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Abstract

Purpose Postoperative delirium is the most common
postoperative complication in the elderly. The purpose of
this study was to evaluate the safety and effectiveness of
the preventive administration of low-dose haloperidol on
the development of postoperative delirium after abdominal
or orthopedic surgery in elderly patients.

Subjects A total of 119 patients aged 75 years or older
who underwent elective surgery for digestive or orthopedic
disease were included in this study.

Methods Patients were divided into those who did
(intervention group, n = 59) and did not (control group,
n = 60) receive 2.5 mg of haloperidol at 18:00 daily for
3 days after surgery; a randomized, open-label prospective
study was performed on these groups. The primary end-
point was the incidence of postoperative delirium during
the first 7 days after the operation.

Results The incidence of postoperative delirium in all
patients was 37.8 %. No side effects involving haloperidol
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were noted; however, the incidences of postoperative delirium
were 42.4 and 33.3 % in the intervention and control groups,
respectively, which were not significantly different
(p = 0.309). No significant effect of the treatment was
observed on the severity or persistence of postoperative
delirium.

Conclusions The preventive administration of low-dose
haloperidol did not induce any adverse events, but also did
not significantly decrease the incidence or severity of
postoperative delirium or shorten its persistence.

Keywords Haloperidol prophylaxis - Postoperative
delirium - Elderly patients - Randomized open-label
prospective trial - NEECHAM

Introduction

The incidence of diseases in the elderly requiring surgery,
such as femoral neck fractures and colorectal cancer, has
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increased with the aging of the population in Japan [1, 2].
An advanced age is not considered to be a contraindication
for surgery worldwide, and surgery is actively performed
on patients in their 90 s [3]. However, postoperative
management of the elderly is accompanied by many risks.
In particular, postoperative delirium, which is the most
common postoperative complication [4], represents a major
issue in the postoperative treatment of the elderly. It is
characterized by a disturbance in consciousness/attentive-
ness/understanding/cognition and a disorder in the sleep—
wake rhythm. It develops suddenly and is likely to vary
over the course of a day, inducing various psychiatric
symptoms and abnormal behavior [5]. Since postoperative
delirium develops in the postoperative recovery phase, it
makes postoperative management difficult, disturbs post-
operative care and recovery, and is associated with various
risks, such as the disturbance of medical care due to the
removal of a drip infusion, electrodes and monitors. It also
puts an excess burden on medical care workers due to
frequent nurse calls and violence, and due to the trauma
and fractures caused by tumbles and falls. Moreover,
restlessness frequently occurs at night when the nursing
staff is shorthanded, which is a serious issue in ward
management, and causes excess labor and load on nurses
and the patients’ families. Postoperative delirium also costs
more because it delays the postoperative management and
prolongs the hospital stay [6].

Once postoperative delirium develops, only symptomatic
treatment with drugs (haloperidol) is currently available, and
the effect is insufficient in many cases. A high dose may be
necessary, which can markedly influence many patients’
physical condition. Therefore, methods to prevent postop-
erative delirium, to rapidly detect the signs of delirium, to
prevent progression to a more severe state and to reduce the
persistence of the condition need to be established.

Our previous studies confirmed that the NEECHAM
confusion scale (NEECHAM) is useful and objective for
the evaluation of postoperative delirium; the incidence of
postoperative delirium in 75-year-old or older surgical
patients was 55 % when evaluated using the NEECHAM
scale. Age, preoperative cognitive dysfunction (a low
Mini-Mental State Examination (MMSE) score) and a low
preoperative NEECHAM score, but not the surgical
department or anesthesia type, were significantly correlated
with the development of postoperative delirium, and the
incidence of postoperative delirium was higher than 80 %
in patients with MMSE and NEECHAM scores lower than
25 and 27 before surgery, respectively, which indicated
that these patients represent a high-risk group [7]. We
considered that the evaluation of the MMSE and NEE-
CHAM before surgery and the NEECHAM during the
postoperative course can facilitate the prevention and early
treatment of postoperative delirium in elderly patients.
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Pharmacelogical prevention of postoperative delirium by
prophylaxis with antipsychotic medication has been reported
in several studies [8]. Oral administration of risperidone and
olanzapine reduced the incidence of postoperative delirium
in patients undergoing cardiac surgery and hip or knee sur-
gery, respectively [9-11]. However, these drugs are not
applicable for many patients, because they are unable to have
oral intake for a period of time following surgery. In this
respect, either ondansetron or haloperidol, whose intrave-
nous injection has been shown to be effective for the treat-
ment of postoperative delirium [12], can be used. Since the
aim of our present study was to incorporate routine drug
prophylaxis for surgical patients, ondansetron, whose use is
not covered by the health insurance system in Japan, was
considered to be unfavorable, leaving haloperidol as the only
approved injectable medication that could be used. The
effects of haloperidol prophylaxis have already been exam-
ined in some studies [13—16], but its efficacy for decreasing
the occurrence of postoperative delirium, especially in the
elderly, is controversial [13-18].

