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a  b  s  t  r  a  c  t

Catatonia  is a  syndrome  that  manifests  in patients  with  mental  disorders  and  general  medical  conditions.
However,  functional  changes  to the  brain  that  cause  catatonia  remain  unknown.  In  the  present  study,
we  used  functional  near-infrared  spectroscopy  (fNIRS)  to assess  spontaneous  hemodynamic  activities  in
the  brain  at  the  times  of  onset  and resolution  of  catatonic  symptoms  in patients  with  catatonia.  We  used
22-channel  and  49-channel  fNIRS  to examine  hemodynamic  activities  in the  prefrontal  cortex  (PFC),  and
both  frontal  and  parietal  cortices,  respectively.  A  total  of  ten  patients  who  were  diagnosed  with  catatonia
were  included  in  the  study.  Resting  state  measurements  were  taken  for five  minutes  at the  time  of  the
onset  and  resolution  of catatonic  symptoms.  Analyses  were  performed  for  the  prefrontal  region  and  the
e functional connectivity
ortex
essive disorder
rder

motor  cortex  within  the  parietal-frontal  region  of  the  brain.  Functional  connectivity  between  the  cerebral
hemispheres  was  evaluated  systematically  based  on  spontaneous  oscillation  of �[HbO2].  In the PFC,  the
resting  state  functional  connectivity  (RSFC)  was significantly  lower in the catatonic  state  than  in the
eyes-closed  non-catatonic  state  (p  = 0.047).  The  study  demonstrated  that  the  RSFC  in  the  PFC,  measured
using  fNIRS,  may  be  an objective  indicator  of the change  in  catatonic  symptoms.

©  2020  Elsevier  B.V.  and  Japan  Neuroscience  Society.  All  rights  reserved.
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nia was first described by Kahlbaum in 1874 as a
e associated with irregularly repeating neurological symp-
luding mutism, rigidity, staring, stereotypy, and stupor
m, 1874). Subsequently, catatonia has long been con-

 subtype of schizophrenia as suggested by Kraepelin;
, as the concept of catatonia changed over time, the Diag-
d Statistical Manual of Mental Disorders, 5th edition
suggests that catatonia can manifest in individuals with
s disorders, including neurodevelopmental disorders,

 disorders, bipolar disorders, depressive syndromes, and
dical disorders (Tandon et al., 2013). In the elderly popu-
citement, verbigeration, negativism, immobility/stupor,
ng are considered common manifestations of catatonia
steban et al., 2017). It is also important to note that cata-

 be life-threatening (Fink and Taylor, 2009). Catatonia is
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loped catatonia as a result of chronic schizophrenia. In
s, electroconvulsive therapy (ECT) is commonly selected
ent (Walther and Strik, 2016).

ts with catatonia often have difficulty undergoing exam-
hat are time-consuming. As a result, progress in the field
maging research for catatonia has been relatively slow.
us studies, functional magnetic resonance imaging (fMRI)
e-photon emission computed tomography (SPECT) were
easure local changes in the regional cerebral blood flow

d regional cerebral metabolic rate. These studies identi-
ional disorder in the basal ganglia (Luchins et al., 1989;
et al., 1999), reduced blood flow in the frontal lobe, pos-
rtion of the temporal lobe, and parietal lobe (Northoff
0; Satoh et al., 1993a, b), and metabolic disorder in the

ntal area (Richter et al., 2010). Evidence from neuroimag-
es is even more limited in the elderly population. One
d SPECT to examine blood flow in elderly patients who
d catatonia as a result of late-onset schizophrenia, and
ated that there was hypo-perfusion in the striatum and
, in addition to hyper-perfusion in the left lateral frontal
ujino et al., 2011).

