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A B S T R A C T

Although modified electroconvulsive therapy (MECT) has been employed as a treatment strategy and to resolve
medication resistant symptoms in schizophrenia (SZ), its action mechanisms remain unclear. The insula has been
demonstrated to associate with clinical symptoms and neuropathology in SZ. This study examined whether
insular changes response to MECT outcomes in SZ. Forty-two SZ were divided into two groups according to their
treatment strategies. One group (MSZ, n= 21) received 4-weeks MECT together with antipsychotics; another
group (DSZ, n=21) was treated only with antipsychotics. Twenty-three healthy controls (HC) were also in-
cluded. Structural and functional MRI were scanned twice (baseline and after 4-week treatment) for SZ and once
for HC. Firstly, the insula was divided into three subregions based on resting-state functional connectivity (FC).
Subsequently, gray matter volume (GMV) and voxel-wise FC were assessed in each subregion. Finally, the re-
lationship between insular changes and symptom improvements was also investigated. Compared with baseline,
the DSZ group showed reduced GMV in insular subregions. In contrast, the MSZ group exhibited increased GMV
in bilateral posterior insula (PIns); furthermore, the increase in the PIns was correlated with symptom im-
provements. Second, the decreased FC between right PIns and left orbitofrontal cortex, and left PIns and middle
occipital gyrus was observed only in the MSZ group; moreover, these FC changes were associated with symptom
improvements. The present study demonstrated that MECT induced insular changes, which may contribute to
the mechanisms of MECT.

1. Introduction

Modified electroconvulsive therapy (MECT) is one of the most ef-
fective treatments in mood disorders (Fochtmann, 2016). To data,
MECT is also employed as an augmentation of antipsychotic treatment
and to resolve medication resistant symptoms in schizophrenia (SZ)
(Petrides et al., 2015). Although it has been seven decades after the
introduction of MECT in the field of psychiatry, its mechanisms of ac-
tion on brain remain unclear. Recently, neuroimaging studies have
provided accumulated evidence regarding the modulation of MECT on
brain structure, such as the medial temporal lobe (Abbott et al., 2014;

Takamiya et al., 2018) and prefrontal cortical regions (Bouckaert et al.,
2016; Thomann et al., 2017) in depressive disorder. One potential un-
derlying mechanism is the neuroplasticity in these pivotal regions
(Bouckaert et al., 2014), which are affected in the psychiatric disorders.
Some type of physiologic tissue reaction to the electric current is con-
sidered as another potential reason for the efficacy of MECT such as
edema of neurons in the target regions (Andrade and Bolwig, 2014).
Previous studies have shown that a combination of MECT and anti-
psychotics has a remarkable advantage in terms of the rapidity and
quality of response in SZ (Abraham and Kulhara, 1987); however, few
studies have focused on the MECT-effects on brain structure and
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resting-state functional connectivity (FC) in SZ. In addition, the re-
lationship between these brain changes induced by MECT and clinical
symptoms improvement has not been reported in schizophrenia.

