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Abstract
OBJECTIVE—We combined perfusion weighted imaging (PWI) with 2-deoxy-2[18F]fluoro-D-
glucose (FDG) positron emission tomography (PET) to study the relationship between regional
metabolic and perfusion abnormalities and their clinical correlates in children with Sturge-Weber
syndrome (SWS).

METHODS—Fifteen children (age: 0.9-10 years) with unilateral SWS underwent high-resolution
PWI and FDG PET prospectively. Regional (lobar) asymmetry indices (AIs) of subcortical white
matter (WM) cerebral blood flow (CBF) were correlated with corresponding cortical FDG uptake
asymmetries, extent of leptomeningeal vascular malformation and clinical seizure variables.

RESULTS—Abnormal cortical glucose metabolism and/or subcortical WM CBF were seen in all
lobes affected by vascular malformation and extended to lobes not affected by abnormal pial
vessels in 6 patients. Lower CBF was associated with lower cortical glucose metabolism in the
temporal, parietal and occipital lobes (p≤0.02). While decreased perfusion was associated with
hypometabolism in most cases, increased regional CBF (found in 6 patients) was commonly
associated with relatively mild or no hypometabolism. Ten of 24 cerebral lobes with normal
glucose metabolism in the affected hemisphere showed abnormal perfusion. High seizure
frequency was associated with severe parieto-occipital hypoperfusion (p≤0.03), while long
duration of epilepsy was related to frontal lobe hypometabolism (p=0.015).

CONCLUSIONS—Regional perfusion and cortical metabolic abnormalities can extend beyond
lobes affected by leptomeningeal vascular malformations and are related to epilepsy in SWS.
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Despite a general correlation between perfusion and metabolism, increased WM perfusion with
preserved cortical metabolism in overlying cortex is a common pattern of a perfusion/metabolic
mismatch. This may represent a disease stage where cortical function is preserved while increased
WM perfusion provides collateral drainage of cortex via the deep vein system.
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Sturge-Weber syndrome; MRI; perfusion weighted imaging; cerebral blood flow; positron
emission tomography; glucose metabolism; epilepsy; children

1. Introduction
Sturge-Weber syndrome (SWS) is a congenital disorder characterized by facial cutaneous
capillary malformation (port wine stain), leptomeningeal vascular malformation and
glaucoma [1]. The leptomeningeal malformation, which is most common in the parieto-
occipital regions and is unilateral in more than 80% of the cases [2], leads to abnormal
cortical and subcortical drainage and venous stasis resulting in regional cerebral perfusion
deficits and tissue hypoxia [3-5]. Neurological manifestations of SWS vary widely;
however, seizures, stroke-like episodes, hemiparesis, hemianopia and cognitive impairment
are frequently present [1].

Post-contrast T1-weighted MR images can delineate the extent of leptomeningeal
malformation overlying the surface of the cortex [6]. Atrophy, calcification, enlarged deeps
veins and choroid plexus are also common findings on conventional MRI. Functional
imaging techniques are able to identify brain functional abnormalities extending beyond
apparent structural involvement and provide assessment of dysfunction involving cortex,
white matter (WM) and deep gray matter structures in SWS. Dynamic MR perfusion
weighted imaging (PWI) studies in SWS have demonstrated perfusion deficits in brain
regions underlying the leptomeningeal malformation [7]. Although the direct clinical
implications of the decreased perfusion are unclear, one study suggested that larger
hypoperfused tissue volumes may be associated with more severe hemiparesis in SWS [8]. It
has been hypothesized that both chronic ischemia and epilepsy may contribute to regional
hypoperfusion [9]. Decreased cortical glucose metabolism, detected by glucose positron
emission tomography (PET), is another common imaging finding in patients with SWS.
Hypometabolic regions are common in atrophic cortex but can also extend into cortex
showing no structural abnormalities [3, 10-11]. Cortical hypometabolism may be secondary
to underlying tissue hypoperfusion and hypoxia; however, no previous studies analyzed
perfusion and glucose metabolic changes in the same patients with SWS.

