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Abstract Akathisia is a sensori-motor phenomenon which is
gene ra l ly encoun te red as an adve r se e f f ec t o f
antidopaminergic medications suggesting involvement of do-
paminergic pathways. We recently showed nociceptive flexor
reflex was altered in akathisia as compared to restless legs
syndrome and therefore, these findings may indicate co-
involvement of pathways other than dopaminergic ones. To
examine functional status of different pathways, we investi-
gated auditory startle reflex (ASR), startle response to somato-
sensory input (SSS), and trigemino-cervical reflex (TCR) in a
group of patients with akathisia. Consecutive seven patients
with drug-induced akathisia and age- and gender-matched
healthy subjects were prospectively included in the study.
The diagnosis was made by appropriate clinical criteria.
Brainstem reflexes, ASR, SSS, and TCR were examined in
all participants. The probability, onset latency, amplitude, and
duration were measured and compared between groups. The

probability and amplitudes of ASRs were significantly in-
creased and durations of ASRs and TCRs were prolonged in
the patient group. Latencies of all responses as well as patterns
of startle responses were similar between groups. The results
reveal hyperactivity of the ASR and TCR in drug-induced
akathisia. Hyperactive ASRs and TCRs also confirm supra-
segmental hypodopaminergic state in akathisia. Although we
keep in mind the confounding effects due to concurrent
antidopaminergic treatments and the small sample group, we
speculate that hyperactive ASRs and TCRsmight be related to
deficient control by forebrain and limbic—mainly amygda-
la—network in patients with drug-induced akathisia.
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Introduction

Akathisia is a common side effect of antidopaminergic
medications but can also be induced by other psychotropic
drugs [1, 2]. It has usually been classified within the spec-
trum of antidopaminergic induced extra-pyramidal syn-
dromes [2]. The characteristic symptom of akathisia is a
feeling of restlessness mainly in the legs which may cause
an urge to move. Based on i ts associat ion with
antidopaminergic drugs, striatal dopamine blockage has
been proposed as the underlying mechanism in akathisia
[3]. Although direct measurement of the dopaminergic
dysfunction in akathisia may not be possible in humans,
electrophysiological studies may provide an alternative
and indirect way to elucidate involved pathways in
akathisia. We recently showed that nociceptive flexor
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reflex was significantly different in akathisia patients as
compared to restless legs syndrome (RLS) patients. As
RLS is known to be related to dopamine dysfunction, our
findings may indicate involvement of pathways in addition
to dopaminergic ones [4]. After this study, we thought that
further investigation of brainstem reflexes in akathisia may
provide additional evidence in understanding pathophysi-
ology of the disorder.

In this regard, we investigated auditory startle reflex
(ASR), startle response to somatosensory input (SSS), and
trigemino-cervical reflex (TCR) in a group of patients with
akathisia. ASR and SSS are protective responses elicited by
strong acoustic stimuli and electrical stimuli to the median
nerve, respectively. ASR, SSS, and TCR have been widely
used to study movement disorders such as idiopathic
Parkinson’s disease, various parkinsonism syndromes, and
dystonia [5–8]. The generator of ASR and SSS is hypothe-
sized to be in the caudal part of pons and the generator is
known to be under the control of dopaminergic pathways
including the basal ganglia. Cholinergic neurons of the
paramedian pontine reticular formation, gigantocellular retic-
ular nucleus, or the intermediate reticular zone are hypotheti-
cal integrating centers of the ASR [6]. Integrating centers of
all these reflexes are also under the modulatory control of the
basal ganglia-dopaminergic system and GABAergic system
[5–11]. Due to these properties, we measured ASR, SSS,
and TCR in patients with akathisia induced by dopamine an-
tagonists and compared the results with those of healthy
controls.

Participants and methods

Participants Consecutive seven patients (3 females, 42.8%)
who were diagnosed as drug-induced akathisia by an experi-
enced psychiatrist between October 2012 and July 2012 were
prospectively enrolled in the study. These were the same pa-
tients as in the previous study [4]. The diagnosis was made by
a detailed clinical examination based on the Diagnostic and
Statistical Manual of Mental Disorders [12] and has been
graded by the Barnes Akathisia Rating Scale (BARS) [13].
The mean age of patients was 38 ± 9.7 years.