To date, broad cortical abnormalities have been identified in SZ;
however, a wide range of knowledge has centered on insular dis-
turbances (Jiang et al., 2017; Moran et al., 2013; Palaniyappan et al.,
2013). A substantial number of studies have suggested that functional
and structural alterations of the insula play a critical role in leading to
the clinical features of SZ (Menon, 2011; Uddin, 2015). The insula was
considered a key node of the salience network (salience monitoring),
which was included in a systematic triple network model to synthesize
extant findings for understanding dysfunction in the insula across
multiple psychiatric disorders (Menon, 2011). The compelling evidence
originated from several studies that illustrated a reduction in the
strength of the causal influences from the salience network to the
frontoparietal network (goal-oriented or externally directed cognition)
and default network (self-related or internally directed cognition) in SZ
(Palaniyappan et al., 2013). Furthermore, based on the findings of our
recent meta-analysis of seed-based resting state functional connectivity,
we proposed a disconnected large-scale brain network model of SZ in
which the salience processing network plays the core role, and its im-
balanced communication with other functional networks may underlie
the dissociation between self-representation and environmental sal-
ience processing (Dong et al., 2017). In addition, altered gray matter
features of the insula have been observed in SZ (Honea et al., 2005;
Jiang et al., 2018a). A recent review emphasized that deficits in the
insula may be highly relevant to the symptoms and pathobiology of SZ
(Wylie and Tregellas, 2010). Furthermore, insular neuroplasticity has
been identified in structural and functional imaging investigations (He
et al., 2018a, 2018b; Luo et al., 2014). Thus, increasing attention has
been paid to the pathological roles of the insula in SZ; however, the
potential effects of MECT on the structural and functional changes in
the insula in SZ has not been previously investigated. According to
insular connectivity, function and cytoarchitecture, the whole insular
cortex may be divided into three subregions: the dorsal anterior insula
(dAIns), the ventral anterior insula (vAIns) and the posterior insula
(PIns) (Chang et al., 2013). Previous schizophrenia research have in-
dicated that SZ showed specific alterations for insular subregions. For
example, Chen and colleagues found that the PIns of SZ had altered
functional connections with the thalamus and primary sensorimotor
area (Chen et al., 2016). Moran and colleagues indicated the disruption
of right dAIns modulation of central executive and default mode net-
works in SZ (Moran et al., 2013). Therefore, it is considerable to in-
vestigate the effect of ECT on different insular subregions.

To systematically determine the effect of MECT on the changes in
the structure and function of the insula in SZ, a longitudinal study was
designed according to the previous study (Redlich et al., 2016) which is
presented in the Fig. 1. The structural and resting-state functional
magnetic resonance imaging (MRI) data were collected at pre-treatment
and post-treatment. We initially employed a clustering method from
our previous study (Cao et al., 2014; Chen et al., 2016) to divide the

insula into three subregions based on resting-state FC profiles. Gray
matter volume (GMV) and voxel-wise FC in each insular subregions
were used to assess the structural and functional changes in patients
before and after treatment with MECT. We also investigated whether
these brain changes induced by MECT correlated with clinical im-
provements.

2. Experimental procedures

2.1. Participants

Two groups of inpatients with acute schizophrenia were recruited in
parallel in Shanghai Mental Health Center (SMHC). Only the patients
who were identified as medication-resistant according to their previous
treatment history were administered a 4-week ECT in combination with
antipsychotics (being assigned to ECT group, MSZ group, n=21).
Informed consent on ECT was obtained from each patient and his/her
family. The patients who were not medication-resistant or did not agree
to receive ECT were managed with only antipsychotics (being assigned
to drug group, DSZ group, n= 21). Both groups were matched by sex,
age, education levels, and baseline psychiatric symptoms. Patients with
very severe psychiatric symptoms such as significant psychomotor ex-
citement had been excluded because of tolerance to long duration of
MRI scan. All the patients were recruited from October 2013 to January
2015. The patients were diagnosed with SZ by trained clinical psy-
chiatrists using the SCID-I/P (Structural Clinical Interview for DSM-IV-
TR, Patient's version). In addition, the patients had no history of MECT
within the previous six months. Psychiatric symptom severity was as-
sessed by The Positive and Negative Syndrome Scale (PANSS), and the
total PANSS scores of all patients were> 60. All patients received an-
tipsychotic medications, and the daily antipsychotic medication dosage
was converted to chlorpromazine equivalents (mg/d) (Andreasen et al.,
2010) (Table 1). Additional details regarding the antipsychotic medi-
cation for each patient are provided in Supplementary Table S1. A
sample of healthy controls (HC) (n=23), which was matched to both
patient groups by age, gender and education level (Table 1), was also
recruited from the faculty in SMHC. All HC did not have a lifetime
psychiatric disorder or family history of psychosis in their first-degree
relatives. Participants were excluded if they had brain injuries, organic
mental disorders, neurologic abnormalities, other serious physical ill-
nesses, dementia, substance abuse or dependence, or contraindications
to MRI. The Ethics Committee of SMHC approved the study protocol.
Written informed consent was obtained from all subjects prior to study
participation.

