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Chapter 5

Abstract
Aim: Although neurocognitive deficits in children with sickle cell disease (SCD) have been 

well documented, the etiology of these deficits has not been completely clarified. The 

aim of this study was to investigate the association of laboratory markers of disease 

severity and radiological parameters with neurocognitive functioning in children with 

SCD. 

Methods: Participants were 37 children with SCD (HbSS or HbS-β0-thalassemia) aged 

6 to 18 years. All participants underwent extensive neurocognitive assessment. Further 

data (TCD values, laboratory test results and MRI data) was obtained from medical 

charts. Associations were analyzed by hierarchical regression analysis.

Results: Hemoglobin was associated with a decrease in verbal short term memory. 

There was no association between TCD velocities and neurocognitive functioning, when 

controlled for age. Children with silent infarcts did not differ from children with normal 

MRI in neurocognitive functioning. Children with right-left asymmetries in cerebral blood 

flow as measured by Continuous Arterial Spin Labelling (CASL) MRI had better sustained 

attention than children without asymmetries. 

Conclusion: Neurocognitive deficits are associated with the severity of anemia, indicating 

reduced oxygen delivery to the brain as an etiological mechanism. This implies that 

children with SCD and normal MRIs may still suffer from neurocognitive impairments, 

possibly affecting their academic development and full participation in society. 

80

proefschrift Hijmans.indb   80 8-12-2011   13:10:49



Introduction
Sickle cell disease (SCD) is a hereditary red blood cell disorder that is characterized by 

chronic hemolytic anemia and vascular occlusion, causing pain and irreversible organ 

damage. The most devastating complication of SCD is cerebral vascular infarction, with 

11% of children experiencing an overt infarct accompanied by neurological symptoms 

and 11-35% of children suffering from silent infarcts (1-5). Overt infarcts are generally 

associated with stenoses of the large supplying arteries of the brain, i.e. the internal 

carotid arteries and the arteries in the circle of Willis. Silent infarcts may occur throughout 

the brain and are the result of critical reductions in the delivery of oxygen to the brain 

through several interrelated mechanisms (6). Children with SCD have reduced oxygen 

carrying capacity due to their low hemoglobin levels that may be further reduced in 

acute medical events such as acute chest syndrome or infection. Lung disease may also 

reduce the oxygen content of the blood. Red blood cells in children with SCD may be 

more adhesive than normal red cells, which may lead to obstruction in small vessels. 

Increased blood viscosity, associated with HbS, may further impair the flow of blood 

through narrowed vessels or in normal brain capillaries. 

Neurocognitive deficits in children with SCD have been well documented, and include 

deficits in general intellectual functioning, attention and executive function, memory, 

language, visuomotor, and academic achievement (7). While children with overt infarcts 

seem to be most impaired, it appears that children with silent infarcts, and even children 

with SCD without any evidence of stroke on MRI, may also have neurocognitive deficits 

(8-10). However, the etiology of these neurocognitive deficits is not well understood, as 

these could originate from several causes. 

Neurocognitive deficits could be associated with the burden of chronic disease or 

with yet undetectable pathological changes in the brain associated with the severity 

of the phenotype, reflected by lactate dehydrogenase, hemoglobin, reticulocytes, and 

leukocytes. Hypoxia, resulting from chronic anemia, may also contribute to neurocognitive 

deficits. Weiskopf et al. (11) has demonstrated in healthy adults that reductions in 

hemoglobin are associated with neurocognitive impairments, and Vichinsky et al. (12) 

recently demonstrated in adult SCD patients that hemoglobin is a strong predictor of 

neurocognitive functioning. Cerebral oxygenation may be further impaired by stenosis 

of the cerebral arteries, which can be detected by Transcranial Doppler Ultrasonography 

(TCD). Adams et al. (13) established reference values to predict stroke in children 

with SCD, based on blood flow velocity, which was classified as normal (<170 cm/s), 

conditional (170-200 cm/s) and abnormal (>200 cm/s). Finally, neurocognitive deficits 

could also be caused by hemodynamic changes that may be detected by Continuous 

Arterial Spin Labelling (CASL) MRI. This technique enables the measurement of the 

total amount of blood flowing into the brain, through all vessels, and therefore allows 

the detection of asymmetries in total cerebral blood flow between the right and left 

hemisphere (14). As this technique is relatively new, it is not yet clear what mechanism 

underlies this asymmetry: high cerebral blood flow in one hemisphere may be associated 

Hb predicts neurocognitive deficits in SCD
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Chapter 5

with cerebral autoregulation and impending impaired vascular reserve, or low cerebral 

blood flow in the other hemisphere may be the result of vascular stenoses and low blood 

supply. 