 in the prefrontal cortex of elderly catatonia patients: A
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ious study using MRI  found that there was  reduced local
on index in the temporal gyrus and over the surface of
tal and medial orbitofrontal gyrus (Hirjak et al., 2019), in
to hyper-perfusion in the supplementary motor area at
ate (Walther et al., 2017).
infrared spectroscopy (NIRS) is a technique developed
past 35 years to measure the function of the brain and

 used in research for the past 20 years (Boas et al., 2014).
ld of psychiatry, an increasing number of research studies
rted the use of functional NIRS (fNIRS) (Ehlis et al., 2014).
lly, radioisotopes are often used in SPECT and positron

 tomography (PET). NIRS monitors the brain activation
ring the changes in rCBF. In particular, NIRS detects the
tal increases in oxygenated hemoglobin concentration
]) as well as the decrease in the deoxygenated hemoglobin
ation ([deoxy-Hb]). Such rCBF changes are considered to
tive of the cortical activity. (Hock et al., 1997). fNIRS is
eous in the sense that it enables non-invasive measure-
he brain activity over time (Scholkmann et al., 2014). One
y used fNIRS and reported that cognitive tasks led to tran-
eractivity of the left anterior PFC in a male patient with
, whose symptoms included specific immobility, mutism,
otypy (Grignon et al., 2008). However, no studies to date
mined the activities of the brain in multiple patients at
of onset or after remission of catatonia in a longitudinal

 present study, we used fNIRS to examine changes in brain
efore and after treatment for catatonia in the elderly pop-
s it is difficult for catatonia patients to perform tasks,

ated the stability of resting state functional connectiv-
). RSFC is a measurement of low-frequency spontaneous
<0.1 Hz) in the brain during resting and sleep states, and
lly shown using fMRI (Biswal et al., 1995; Raichle, 2010).
studies have demonstrated a strong correlation of the
ency blood oxygenation level dependent (BOLD) signal
areas in the brain that are anatomically apart but func-
nked. Stability of functional connectivity can be observed

eously with spontaneous BOLD signals that are strongly
d and connected between two areas of the brain (Sheffield
, 2016). This method has been used with fNIRS by Niu et al.

He, 2014) and was also adopted in studies of mental disor-
 et al., 2018; Zhu et al., 2017). According to previous SPECT

 studies, patients with catatonia present with functional
nt in the frontal lobe (Galynker et al., 1997; Northoff et al.,
oh et al., 1993b), motor area in the parietal-frontal region,

 supplementary motor area (Northoff et al., 1999; Payoux
4; Scheuerecker et al., 2009; Walther, 2015; Walther et al.,

 the present study, we used fNIRS to assess differences in
n the oxyHb concentration at times of onset and resolution
ia symptoms (catatonic and non-catatonic states, respec-
tween the frontal region and motor cortex, including the
a, premotor area, and supplementary motor area.

ials and methods

ects

l of ten patients over the age of 50 who were admitted to
niversity Hospital were included in the study (Table 1).

luded two men  and eight women, with a mean age of 64.5
s. Patients were admitted for schizophrenia (n = 4), bipolar
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atatonia Rating Scale (BFCRS) (Bush et al., 1996). At the
e study, the BFCSI and BFCRS scores of the study patients

 (1.5) and 16.9 (1.7), respectively (Table 2). The mean
f days from the initial test in the catatonic state to the

 test in the non-catatonic state was investigated. Resolu-
atonic symptoms was  based on the diagnostic criteria and
s a BFCSI score of zero for all patients. All diagnoses were
wo experienced psychiatrists and patients were excluded
study if they had severe organic diseases, such as brain
r widespread cerebral infarction, identified through an
mputed tomography. The type and dose of antipsychotics,
ssants, and benzodiazepines/ non-benzodiazepines were
ined. In the catatonic state and non-catatonic state,

ntipsychotics, antidepressants, and benzodiazepine/ non-
zepine anxiolytics and sleeping pills were converted to

azine, imipramine, and diazepam equivalents, respec-
rdner et al., 2010; Inada and Inagaki, 2015; Woods, 2003)

. In addition, ECT administration and its frequency were
. The study was approved by the Research Ethics Board of
niversity School of Medicine. As informed consent could

tained from patients during the catatonic state, the study
ained and written informed consent was  received from
ent’s legal representative. As the symptoms of catatonia

 written consent was  received from the study patients.