2.2. Modified electroconvulsive therapy

Bilateral electrical stimulation was administered 3 mornings a week
with a Thymatron TMDG instrument (Somatics, Lake Bluff, Ill). Two
stimulus electrodes were placed on the left and right temporal scalp.
Electroconvulsive therapy conditions were similar for all patients

Fig. 1. Study Paradigm. Forty-two patients with
acute SZ were divided into two groups according to
their treatment strategy. One group (MSZ, n=21)
received 4-weeks of MECT together with anti-
psychotics; the other (DSZ, n=21) was treated only
with antipsychotics. Twenty-three healthy controls
were also included. Structural and functional MRI
were scanned twice at baseline and post-treatment.
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(maximum charge delivered, 504 mC; output current, 0.9 A; frequency,
10–70 Hz; pulse width, 0.5ms; and maximum stimulus duration, 8 s).
Motor convulsions and induced tachycardia were monitored and elec-
troencephalogram and electromyogram were recorded during ECT.
Anesthesia was performed with intravenous etomidate (0.21–0.3 mg/
kg) and propofol (1.82–2.44mg/kg). Muscles were relaxed with in-
travenous succinylcholine (1mg/kg). Intravenous atropine (0.5 mg)
was employed to reduce airway secretion. Patients assigned to the
ECT+Drug group did not alter their dosage of antipsychotics during
the study period.

The total number of ECT was determined individually by the pa-
tient's senior psychiatrist according to both the efficacy and adverse
events. In the present study, one session of ECT regularly includes 8–12
ECTs and at least 8 ECTs were administered in all patients irrespective
of earlier response. Of 21 patients in ECT+Drug group, 1 received 8
ECTs, 3 received 10 ECTs, 1 received 11 ECTs, and 16 received 12 ECTs.
The mean number of ECT was 11.5 ± 1.1.

2.3. Data acquisition and pre-processing

High-resolution T1-weighted images and functional MRI data were
acquired using a 3-T Siemens Magnetom Verio Syngo MR B17 scanner.
High-resolution T1-weighted images were collected with a magnetiza-
tion-prepared rapid acquisition gradient echo (MPRAGE) sequence.
Functional MRI data were obtained using a gradient echo planar ima-
ging (EPI) sequence. Scanning parameters were provided in the
Supplementary information. The patients underwent scanning twice at
baseline and after the 4-week treatment, whereas HC were scanned only
at baseline.

Functional data pre-processing was performed in SPM 12 (http://
www.fil.ion.ucl.ac.uk/spm/) (Ashburner, 2012) and Neuroscience In-
formation Toolbox (http://www.neuro.uestc.edu.cn/NIT.html)(Dong
et al., 2018). Conventional pre-processing steps were performed (Huang
et al., 2018), which included (1) removal of the first 10 time points; (2)
slice-timing correction; (3) realignment; (4) normalization; (5) linear
de-trending; (6) nuisance covariates regression; (7) temporally scrub-
bing; (8) temporal filtering (0.01–0.1 Hz); and (9) smoothing
(FWHM=6mm). Repeated measure ANOVAs with time as the within-
subject factor and group as the between-group factor were used to

determine whether there were differences in head-motion (mean FD,
max translation and max rotation) from baseline to post-treatment
between two groups. Results showed no differences in head-motion.
More detailed information can be seen in the Supplementary informa-
tion.

2.4. Subdivisions of insula using cluster analysis

Previous studies have indicated that the insula may be divided into
three subregions, the dAIns, vAIns and PIns (Nelson et al., 2010). Ac-
cording to our previous studies (Chen et al., 2016), we functionally
parcellated the left and right insula into three regions separately using
the K-means clustering analysis on the fMRI data (Supplementary In-
formation).