Although decreased blood flow and glucose metabolism are the most common functional
imaging findings in SWS, several studies reported interictal increases of both regional
cerebral perfusion and glucose metabolism, particularly in some young children in the early
stage of SWS [3, 12-15]. The exact mechanisms and clinical significance of these seemingly
paradoxical phenomena are not known. There is no evidence that these increases are caused
by ongoing seizures (since they were reported in the interictal state). Limited longitudinal
data suggested that the increases in perfusion and metabolism are transient and switch to
decreased perfusion and metabolism during the course of the disease [12-13, 16].

Since the above detailed perfusion and metabolic changes may be the key to understand
pathophysiology of SWS, we examined regional (lobar) perfusion and glucose metabolic
abnormalities in children with unilateral SWS using a combination of perfusion MRI and
interictal glucose PET. We aimed to determine if perfusion and glucose metabolic
abnormalities extend beyond the lobe affected by the vascular malformation, and if there is a
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quantitative relationship between perfusion abnormalities and glucose metabolism measured
in the same brain regions. We also analyzed if increased perfusion in the affected
hemisphere is associated with glucose metabolic abnormalities. We hypothesized that
abnormal perfusion can extend beyond cortical hypometabolism and vice versa, i.e., there is
a perfusion/metabolic mismatch in certain brain regions of children with SWS. Finally, we
analyzed whether clinical epilepsy variables (seizure frequency or duration of epilepsy) are
related to specific regional perfusion or glucose metabolism abnormalities.

2. Subjects
In this study, data from 15 children (mean age: 4.4 years; range: 0.9-10 years; 9 females)
with unilateral SWS were analyzed (Table 1). They were selected from a series of 45
children recruited prospectively for a clinical and neuroimaging study of children with SWS
between 2003 and 2010. The inclusion of patients was based on the following criteria: (1)
clinical and radiological diagnosis of SWS with unilateral intracranial involvement
(leptomeningeal angioma) based on imaging features (conventional contrast-enhanced MRI
as well as FDG PET), with or without facial angioma (patients with only intracranial
angioma are classified as having type III SWS [17]), (2) the availability of good quality
high-resolution PWI images and (3) the availability of FDG PET scans performed within 1
day before or after the MRI. Patients with bilateral brain involvement (on MRI and/or PET)
were not included. Of the 15 children, 14 had a history of seizures, and all 14 took various
antiepileptic drugs in mono or polytherapy; the only patient with no seizures had both facial
and leptomeningeal angioma. Duration of epilepsy ranged from 2 months to 10 years. Only
two children (#1 and 5 in Table 1) had a clinical seizure within 24 hours before the MRI (2
hours and 12 hours before MRI, respectively). To estimate seizure frequency, a seizure
frequency score was calculated based on a scoring system proposed by Engel et al [18]. In
the present study a simplified version of this scoring system (better suited for this patient
group [15]) was used according to a 5-point scale as follows: 1: <1 seizure per year; 2: 1-11
seizures per year; 3: 1-3 seizure(s) per month; 4: 1-6 seizure(s) per week; 5: ≥1 seizure(s)
per day. Hemispheric (but not lobar) white matter PWI data of all but one patient (patient
#15) were reported in our recent study [15]. The study was approved by the Human
Investigation Committee at Wayne State University, and written informed consent of the
parent or legal guardian as well as verbal assent (from children age 7 and above) was
obtained in all patients.

3. Methods
3.1. MR imaging protocol

The MRI examinations were carried out using a Sonata 1.5 T MR scanner (Siemens,
Erlangen, Germany) with a standard head coil, as described previously [15]. Patients
younger than 7 years of age were sedated with pentobarbital (3 mg/kg) followed by fentanyl
(1μg/kg). The MRI protocol included an axial 3D gradient-echo T1-weighted acquisition, an
axial T2-weighted turbo spin-echo acquisition, susceptibility weighted imaging (SWI),
followed by dynamic contrast enhanced high-resolution MR perfusion-weighted imaging
(HR-PWI) and a postgadolinium T1-weighted acquisition (using the same imaging
parameters as the first T1 weighted acquisition) in all patients. The HR-PWI data were
obtained using a two-dimensional gradient echo EPI sequence with TR = 2200 ms, TE =
98ms, flip angle = 60°, slice thickness = 4 mm. The field of view was 256 mm × 256 mm
and matrix was 512×512. The scan was run 50 times. Gadolinium-DTPA (Magnevist,
Berlex, USA) was injected in a bolus via a peripheral vein with a dose of 0.1 mmol/kg of
body weight. On PWI, a smaller voxel size of 0.5×0.5×4.0 mm3, as compared to those
published previously [7, 19], was obtained to improve the ability of detecting subtle

Alkonyi et al. Page 3

Brain Dev. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



structures in cerebral parenchyma; therefore, the PWI method used here is termed high-
resolution.