oimaging

was performed for a total of five minutes at rest in the cata-
 non-catatonic states. As patients were unable to respond
ands properly in the catatonic state, the measurements
en after confirming that they were at rest regardless of
they had their eyes open. As catatonia resolved, patients

 to stay at rest, and the measurements were taken with
s open and closed, in order to investigate the influence
ening. NIRS measurements during catatonic state for

nts 1 and 2 were performed on the same day in each
owever, NIRS measurements during non-catatonic state
iments 1 and 2 were performed on different days in 3
(patient numbers 1, 7, and 9) (Table 1). We  measured
ges in [oxy-Hb] and [deoxy-Hb] using an NIRS system
00; Shimazu Corporation, Kyoto, Japan). [oxy-Hb] and

b] levels were calculated by the Lambert-Beer law based
sorption of the three wavelengths of near-infrared light
, and 830 nm)  measured by the NIRS system. The NIRS

etects changes in hemoglobin concentrations at approxi-
3 cm from the surface of the skull. The distance from the

probe to each pair of emission was 3.0 cm.  The measure-
 between each pair was  defined as a ‘channel’ (CH). In the

riment, 22 channels were positioned in a 6 × 12-cm area
the prefrontal cortices with CH1-22. In the second exper-

 channels were positioned in a 15 × 12-cm area covering
l and parietal cortices with CH1-49. The lowest probes in
l cortex were positioned along the Fp1-Fp2 line according

ernational 10–20 system. (Fig. 1) (Kito et al., 2014). Using
, the region of interest for each cortical area was deter-

 confirming that the overlap across each channel was at
 (Zhu et al., 2017).

stical analysis

er to remove the long-term drift of the baseline and
equency cardiac and/or respiratory activity, and to filter

hite Gaussian noise signal, only signals within the range

and 0.08 Hz were retained using a combination of tem-
h-pass and low-pass (bidirectional fifth-order band pass)
eszlenyi et al., 2017).
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Table 1
Demographic and clinical data of the participants.

Patient no. Sex Age Diagnosis ECT (n) Days between the
two  NIRS
measurements for
Experiment  1

Days between the
two  NIRS
measurements for
Experiment  2

1  F 65 Major depressive
disorder

50 322 280

2  F 71 Schizophrenia 25 101 101
3  F 70 Schizophrenia 21 125 125
4  M 59 Schizophrenia 17 175 175
5  F 65 Major depressive

disorder
20 79 79

6  F 80 Major depressive
disorder

27 38 38

7  M 57 Schizophrenia 69 169 175
8  F 73 Major depressive

disorder
50 168 168

9  F 51 Major depressive
disorder

11 63 56

10  F 54 Bipolar disorder 10 42 42
Mean  (SD) 64.5 (9.2) 30.0 (19.6) 128.2 (85.6) 123.9 (76.5)

Table 2
Catatonia symptoms at the day of fNIRS measurements.

Patient no. BFCSI1 BFCRS2 Catatonia symptoms

1 8 18 Immobility/stupor, mutism, staring, grimacing, stereotypy, mannerisms, negativism, withdrawal,
ambitendency

2  6 17 Immobility/stupor, mutism, staring, stereotypy, rigidity, negativism, gegenhalten, automatic
abnormality

3  6 16 Immobility/stupor, mutism, staring, rigidity, negativism, withdrawal, automatic abnormality
4  5 16 Excitement, stereotypy, mannerisms, verbigeration, negativism, impulsivity, perseveration,

automatic abnormality
5  8 19 Immobility/stupor, mutism, staring, posturing/catalepsy, rigidity, negativism, waxy flexibility,

withdrawal, gegenhalten, automatic abnormality
6  9 16 Staring, posturing/catalepsy, grimacing, echopraxia/echolalia, stereotypy, verbigeration, rigidity,

negativism,  withdrawal, impulsivity, automatic obedience, perseveration
7 10 17 Immobility/stupor, staring, posturing/catalepsy, grimacing, echopraxia/echolalia, stereotypy,