2.5. Insular structural analysis

Structural imaging data were firstly processed using standard VBM
analysis in SPM 12 (http://www.fil.ion.ucl.ac.uk/spm/). First of all, we
check all T1-weighted images for artifacts, and re-oriented the image
origins to the anterior commissure. Subsequently, images were seg-
mented into gray matter, WM and CSF, normalized to the MNI space to
obtain the GMV maps, and resampled to 2×2×2mm3. The mean
GMV were separately calculated in each region of interest (ROI) of the
bilateral dAIns, vAIns and PIns.

2.6. Insular functional connectivity analysis

A voxel-wise FC analysis was conducted with the bilateral dAIns,
vAIns and PIns as seed regions. Pearson's correlations between the time
course of the seed and that of the whole brain other voxels were cal-
culated and then Fisher's z-transformed to obtain Z scores.

2.7. Statistical analyses

2.7.1. Structural changes
Two sample t-tests were performed to compare the differences be-

tween the two patient groups at the baseline of t1. The average GMVs of
the entire insula and subregions were analyzed using two-way repeated

Table 1
Demographic and clinical data of participants.

Characteristic MSZ (n=21) Mean (SD) DSZ (n= 21) Mean (SD) P valuea HC (n=23) Mean (SD)

Gender (M/F)b 10/11 9/12 0.757 11/12
Age (years) 29.2(7.1) 30.7(7.8) 0.524 31.2 ± 5.9
Education (years) 12.3(3.4) 12.6(2.9) 0.773 13.5 ± 2.5
Handness (left/right)b 0/21 0/21 1.000 0/23
Chinese Han nationalityb 21 21 1.000 23
Married/unmarried/divorcedb 5/15/1 5/14/2 0.285 13/10/0
Smoking/nonsmokingb 3/18 3/18 1.000 7/16
Drinking/nondrinkingb 0/21 0/21 1.000 3/20
Family history of schizophrenia (yes/no)b 8/13 6/15 0.513 0/23
Illness duration (months)c 79.8(54.4) 78.7(80.9) 0.435 –
Interval of scans (days) 36.1(10.2) 35.3(14.6) 0.827 –
Chlopromazine equivalents (mg/d)c 604.6(565.6) 532.6(461.2) 0.504 –
Baseline PANSS score
Total 71.6(8.4) 70.8(9.7) 0.673 –
Positive 20.7(2.6) 19.1(3.5) 0.107 –
Negative 19.3(7.4) 17.4(5.1) 0.339 –
General 32.0(3.8) 34.2(5.7) 0.139 –

4-weeks PANSS score
Total 49.7(9.6) 50.5(12.6) 0.816 –
Positive 10.9(3.0) 12.0(4.7) 0.375 –
Negative 14.6(6.1) 14.0(5.3) 0.768 –
General 24.3(3.33) 24.5(5.4) 0.891 –

a P values were obtained using two sample t-tests except where noted.
b P values were obtained using the chi-square test.
c P values were obtained using the Mann-Whitney tests as a result of the substantial variability in each group.
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measure ANCOVAs with the between-subject factor group (MSZ vs.
DSZ) and the within-subject factor time (t1vs. t2). P < 0.05/6 was
considered significant due to multiple comparisons correction by
Bonferroni correction. Post hoc analyses of paired t-tests were per-
formed to compare the differences between t1 and t2 for each patient
group. Furthermore, we investigated whether the directions of the GMV
changes (t2-t1) between the two patient groups were inversed using
Wilcoxon signed-rank tests. Moreover, two sample t-tests were applied
to compare the differences between the two patient groups at t2. In
addition, we further compared the baseline differences between all the
patients and HC by two sample t-tests, and a randomly resampling
strategy was performed because of the imbalanced sample size of all
patients (42 SZ) and 23 HC. A subsamples of size 23 were randomly
generated from all 42 patients at baseline, and each subsample was
compared with the HC using two sample t-tests to assess differences of
significance. The re-sampling was performed one thousand separately.
The percentage was the proportion of these 1000 subsamples with
significant differences from the HC. A high percentage represents strong
robustness. All tests were performed after controlling for the effects of
age, gender, education level and total volume of the whole brain.

