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ABSTRACT: Background: Post-cardiac surgery patients exhibit a higher incidence of postoperative delirium (PD) compared to
non-cardiac surgery patients. Patients with various cardiac diseases suffer from preoperative sleep disorder (SPD) induced by anxiety,
depression, breathing disorder, or other factors. Objective: To examine the effect of sleep disorder on delirium in post-cardiac surgery
patients. Methods: We prospectively selected 186 patients undergoing selective cardiac valve surgery. Preoperative sleep quality and
cognitive function of all eligible participants were assessed through the Pittsburgh Sleep Quality Index (PSQI) and the Montreal Cognitive
Assessment, respectively. The Confusion Assessment Method for Intensive Care Unit was used to assess PD from the first to seventh day
postoperatively. Patients were divided into two groups according to the PD diagnosis: (1) No PD group and (2) the PD group. Results: Of
186 eligible patients, 29 (15.6%) were diagnosed with PD. A univariate analysis showed that gender (p = 0.040), age (p = 0.009), SPD
(p = 0.008), intraoperative infusion volume (p = 0.034), postoperative intubation time (p = 0.001), and intensive care unit stay time
(p = 0.009) were associated with PD. A multivariate logistic regression analysis demonstrated that age (odds ratio (OR): 1.106; p = 0.001)
and SPD (OR: 3.223; p = 0.047) were independently associated with PD. A receiver operating characteristic curve demonstrated that
preoperative PSQI was predictive of PD (area under curve: 0.706; 95% confidence interval: 0.595–0.816). A binomial logistic regression
analysis showed that there was a significant association between preoperative 6 and 21 PSQI scores and PD incidence (p = 0.009).
Conclusions: Preoperative SPD was significantly associated with PD and a main predictor of PD.

RÉSUMÉ : Les effets des troubles du sommeil sur les manifestations de delirium de patients ayant subi une chirurgie cardiaque. Contexte : Les
patients qui se remettent d’une chirurgie cardiaque tendent à présenter une incidence plus élevée de delirium postopératoire (DPO) si on les compare à
d’autres patients dont la chirurgie ne concernait pas le cœur. Il faut aussi ajouter que les patients aux prises avec diverses maladies cardiaques tendent par
ailleurs à être atteints de troubles du sommeil préopératoires (TSPO). Objectif : Examiner les effets des TSPO sur le DPO de patients qui se remettent
d’une intervention chirurgicale du cœur. Méthodes: Nous avons sélectionné de façon prospective 186 patients ayant subi une intervention sélective des
valves cardiaques. Tant la qualité du sommeil des patients admissibles à cette étude que leur fonction cognitive, et ce, avant leur intervention, ont été
évaluées respectivement selon le Pittsburgh Sleep Quality Index (PSQI) et l’Évaluation cognitive de Montréal (« MoCA » en anglais). On a aussi utilisé la
Confusion Assessment Method (CAM) pour les soins intensifs afin d’évaluer le DPO du premier au septième jour suivant l’intervention chirurgicale. Pour
les fins de cette étude, nous avons divisé nos patients en deux groupes selon le diagnostic de DPO posé : (1) aucune manifestation de DPO et
(2) manifestations de DPO. Résultats : Sur 186 patients admissibles, 29 (15,6 %) ont reçu un diagnostic de DPO. Une analyse univariée a montré que des
variables telles que le sexe (p = 0,040), l’âge (p = 0,009), des signes de TSPO (p = 0,008), le volume de perfusion peropératoire (p = 0,034), le temps
d’intubation postopératoire (p = 0,001) ainsi que la durée de séjour aux soins intensifs (p = 0,009) pouvaient être associées au DPO. D’un autre côté, une
analyse de régression logistique multivariée a démontré que l’âge (RC : 1,106 ; p = 0,001) et des signes de TSPO (RC : 3,223 ; p = 0,047) pouvaient être
indépendamment associés à des manifestations de DPO. Enfin, une courbe dite « ROC » (receiver operating characteristic) a démontré que les scores
préopératoires au PSQI avaient une valeur prédictive en ce qui regarde le DPO (ASC : 0,706 ; IC 95 % : 0,595 - 0,816). De fait, une régression logistique
binominale a révélé qu’il y avait une association notable entre des scores de 6-21 au PSQI et l’incidence de DPO (p = 0,009). Conclusions : En somme,
nous avons trouvé que les TSPO, en plus d’être associés de manière significative au DPO, constituent un important prédicteur de ce syndrome
confusionnel.
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INTRODUCTION