Most patients had schizophrenia (n = 5), one had psychotic
depression, and one had bipolar disorder. All patients were
receiving dopamine receptor antagonists (quetiapine,
olanzapine, clozapine, zuclopenthixol, or amisulpride).
Three patients were also given selective serotonin reuptake
inhibitors (SSRI), one patient was also given valproic acid.
The duration of medication use was between 1 month and 2
years. Akathisia was diagnosed 1 month before this study was
made. According to the BARS, two patients had mild, three
moderate, and two severe akathisia. Table 1 shows demo-
graphical and clinical findings of each patient.

Healthy subjects with gender distribution and mean age (5
females, 41.7% and 39.1 ± 8.6 years) similar to patients with
akathisia were also included (p = 0.960 and p = 0.790, respec-
tively). Other than psychiatric diagnoses, none of the partici-
pants had any other systemic disorders such as hypertension,
diabetes mellitus, or epilepsy.

The study was approved by the local ethical committee in
accordance with the Declaration of Helsinki, and a written
informed consent was obtained from each participant or a
first-degree relative.

Electrophysiological assessments All subjects were exam-
ined using a Nihon Kohden EMG instrument (Neuropack Σ-
MEB-5504K, Nihon Kohden Corporation, Tokyo, Japan) in a
quiet room while patients were sitting in an armchair and they
were awake and relaxed.

Auditory startle response Themonophasic 100 μs tone burst
auditory stimulus with an intensity of 105 dB HL was deliv-
ered bilaterally through earphones eight times with random
intervals of 2–5 min and the stimulus duration was increased
by 50 μs every two stimuli to prevent habituation. Non-
rectified surface EMG recordings were obtained simulta-
neously after each stimulus over unilateral orbicularis oculi
(O.oc), masseter, sternocleidomastoid (SCM), biceps brachii
(BB), and tibialis anterior (TA) muscles. Ground electrode
was placed over sternum. Single sweeps of 500 ms were re-
cordedwith filters set at 10 and 10,000Hz. The sensitivity was
200 or 500 μV.

Startle response to somatosensory inputs The right median
nerve was randomly stimulated at wrist. Stimulus was a single
electrical stimulus with a duration of 0.2 ms and with an in-
tensity twice the level which evoked amotor response with the
maximum amplitude. Non-rectified surface EMG recordings
were obtained simultaneously after each stimulus over unilat-
eral O.oc, masseter, SCM, and BB muscles. Ground electrode
was over sternum. Single sweeps of 500 ms were recorded
with filters set at 10 and 10,000 Hz. The analysis time was
adjusted as 20 or 50 ms/div, and the sensitivity was 200 or
500 μV.

Trigemino-cervical reflex The right or left infraorbital branch
of the trigeminal nerve was stimulated, separately using a
single electrical stimulus with the duration of 0.5 ms and the
intensity was adjusted to three to four times above the pain
threshold. Non-rectified surface recordings were obtained si-
multaneously from the bilateral SCM and splenius capitis
(SC) muscles. The ground electrode was on the sternum.
The analysis time was 100 or 200 ms with filter settings at
50–2000 Hz.
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Statistical analyses Following parameters were measured
using cursors and compared between the two groups:

& For ASR, mean onset latencies, amplitudes, and durations
for each muscle were measured. The amplitudes and du-
rations were also classified according to the method pro-
posed by Kofler et al. [6]. Amplitudes were classified as
no response, less than 50 μV, between 50 and 500 μV, and
greater than 500 μV; whereas, durations were grouped as
no response, less than 50 ms, between 50 and 200 ms, and
greater than 200 ms. When there were continuous re-
sponses, they were accepted to be 500 ms in duration.

& For SSS, mean onset latencies for each muscle were
measured.

& For TCR, mean onset latencies, amplitudes, and durations
for each muscle were measured.

