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An exploratory study of the patients’ sleep patterns and inflammatory

response following cardiopulmonary bypass (CPB)

Jesus M Casida, Jean E Davis, LaVonne Shpakoff and Hossein Yarandi

Aims and Objectives. To describe sleep patterns and inflammatory response

postCPB, determine sleep pattern changes and inflammatory response over time and

explore relationships between sleep and biomarkers of stress and inflammation.

Background. Despite the numerous citations of the role of sleep in restoration

and health maintenance, a paucity of research exists about this phenomenon in

patients undergoing CPB. Specifically, there is no research that has explored

correlations between sleep patterns and systemic inflammatory response in adult

cardiac surgery patients.

Design. Exploratory, repeated-measures, correlational study.

Method. Subjects were recruited from a Midwestern urban hospital. Of the 25

eligible subjects, 16 males and four females completed the study. Wrist actigra-

phy was used to measure sleep variables. Salivary cortisol and C-reactive protein

(C-RP) levels were measured daily. Data were collected during postoperative

nights/days 1 through 4 (T1–T4).

Results. Subjects’ sleep onset latency (SOL) median scores (0 minute) were within

normal range across time periods, whereas median scores for wake after sleep

onset (WASO > 270 minutes), sleep fragmentation index (SFI >51%), total sleep

time (<153 minutes) and sleep efficiency index (SEI <36%) fell outside the normal

ranges. Changes in the median sleep scores over time, however, were not signifi-

cant at p > 0�05. Median cortisol levels were within normal range (0�3–0�8 lg/dl)

from T1�T4, but the C-RP level peaked at T2 (median = 2370 pg/ml). Strong

correlations were found: (1) between SFI�cortisol (rs = 0�82), C-RP (rs = 0�65) �
WBC (rs = 0�69); (2) between SEI�C-RP (rs = 0�58); (3) between WASO�WBC

(rs = 0�48), WASO and cross-clamp time (rs = 0�50); and (4) between SOL�age

(rs = �0�55) at p < 0�05.
Conclusions. Subjects were severely sleep-deprived with inflammatory response

exaggerations warranting further investigations using larger sample sizes.

Relevance to clinical practice. This study offers a foundation for developing a

conceptual model explaining mechanisms of sleep disturbance and inflammatory

response postCPB. This knowledge is crucial for testing sleep-promoting

interventions to modulate inflammatory responses essential for preventing

complications, and restoring health.

What does this paper contribute

to the wider global clinical

community?

• Worldwide, sleep pattern distur-
bance is prevalent in adults who
have undergone cardiac surgery.
Further research is warranted to
closely examine the relationship
between patients’ systemic
inflammatory response and sleep
disturbance. Additionally, future
research should also aim to
determine the effects of inflam-
matory response on patients’
sleep pattern, postoperative
recovery, complication(s) associ-
ated with cardiopulmonary bypass
and health outcomes.

• Cardiac surgical nurses through-
out the world are well positioned
to lead the advancement of sleep
promotion science in cardiac
surgery. They have the power to
transform the night-time care
delivery processes in cardiac sur-
gical intensive and progressive
care units grounded by theoreti-
cal and empirical knowledge.
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Introduction

Despite the numerous citations of the positive impact of

restorative sleep on health risk reduction and maintenance

(Vester et al. 2008), there exists a paucity of research about

the sleep patterns among cardiac surgery patients who have

undergone a CPB, commonly referred to as a heart–lung

machine (Casida et al. 2011). The majority of the published

research on sleep has been centred on community-dwelling

adults with various types of health conditions and diseases.

Disturbances in the sleep patterns among adults with

asthma, cancer, cardiac and vascular conditions, chronic

obstructive pulmonary disease, fibromyalgia, or psychiatric

and behavioural disorders have been linked to stress and

inflammation (Vester et al. 2008, Mullington et al. 2009,

2010, Parish 2009). This phenomenon, however, is under-

studied in acutely and critically ill patients, specifically in

cardiac surgery.

Although research on sleep in the acute and critical care

settings is limited, there is a consistent finding that sleep

pattern disturbances are prevalent in adult cardiac surgery

patients due to behavioural, psychological and environmen-

tal factors (Casida & Lemanski 2010, Liao et al. 2011).