Postoperative delirium (PD) is a state of acute and fluctuating
brain dysfunction, manifested by inattention, disorganised think-
ing and altered states of consciousness,1 which can commonly
occur during the 3 days after surgery.2 In previous studies, relative

to patients undergoing non-cardiac surgeries, post-cardiac surgery
patients demonstrated a much higher incidence of delirium, of
5%–72%.3,4 Delirium can significantly increase the incidence
of adverse events and even the chance of a 30-day death after
surgery.5–7
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Sleep disorder (SPD) is a common issue among adults given
their accelerated social rhythm, frequent change of life style, and
factors that have close relationships with psychological illness.8,9

Some studies have found that both preoperative obstructive sleep
apnoea (OSA) through sleep-disordered breathing and post-
operative poor sleep quality exhibit significant correlations with
PD.10–13 Additionally, patients with cardiac disease display higher
incidence of SPD due to frequent cardiac pain and discomfort, as
well as long-term psychological pressure.14–16 However, no
previous systematic prospective studies have evaluated the effect
of preoperative chronic SPD on PD for patients following cardiac
surgery.

METHODS

This article describes a prospective observational cohort study.
The Ethics Committee of the Chinese Academy of Medical
Sciences Fuwai Hospital in Beijing approved this study, and all
patients provided written informed consent. The inclusion criteria
included (1) age ≥ 18 years and (2) the patient undergoing valve
surgery on pump. The exclusion criteria included (1) having a
history of delirium or dementia; (2) having a history of brain
surgery, cerebral haemorrhage or infarction; (3) having preoper-
ative myasthenia gravis; (4) having grade IV cardiac function
(New York Heart Association); (5) having death chances expected
within 48 hours after surgery; (6) going through another surgery
within seven postoperative days; (7) having serious preoperative
liver (Child-Pugh grading C) and renal (stage 3–4 according to
Chronic Kidney Disease grading) dysfunction and (8) being unable
to communicate due to hearing and/or language issues.

All patients underwent open heart cardiac valve surgery on
pump under general anaesthesia of the same anaesthesia pro-
gramme. General anaesthesia intravenous medications included
midazolam, sufentanil, etomidate, and cisatracurium. Anaesthetics
sustaining anaesthesia included: propofol, sufentanil, dexmedeto-
midine, cisatracurium and sevoflurane. A Bispectral Index (BIS)
was used to monitor the depth of anaesthesia having maintained
BIS values between 40 and 60 during surgery. A normal body
temperature was maintained except for light hypothermia (naso-
pharyngeal temperature: 30–34°C) during aortic clamping. Anti-
cholinergics were prohibited perioperatively due to the possible
occurrence of latent mental disorder.

The Pittsburgh Sleep Quality Index (PSQI) has proven to be
an effective method to assess sleep quality. It includes 18 items in
seven parts, and its score ranges from 0 to 21 (Supplementary
file 1). A score of five in the PSQI is regarded as a cutoff point of
SPD for adults. The higher the PSQI score is, the more serious the
SPD is.17 The sleep quality of participants throughout a month
before hospital admission was assessed through the PSQI.

