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Background and Aims
 Severe congenital heart disease (CHD) occurs in about 6-8 per 1000 

live births. Due to advances in cardiac surgery and perioperative care 

the majority of children with CHD survive nowadays. Thus, neuro–

developmental morbidity has become of increasing importance.

 Children with CHD show neurodevelopmental impairments before and 

after open-heart surgery and long-term neurodevelopmental deficits. 

Furthermore, neonates with severe congenital heart disease (CHD) are 

at risk for neonatal brain injury and delayed brain maturation.

 Findings of cerebral biometry in infants with CHD are contradictory: 

reduced brain volumes (mostly due to grey matter reduction) at 15 

months as well as smaller global brain measures at 3 months and 

normal postoperative brain growth in CHD infants have been described, 

whereas our group has described marked volume differences between 

adolescent CHD patients and controls.

Methods
Between 12/2009 and 01/2012, 30 term-born neonates with severe CHD 

were recruited.

Cardiac diagnoses: dTGA: 14, univentricular defect: 5, interrupted aortic 

arch: 1

Thirty infants underwent cMRI before and 28 after the first bypass surgery; 

MRI’s of 20 patients without anatomic lesions were manually segmented 

to measure regional and global brain volumes, myelination of corticospinal

tract and corpus callosum, and gyrification.

Results were compared with MRIs of 18 healthy term born neonates.

The MRI – Exam was performed in natural sleep3 on a GE 3T MR 

scanner (GE Healthcare, Milwaukee, WI, USA). Cerebral MRIs were

manually segmented to measure volumes of a variety of brain structures 

and regions.
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Figure 1: Relationship volumes vs. GA
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Table 1: post-op Volumes [cm3]: Controls Patients % reduction
compared to 

controls

volume whole brain, tissue prosencephalon 391,968 343,731 12,3**

tot. volume ventricles post-op 10,024 10,250 -2,3

total grey matter 164,848 144,508 12,3*

total white matter 198,965 174,477 12,3**

tot. volume brainstem 9,183 8,236 10,3***

left thalamus and hypothalamus 5,554 4,678 15,8**

left basal ganglia and capsula int. 6,601 5,915 10,4 (n.s.)

cerebellum 30,169 27,095 10,2**

left amygdala 0,571 0,523 8,5 (n.s.)

left hippocampus 1,346 1,203 10,6 (n.s.)

right hippocampus 1,484 1,239 16,5 **

insula left (cortex and white m.) 4,149 3,737 10,0 *

MTL left (cortex and white m.) 4,136 3,627 12,3 **

occipital lobe left (cortex and white m.) 27,199 23,452 13,8 *

lat temporal lobe left (cortex and white m.) 33,009 29,759 9,8 (n.s.)

parietal lobe left (cortex and white m.) 45,954 39,482 14,1 (n.s.)

frontal lobe left (cortex and white m.) 68,719 61,137 11,0 *
p: ANCOVA, ctr. for Sex, GA, *: .05, **:.01, ***:.001; by t-tests: all differences were significant

mean % 
increase/day

cortical grey matter 0.25

cerebellum 0.20

deep gray matter 
structures

0.10-0.15

white matter 0.05-0.06 (l/r)

total brain volume 0.14

Figure 2: individual volume changes (patients only)

Cortical grey matter

 CHD patients: 12% smaller brain volumes than controls

 Effects were found in patients without overt lesions

 Impaired brain growth pre- and postoperatively

 White matter and grey matter affected

 notable regional differences, but mostly global effect 

 Cortical volume reduction showed notable regional 

differences, that mostly represent a global effect, and 

myelination seemed to be delayed.

Conclusions

White matterCortical Grey Matter vs. Gestational Age

We therefore aimed at describing the course of pre- and postoperative brain 

growth in greater detail in a cohort of neonates with CHD without overt brain 

injury by comparing pre- and postoperative cerebral MRI scans to scans of 

healthy controls.
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