However, the context of sleep patterns and systemic stress

and inflammation (i.e. inflammatory response) from CPB

during the immediate postoperative or recovery period (Bo-

jar 2011) warrants an empirical evaluation. Equally impor-

tant is the need to develop an empirically based conceptual

framework mapping the linkages between sleep patterns,

systemic inflammatory response and other aetiological fac-

tors for sleep disruptions to delineate which problematic

areas are amenable for intervention. Nurses are well posi-

tioned to develop and test interventions aimed to modulate

or reduce the systemic inflammatory response postCPB to

reduce risks or prevent postoperative complications.

Background

A recent systematic review of the literature showed that the

number of published research articles about the sleep pat-

terns of adult cardiac surgery patients is small when com-

pared to the vast amount of research on sleep that has been

conducted in other patient populations (Liao et al. 2011).

Although the majority of the instruments used in these

studies were self-report questionnaires, a recurring theme

suggests that sleep disturbances are a common problem and

a cause of care dissatisfaction among patients recovering

from cardiac surgery. Postoperative pain, anxiety, noise,

bright lights, frequent measurements of vital signs and he-

modynamic parameters, laboratory tests, and physical care

(e.g. bed bath) provided during the night or very early

morning hours were commonly reported causes of sleep dis-

turbances in cardiac surgical care units (Casida & Nowak

2011). Sleep patterns of patients who have undergone car-

diac surgery are characterised by prolonged sleep onset,

fragmented sleep, multiple awakenings, shortened sleep

time and poor sleep efficiency (Liao et al. 2011). Conse-

quently, patients demonstrate daytime sleepiness, fatigue,

irritability, susceptibility to confusion or delirium, resulting

in lack of motivation to engage in performing postoperative

activities such as use of flow-oriented spirometry and ambu-

lation. Sleep disruptions have also been associated with

delayed recovery periods and longer hospitalisation stays

(Casida & Lemanski 2010, Casida & Nowak 2011).

In cardiac surgery, the exposure of the body to CPB cre-

ates a cascade of stress response and inflammatory pro-

cesses, predisposing a patient to a myriad of postoperative

complications such as arrhythmias, metabolic disturbances,

stroke and delayed wound healing, among others (Bojar

2011). Theoretically, an altered sleep–wake cycle combined

with the effects of CPB can exaggerate the release of stress

hormones (e.g. cortisol) and inflammatory substances (e.g.

C-reactive protein), which may increase the incidence of

postoperative complications. Thus, the purpose of this

study was to initiate the process of validating the assump-

tion that the stress and inflammation following CPB may

be exaggerated by sleep disturbances. Specific aims of this

study were: (1) to describe the patterns of sleep onset

latency (SOL), wake after sleep onset (WASO), sleep frag-

mentation index (SFI), total sleep time (TST) and sleep effi-

ciency index (SEI), and the biomarkers for stress (cortisol)

and inflammation (C-reactive protein) postCPB, (2) to

determine the changes in the patterns of sleep and biomar-

ker variables from postoperative nights/days 1–4, and (3) to

explore the relationship between sleep pattern characteris-

tics and biomarker variables.
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Methods

Study design and sample

Based on the specific aims of the study, we employed an

exploratory, repeated-measures correlational design. Prior

to the implementation of this study, appropriate institu-

tional review board approvals were obtained. Subjects’ eli-

gibility to participate in this study was based on the

following inclusion criteria: (1) adult male or female aged

18 years or older, (2) scheduled for first-time elective car-

diac surgery using CPB, (3) able to read, write and under-

stand English, and (4) provided an informed consent.

Subjects were excluded if they had a documented history or

diagnosis of sleep disorders regardless of duration and aeti-

ology, migraine headaches and/or behavioural (psychiatric)

disorders. Subjects were randomly selected from the list of

patients scheduled for an elective cardiac surgery. Randomi-

sation was accomplished by selecting subjects with a medi-

cal record number ending with an odd number. Of 91

subjects who were screened, 25 agreed to participate and

subsequently provided their informed consents. This study

was implemented at a large, teaching hospital located in

Southeast Michigan, USA.