2.7.2. Functional connectivity changes
To confirm the distinct FC patterns in the 3 insular subregions, one-

sample t-tests were performed to determine significant connectivity
with the seed. Two sample t-tests were used to compare differences
between the two patient groups at baseline. Moreover, a two-way re-
peated measure ANCOVA was performed. With the aim to determine
whether the two treatment methods differentially modulated the in-
sular FC, we focused on the interaction effect between the group and
time effects. The main effect of time was also considered to assess the
effect of treatment. All analyses based on whole brain FC maps were
performed for multiple comparisons correction using a height threshold
(min z > 3.1, p < 0.001) of individual voxel and a cluster size based
on Gassian Random Field theory, which corresponds to cluster-level
Pcorrected= 0.05/6 due to 6 seeds by Bonferroni correction. Based on
these analyses, the peak of each region with a significant interaction
effect was selected as a 6mm radius sphere region of interest (ROI). The
mean FC between each ROI and the corresponding insula seed was
subsequently extracted for post hoc analyses. Two sample t-tests were
used to compare the group differences after treatment, and two paired
t-tests were employed to compare the differences between t1 and t2 for
each group. In addition, we further compared the differences between
the patient and HC groups via a resampling-based strategy mentioned
above. All statistical tests were performed controlling for the covariates
of age, gender, education level and FD.

2.8. Correlations between insular changes and symptom remission

The mean GMV values of the insular subregions and average FC that
exhibited significant interaction effects were extracted. The insular
GMV and FC changes were defined as the subtraction (t2 – t1).
Following normality tests, Spearman rank correlations were used to
assess the relationships between the insular changes and the reductive
scores and reductive ratios of the symptoms (PANSS, Positive And
Negative Syndrome Scale) for the MSZ. We also investigated the
structural and functional co-changes by estimating the correlation be-
tween the GMV changes and FC changes in MSZ.

3. Results

3.1. Demographic and clinical data

The two patient groups were not significantly different in terms of
age, gender, years of the education, courses of illness, or daily anti-
psychotic medication dosage during the study. Moreover, the PANSS
scores showed no difference between the MSZ and DSZ groups at the

baseline (Table 1).

3.2. Insula cluster

Consistent with previous studies (Deen et al., 2011), a cluster ana-
lysis segregated the insula into the dAIns, vAIns and PIns. All insular
subregions had significant strong FC with the insula and adjacent
frontal and temporal cortices (Supplementary Fig. S1).

3.3. Insular structural changes

At baseline, there were no significant differences between the two
patient groups via two sample t-tests (all p > 0.05). The repeated
ANCOVA indicated the interaction effect of time and group in the bi-
lateral dAIns (right: F= 11.6, p=0.0017; left: F= 7.76, p=0.0086)
and PIns (right: F= 8.88, p=0.0052; left: F= 9.93, p=0.0033). Post
hoc analysis indicated that compared with the t1, the MSZ group had an
increased GMV in the bilateral PIns (right: T=2.56, p=0.019; left:
T=4.32, p=0.00033). In addition, the bilateral dAIns GMV showed
an increasing trend in the MSZ group (right: T=1.97, p=0.062; left:
T=2.06, p=0.053). Interestingly, after treatment, the DSZ group
exhibited a significantly reduced GMV in the bilateral dAIns, bilateral
vAIns and right PIns (p < 0.05). The results are presented in Fig. 2 and
Table 2. In addition, the two patient groups exhibited inversed altera-
tions following treatment for all insular subregions (Fig. 2 and Table 2).
Compared with the HC, the SZ patients at baseline did not show sig-
nificant differences in the GMV at all insular subregions (p > 0.05).
After treatment, both the MSZ and DSZ groups had no significant dif-
ference in the GMV at all insular subregions compared with the HC
(p > 0.05). In addition, we also analyzed the GMV changes in the
entire insula. Results showed that the two patient groups were not
significantly different at baseline. The repeated measure ANCOVAs
showed significant interaction effect at the left insula (F=8.49,
p=0.0062) and right insula (F=12.0, p=0.0014). Post hoc analysis
indicated an increased left insula GMV in the MSZ group after treatment
(T=2.56, p= 0.019). In the DSZ group, the left and right insula ex-
hibited reduced GMV after treatment (left: T=−2.87, p=0.010;
right: T=−4.05, p=0.001). Overall, the structural changes in the
entire insula were consistent with the results of insular subregions.