On the basis of these considerations and the results of our
previous studies, we performed a randomized, open-label
prospective study to investigate the efficacy and safety of the
daily postoperative administration of low-dose haloperidol
on postoperative delirium in 75-year-old or older patients
who underwent abdominal or orthopedic surgery.

Subjects and methods
Ethical considerations

This study was performed in conformity to the ethical
principles based on the Declaration of Helsinki and the
‘Ethical Guidelines for Clinical Studies’ (notification of the
Ministry of Health, Labour and Welfare).

(1) The patients were only included in the study when
informed consent was obtained.

The patients’ privacy was respected, the secrecy of
the recorded results was strictly kept and no infor-
mation obtained from the study results was used for
objectives other than research. To prepare the patient
evaluation tables, the patients’ privacy protection was
sufficiently considered, and patients were identified
using identification codes.

@

Regarding the prophylactic intervention study for post-
operative delirium in elderly patients, approval had already
been obtained from the Ethics and Conflict of Interest
Committee of the National Center for Geriatrics and Ger-
ontology. Other study cooperative institutions started the
collection of patients after approval by their respective
ethics committee.
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Study design and objectives

This was a randomized, open-label prospective trial, and
the objective was to evaluate the effect of low-dose halo-
peridol (2.5 mg/day, for the first 3 days after surgery) on
the development, severity and persistence of postoperative
delirium, and to evaluate the safety of its preventive
intravenous administration to patients 75-year old or older
who underwent abdominal or orthopedic surgery.

Patients

The subjects consisted of 121 75-year-old or older patients
who underwent elective abdominal surgery under general
anesthesia or elective orthopedic surgery under general/
spinal anesthesia and gave consent to participate in this
study at one of five cooperative institutions (National
Center for Geriatrics and Gerontology, Tokyo Metropolitan
Geriatric Hospital, Yokohama City University Graduate
School of Medicine, Aichi-Saiseikai Hospital and Shi-
zuoka-Saiseikai Hospital) between January 2007 and
December 2012. Their age, gender, disease treated with
surgery, cognitive function (Mini-Mental State Examina-
tion: MMSE [19, 20] ), activities of daily living (ADL;
Barthel Index [21] ), NEECHAM confusion scale (NEE-
CHAM) [22-24], and the presence or absence of psycho-
neurological complications, urinary incontinence, excite-
ment/hyperkinesia during previous hospitalization and the
use of psychotropic drugs before admission were evaluated
prior to surgery. Patients, who underwent emergency sur-
gery, had a preoperative NEECHAM score below 20, and
with periodic dosing with newly added or switched anti-
psychotics, antidepressants, hypnotics or anti-Parkinson
agents within 2 weeks prior to surgery were regarded as
ineligible. Patients previously treated with haloperidol for
delirium after surgery before the initiation of postoperative
preventive haloperidol administration were also excluded.

