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Abstract

Background: Accumulating evidence supports the efficacy of antipsychotics in patients with delirium. However,
extrapyramidal symptoms caused by antipsychotic medications represent a major concern in the pharmacotherapy
of delirium, meaning that therapeutic alternatives using drugs other than antipsychotics are required. The aim of
this study was to compare the efficacy and tolerability of trazodone monotherapy with ramelteon and trazodone
combination therapy for the management of the symptoms of delirium.

Methods: A case-control study was conducted in a general hospital setting. Delirium Rating Scale-revised-98
(DRS-R-98) scores were measured at the initial examination and at 3—7 days after starting the study drugs. Adverse
drug reactions were also assessed.

Results: Thirty-three patients were retrospectively enrolled to the trazodone monotherapy group (T group) and
59 patients were enrolled to the ramelteon and trazodone combination therapy group (RT group). No significant
differences in demographic characteristics were observed between the groups. Following treatment, the total
DRS-R-98 scores were significantly reduced in both groups (22.0 + 5.5 to 13.5 + 8.5 in the T group and 23.7 + 6.1
to 11.4 £ 8.6 in the RT group). However, the proportion of patients meeting the remission criteria was significantly
higher in the RT group than in the T group (71% vs. 48%; chi-square=4.681, p=0.030). The most commonly reported
side effect was somnolence, in the RT group (3%).

Conclusion: Our findings indicate that both trazodone monotherapy and combination therapy of ramelteon and
trazodone were effective in managing the symptoms of delirium. However, more patients met the remission criteria
following combination therapy with ramelteon and trazodone. In both groups, the incidence of adverse drug reactions

was very low.
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Introduction

Delirium is a common condition characterized by an acute
disturbance in attention and awareness, which is caused by an
underlying medical disorder. Highly prevalent among medical
hospitalized patients [1,2], delirium imposes a considerable burden
on patients because of the increased morbidity and mortality that it is
associated with [3,4]. Therefore, early management of this condition
may lead to better health outcomes.

Few studies have examined the pathophysiology of delirium,
and the condition is therefore not well understood. Recent evidence
suggests that an imbalance in neurotransmitters, particularly reduced
cholinergic function, excess release of dopamine, or both, may cause the
various symptoms of delirium [5-7]. Thus, antipsychotic medications
such as haloperidol, olanzapine, and risperidone are commonly used to
control delirium symptoms based on the majority of clinical guidelines
for agitated delirium [8,9]. To date, however, conclusive evidence of the
effectiveness of pharmacological prevention or treatment of delirium
is lacking [2,10]. In addition, given that patients with delirium are
typically in poor physical condition, antipsychotics can increase the
risk of adverse drug reactions such as extrapyramidal symptoms,
sedation, drowsiness, neuroleptic malignant syndrome, and QT
interval prolongation [11-15]. These side effects of antipsychotics can
delay the physical recovery of patients and increase their mental or
physical discomfort.

Trazodone, a heterocyclic antidepressant, is frequently used to
treat insomnia in patients with and without depression [16,17], and is

also used in Japan to treat insomnia in patients with delirium. To date,
one study has described the effect of trazodone on delirium; Okamoro
et al. reported that seven cases of delirium had improved following
treatment with trazodone as add-on to benzodiazepine or haloperidol
[18]. However, no studies to date have reported the effects of trazodone
monotherapy or trazodone in combination with other types of
hypnotics on delirium. Ramelteon, a melatonin receptor agonist, has
been used for the treatment of insomnia characterized by difficulty
with sleep onset. Although no large studies have been reported to date,
recent research indicates that ramelteon is an effective option for the
treatment or prevention of delirium [19-21].

The aim of this preliminary study was to investigate the efficacy and
tolerability of trazodone monotherapy and ramelteon and trazodone
combination therapy on the management of delirium symptoms,
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and secondly, to compare the efficacy of these two strategies as
psychopharmacotherapy options for the management of delirium
symptoms.

Methods

Setting and participants

This retrospective study was conducted at Sapporo Medical
University Hospital in Sapporo, Japan. The study subjects were selected
from 442 patients that attended the department of neuropsychiatry
and were diagnosed with delirium between April 2013 and May 2016.
All subjects were diagnosed using the ICD-10 criteria. Patients with
alcohol or drug withdrawal syndromes were excluded because these
conditions have different etiology from delirium caused by systemic
disease. A total of 92 patients were extracted for the study that had
been treated with trazodone and/or ramelteon but not co-medication
of other psychoactive drugs. Of them, 33 patients were in the trazodone
monotherapy group (T group) and 59 patients in the ramelteon and
trazodone combination therapy group (RT group). Patients’ medical
records were reviewed and the following data were extracted: age,
gender, preexisting dementia, admission diagnosis, probable causes of
delirium, dosage of the study drugs, and delirium severity.

