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Introduction: Delirium is a fatal but potentially reversible disorder of the central nervous 
system that imposes high costs on health systems. This study aims to evaluate the effect of 
intermittent theta-burst stimulation on the severity and course of delirium disorder.

Methods: This is a double-blind, randomized, sham-controlled pilot study. The study 
participants were randomly allocated into the active (active intermittent theta-burst stimulation) 
and sham groups. The severity of delirium was assessed 15 minutes before the intervention and 
15 minutes after that by the Neelon and Champagne (NEECHAM) confusion scale.

Results: In the active group, total and subscale scores of NEECHAM significantly decreased 
after intervention (P<0.05). Although no statistical difference was found in the control group 
regarding the subscale scores of NEECHAM, the difference in the total scores before and after 
the sham intervention was statistically significant.

Conclusion: Carrying one session of repetitive transcranial magnetic stimulation on the left 
dorsolateral prefrontal cortex can reduce the delirium severity in a short period, although it will 
not decrease the number of delirium cases three days after the intervention.
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1. Introduction

elirium is a fatal but potentially reversible dis-
order of the central nervous system. It is char-
acterized by changes in cognition, behavior, 
perception, and emotion (Setters & Solberg, 
2017; Zoremba & Coburn, 2019). This disor-
der has three types: hyperactive, hypoactive, 
and mixed (Morandi et al., 2017).

The prevalence of delirium varies in different coun-
tries and among patients in various wards. According to 
Ryan et al. study in south Ireland, the prevalence of de-
lirium varies between 7% and 53% (Ryan et al., 2013). 
Delirium affects 22% of the elderly hospitalized patients 
in Iran ( Foroughan, Delbari, Said, AkbariKamrani,  
Rashedi, & Zandi, 2016). Sometimes the delirium’s side 
effects remain in patients over 65 years for months. In 
the USA, the imposing cost on hospitals for each de-
lirious patient is estimated at around $2500, accounting 
for $6,9 billion annually. Moreover, by considering the 
incomplete recovery of some patients after hospital dis-
charge, needing home care services, and nurseries costs, 
the above-remarked expenses are doubled (Devlin et al., 
2008; Wei, Fearing, Sternberg, & Inouye, 2008). 

The delirium’s pathophysiology is not entirely known. 
However, the neuroanatomical data from neuro-imaging 
and reports suggest that specific brain regions such as the 
prefrontal cortex, fusiform cortex, and basal ganglia may 
have a critical role in causing delirium symptoms. Ac-
cording to many studies, these parts have a significant role 
in the final common pathway (Maldonado, 2008; Veiga 
Fernandez & Cruz Jentoft, 2008) that may be in charge of 
the main symptoms of delirium (Trzepacz, 1999).

Decreasing cholinergic and increasing dopaminergic 
activity also have an important role in the etiology of 
delirium. The cholinergic system is essential in the cog-
nition processes (Trzepacz, 2000). Also, it has been re-
marked that delirium is associated with abnormal activ-
ity and mostly hyperactivity of the brain’s dopaminergic 
system; an imbalance between the dopaminergic and 
cholinergic systems may play an important role in delir-
ium etiology (Maldonado, 2008; Trzepacz, 2000; Veiga 
Fernandez, et al., 2008). In addition, in recent studies, it 
has been found that throughout the delirium phase, the 
activity of the dorsolateral prefrontal cortex (DLPFC) 
is decreased, and the consecutive disconnection of the 
DLPFC with the posterior cingulate cortex may cause 
delirium (Choi et al., 2012; Mannarelli et al., 2015).

Currently, delirium treatment is based on pharmacolog-
ical and non-pharmacological conservative treatments. 
The pharmacological treatments include typical and 
atypical antipsychotics and benzodiazepines. However, 
these treatments usually affect the behavioral disturbanc-
es of the patients and are not efficient for the cognition 
and orientation issues. Moreover, it is less recommended 
to treat hypoactive delirium, which does not have agi-
tation and behavioral disturbances (Michaud, Bullard, 
Harris, & Thomas, 2015).

Repetitive transcranial magnetic stimulation (rTMS) 
is among the modern treatments that earned FDA (USA 
Food and Drug Administration) approval for the treat-
ment of some disorders such as major depressive dis-
order (Boggio et al., 2008). Several researchers have 
reported that the high-frequency rTMS causes increas-
ing excitability in the left DLPFC (Miniussi & Ruzzoli, 
2013; Sato et al., 2013). Moreover, we know that rTMS 
has a positive impact on optimizing the dopaminergic 
system, extending the cholinergic system function, and 

Highlights 

● Delirium is a CNS disorder;

● Delirium treatment is based on pharmacological and non-pharmacological;

● rTMS is quasi-modern treatment of neurocognitive disorders.