Measurements and procedures

Eligible patients were enrolled through an internet website
on the morning of postoperative day 1 after obtaining
consent, and were automatically assigned at that time to the
intervention or non-intervention group on a computer using
the age, gender and department as adjustment factors.
Haloperidol 0.5A (2.5 mg) was dissolved in 100 ml of
saline and intravenously administered by drip infusion once
daily at 18:00 from postoperative days 1 to 3 to the inter-
vention group. The dosing time-point of 18:00 was selected
because delirium is more likely to occur at night, and also to
recover and maintain the sleep-wake rhythm. Regarding the
administration method and dose of haloperidol, an intrave-
nous injection of 5—-10 mg of haloperidol was recommended
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as the first-line treatment for orally untreatable delirious
patients in the Guidelines for the Treatment of Delirium
published by the Japanese Society of General Hospital
Psychiatry [25, 26]. The low dose was set in consideration of
the physical characteristics of the elderly and the prophy-
lactic nature of the intervention. The duration of adminis-
tration was decided based on the previous findings in which
the development of delirium increased after 24 h, and
because severe symptoms continued for approximately
3 days [7]. The development and severity of postoperative
delirium were evaluated for 8 days, from postoperative days
0 to 7, using the NEECHAM score.

The NEECHAM score includes the results of an eval-
uation of three categories: the cognitive information pro-
cessing function, behavior and physiological control, and
the most unfavorable condition over each 24-h period was
regarded as the condition on that day. The maximum score
of 30 points decreases as the severity of postoperative
delirium increases. Patients with a NEECHAM score of 27
or higher, 25-27, 20~24 and 19 or lower were considered
to be non-problematic, at high risk of delirium, with mild
delirium and with moderate to severe delirium, respec-
tively. This scale has high internal consistency and high
reliability regardless of differences among raters, and has
been correlated with the Diagnosis and Statistical Manual
of Mental Disorders 4th Edition (DSM-IV) diagnostic
criteria [27].

The non-intervention group did not receive preventive
treatment, and delirium was evaluated in the same way as
in the intervention group (Fig. 1).

‘When delirium developed, conventional treatments, such
as the administration of an intravenous antipsychotic drug
(such as haloperidol), were administered in both groups.

Assessment and outcomes

Patient data were collected through the internet website, and
the identification of personal information was prevented by
coding. After completing the data collection from 121
patients, exceeding the planned number of cases, study team
members not involved in the medical care of the patients
evaluated and analyzed all baseline data and the results. The
development and severity of postoperative delirium were
evaluated using the NEECHAM score. When the NEE-
CHAM score decreased to below 20 after surgery, the patient
was regarded as having developed postoperative delirium.
The primary endpoint was a lower incidence of postop-
erative delirium in the intervention group than in the non-
intervened control group. The secondary endpoints were the
severity and persistence of the postoperative delirium in a
time-course analysis of the NEECHAM score during the
observation period, and the presence or absence of adverse
events assumed to be associated with the intervention.
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Fig. 1 The study protocol.
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Discontinuation criteria were withdrawal of consent or a
change/discontinuation of treatment requested by the
patient or her/his legal representative, the development of
National Cancer Institute-Common Toxicity Criteria (NCI-
CTC) grade 2 or more severe adverse events associated
with haloperidol, difficulty continuing due to severe
physical postoperative complications, and judgment that
continuing the trial would be difficult by the physician in
charge.

Statistical analysis

Eligible patients were randomly assigned 1:1 to the
intervention or non-intervention group by the minimiza-
tion method according to age (<75/=75 years), gender
(female/male), MMSE score (<25/>25) and institution.
The proportions of patients with severe postoperative
delirium, defined as at least one episode of a NEECHAM
score <20, were compared between the treatment groups
using the Chi-square test. This study was designed to have
80 % power to detect a 25 % difference in the proportion
of severe postoperative delirium at a two-sided signifi-
cance level of 0.05. A multivariate logistic regression
including the patient age, gender, MMSE score and the
preoperative NEECHAM score as covariates was per-
formed to evaluate the effects of the prophylactic halo-
peridol treatment after adjustment for potential
confounding factors. An odds ratio <1 indicated that the
factor was protective against severe postoperative delir-
ium. A supportive analysis using the generalized esti-
mating equation regression model was conducted to
compare the incidence of severe delirium between treat-
ment groups during the first 7 days after the operation.
The statistical analyses were performed using the SAS
software program, version 9.3 (SAS Institute, Cary, NC,
USA).