We evaluated the preoperative cognitive state of participants
through the Montreal Cognitive Assessment (MoCA) which has
been found to have higher sensitivity than the Mini-Mental State
Examination.18 The total score of the MoCA is 30. An individual
is said to have cognitive dysfunction if the score is less than 21.18

The Confusion Assessment Method for Intensive Care Unit
(CAM-ICU) is widely used to assess delirium. CAM-ICU is
subdivided into four parts: (1) acute change of mental status and
behaviour during the past 24 hours; (2) inattention; (3) disordered
thinking and (4) altered state of consciousness (Supplementary
file 2). The diagnosis of delirium is made when items (1), (2) and

(3) or (4) are met.19 However, before the mental status of a patient
was assessed, their sedation level was evaluated by the Richmond
Agitation-Sedation Scale (RASS) first (Supplementary file 3).
Only when the RASS score was −3 or more was the assessment
of delirium processed through CAM-ICU.20 Additionally, delirium
can be divided into three types according to RASS scores:
(1) hypoactive type: when the RASS score is less than 0;
(2) hyperactive type: when the RASS score is more than 0 and
(3) mixed: hypoactive and hyperactive types alternately occuring.21

The delirium was assessed only once in the first 24 hours, and the
time of assessment was as close as possible to 24 hours of the end
of the surgery to minimise the impact of anaesthetics on the
consciousness of patients. From the second to the seventh day
postoperatively, delirium was assessed twice daily (8:00–10:00
and 18:00–20:00).22,23

All participants received a perfect analgesia score (Rest
Numerical Rating Scale < 4) after surgery through intravenous
sufentanil, dezocine and/or acetaminophen. When needed, propo-
fol and/or midazolam were used to sedate patients. Dexmedeto-
midine and/or haloperidol were injected to control delirium
episodes.

The variables included gender, age, body mass index, educa-
tional level, alcohol abuse history, smoking, preoperative PSQI
score, preoperative MoCA score, anaesthesia duration, surgery,
cardiopulmonary bypass, aortic clamping and hypothermia,
post-surgery intubation time, ICU stay, the number of patients
receiving sedatives and opioid analgesics postoperatively and
number of patients diagnosed with PD. We divided all partici-
pants into two groups according to the diagnosis of PD: (1) the no
PD (NPD) group and (2) the PD group.

Statistical Analysis

SPSS 22.0 (IBM Corp., Armonk, NY, USA) was used to
analyse the data. The normality of the continuous variable
distribution was determined through the Kolmogorov–Smirnov
test. Continuous variables of normal distribution were presented
as mean ± standard deviation and the data of abnormal distri-
bution as median, interquartile range and range. Categorical
variables were expressed as percentages. Continuous variables
were analysed through Student’s t-test and Mann–Whitney
U-test, and categorical variables through Pearson’s chi-square
test. A multivariate logistic regression model was used to
analyse the correlation of PD and covariates that were found
to be associated with delirium in the univariate analysis. An area
under curve (AUC) was generated from the receiver operating
characteristic (ROC) curve to display the diagnostic accuracy of
preoperative PSQI score on PD. We used a binomial logistic
regression to analyse the association between preoperative sleep
quality and PD based on PSQI values (two groups: 0–5 and
6–21). Significance was marked by a p value of less than 0.05.

Sample Size Calculation

The incidence of PD was about 50% for patients with poor
sleep quality according to previous studies.24 A decrease of nearly
40% in incidence of PD occurred when patient sleep quality
improved.25 The odds ratio (OR) was of about 5.24 for the
risk of PD in patients with SPD,26 and the proportion of
patients in the SPD group and those in the no SPD group was
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1:1. The minimum sample size of 65 patients in the SPD group
was detected when choosing a power of 90% and a two-sided α
of 0.05. Finally, we found that the total minimum sample size
of 130 was required.

RESULTS

From May 22 to July 29, 2019, 207 adult patients undergoing
cardiac valve surgery on pump were consecutively included,
21 of these were excluded based on the exclusion criteria. The
186 eligible patients (SPD: 106 participants; no SPD: 80
participants) were divided into two groups according to PD:
(1) NPD: n = 157 (84.4%) and (2) PD: n = 29 (15.6%). From
the total of 157, 83 (52.9%) patients without PD had preoper-
ative SPD, and 23 (79.3%) of 29 patients with PD suffered
from preoperative chronic SPD. No patient died or withdrew
during the follow-up period (Figure 1).

