in L-

CDH28, but found no difference in MCA PI when comparing to published normative data. 

Our study differed in that comparisons were made to control fetuses in our center with 
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similar measurement techniques. Our findings suggest a compensatory mechanism to 

provide adequate cerebral blood flow to the fetal brain which has been reported in other 

disease states, though the etiologies likely differ. Fetuses with placental insufficiency and 

growth restriction exhibit a chronic hypoxic state and diminished cerebral vascular 

resistance, which may represent a protective mechanism against postnatal neurologic 

injury29–30. This compensation may be inadequate as these patients born prematurely have 

neurobehavioral abnormalities later in life31. Similarly, fetuses with HLHS also exhibit 

lower cerebral vascular resistance10–11, thought to be secondary to decreased perfusion and 

oxygen delivery to the brain32. A large multi-center study demonstrated that lower cerebral 

vascular resistance in HLHS fetuses was associated with better neurodevelopmental 

outcomes at 14 months of age33. Given the absence of structural heart disease among the L-

CDH subjects in this series, our findings provide a model of diminished antegrade perfusion 

to the fetal brain presumably in the absence of significant hypoxia, though changes in fetal 

streaming patterns cannot be excluded. Our results suggest that isolated diminished cerebral 

perfusion potentially influences local vascular properties. Since various factors can affect the 

MCA PI (perfusion, oxygen, carbon dioxide and local metabolic properties)34–37, our study 

did not establish causality between low left ventricular output and MCA PI, but rather 

demonstrates an association.

The R-CDH group did not have significantly different MCA PI z-scores compared with the 

control fetuses, potentially secondary to having a relatively normal cardiac output from the 

left ventricle as a percentage of the combined cardiac output. However, there was a slight 

trend towards a lower MCA PI z-score in this group. This observation may be secondary to a 

different physiologic mechanism than the L-CDH group. Changes in the inferior vena cava 

and ductus venosus geometry in CDH, which may be severe in cases of R-CDH with liver 

herniation,25 may potentially lead to alterations in streaming patterns with less oxygenated 

blood being directed towards the foramen ovale and left heart. Studies utilizing fetal cardiac 

MRI assessing fetal brain flow and oximetry in CDH would provide clarity to this 

question32.

In the recent era, moderate-to-severe L-CDH cases are considered for in-utero intervention 

with fetal endoscopic tracheal occlusion (FETO), which has been shown to increase 

perinatal survival, reduce extracorporeal membrane oxygenation (ECMO)38–39 and decrease 

pulmonary hypertension postnatally40. Fetal left sided cardiac structures and LVCO show 

positive increases after FETO6. Thus, it is intriguing to speculate if FETO may improve 

antegrade cerebral blood flow and potentially modify neurodevelopmental outcomes. The 

patients in our cohort did not undergo FETO, therefore we were unable to test the influence 

of this procedure on the MCA PI.

Measures of brain growth in L-CDH subjects were similar to slightly larger compared to 

control fetuses (BPD and HC) as has been previously shown28. In addition, among the 

subset of CDH patients that underwent neurodevelopmental testing in infancy, scores were 

similar to what would be expected in the general population (within one standard deviation). 

These descriptive findings slightly diverge from larger studies on short- and long-term 

outcomes in CDH survivors41–42 which demonstrate that higher risk patients (i.e. ECMO, 

persistent ventilatory support and feeding dysfunction) have evidence of 
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neurodevelopmental deficits. Our study was not powered to address neurodevelopmental 

outcomes given that other factors may contribute to the ultimate outcome such as 

comorbidities, gestational age at delivery, acute cardiopulmonary instability and chronic 

illness12–18. Secondly, it is possible that the subset of subjects with neurodevelopmental data 

represents a skewed sample of the highest functioning survivors. Given the small sample 

size of patients with neurodevelopmental outcome data in our study, we were unable to 

formally test the relationship between cerebral vascular resistance and neurodevelopmental 

outcome accounting for all potential confounders, though our findings may represent a fetal 

compensatory mechanism in response to diminished antegrade cerebral blood flow.

