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MR Spectroscopy of the Fetal Brain:

Is It Possible without Sedation?

V. Berger-Kulemann, P.C. Brugger, D. Pugash, M. Krssak, M. Weber, A. Wielandner, and D. Prayer

ABSTRACT

BACKGROUND AND PURPOSE: The quality of spectroscopic studies may be limited because of unrestricted fetal movement. Sedation
is recommended to avoid motion artefacts. However, sedation involves side effects. The aim of this study was to assess the feasibility and
quality of brain 'H-MR spectroscopy in unsedated fetuses and to evaluate whether quality is dependent on the type of spectra, fetal
presentation, GA, and/or fetal pathology.

MATERIALS AND METHODS: Seventy-five single-voxel spectroscopic studies of the fetal brain, performed at gestational weeks 19-38 at
1.5T, were evaluated retrospectively. A PRESS (TE = 144 or 35 ms) was used. Fetal presentation, GA, and kind of pathology were recorded.
The quality of the spectra was assessed by reviewing the spectral appearance (line width, signal-to-noise) of the creatine resonance
obtained relative to concentrations (ratios-to-creatine) of choline, myo-inositol, and NAA.

RESULTS: Of 75 studies, 50 (66.6%) were rated as readable: short TE = 17/50 (34%), long TE = 33/50 (66%), cephalic presentation in 36/50
(72%) studies, breech in10/50 (20%) studies, and “other” presentation in 4/50 (8%) studies (mean GA, 31.0 weeks). Twenty-eight of 50 fetuses
(56%) showed normal development (short TE = 12/28, long TE = 16/28), and 22/50 (44%) showed pathology. Of the 75 studies, 25 (33.3%)
were not readable: short TE = 14/25 (56%), long TE = 11/25 (44%), cephalic presentation in 20/25 (80%) studies, breech in 4/25 (16%) studies,
and other presentation in 1study (4%) (mean GA, 30.1 week). Thirteen of 25 fetuses (52%) showed normal development; 12/25 (48%) showed
pathology. Statistical analysis revealed no impact of the different parameters on the quality of spectra.

CONCLUSIONS: Single-voxel spectroscopy can be performed in approximately two-thirds of unsedated fetuses, regardless of the type
of spectra, fetal presentation, GA, and pathology.

ABBREVIATIONS: FWHM = full width at half maximum; GA = gestational age; GW = gestational week; IUGR = intrauterine growth restriction; Lac = lactate; Lip =

lipid; mIns = myo-inositol; PRESS = point-resolved spectroscopy

! -MR spectroscopy has been established as a useful tool for

understanding the pathophysiologic mechanisms of fetal
brain injury.' ™ The intrinsic magnetic properties of the fetal brain
are used to compile a spectrum by using the chemical-shift phe-
nomenon. The spectrum contains different signal peaks based on
identifiable metabolites."> The composition of these metabolites
may indicate abnormalities in the fetal brain metabolism, such as
those that occur in developmental disorders; inborn errors of me-
tabolism; and hypoxic encephalopathy.®'® MR spectroscopy is a
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complementary adjunctive tool to morphologic imaging of the
brain.’

However, the quality of the spectroscopic studies strongly de-
pends on the homogeneity of the magnetic field and may be lim-
ited because of unrestricted fetal movement during the acquisi-
tion of the scan. Fetal sedation is recommended to avoid these
motion artifacts.>*"!? Nevertheless, on the basis of routine clin-
ical experience, fetal sedation is usually not necessary. This
may be primarily dependent on the gestational age and fetal
head position. In the older and larger fetus, less movement in
utero is possible. In the cephalic position, the fetal head may be
more fixed in the maternal pelvis, preventing gross movement
of the head.