Relatively few studies have investigated which medical factors, besides MRI status, 

are associated with neurocognitive functioning in children with SCD. Some researchers 

have focussed on TCD as a predictor for neurocognitive functioning, but findings were 

inconclusive. Bernaudin et al. (15) found no significant differences in IQ between children 

with abnormal TCD and normal TCD after excluding patients with overt strokes, while 

Kral et al. (16,17) described greater decrements in specific neurocognitive functions 

(attention, executive functions and verbal memory) in children with both conditional and 

abnormal TCD values in comparison to children with normal TCD values. Sanchez et al. 

(18) demonstrated an inverse relation between TCD velocities and language functioning, 

but did not find an association between TCD velocities and other cognitive domains. 

These conflicting findings may be explained by methodological issues. In the studies 

by Kral et al. (16,17), a large proportion of patients (ranging from 33 to 48%) with 

abnormal TCD velocities in the preceding 5 years of the study was included. These 

patients received scheduled blood transfusion therapy at the time the neurocognitive 

assessment took place. This may have altered the medical situation on which they were 

classified initially. Other studies excluded transfusion patients but used limited assessment 

of neurocognitive functions: Some studies focused only on general intelligence (15), 

whereas others targeted specific aspects of neurocognitive functioning (18).

The aim of the present study was to investigate which medical factors are associated 

with neurocognitive functioning in children with SCD. We investigated the effects of 

increased cerebral blood flow velocity as measured by TCD, as well as laboratory markers 

of disease severity, such as lactate dehydrogenase, hemoglobin, reticulocytes, and 

leukocytes.

Furthermore, we explored if silent infarcts and right-left asymmetries in cerebral 

blood flow as measured by CASL MRI are associated with decreased neurocognitive 

functioning. 

Methods
Participants
From all children aged 6 to 18 years without prior overt stroke or cerebral bleeding 

receiving treatment for a severe form of SCD (HbSS or HbS-β0-thalassemia) at the 

Comprehensive Sickle Cell Care Center of the Academic Medical Center, Emma 

Children’s Hospital in Amsterdam, 42 children were randomly selected for participation. 

From these, 37 patients (88%) participated in the study (5 declined). All participants 

underwent neurocognitive assessment. Three participants (7%) received scheduled 

blood transfusion for intracranial arterial stenoses. These 3 children were only included 
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in the analyses of MRI and neurocognitive data (n = 21), but excluded from the analyses 

of TCD data and laboratory test results (n = 34), as TCD velocities and laboratory 

parameters are influenced by blood transfusions. The clinical condition of all children 

with SCD was stable at the time the neurocognitive assessment took place. Inclusion 

took place between October 2007 and October 2008.

Procedure
The medical ethics committee of the Academic Medical Center in Amsterdam approved 

the study protocol. Written informed consent was obtained from parents and from 

children aged twelve years and older. Administration of the neurocognitive tests was 

performed in a fixed order by trained examiners using standardized instructions. 

Administration of the entire test battery (including breaks) required a maximum of three 

and an half hours. At the time of testing, examiners were unaware of disease-related 

measures (e.g. TCD values). Medical information (TCD values, laboratory test results and 

MRI data) was obtained after the cognitive assessment had been completed, through 

retrospective review of computerized databases and medical charts. 

Measures

Medical factors

TCD studies of blood flow velocity in the basal arteries were performed by a radiologist 

as part of the standard medical care provided in our hospital. Velocities were recorded in 

6 areas: the anterior cerebral arteries, the proximal middle cerebral arteries and the distal 

internal carotid arteries in both hemispheres. All TCD measurements were performed 

within the preceding 14 months of the neurocognitive testing, with a median length of 

5 months. 