@ Springer

Results

In total, 59 and 62 patients were allocated to the prophy-
lactic intervention and control groups, respectively (121
patients overall). The ages of the intervention and control
groups were 80.5 £ 0.5 (mean =+ standard deviation) and
80.2 & 0.5 years, respectively. There were 64 male
patients (32 each in the intervention and control groups)
and 57 female patients (27 and 30, respectively). Abdom-
inal surgery was performed in 107 patients (52 and 55,
respectively); orthopedic surgery in nine patients (five and
four) and other surgeries (including vascular surgery) were
performed in five patients (two and three patients, respec-
tively, in the intervention and control groups). The preop-
erative MMSE scores in the intervention and control
groups were 23.3 &£ 0.7 and 23.0 & 0.7, and the preoper-
ative Barthel Indices were 85.5 &= 3.1 and 84.0 £ 3.0,
respectively, with no significant differences observed
between the two groups. The preoperative NEECHAM
scores were 27.3 £ 0.4 and 28.1 £ 0.4, respectively, with
the intervention group having a slightly lower score,
although not significant. No significant differences were
noted between the two groups in the presence or absence of
urinary incontinence, a past medical history of excitement/
hyperkinesia or the preoperative use of oral psychotropic
drugs, antidepressants, hypnotics or anti-Parkinson agents.
The preoperative baseline data of all patients are shown in
Tables 1 and 2.

Postoperative NEECHAM measurenients were com-
pleted in 119 patients (59 and 60 in the intervention and
control groups, respectively) because haloperidol was
administered to treat delirium on the day of surgery in two
of the 62 patients in the control group (Fig. 2). Postoper-
ative delirium (NEECHAM score lower than 20) developed
in 45 patients (37.8 %); 20 (33.3 %; 95 %CI 21.7-46.7 %)
and 25 patients (42.4 %; 95 %CI 29.6-55.9 %) in the
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Table 1 The baseline data of the patients

Preoperative Prophylactic Control p value

demographics and intervention group

characteristics group (n:62)

(n:59)

Age, mean £ SE 80.5 £ 0.5 802 £ 05 0.723

Male/female ratio 32/27 32/30 0.773

Type of operation 0.852
Abdominal 52 55
Orthopedic 5 4
Other 2 3

MMSE, mean & SE 233+ 07 230+ 0.7 0.740

NEECHAM score, 273+ 04 28.1 404 0.133
mean + SE

ADL (Barthel index), 85.6 & 3.1 84.0 = 3.0 0.736
mean =+ SE

Urinary incontinence, 9/50 8/54 0.710
yes/mo

History of excitement, 1/58 3/59 0.334
yes/no

Use of anti-Parkinson 0/59 1/61 0.327
agents, yes/no

Use of antipsychotic 1/58 3/59 0.334
agents, yes/no

Use of antidepressants, 4/55 1/61 0.154
yes/no

Use of hypnotics, yes/no  10/49 7155 0.371

NEECHAM NEECHAM confusion scale, MMSE Mini-Mental State
Examination, ADL Activities of daily living, Barthel Index Repre-
sentative index of the ADL

Table 2 The underlying diseases and type of surgery

Diseases, surgery Prophylactic Control
intervention group
group (n:62)
(n:59)
Abdominal 52 55
Malignancy 36 39
Gastric, gastrectomy/others 11/0 1412
Colonic, colectomy/others 14/1 14/0
Rectal, LAR/APR/others 2/2/1 4/21
Hepatobiliary, 12 1/0/1
hepatectomy/PD/others
Others 1 0
Benign 16 16
Cholelithiasis, 0/4 212
cholecystectomy/
choledochotomy
Abdominal aortic 6 7
aneurysm, graft
Others 6 5
Orthopedic 5 4
Others 2 3

LAR low anterior resection, APR abdominoperineal resection, Miles
operation, PD pancreatoduodenectomy
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control and intervention groups, respectively. There was no
significant effect on the prevention of postoperative delir-
am (p = 0.309).