3.4. Insular functional connectivity changes

At baseline, the two patient groups were not significantly different.
The repeated measure ANCOVA indicated that the FC between the left
PIns and left middle occipital gyrus (MOG) exhibited a significant in-
teraction effect of group and time (F= 24.4, p=1.4× 10−5). Using
post hoc paired t-test analysis, the MSZ group showed a decreased FC
between the left PIns and left MOG at t2 compared with t1 (T=−5.1,
p=5.9× 10−5), whereas the DSZ group had no change (T=1.4,
p=0.18). In addition, for this functional connection, there was no
significant difference between the two patient groups at t1 (p > 0.05)
by two sample t-test. However, after different treatments (at t2), the two
patient groups had a significant difference: lower FC in the MSZ group
(T=−3.8, p= 0.001). For another seed of the right PIns, the FC with
the left orbitofrontal cortex (OFC) also exhibited a significant interac-
tion effect of group and time (F= 23.4, p=2.0× 10−5). The post hoc
paired t-test analysis indicated that compared with the t1, the patients
at t2 had reduced FC between the right PIns and left OFC for the MSZ
group (T=−5.5, p=2.1×10−5) with no change for the DSZ group
(T=1.1, p=0.29). Interestingly, at t1, the MSZ group had a slightly
higher FC than the DSZ group (T=2.3, p=0.03), which did not re-
main significant after multiple corrections. However, after treatments,
the MSZ group showed a severely lower FC than the DSZ group
(T=−4.0, p=0.0007). These results are presented in Table 3 and
Fig. 3.

A significant time effect was also identified in frontal regions,
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temporal cortices and cerebellum (Supplementary Table S3 and Fig.
S2). The patients at t2 showed decreased FC between the insular sub-
regions and frontal, temporal and cerebellar regions compared with t1
(Supplementary Table S4). Detailed information is available in the

Supplementary information.
Compared with the HC, the SZ at baseline exhibited increased FC

between the bilateral PIns and posterior lobe of cerebellum. After
treatment, the MSZ group had enhanced FC between the right PIns and
cerebellum, thalamus and postcentral gyrus, as well as increased FC
between the left PIns and thalamus and middle occipital gyrus
(Supplementary Table S5). The DSZ group showed increased FC be-
tween the bilateral PIns and frontal cortex (Supplementary Table S5).

3.5. Correlations between insular changes and symptom remission

In the MSZ group, a significant correlation was observed between
the GMV increase in the right PIns and the reductive score of PANSS
positive score (rho=0.667, p < 0.001). In addition, correlations were
also identified between the GMV increase in the right PIns and the re-
ductive PANSS total score (rho=0.556, p=0.009), reductive ratio of
general psychopathology score (rho=0.634, p=0.002) and reductive
ratio of PANSS total score (rho=0.578, p=0.006). Moreover, the
change of the FC between the right PIns and left OFC was associated
with the reductive general psychopathology score (rho=0.587,
p=0.005) and reductive ratios of negative score (rho=0.560,
p=0.008). These correlations remained significant after FDR correla-
tion. Furthermore, the change of the FC between the left PIns and left
MOG was correlated with correlation with the reductive negative score
(rho=0.460, p=0.036). We did not identify correlations between the
GMV increase in the left PIns and disease severity changes. These re-
sults are shown in Fig. 4. In addition, a structural and functional co-
change was observed in the left PIns. Increased GMV in the left PIns had
a negative correlation with reduced FC between left PIns and right MTG
(R=−0.468, p=0.0326).