Variables and measures

Primary variables

Sleep patterns. For the purposes of this exploratory

study, an objective measure of sleep patterns (e.g. wrist ac-

tigraphy) was employed. A wrist actigraphy has an acceler-

ometer that detects and analyses patient movements which

are then converted into sleep pattern data by computer soft-

ware. The Actiwatch 64W (Respironics, Bend, Oregon,

USA) was used to measure the subjects’ (1) SOL (time

between going to bed and the onset of sleep), (2) WASO

(time spent awake from sleep onset to final awakening), (3)

SFI (disruption of continuous sleep by awakenings), (4)

TST (total sleep period minus the time spent awake during

the sleep period) and (5) SEI (ratio of TST and time spent

in bed). Wrist-actigraphically measured sleep pattern vari-

ables (e.g. SFI) have shown adequate reliability, specificity

and sensitivity when compared to the sleep variables mea-

sured using polysomnography (gold standard of sleep mea-

surement) among adults with normal or abnormal sleep

patterns (Ancoli-Israel et al. 2003). Normal values for TST

and WASO scores vary across the lifespan, but the normal

range for wrist-actigraphically measured SOL is <15 min-

utes, SEI is >85% and SFI is ≤49% in the adult population

(Aubert-Tulkens et al. 1987, Ancoli-Israel et al. 2003).

Stress and inflammation. Salivary cortisol and C-reactive

proteins (C-RP) were selected as biological measures for

stress and inflammation, respectively. These biomarkers are

common indicators in measuring responses to surgical stress

and acute injury, specifically in cardiac surgery (Cappabian-

ca et al. 2006, Hoda et al. 2006, Christ-Crain et al. 2007).

High correlations between salivary and serum cortisol levels

have been found in both human and animal subjects (Rao

et al. 2010, Estrada-Y-Martin & Orlander 2011). Salivary

cortisol was measured using high-sensitivity enzyme-linked

immunoassay [ELISA] (No. 1-3102, Salimetrics, LLC, State

College, PA, USA). All unknowns were run in duplicate,

and high and low salivary cortisol controls were run with

each assay. The final optical density was read on a standard

plate reader at 450 nm. The normal ‘morning’ range for

the salivary cortisol was 0�094–1�551 lg/dl.

Salivary C-RP was measured with ELISA (No. 13302,

Salimetrics, LLC). Also, all unknowns were run in dupli-

cate, and high and low salivary C-RP controls were run

with each assay. The final optical density was read on a

standard plate reader at 450 nm. The normal range for the

salivary C-RP level was 1800�76–2181�35 pg/ml. All of

these ranges were based on the intra- and interassay preci-

sion calculations reported by Salimetrics (2010), LLC.

Surrogate markers of systemic inflammatory response rou-

tinely measured postCPB were collected. These include daily

white blood cell count (WBC), mean 24-hour arterial blood

pressure (MAP), heart rate (HR) and serum blood glucose

(BG) level (Bojar 2011). These markers were measured with

the standard physiological monitoring and point-of-care test-

ing equipment used in acute and critical care settings in the

USA. In the adult population, the normal ranges for these

markers are as follows: WBC 4�5–10�0 mm3, MAP 70–

110 mmHg, HR 80–100 beats per min and glucose

70–100 mg/dl (Bojar 2011). Other surrogate markers such

as cardiac output and body temperature were not collected

due to variability in the instruments used and removal of

pulmonary artery catheters during the study period.

Secondary variables

Pain and anxiety. The subjects’ pain intensity and anxi-

ety level were assessed using a 0-to-10 numeric rating scale

(0 = no pain or anxiety, 10 = worst pain or anxiety). These

assessment scales are widely used in clinical practice and

research involving adult cardiac surgery patients (Casida &

Lemanski 2010).

Demographic and clinical characteristics. Subjects’ demo-

graphics such as age, gender, race, education, health

history, among others were recorded. Additionally, com-
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mon clinical variables reported in cardiac surgery research

were also recorded. These include surgical procedure,

anaesthesia time (from induction to reversal of anaesthetic

agents), cross-clamp and bypass times, complications, and

medications routinely administered postcardiac surgery

[cross-clamp time refers to the period of intentional cardiac

arrest to ensure a bloodless field during surgery, while

bypass time is the total duration of the patient’s exposure

to CPB machine (Bojar 2011)].

Data collection

Data were collected during postoperative days/nights one

(T1), two (T2), three (T3) and four (T4). The subjects’

SOL, WASO, SFI, TST and SEI were measured from

22:00–08:00 hours during postoperative nights 1–4. Using

salivary swabs, salivary cortisol and C-RP levels were col-

lected daily between 06:00–08:00 hours on postoperative

days 1–4. Within 30 minutes of collection, saliva specimens

were stored in a freezer at a temperature of �56�7°C
(�70�0°F). The subjects’ pain and anxiety were measured at

22:00 hours during postoperative nights 1–4. Demographics

and clinical variables as well as surrogate markers of

systemic inflammatory response were collected from the

subjects’ medical records at T1 through T4.