The postoperative NEECHAM score showed a pattern
similar to that previously reported: the score decreased on
postoperative day 1 and then gradually increased and
returned to the preoperative level on postoperative days
5-7[7}. The time-course changes in the mean NEECHAM
scores in the control and intervention groups are shown in
Fig. 3. The mean postoperative NEECHAM scores on
postoperative days 1-7 were lower in the intervention
group than in the control group, but no significant differ-
ences in the severity or incidence of delirium were noted in
the intervention group. The mean durations of the persis-
tence of delirtum were 1.10 (95 % CI 0.58-1.62 days) and
1.38 days (95 %CI 0.83-1.95 days) in the control and
intervention groups, respectively, with no significant dif-
ference between them (p = 0.356). The incidences of
postoperative delirium were 43.2 % (95 %CI27.1-60.5 %)
and 52.8 % (95 %Cl 35.5-69.6 %), when the patients were
limited to those with a preoperative MMSE <25, and were
64.3 % (95 %Cl 35.1-87.2 %) and 66.7 % (95 %CI
43.0-85.4 %), when limited to those with a preoperative
NEECHAM score <27, for the control and intervention
groups, respectively, which indicated that no significant
effect was noted even when patients were limited to those
at high risk for postoperative delirium (preoperative MMSE
<25 and preoperative NEECHAM <27; p = 0.415 and
0.884, respectively).

When a logistic multivariate analysis was performed
that included the presence or absence of the intervention as
a parameter (Table 3), the incidence of postoperative
delirium was significantly higher in patients at an advanced
age with low preoperative MMSE and NEECHAM scores
[age: odds ratio = 1.12 (for a l-year increase in age),
p = 0.043; preoperative MMSE: odds ratio = 1.15 (for a
1-point decrease in the MMSE score), p = 0.014; preop-
erative NEECHAM: odds ratio = 1.23 (for a I-point
decrease in the NEECHAM score), p = 0.037]; however,
no significant differences associated with gender or the
presence or absence of the intervention were noted
(p = 0.953 and p = 0.558, respectively).

Furthermore, when the analysis was conducted after
additionally limiting the subjects to those who underwent
abdominal surgery, the odds ratio of the prophylactic
administration of haloperidol was 1.25 (95 %CI 0.50-3.12),
leading to the same conclusion as expected from our previ-
ous work which showed no significant difference in the
incidence of postoperative delirium between the patients in
the department of surgery and orthopedics [7].

To confirm the reliability of the results of the logistic
multivariate analysis, an analysis using the generalized
estimating equation was performed. The results are shown
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121 patients underwent randomization
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Fig. 2 A flow diagram of the study

24

NEECHAM score

iz : v B s
PRE 1P0D 2POD 3POD  4POD SPOD 6POD  7POD

—eo— Prophylacticinterventiongroup  --0-- Control group

Fig. 3 The preoperative and postoperative changes in the NEE-
CHAM scores in the prophylactic intervention group and control
group The preoperative and postoperative (POD1-7) changes in the
NEECHAM score in the prophylactic intervention and control groups.
The percentages of patients with postoperative delirium (NEECHAM
<20) in the prophylactic intervention and the control groups were
424 and 33.3 %, respectively (95 % confidence intervals (CI)
29.6-55.9 and 21.7-46.7 %; p = 0.309). The duration of the delirium
(NEECHAM <20) was 1.38 versus 1.10 days in the intervention and
control  groups, respectively (95 %CI 0.83-1.95 days and
0.58-1.62 days; p = 0.356). Open circle shows the least-squares
mean score of the control group. Filled circle shows the least-squares
mean score of the prophylactic intervention group. The vertical line in
the least-squares mean score shows the 95 %CI

in Table 4, which are consistent with the data shown in
Table 3. The odds ratio of the prophylactic administration
of haloperidol was 1.48 (95 %CI 0.33-6.71), which indi-
cated no postoperative delirium-decreasing effect
(p = 0.611). The age, preoperative MMSE score and
number of days after surgery were significantly correlated
with the development of postoperative delirium.
Regarding postoperative adverse events, grade 2 events
were noted in two patients (convulsions and temporary loss
of consciousness 2 days after completing the preventive
administration of haloperidol and T-tube removal) and
grade 3 events occurred in one (no abnormality was noted
during haloperidol administration, but the patient fell on

@_ Springer

Table 3 The results of the multivariate analysis of the factors
affecting the development of postoperative delirium (logistic regres-
sion analysis)

QOdds 95 % CI  p value
ratio
Prophylactic administration of 1.30 0.54-3.17 0.558
haloperidol
Age 1.12% 1.01-1.27 0.043
Gender (male) 1.03 0.41-2.60 0.953
Preoperative NEECHAM score 1.23° 1.01-1.51 0.037
Preoperative MMSE score 1.15° 1.03-1.30 0.014