The strengths of our study include the relatively large sample size of subjects with L-CDH 

and an unaffected comparative group from our institution with detailed fetal 

echocardiograms. However, our study is limited by its retrospective nature, the small number 

of patients with neurodevelopmental outcome data and the lack of other objective data on 

fetal brain development that would be obtained on fetal or neonatal brain magnetic 

resonance imaging.

In conclusion, we found that fetuses with L-CDH have lower LVCO and this correlated with 

lower cerebral vascular resistance, indicating a possible compensatory mechanism in fetuses 

with moderate-to-severe L-CDH. Our study provides a model of the effects of isolated 

diminished antegrade cerebral blood flow on cerebral vascular resistance. Larger studies 

with prospective collection of neurodevelopmental testing are needed to understand the 

implications of these findings to further aid in adjusting therapeutic strategies, providing 

counseling and managing affected patients.
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What are the novel findings of this work?

Left sided cardiac output is diminished in left congenital diaphragmatic hernia. Our study 

shows that these fetuses also exhibit decreased cerebral vascular resistance in the setting 

of diminished left cardiac output.

What are the clinical implications of this work?

Survivors of congenital diaphragmatic hernia possess neurodevelopmental delays, which 

are multifactorial in origin. Altered cerebral blood flow in-utero may contribute to 

neurodevelopmental outcomes in this patient population.
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Figure 1. 
Box and whisker plots for MCA PI z scores in control, L-CDH and R-CDH groups.
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Figure 2. 
Scatterplot and linear fit of the ratio of left ventricular cardiac output (LVCO) to combined 

cardiac output (CCO) vs MCA PI z-score for all subjects.
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Table 1.

Demographics of congenital diaphragmatic hernia subjects.

L-CDH (n= 80) R-CDH (n= 15)

Other Anomalies

 2 vessel cord, N(%) 7 (8.7%) 0

 Renal anomalies, N (%) 5 (6.2%) 0

 GI anomalies, N (%) 6 (7.5%) 1 (6.7%)

 Brain anomalies, N (%) 4 (5%) 0

 Other lung anomalies, N (%) 5 (6.2%) 1 (6.7%)

 CHD significant*, N (%) 6 (7.5%) 0

 Genetic Abnormality, N (%) 10 (12.5%) 1 (6.7%)

Perinatal Outcome

 Termination of pregnancy, N (%) 20 (25%) 5 (33.3%)

 IUFD, N (%) 2 (2.5%) 0

 Gestation age at birth, weeks (mean, 95% CI) 38.6 (38.1-39.1) 36.8 (34.2-39.4)

CDH characteristics

 LHR, mean (95% CI) 1.05 (0.96-1.13) 1 (0.79-1.20)

 Liver herniated into thorax N (%) 55 (67.1%) 15 (100%)

Abbreviations: L-CDH, left congenital diaphragmatic hernia; R-CDH, right congenital diaphragmatic hernia; CHD, congenital heart disease; IUFD, 
intrauterine fetal demise; LHR, lung-to-head ratio.

*
Significant CHD included conotruncal defect, atrioventricular canal defects, severe left sided obstruction, and multiple or large ventricular septal 

defect.
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Table 2.

Hemodynamics and baseline biometry in CDH and control subjects with available data after excluding those 

with significant congenital heart disease, chromosomal/genetic abnormalities and structural brain anomalies.