mannerisms, verbigeration, negativism, withdrawal, automatic obedience, automatic abnormality
8  7 15 Immobility/stupor, mutism, staring, posturing/catalepsy, grimacing, verbigeration, withdrawal,

automatic abnormality
9  7 20 Immobility/stupor, mutism, staring, posturing/catalepsy, rigidity, negativism, withdrawal,

gegenhalten, automatic abnormality
10 8 15 Immobility/stupor, mutism, staring, posturing/catalepsy, verbigeration, rigidity, negativism,

withdrawal, grasp reflex
Mean (SD) 7.4 (1.5) 16.9 (1.7)

1 BFCSI: Bush Francis Catatonia Rating Scale Screening Instrument.
2 BFCRS: Bush Francis Catatonia Rating Scale.
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orrelation coefficient for all channel pairs in each region
ned by the following procedures. The Fisher Z transforma-
applied to yield a z-value for each individual correlation
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Table 3
Prescription data of the participants.

Patient
no.

Experiment 1 and 2 (Catatonia) Experiment 1 (Post-catatonia) Experiment 2 (Post-catatonia)

Prescription CPZs1 IMEs2 DEs3 Prescription CPZs IMEs DEs Prescription CPZs IMEs DEs

1 mirtazapine 0 150 0 quetiapine, lorazepam 455 0 16.7 quetiapine, lorazepam 606 0 16.7
2  0 0 0 flunitrazepam, lorazepam 0 0 9.2 flunitrazepam, lorazepam 0 0 9.2
3  flunitrazepam,

triazolam
0  0 15 tiapride 75 0 15 tiapride 75 0 15

4  0 0 0 clozapine 800 0 0 clozapine 800 0 0
5  diazepam 0 0 10 brotizolam, lorazepam 0 0 10 brotizolam, lorazepam 0 0 10
6  tiapride,

lormetazepam,
triazolam

75  0 5 tiapride 100 0 5 tiapride 100 0 5

7  diazepam 0 0 20 aripiprazole, flunitrazepam,lorazepam 600 0 30 aripiprazole, flunitrazepam,lorazepam 600 0 30
8  duloxetine,

sertraline,
alprazolam

0  313 7.5 0 0 0 0 0 0

9  lorazepam 0 0 25 zolpidem 0 0 2.5 zolpidem 0 0 2.5
10  0 0 0 estazolam 0 0 5 estazolam 0 0 5
Mean  (SD) 7.5 (23.7) 46.3 (104.9) 8.3 (9.1) 203 (300.1) 0 9.3 (9.3) 218.1 (317.5) 0 9.3 (9.3)

1 CPZ: Daily dose equivalence of antipsychotics (mg/day).
2 IME: Daily dose equivalence of antidepressant (mg/day).
3 DE: Daily dose equivalence of anxiolytics, sedatives and hypnotics (mg/day).

4
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Table 4
(A)  Mean values of RSFC in the region of interest for each examination. (B) Correlation coefficients of RSFC between regions of interest for each examination.

(A)

Average SD

Experiment 1 Catatonia 0.432 0.237
Post-catatonia (eyes-closed) 0.605 0.116
Post-catatonia (eyes-open) 0.583 0.165

Experiment  2 Catatonia 0.484 0.223
(CH2−4,6−12,14) Post-catatonia (eyes-closed) 0.43 0.214

Post-catatonia (eyes-open) 0.42 0.21

(B)
Comparison Z score p value

Experiment  1 Catatonia and Post-catatonia (eyes-closed) 1.988 0.047
Catatonia and Post-catatonia (eyes-open) 1.682 0.093
Post-catatonia (eyes-closed) and Post-catatonia (eyes-open) −0.255 0.799
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that resolution of neurological symptoms may  improve
of the frontal lobe, which subsequently increases the pos-
elation between the activity of the PFC and stability of the

 present study, all patients underwent ECT, which may
cted the outcome of fNIRS. For example, in previous stud-
SPECT, ECT increased the cerebral blood flow in the frontal
oral lobes (Escobar et al., 2000; Galynker et al., 1997).
I, the volume of the mid-temporal lobes and anterior

 cortex was reported to increase after ECT in patients
tment-resistant depression, and this increase in the left
poral lobe was associated with improvements in clinical