Mean levels of lactate dehydrogenase, hemoglobin, reticulocytes, and leukocytes 

were calculated from assessments during 1-3 routine visits to the outpatient clinic within 

the preceding 12 months of the neurocognitive testing. The average of these values was 

used in the statistical analyses.

MRI data was available for 21 SCD patients that were neurologically normal. In 17 of 

them, regional cerebral blood flow was measured at 3-T continuous arterial spin labelling 

(CASL) MRI (see (14) for technical details). Right-left asymmetry in cerebral blood flow 

was defined as a difference in blood flow between both hemispheres > 11.7 ml/100g/

min (14). All MRIs preceded the neurocognitive testing with a maximum of 24 months, 

and a median length of 10 months. 

Neurocognitive measures

Intelligence
Full-scale IQ was estimated by four subtests of the Wechsler Intelligence Scale for 

Children-III (19) or the Wechsler Adult Intelligence Scale-III (20) (depending on the 

Hb predicts neurocognitive deficits in SCD
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child’s age): Vocabulary, Arithmetic, Block Design and Picture Arrangement. These 

subtests correlate in the low to mid .90’s with Full-scale IQ. Verbal IQ was estimated 

by Vocabulary and Arithmetic, and Performance IQ was estimated by Block Design and 

Picture Arrangement. 

Executive Functioning
Response inhibition and sustained attention

Response inhibition and sustained attention were measured using the Stop task (21, 22). 

This task requires the child to react as quickly and accurately to airplanes appearing on 

a computer screen and to occasionally inhibit a response upon presentation of a visual 

stop signal. Response inhibition was measured by stop signal reaction time (SSRT, an 

estimate of the speed of the inhibitory response). Sustained attention was measured by 

the number of errors, and by mean reaction time (MRT) of correct responses. 

Planning

Planning ability was investigated using an adapted version of the Tower of London 

(ToL; (23)), with multiple difficulty levels. This task requires the child to rearrange three 

coloured balls on three vertical pegs of different lengths, in order to transform an initial 

configuration of the balls into a tower, in which the balls are arranged on a designated 

peg. The child has to plan the sequence of moves, as there are constraints on the amount 

of moves and trials allowed to solve the problem. The main outcome measure was the 

ToL Score, which is based on the number of trials required to solve a problem. A higher 

ToL score indicate better planning skills. Additional outcome variables were Planning 

time (the time between presentation of an item and initiation of the first move) and 

Execution time (the time between initiation of the first move and completion of the final 

move). It was expected that Planning and Execution time would increase with higher 

difficulty levels. Relatively short Planning time may be indicative of poor planning and 

may lead to poor performance on the ToL. Relatively long Execution time may reflect 

poor planning as well.

Working memory

Visuo-spatial working memory was measured with a spatial variant of the computerized 

N-back task (24-26). Children were presented with a picture of an apple with four holes 

in it, from which a caterpillar appeared. Children were instructed to press one of four 

response buttons corresponding to the hole in which they had seen the caterpillar one 

move back (1-back condition) up to four moves back (4-back condition). A maximum of 

four blocks (of 32 trials each) was administered, preceded by a practice block of 10 trials. 

Total number of correct responses was used as measure of visuo-spatial working memory.

Verbal short term memory was measured with the maximum span on Digit Span 

forwards, and verbal working memory was measured with Digit Span backwards of 

the WISC-III (19) or WAIS-III (20) (depending on the child’s age). The forward part was 

administered first and consisted of repeating sequences of numbers in the exact same 
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order. For the backward part, children had to repeat sequences of numbers in the 

reverse order. 

Visuo-motor functioning
Visuo-motor functioning was assessed using the Beery-Buktenica Developmental Test of 

Visual-Motor Integration (Beery VMI; (27)). In the Beery VMI children have to reproduce 

30 geometric shapes with graded difficulty as accurately as possible. Total score was 

used as outcome measure.

Data analysis
The Statistical Package for the Social Sciences (SPSS version 15.0) was used to manage 

and analyze the data. To reduce the number of criterion variables, factor analysis was 

executed, using an exploratory principle-components analysis (PCA) on the correlation 

matrix of all neurocognitive measures with oblique rotation using the direct oblimin 

procedure (28). One factor was constituted, which explained 44% of the variance of 

the neurocognitive measures. Further analyses were performed with this factor score. 