Data analyses

Of the 25 subjects who provided informed consent, 20

(80%) provided complete data. Subjects’ attrition was pri-

marily related to postoperative stroke (n = 1), reoperation

and renal failure (n = 1), cognitive dysfunction (n = 2) and

death (n = 1). The sleep pattern data of the 20 subjects

were analysed and scored based on procedures recom-

mended by Respironics (2008), Bend, Oregon, USA. Saliva

specimens (cortisol and C-RP levels) were thawed at room

temperature and then analysed with ELISA as previously

described (Salimetrics 2009, 2010). Data were managed

and analysed using IBM SPSS, version 19.0 (Armonk, NY,

USA) and SAS, version 9.0 statistical software (Cary, NC,

USA).

Descriptive statistics were used to calculate frequency dis-

tributions, means, standard deviations, quartiles, and medi-

ans of primary and secondary variables. Normality and

abnormality of data distributions were evaluated using

descriptive statistical procedures including visual examina-

tion of a histogram. All continuous variables were normally

distributed with the exception of sleep patterns, cortisol

and C-RP variables (Pearson’s skewness coefficient >�1�0
to 1�0; Munro 2001). Parametric and nonparametric statis-

tics and mixed model were employed. A general estimating

equation (GEE) model (ProcGenmod with SAS) was used to

detect the changes in the subject’s sleep patterns, cortisol

and C-RP variables over time (T1–T4). Likewise, multivari-

ate repeated-measures analysis of variance (MR-MANOVA)

was used to detect the changes in the subject’s WBC, MAP,

HR and BGs over time. Analysis of covariance was used to

determine whether pain and anxiety levels, medications,

and other clinical data had any influence on the sleep pat-

tern, biomarkers and surrogate markers of stress/inflamma-

tion results. Finally, Spearman’s rank correlations were

used to determine the relationship between the sleep pat-

terns, biomarkers and surrogate markers of stress/inflamma-

tion variables. Statistical significance was set a priori at a

level of p < 0�05 (two-tailed tests).

Results

Sample characteristics

The demographics and clinical profiles of the 20 subjects

who completed the study are summarised in Table 1. The

majority of the subjects were White males; most were mar-

ried, had a high school education and were unemployed

due to retirement or disability. Common preoperative risk

factors among the subjects were tobacco smoking, coronary

artery disease and hypercholesterolaemia. Intraoperatively,

all patients underwent a CPB with a total intraoperative

average time of 328 minutes, which is the time of induction

up to reversal of anaesthetic agents. None of the subjects

had intraoperative complications, but 30% developed post-

operative arrhythmias (sinus tachycardia, premature atrial

contractions or atrial fibrillation) treated with standard

pharmacological agents. While all subjects received narcotic

or non-narcotic analgesic agents for pain control, only 15%

required anxiolytic medications throughout the study

period (Table 1).

Sleep and systemic inflammatory response postCPB

Subjects’ SOL was within normal range of <15 minutes

(median = 0 minute) throughout the study time periods. At

T4, the upper quartile (Q3) of the study subjects’ SOL

score was 24 minutes. They spent the majority of the sleep

time awake on most nights as shown by WASO median

scores of 270–318 minutes and TST median scores of 132–

153 minutes. Moreover, the subjects’ median SFI scores

were high (>50%) and the median SEI scores were low

(<36�0%). GEE showed no significant differences within

subjects’ median sleep scores and time effects (T1–T4) on
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their sleep patterns. Also, the changes in the median sleep

scores over time were not significant at p < 0�05 (Table 2).

The subjects’ salivary C-RP level was high at T2

(median = 2370 pg/ml), while the median salivary cortisol

levels remained within normal range (0�3–0�8 lg/dl) at

T1–T4. A consistent decline in the cortisol levels across

time periods, from a median of 0�8 lg/dl at T1 to 0�3 lg/dl

at T4, was noted in contrast with C-RP levels which fluc-

tuated across time periods (median C-RP level ranges

from 1503 pg/ml (T3)–2370 (T2) as shown in Table 2).