The univariate analysis of the baseline values and general
characteristics of participants is shown in Table 1. Risk factors
associated with PD were male (p = 0.040), age (p = 0.009),
preoperative SPD (p = 0.008), intraoperative infusion volume
(p = 0.034), postoperative intubation time (p = 0.001) and ICU
stay (p = 0.009).

The multivariate logistic regression analysis of age, intrao-
perative infusion volume, postoperative intubation time and ICU
stay as continuous variables and male gender and preoperative
SPD as categorical variables showed that age (OR: 1.106; 95%

confidence interval (CI): 1.043–1.173; p = 0.001) and preopera-
tive SPD (OR: 3.223; 95% CI: 1.017–10.211; p = 0.047) were
significantly associated with PD after adjustment for covariates
(Table 2).

A binomial logistic regression analysis performed to assess
the relationship between preoperative PSQI scores and PD
found no significant association among patients with preoper-
ative 0–5 scores (OR: 1.106; 95% CI: 0.595–2.059; p = 0.749),
but a significant association was found for patients with 6–21
scores (OR: 0.828; 95% CI: 0.720–0.953; p = 0.009) (Table 3).
The ROC curve showed that the preoperative PSQI score
had a certain predictive value for PD (AUC: 0.706; 95% CI:
0.595–0.816) (Figure 2).

DISCUSSION

We assessed preoperative sleep quality and PD of all partici-
pants through the method of questionnaire surveys. The research-
ers who performed PD assessment were unaware of the patients’
sleep quality before surgery. Dexmedetomidine is regarded as an
effective drug to prevent PD attack due to its functions of anti-
anxiety, improvement of sleep quality, and analgesia.27–29 All
enrolled patients in this study received routine dexmedetomidine
infusion during surgery; meanwhile, dexmedetomidine was pro-
hibited after surgery except for delirium occurrence. Therefore,
all participants in this study had the same baseline for dexme-
detomidine administration. This study demonstrated that

Figure 1: The flow chart of screening cases for this prospective study. NYHA = New York Heart
Association.
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long-term preoperative SPD was an important risk factor associ-
ated with PD for post-cardiac valve surgery. Furthermore, the
PSQI was predictive of PD, especially for patients with PSQI
scores higher than 6.

PD is a common complication for patients following
cardiac30,31 and major non-cardiac surgeries.32 Previous studies

determined several risk factors associated with PD, including
advanced age, low education level, preoperative cognitive dys-
function, smoking, cardiac or macrovascular surgery, major
non-cardiac surgeries, perioperative use of sedative and analgesic
drugs, postoperative imperfect analgesia, among others.33–35

Preoperative or postoperative OSA has also been regarded as

Table 1: Univariate analysis according to postoperative
diagnosis of delirium

All patients
(n = 186)

NPD
(n = 157)

PD (n = 29) p

Male (n (%)) 105 (56.5) 94 (59.9) 11 (37.9) 0.040

Body mass index (kg/m2)
(mean ± SD)

24.7 ± 3.5 24.6 ± 3.5 24.6 ± 3.7 0.952

Age (year) (mean ± SD) 53.6 ± 11.9 56.2 ± 11.2 63.0 ± 8.1 0.009

Educational level (year) 10.2 ± 4.7 8.9 ± 4.2 9.3 ± 4.4 0.669

Alcohol abuse (n (%))a 8 (4) 6 (4) 2 (7) 0.613

Smoking (n (%))b 29 (15.6) 25 (15.9) 4 (13.8) 1.000

Preoperative cognitive
dysfunction (n (%))

31 (16.7) 23 (14.6) 8 (27.6) 0.086

Preoperative sleep
disorder (n (%))

106 (57) 83 (52.9) 23 (79.3) 0.008

Duration of anaesthesia
(minutes) (mean ± SD)

271.0 ± 61.7 268.4 ± 49.2 290.6 ± 14.8 0.167

Duration of surgery
(minutes) (mean ± SD)