Exploratory analyses were performed with the individual neurocognitive measures as well. 

Table 1. Demographic and medical characteristics of participating children with SCD

Children with SCD (N=34)

Age, M (SD) 11.8 (2.9)

Boys, n (%) 18 53

Genotype, n (%)

   HbSS 30 88

   HbS-β0 4 12

Laboratory test results, M (SD)

   LDH, U/L 504 114

   Hb, g/dl 5 1

   Reti, % 9 4

   Leuko, 10E9/L 11 2

TCD, M (SD)

   MCA R, cm/s 120 20

   ACA R, cm/s 99 26

   ICA R, cm/s 112 26

   MCA L, cm/s 112 21

   ACA L, cm/s 98 26

   ICA L, cm/s 101 24

LDH = Lactate dehydrogenase (reference value = 0-323); Hb = hemoglobin (reference value = 6.5-10); 
Reti = reticulocytes (reference value = 0.2-2); Leuko = leukocytes (reference value = 4-14); TCD = 
Transcranial Doppler; MCA R = right middle cerebral artery; ACA R = right anterior cerebral artery; ICA R 
= right internal carotid artery; MCA L = left middle cerebral artery; ACA L = left anterior cerebral artery; 
ICA L = left internal carotid artery

Hb predicts neurocognitive deficits in SCD
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Preliminary bivariate correlation analyses were performed to determine which 

variables should be included in the subsequent regression analyses. Forced-entry 

hierarchical regression analyses were then conducted for the factor score and each 

neurocognitive measure that was associated with one or more of the medical factors. 

The entry significance level for medical factors in the regression analysis was set at 

0.10 in the correlation analyses. As age appeared to be positively correlated to most 

neurocognitive measures and negatively to several of the medical parameters (i.e., 

leukocytes and TCD velocities), age was included in all the regression models. Since the 

aim of the regression analysis was to determine how much variance in neurocognitive 

functioning was explained by medical factors, above and beyond that of age, age was 

entered in the first step, followed by medical factors in the second step. 

In addition to the regression analyses, neurocognitive functions of children with 

silent infarcts on MRI were compared to those of children with normal MRI using 

Mann-Whitney U-tests. Furthermore, exploratory analyses were performed to compare 

children with right-left asymmetries in cerebral blood flow with children that did not have 

asymmetries using Mann-Whitney U-tests. P values < 0.05 were considered significant. 

Effect sizes (d) were calculated by dividing the difference in mean neurocognitive scores 

between children with SCD and normal MRI and children with silent infarcts on MRI by 

Table 2. Standardized Regression Coefficients β from the Hierarchical Regression Analysis predicting 
neurocognitive outcome measures 

Neuro-cognitive 
factor score

Response 
inhibition

Sustained 
attention Planning Working 

memory
Short term 

memory
Visuo-motor 
functioning

Stop task SSRT Stop task MRT Stop task Errors ToL Score Planning time N-Back task
Digit  Span 
forwards Beery VMI

Step 1

   Age 0.605** -0.317 -0.371* -0.538** 0.573** 0.125 0.516** 0.408* 0.678**

   R2 0.36 0.10 0.14 0.29 0.33 0.01 0.27 0.17 0.46

   F 17.88** 3.13 4.47* 11.39** 15.17** 0.51 11.25** 6.40* 26.36**

Step 2

   LDH - - - 0.143 - - - - -

   Hb - - - - - - 0.108 -0.350* -

   Reti -0.133 - - - - -0.339 -0.179 - -

   Leuko -0.074 - - 0.112 -0.190 - -0.109 - -

   MCA R - 0.249 - -0.038 - - - - -

   ICA R -0.054 -  0.257 0.200 -0.074 - 0.020 - -0.029

   MCA L - - - - - - -0.010 - -

   ACA L - - - - - - 0.002 - -

   Δ R2 0.04 0.05 0.04 0.07 0.04 0.11 0.09 0.12* 0.00

   R2 0.40 0.15 0.18 0.36 0.37 0.12 0.36 0.29 0.46

   F    4.74** 2.41 3.01  2.68*    5.64** 2.17 2.04    6.26**    12.79**

LDH = Lactate dehydrogenase; Hb = Hemoglobine; Reti = Reticulocytes; Leuko = Leukocytes; MCA R = 
right middle cerebral artery; ICA R = right internal carotid artery; MCA L = left middle cerebral artery; 
ACA L = left anterior cerebral artery. *p<0.05; **p<0.01. 
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the pooled standard deviation of both groups. According to Cohen (29), effect sizes < 0.2 

are considered small, effect sizes > 0.5 and < 0.8 moderate, and effect sizes > 0.8 large. 