& For ASR, probability was calculated as follows:

Number of responses of muscle (O.oc, masseter, etc.)/num-
ber of total recordings (8) × 100

& For SSS, presence rate was calculated as follows:

Number of patients with response/number of total patients
(n) × 100

n was accepted as 5, because two patients did not tolerate
SSS investigations.

The statistical analysis was performed by the SPSS
(Statistical Package for the Social Sciences) for Windows
11.5 package program. The numerical parameters were com-
pared using Mann-Whitney U test due to non-normal distri-
butions of the variables and chi-square test was used for

comparisons of qualitative variables. When the expected
count was less than five per cell, we used Fisher’s exact test
for qualitative variables. We also conducted a univariate anal-
ysis using fixed factors of psychiatric diagnoses, severity of
akathisia, and medications used. Dependent variables in this
analysis were abnormal findings showing significant differ-
ences between patients and healthy subjects. The threshold
level for statistical significance was established at p < 0.05.

Results

Auditory startle response Response of O.oc muscles had the
shortest latency followed by responses of masseter, SCM, and
BB muscles. The probability was also the highest in the O.oc
(100%), followed by SCM and masseter. For the BB and TA,
the presence rates were 32% (six participants) and 10% (two
participants), respectively.

The comparison of groups for latency of response on each
muscle did not reveal any significant difference whereas the
mean response rate of the reflex was greater in the group with
akathisia for all muscles (Table 2). The comparison of total
probability also showed that the probability of the reflex was
greater in the patient group (U = 17.5, p = 0.037). The prob-
abilities of masseter and AT responses were also significantly
higher in the akathisia group compared to healthy subjects.
There were significant group differences for amplitudes. The
akathisia group had significantly greater reflex amplitudes in
the SCM muscle (U = 6, p = 0.020). For BB and masseter
muscles, the akathisia group also had greater amplitudes but
this difference did not reach significance. The reflex response

Table 1 Demographical and
clinical findings of all patients Patient Age (years) Gender Diagnosis Medication Barnes scale

1 33 Male Schizophrenia Amisulpride 400 mg/day

Clozapine 400 mg/day

Fluoxetine 20 mg/day

Moderate

2 33 Female Schizophrenia Olanzapine 20 mg/day Moderate

3 27 Male Paranoid schizophrenia Valproate 500 mg/day

Sertraline 100 mg/day

Clozapine 400 mg/day

Risperidone 2 mg/day

Moderate

4 52 Male Schizophrenia Olanzapine 20 mg/day

Citalopram 30 mg/day

Severe

5 30 Male Paranoid schizophrenia Long-acting risperidone
37.5 mg/15 day

Risperidone 2 mg/day

Mild

6 42 Female Psychotic depression Quetiapine 200 mg/day

Olanzapine 15 mg/day

Severe

7 49 Female Bipolar disorder Olanzapine 20 mg/day

Zuclopenthixol decanoate
200 mg/week

Mild
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was continuous for three participants in the O.oc muscle and
for one participant in BB and masseter muscles.

The analysis of the amplitudes according to the classifica-
tion described above showed that masseter (U = 18.5,
p = 0.040) and SCM responses (U = 20, p = 0.048) with high
amplitudes were more common in the akathisia group. The
number of O.oc (U = 15.5, p = 0.020) and masseter (U = 18.5,
p = 0.040) responses with longer durations was also higher in
the akathisia group muscles. Figure 1 shows ratios of
responses of O.oc, masseter, and SCM muscles with
high-amplitude and long-duration. The ASR findings did not
differ among patients with different psychiatric disorders. The
effect of medication or akathisia severity was also not
significant.

Startle response to somatosensory inputs The presence of
masseter response was higher in patients with akathisia (80%)
compared to healthy subjects (16.2%, p = 0.028, Fisher’s ex-
act test). Continuity correction showed a p value of 0.053 for
this analysis. The presence of other responses was similar
between groups. Latency of each response got longer and

presence rate decreased caudally similar to ASR. Latency of
each response was similar between groups.