Plain Language Summary 

Delirium is fatal but reversible disorder. regarding the restrictions of routine treatments of delirium and by consider-
ing the cognition disturbances as the core symptom of delirium, and the positive effect  of rTMS on cognition functions. 
we hypothesized that rTMS  could be effective in the treatment of delirium.
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improving the relevant indexes in attention deficit hy-
peractivity disorder (ADHD) patients (Cho & Strafella, 
2009; Kim et al., 2014; Nardone, Tezzon, Holler, Golas-
zewski, Trinka, & Brigo, 2014).

According to what was said, the limitations of conven-
tional treatments, considering the cognition disturbances 
as the main symptom of delirious patients, and the posi-
tive effect of rTMS on cognitive functions, we hypoth-
esized that rTMS could be effective in the treatment of 
delirium and thus designed this study. If the study results 
are positive, the treatment costs decrease because of 
shorter hospitalization stay, fewer side effects, and opti-
mizing patient care services. 

2. Materials and Methods

Type of study and participants

This research was a randomized, double-blind con-
trolled clinical trial. The participants were enrolled in 
the study from different departments of Rasoul-e-Akram 
Hospital in Tehran City, Iran. They received a delirium 
diagnosis based upon both diagnostic criteria of The 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) and the confusion assessment 
method (CAM) by an Associate Professor of Psychiatry. 
If the patients lacked decision-making capacity, their le-
gal guardian would be asked to sign an informed consent 
letter after explaining the study. Finally, 30 patients older 
than 18 years who provided an informed consent form 
and had no contraindication for rTMS were admitted to 
the study. The exclusion criteria were being intubated, 
having a history of dementia, having symptoms of al-
cohol or substance withdrawal, suffering from abnormal 
neurological symptoms, a recent head trauma, or other 
neurosurgical conditions and cerebrovascular accidents.

Study interventions

The participants were randomly allocated into two 
groups of active intermittent theta-burst stimulation 
(iTBS) and a sham group. Each group had 15 patients 
(Figure 1). We used a Magventure MagPro X100 (Ad-
venture, Denmark), connected to a figure-of-eight 
formed double 70-mm coil. Individual motor threshold 
(MT) for right abductor pollicis brevis muscle was de-
termined using single-pulse TMS (transcranial magnetic 
stimulation) with motor evoked potentials (MEP). Left 
DLPFC (F3) was mapped using a 10-20 EEG system. 
The intervention group received one session of 600 
pulses at an intensity of 80% active motor threshold on 
the left DLPFC area with three pulses of 50 Hz bursts 

delivered at 5 Hz in 30 sets of 10 bursts in 8 seconds off. 
The severity of delirium was assessed 15 minutes before 
the intervention and 15 minutes after it with the Neelon 
and Champagne (NEECHAM) confusion scale. Three 
days later, the patients were assessed for a diagnosis 
of delirium according to the DSM-5 criteria and CAM. 
Both groups received their sessions at the exact timeta-
ble from 9:00 to 13:00. Disposable hats were provided 
for them, and after placement of the probe, the device 
was adjusted according to the safety guidelines. In the 
control group, the coil was held at a 3 cm distance from 
the scalp. To avoid any possible problems in transferring 
process of some patients into the experiment room, the 
rTMS device was moved into all patients’ rooms. 

It has to be cited that the patients were not banned from 
the standard treatment for delirium. All patients received 
equal and routine treatment, including a 0.5 mg haloperi-
dol tablet at night and a 5.0 mg haloperidol intramuscu-
lar injection in case of severe agitation.

Data gathering method

Basic information registry questionnaire

The questionnaire includes name, medical diagnosis 
report, type of delirium, days of hospitalization, age, sex, 
and the file number of the patient.

NEECHAM confusion scale and confusion as-
sessment method 

The NEECHAM confusion scale as a delirium screen-
ing tool is applied to evaluate delirium severity. This 
questionnaire contains three subscales of information 
processing (attention and alertness, verbal and motor re-
sponse, and memory and orientation with 0 to 14 points), 
behavior (general appearance and posture, sensory-
motor performance, and verbal responses with 0 to 10 
points), and performance (vital signs, oxygen saturation 
level and urinary incontinence with 0 to 6 points). The 
patients are divided into 4 groups based on the total ac-
quired scores. The scores may range from 0 (minimal 
function) to 30 (normal function). The total needed time 
for scoring is 5 to 10 minutes (Grover & Kate, 2012).