Results
TCD values and laboratory test results
Table 1 provides the demographic and medical characteristics of the participating 

children with SCD who did not receive scheduled blood transfusions. All participants had 

TCD velocities less then 170 cm/s (considered normal), except for two (6%) with TCD 

velocities of 170 to 199 cm/s, which were considered to be conditional. 

TCD velocities in the internal carotid arteries of the right hemisphere (ICAR) and 

leukocyte count were correlated with the neurocognitive factor score, with higher values 

associated with poorer performance. When correlations with single neurocognitive 

measures were evaluated, both higher TCD velocities in the ICAR and leukocyte count 

appeared to be correlated with lower levels of sustained attention (more Errors on Stop 

task), working memory (lower score on N-Back task), and planning (lower ToL score). 

Table 2. Standardized Regression Coefficients β from the Hierarchical Regression Analysis predicting 
neurocognitive outcome measures 

Neuro-cognitive 
factor score

Response 
inhibition

Sustained 
attention Planning Working 

memory
Short term 

memory
Visuo-motor 
functioning

Stop task SSRT Stop task MRT Stop task Errors ToL Score Planning time N-Back task
Digit  Span 
forwards Beery VMI

Step 1

   Age 0.605** -0.317 -0.371* -0.538** 0.573** 0.125 0.516** 0.408* 0.678**

   R2 0.36 0.10 0.14 0.29 0.33 0.01 0.27 0.17 0.46

   F 17.88** 3.13 4.47* 11.39** 15.17** 0.51 11.25** 6.40* 26.36**

Step 2

   LDH - - - 0.143 - - - - -

   Hb - - - - - - 0.108 -0.350* -

   Reti -0.133 - - - - -0.339 -0.179 - -

   Leuko -0.074 - - 0.112 -0.190 - -0.109 - -

   MCA R - 0.249 - -0.038 - - - - -

   ICA R -0.054 -  0.257 0.200 -0.074 - 0.020 - -0.029

   MCA L - - - - - - -0.010 - -

   ACA L - - - - - - 0.002 - -

   Δ R2 0.04 0.05 0.04 0.07 0.04 0.11 0.09 0.12* 0.00

   R2 0.40 0.15 0.18 0.36 0.37 0.12 0.36 0.29 0.46

   F    4.74** 2.41 3.01  2.68*    5.64** 2.17 2.04    6.26**    12.79**

LDH = Lactate dehydrogenase; Hb = Hemoglobine; Reti = Reticulocytes; Leuko = Leukocytes; MCA R = 
right middle cerebral artery; ICA R = right internal carotid artery; MCA L = left middle cerebral artery; 
ACA L = left anterior cerebral artery. *p<0.05; **p<0.01. 
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Higher TCD velocities in the ICAR were also correlated with a decrease in sustained 

attention (higher MRTs on Stop task) and impaired visuo-motor functioning (lower score 

on Beery VMI). Furthermore, higher TCD velocities in the middle cerebral arteries and 

higher lactate dehydrogenase values were related to a decrease in sustained attention 

(more Errors on Stop task). Higher values of reticulocytes were associated with poorer 

visuo-spatial working memory (lower score on N-Back task) and shorter Planning time 

on the ToL. As higher values of reticulocytes were not significantly associated with ToL 

score and Execution time, this was not indicative of poorer performance on the ToL. 