Trigemino-cervical reflexBilateral responses of long-latency
TCRs were obtained in all patients with akathisia and healthy
subjects. Latencies and amplitudes of each response were sim-
ilar between groups; however, duration of each response after
right or left infraorbital stimulation was significantly longer in
patients with akathisia compared to healthy subjects (Table 3).
The findings were not related to the medications used.
However, duration of TCR was longer in patients with schizo-
phrenia or in patients with more severe akathisia.

Discussion

The major finding of our study was high probability of ASR
with higher amplitudes and longer durations as well as longer
duration TCRs in drug-induced akathisia compared to healthy
subjects whereas latencies and recruitment pattern were simi-
lar for akathisia patients and healthy subjects. Although ASR

Table 2 Comparisons of
parameters related to auditory
startle reaction (ASR) responses

Patients with akathisia n = 7 Healthy subjects n = 12 p

Orbicularis oculi

Latency (ms) 32.4 ± 6.4 37.2 ± 10.1 0.374

Duration (ms) 105.2 ± 36.3 105.2 ± 36.3 0.102

Amplitude (μV) 544.3 ± 346.8 350.1 ± 232.9 0.151

Probability (%) 100 ± 0 98.9 ± 3.6 0.445

Masseter

Latency (ms) 59.2 ± 6.7 58.2 ± 11.3 0.749

Duration (ms) 141.1 ± 161.9 54.2 ± 17.7 0.101

Amplitude (μV) 197.1 ± 150.7 115.0 ± 62.9 0.209

Probability (%) 66.1 ± 33.6 22.9 ± 21.9 0.010*

Sternocleidomastoid

Latency (ms) 65.8 ± 7.9 66.3 ± 14.5 0.897

Duration (ms) 177.7 ± 165.5 83.1 ± 73.0 0.069

Amplitude (μV) 566.7 ± 446.8 186.1 ± 118.2 0.020*

Probability (%) 48.2 ± 39.1 22.9 ± 24.9 0.156

Biceps brachii

Latency (ms) 115.8 ± 57.1 86.9 ± 15.8 0.513

Duration (ms) 85.0 ± 49.5 50.0 ± 10.0 0.374

Amplitude (μV) 610.0 ± 562.4 105.0 ± 18.0 0.513

Probability (%) 19.6 ± 30.5 4.2 ± 8.1 0.304

Tibialis anterior

Latency (ms) 131.0 ± 16.5 – –

Duration (ms) 65.0 ± 7.1 – –

Amplitude (μV) 635.0 ± 657.6 – –

Probability (%) 7.1 ± 9.8 0 0.017*

Total ASR probability (%) 47.5 ± 19.8 29.8 ± 10.5 0.037*

Data are shown as mean values ± SD, *p < 0.05
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was not related to psychiatric diagnosis, medications used or
severity of akathisia, duration of TCR was longer in patients
with schizophrenia or in patients with more severe akathisia.

These results suggest that the ASR pathway was intact in
akathisia since latency and recruitment pattern reflect the

integrity of the pathway. Normally, the probability of eliciting
a response after auditory stimulation decreases in the caudal
direction. The muscle responding most frequently and with
the shortest latency is the O.oc, followed by the SCM, the
masseter, and the muscles of the upper and lower limbs.

Table 3 Comparisons of
parameters related to trigemino-
cervical reflex (TCR) responses

