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Assessing Temporal Brain Metabolite Changes in Preterm Infants Using 
Multivoxel Magnetic Resonance Spectroscopy
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Purpose: To investigate temporal changes in brain metabolites during the first year of life in 
preterm infants using multivoxel proton magnetic resonance spectroscopy (1H-MRS). 

Methods: Seventeen infants born at 29 (25–33) gestational week (median, range) weighing 
1104 (628–1836) g underwent 1.5-T multivoxel 1H-MRS at 42 postconceptional week (PCW) 
and at 3, 6, 9, and 12 months after. We measured N-acetyl aspartate (NAA)/creatine (Cr), choline 
(Cho)/Cr, myo-inositol (Ins)/Cr, NAA/Cho, and Ins/Cho ratios in the frontal lobe (FL) and basal 
ganglia and thalamus (BG + Th). Linear regression analyses were performed to identify longi-
tudinal changes in infants showing normal imaging findings and normal development. We also 
evaluated ratios of subjects with abnormal imaging findings and/or development using the 95% 
confidence intervals (CIs) of regression equations in normal subjects.

Results: In the 13 infants with normal development, NAA/Cr and NAA/Cho ratios showed 
significant positive correlations with PCWs in the FL (r = 0.64 and 0.83, respectively, both P < 0.01) 
and BG + Th (r = 0.79 and 0.87, respectively, both P < 0.01), while Cho/Cr and Ins/Cr ratios 
revealed significant negative correlations with PCWs in the FL (r = −0.69 and  −0.58, respectively, 
both P < 0.01) and BG + Th (r = −0.74 and  −0.72, respectively, both P < 0.01). Ins/Cho ratios 
in the FL did not significantly correlate with PCWs (r = −0.19, P = 0.18), while those in the BG + 
Th showed significant negative correlation with PCWs (r = −0.44, P < 0.01). The metrics in the 
abnormal group were within the normal group 95% CIs in all periods except a few exceptions.

Conclusions: Longitudinal multivoxel MRS is able to detect temporal changes in major brain 
metabolites during the first year of life in preterm infants.
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Introduction
Predicting psychomotor development delays is a major 

issue in the clinical management of preterm infants. 
Cranial ultrasonography (US) is the most effective imag-
ing modality for identifying intraventricular hemorrhage 
and/or periventricular leukomalacia (PVL) to predict 
severe motor consequences such as spastic diplegia or 
quadriparesis in preterm infants.1 However, US is not 
sensitive enough to detect changes associated with less 

severe psychomotor retardation in preterm infants,1 and 
the utilities of several imaging techniques including 
structural magnetic resonance imaging (MRI), diffusion 
tensor imaging, and magnetic resonance spectroscopy 
(MRS) have been explored.1 Among these, proton MRS 
(1H-MRS) is hypothesized to provide additional diagnos-
tic value because it can noninvasively measure various 
brain metabolites that are dramatically altered during 
rapid brain development that occurs within the first year 
of life.1,2 In term infants, MRS can reportedly identify 
changes in brain metabolites associated with normal 
development and perinatal asphyxia and to predict neu-
rological outcomes.3–6 Although there are several reports 
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with short observation periods,7–11 no study has inves-
tigated longitudinal changes in brain metabolites of 
preterm infants during the first year of life.

Here, we used multivoxel 1H-MRS to investigate 
temporal changes in the ratios of brain metabolites 
in preterm and low-birth-weight infants with normal/
abnormal psychomotor development every 3 months 
during the first year of life. 

Materials and Methods
Patients

This study was approved by the institutional ethics com-
mittee (number 23-37). From May to October 2011, we 
prospectively recruited 29 preterm infants (gestational age 
≤34 weeks and birth weight ≤2000 g) who were admitted 
to the neonatal intensive care unit. Written informed con-
sent to participate in the study was obtained from the par-
ents of 21 (72%) infants, but 4 were excluded due to major 
anomaly (n = 1), renal failure (n = 1), voicelessness (n = 
1), and severe maternal renal failure (n = 1). Ultimately, 
17 infants were enrolled in the study. They were born at 29 
(25–33) weeks of gestation (median, range) and weighed 
1104 (628–1836) g. Their Apgar scores were 5 (1–8) at  
1 min and 8 (3–9) at 5 min. The infants underwent cra-
nial US and conventional MRI with multivoxel 1H-MRS 
at around 42 postconceptional weeks (PCW). Follow-up 
MRS examinations were performed 3, 6, 9, and 12 months 
after the baseline assessment (57, 70, 83, and 96 median 
PCWs, respectively). We also administered two batteries 
to evaluate infant psychomotor development. The devel-
opmental quotient (DQ) using the Enjoji Scale of Infant 

