	Reference
	Study Design
	Cases
(male/female)
	Age at surgery
(days)
	Surgical
Procedure
	Intraoperative cooling and duration (min)
	Duration of follow
up (month)

	Howels-Gurich et al 2002
	Cohort
	60 (46m/14f)
	20
	ASO
	DHCA (60)
	120

	Belinger et al 2001
	RCT
	153 (97m/57f)
	270
	Other
	DHCA (20)
	12

	Schultz et al 2017
	Cohort
	376 (215m/161f)
	-
	Other
	DHCA (19-27)
	48

	Neufeld et al 2008
	Cohort
	65
	20
	ASO
	DHCA
	58

	Watanabe et al 2009
	Cohort
	40 (23m/17f)
	142
	Norwood
	DHCA
	8.6

	Sarajuuri et al 2007
	Cohort
	26
	4
	Norwood
	DHCA (40)
	68.4

	Hansen et al 2016
	Cohort
	71 (49m/22f)
	5
	Norwood
	DHCA (45-49)
	54

	Heinrich et al 2014
	Cohort
	60
	8
	ASO
	DHCA (60.2)
	202.8

	Bellinger et al 2003
	RCT
	155(118m/37f)
	10
	ASO
	DHCA (31-55)
	96

	Gaynor et al 2015
	Cohort
	1770 (1150m/620f)
	30
	Aortic arch repair
	-
	14.5


Reference, Study Design, Demographics, And Intraoperative Information.
*m: male, f: female. ASO: Arterial Switch Operation, DHCA: Deep Hypothermic Circulatory Arrest.





	Reference/ YOP/Country 
	Outcome Measured
	Result (Following surgery during a specific period of follow-up)
	Conclusion

	Howels-Gurich et al 
2002
Germany
	1. Kaufmann Assessment Battery for Children was used to measure
a. IQ with a mean:100, SD:15, and dysfunction is diagnosed with a score of <85
b. Academic Intelligence with a mean: 100, SD:15, and dysfunction is diagnosed with a score of <85
	1. Intelligence
a. General Intelligence shows reduction in IQ in 18.3% (15% <1SD, 3.3%<2SD)
b. Academic Intelligence shows dysfunction in 23.3% (18.3% <1SD, 5.0%<2SD).
	A decline in Intelligence quotient is reported in almost 20% of the study population. 

	Belinger et al 2001
United States
	1. BSID was measured (only pH-stat cohort are taken)
a.  PDI
· Mean:95, SD:19.5
· Dysfunction was defined in percentages with a score of <80% (<1 SD) 
b. MDI
· Mean:105.9, SD:16
· Dysfunction was defined in percentages with a score of <80(<1SD) 
 # pH-stat Cohort (pco2 of 40mmHg which is maintained at a pH of 7.40 at the patient’s hypothermic temperature).
	1. Developmental Index
a. 21% shows dysfunction at 1SD below the mean
b. 7% shows dysfunction at 1SD below the mean.
	Almost one-fourth of the cohort shows a drop in developmental index following aortic surgery.

	Schultz et al 2017
United States
	14 families with multiple gestations only were assessed with ND tools below and a comparison is made with non-affected siblings
1. Wechsler Preschool and primary scale intelligence (FSIQ)
· Scores are reported in median(range) and comparisons are done to show significance.
2. Academic skills (Woodcock-Johnson 3 reading and mathematics clusters)
· Scores are reported separately comparing affected and non-affected siblings.
	1. P-value of 0.02 for FSIQ was reported comparing the affected sibling (99(49-130)) and non-affected sibling (109(92-127)).
2. Academic skills were measured differently for reading(a) and mathematics(b).
a. median of 107(76-167) with a p-value of 0.78.
b. median of 101(44-125) with a p-value of 0.16.
	14 patients were reported to have a lower FSIQ compared to their non-affected siblings following aortic surgery. The FSIQ reported are still within the normal population. 

	Neufeld et al 2008
Canada
	1. Wechsler Preschool and primary scale intelligence
a. FSIQ with mean:100, SD:15.
b. VIQ with similar mean and SD
c. PIQ with similar mean and SD
2. Beery-Buktenica Developmental test of visual-motor integration (VMI) 
	1. Intelligence Scale (p:0.513)
a. FSIQ shows a mean:95, SD:17.
b. VIQ shows a mean:95, SD:19.
c. PIQ shows a mean:95, SD:16.
2. VMI shows a mean:94, SD:16(p: 0.53)
	Although the reported WSI is lower than normal, no statistical difference was reported in the study.