The aim of this study was to assess the feasibility and quality of
brain "H-MR spectroscopy in unsedated fetuses and to evaluate
whether the quality of the examination is dependent on the type of
spectra (short/long TE), fetal presentation, GA, and/or fetal pa-
thology. In addition, the results of MR spectroscopy were ana-
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FIG1. GW 29 + 6, single-voxel MR spectroscopy of the brain. PRESS with a long TE (144 ms). VOI

2.7 cm’. Cephalic presentation. Normal age-related spectrum.

FIG2. GW 31 + 3, single-voxel MR spectroscopy of the brain. PRESS with a short TE (35 ms). VOI
2.7 cm?. Cephalic presentation. Normal age-related spectrum.

lyzed with regard to the changes in metabolite concentration with
gestational age.

MATERIALS AND METHODS

This was a retrospective single-institution study; the local ethics
committee granted approval. Within a 3-year 7-month period, a
total of 75 single-voxel MR spectroscopic studies of the fetal brain
in 70 singleton fetuses were performed at our institution. The
patients underwent fetal MR imaging between gestational weeks
19 and 38 and were referred for MR imaging from the department
of obstetrics and gynecology for further investigation of suspected
brain abnormalities. Each pregnant woman gave written in-

formed consent for the fetal MR imaging
examination; no contraindication to the
MR imaging examination was present.
The women were scanned in the supine or
left decubitus position. No premedication
for sedation was given.

MR Imaging and MR Spectroscopy
Fetal MR imaging examinations were per-
formed on a 1.5T scanner (Gyroscan;
Philips Healthcare, Best, the Nether-
lands); imaging protocols depended on
the region of interest and included at least
T2-weighted TSE sequences in the coro-
nal, sagittal, and axial planes.

In addition to morphologic imaging,
an MR spectroscopy study was performed
in each patient. MR spectroscopy was per-
formed in 2 groups with presumed nor-
mal brain development for study pur-
poses.! There, both long and short TEs
were the goal. In addition, MR spectros-
copy was performed when there were
brain pathologies, such as tumors, and in
cases with suspected metabolic changes in
the fetal brain, for instance, in [UGR.

Because a radiologist was present at the
examination, the studies were actively
monitored. A sensitivity-encoding cardiac
coiland PRESS (spin-echo) with along TE
(144 ms) and a short TE (35 ms) were
used. The chosen voxel size was as small as
possible and ranged from 2.7 (14 X 14 X
14 mm) to 5.6 cm” (20 X 20 X 14 mm),
depending on gestational age.

To investigate normally developing
white matter, we located the VOI within
the cerebral hemisphere at the level of the
centrum semiovale. As a consequence of
the small size of the fetal brain with re-
spect to the VOI, the basal ganglia region
was included in most cases. In abnormal
brains, the VOI was located in the area of
visible pathology after GW 28. In younger
fetuses, the voxel contained future gray
matter and future white matter due to the characteristic lamina-
tion in these maturational stages of pregnancy.'?

At each TE, sequences were obtained with water saturation.
The number of acquisitions for 1 spectrum was 128. Scanning
time for the MR spectroscopy data acquisition, resulting from the
number of acquisitions, TR of 2 seconds, and prescan adjust-
ments, was a maximum of 5 minutes. The presence of gross move-
ment could be excluded because a scout view was obtained after
the MR spectroscopy sequence to confirm the constant position
of the region of interest. If the sequence needed to be repeated due
to movement, it was repeated once; if this spectrum was not read-
able, it was not repeated again.
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Opverall, we obtained 75 spectra: 44 with
long TEs and 31 with short TEs. In 5 fetuses,
spectra with short and long TEs were ob-
tained; in 6 fetuses, the MR spectroscopy
studies with a short TE had to be repeated to
achieve acceptable quality. Data were pro-
cessed with the use of SpectroView within
the Extended MR Workspace 2.6.3 (Philips
Healthcare) and consisted of exponential
filtering, automatic phase correction, and
initial baseline subtraction. For the line-fit-
ting of the spectra signals of mIns (short TE
only), Cho, Cr, NAA, and glutamine/gluta-
mate (short TE only) peaks, optional Lip
and Lac were included.