Measurement

Delirjum severity was measured using the Japanese version of the
Delirium Rating Scale (DRS)-R-98 [22,23] and the Clinical Global
Impression scale [24]. We collected the following data from the
medical records: DRS-R-98 score and Clinical Global Impression-
Severity (CGI-S) score at the initial psychiatric examination prior to
the administration of study drugs as the baseline assessment, DRS-R-98
score, Clinical Global Impression-Improvement (CGI-I) score, and
adverse drug reactions at 3-7 days after starting the study drugs as
an endpoint assessment. Improvement in delirium was defined as
a reduction in the DRS-R-98 score from baseline of 50% or more or
a DRS-R-98 score of 12 or less without relapse, in line with previous
studies [25,26].

All data were anonymously analysed without individual patient
consent because of the retrospective design of the study. The Internal
Review Board of Sapporo Medical University waived the need for
individual informed consent and approved the study protocol. Only
demographic data were obtained from the medical records of patients,
and these data were collected prior to analysis in a manner whereby
subjects could not be identified either directly or through identifiers
linked to the subjects.

Statistical analysis

Group differences in patients’ characteristics at baseline were
examined by unpaired t-test or chi-square test. Comparisons between
the groups were performed using two-way repeated measures ANOVA,
with time (baseline vs. endpoint) and treatment group (T group vs. RT
group) as independent factors and the DRS-R-98 score as a dependent
variable. In addition, a chi-square test was used to examine differences
in the proportion of patients who met the improvement criteria. Finally,
an unpaired t-test was used to examine the group differences in CGI-I
scores. All statistical analyses were performed using the SPSS Statistics
software package, version 21.0 (SPSS Inc., Chicago, IL, USA), with the
level of significance set at 0.05.

Results

Participants’ characteristics at baseline are shown in Table 1.
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Characteristic Tgroup  RTgroup p-value
(n=33) (n=59)
Age, mean (SD), y 76.6 (9.8) | 74.6(10.4) 0.359
Male sex, No. (%) 22 (67) 33 (56) 0.314
Dementia, No. (%) 11 (33) 18 (31) 0.780
Admission diagnosis, No.(%)
Cancer 12 (36) 24 (41) 0.684
Heart failure / myocardial infarction 7(21) 11 (19) 0.766
Stroke 4(12) 11 (19) 0.417
Trauma 4(12) 13 (22) 0.240
Respiratory problem 5(15) 5(8) 0.258
Autoimmune disease 1) 5(8) 0.295
Other 9 (27) 10 (17) 0.241
Cause of delirium, No.(%)
Postoperative 14 (42) 28 (47) 0.642
Infection 13 (39) 19 (32) 0.487
Electrolyte 7(21) 8 (14) 0.341
Trauma 3(9) 12 (20) 0.161
CNS 9(27) 19 (32) 0.622
Hypoxic 3(9) 5(8) 0.600
Organ failure 5(15) 6 (10) 0.348
Incretion 1(3) 0 (0) 0.359
Hemodynamics 2 (6) 9 (15) 0.167
Drug induced 19 (58) 29 (49) 0.438
Other 4(12) 9(4) 0.468
Total n. cause of delirium, mean (SD) 24(1.2) 25(1.2) 0.694
Medication dose of study drug, mean
(SD), mg

Trazodone 35.6 (20.5) 32.6 (17.1)  0.452

Ramelteon 0 7.8 (0.9) -
CGI-S score, mean (SD) 4.1 (1.0) 4.4 (1.0) 0.078

Abbreviations: T group-trazodone monotherapy group; RT group-ramelteon
and trazodone combination therapy group; SD-standard deviation; CNS-Central
Nervous System; CGI-S-Clinical Global Impression-Severity

Table 1: Baseline patient characteristics.

There were no significant differences in demographic characteristics,
proportion of pre-existing dementia and other admission diagnoses,
cause of delirium, dose of trazodone and CGI-S score at baseline
between the groups.