 (Cano et al., 2017). Another study using fNIRS demon-
at ECT significantly increases the oxy-Hb concentration
ntal cortices to reach a normal range while performing
ency tasks, suggesting that task-induced activation is pos-
rrelated with the degree of improvement in symptoms
d with depression (Hirano et al., 2017). Similarly, fNIRS
a significant increase in cerebral blood flow to the left
re compared to the right hemisphere in patients with

renia immediately after ECT, whereas there was  no differ-
een the hemispheres in patients with depression (Fujita

1). Collectively, these studies suggest that ECT improves
ion of the PFC and subsequently increases the activity of
ilaterally. These activities are likely to have played a role in
e of increase in positive correlation between brain activity
lized RSFC.

ber of previous studies have suggested that activities
otor area and supplementary motor area may  change
nic symptoms develop. For example, a study using fMRI
rated an increased level of perfusion in the supplementary

a at rest (Walther et al., 2017). Similarly, task-associated
ical activities decreased in the motor area and supple-
motor area of the parietal region as catatonic symptoms
d. Specifically, Northoff et al. reported that the activity of
alateral motor cortex was reduced in patients with catato-
g a task with the right hand (Northoff et al., 1999). Payoux

 showed that activation of supplementary motor area,
ry sensory motor area, bilateral lateral prefrontal cortex,

ior parietal cortex were impaired in akinetic schizophrenia
uring a task with the right hand (Payoux et al., 2004). Fur-
, Scheuerecker et al. reported that patients who remitted
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 present study, we found no significant differences in the
l connectivity in the motor area, premotor area, and/or
ntary motor area, i.e., we were unable to detect changes
ivity of these areas at the onset or resolution of catatonic
s using fNIRS. In a previous study, Sebastian et al. mea-
rological activities in schizophrenia patients at the time

f catatonic symptoms and in schizophrenia patients with-
nia in comparison with healthy individuals. Whereas, in
tudy, Northoff et al. and Payoux et al. measured neuro-
tivities in patients with schizophrenia and other psychotic

 at the time of onset of catatonic symptoms in comparison
lthy individuals. Similarly, Scheuerecker et al. measured
ical activities in schizophrenia patients at the time of reso-
atatonic symptoms in comparison to healthy individuals.
her hand, we performed a longitudinal study comparing

 patient population at the times of onset and resolu-
tatonic symptoms. Moreover, previous studies consisted

 patients with schizophrenia, while our study included
with bipolar disorder and major depressive disorder as
hose with schizophrenia. Thus, these differences in the
opulation may  have led to differences in the study find-
hermore, our sample size was relatively small compared

 reported by Walther et al., which included 15 patients
zophrenia and catatonia, 27 patients with schizophrenia
atatonia, and 41 controls. Thus, significant findings may

 observed in our study if we had a larger sample size.
 onset of catatonic symptoms, it can often be difficult for
to respond to commands. Indeed, we  observed patients
er had their eyes closed at all times, open at all times, or

 and closed during the measurements. In the case of fMRI,
ity of RSFC is considered high in auditory and sensorimo-
during the eyes-closed state, and in visual and attention
ing the eyes-open state (Agcaoglu et al., 2019; Wei  et al.,
wever, there is no evidence to suggest that these factors

 connectivity of the PFC. Therefore, it is unlikely that hav-
es open or closed was  responsible for observed changes
ignals in the PFC at the onset of catatonic symptoms.

 of the patients with schizophrenia, the correlation in
oncentration decreased in the PFC as catatonic symptoms

 We  hypothesized that this may  be due to ECT and the fact
surements were taken when the patient had improved

 of daily living. Either way, the reason for this observation

nclear. However, it is important to note that the corre-

oxy-Hb concentration for the symmetrical channel may
after the resolution of catatonic symptoms.