Although there was a decline in the cortisol levels from T1

to T4 along with a decline in C-RP levels from T2–T4, a

consistent increase in the surrogate markers of systemic

inflammatory response (WBC and BG) along with normal

ranges of physiological markers (ABP and HR) was noted

throughout the study time periods (Tables 2 and 3). Results

of GEE showed no significant differences within subjects’

median scores and the effects of time on cortisol and C-RP

levels over time (Table 2). MR-MANOVA also showed no sig-

nificant differences within subjects’ mean scores and the

effects of time on surrogate markers of stress and inflamma-

tion over time (Table 3).

Relationships between sleep patterns and inflammatory

response

Table 4 offers a summary of the correlations between sleep

patterns, biomarkers and surrogate markers of stress/inflam-

mation variables postCPB. Strong, positive correlations were

found between the median scores of SFI and cortisol

(rs = 0�82, p < 0�001), between SFI–C-RP (rs = 0�65,
p = 0�022), and between SFI–WBC (rs = 0�69, p = 0�029).
Similar correlations were also found between the median

scores of SEI and C-RP (rs = 0�58, p = 0�015) and between

WASO–WBC (rs = 0�48, p = 0�031). Analyses of covari-

ances showed that the subjects’ demographic and clinical

variables did not significantly explain the correlations or the

outcome of sleep patterns and inflammatory response vari-

ables – biologically and physiologically. However, a strong

positive correlation between cross-clamp time and WASO

(rs = 0�50, p = 0�039) and a strong negative correlation

between SOL and age (rs = �0�55, p = 0�012) were found.

Discussion

Our data support the extant knowledge that systemic inflam-

mation and hyperglycaemia are common clinical problems

during the immediate recovery period postCPB (Bojar 2011).

Also, the data support the role of sleep disturbances in

the inflammatory response postCBP, although the extent

Table 1 Sample Characteristics

Demographics and clinical data n (%)*

Age (mean in years) 58�5 � 17�0
Gender

Male 16 (80)

Female 4 (20)

Marital Status

Single 4 (20)

Married 14 (70)

Divorced 1 (5)

Widow 1 (5)

Race

Blacks 5 (25)

Whites 15 (75)

Education

High School 7 (35)

Some College 4 (20)

Baccalaureate degree or higher 2 (10)

Employment Status

Employed 7 (35)

Unemployed (Retired/Disabled) 10 (50)

Social History

Tobacco smoking 8 (40)

Alcohol consumption 7 (35)

Medical History

Coronary artery disease 11 (55)

Heart failure/valvular disease 6 (30)

Diabetes 8 (40)

Hypercholesterolaemia 10 (50)

Pulmonary disease 3 (15)

Other (e.g. vascular diseases) 7 (35)

Surgical History (noncardiac)

Yes 14 (70)

No 6 (30)

Surgical Procedure

Coronary artery bypass graft (CABG) 12 (60)

Valvular repair or replacement 2 (10)

CABG + valvular repair or replacement 6 (30)

Anaesthesia time (mean in min) 327�9 � 98�4
Cross-clamp time (mean in min) 96�9 � 53�7
Bypass time (mean in min) 134�9 � 54�0

Postoperative complications

Cardiac arrhythmias 6 (30)

Pulmonary atelectasis 2 (10)

Infection 1 (5)

Medications

Anxiolytics 3 (15)

Beta-blockers 20 (100)

Inotropic agents 2 (10)

Narcotic analgesics 20 (100)

Non-narcotic analgesics 10 (50)

Sleep medications 1 (5)

Vasoactive agents 10 (50)

Anxiety level (mean) 2�4 � 2�1
Pain level (mean) 3�3 � 1�7

*Because of rounding or missing data, not all percentages total 100

(� standard deviation).
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Table 3 Descriptive statistics and MR-MANOVA of the time effects on surrogate markers of stress and inflammation postCPB

Variables

Means, Standard Deviations (�), Minimum and Maximum

F p Ƞp2T1 T2 T3 T4

Mean arterial blood pressure (mmHg) 81�0 (10�3) 84�4 (10�7) 83�5 (8�3) 84�5 (11�8) 0�58 0�65 0�20
68–112 71–111 72–104 73–106

Blood glucose (mg/dl) 144�6 (44�2) 143�2 (28�5) 136�9 (39�5) 125�0 (22�0) 1�22 0�36 0�29
81–254 100–197 94–218 105–191