3.2. FDG PET scanning protocol
The details of FDG-PET acquisition and data analysis have been described previously [20].
In brief, all PET scans were acquired using an EXACT/HR PET scanner (CTI/Siemens,
Hoffman Estates, Ill), which provides simultaneous acquisition of 47 contiguous transaxial
images with a slice thickness of 3.125 mm. The reconstructed image resolution obtained was
5.5±0.35 mm at full width at half-maximum in-plane and 6.0±0.5 mm at full width at half-
maximum in the axial direction (reconstruction: filtered backprojection using Shepp-Logan
filter with 0.3 cycles/pixel cutoff frequency). Scalp EEG was monitored in all children
during the tracer uptake period. Initially, 5.29 MBq/kg of FDG was injected intravenously as
a slow bolus followed by a 30 minutes uptake period. A static 20-minute emission scan was
acquired parallel to the canthomeatal plane. Calculated attenuation correction was applied to
the brain images using automated threshold fits to the sonogram data [21].

3.3. PWI analysis
Post-processing of PWI data has been described previously in our recent publication [15].
Perfusion parameter maps, including cerebral blood flow (CBF) maps were derived from
raw MR perfusion data based on tracer kinetic methods [22-23] using a software developed
in-house (Signal Process in Neuroradiology; SPIN). Deconvolution with singular value
decomposition (SVD) was used to create quantitative CBF maps [22-23]. CBF values in the
subcortical WM of all lobes and also in contralateral homotopic WM regions were
measured. Analysis of WM, rather than cortex, had the advantage of avoiding artifacts from
the low-flow leptomeningeal vascular malformation (which directly overlays affected
cortical regions) as well as cortical calcification. In order to determine if subcortical WM
and cortical CBF values are tightly correlated, cortical regions were also evaluated in the
frontal lobe of all 9 patients whose frontal lobe was not affected by the angioma (and
showed no calcification either). At least three regions of interest (ROIs), 20-40 voxels in
size, were placed on representative slices in each lobe and also on homotopic contralateral
WM (and frontal cortex for the selected 9 patients) by one of the investigators, who was
blinded to the PET results and clinical variables. The reliability of these perfusion
measurements obtained by manual ROI placement has been demonstrated previously [15].
On the CBF map, vessels and cortex appear red and green respectively, while WM has a
blue color, allowing for accurate placement of ROIs over WM, while avoiding inclusion of
cortex, ventricles or large vessels (dilated veins) within the white matter. Perfusion
parameters were measured in not only affected (areas of leptomeningeal vascular
malformation and/or dilated transmedullary veins) but also in apparently normal lobes.
Lobar WM CBF asymmetry indices (AI) were calculated based on the following formula:

where CBFI indicates the CBF values in WM ipsilateral to the vascular malformation, and
CBFC is the perfusion value in the contralateral hemisphere, measured in the homotopic
region. The use of asymmetry indices, rather than absolute perfusion values, was beneficial
so that the effect of considerable, non-linear age-dependent variations of brain perfusion in
children [24-25] could be largely eliminated.

3.4. FDG PET analysis
To quantify glucose metabolism in each cerebral lobe, an ROI approach was implemented.
Representative cortical areas of all 4 lobes in the affected hemisphere were outlined in at
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least 3 slices using the software ROI Editor (www.mristudio.org) by one of the investigators
(B.A.), who was blinded to the PWI results. In addition, ROIs of similar size were also
placed on contralateral homotopic cortical areas. Subsequently, standardized uptake values
(SUVs) were calculated as the ratio between the average radioactivity concentration
obtained from each region and the injected dose per weight (MBq/kg). Finally, SUV
asymmetry indices (AIs) were calculated using the following formula:

where FDGI represents ipsilateral and FDGC represents contralateral cortical FDG SUVs.
Again, the use of asymmetry indices, rather than absolute FDG SUV values, was beneficial
so that the effect of considerable, non-linear age-dependent variations of brain glucose
metabolism in children could be eliminated [26]. Asymmetries are also much less sensitive
to global effects of antiepileptic drugs on brain glucose metabolic values.