At baseline, mean + SD DRS-R-98 score was 22.0 + 5.5 in the T
group and 23.7 £ 6.1 in the RT group. Following treatment, the mean
+ SD DRS-R-98 score was 13.5 + 8.5 in the T group and 11.4 + 8.6 in
the RT group. Two-way repeated measures ANOVA showed that there
was a significant effect of time (F[1, 90]=95.632, p<0.001) on the total
DRS-R-98 score (Figure 1a). However, no effect of treatment group
(F[1, 90]=0.259, p=0.612) or time x treatment group interaction (F[1,
90] =1.111, p=0.295) was observed on the total DRS-R-98 score. These
effects were similar to the DRS-R-98 non-cognitive (1-8) and cognitive
(9-13) subscale scores (Figures 1b and 1c). Significant effects of time
were observed (1-8 sum score: F[1, 90]=90.606, p<0.001; 9-13 sum
score: F[1, 90]=72.121, p<0.001), but no effects of treatment group (1-8
sum score: F[1, 90]=0.024, p=0.876; 9-13 sum score: F[1, 90]=0.705,
p=0.403) and time x treatment group interaction (1-8 sum score: F[1,
90]=1.226, p=0.271; 9-13 sum score: F[1, 90]=0.633, p=0.428).

Notably, the proportion of patients who met the remission criterion
of improvement in total DRS-R-98 score was significantly higher in the
RT group compared with the T group (71% vs. 48%; chi-square=4.681,
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T group RT group
a) DRS-R-98 total score b) DRS-R-98 non cognitive ¢) DRS-R-98 cognitive Characteristics p-value
(items 1-8) subscore (items 9-13) subscore (n=33) (n=59)
e ittt e e Remission, No. (%) 16 (48) 42 (71) 0.03
\ . CGI-I, mean (SD) 2.7(1.3) 21(1.1) | 0.012
,‘: 8 ' Adverse drug events, No.(%)
8 . 8 \ Somnolence 0 (0) 2 (3) 0.409
Worsening of delirium symptoms 2(4) 1(1) 0.292
2 = Other 0 (0) 0 (0) -

Baseline Endpoint Baseline Endpoint Baselne

Note: DRS-R-98-Delirium Rating Scale-Revised-98; T group-trazodone
monotherapy group; RT group- ramelteon and trazodone combination therapy
group

Figure 1: Mean difference in DRS-R-98 severity scores from baseline to the

endpoint.

p=0.030). Moreover, the mean + SD of the CGI-I scores was 2.7 + 1.3
in the T group and 2.1 + 1.1 in the RT group, which was shown by
unpaired t-test to be significantly different between the groups (t=2.575,
df=90, p=0.012) (Table 2).

A summary of adverse drug reactions attributable to each treatment
is shown in Table 2. No critical adverse drug reactions were reported in
either group. The most frequent adverse drug reaction was somnolence,
in the RT group (3%). Worsening of delirium symptoms was observed
in two patients (4%) in the T group and in one patient (1%) in the RT
group. In all cases, however, deterioration in the primary disease was
observed by clinicians. There were no significant differences in the
proportion of patients with worsening of delirium symptoms or who
suffered from somnolence attributable to the study drugs.

Discussion

The present study implied that both trazodone monotherapy and
ramelteon and trazodone combination therapy were effective and
safe in controlling delirium symptoms caused by multiple etiologies.
In the combination therapy group, however, more patients met the
total DRS-R-98 score improvement criteria. In addition, the mean
CGI-I score was significantly lower, with more patients meeting the
improvement criterion, in the combination therapy group, supporting
the effectiveness of ramelteon and trazodone combination therapy
for delirium. This study is, to our knowledge, the first to demonstrate
the effects of trazodone monotherapy and ramelteon and trazodone
combination therapy on the symptoms of delirium. Furthermore, no
critical adverse drug reactions were reported in either group. Although
several case reports have described delirium caused by trazodone in
depressive patients [27,28], we observed no worsening of delirium
symptoms attributable to the study drug among patients in the present
study.

A disturbed diurnal sleep-wake cycle involving sleep fragmentation
may be a key factor in the pathogenesis of delirium [29]. Sleep-wake
cycle adjustment in patients with delirium has been reported to improve
the other symptoms of delirium such as emotional disturbances
and behavioral changes [29]. Emerging evidence indicates that the
pathophysiology of delirium is associated with a low melatonin level
and the absence of a normal melatonin secretion rhythm [30,31].
Ramelteon demonstrates a high affinity for MT, and MT, melatonin
receptors, which are located in the suprachiasmatic nucleus of the
hypothalamus and are involved in maintaining the circadian sleep-

Abbreviations: T group-trazodone monotherapy group; RT group-ramelteon
and trazodone combination therapy group; SD-standard deviation; CGI-I-Clinical
Global Impression-Improvement

Table 2: Clinical outcomes and adverse drug reactions in the study drug groups.

wake cycle [32]. Ramelteon is a hypnotic that induces more natural
sleep and has a safer but less effective sedative effect than other types
of hypnotics [33,34]. Therefore, agitated-delirium patients treated with
ramelteon frequently require additional hypnotics to induce sleep or
control other symptoms of delirium. In fact, in a randomized, placebo-
controlled study of the effectiveness of ramelteon for the prevention of
delirium, 18% of patients treated with ramelteon used hydroxyzine as
needed for insomnia [19].

