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ABSTRACT

Background: Delirium is one of the common complications following open-heart surgery. Delirium is a fluctuating cognitive
impairment and consciousness disorder and a common as well as acute problem for patients hospitalized in hospitals,
complicating the course of patient improvement. Ischemic preconditioning can be a method to mitigate delirium of patients.
The aim of the study is to investigate the effect of remote limb ischemic preconditioning in preventing delirium in patients
undergoing coronary artery bypass graft surgery.
Methods: The present study is a randomized clinical control trial performed as interventional before and after intervention
and control groups. The research population consisted of patients hospitalized in the ICU ward of Heart Center hospital of
Bushehr city (Iran) to undergo CBAG or referred electively. In this plan, 80 patients participated chosen through convenient
sampling, and then randomly assigned into intervention and control groups. The research instrument was demographics
information form and Neecham scale to investigate the incidence of delirium. The data were analyzed by SPSS 22, whereby
chi-do, Mann-Whitney, and Friedman nonparametric analysis of variance were used.
Findings: The mean delirium score before the intervention in the test group was 27.9 with standard deviation of 0.35, and in
the control group it was 29.8 with standard deviation of 0.48 (p=0.399), which was the same in the two groups before the
intervention and had no significant difference. The mean score of delirium after the intervention in the test group was 27.9
with standard deviation of 0.89 and in the control group it was 27.8 with a standard deviation of 0.96, suggesting
insignificant difference between intervention and control groups.
Conclusion: The results of this research indicated that remote limb ischemic preconditioning cannot result in mitigation of
delirium in CABG patients.
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INTRODUCTION
Cardiovascular disease is the most important cause of
mortality worldwide. Every 42 seconds, one heart attack
and everyone minute one cardiovascular disease mortality
occur [1,2]. Currently, the mortality caused by coronary