The multivariate logistic regression analysis was performed to include
the patient age, gender, preoperative MMSE score and preoperative
NEECHAM score as covariates to evaluate the effects of prophylactic
haloperidol treatment after adjustments for potential confounding
factors. An odds ratio >1 indicated that the factor conferred a greater
risk of severe postoperative delirium

NEECHAM NEECHAM confusion scale, MMSE Mini-Mental State
Examination

* For each 1-year increase
® For each 1-point decrease in the score

day 7, leading to a femoral neck fracture) in the interven-
tion group. However, the grade 3 event was unlikely to
have had any causal relationship with the preventive hal-
operidol treatment, considering that the half-life of intra-
venous haloperidol is 14.1 &= 3.2 h [28], and no other
adverse events of grade 3 or more were noted.

Discussion

No significant preventive effect of the daily administra-
tion of low-dose haloperidol on postoperative delirium
was noted in this randomized, open-label prospective
study. The incidence of postoperative delirium was not
significantly lower in the intervention group than in the
control group, and no significant effect was noted on the
severity or persistence of the delirium. Moreover, no
significant effect was observed even in the group at high
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Table 4 The results of the multivariate analysis of the factors
affecting the development of postoperative delirium (GEE analysis)

Odds 95 %CI  p value
ratio
Prophylactic administration of 1.48 0.33-6.71 0.611
haloperidol
Age 1.30° 1.07-1.58  0.008
Gender (male) 0.39 0.08-1.86 0.238
Preoperative NEECHAM score 1.05° 0.78-1.40 0.752
Preoperative MMSE ’ 1.69° 1.05-2.73  0.032
Postoperative day 0.67° 0.52-0.85 0.001
(postoperative days 1-7)
A supportive analysis using the generalized estimating equation

regression model was conducted to compare the incidence of severe
delirium between the treatment groups throughout first 7 days after
the operation

GEE generalized estimating equation, NEECHAM NEECHAM con-
fusion scale, MMSE Mini-Mental State Examination

* For each l-year increase
® For each 1-point decrease in the score

¢ For each 1-day increase

risk for postoperative delirium with preoperative MMSE
and NEECHAM scores below 25 and 27, respectively.
There have been several contradictory reports regarding
the efficacy of haloperidol in preventing delirium. Kaneko
et al. [13] reported that it significantly decreased the inci-
dence of delirium after surgery involving the digestive
organs in a small-scale clinical study, and Wang et al. [14]
reported that 12-h continuous preventive administration of
haloperidol significantly decreased the incidence of delirium
in elderly patients admitted to an ICU, excluding those after

cardiac surgery. In contrast, Kalisvaart et al. [15] reported.

that haloperidol reduced the severity and persistence of
delirium, but did not decrease its incidence in patients fol-
lowing orthopedic surgery in a RCT where they received oral
preventive treatment with low-dose haloperidol.

The absence of a preventive effect of haloperidol on
postoperative delirium may have been due to the low dose
used and short administration period. However, although
the dose was lower than 5 mg/day for 5 days, as reported
by Kaneko et al., the preventive administration of the dose
of 2.5 mg/day for 3 days was still markedly higher than the
intravenous bolus injection of 0.5 mg of haloperidol, fol-
lowed by continuous infusion at a rate of 0.1 mg/h for 12 h
(total dose per day: 1.7 mg) reported by Wang et al. High-
dose haloperidol may be necessary for the primary pre-
vention of delirium, but such treatment may increase the
frequency and severity of adverse effects, particularly in
vulnerable patients. It has been suggested that haloperidol
should ideally be administered to elderly patients at a low
dose for a short time [29].
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It is also possible that the initiation of preventive
administration in the present study may have been too late.
In the time-course of the NEECHAM scores after surgery
(Fig. 3), the lowest score was noted on postoperative day 1
in both the intervention and control groups, and it slowly
improved thereafter. The NEECHAM score may have
rapidly decreased immediately after surgery within one
postoperative day. The drug was administered early after
surgery in the studies by Kaneko et al. and Wang et al., in
which an effect was observed. We performed our study on
the assumption that the intervention would be administered
in general wards of general hospitals, and decided to start
haloperidol administration on postoperative day 1 in con-
sideration of the patient safety; however, this timing was
not before the decrease in the NEECHAM score was
observed. This may have been the reason for the absence of
an effect due to the intervention. Although it may have
been better to initiate the intervention on the night after the
surgery, an intervention immediately after surgery to
patient in unstable general conditions is difficult unless it is
strictly monitored in the ICU, as reported by Wang et al.
When preventive administration is initiated immediately
after surgery, the influence of anesthesia remains, and the
respiratory and circulatory dynamics are unstable, which
may have a negative influence on the postoperative course
and increase the possibility of severe adverse events.