Heart rate (beats per min) 90�0 (12�7) 91�4 (8�4) 88�0 (9�9) 89�5 (12�2) 0�80 0�52 0�21
70–118 80–111 70–100 67–110

White blood cell count (mm3) 13�4 (4�5) 11�6 (4�7) 10�6 (4�5) 11�2 (4�2) 1�71 0�50 0�84
6�1–20�1 5�6–9�1 5�0–16�6 5�3–15�7

Table 2 Descriptive statistics and GEE analysis of the time effects on sleep patterns, cortisol and C-RP postCPB

Variables T1 T2 T3 T4 v2 p

Sleep onset latency (min)

Q1 0�0 0�0 0�0 0�0 3�89 0�27
Q2 0�0 0�0 0�0 0�0
Q3 0�0 0�0 0�0 24�0
Min–Max 0�0–25 0�0–38 0�0–11 0�00–14

Wake after sleep onset (min)

Q1 242�2 265�8 186�1 213�7 5�12 0�16
Q2 303�5 317�9 270�1 309�4
Q3 366�0 341�7 343�4 360�1
Min–Max 68�9–404�8 134�6–395�4 95�8–391�6 86�2–404�1

Sleep fragmentation index (%)

Q1 34�2 39�8 44�6 30�0 1�64 0�65
Q2 59�6 50�7 54�3 53�4
Q3 84�8 64�8 78�5 77�0
Min–Max 20�6–130�9 17�7–120�1 19�8–137�6 13�7–110�4

Total sleep time (min)

Q1 112�1 107�9 115�5 100�0 2�80 0�42
Q2 132�1 147�4 152�6 152�8
Q3 263�3 198�4 217�5 183�2
Min–Max 39�0–350�1 20�2–340�9 65�5–357�2 76�0–280�5

Sleep efficiency index (%)

Q1 24�5 24�6 25�8 23�8 2�15 0�54
Q2 28�9 32�4 35�4 33�9
Q3 48�9 41�8 45�2 42�9
Min–Max 11�5–72�8 18�6–71�5 19�2–66�3 15�6–75�5

Cortisol (lg/dl)

Q1 0�5 0�2 0�2 0�2 4�09 0�25
Q2 0�8 0�3 0�4 0�3
Q3 2�0 0�6 0�6 2�0
Min–Max 0�02–6�3 0�04–17�3 0�05–3�9 0�02–2�2

C-reactive protein (pg/ml)

Q1 329�2 1771�4 1135�0 577�0 3�33 0�34
Q2 2093�6 2370�0 1503�5 1840�1
Q3 4589�7 3196�3 3793�3 4695�3
Min–Max 40�0–13196�3 40�3–14357�0 77�1–14366�0 32�3–5439�0

T1–T4 denote immediate postoperative days/nights, Q1 (lower quartile), Q2 (median), Q3 (upper quartile), Min–Max (minimum and

maximum median scores).
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of the directionality (e.g. bidirectional) of the relationship

between sleep disturbance and inflammatory response is yet

to be explored. Nevertheless, the data offer a platform for

further empirical validation of the assumption that the

degree of patients’ sleep disturbances is proportional to the

levels of stress and inflammation (i.e. systemic inflammatory

response) postCPB, despite that the median salivary cortisol

levels were within the normal range. Supporting this

assumption and advancing the science in this field are the

two notable findings emerging from this study. First, cardiac

surgery patients are severely sleep-deprived during the imme-

diate postoperative period, regardless of their pain and

anxiety levels and the amount of medications consumed

(Table 1). Most importantly, the effects of sleep-promoting

(e.g. narcotic analgesics) and sleep-disrupting (e.g. beta-

blockers) medications on patients’ sleep patterns were not

statistically significant, warranting further research in this

patient population. Second, patients’ sleep deprivation is

associated with higher levels of inflammation and longer

cross-clamp time.

Degree of severity of sleep deprivation

The severity of the patients’ sleep deprivation is illustrated,

in comparison with norms, by a marked increase in median

WASO and SFI scores along with a marked decrease in the

median TST and SEI scores across all postoperative nights

(T1–T4). This degree of severity is further illustrated by

nonsignificant changes in the effects of time on the median

WASO, SFI, TST and SEI scores (Table 2). Compared with

previous research, our study patients’ sleep continuity (i.e.