Van Rompaey studied 172 patients to compare two 
questionnaires of NEECHAM and confusion assess-
ment method (CAM)-ICU. He stated that the NEE-
CHAM could diagnose delirium better than CAM-
ICU and its advantage is the capacity to evaluate the 
delirium severity. The sensitivity and specificity of 
NEECHAM were estimated to be 78% and 95%, re-
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spectively (Van Rompaey,Schuurmans,Shortridge-
Baggett,Truijen,Elseviers,& Bossaert, 2008). Also, 
Jannati reported the validity and reliability of the NEE-
CHAM Persian version (Sohrabi,  Jannati, Bagheri 
Nesami, Yazdani Charaty, & Mazdarani, 2013). 

CAM is a standardized tool that enables clinicians and 
researchers to diagnose delirium in clinical and research 
settings. The questionnaire consists of 4 main items: 1) 
acute change in mental status, 2) lack of attention, 3) 
thought disorder, and 4) changes in awareness and con-
sciousness. CAM has a sensitivity of 94%-100%, speci-
ficity of 90%-95%, and high inter-rater reliability (Oh, 
Fong, Hshieh, & Inouye, 2017).

Statistical Analysis

All collected data were analyzed using SPSS 20. Based 
on the Shapiro-Wilk test, the study data were not nor-
mally distributed. So, the Wilcoxon signed-rank test was 
used to compare the two groups.

3. Results

Thirty patients (18 males) were enrolled in the study. 
The Mean±SD age of the subjects was 65.7±7.66 years. 
There were no significant differences between groups in 
age and gender. Table 1 presents demographic data. Re-
garding the pretest scores of NEECHAM, there was no 
difference between the two groups (Table 2). The sub-
scale scores of NEECHAM before and after the inter-
vention are shown in Tables 3 and 4.

In the active group, the total and subscale scores of 
NEECHAM significantly decreased after the interven-
tion (P<0.05). Although no statistical difference was 
found in the control group in subscale scores of NEE-
CHAM, the difference in the total scores before and after 
the sham intervention was statistically significant. The 
number of delirious patients was not different between 
the two groups three days after the intervention.

4. Discussion

According to this research, one session of rTMS on the 
left DLPFC resulted in a significant reduction of the total 
scores of NEECHAM and its subscale scores of atten-
tion, command, orientation, motor, and verbal responses. 
However, appearance, vital function stability, oxygen 
saturation, and urinary continence control were not sig-
nificantly changed. Moreover, this intervention could not 
significantly reduce the delirium duration and frequency 
in the active group after 3 days compared to the controls.

The observed improvement in cognitive functions af-
ter one session of rTMS supported our hypothesis. This 
improvement can be feasible via the following phenom-
enon. Although the research on the effect of rTMS on de-
lirium has not been carried out, some studies have shown 
the effect of rTMS on cognitive functions and some of 
the subscales of the NEECHAM, such as attention.

The imaging studies have elaborated on the involve-
ment and role of the left DLPFC in executive function-
ing and, more specifically, in selective attention. The 
neurons of the DLPFC play a critical role in working 
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Table 1. Demographic data of the participants 

Variables
Mean±SD/No.(%)

Intervention Control

Age (y) 67.93±8.10 63.46±6.72

Days of hospitalization (d) 17.86±9.37 16.26±5.87

SEX
Male

Female
8(53.3 )
7(46.7)

10(66.7)
5(33.3)

Delirium subtype
Hyperactive
Hypoactive

9(60)
6(40)

13(86.7)
2(13.3)

Underlying disease

Pneumonia
COPD

Femur fracture
UTI

Sepsis
Gastrointestinal bleeding

Diskopathy 

2(13.3)
4(26.7)
2(13.3)
2(13.3)
3(20)

2(13.3)
0(0)

5(33.3)
3(20)
0(0)

1(6.7)
3(20)
0(0)

3(20)
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memory and attention. The stimulation of this part via 
rTMS enhanced these fields (Mottaghy, Gangitano, Spar-
ing, Krause, & Pascual-Leone, 2002). Furthermore, Van-
derhasselt et al. reported the influence of high-frequency 
rTMS on the left DLPFC on improving the Stroop test 
scores among the volunteer healthy women (Vanderhas-
selt, De Raedt, Baeken, Leyman, & D’Haenen, 2006). 
Similarly, attention and motor function enhancement 
was seen in the control group in our study.