Results from the hierarchical regression analyses are summarized in Table 2. Age was 

significantly associated with the neurocognitive factor score, and with performance 

on tasks for sustained attention, planning, short term memory, and visuo-motor 

functioning. When age was entered first as a covariate, only hemoglobin appeared to 

Table 3. Performance on neurocognitive measures of children with SCD and normal MRI and children 
with SCD and silent infarcts

Neurocognitive measure Normal MRI
(n = 9)

Silent infarcts
(n = 12)

Effect 
size

Mean SD Mean SD d U

Intelligence

Full-Scale IQ 80 9.0 79 14.4 0.1 51.50

Verbal IQ 82 8.3 80 13.9 0.2 50.50

Performance IQ 77 12.4 80 16.3 0.2 54.00

Response inhibition

Stop Signal Reaction Time 228 84.1 195 32.8 0.6 40.00

Sustained attention

Errors on Stop task 3 1.6 4 7.5 0.2 36.50

MRT on Stop task (averaged
across experimental blocks)

498 97.9 580 154.5 0.6 29.00

Planning

ToL Score 49 8.2 48 7.2 0.1 51.50

Planning time on ToL
(averaged across difficulty level)

21 12.2 19 15.5 0.1 46.00

Execution time on ToL
(averaged across difficulty level)

49 18.6 53 24.8 0.2 50.00

Visuo-spatial working memory

N-Back task correct responses 42 15.0 35 17.8 0.4 41.00

Verbal working memory

Digit Span forwards 7 1.6 8 1.7 0.6 34.00

Digit Span backwards 5 1.8 4 1.6 0.6 51.00

Motor functioning

Beery VMI total score 23 2.2 24 3.2 0.4 41.50

MRT = Mean Reaction Time, ToL = Tower of London, VMI = Visual-Motor Integration.
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be an independent medical predictor of verbal short term memory, as measured by Digit 

Span forwards. Regression analyses failed to reveal associations of TCD velocities with 

any of the neurocognitive measures. 

MRI data
From the 21 patients with MRI data, 12 had silent infarcts and 9 had normal MRI. From 

the 17 patients in whom right-left asymmetry in cerebral blood flow was measured by 

CASL MRI, 11 patients demonstrated right-left asymmetries and six did not.

When neurocognitive performance of children with normal MRI was compared to 

children with silent infarcts on MRI, no significant differences were found (Table 3). 

However, exploratory analyses revealed that children with right-left asymmetries in 

Table 4. Performance on neurocognitive measures of children with SCD with right-left asymmetries in 
cerebral blood flow and children with SCD without asymmetries

Neurocognitive measure Children with 
asymmetry

(n = 11)

Children without 
asymmetry

 (n = 6)

Effect 
size

Mean SD Mean SD d U

Intelligence

   Full-Scale IQ 82 13.0 74 11.4 0.7 21.50

   Verbal IQ 84 11.4 77 9.9 0.7 22.50

   Performance IQ 80 16.9 75 13.5 0.3 28.00

Response inhibition

   Stop Signal Reaction Time 216 79.4 192 28.4 0.4 26.00

Sustained attention

   Errors on Stop task 2 2.0 2 2.3 0.0 26.00

   MRT on Stop task (averaged
   across experimental blocks)

482 98.5 565 83.8 0.9 10.00

Planning

   ToL Score 48 5.1 50 7.8 0.3 24.00

   Planning time on ToL   
   (averaged across difficulty level)

19 15.3 24 13.9 0.3 25.00

   Execution time on ToL
   (averaged across difficulty level)

50 15.5 62 34.0 0.5 31.00

Visuo-spatial working memory

   N-Back task correct responses 40 14.6 46 15.8 0.4 23.00

Verbal working memory

   Digit Span forwards 9 1.7 7 1.2 1.4 15.00

   Digit Span backwards 5 1.3 6 1.5 0.7 21.00

Motor functioning

   Beery VMI total score 25 2.9 23 1.9 0.8 24.50

MRT = Mean Reaction Time, ToL = Tower of London, VMI = Visual-Motor Integration. 
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cerebral blood flow had better scores on 8 of the 13 neurocognitive outcome measures 

compared to children without asymmetries. Only the difference in sustained attention 

reached statistical significance: children with right-left asymmetries had lower MRTs on 

the Stop task than children without asymmetries, indicating better sustained attention, 

U = 10, p = 0.03, d = 0.9 (Table 4).   

Discussion
This study demonstrates that hemoglobin is associated with neurocognitive performance 

in SCD. Hemoglobin appeared to be a unique predictor of verbal short term memory. 

TCD velocities were not associated with any of the neurocognitive measures, when 

controlled for age. No significant differences were found between children with silent 

infarcts compared to children with normal MRI. Children with right-left asymmetries in 

cerebral blood flow had better sustained attention than children without asymmetries. 