TST) and sleep efficiency (SEI) are worse. Pooled results

from the four studies (Liao et al. 2011) that have used

wrist actigraphy showed higher mean TST (5�0–5�9 hours)

and SEI (62�6–63�3%) compared with our data showing

lower (poorer) mean TST and SEI scores of 2�6–4�8 (med-

ian 2�2–2�6) hours and 33�5–37�2% (median 29–35),

respectively. The differences in the findings are related to

methodological issues and reflect differences in the measure-

ment time periods, study settings and clinical variables, and

two of the four studies were published more than a decade

ago. Investigators of the three studies initiated the data col-

lection during the second postoperative night, and the other

investigator was not explicit about the time periods in

which the sleep data were recorded during the ‘first week’

of hospitalisation. Notably, one of the four studies was

implemented in Turkey (Yilmaz & Iskesen 2007), which

may have different patient care delivery processes than the

USA. Thus, variations in care delivery processes in adult

cardiac surgery programmes across countries, if any, and

the extent to which these variations influence sleep out-

comes require scrutiny. Another differentiating factor

related to our data is the inclusion of ‘off-pump’ (CPB was

not used) subjects in the two studies. It appears that

patients who were not exposed to CPB machine have fewer

sleep disruptions and higher sleep continuity than CPB

patients (Liao et al. 2011).

In recent years, the comorbidities in the cardiac surgery

population have become increasingly more complex (Bojar

2011). This trend may have also contributed to the degree

of the severity of sleep disturbances/deprivation among the

patients in the present study compared with those studies

that were published a decade ago. We also found that the

age of our study patients was negatively correlated with

SOL (rs = �0�55, p = 0�012). Changes in the sleep pattern

occur as the person ages and the SOL prolongs (Vester et al.

2008, National Sleep Foundation 2010). Further research is

needed to explore and understand the correlations between

age and SOL postCPB due to the wide variations of the

ranges in SOL scores found in the present study.

Despite the severity of our study patients’ sleep depriva-

tion, it is worth noting that their median SOL scores were

within normal ranges (<15 minutes) during postoperative

nights 1 and 4, suggesting that the patients’ propensity to

fall asleep was quick. However, the SOL minimum and

maximum scores ranged from 0–38 minutes. This range in

Table 4 Relationships between sleep pattern and inflammatory response variables postCPB

Cortisol

C-Reactive

Protein

Arterial Blood

Pressure Blood Glucose Heart Rate

White Blood

Cell

rs p rs p rs p rs p rs p rs p

Sleep onset latency 0�11 0�629 0�14 0�542 0�03 0�906 �0�39 0�114 0�08 0�734 �0�08 0�742
Wake after sleep onset 0�30 0�202 �0�28 0�230 �0�02 0�906 0�08 0�742 0�00 0�734 0�48 0�031
Sleep fragmentation index 0�82 <0�001 0�65 0�022 �0�17 0�491 �0�23 0�349 0�14 0�547 0�69 0�029
Total sleep time �0�43 0�059 0�07 0�772 �0�07 0�788 0�05 0�863 0�04 0�872 �0�31 0�188
Sleep efficiency index �0�35 0�128 0�58 0�015 �0�11 0�667 0�01 0�971 �0�54 0�823 �0�34 0�144

Bold values indicate statistically significant.
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SOL scores is possibly related to small sample size, timing

of data collection and variability in the timing and fre-

quency of care provided to patients. At the onset of data

collection (22:00 hours), the majority of the patients may

have been asleep or simply immobile, thus providing low

median SOL scores. On the contrary, a small number of

patients may have required frequent vital signs and hemo-

dynamic monitoring, turning to sides, blood sample draws

and/or performing bedside diagnostic procedures at the

start of sleep measurement (22:00 hours). Care delivery

process is one of the main culprits causing sleep disruptions

following cardiac surgery. A retrospective review of medical

records reported by Tamburri et al. (2004) revealed a mean

of 42�6 ‘care interactions’ occurring between the hours of

19:00 and 07:00, with peak interactions during sleeping

hours of 22:00 and 24:00 and early morning hours (07:00).