3.5. Study design and statistical analysis
Initially, we assessed the spatial association between the location of leptomeningeal vascular
malformation (by lobe), defined on T1-weighted post-gadolinium MRI and corresponding
quantitative PWI as well as FDG PET abnormalities. Lobes with increased and decreased
CBF values and FDG SUVs, on the affected side, were identified based on a 10%
asymmetry (i.e., AI= 0.10) limit. This asymmetry limit was selected based on previous
pediatric brain MRI perfusion and FDG PET studies suggesting that lobar perfusion and
glucose metabolism asymmetries above 10% can be considered abnormal [19, 27]. In a
previous study of children with SWS, we have also shown that FDG asymmetries of 10-20%
(i.e., AI between 0.10 and 0.20) corresponds to mildly hypometabolic but structurally
preserved cortex (no atrophy or calcification), while AI>0.20 indicates severe
hypometabolism likely representing atrophic cortex [20]. Based on the 0.10 AI threshold, all
lobes in the affected hemisphere were classified as showing increased, normal and decreased
perfusion and/or glucose metabolism, and these classifications were used to identify lobes
with a perfusion/metabolic mismatch (defined as having a discrepancy between perfusion
vs. metabolism classification of the same lobe). Non-parametric Spearman's rank
correlations were performed between corresponding WM and cortical CBF values (in the 9
patients where frontal cortical measurements were done) and also between corresponding
lobar AI values of CBF and FDG SUV AIs. This analysis was also repeated for each lobe
separately with corresponding measurements. Finally, seizure frequency scores and the
duration of epilepsy were correlated with AIs of CBF as well as FDG SUVs for each lobe,
using Spearman's rank correlation. Statistical analysis was carried out using the software
SPSS Statistics 19.0 (IBM Co., Somers, NY). Since multiple correlations have been carried
out, a conservative p<0.01 was considered as the limit of significance.

4. Results
4.1. Location of vascular malformation vs. quantitative FDG PET/PWI abnormalities

T1-weighted post-gadolinium MRI demonstrated that leptomeningeal malformations
affected 39 of the 60 cerebral lobes (in affected hemispheres) in the 15 patients (Table 1).
All 39 affected lobes showed abnormal perfusion, abnormal glucose metabolism or both. In
addition, abnormal glucose metabolism and/or CBF in lobes not affected by pial vascular
malformation were seen in 6 patients (glucose hypometabolism in 5 patients and abnormal
CBF in 3; Table 1).
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4.2. Correlation between WM and cortical perfusion in the frontal lobe
In the 9 patients with no frontal angioma, there was a strong correlation between subcortical
WM and corresponding cortical CBF values (ipsilateral frontal lobe: Spearman's rho = 0.91;
contralateral frontal lobe: Spearman's rho = 0.89; p<0.001 in both correlations). This
indicated that subcortical WM CBF values could be good indicators of cortical perfusion
even in patients (and lobes) where direct measurement of cortical perfusion was not done
because of the confounding effect of the overlying angioma.

4.3. Correlation between WM perfusion and cortical glucose metabolism asymmetries
There was a general positive correlation between hemispheric mean subcortical WM CBF
and FDG AI values [r=0.60, p<0.0001; see Figure 1], with similar significant correlations in
corresponding temporal and parietal lobe values (p<0.01; Table 2). Weaker CBF AI vs.
FDG AI correlations were found in the occipital lobe (p=0.02); frontal lobe FDG and
perfusion asymmetries did not correlate with each other (p=0.48).

4.4. Perfusion vs. metabolic abnormalities in individual patients
At least one lobe with decreased CBF was present in 9 patients (mean CBF AI: -42%, in a
total of 28 lobes: parietal: 9, occipital: 8, temporal: 7, frontal: 4), and overlying cortex was
commonly hypometabolic in these regions (Figure 2B; mean FDG AI: -43.3%; range: -97 -
+10%; only 3 of these 28 affected lobes showed normal cortical glucose metabolism) (Table
3).