artery disease in Iran is increasing, claiming 46% of the
causes of mortalities, whose incidence is 4.181 per
100,000 individuals [3].
In the US, around 598000 cases of coronary artery bypass
graft is performed annually. Although great advances have
been made in pharmacotherapy and catheterization
methods, surgical interventions are still the cornerstone in
the treatment of these diseases [4]. In Iran, annually
25,000 open-heart surgery occur, with CABG claiming
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50%-60% of them [5]. According to studies, in the US the
number of CABG operations has increased, and similarly
in Iran 60% of all cardiovascular operations are related
to CABG [6]. In spite of provision of intensive care to
patients following heart surgery, incidence of some
complications following heart surgery is inevitable.
The problems and complications following heart surgery
are mostly due to underlying diseases and the trauma
caused by the operation. The most important
complications include electrolyte disorders, impaired gas
exchange, myocardial infarction, kidney failure,
hemorrhage, and neurological complications [7]. In the
study by
Jannati et al., 26 (12.32%) patients suffered
neurological complications, out of home 23 (10.90%) had
found cognitive problems [8].
The patients that develop delirium during hospitalization
are 20%-75%, and 15% of them die within one months,
and 25% die within 6 months. The maximum rate of
incidence of delirium has been reported following
thoracotomy and cardiotomy operations, whose statistics
even reach 90% [9,10]. Although delirium may develop at
any time during hospitalization in hospital, typically it
develops early postoperatively.
Today, delirium is one of the major concerns of staff in
ICU wards especially for nurses [11]. Presence of
delirium is a bad sign in terms of prognosis, which is
associated with high mortality. In this regard, after three
months, 23%-33% of those who have experienced a
course of delirium die, where this figure sometimes
reaches 5% [12].
Incidence of delirium at admission in hospital is
14%-24%, and during hospitalization it grows up to 56%
[13]. The rate of incidence of delirium in patients
undergoing open-heart surgery has been reported as
32%-72%. Complications of delirium remain in at least
20% of patients above 65 years of age, and increase the
hospital costs for every patient by $2500 and annually
around $6.9 billion [14,15].
Studies have propounded different factors to be
associated with incidence of delirium including
complication and duration of open-heart surgery, use of
cardiopulmonary bypass, presence of micro-emboli
resulting from aorta and manipulation of the heart,
cerebral blood resupply damage, old-age, severity of
disease, presence of chronic disease, mechanical
ventilation, moving limitations, infection, metabolic
disorders, hypoxia, longer hospitalization in ICU, and
laboratory changes [16,17].
Among the important reasons following surgery are
stress of operation, postoperative pain, insomnia,
consumption of analgesics, electrolyte disorder, fever, and
hemorrhage [18,19]. Considering the increase in heart
surgery operations and increased age of patients at the
time of surgery, complications such as postoperative
delirium are growing in response [20].
Both coronary artery bypass graft and coronary artery
bypass surgery without pump require some special
strategies to reduce development of delirium following
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surgery [21]. Pain mitigation can also reduce the risk of
incidence of delirium. Nevertheless, research has shown
that these methods have not been able to resolve the
problem [22,23].
Remodeling ischemic preconditioning is an attractive
strategy to reduce myocardial damage and contain
myocardial infarction and improve reperfusion. It also
significantly decreases the damage caused by reperfusion
ischemia in most human tissues including myocardium
and brain. It also decreases hypoxia, through which it has
been assumed that it can also be involved in mitigating
delirium.
Some
recent
randomized
controlled
experiments in humans have reported that remote limb
ischemic preconditioning leads to improved cardiac
output [24].
Ischemic preconditioning is a widely established concept.
The clinical use of ischemic preconditioning was
published by Konstantinov et al. [25]. This assumption
that remote limb ischemic preconditioning decreases
incidence of delirium postoperatively and prevents
aggravation of short-term cognitive function following
surgery under isoflurane-phentanyl anesthesia has been
tested in patients undergoing heart surgery using
cardiopulmonary bypass [26-28].
Some studies have shown the application of remote limb
ischemic preconditioning before angioplasty capable of
enhancing cardiac recovery [29,30]. In a study, the effect
of remote limb ischemic preconditioning in protecting
the brain against the damage caused by stopped
hypothermic blood circulation has been observed [31].
Although local ischemic preconditioning is a result of
short-term nonfatal ischemia in the target tissue, its
usefulness has been shown in patients undergoing
angioplasty of coronary arteries and artery operations in
some studies [32]. In a randomized control study, the
effects of remote limb ischemic preconditioning has been
examined in children undergoing repair of congenital
heart defect, causing reduction of damage caused by
reperfusion ischemia in remote limbs [33].
Some evidence has been presented for remote limb
ischemic preconditioning (RSP) in humans by showing
protection against endothelial function disorder
generated by stable ischemia and reestablishment of
blood circulation in an arm following transient ischemia
in the other arm among healthy individuals [34,35].
It suggested that RSP in patients undergoing open repair
of abdominal aortic aneurysm decreases incidence of
damage following cardiac operation, heart attack, and
kidney failure [36]. Nurses play a special role in
providing care for patients and are in contact with
patients more than other members of the treatment
team.
Since the rate of delirium is high in patients hospitalized
in ICUs and following heart surgery, by decreasing
delirium it is possible to better achieve nursing
objectives including mitigation of pain and anxiety,
thereby taking effective steps for patient improvement
and better care. The aim of the present study is to
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investigate the effect of RSP in preventing delirium in