	Watanabe et al
2009
Japan
	1. Bayley Scales of Infant Development
a. PDI
b. MDI
*Only critical CHD patients undergoing complex heart surgery with aortic involvement are taken for the purpose of this review.
	1. Bayley Scale of Infant Development
a.       PDI score was reported at a   mean:84.7, SD:19.7 (p:<0.05).
b.       MDI score was reported with a mean:97.6, SD:19.8 (p>0.05)
	The developmental index for psychomotor abilities was more affected compared to the mental index.

	Sarajuuri et al
2007
Finland



	1. Wechsler Preschool and primary scale of intelligence (mean above 70 is considered normal)
a. FSIQ
Scores are reported separately for HLHS and UVH. Additional data was also provided for patients undergoing Norwood.
b. Verbal IQ
c. Performance IQ

	1. Wechsler Preschool and primary scale of Intelligence
a. FSIQ
 (HLHS) patient(n:7) recorded a mean:86.7, SD:10.5 (p:0.015) and UVH patients (n:19) recorded mean:89.1, SD:20 (p:0.029) 
Data also shows patients undergoing Norwood operation(n:7) recorded a mean of 81 compared to 92.4 in others.
b. VIQ shows a mean:89.9, SD:12.5 (p:0.076) in HLHS and 88.3, SD: 18.6 (p: 0.014) in UVH
c. PIQ shows a mean:89.6, SD:14.1 (p: 0.098) in HLHS and 94.2, SD: 20.1 (p:0.222) in UVH.
	A significant drop in the intelligent quotient is noted across all patients and especially in patients undergoing Norwood procedures. 

	Hansen et al
2016
German
	1. Hannover-Wechsler Intelligence scale (German version of Wechsler preschool and primary scale of intelligence) 
Score <85, <1SD is classified as below average
a. FSIQ
b. VIQ
c. Non-verbal IQ

	1. Intelligence Scale
a. FSIQ score reported a mean:94, SD:11 and 19% of cohort show a score <1SD
b. VIQ reported a mean:97, SD:13, and 14.3% scored below 1SD
c. Reported a mean:93, SD:9 with 16.7% scored <1SD.
	One-fifth of the study cohort has shown a lower FSIQ, VIQ, and Non-verbal IQ. 

	Heinrich et al
2014
German
	1. Hamburg-Wechsler Intelligence test with a normal mean: 100, SD:15 
a. FSIQ
b. VIQ
c. PIQ
	1. Intelligence scale
a. Overall mean of FSIQ in this study cohort is 106.7, SD:23.1 (p:0.03). 8.9% of patients scored below 1SD and 5.4% scored below 2SD.
b. VSIQ score reports a mean:104.2, SD:22.6 (p:0.17). 8.9% of patients scored below 1SD and 1.8% <2SD.
c. PIQ reports a mean:105.4, SD:27.5 (p:0.14). 14.3% of patients scored <1SD and 10.7% <2SD.
	Although the average mean is above the normal population, approximately 9% of the study population scored below one SD.

	Belinger et al 2003
US
	1. Wechsler intelligence scale for children. Scores less than 70 are define as dysfunction
a. FSIQ
b. VIQ
c. PIQ
2. Wechsler Individual achievement
a. Reading score
b. Mathematics score

	1. Intelligence scale
a. Overall FSIQ score shows a mean:97.1, SD:15.3 and 3% of the cohort reported score <70.
b. VIQ reports mean:99.8, SD:16.6.
c. PIQ reports mean:94.9, SD:14.3.
2. Academic achievement
a. 11% reports a significantly reduced composite score
b. 18% report a significantly reduced composite score
	Overall intelligence has been reported to be normal and a very low percentage of the cohort scored below the normal value.

	Gaynor et al
2015
US
	1. Bayley Scale of Infant Development
a.      PDI
         -gross and fine muscle function
b.      MDI
                  - assess memory, problem-solving, early number concept, generalization, vocalization, language, and social skills.
	              a. PDI
mean:77.6, SD:18.8 (p<0.001) significantly lower than normal
b. MDI
mean:88.2, SD:16.7 (p<0.001) significantly lower than normal.    
	A negative effect on the neurocognitive changes following aortic arch repair has been reported.


Table 2: Neurocognitive outcomes post complex aortic surgeries
BSID: Bayley Scale of Infant Development, PDI: Psychomotor Developmental Index, MDI: Mental Developmental Index, FSIQ: Full-Scale Intelligent Quotient, VIQ: Verbal Intelligent Quotient, PIQ: Performance Intelligent Quotient, SD: standard deviation, HLHS: Hypoplastic Left Heart Syndrome, ND: Neurodevelopmental, YOP: Year of Publication.