Increased CBF was observed in 6 patients (mean CBF AI: 30.3% in a total of 14 lobes:
frontal: 3, parietal: 5, temporal: 3, occipital: 3) and was associated with relatively mild or no
hypometabolism on PET in most cases (Figure 2A; mean FDG AI: -11.1%; range: -44 -
+11%; normal FDG AI in 7/14 lobes; only 4 of the 14 lobes showed severe [AI>0.20]
hypometabolism).

Normal CBF was observed in 18 lobes (frontal: 8, temporal: 5, occipital: 4, parietal: 1) of 9
patients. Four of these regions showed decreased cortical glucose metabolism and 14
showed normal metabolism (mean FDG AI: -5.7 %).

Altogether 24 lobes in 12 children showed normal glucose metabolism (although all children
had abnormal glucose metabolism in at least one lobe). Among the normometabolic regions,
10 lobes (42%) of 8 patients had abnormal CBF AI (increased CBF in 7 lobes and decreased
CBF in 3 lobes).

In total, a perfusion/metabolism mismatch was seen in 20 lobes of 11 patients, most
commonly in lobes (n=13) showing increased WM CBF. Various types of perfusion/
metabolism mismatch are summarized in Table 3.

4.5. Correlations between imaging and seizure variables
High frequency of seizures was associated with severe parietal and occipital CBF decreases
(r=-0.64, p=0.01; r=-0.56, p=0.03, respectively). We also found a significant inverse
correlation between seizure frequency scores and occipital glucose metabolism asymmetry
(r=-0.69, p=0.005) as well as a similar trend for association between seizure frequency
scores and parietal hypometabolism (r=-0.55, p=0.034). Longer epilepsy duration showed a
moderate correlation with frontal FDG AI (r=-0.61, p=0.015). Duration of epilepsy did not
correlate with CBF AI of any lobes.
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5. Discussion
This multimodality imaging study shows that both subcortical white matter perfusion and
cortical glucose metabolic abnormalities can extend beyond the lobe affected by the
leptomeningeal vascular malformation. Despite a general association between these
perfusion and metabolic abnormalities, a regional perfusion/metabolism mismatch is also
often present in children with SWS. The most common mismatch pattern occurred in lobes
with increased subcortical white perfusion that often showed normal glucose metabolism or
only mild hypometabolism in overlying cortex. Furthermore, high seizure frequency seems
to be related to decreased perfusion and hypometabolism in the posterior brain regions (the
most common sites of the leptomeningeal vascular malformation), whereas longer duration
of epilepsy is associated with hypometabolism of frontal areas, which are often not involved
in primary pathology but become affected as the disease progresses.

5.1.The classic pattern of cerebral hypoperfusion and hypometabolism in SWS
In general, previous SPECT, xenon-CT, PWI and PET studies all showed that hypoperfusion
and hypometabolism are the most common abnormalities in the affected area of patients
with SWS and chronic epilepsy [3, 8-9, 28-29]. Importantly, previous cerebral blood flow
SPECT and FDG PET studies showed that perfusion and metabolic abnormalities are
anatomically well matched with the region of the vascular malformation; however, the
perfusion and metabolic deficit can extend beyond the lobe with overlying leptomeningeal
enhancement [3, 9]. This observation is now further supported by our results showing brain
regions with abnormal perfusion and/or glucose metabolism in lobes not affected by the
malformation. With respect to metabolic aspects of compromised perfusion, reduced NAA
levels, indicating cell dysfunction and neuronal loss, were seen in hypoperfused brain tissue
of patients with SWS [8]. Also, a SPECT study addressed the hypothesis that decreased
perfusion may mediate neurological dysfunction by altering cellular glucose metabolism
[30]. In most cases with focal hypoperfusion, cerebral glucose metabolism was decreased at
some point of the follow-up. Concordantly, here we demonstrate that more severe cortical
hypometabolism is associated with decreased blood flow in the underlying WM. Still, we
observed decreased FDG uptake in lobes showing normal CBF and vice versa in a few
cases, although FDG decreases in lobes with normal perfusion were rare (n=4) and moderate
(12-18% decrease).