Spectra Analysis

The MR spectroscopy studies were retro-
spectively evaluated on a PACS by 1 experi-
enced radiologist and 1 physicist, who spe-
cialized in MR spectroscopy. They were
blinded to the diagnosis. The type of spec-
tra, the fetal presentation, GA, and type of
pathology (if present) were recorded. Fetal
presentation was defined by the position of
the fetus with respect to the pelvic inlet: ce-
phalic presentation, breech presentation,
or “other” presentation.

The 2 readers evaluated the quality of
the spectra, judging the presence and split-
ting of choline (3.2 ppm) and creatine (3.05
ppm) resonance lines separately, and then
compared the results. As a secondary spec-
tra analysis, we reviewed the Cho, mlns,
and NAA relative concentrations (ratios-
to-creatine). For this purpose, we split the
data on the basis of normal fetal develop-
ment and MR spectroscopy sequence used
(long-versus-short TEs).

We also evaluated the presence of lac-
tate signals, defined as an upright (short
TE) or an inverted (long TE) double-
peak, appearing at 1.3 ppm, in readable
spectra with short and long TEs in fetuses
with and without pathology.

Statistical Analysis

All calculations were performed by using
the Statistical Package for the Social Sci-
ences, Version 17.0 (SPSS, Chicago, Illi-
nois). The impact of the type of spectra, fetal position, GA, and fetal
pathologies on readability was assessed by using crosstabs and Fisher
exact or Fisher-Freeman-Halton tests for each variable separately as a
to model all possible

logistic impact factors

simultaneously.

regression

In addition, we performed statistical analysis of the 2 groups
(readable/nonreadable), which involved the comparison of
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FIG3. GW 24 + 0, single-voxel MR spectroscopy of the brain. PRESS with a long TE (144 ms). VOI
2.7 cm?. Cephalic presentation. Distinct peak in the lactate region in a fetus with a brain tumor.

FIG4. GW 31 + 3, single-voxel MR spectroscopy of the brain. PRESS with a short TE (35 ms). VOI
2.7 cm?. Breech presentation. Peak in the lipid/Lac region. No fetal pathology was found. In this
case, a premature rupture of the membranes was present and indications of maternal infection,
which confirmed the decision to perform a cesarean delivery. Notice the reduced amniotic fluid
on the scout scans.

FWHM of the Cr line, as assessed by automatic postprocessing on
the scanner platform and given in parts per million. To compare
the 2 groups with respect to GA and FWHM, an unpaired Student
t test was used. Correlations between GA and metabolite concen-
trations were assessed by using the Pearson correlation coefficient
and linear regression analysis.

A P value =.05 was considered to indicate significant results.



Table 1: Fetal pathologies of readable and nonreadable spectra
with short TEs

Short TEs (35 ms)

Readable
Zellweger syndrome
Solitary median maxillary central incisor
Infratentorial neoplasm
IUGR
Abdominal mass
Cerebral edema
Congenital diaphragmatic hernia
Microphthalmos
Gastroschisis
Nonreadable
Ovarian cyst
Congenital cystic adenomatoid malformation
Abdominal mass

Table 2: Fetal pathologies of readable and nonreadable spectra
with long TEs

Long TEs (144 ms)

Readable
Corpus callosum agenesia
Infratentorial mass
IUGR
Chiari Il malformation
Asymmetric ventricles
Cerebral ischemia
Bilateral cheilognathopalatoschisis
Cerebral arteriovenous fistula
Lung hypoplasia
Kidney agenesia
Intracranial teratoma
Nonreadable
Vitium cordis
Congenital diaphragmatic hernia

Due to the relatively small sample size, no multiplicity corrections
were performed to avoid an increasing error of the second type.