It should be noted that we were unable to exclude the
possibility of a psychological effect arising from the patients’
awareness of having received a haloperidol drip infusion,
because this trial was not performed in a double-blinded
manner. However, a lack of blinding would introduce poten-
tial bias in favor of the haloperidol prophylactic group, which
was not observed in the present study. Therefore, the non-
double-blinded nature of the study does not appear to have
affected the conclusions regarding the treatment.

No severe adverse event corresponding to grade 3 or more
that was assumed to be associated with the preventive halo-
peridol administration was noted. Although high-dose halo-
peridol administration (from 5 mg to more than 20 mg) was
necessary when postoperative delirium developed, no adverse
event assumed to be induced by the haloperidol was noted
even in these cases, which suggested that haloperidol can be
relatively safely administered even during the unstable post-
operative period. The safety of haloperidol for postoperative
elderly patients has also been confirmed in other studies [13—
15]. Combining its high tolerability and low cost, expanding
the clinical experience using this antipsychotic drug will
broaden the range of applications for other conditions.

Nevertheless, this study suggests that intravenous
treatment with low-dose haloperidol is unlikely to be used
widely in hospital wards as prophylactic intervention to
prevent postoperative delirium in elderly surgical patients
who are not orally treatable. High-dose haloperidol may be
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effective, but it has been advised that haloperidol should be
administered to elderly patients at a low dose to prevent
adverse effects [25, 26, 29].

Several studies have shown various non-pharmacological
measures that can contribute to reducing the incidence of
delirium [30-33]. Inouye et al. [30] proposed a multifactorial
intervention that included specific protocols for cognitive
impairment, sleep deprivation, immobility, visual impair-
ment, hearing impairment and dehydration by showing sig-
nificant reductions in the number and duration of episodes of
delirium in hospitalized general medicine patients aged 70 or
older. Marcantonio et al. [32] reported that geriatric consul-
tation decreased delirium in elderly surgical patients after hip
fracture by over one-third. More recently, Colombo et al. [33]
showed that the timely use of a re-orientation strategy was
correlated with a significantly lower occurrence of delirium in
patients admitted to the ICU. In fact, the proportion of patients
who developed postoperative delirium in the present study
(38 % of all patients) was lower than that reported in our
previous study (55 %) [7]. This may have been due to the
protocol used in this study, in which patients who developed
delirium on the day of surgery or on the following morning
were not included. However, alternatively, it could have been
because the preceding studies on delirium motivated the
participating medical staff and nurses to be more aware of
postoperative delirium, thus promoting the care of patients at
risk and decreasing the incidence of delirium.

The NEECHAM score was employed to diagnose delirium
and to evaluate its severity. A pattern similar to that in our
previous report [7] was noted in the present study, which
confirrued its reproducibility and usefulness as a score to
evaluate delirium. The incidence of postoperative delirium
has been shown to vary markedly (10 % to higher than 50 %)
among reports [29, 34-38], and this may have been due to the
fact that many studies were retrospective, and the definition of
the development of delirium has been ambiguous or different
among these studies. The DMS-IV [39] and Delirium Rating
Scale ¢DRS) [40] are known as diagnostic criteria that can also
be usedto evaluate delirium; however, it is difficult for nurses
who directly take care of patients with postoperative delirium
to judsge delirium accurately using the DMS-IV and DRS. On
the other hand, the severity and condition of delirium can be
simpls and objectively determined by general physicians and
nurses using the NEECHAM score. In this study, postopera-
tive deliium was continuously and prospectively evaluated in
conseccutive cases using the NEECHAM score by nurses in
direct contact with patients all day at clinical sites. The effi-
cacy ofthe intervention was judged based on this evaluation,
and it= reliability should have been high.
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