In addition, the research on the adult ADHD patients by 
the Bloch et al. showed that one session of high-frequen-
cy rTMS on the right DLPFC resulted in a significant 
advance in attention scores 10 minutes after the session. 
They reported a dopaminergic decrease in the prefrontal 
area in ADHD patients, and the rTMS causes dopamine 

release through prefrontal neurons (Bloch et al., 2010). 
This finding is consistent with our results, and the im-
provement of attention scores in the delirious patients 15 
minutes after rTMS may be because of the increase in 
dopaminergic and cholinergic system activity. 

In the current study, the improvement of memory 
scores in NEECHAM was also seen. The function of 
the prefrontal cortex in the long-term, short-term, and 
episodic memories was revealed in previous studies, 
particularly in encoding and retrieval tasks. Consistent 
with our findings, the rTMS’s significant influences on 
episodic memory have been debated by Sandrini et al. 
(Sandrini, Cappa, Rossi, Rossini, & Miniussi, 2003). In 
addition, the rTMS operation on DLPFC also leads to 
neurogenesis and the serotonin increase in the hippo-

Figure 1. Flowchart of the study progress
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campus, consequently improving emotional and cogni-
tion functionality (Juckel, Mendlin, & Jacobs, 1999).

On the other hand, we know that electroconvulsive 
therapy (ECT) can be an effective treatment for delirium, 
and through studying the ECT mechanism in treating de-
lirium, we may be able to postulate a hypothesis about the 
mechanism of rTMS, too. Nielsen et al. put forward some 
hypotheses around the mechanism of ECT on delirium. 
One of them is the neuroendocrine-dysfunctional theory. 
According to the mentioned theory, the ECT improves 
the malfunction of the hypothalamus-pituitary-adrenal 
(HPA) axis, which is determined by the regulation of 
the cortisol level with its potential psychiatric features. 
Moreover, the ECT increases prolactin, adrenocorticotro-
pin, and neuropeptide Y secretion (Nielsen, Olsen, Lau-
ritsen, & Boesen, 2014). One session of high-frequency 
rTMS significantly influences the HPA axis like ECT, 
which may express the anti-delirium effects (Baeken et 
al., 2009). In addition, the extension of the hippocam-
pus was observed one week after ECT via MRI, and the 
increase in hippocampus neurogenesis was also signifi-
cant (Nielsen et al., 2014). Concordant with ECT effects, 
Juckel et al. showed that indirect action of TMS on the 

frontal cortex might cause long-term potentiation of neu-
rons in the hippocampus (Juckel et al., 1999).

Movement was one of the other items of the NEE-
CHAM questionnaire that significantly improved in 
our study. The rTMS effect on the improvement of the 
movement in disorders such as depression and espe-
cially Parkinson has been reported in previous studies. 
For example, applying the rTMS to the primary motor 
cortex and the DLPFC has improved movements and 
gait among patients with Parkinson (Helmich, Siebner, 
Bakker, Munchau, & Bloem, 2006). The stimulation of 
DLPFC may enhance motor conditions via the hyper di-
rect pathway that connects the different regions of the 
brain, including the supplementary motor area, DLPFC, 
inferior frontal gyrus, and the sub-thalamic nucleus 
(Nambu, Tokuno, Inase, & Takada, 1997).

Most participants in our study were old people. While 
the dedicated studies into this age group are few, it has 
been shown that stimulation with high-frequency rTMS 
on the left or right DLPFC resulted in enhancement of 
cognitive function among the Alzheimer patients, and 
also some positive influences of rTMS were reported on 
the treatment of the depression of the old ages, the post-

Table 2. Comparing total and subscales scores of NEECHAM confusion scale before the intervention in the active and control groups 

Before The Intervention Score
Mean±SD Mann-Whitney U Test

Active Control Z P

Total 15.86±5.40 15.40±5.43 - 0.251 0.802

Processing

Attention 1.60±0.98 1.86±0.91 - 0.760 0.447

Command 2.53±1.35 2.26±1.03 - 0.862 0.389

Orientation 2.60±1.24 2.20±1.08 - 0.898 0.369

Behavior

Appearance 1.06±0.59 1.06±0.59 .... 1

Motor 2.20±0.77 1.93±0.88 - 0.798 0.425

Verbal 2.66±0.72 2.46±0.88 - 0.776 0.438

Physiological
Control

Vital function stability 1.06±0.59 1.13±0.51 - 0.309 0.757

Oxygen saturation 
stability 1.73±0.45 1.73±0.45 … 1

Urinary continence 
control 0.40±0.73 0.73±0.96 - 0.343 0.343

No statistically significant differences between groups.
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stroke depression, and the depression in patients with 
Parkinson (Cotelli et al., 2006; Epstein, Lah, Meador, 
Weissman, Gaitan, & Dihenia, 1996).