RESULTS

Of 75 studies, 50 (66.6%) were rated as readable (Figs 1—4): short
TE = 17/50 (34%), long TE = 33/50 (66%). Cephalic presenta-
tion was found in 36/50 (72%) studies, breech in 10/50 (20%)
studies, and other presentation in 4/50 (8%) studies (mean gesta-
tional age, 31.0 GWs). There were 28/50 fetuses (56%) who
showed normal development (short TE = 12/28, long TE = 16/
28) (Figs 1, 2, and 4) and 22/50 (44%) who showed any kind of
pathology (Fig 3).

Of the 75 studies, 25 (33.3%) were nonreadable: short TE =
14/25 (56%), long TE = 11/25 (44%). Cephalic presentation was
observed in 20/25 (80%) studies; breech presentation, in 4/25
(16%) studies; and other presentation, in 1 study (4%) (mean
gestational age, 30.1 GWs). There were 13/25 fetuses (52%) that
showed normal development and 12/25 (48%) that showed any
kind of pathology. All pathologies in the different groups are sum-
marized in Tables 1 and 2.

Nonreadable spectra were attributable to fetal movement in
approximately 75% of cases and to an unfavorable position of the
region of interest within the magnetic field in approximately 25%
of the cases. In 69/75 spectra, the voxel was located at the level of

the centrum semiovale, including the basal ganglia region in most
cases. In 6/75 spectra, the voxel was located in the region of visible
brain pathology; all these spectra were readable.

Neither univariate nor multivariate analysis showed any im-
pact of the different parameters on the quality of the spectra (type
of spectra, P = .085; cephalic presentation, P = .758; GA, P =
.316; pathology, P = .805). No statistical significance was found.

GA for readable and nonreadable groups did not differ (31.0 =
4.66 versus 30.1 = 4.99 weeks, P = .444), and both groups con-
tained a similar relative abundance of normal-versus-pathologi-
cally-developing fetuses (readable, 56% normal; nonreadable,
52% normal).

The analysis of the FWHM of the Cr line for the readable
group (n = 50) yielded an FWHM., of 0.098 = 0.057 ppm and,
for the nonreadable group (n = 25), an FWHM_,, of 2.42 = 3.65
ppm (P <.001).

The correlation analysis showed a linear increase in NAA/Cr
ratio (r = 0.605, P = .037) and a decrease in Cho/Cr (r = 0.258,
P = .419) and mIns/Cr ratios (r = 0.514, P = .088) with GA in the
readable short TE spectra of normally developed fetuses (Fig
5A—C) as well as an increase in the NAA/Cr ratio (r = 0.206, P =
.499) and a decrease in the Cho/Cr ratio (r = 0.447, P = .083) with
GA in the readable long TE spectra of normally developed fetuses
(Fig 5D, -E). We found a statistically significant value for NAA/Cr
in short TEs. However, in all other cases, the correlation did not
reach significant values.

An upright (short TE) or inverted (long TE) Lac signal was
observed in several readable spectra, respectively, in fetuses with
and without pathology (Fig 6). However, in some spectra with
long TEs, a distinct double-peak Lac signal was detectable, while
other spectra showed an indistinct signal in the Lac region, poten-
tially representing Lac. In readable spectra with short TEs, a large
Lip signal was found in almost half the spectra, and a clear differ-
entiation between Lip and Lac was not possible (Figs 4 and 6). The
Fisher exact test showed no statistically significant correlation be-
tween the presence of Lac and fetal pathology (P = .201). How-
ever, a tendency toward the presence of Lac in pathologic fetuses
at short TEs could be detected (P = .081).

DISCUSSION

Prenatal MR spectroscopy of the brain is feasible in most unse-
dated fetuses, regardless of the type of spectra, fetal presentation,
GA, or fetal pathology. Nevertheless, approximately one-third of
MR spectroscopy studies in unsedated fetuses are of limited
quality.