Trazodone, a triazolepyridine derivate, is a heterocyclic
antidepressant ~ with  strong  antagonistic  activity  against
5-hydroxytryptamine-2 (5-HT,) receptors as an acute pharmacologic
effect [17]. In normal subjects, trazodone decreases stage 1 and 2 sleep
while increasing slow-wave sleep, with relatively little effect on REM
sleep by means of 5-HT, receptor antagonism [35]. Difficulty in waking
the next day is not typically associated with trazodone because of its
short half-life [36]. Trazodone may also be effective in treating delirium
because it decreases sleep-wake rhythm disturbance. Thus, ramelteon
and trazodone have different mechanisms of action in improving sleep-
wake rhythm disturbance and may therefore synergistically control the
symptoms of delirium.

Primary prevention using non-pharmacological multicomponent
approaches is widely accepted as the most effective strategy for
delirium [2]. At the same time, evidence for the efficacy and safety
of antipsychotic use in patients with delirium has been accumulating
[11,37]. In a recent prospective study in a cancer treatment setting, more
than 60% of patients managed with antipsychotics showed resolution of
delirium [14]. In another recent double-blinded, randomized clinical
trial in a general hospital setting, 75.0% of quetiapine-managed
patients and 67.9% of haloperidol-managed patients achieved the
remission criterion, defined as a reduction in DRS-R-98 score of 12
or less without relapse [26]. Although simple comparisons are less
accurate, the findings of this study suggest that the efficacy rates of the
study medications were similar to those observed previous studies on
antipsychotics.

The US. Food and Drug Administration has warned that the
treatment of elderly patients with atypical antipsychotics can lead to
serious adverse drug reactions and was associated with increased
mortality in 2005 [38]. They extended this warning to typical
antipsychotic medications on the basis of further research in 2008
[38]. Since then, clinicians have hesitated to prescribe antipsychotics to
older patients, despite the controversy associated with these warnings
[38]. Extrapyramidal symptoms caused by antipsychotic medications
are also a major concern in the pharmacotherapy of delirium. A
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daily dose of 1.2-15 mg of haloperidol may cause extrapyramidal
symptoms in 19%-30% of patients with delirium [14,39,40]. In this
study, extrapyramidal symptoms were not observed in either group,
probably because ramelteon and trazodone are not dopamine receptor
antagonists. Sedation or somnolence is also commonly associated
with antipsychotics and other hypnotics. Sedation was reported in
17.3%-28.6% of haloperidol (0.5-2.0 mg/day)-managed patients with
delirium and 41.7% of quetiapine (25.5-100 mg/day)-managed patients
(14,26,39,41]. In this study, somnolence was observed, but at a very low
incidence rate. Antipsychotic medications are frequently accompanied
by adverse drug reactions and mortality, as mentioned above. The
feasibility of using therapeutic alternatives such as trazodone and
ramelteon for the management of delirium symptoms is therefore
important.

The present study had several limitations. First, it was a retrospective
study and the number of cases was small, given that only one institute
participated. Second, there is a possibility that antipsychotics were
administered to patients with more severe delirium while ramelteon
and/or trazodone were administered to patients with mild or moderate
delirium because mean baseline CGI-S was 4.1 in the T group and 4.4
in the RT group, ranging between the classification of “moderately
ill” and “markedly illI” according to CGI-S guidelines [24]. Therefore,
the efficacy of ramelteon and/or trazodone in more severe delirium
remains to be elucidated. Further investigations, particularly well-
designed controlled studies, are needed to confirm our findings.

Conclusion

Our analysis implied that both trazodone monotherapy and
ramelteon and trazodone combination therapy were effective in
managing the symptoms of delirium. In the ramelteon and trazodone
combination therapy group, however, more patients met the total
DRS-R-98 score improvement criterion. Of note, few patients reported
adverse drug reactions in either group. Our results support the use of
therapeutic alternatives to antipsychotics for controlling less severe
delirium symptoms, particular to minimize adverse drug reactions.
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