PRG Model
NSR-4459; 

T. Nakamura

There
gitudinal
time peri
variation
states. Pr
et al., 201
affect fNI
Interestin
antidepre
lobe even
be noted
state than
antidepre
fore, the 

states ob
differenc
Third, th
attribute
studies sh
with ECT
sessions 

in our stu
longed or
were dia
the diagn
trists. Fift
was inclu
in our an
are neces
healthy c
lead to a f

5. Concl

To the
to examin
strated a
PFC as ca
there we
observati
symptom
relatively
a larger p

Funding

This r
agencies 

Referenc

Agcaoglu, O
connec
Mapp. 4

Biswal,  B., Y
the mo
Med.  34

Boas,  D.A., E
infrared
1–5.

Bush, G., Fin
and sta

Cano, M.,  

Hernán
Pujol, J
and  me
depress
e1023.

Cuevas-Este
Serrano

 adm
l.  Biol

er, G.S
sting-
der. J.

 A.C., S
ear-in
ar, R.,
utierr
anges

M., Ta
en. Ps
,  Y., T
11. A
rtex  i
frared
ker, I.

erfusio
er, D.
terna
6–69

on,  S.,
tion 

hizop
–45.

o,  J., T
chida,
ter ele
frared
,  D., K
.M.,  W

 catat
 C., Vi
ofman
ecreas
verba

 near-
easur
, T., In
eurosc
aum,  

sychis
H., Ryo
,  Hag
,  Was
emogl
sesse
ura, K

.,  Nod
refron
frared
ns, D.J
etabo

lenyi, 

RI fu
sci. 11
., He, 

onal n
off,  G
., Lesc
teralit
nction
off, G.
., Otto
on  in 

rebra
x, P., 

mas, 

ascol,  

ilot fu
le, M.E
0–19
r, A., 

anges
–62.

, K., Na
aging
ychia
, K., S
kuya
taton
ARTICLE IN No. of Pages 8

 et al. 

 are several limitations in this study. First, this was  a lon-
 study and there was a large variation in terms of the
od between the two study time points. Second, there was

 in medications used in the catatonic and non-catatonic
evious studies suggested that both the usage (Kohmura
3) and dosage (Takamiya et al., 2017) of antidepressants
RS measurements obtained during verbal fluency tasks.
gly, one fMRI study also demonstrated that the use of
ssants increased the functional connectivity of the frontal

 at resting state (Dichter et al., 2015). However, it should
 that in this study RSFC was higher in the non-catatonic

 in the catatonic state despite the higher average dose of
ssants prescribed during catatonia in this study. There-
difference in RSFC between catatonic and non-catatonic
served in the present study cannot be explained by the
e in antidepressant medications between the two  states.
e change in the functional connectivity cannot only be
d to improvements in catatonia, but also to ECT. Previous

owed that schizophrenia patients with catatonia treated
 are liable to relapse, leading to increased number of ECT
(Suzuki et al., 2005, 2006). Indeed, some of the patients
dy required a great number of ECT sessions due to pro-

 relapsing catatonia symptoms. Fourth, the study patients
gnosed by unstructured medical consultation. However,
osis was confirmed by two or more experienced psychia-
h, the sample size was small, and no healthy control group
ded. Furthermore, we did not correct for multiple testing
alyses. Therefore, future studies with larger sample size
sary to confirm our findings. Moreover, comparison with
ontrols and analysis stratified by psychiatric diagnosis will
urther understanding of the pathophysiology of catatonia.

usion

 best of our knowledge, this is the first study to use fNIRS
e the RSFC in patients with catatonia. Our study demon-

n increase in the positive correlation of oxy-Hb in the
tatonic symptoms resolved in patients, suggesting that

re improvements in the function of the frontal lobe. This
on may  be a marker to assess the resolution of catatonic
s. As fNIRS is minimally invasive and can be performed

 easily, it may  be valuable to perform additional studies in
atient population to evaluate its use in catatonia patients.
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