Analytical Development12 was assessed at 12 months. A 
DQ score ≥70 was defined as normal development.12,13 
In addition, the Denver Developmental Screening Test II 
(DDST II) adopted for Japanese children was adminis-
tered at 12 months.14 Subjects who failed at least 2 out of 
46 items were defined as having abnormal development 
as previously described.14

Imaging protocol
MRI examinations were performed using a 1.5-Tesla 

scanner (Echelon Vega, Hitachi Medical Corporation, 
Tokyo) equipped with an eight-channel head coil. All 
subjects were sedated with oral triclofos sodium (50 
mg/kg) 30 min before the examination. Multivoxel 
1H-MRS data of the axial section through the frontal 
lobe (FL) and the basal ganglia and thalamus (BG + Th) 
were acquired using spin-echo with a point-resolved 
spectroscopy sequence with the following parameters: 
repetition time, 1500 ms; echo time, 35 ms; field of 
view, 180 × 180 mm; matrix size, 12 × 12; volume 
of interest, 90 × 90 × 15 mm; voxel size, 15 × 15 ×  
15 mm; number of excitations, one; acquisition time,  
4 min 3 s. High-order global shimming, low-order local 
shimming, and optimization of radio frequency power 
for water suppression were automatically performed.

N-acetyl aspartate (NAA)/creatine (Cr), choline 
(Cho)/Cr, myo-inositol (Ins)/Cr, NAA/Cho, and Ins/
Cho ratios were automatically measured in the FL  
and BG +Th voxels using built-in software (LCModel 
Ver. 6.1, S-Provencher Inc., Oakville, Ontario, Canada) 
(Fig. 1), and the mean values of the bilateral voxels 
were used for further analyses.

Fig. 1.  Representative multivoxel magnetic resonance spectroscopy output for a preterm infant with normal development 
(male, birth weight of 1142 g at 57 weeks postconception). The images show regions of interest (15 × 15 mm) in the frontal lobe 
(FL) and basal ganglia and thalamus (BG + Th) and the spectrum obtained from the FL using a spin-echo with a point-resolved 
spectroscopy sequence with a 1500-ms repetition time and 35-ms echo time. Ins, myoinositol; Cho, choline; Cr, creatine; 
NAA, N-acetyl aspartate.
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Statistical analyses
Mann-Whitney U or Fisher’s exact tests were used 

to compare clinical characteristics between the two 
subject groups. Linear regression analyses were used 
to estimate temporal changes in NAA/Cr, Cho/Cr, 
Ins/Cr, NAA/Cho, and Ins/Cho ratios in subjects with 
normal imaging findings measured every 3 months. 
We obtained correlation coefficient, regression equa-
tion, and 95% confidence interval (CI) of the regres-
sion equation in each ratios. The values obtained in 
subjects with abnormal imaging findings and/or devel-
opment were compared with the 95% CIs of the regres-
sion equations calculated from the normal subject data. 
Statistical analyses were performed using SPSS Ver. 20 
(SPSS IBM Inc., Armonk, New York, USA). A P-value 
less than 0.05 was considered statistically significant. 
Data were presented as median (range) unless other-
wise indicated. 

Results
Thirteen of the 17 subjects (76%) showed no sono-

graphic or MRI findings suggesting PVL, subependymal 
hemorrhage (SEH), or other central nervous system abnor-
malities at baseline. All 13 had a DQ score ≥ 70 according 
to the Enjoji Scale of Infant Analytical Development and 
a normal DDST II score and were classified as the normal 
group. The remaining four subjects showed abnormal 
imaging findings of PVL and/or SEH, and two had a DQ 
<70 and abnormal DDST II results. These subjects were 
classified as the abnormal group. Except for sex, clinical 
characteristics at birth such as birth weight, and Apgar 

scores were not significantly different between the two 
groups (Table 1).

Because of parent/patient unavailability, the time 
points of the baseline and follow-up MRI examinations 
were distributed as follows: baseline, 42 (39–49) PCW, 
15 cases (88%); 3 months, 57 (53–64) PCW, 15 cases 
(88%); 6 months, 70 (66–77) PCW,  16 cases (94%); 
9 months, 83 (80–90) PCW, 7 cases (41%); and 12 
months, 96 (92–104) PCW, 14 cases (82%).