When previous studies excluded patients with stroke and corrected for hematocrit 

and age, TCD was only associated with language impairment (18) and verbal working 

memory (16, 17). Findings on verbal working memory were conflicting, showing either 

a negative (16) or a positive correlation with TCD (17). The present findings did not 

reveal an association between TCD and verbal working memory, which may be due to 

methodological differences. In both studies by Kral et al., and especially the latter one, 

children receiving scheduled blood transfusions were included, which may have partially 

reversed their neurocognitive dysfunction caused by anemia (30-32). Sanchez et al. (18) 

excluded patients receiving transfusions, and found no association between TCD velocity 

and verbal working memory. As this is confirmed by the present results, it seems likely 

that the association between TCD velocity and specific language functions that Sanchez 

et al did find pinpoints to a specific language impairment, rather than to a deficit in 

working memory.  

The present findings did reveal hemoglobin as a significant predictor of verbal short 

term memory. Previous studies have shown a moderate to strong correlation between 

anemia severity and neurocognitive functioning in children with SCD, either for measures 

of general intellectual functioning (9, 15, 33, 34), verbal ability (9, 33) and specific 

measures of attention and working memory (9, 33). A recent study in adults with SCD 

also revealed an association between hemoglobin level, age and neurocognitive deficits: 

anemia was associated with poorer neurocognitive function in older patients (12). 

Anemia appeared to be a stronger predictor of neurocognitive deficits than silent MRI 

findings, which is supported by the present study as well as by previous research (15). 

Vichinsky et al. (12) state that hemoglobin is likely to be a surrogate marker for reduced 

oxygen delivery to the brain. They argue that the previous findings of lower cerebral 

oxygen saturation in patients with SCD may be indicative of a state of chronic cerebral 

ischemia, resulting in neurocognitive dysfunction (12). Interestingly, deficits associated 
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with severe anemia and oxygen desaturation may be reversible by blood transfusion 

and/or hydroxyurea treatment. Future studies need to provide more insight in this.   

Right-left asymmetries in cerebral blood flow were associated with better 

neurocognitive functioning. Although it is not yet clear what mechanism underlies 

asymmetry in cerebral blood flow, we speculate that high cerebral blood flow in one 

hemisphere may reflect one-sided adequate autoregulation (the dilation of blood vessels 

when systemic blood pressure is lowered). This might have a protective effect on 

neurocognitive functioning, which does not seem to be specific for sustained attention, 

as children with asymmetries had better scores on 8 of the 13 neurocognitive outcome 

measures compared to children without asymmetries. This should be investigated further 

in larger sample sizes.

While interpreting the results of this study, limitations and strengths should be taken 

into account. The sample size was relatively small, specifically reducing power in the 

hierarchical regression models comprising more than three predictors. Moreover, while 

the exclusion of patients on scheduled blood transfusions was necessary to prevent a 

confounding effect of higher hemoglobin levels on neurocognitive outcome, this made 

our study sample less likely to reflect much variability in TCD velocities (i.e. all patients 

had TCD velocities < 200 cm/s), which further reduces power. Furthermore, other factors 

besides medical factors, such as family functioning, may contribute to neurocognitive 

functioning, and therefore need to be taken into account in future studies. Strengths of 

this study were that we used a representative sample of children with SCD, making sure 

that high TCD velocities were not oversampled, and assessed them on a broad range 

of neurocognitive functions, using well-defined and validated measures. Additionally, 

we controlled for the confounding effect of age in the hierarchical regression analyses, 

which is important in order to draw reliable conclusions about the relationship between 

TCD velocities and neurocognitive functioning.

Concluding, pronounced anemia may induce neurocognitive deficits due to cerebral 

hypoxia. As this is undetectable by current imaging techniques, children with SCD and 

normal MRIs may still suffer from neurocognitive impairments, possibly affecting their 

academic development and full participation in society. It is essential to monitor all 

children with SCD carefully and to routinely screen them on neurocognitive functions. 

Besides the need to evaluate the effects of transfusion therapy and/or hydroxyurea 

treatment in clinical trials, there is a need for cognitive rehabilitation programs, which 

could significantly improve the quality of life of children with SCD.
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