candidate patients of coronary artery cardiopulmonary
bypass in Heart Hospital of Bushehr in 2017.
MATERIALS AND METHODS
The present research is a randomized controlled clinical
trial study performed as pre- and post-interventional.
The research population consisted of patients who were
hospitalized in the mentioned hospital in the ICU ward of
heart surgery or referred electively. In this study, 80
patients participated chosen through available sampling,
and then randomly assigned into intervention and
control groups. In this study, the research context was
Bushehr Heart Hospital, and the place where the
research was conducted was open-heart surgery ward of
this hospital.
Inclusion criteria included all elective patients candidate
for coronary artery cardiopulmonary bypass, age 55
years-70 years, and patients with EF>35.
Exclusion criteria included patients who were retransferred to operation room due to excessive bleeding
after heart surgery, placing intra-aortic balloon pump
(IABP) in the operation room or ICU ward due to left
ventricle dysfunction (LV dysfunction), acute MI patients
(patients who had recently experienced heart attack),
patients with history of diabetes mellitus (DM), patients
with history of stroke, patients with peripheral vascular
problems of upper limbs, patient’s unwillingness to
continue participation in the study in spite of initial
consent, transference of patient to another healthcare
center, consumption of psychotropic drugs, history of
psychological disorders such as psychosis and mental
retardation, and presence of ST changes during
operation.
The sample size in this study to evaluate the effectiveness
at first-type error level of α=0.05 and test power of 0.80
based on the findings of Hudetz et al. who had reported
the mean cognitive disorder score 7 days following heart
surgery in the intervention and control groups as 10 ± 5
and 8 ± 4 [21] according to the formula of the sample size
of comparison of means was estimated as 40 subjects for
each group, and totally 80 subjects.
The research instrument included demographic
information form of hospitalized patients including age,
gender, marital status, education, history of hypertension,
hyperlipidemia, history of previous diseases, smoking,
and drug abuse. The second instrument was Neecham
scale which can be used as a rapid and non-stop
instrument on the patient’s bedside for assessing the
patient behavior to examine possible incidence of
delirium [11].
This 30-score questionnaire has been developed
according to DSM III-R criteria and 24-hour activity of
nurses. The total acquired score is categorized into four
groups: health individual (score: 27-30), on the verge of
confusion (score: 25-26), mild delirium (score: 20-24),
and severe delirium (score: 0-19). The time for filling in
the questionnaire is 5-10 min. This instrument was
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prepared through a paper called examining the effect of
multifactorial intervention on incidence of delirium in
heart surgery ICU ward performed by Zeyghami et al.
[11].
First the questionnaire used by Zeyghami et al. was
translated from English to Persian. After translation, to
evaluate the content validity in Iran, the opinions of
experts in this area (one psychiatrist and the
psychologist nurses) were benefited from, and based on
the criteria of fluency, relevancy, and clarity of questions;
their corrective opinions were applied [11].
Measurement of the reliability of this instrument was
performed through internal consistency and equivalence.
In evaluating the internal consistency, the Cronbach
alpha coefficient was obtained as 0.96. In measuring the
equivalence, Pearson correlation was obtained as 0.99
[11].
After acquiring the necessary permissions from the
research deputy of Bushehr University of medical
sciences and receiving the ethics code, first the objectives
of this study were explained to the patients. They were
also assured that anytime they desired they could leave
the study. Eventually, written informed consent form was
received from them.
After selection of samples, the night before the openheart surgery, the psychological status of patients was
examined by delirium checklist, after which intervention
was initiated. In this study, diagnosis of delirium was
performed by nurse based on the escort acquired from
the questionnaire the night before the operation and on a
daily basis up to five days following operation. Since the
intensity of delirium and its incidence are greater at
evenings, measurement of delirium was performed every
evening at 18:00-20:00.
The type and dosage as well as hour of consumption of
the utilized drugs as sample (haloperidol if required)
were also introduced into the questionnaire.
In this plan, an interventional method called remote limb
ischemic preconditioning was applied after induction of
anesthesia using a swollen blood pressure cuff with the
width of 9-12 cm, which was wrapped in the upper part
of the arm of the subjects. The cuff pressure value around
the arm was 200 mmHg. The duration of cuff filling was 5
min, which was then emptied within 5 min, and was
performed in three cycles totally recording 30 min by an
anesthesiologist. Also, ST changes during operation were
considered; if any changes were observed, those
interventions were stopped.
The method of anesthesia was the same in both groups
and performed by the same method. In all of the patients,
before induction using topical anesthesia with lidocaine
1% arterial line with catheter No. 20 in left radial artery
was devised. After establishing electrocardiography
monitoring and SPO2 and arterial line, induction of
anesthesia was initiated. In the induction method, the
medications that are not involved in incidence of
ischemic preconditioning including otomidit+sufentanyl
+midazolam were considered.
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After intubation and CVP placement, in the maintenance
stage of removal of inhlatory drugs of isoflurane and
soflutane and the application of infusion of sufentanyl
+midazolam+atracurium drugs, they patients were
managed. All of the patients received oxygen 100%
during the anesthesia stages. After completion of the
surgery, the patients were transferred to ICU ward, and
underwent invasive monitoring by arterial line and CVP
for at least 4 h-6 h. Considering the relevant indices,
separation of patients from the intubation device was
performed. The data were analyzed by SPSS 22, where
Chi-do, Mann-Whitney, and Friedman nonparametric
analysis of variance were used.
RESULTS