In the normal group, NAA/Cr ratios in the FL and BG 
+ Th showed significant positive correlation with PCWs 
during the first year (r = 0.64 and 0.79, both P < 0.01; y 
= 0.0061x + 0.84 and y = 0.0070x + 0.80, respectively) 
(Fig. 2a). NAA/Cho ratios in the FL and BG + Th also 
revealed significant positive correlation with PCWs  
(r = 0.83 and 0.87, both P < 0.01; y = 0.0034x + 0.86 and 
y = 0.0041x + 0.98, respectively) (Fig. 2b). In contrast, 
significant negative correlations were observed in the FL 
and BG + Th for Cho/Cr ratios (r = −0.69 and −0.74, both 
P < 0.01; y = −0.0027x + 0.60 and y = −0.0022x + 0.50, 
respectively) and Ins/Cr ratios (r = −0.58 and −0.72, both 
P < 0.01; y = −0.011x + 1.83 and y = −0.0076x + 1.21, 
respectively) (Fig. 2a). The Ins/Cho ratios in the FL did 
not significantly correlate with PCWs (r = −0.19, P = 
0.18), while those in the BG + Th demonstrated signif-
icant negative correlation with PCWs (r = −0.44, P < 
0.01, y = −0.0086x + 2.55) (Fig. 2b). 

The metrics in the abnormal group were within 
the normal group 95% CIs in all periods with a few 
exceptions (Fig. 2a, b). The baseline Ins/Cr ratio in one 
infant and Ins/Cho ratios in two infants with abnormal 
development were above the normal 95% CIs, and the 

Table 1.  Clinical characteristics of preterm infants group by development status

Subjects with normal 
development (n = 13)

Subjects with abnormal imaging  
findings and/or abnormal  

development (n = 4)
P-value*

Sex (male) 9 (69%) 0 (0%) 0.03

Gestational age (weeks) 29 (25–33) 28 (27–29) 0.16

Birth weight (g) 1142 (638–1836) 713 (628–1174) 0.06

Apgar score at 1 min 5 (1–8) 5 (3–6) 0.56

Apgar score at 5 min 8 (3–9) 8 (7–9) 1.00

DQ at 1 year 97 (80–105) 69 (60–85)
[<70, 2]

<0.01

DDST II at 1 year 46 (45–46) 42 (39–45) 
[<45, 2]

<0.01

Abnormal MRI findings 0 (0%) 4 (100%)
[PVL 2, SEH 1, PVL + SEH 1]

<0.01

Data are shown as n (%) or median (range). *Mann-Whitney U test or Fisher exact test. DQ, developmental quo-
tient; DDST II, Denver Developmental Screening Test II; MRI, magnetic resonance imaging; PVL, periventricular 
leukomalacia; SEH, subependymal hemorrhage.

Vol. 15 No. 2, 2016



M. Akasaka  et al.190

Magnetic Resonance in Medical Sciences

Fig. 2.  Temporal changes in (a) 
NAA/Cr, Cho/Cr, Ins/Cr ratios, 
and (b) NAA/Cho, Ins/Cho ratios 
in the frontal  lobe  (FL)  and  basal 
ganglia/thalamus (BG + Th) in 
preterm infants during the first 
year of life. Open circles, infants 
with normal imaging findings and 
normal psychomotor develop-
ment; closed circles with dotted 
lines, infants with abnormal imag-
ing findings and normal develop-
ment; triangles with solid lines, 
infants with abnormal imaging 
findings and abnormal develop-
ment; parallel lines, regression 
equations and 95% confidence 
intervals of the regression equa-
tions; PCW, postconceptional 
week; r, correlation coefficient. 
Arrow indicates an infant with 
abnormal development whose 
metabolites ratio showed above 
or below the normal 95% confi-
dence intervals.

a

b



Multivoxel MRS in Preterm Infants 191

NAA/Cho ratio in one infant with abnormal devel-
opment at 100 PCWs was below the normal 95% CI 
range.

Discussion
Our results show that there are temporal changes 

in brain metabolites in preterm infants with normal or 
abnormal psychomotor development during the first 
year of life. In normally developing infants, NAA/Cr and 
NAA/Cho ratios showed significant positive correlation 
with PCWs, while Cho/Cr and Ins/Cr ratios revealed 
significant negative correlation with PCWs in both FL 
and BG + Th until 12 months of age. These findings are 
comparable to those reported for term infants.3

Among the metabolites that can be measured by 
1.5-T 1H-MRS, NAA is considered to be related to neu-
rons and myelinated axons.2 NAA can be detected in 
gray and white matter even in the early fetal period (16 
weeks gestation); its level increases gradually during 
the late fetal period and rapidly during infancy.15 
Hence, the temporal positive correlations with PCWs 
in NAA/Cr and NAA/Cho ratios in the FL and BG + 
Th in this study could reflect neuronal development 
and axon myelination.15 In contrast, the Cho/Cr ratio 
negatively correlated with PCWs in the FL and BG +  
Th. Cho is involved in membrane synthesis and is con-
sidered to be a marker of cell membrane turnover.2 The 
decrease in Cho observed during early brain devel-
opment is commonly observed,6 although no clear 
explanation for this phenomenon has been provided. 
Furthermore, Ins, which is considered a marker of glial 
cells,2 negatively correlated with PCWs during the first 
year of life, suggesting a relative decrease in glial pro-
cess volume during brain maturation.