227.7 ± 59.2 225.0 ± 48.3 247.9 ± 76.5 0.147

Duration of
cardiopulmonary bypass
(minutes) (mean ± SD)

113.3 ± 40.3 113.6 ± 38.9 112.8 ± 47.0 0.937

Duration of aortic
clamping (minutes)
(mean ± SD)

82.7 ± 30.4 86.3 ± 36.1 81.0 ± 28.9 0.518

Duration of hypothermia
(minutes) (mean ± SD)

66.8 ± 27.0 70.8 ± 28.9 63.4 ± 24.3 0.332

Blood loss during surgery
(ml) (mean ± SD)

603.2 ± 61.3 582.1 ± 78.7 611.4 ± 74.5 0.161

Intraoperative infusion
volume (ml)
(mean ± SD)

643.8 ± 369.6 600.0 ± 243.5 843.1 ± 541.4 0.034

Number of postoperative
sedative and/or opioid
analgesics administration
(n (%))

Propofol 172 (92.5) 146 (93) 26 (89.7) 0.461

Midazolam 85 (45.7) 70 (44.6) 15 (51.7) 0.545

Sufentanil 186 (100) 157 (100) 29 (100) 1.000

Dezocine 110 (59.1) 93 (59.2) 17 (58.6) 1.000

Postoperative intubation
time (minutes)
(mean ± SD)

957.5 ± 556.7 807.2 ± 220.0 1384.8 ± 804.7 0.001

Time of ICU stay (day) 2.4 ± 1.7 2.2 ± 0.3 3.6 ± 0.5 0.009

SD = standard deviation.
aAlcohol abuse was defined as alcohol intake more than twice daily.
bSmoking was defined as current smoking or smoking cessation of less
than 6 month.

Table 2: Logistic regression for PD as an independent variable

Regression
coefficient B

Standard
error

Wald p OR
95% CI for

OR

Male –0.226 0.496 0.207 0.649 0.798 0.302–2.108

Age 0.101 0.030 11.324 0.001 1.106 1.043–1.173

Sleep disorder 1.170 0.588 3.955 0.047 3.223 1.017–10.211

Intraoperative
infusion
volume

0.001 0.001 2.799 0.094 1.001 1.000–1.002

Postoperative
intubation
time

0.001 0.000 1.724 0.189 1.001 1.000–1.001

Time of ICU
stay

0.235 0.149 2.487 0.115 1.265 0.945–1.695

Table 3: Binomial logistic regression analysis to inform the
relationship of preoperative sleep quality and PD based on
the PSQI scores

PSQI score OR 95% CI for OR p

0−5 1.106 0.595−2.059 0.749

6−21 0.828 0.720−0.953 0.009

Figure 2: ROC curve of preoperative PSQI score of predictability for
postoperative delirium. The AUC was 0.706.

THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

630

https://doi.org/10.1017/cjn.2020.62 Published online by Cambridge University Press

https://doi.org/10.1017/cjn.2020.62


a risk factor of PD based on previous clinical studies.10,36,37

However, no previous studies have reported the effect of
preoperative long-term insomnia induced by anxiety, depres-
sion, non-psychotic, and non-OSA factors on PD. The PSQI
exhibits a sensitivity of 89.6% and a specificity of 86.5% in
distinguishing good and poor sleep quality;17 it can analyse
SPD induced by anxiety, depression, breathing disorders, and
other factors, being able to describe sleep conditions compre-
hensively and in detail.17

SPD can provoke cognitive and behavioural dysfunctions.
Chronic insomnia induced by anxiety and depression is associated
with memory impairment, dementia and inattention, including
impaired alerting behaviour, orienting and executive control.38–40