Patients with akathisia n = 7 Healthy subjects n = 12 p

Left-sided stimulation

Left sternocleidomastoid

Latency (ms) 52.8 ± 16.6 55.4 ± 10.9 0.574

Duration (ms) 100.8 ± 31.8 61.3 ± 13.6 0.007*

Amplitude (μV) 261.7 ± 196.8 345.2 ± 355.2 0.708

Right sternocleidomastoid

Latency (ms) 51.4 ± 12.8 52.5 ± 7.0 0.815

Duration (ms) 129.0 ± 36.1 62.2 ± 16.5 0.000**

Amplitude (μV) 693.2 ± 469.3 392.8 ± 357.4 0.169

Left splenius capitis

Latency (ms) 53.0 ± 6.6 51.3 ± 5.6 0.596

Duration (ms) 81.0 ± 35.8 46.8 ± 8.3 0.027*

Amplitude (μV) 267.1 ± 177.3 202.7 ± 155.1 0.495

Right splenius capitis

Latency (ms) 47.6 ± 12.3 49.3 ± 5.6 0.639

Duration (ms) 73.5 ± 28.4 43.6 ± 6.9 0.015*

Amplitude (μV) 276.7 ± 152.0 275.7 ± 236.8 0.708

Right-sided stimulation

Left sternocleidomastoid

Latency (ms) 47.5 ± 10.4 55.6 ± 11.1 0.685

Duration (ms) 72.0 ± 13.6 62.8 ± 11.6 0.005*

Amplitude (μV) 291.2 ± 104.7 379.0 ± 240.7 0.993

Right sternocleidomastoid

Latency (ms) 51.7 ± 7.5 54.5 ± 10.1 0.496

Duration (ms) 113.7 ± 24.3 63.8 ± 12.8 0.005*

Amplitude (μV) 287.5 ± 55.6 399.5 ± 419.1 0.620

Left splenius capitis

Latency (ms) 49.4 ± 8.0 48.3 ± 10.7 0.806

Duration (ms) 57.5 ± 5.0 46.1 ± 7.5 0.023*

Amplitude (μV) 317.0 ± 176.9 178.7 ± 94.5 0.205

Right splenius capitis

Latency (ms) 47.5 ± 8.5 44.9 ± 6.6 0.504

Duration (ms) 86.2 ± 30.9 47.8 ± 5.0 0.005*

Amplitude (μV) 355.0 ± 151.8 231.2 ± 108.2 0.229

Data are shown as mean values ± SD, *p < 0.05, ** < 0.001
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Fig. 1 The ratios of high-
amplitudes (left) and long-duration
(right) ASRs in clinical and
control groups. The amplitudes
and the durations have been
classified according to the method
proposed by Koffler et al. 2001 [6]
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Participants in our study also had a similar sequence of muscle
activation. As commonly accepted, the efferent neural path-
way of ASR is formed by reticulospinal and reticulobulbar
pathways and in the presence of normal hearing level, normal
latency and recruitment pattern indicate integrity of these
pathways and the generator of the reflex, namely the PPTN.
However, high amplitudes, long durations, and high response
rates or decreased habituation in akathisia patients suggest
hyperexcitability of ASR [8, 14]. Similarly, cholinergic neu-
rons of the paramedian pontine reticular formation are the
generators of TCR [9] and longer duration of TCR reflects
increased excitability of trigeminal slow afferents or the inte-
grating center. In addition, decreased inhibitory effect from
suprasegmentary levels to brainstem structures leading to in-
creased responsiveness of cervical motoneurons may also pro-
duce hyperexcitability.

Excitability of ASR pathway is under the modulatory con-
trol of the basal ganglia, amygdala, and cortex as well as
dopaminergic and GABAergic systems. Dopamine plays an
important role as a modifier over the circuitry of ASR [15]. In
rats, ASR is enhanced with D1 receptor agonists [15] and this
effect is abolished by administration of D1 receptor antago-
nists or deficient D2 receptor activation [15] whereas ASR is
abolished by GABA agonists [16]. One study also reported
shorter latency, higher probability, and higher amplitude of
ASR in drug-naïve RLS patients or when RLS patients are
tested after a certain wash-out period for dopaminergic drugs
[17]. The ASR hyperexcitability was more prominent in the
caudal parts in RLS. Generator of TCR is also controlled by
the basal ganglia-dopaminergic system and GABAergic sys-
tem. Hyperkinetic disorders lead to a high-amplitude and
long-duration TCR [11] whereas GABA agonists decrease
the probability of the TCR [10].