The quality of a spectroscopic study depends on the homoge-
neity of the magnetic field and restricted movement of the sample.
In addition, for an optimal signal-to-noise ratio, the VOI should
be as close to the receiver coil as possible." The use of flexible coil
arrays allows comfortable placement of the receiver coils and the
choice of the best-positioned array element for signal detection.'

The important limiting factor for the quality of MR spectros-
copy studies is the presence of motion-associated artifacts. While
gross motion of the fetal head usually leads to an unreadable spec-
trum, the intrinsic motion composed of maternal breathing
movements, vascular flow, and amniotic fluid waves may impair
the quality of the examination. In case of unrestricted fetal move-
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FIG5. A-C, The linear correlation analysis confirmed the significant increase of NAA/Cr ratio and shows a not significant decrease of Cho/Cr
and mins/Cr ratios with GA in the readable short TE spectra of normally developed fetuses. D and E, Note the increase of the NAA/Cr ratio and
the decrease of the Cho/Cr ratio with GA in the readable long TE spectra of normally developed fetuses.

ments, scout images may have to be repeated after spectroscopy to
ensure the placement of the VOI in the chosen region." Although
special time-consuming shimming procedures would be helpful
to increase MR spectroscopy quality, the effect of fetal movements
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is more pronounced with longer shimming/acquisition times. A
reduction of shimming/acquisition time is helpful to avoid mo-
tion-associated artifacts, even at the cost of lower magnetic field
homogeneity. Other parameters, such as fetal presentation, GA,



Readable Spectra: 50
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FIG 6. Lactate signals found in readable spectra with long and short TEs of normally and pathologically developed fetuses.

and pathology, may influence the occurrence of movements.
Small fetuses at a younger gestational age have more amniotic
fluid and room in utero, compared with fetuses at a later gesta-
tional age and of a larger size, where gross movements are more
likely. In the cephalic presentation, it would seem that the fetal
head is fixed in the maternal pelvis, where movements are less
possible than in the breech or other presentations.'* However,
this was not proved to be true; no correlation was found between
spectra quality and fetal presentation or GA.

To avoid motion-associated artifacts, fetal sedation is recom-
mended.'*'? Maternal premedication with 10-mg diazepam
(benzodiazepine) is considered to be a safe method for both
mother and fetus.”'? Brunel et al'' suggest the oral administra-
tion of flunitrazepam, a short- to intermediate-acting benzodiaz-
epine, 15 minutes to 1 hour before the examination.'>”'” How-
ever, even with a single maternal dose of a benzodiazepine, the
mother must be monitored after the MR imaging examination.
Adverse effects, such as impairment of cognitive functions, with a
lack of concentration and confusion, are possible (hangover-like
effect).'® Impaired psychomotor functions affect reaction times
and driving skills. Other adverse effects include gastrointestinal
disturbances and vomiting, and respiratory depression may occur
in case of overdose.'® Fetal behavior, which can be visualized by
dynamic MR imaging,'® cannot be evaluated reliably in sedated
fetuses. This may impair the “neurologic” assessment of the fetus,
which consists of morphologic, metabolic, and movement
evaluation.?

Partial volume effects can hamper the interpretation of the
prenatal MR spectra. Relatively large VOIs cannot be placed in
morphologically homogeneous prenatal brain structures. Al-
though the small size of the fetal brain makes it impossible, in
most cases, to exclude CSF spaces from the VOI, the inclusion of
bony structures of the calvaria or skull base must be avoided to
prevent lipid contamination of short TE spectra.

The fact that almost three-quarters of the long-TE studies were
readable versus only 17/31 of the short-TE studies, though not

statistically significant, might be explained by several factors.
Short-TE spectra have more complicated baselines. In combina-
tion with the more complicated spectral pattern and possible lipid
contamination, short-TE spectra are also definitely more prone to
be unreadable. We recommend measuring the long-TE spectra
first, and if the quality is satisfactory, then the short TE spectra can
be measured. Additional short TE spectra might be useful, for
instance, to evaluate mIns in case of suspected gliosis.