4. Discussion

This investigation found insular structural and FC changes in SZ

Fig. 2. Gray matter volume changes between pre-treatment (t1) and post-treatment (t2) for MSZ group and DSZ group in insular subregions of the (A) right dorsal
anterior insula (dAIns.R), (B) right ventral anterior insula (vAIns.R), (C) right posterior insula (PIns.R), (D) left dorsal anterior insula (dAIns.L), (E) left ventral
anterior insula (vAIns.L), and (F) left posterior insula (PIns.L). △ indicates the changes following treatment.

Table 2
Gray matter volume changes between t1 and t2 in the MSZ and DSZ groups.

Insular
subregions

GMV Change (%):
Mean (SE)

Paired t-test: p-value Wilcoxon
signed-rank
test: p-value

MSZ DSZ MSZ DSZ

dAIns.R 0.51
(0.259)

−0.96
(0.243)

0.062 <0.001⁎ 0.001⁎

vAIns.R 0.04
(0.261)

−0.89
(0.233)

0.893 <0.001⁎ 0.023⁎

PIns.R 0.61
(0.240)

−0.48
(0.157)

0.019⁎ 0.006⁎ < 0.001⁎

dAIns.L 0.58
(0.282)

−0.80
(0.227)

0.053 0.002⁎ 0.002⁎

vAIns.L 0.30
(0.284)

−0.70
(0.263)

0.298 0.015⁎ 0.014⁎

PIns.L 0.68
(0.157)

−0.26
(0.165)

<0.001⁎ 0.139 0.001⁎

⁎ represents p-value < 0.05.

Table 3
Interaction effect of time and group in whole brain functional connectivity
analysis with insular subregions as seeds.

Seed Region Coordinates (x,
y, z)

Interaction effect

F value P value Cluster-size

PIns.R Orbitofrontal
cortex

(−42, 33, −6) 23.4 2.0×10−5 76

PIns.L Middle occipital
gyrus

(−42, −78,
27)

24.4 1.4×10−5 61

Y. Jiang et al. Progress in Neuropsychopharmacology & Biological Psychiatry 89 (2019) 254–262

258



following MECT. First, compared with the patients with drug treatment
only, MSZ group showed a distinctly increased GMV in bilateral PIns.
Furthermore, the increase associated with the symptom improvement.
Second, the MSZ group, but not the DSZ group, exhibited decreased FC
between the PIns and OFC as well as MOG after treatment; moreover,
these changes were significantly related to symptom remission.

Over the previous decade, structural MRI has consistently shown the
decreased insular gray matter in different types of patients with SZ
(Ellison-Wright et al., 2008; Honea et al., 2005), such as first-episode
and chronic SZ (Chan et al., 2011). Thus, restraining from the insular
cortex deficit would be a crucial target of an effective treatment ap-
proach in SZ. In the current study, we did not observe significant GMV
differences between SZ and HC at insular subregions. We speculated
that the heterogeneity such as the course of illness, clinical symptoms
and antipsychotics medication in the SZ sample may be the reason why
no changes between SZ and HC. A previous study has illustrated an
increased insular GMV following MECT in patients with late life de-
pression (Bouckaert et al., 2016), which suggests that the insula would
be included in the MECT effect. Consistent with our hypothesis, the
current study indicated that the MECT induced an increase in insular
volume. It is noteworthy that this study also illustrated a significant
correlation between the right PIns GMV increase and positive symptom
improvement. Interestingly, a previous study indicated that more de-
creased insular GMV was linked to worse positive symptoms in SZ
(Pressler et al., 2005). In addition, SZ patients with only antipsychotic
medication showed a reduced GMV in most insular subregions in this
study. The decreased insular volume has been identified in the SZ pa-
tients with antipsychotics; this study indicated that a short-time course
of therapy with drugs could also induce a reduction in insular volume.