We calculated ratios against Cr and Cho to standardize 
metabolite concentrations. Although Cr is considered a 
relatively stable metabolite in adult brain and is usually 
used as a reference compound for semi-quantitative 
analyses,2,6 its concentration within the brain is reported 
to increase during infancy.11,16 Therefore, we also cal-
culated ratios with Cho, which is purported to decrease 
during infancy.6 The quantitative approaches are con-
sidered suboptimal in infants given the age-dependent 
alterations in these metabolites; however, there are no 
alternative methods because the levels of free water 
and other metabolites are dramatically altered during 
infancy.6

Several short-term 1H-MRS studies of preterm 
infants8,10,11,16 have reported increased NAA and/or Cr, 
decreased or stable Ins, and stable Cho levels. These 
results were somewhat different from our findings, but 
this could be due to the short time windows of MRS 
examinations (i.e., approximately 30–54 PCW). To our 
knowledge, the present study is the first to investigate 

temporal changes in major metabolites of the preterm 
infant brain during the first year of life, and our results 
can serve as reference data when assessing MRS abnor-
malities in preterm infants.

The metabolite ratios in infants with abnormal 
imaging findings and/or abnormal development were 
largely within the 95% CIs calculated for the normal 
group. However, the Ins/Cr ratio in one infant and Ins/
Cho ratio in two infants with abnormal development 
were above the normal 95% CIs at baseline. The ele-
vated Ins level around 40 PCW may reflect gliosis due 
to substantial neuronal damage17–21 and might be a 
useful marker for predicting psychomotor development 
in preterm infants. The observed decrease in NAA/Cho 
(and probably NAA/Cr) at 100 PCWs in one infant with 
abnormal development may support this hypothesis. 
Previous studies of neonatal encephalopathy reported 
that lactate/NAA is the most accurate marker for pre-
dicting developmental outcome.22 However, subjects in 
this study did not have substantial brain damage and 
thus showed no substantial lactate peaks on multivoxel 
MRS. Further research is needed to identify accurate 
imaging markers to predict psychomotor development 
in preterm infants.

The findings of this study should be interpreted in 
the context of several limitations. First, the parents of 
several subjects did not consent to enroll their children 
in the study, and <60% of consecutive candidates were 
included, which could have resulted in subject selec-
tion bias. In addition, the MRI examination time points 
were variable due to subject condition and/or schedul-
ing conflicts. This made it difficult to compare metab-
olites at precise time points. We performed regression 
analyses to overcome this problem. Second, reliable 
tests for evaluating infant psychomotor development 
have not been fully established. Intelligence quotients 
(IQs) measured with the Wechsler Intelligence Scale 
for Children are widely used to assess psychomotor 
development. However, this battery cannot be admin-
istered in subjects younger than 4 years. Although we 
administered both the DQ and DDST II to improve 
reliability, the assessment of psychomotor devel-
opment in this study has not been fully validated. 
Finally, there were some limitations with regard to our 
imaging technique. We used a multivoxel MRS tech-
nique instead of single- or dual-voxel MRS because 
the former can simultaneously obtain spectra in bilat-
eral white matter and deep nuclei during a relatively 
short examination time. However, it was difficult to 
optimize voxel location compared with single/dual-
voxel MRS. This issue may have resulted in contam-
ination by the surrounding brain tissue. In addition, 
we adopted a relatively large voxel size because the 
1.5-Tesla scanner we used has a relatively low sig-
nal-to-noise ratio and small chemical shift compared 
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with higher field scanners. Further studies with larger 
sample sizes and smaller voxels with 3-Tesla scan-
ners may improve metabolite concentration-measur-
ing accuracy and allow clear discrimination between 
preterm infants with and without psychomotor abnor-
malities.

Conclusion
Longitudinal multivoxel MRS is able to detect tem-

poral changes in major brain metabolites during the 
first year of life in preterm infants with normal and 
abnormal psychomotor development.
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