The mean score of delirium on the first day after the
intervention in the test and control groups was 27.2 ±
0.15 and 26.1 ± 8.53, respectively, showing no significant
difference with each other (p=0.283).
Again, according to the classification of situation of
individuals in terms of intensity of delirium, as can be
observed in Figure 1, the two groups have the same
situation.
The mean score of delirium on the second the postintervention in the test and control groups was 27.1 ±
3.36 and 27.1 ± 4.10, respectively, where the two groups
had no significant difference with each other (p=0.973).
The classification of status of individuals in terms of
intensity of delirium as can be seen in Figure 2 is similar.

Comparison of two groups with Chi-square and
independent T-test showed that two groups of
intervention and control in terms of all demographic
characteristics including: age, sex, marital status,
education, smoking, history of blood pressure, history of
blood lipids, family history of heart disease, The history
of previous admission and thyroid disease were the same
and did not have a significant difference.
The mean score of delirium before the intervention in the
test and control groups was 29.9 ± 0.35 and 29.8 ± 0.48
(p=0.399) respectively, where the two groups were the
same before the intervention and had no significant
difference.
The mean score of delirium after the intervention in the
test and control groups was 27.9 ± 0.48 and 27.8 ± 0.48
respectively, suggesting absence of significant difference
between the two groups.

Figure 1: Intensity of delirium in coronary bypass patients in the
test and control groups the first day after the intervention

Compared the mean score of delirium pre and post of
intervention showed decreased score in tow group but
it’s not significant in each group (Table 1). Therefore,
Compare Change pre and post intervention was not
significant (p=0.923).
Table 1: Comparison of mean score of delirium pre and after
intervention in control and intervention group
Group

Control

Intervention

p-value

Pre intervention

29/8

29/9

0/399

Post intervention

27/8

27/9

0/738

Compare Change pre and post

-2

-1/975

0/923

The mean score of delirium during five days of
measurement after intervention in both groups had
significant changes (p<0.001), such that the first day
after the intervention compared to pre-intervention
showed diminished delirium in both groups (p<0.001).
However, on days 2 and 3 compared to their previous day,
no significant change was observed in the mean score of
delirium. Further, on day 5 compared to day 4, a
significant reduction of mean delirium score was
observed in both groups (p<0.001).

Figure 2: Comparing the intensity of delirium in cardiac bypass
patients in the test and control groups second day postintervention

The mean score of delirium on the third day following
intervention in the test and control groups was 27.0 ±
9.71 and 27.1 ± 4.78, respectively, where the two groups
had no significant difference (p=0.286).
According to classification of status of individuals in
terms of intensity of delirium, as observed in Figure 3,
the two groups have the same status.
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hypertension, history of lipidemia, family history of heart
disease, history of previous disease, and thyroid disease.

Figure 3: Comparing the intensity of delirium in coronary bypass
patients in the test and control groups on the third day postintervention

The mean score of delirium on the fourth day postintervention in the test and control groups was 27.2 ±
8.19 and 28.1 ± 3.49, respectively, where the two groups
had no significant difference with each other (p=0.429).
According to classification of status of the subjects in
terms of intensity of delirium, as can be seen in Figure 4,
the two groups have the same status.
The mean score of delirium on the fifth day postintervention in the test and control groups was 29.0 ±
5.95 and 29.1 ± 17.10, respectively, where the two groups
had no significant difference with each other (p=0.064).
According to classification of status of subjects in terms
of intensity of delirium, as observed in Figure 5, the two
groups have the same status.

Figure 5: Comparing the intensity of delirium in cardiac bypass
patients in the test and control groups on the fifth day postintervention

However, generally the number of men and married
subjects was higher in both groups than women and
married subjects.
The mean score of delirium before the intervention in the
test and control groups was 29.9 and 29.8 respectively,
where no significant difference was observed. This
finding is in accordance with the study by Meybohm et al.
entitled “neurological disorders in patients undergoing
heart surgery following remote limb preconditioning”
performed in 2013 in Germany on 180 patients
undergoing
elective
heart
surgery
using
cardiopulmonary pump with the aim of decreasing
neurological disorders following surgery in patients
undergoing complicated cardiac surgery [37].
On the first day following operation, 8% (n=7) of
individuals experienced mild to severe degrees of
delirium. Although the number of these individuals was
higher in the control group than in the intervention
group, the difference was not significant.