5.2. Perfusion/metabolism mismatch and increased perfusion
A novel finding of the present study is that a spatial perfusion/metabolic mismatch is
common in individual patients with SWS: in particular, subcortical WM perfusion was often
increased under normometabolic or mildly hypometabolic cortical regions. Since SWS is a
clinical model of early brain damage resulting from chronic tissue hypoxia, it is difficult to
find analogous diseases that could provide clues for the understanding of this discrepancy.
Hyperperfusion is often seen in neonatal hypoxic-ischaemic encephalopathy [31-32], which
develops after an acute, usually global, ischemic event. Still, increased perfusion of the
cortex can persist in the subacute phase in affected neonates [31]. Transient hyperperfusion
can also occur in epilepsy patients in the periictal period [33]. However, most of our patients
(13 of 15) had no seizure on the day of MRI or PET scanning. A SPECT study demonstrated
that increased perfusion may be present in infants with SWS even before the onset of first
seizures [12]. Similarly, a paradoxical phenomenon of a transient, interictal
hypermetabolism has been described in young patients with SWS and recent onset seizures
or even before the first seizure [3, 13, 14], possibly indicating a transient phase of hypoxic,
excitotoxic damage related to epileptogenesis. Transient increase of glucose metabolism,
also described in young children with hypoxic damage after perinatal hypoxia, may be a
marker of hypoxia-induced, glutamatergic excitotoxic injury leading to subsequent
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hypometabolism [34-36]. In the present study, increased perfusion was not accompanied by
increased cortical glucose metabolism (with the one exception of the parietal lobe of patient
#12, the only patient with no epilepsy). Therefore, it is likely that increased perfusion and
glucose metabolism are due to different mechanisms or occur in different stages of the
disease.

5.3. Implications for epilepsy
There were two major findings relating perfusion/metabolic abnormalities to epilepsy. First,
frequent seizures were associated with more severe perfusion abnormalities in the posterior
areas, the typical sites of vessel abnormalities and early structural damage in SWS. Since
frequent seizures can have detrimental effects on brain tissue due to transient focal increases
in oxygen and metabolic demand (which cannot be met in poorly perfused brain tissue), it is
likely that frequent seizures, originated from posterior regions, may contribute to
progression of brain damage to more anterior regions during the course of the disease. This
is supported by a recent longitudinal glucose PET study showing a progressive enlargement
of cortical hypometabolism in SWS children with frequent seizures [37]. Second, we also
found a moderate correlation between longer epilepsy duration and glucose hypometabolism
in the frontal lobe. This suggests a progressive involvement and deterioration of the frontal
regions, which are often less involved during the initial stages of the disease. Altogether,
both findings suggest a detrimental effect of chronic seizures on brain perfusion and
metabolism in SWS.

Based on our data and the above outlined recent studies we speculate that interictal white
matter hyperperfusion with normal or close to normal glucose metabolism in overlying
cortex indicates a disease stage where venous drainage of affected cortex is largely
preserved via the deep venous system, thus compensating for insufficient venous outflow
through the superficial veins. The failure of salvage mechanisms along with the deleterious
effect of seizures may eventually lead to the classic ‘burn out’ pattern of hypometabolism
coupled with hypoperfusion and atrophy. This process may occur at its own pace in different
brain areas of patients and may not be directly associated with age.

5.4. Potential limitations
Our approach was designed to find associations between distinct functional measures
(perfusion and glucose metabolism) of spatially related but different tissue types (WM and
GM) of the brain. In order to obtain reliable measures of regional perfusion status, only
white matter perfusion was measured, since calcification and vascular malformation-related
blood flow changes in the cortex could have confounded our results. This was less of a
concern in the subcortical white matter, where ROI placement was carefully performed to
make sure that large transmedullary veins were avoided [15]. Also, impaired venous outflow
due to abnormal surface veins should affect not only cortex but also underlying subcortical
white matter, which is also normally drained via those superficial veins [38]. The strong
correlations between cortical and subcortical WM CBF values in the frontal lobe of patients
with no frontal angioma also supported that the measured WM perfusion changes reflected
abnormalities in the overlying GM accurately in most cases.