Taken together, the specific increase in the insular volume may be one
of the MECT action mechanisms.

In addition, this study identified specific MECT-induced changes:
the decreased FC of the PIns with the OFC and MOG following treat-
ment. These alterations in response to MECT in SZ are understandable
considering the neuroimaging evidence for an involvement of the or-
bitofrontal cortices and primary cortex in the neural changes associated
with MECT (van Waarde et al., 2015; Xia et al., 2018). Moreover, the
orbitofrontal and primary cortex dysfunctions are well-established in
SZ, supported by functional and structural findings (Chen et al., 2017;
Jiang et al., 2018b; Kaufmann et al., 2015), and the two regions med-
iate key symptoms including positive and negative, as well as cognitive
dysfunction of SZ (Chen et al., 2015). The PIns, as a core brain region
for processing multimodal sensory information, is supposed to anato-
mically and functionally connect with the somatosensory and motor
cortices (Uddin, 2015). The decreased FC of the PIns with the sensor
area and prefrontal cortex identified in the current study may suggest
the modulation effect of MECT on the integration of interoceptive
events and external stimuli. In addition, a relationship between the FC
changes and symptom reductive scores was observed, which further
indicated that FC contributed to the understanding of pathophysiology
in SZ.

Furthermore, we identified a significantly correlation between
structural and functional changes in the left PIns. The cellular foun-
dation that underlies these changes may include neurogenesis, sy-
naptogenesis and gliogenesis, changes in glial number and morphology,
and angiogenesis (Zatorre et al., 2012). Thus, this interesting finding
may suggest compensatory processes of volume and connectivity
changes, that is, neurogenesis and gliogenesis may be analogous to the

Fig. 3. Insular functional connectivity analysis. (A) Seeds of right and left PIns. (B) Interaction effect of time and group. (C) Results of post hoc analysis. OFC:
orbitofrontal cortex; MOG: middle occipital gyrus.
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volume and synaptogenesis may correspond to the FC.
This study must be interpreted with caution because of several

limitations. First, the participants included medicated and chronic pa-
tients. SZ is a progressive mental disorder, and the long duration of the
illness may have a neurotoxic effect on the gray matter (Perkins et al.,
2005). Moreover, antipsychotic drugs have been demonstrated to sig-
nificantly confound the findings of both anatomical and functional
neuroimaging studies (He et al., 2018a, 2018b; Lui et al., 2010; Yang
et al., 2018). Second, the allocation of schizophrenia patients to ECT or
drug group was not randomized, which possibly brought a bias in fa-
voring ECT. Although the matched comparison patients enabled us to
control for the effect induced by the antipsychotic medication, the ef-
fects of concomitant drug medications during the MECT course could
not be completely ruled out. Third, the neuropsychological assessments
were not evaluated; thus, we could not assess the associations between
the changes in cognitive and brain changes. With a focus on cognitive
changes following MECT (Semkovska and McLoughlin, 2010), detailed

assessments should be employed in the future, such as the Digit Span
test and Stroop test (attention and executive functioning), as well as the
Digit Symbol test (processing speed). Fourth, in consideration of the
high relapse rates after MECT (Pompili et al., 2013), it is likely that the
changes following MECT may return to the “baseline”. Therefore,
longitudinal studies with> 2 MRI scanning time points are required to
determine whether the MECT-induced change is a transient phenom-
enon. Finally, we cannot excluded the effect of edema in the inter-
pretation of the findings on VBM because we did not assess T2 re-
laxation time (corresponding to water content) after MECT.

5. Conclusion

In conclusion, this study provided evidence for both structural and
functional changes in the insula induced by MECT in SZ. A distinctly
increased GMV in bilateral PIns and decreased FC between the PIns and
OFC as well as MOG were observed in SZ following MECT.

Fig. 4. Correlations between gray matter volume/functional connectivity changes in the PIns and disease severity reduction for the MSZ group.
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Furthermore, these insular changes associated with the symptom im-
provements.
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