Figure 4: Comparing the intensity of delirium in cardiac bypass
patients in the test and control groups on the fourth day postintervention

DISCUSSION
The findings obtained from comparing the demographic
factors between the intervention and control groups
using Chi-do test showed that the two groups had no
significant difference with each other in terms of age,
gender, marital status, education, smoking, history of

In the same vein, the mean scores of delirium were not
significant between the two groups in any of the stages
that this finding is in line with the result obtained by
Joung et al. in South Korea. They conducted a study
entitled the effect of remote limb ischemic
preconditioning on the cognitive function following usage
of coronary artery pump in cardiac bypass surgery on
seven to patients undergoing cardiac bypass surgery
using coronary artery pump. In this study, they used
cognitive function test.
The intervention involved remote limb ischemic and they
concluded that this preconditioning was not able to
decrease the incidence of cognitive disorder following
surgery at the period after the cardiac bypass surgery
[35]. The difference of this study with ours lies in use of
different cognitive function test.
The results of the study by Meybohm et al. entitled
“neurological disorders in patients undergoing heart
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surgery following remote limb preconditioning” in
Germany support our findings. This research had been
performed on 180 patients undergoing elective heart
surgery using cardiopulmonary pump with the aim of
reducing neurological disorders following surgery in
patients undergoing complicated cardiac surgery. The
results suggested that remote limb preconditioning was
not effective, and thus further studies are required [37].
The difference of this study with ours lies in use of a
larger sample size and more cycles.
On the other hand, the results of our study are
incongruent with the clinical trial (pilot) research by
Hudetz et al. in the US. They conducted a study entitled
remote limb ischemic preconditioning in preventing
short-term cognitive function disorder after cardiac
surgery using cardiac bypass on 30 patients. The studied
population included individuals undergoing elective
coronary artery surgery or valvuloplasty using cardiac
bypass. They used delirium screening checklist of ICU
ward. In this study, remote limb ischemic preconditioning
was performed in four 5 min cycles. They found that this
preconditioning prevent aggravation of short-term
cognitive function after operation [21].
The results of this study are incongruent with ours. The
difference has been in the method of implementation,
where they used four cycles which might have caused
incongruent results. Also, it has considered cognitive
function generally, while we only investigated one of the
subsets of cognitive function i.e. delirium.
Also, in another study performed as animal clinical trial
study by Xu et al. in Shanghai, China. The results
suggested that the preconditioning can protect the
neurocognitive function of rats after the bilateral
occlusion of carotid arteries [36]. The results of this
study have been incongruent with ours. The difference
lied in the method utilized, who used 10 min cycles
instead of 5 min cycles, which might have caused
development of incongruent results. Also, the animal
nature of the studied samples can be another cause of
discrepancy.
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to the one used here was used, and the level of delirium
was checked before the operation and four consecutive
days after the operation on a daily basis. The results of
this study showed that the delirium level decreased from
the first day post-operation up to the fourth day.
LIMITATIONS
Among the limitations of the intervention are history of
diabetes and recent heart attack in most patients and
their exclusion from the study, and in turn prolongation
of the duration of the plan. On the other hand, the low
number of cycles has been one of the other factors
contributing to the effectiveness of the intervention.
CONCLUSION
The results obtained from this research showed that
remote limb ischemic preconditioning cannot lead to
diminished delirium in patients with coronary artery
bypass graft surgery. Accordingly, it seems that further
studies are required.
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Investigation of the mean scores of delirium on
consecutive days indicated that over time the patients
tended to improve, and the number of individuals with
mild and severe delirium decreased. This finding has
been in line with the study by Zeyghami et al. [11]
entitled “investigating the effect of multifactorial
intervention on incidence of delirium in heart surgery
ICU ward”. This research was of non-random clinical trial
type on 96 patients hospitalized in ICU ward of heart
surgery of Buali Hospital in Qazvin. The patients had
been chosen by available sampling and assigned into
control and intervention groups. First, 48 patients in the
control group were examined in terms of incidence of
delirium and after discharge of the last subject of the
control group, the sampling and interventions were
performed in the intervention group with 48 patients.
The
intervention
included
three
components:
professional, environmental, and patient-associated. To
investigate the level of delirium, a questionnaire similar
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