Due to age-related changes in cerebral perfusion and metabolism during early childhood, the
use of asymmetries (AIs), rather than absolute perfusion/metabolic values, is useful to
minimize concern regarding age-related changes in absolute measures [24-26]. This
approach is also beneficial to eliminate variable effects of various antiepileptic drugs on
brain glucose metabolism. Although minor functional demise of the contralateral
hemisphere cannot be ruled out, none of our patients had bilateral involvement on
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conventional post-contrast MRI, and none of them showed focal cortical hypometabolism on
PET upon visual evaluation.

Finally, one could argue that some of the observed perfusion/metabolism mismatches are
simply due to the applied asymmetry thresholds. We used a uniform 10% asymmetry
threshold for both FDG and CBF asymmetries for simplicity and based on previous studies
in normal children (for PWI) and children with SWS (for FDG PET) [20, 27]. Still, the exact
limit for abnormal asymmetries may be different for the two imaging modalities and may
slightly vary across ages and lobes. However, if we reanalyze our data using different CBF
AI thresholds (using either a 5%, 15% or even 20% asymmetry threshold), the major results,
indicating a common association between increased perfusion and decreased or normal
glucose uptake, would hardly change, as all but one CBF AI values in this subgroup were
above 0.20 (i.e., more than 20% asymmetry). Therefore, we are confident that the reported
mismatch pattern is not an artifact of asymmetry threshold selection.

5.5. Conclusion
In conclusion, in this study we demonstrated a general correlation between regional white
matter hypoperfusion, seizure severity and cortical glucose hypometabolism in children with
SWS. We also found a regional perfusion/metabolic mismatch in individual patients. This
may indicate areas that are at risk for future metabolic and functional deterioration. This
could be assessed in future longitudinal imaging studies.
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Figure 1.
Correlation between lobar white matter perfusion asymmetries and corresponding lobar
cortical glucose metabolic asymmetries. Color code indicates the different lobes of the 15
patients, and the fitted regression line (dashed line; r=0.60, p<0.0001) assumes correlation
between measurements of 60 lobes. FDG AI= cortical glucose metabolic asymmetry; CBF
AI= cerebral blood flow asymmetry of the underlying white matter.
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Figure 2.
Representative axial slices of FDG PET scans and cerebral blood flow (CBF) maps of two
patients. Panel A depicts the normometabolic left frontal lobe (FDG AI=-5%; arrow) of
patient #4. PWI demonstrated increased CBF (AI=36%) in the underlying white matter
(dashed arrow). Panel B shows severe cortical glucose hypometabolism of the left occipital
lobe (FDG AI= -97%; arrow) of patient #8 and concomitant decreased white matter
perfusion in this area (CBF AI= -21%; dashed arrow).
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Table 2

Lobar perfusion and glucose metabolic asymmetries (mean± SD from 15 patients) and their correlations.

Mean ± SD occipital parietal temporal frontal

CBF AI -0.23±0.44 -0.12±0.39 -0.14±0.39 -0.01±0.27

FDG AI -0.35±0.34 -0.28±0.26 -0.24±0.22 -0.10±0.19

Correlations

CBF AI vs. FDG AI r=0.56; p=0.02 r=0.79; p=0.001 r=0.65; p=0.008 r=0.2; p=0.48

Note: SD: standard deviation; FDG: 2-deoxy-2[18F]fluoro-D-glucose; AI: asymmetry index; CBF: cerebral blood flow; r: correlation coefficient
(Spearman's); p: significance level.
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Table 3

Types of perfusion/metabolism mismatch; number of lobes (number of patients in parentheses) is indicated for
each type. A total of 10 patients showed at least one type of mismatch, including 4 with more than one type.
Increased perfusion associated with normal or decreased glucose metabolism was the most common mismatch
pattern.

CBF

Decreased Normal Increased

FDG
Decreased No mismatch 4 (3) 6 (3)

Normal 3 (3) No mismatch 7 (5)

Note: FDG: 2-deoxy-2[18F]fluoro-D-glucose; CBF: cerebral blood flow
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