Similarly, OSA-related chronic intermittent hypoxia and hypercap-
nia can also hinder attention, memory and cognition.41,42 Specifi-
cally, how SPD generates cognitive and behavioural dysfunction is
still unclear. A large number of cortisol production induced by
hypothalamic–pituitary–adrenal axis hyperactivity may be a pos-
sible mechanism that explains how SPD influences cognitive and
behavioural dysfunction. Studies have reported a potential mech-
anism in which cortisol is transferred to the central nervous
system leading to apoptosis of neurons in hippocampal area
through activating brain-derived neurotrophic growth factor-
tropomyosin-related kinase B signalling pathway.43–46 Long-
term OSA-related hypoxia and hypercapnia can impair vascular
endothelial cells and enhance sensitivity of the vasoconstrictive
response to vasoconstrictive mediators. It can also produce
inflammation and oxidative stress response leading to an hyper-
coagulative state, increasing the risk of vascular dementia.47,48

Moreover, neuronal apoptosis induced by SPD, related to auto-
nomic nervous system imbalance, may also constitute pathogenic
factors of cognitive and behavioural dysfunction.49 In addition,
preoperative cognitive dysfunction is closely associated with PD.50

Therefore, the relevance of studying the impact of preoperative
sleep quality on PD for post-cardiac surgery patients is clear.

In the current study, we found six possible risk factors
associated with PD through the univariate analysis, including
gender (male), age, preoperative SPD, intraoperative infusion
volume, postoperative intubation time and ICU stay. However,
none were determined because of their interaction of each other.
Hence, we adjusted covariates through a multivariate logistic
regression model, which showed age and preoperative SPD as
reliable independent risk factors. AUC generated from the ROC
curve can predict the diagnostic value of a risk factor to the
outcome. An AUC of over 0.70 means that a given risk factor
has a certain accuracy in predicting outcome.51 We performed
the ROC curve to observe the effect of preoperative PSQI
scores on incidence of PD and obtained an AUC of 0.706 and
found that preoperative PSQI score is a predictor of PD. Further-
more, the analysis of PSQI scores showed that there was no
significant association between scores and PD among patients
with scores 0–5, but a significant association was displayed for
patients with 6–21 scores. These results hinted that the diagnostic
value of PSQI scores in PD is mainly reflected in patients with
sleep disorders.

Our study has some advantages in demonstrating preopera-
tive SPD is associated with PD. First, patients were undergoing
selective cardiac valve surgery to decrease confounding factors
produced by different surgical types. Second, the programme
of general anaesthesia was standardised to decrease the

possibility of a narcotic administration bias. Third, patients
were required to be over the age of 18, so this can explain the
effect of preoperative SPD on PD in adults of all ages, not just
in older adults. Fourth, the comprehensive evaluation of sleep
problems through the PSQI included insomnia induced by
anxiety, depression, non-psychotic factors and sleep distur-
bance breathing produced by OSA. Fifth, the author’s institute
is a word-class centre for cardiac and macrovascular diseases,
and advanced valve surgeries techniques were applied to
decrease the bias caused by different surgical methods.

On the other hands, there are limitations in this study. First, we
may have missed delirium occurrence at the follow-up time,
implying a higher incidence of PD possibly occurs, and we are
unsure of how a higher incidence of PD could influence the
outcome. Second, PSQI and CAM-ICU are both self-report
questionnaires for sleep quality and delirium, and therefore,
some bias in the diagnoses of SPD and delirium was inevitable.
Third, we did not find any cases of delirium occurring in those
younger than 40 years; thereby, a large-scale questionnaire
investigation including more patients should be performed to
further verify the association of preoperative SPD and PD, even
though the number of participants in this study is over the
required minimum sample size.

CONCLUSIONS

This study demonstrated that preoperative SPD is an inde-
pendent risk factor leading to PD for patients following cardiac
valve surgery. Furthermore, it was found that preoperative
PSQI scores have a predictive value for occurrences of PD.
This study, therefore, provides evidence that preoperative
sleep quality improvement might become an effective method
to decrease the incidence of PD. It is noteworthy to add that
special attention from anaesthetists, surgeons and doctors in
the ICU is necessary for patients with preoperative SPD, in
order to take effective preventive measures to avoid the
occurrence of delirium.
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