In drug-induced akathisia, there may be several factors
contributing to hyperactive ASRs and TCRs: (i) underlying
factors of akathisia may share pathways contributing to hyper-
active responses, (ii) the underlying psychopathology itself
may be responsible for exaggerated responses, and lastly (iii)
the drugs which have been used to treat psychopathology may
play a role. We do not think the last two options are likely
because patients were mainly using antidopaminergic medica-
tions which generally lead to hypoactive startle responses [18,
19]. Moreover, the amplitude of ASR was found to be de-
creased in schizophrenia studies [20] and we did not observe
any effect of different psychiatric diagnosis on abnormal ASR
findings. Therefore, the ASR and TCR alterations probably
occur due to factors related to pathophysiology of akathisia
itself and there may be other pathways in addition to dopami-
nergic or GABAergic ones. However, it should be kept in
mind that increased duration of TCR was related to both un-
derlying psychiatric conditions and akathisia.

One possible explanation would be involvement of the
amygdala and its connection with forebrain structures. We

know that magnitudes of ASR get bigger or latencies shorten
after fear-conditioning or in states of anxiety, indicating excit-
atory role of the amygdala on the generator of ASR in the
reticular formation. Interestingly, in some people, behavioral
and locomotor responses to anxiety or stress may mimic
akathisia. Agitation and aggression in Alzheimer’s disease
and mild cognitive impairment were found to be associated
with neurodegeneration affecting the anterior salience net-
work involving the frontal, insular, amygdala, cingulate, and
hippocampus [21]. Furthermore, modulation of locomotion is
produced by activation of D1-like receptors or D2-like post-
synaptic receptors in the nucleus accumbens. However, acti-
vation of D2-like receptors leads to hyperlocomotion which is
under control of glutamatergic inputs from prefrontal cortex
and basolateral amygdala [22]. Acute serotonin reuptake inhi-
bition also may lead to amygdala activation, restlessness, and
agitation [23]. Therefore, we speculate that the pathways in-
volved in psychomotor agitation and anxiety (i.e., abnormal
modulatory glutamatergic and/or serotonergic inputs) may al-
so be involved in drug-induced akathisia. Although we do not
know the effects of serotoninergic or glutamatergic system on
TCR in humans and TCR was affected not only by the pres-
ence of akathisia but it was also enhanced in schizophrenia,
we know that serotoninergic and glutamatergic antagonists
decrease the response of trigemino-cervical complex to nox-
ious stimuli in the rat [24, 25]. In summary, we may hypoth-
esize that hyperactivity of the amygdala and its aminergic
connections with the forebrain and specific brainstem
aminergic nuclei are probably activated in drug-induced
akathisia and may play a role in the pathophysiology of this
disorder. That being said, we should emphasize that ASR and
TCR are indirect ways to observe the effects of these circuits.
Nevertheless, our study may increase attention to these cir-
cuits in akathisia andwe hope that further studies investigating
these circuits using functional neuroimaging techniques or
other neurophysiological methods such as prepulse inhibition
may follow.

The main limitation of our study was the lack of a sec-
ond control group composed of patients with psychotic
disorders using antidopaminergic drugs without evidence
of akathisia. However, that high-amplitude ASRs are not
expected to be found in patients with schizophrenia, bipo-
lar, and major depressive disorders. On the contrary, these
disorders are known to be associated with low-amplitude
ASRs [20, 26, 27]. It should also be mentioned that the
ASR studies in schizophrenia generally did not evaluate
the reflex in details and only reported O.oc responses.
Another limitation was that it was very difficult to continue
a long period of neurophysiological examination in pa-
tients with restlessness. Although patients who participated
in our study were cooperative most of the time, two pa-
tients did not tolerate stimulations at wrist and did not
participate in SSS analysis.
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In conclusion, we found evidences of increased ASR and
TCR excitability in drug-induced akathisia compared to
healthy subjects. The results point to the increased excitability
of the reticulospinal tract. If confirmed by future studies with
larger sample sizes, the results may indicate an involvement of
prefrontal and limbic—mainly amygdala—network in pa-
tients with drug-induced akathisia that leads to hyperactive
ASR and TCRs.
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