Although no statistical differences were found in the 
control group concerning the scores of NEECHAM’s 
subscales, the notable point of this study was the signifi-
cant difference in the questionnaire’s total scores before 

and after the sham intervention in the control group that 
maybe is related to the research limitations. For exam-
ple, this finding can be related to the fluctuating course 
of delirium symptoms that affects the results. One of the 
reasons for the NEECHAM score enhancement in the 
second evaluation is simply the time between the evalu-
ation and talking to the patient. During this time, the pa-

Table 3. Comparing the total and subscales scores of NEECHAM confusion scale before and after the intervention in the active group 

NEECHAM Scores
Mean±SD Wilcoxon Test

Before Intervention After Interventio Z P

Total 15.86±5.40 19.33±6.19 - 3.188 0.001*

Processing

Attention 1.60±0.98 2.73±0.96 - 3.153 0.002*

Command 2.53±1.35 3.20±1.47 - 2.640 0.008*

Orientation 2.60±1.24 3.26±1.27 - 2.456 0.014*

Behavior

Appearance 1.06±0.59 1.06±0.59 …. 1

Motor 2.20±0.77 2.80±0,86 - 3.000 0.003*

Verbal 2.66±0.72 3.06±0.88 - 2.449 0.014*

Physiological
control

Vital Function Stability 1.06±0.59 1.06±0.59 …. 1

Oxygen Saturation 
Stability 1.73±0.45 1.73±0.45 …. 1

Urinary Continence 
Control 0.40±0.73 0.40±0.73 …. 1

* P≤0.05.

Table 4. Comparing the total and subscales scores of NEECHAM confusion scale before and after the intervention in the control group 

NEECHAM Scores
Mean±SD Wilcoxon test

Before the Intervention After the Intervention Z P

Total 15.40±5.43 15.86±5.54 -2.646 0.008*

Processing

Attention 1.86±0.91 1.93±0.96 -1.000 0.317

Command 2.26±1.03 2.46±1.30 -1.732 0.083

Orientation 2.20±1.08 2.33±1.17 -1.414 0.157

Behavior

Appearance 1.06±0.59 1.06±0.59 …. 1

Motor 1.93±0.88 2.00±0.75 -1.000 0.317

Verbal 2.46±0.83 2.46±0.83 …. 1

Physiological
control

Vital function stability 1.13±0.51 1.20±0.67 -1.000 0.317

Oxygen saturation stability 1.73±0.45 1.73±1.73 …. 1

Urinary continence control 0.73±0.96 0.73±0.96 …. 1

* P≤0.05.
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tient becomes more conscious and gets better scores on 
the NEECHAM scale. 

The other unexpected finding of this study was the un-
changed number of the patients who remained delirious 
in both case and control groups after 3 days of interven-
tions. This result can be due to various possible reasons. 
One can be the short-term effect of rTMS, and maybe for 
a general permanent improvement in the disorder, more 
rTMS sessions are needed. It should be cited that in pre-
vious studies that led to the enhancement of cognition 
profile among patients with depression, Alzheimer dis-
ease, and ADHD in the long-term, the number of rTMS 
sessions was more than one (Cao et al., 2018; Nadeau 
et al., 2014; Rabey, Dobronevsky, Aichenbaum, Gonen,  
Marton, & Khaigrekht, 2013). The other possibility is 
that the dual-mode variable (having or not having de-
lirium) has insufficient sensitivity to address the cogni-
tive modifications via one rTMS session. In other words, 
the severity of delirium level may decrease in the active 
group, but this reduction was not enough to exclude 
the symptoms completely. The other point that should 
be taken into consideration is that although having de-
mentia was one of the excluding criteria, regarding the 
average age of participants (65.7 years old), there is the 
possibility of MCI (mild cognitive impairment) and its 
effects on cognition scores.

The small sample size was a limitation of this study. 
In addition, in the applied questionnaire of this study, 
there were physiologically related items such as vital 
signs, oxygen saturation level, and urinary incontinence 
that would not be expected to show significant modi-
fications 15 minutes after the intervention. So, for the 
subsequent studies, it is recommended to consider the 
following issues: enlarging the sample size, using more 
rTMS sessions, and using the other questionnaires such 
as DOS, MSAS, and NEECHAM questionnaires. Thus, 
one session of rTMS on the left DLPFC can reduce the 
delirium severity in a short period, although it will not 
decrease the number of delirium cases three days after 
the intervention. It is necessary to carry out more studies 
to assess the rTMS influence on delirium severity more 
precisely, particularly by extending the treatment ses-
sions and sample size. 
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