Control (n= 27) L-CDH (n= 53) P-value* R-CDH (n= 11) p-value
+

GA at fetal echo, mean (95% CI) 22.8 (21.7-23.9) 24.0 (23.2-24.9) 0.09 22.6 (20.8-24.3) 0.8

EFW (kg), mean (95% CI) 0.59 (0.40-0.78) 0.72 (0.62-0.81) 0.22 0.65 (0.42-0.87) 0.69

LHR (mean, 95% CI) 1.07 (0.97-1.2) -- 0.98 (0.73-1.2) --

Liver herniated into thorax (N, %) 36 (67.9%) 11 (100%)

LVCO (cc/min) Mean, 95% CI 93.5 (68.2-118) 95.6 (66.7-124.1) 0.9 97.1 (52.7-141) 0.87

RVCO (cc/min) Mean, 95% CI 148.4 (114.7-182.0) 186.3 (160.9-211.7) 0.08 126.5 (97.3-155.6) 0.4

CCO (cc/min) Mean, 95% CI 241.9 (186.1-297.7) 283.6 (239.4-327.8) 0.19 225.2 (150.4-300) 0.7

CCOi (cc/min/kg) Mean, 95% CI 364.2 (308.4-420) 414.5 (378.2-450.0) 0.17 366.5 (240.3-492.7) 0.9

LVCO/CCO Mean, 95% CI 0.38 (0.33-0.42) 0.32 (0.29-0.35) 0.04 0.42 (0.34-0.50) 0.26

RVCO/CCO Mean, 95% CI 0.62 (0.58-0.66) 0.68 (0.65-0.71) 0.01 0.58 (0.50-0.66) 0.26

Head circumference (cm) Mean, 95% CI 20.5 (19.2-21.8) 22.0 (21.0-22.9) 0.08 20.7 (19.2-22.5) 0.81

Biparietal diameter (cm) Mean, 95% CI 5.4 (5.0-5.7) 5.8 (5.6-6.1) 0.05 5.5 (5.1-6.0) 0.54

Abbreviations: L-CDH, left congenital diaphragmatic hernia; R-CDH, right congenital diaphragmatic hernia; GA, gestational age; LHR, lung-to-
head ratio; LVCO, left ventricular cardiac output; RVCO, right ventricular cardiac output; CCO, combined cardiac output; CCOi, combined cardiac 
output indexed to fetal weight

*
p-value represents comparison between L-CDH and control fetuses using a two-sample t-test

+
p-value represents comparison between R-CDH and control fetuses using a two-sample t-test
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Table 3.

Fetal middle cerebral artery and umbilical artery pulsatility indices in the three study groups.

Control (n= 27) L-CDH (n= 53) P-value* R-CDH (n= 11) p-value
+

MCA PI z-score Mean, 95% CI 0.08 (−0.5, 0.6) −1.3 (−1.7, −1.0) <0.001 −0.70 (−1.4,−0.01) 0.14

UA PI Mean, 95% CI 1.2 (1.1-1.3) 1.2 (1.1-1.2) 0.85 1.2 (1.0-1.2) 0.8

MCA/UA PI Mean, 95% CI 1.6 (1.4-1.8) 1.3 (1.2-1.3) 0.0012 1.3 (1.1-1.4) 0.08

Abbreviations: L-CDH, left congenital diaphragmatic hernia; R-CDH, right congenital diaphragmatic hernia; MCA PI, middle cerebral artery 
pulsatility index; UA PI, umbilical artery pulsatility index

*
p-value represents comparison between L-CDH and control fetuses using a two-sample t-test

+
p-value represents comparison between R-CDH and control fetuses using a two-sample t-test
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Table 4.

Neurodevelopmental outcomes for a subset of CDH subjects that presented for evaluation.

Infancy (n= 20) Early Childhood (n= 15)

Age at evaluation (months, 95% CI) 15.5 (13.8-17.2) 31.5 (29.0-34.1)

BSID-III

 Cognition (mean, 95% CI) 100.8 (94.6-107.1) 100.3 (94.5-106.2)

 Language (mean, 95% CI) 96.4 (89.5-103.4) 95.7 (89.4-102.0)

 Motor (mean, 95% CI) 92.4 (85.2-99.6) 95.7 (87.4-104.1)

Abbreviations: BSID-III, Bayley Scales of Infant Development, 3rd edition
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