The changing anatomy of the fetal brain during maturation is
also challenging. Gyration of the gray matter starts at 18 weeks’
GA; until 35 weeks, the entire primary and most of the secondary
sulci are present.'” Up to approximately 30 weeks, the brain pa-
renchyma differs markedly from the postnatal stages."> In con-
trast to defined regions of gray and white matter that can be de-
lineated postnatally, a laminated appearance, consisting of layers
with different cell attenuation contents and intra-/extracellular
water, dominates the immature fetal brain. Consequently, a voxel
of the size described above will contain various cell compounds,
and the resulting spectrum will reflect the average metabolic out-
put of histologically different structures.

In addition, mature myelin is almost absent intrauterinely be-
cause cerebral myelination is mostly a postnatal process.'>*" Pr-
emyelination may be recognized by using diffusion-weighted im-
ages, as early as gestational week 20.'*'*?? Definite metabolic
characteristics of unmyelinated/premyelinated white matter are
unknown, but several in vitro anatomic and metabolic findings
and the results of in vivo studies suggest that the premyelination
processes and ongoing myelination are reflected by NAA.>>*°
However, the impact of premyelinating structures on the spec-
troscopy signals is probably too weak during the second trimester
of pregnancy to redound a visible amount to the composition of
the spectrum.

We have analyzed the results of MR spectroscopy on the ex-
pected increase of NAA/Cr ratios and decrease of Cho/Cr ratios™®
as well as the mIns/Cr ratio. The NAA/Cr ratio reached significant
results; the Pearson correlation coefficient showed the relevant
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impact of the GA on the ratio. However, the correlation did not
reach significant values in most cases, most probably due to the
small number of readable spectra for long and short TEs for nor-
mally developed fetuses. The Cho/Cr ratio in the fetal period

seems to be associated with the GA. Girard et al*”

found a signif-
icant decrease in Cho with increasing GA between GWs 22 and 39.
Kok et al*® described no statistically significant decrease in Cho in
fetuses from GW 30 upward, but there was a decrease in the
Cho/Cr ratio, confirmed by Story et al.*

The evaluation of brain Lac was complicated by indistinct sig-
nals in the Lip/Lac region. TEs of 35 and 144 ms are not optimal
for the detection of Lac because the sensitivity to Lip contamina-
tion is increased in short-TE spectra and the Lac signal is sup-
pressed by spin-spin relaxation in longer TE spectra.’’ The Lip
signal rises to a peak at 1.3 ppm and may mask a Lac peak,’" as
found in several spectra with short TEs (Fig 6). The presence of
fetal brain Lac is associated with brain pathology and hypoxia and
IUGR.?>** A Lac signal was found in most fetuses with TUGR.>!
However, growth-restricted fetuses with a good short-term out-
come and normally developed fetuses also showed brain Lac (Fig
6),”° suggesting that Lac is an important source of energy for the
normally developing brain.>* Differentiation between normal
and abnormal brain development by means of only a Lac signal is
currently not possible. Further studies to investigate brain Lac in
normally and abnormally developing fetuses and larger study
populations are needed to establish a standard of reference.

Due to the retrospective design, the study population was in-
homogeneous, comprising, for study purposes, MR spectroscopy
with presumed normal spectra and studies of patients with brain
pathology and suspected metabolic changes. Variable imaging
protocols with different voxel sizes, located in the region of inter-
est, were included. Prospective studies that avoid these limitations
are required to confirm our findings.

CONCLUSIONS

Single-voxel MR spectroscopy can be performed in approxi-
mately two-thirds of unsedated fetuses after gestational week 19,
regardless of the type of spectra, fetal presentation, GA, or
pathology.

Disclosures: Daniela Prayer—RELATED: Grant: Jubilaumsfonds projekt 12960. Money
paid to the institution.
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