Objective ‘real-time’ data, such as the use of cameras, in

patient rooms are necessary to confirm the patient’s activity

at the onset of sleep measurement and the common clinical

knowledge that patients’ sleep disturbances are correlated

with the nature of care delivery processes or care interac-

tions. The majority of these studies, however, were imple-

mented in noncardiac surgical units employing checklists

and self-report questionnaires with inconclusive results

(Casida & Nowak 2011). Understanding the timing of the

patient’s sleep onset, whether it is influenced by movements

initiated by the patient or induced by the healthcare pro-

vider, or extent to which the environments of care can

influence the degree of sleep disturbances is critical knowl-

edge gap that must be addressed to appropriately develop

and test an intervention in postCPB patients.

Sleep deprivation and exaggeration in inflammatory

response

Sleep deprivation is known to cause stress and inflammation

in community-dwelling adults living with acute or chronic

illnesses and traumatic conditions (Vester et al. 2008). In

these populations, however, the relationships between sleep

deprivation, SOL durations, C-RP and morning levels of

cortisol are not clearly understood (Zhang et al. 2011).

What is becoming clear is that sleep deprivation can exag-

gerate inflammation (Mullington et al. 2009, Patel et al.

2009). A systematic review of the sleep literature showed

that a change in the person’s sleep–wake cycle may be the

first to trigger an acute state of inflammation (Ranjbaran

et al. 2007). These findings are consistent with our data that

demonstrated strong relationships between the variables of

sleep deprivation (high SFI and WASO, and low SEI), stress

(cortisol) and inflammation (C-RP and WBC). Whether

these relationships are bidirectional, which means that sleep

deprivation is linked with stress and inflammation and vice

versa, postCPB is not known. Some studies have shown that

sleep deprivation exaggerates inflammation and immune

response, but the dysregulated immune system has protec-

tive and restorative effects during acute states (Ranjbaran

et al. 2007). The increased C-RP (T2) and WBC (T1–T4)

levels observed in the study patients may be suggestive of

the acute systemic response during the immediate postCPB

recovery period. Surgical incision, effects of sternal retrac-

tors and cross-clamp and the use of CPB have been reported

as triggers for activating the inflammatory cascade, includ-

ing the release of pro-inflammatory substances (cytokines)

and leukocytosis manifested by an increased WBC level

(Roth-Isigkeit et al. 2000, Raja & Dreyfus 2005). This cas-

cade is perhaps a contributing factor for the markedly

increased SFI and WASO levels and markedly decreased

TST and SEI levels of the patients in this study. Therefore,

further research is needed to examine the extent of these

relationships and investigate the role of pro-inflammatory

markers (e.g. interleukins and tumour-necrotising factors)

that may have mediating effects between sleep deprivation

and inflammatory response postCPB.

Low SEI and sympathetic nervous system arousals (i.e.

catecholamine release) manifested by increased HR level

and high MAP are expected in sleep-deprived individuals

(Hall et al. 2004) including canine models who have under-

gone CPB (Schuessler et al. 2012), a contrasting observation

found in the present study warranting further explorations.

Likewise, correlations between high WASO and longer

cross-clamp time also require further explorations in future

as there are no published data available for comparison.

However, given the cross-clamp time of more than 60 min-

utes (Table 1), the ventricular function begins to deterio-

rate, leading to stimulation of the sympathetic nervous

system (Bojar 2011). Stimulation of the sympathetic nervous

system may be the contributing factor of frequent awaken-

ings or longer WASO durations in the settings of normal

HR and ABP across time periods (Tables 1 and 3). Never-

theless, the cardiac arrhythmia found in 30% of the subjects

is a manifestation of sympathetic nervous system stimula-

tion (Chelazzi et al. 2011); however, this explanation is

inconclusive warranting further research.

Limitations

The main limitation of this study is the use of wrist actigra-

phy. The accuracy of wrist-actigraphically measured sleep

relies on the wearer’s hand movement. Some investigators

have questioned the use of wrist actigraphy in critically ill
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patients based on the assumption that these patients have

limited movements (Bourne et al. 2007), which may have

explained the median SOL scores of 0 min throughout the

study period. However, this assumption has not been vali-

dated objectively such as by the use of a camera or a direct

observation involving large sample of critically ill patients

including postCPB. In spite of the limitations, wrist actigra-

phy is used because it is practical and less invasive and does

not interfere with patient care delivery in the intensive and

progressive care units of hospitals (Casida & Nowak 2011)

as compared to using polysomnography, the gold standard

for sleep measurement (Ancoli-Israel et al. 2003) designed

for sleep laboratories. Thus, our data should be interpreted

cautiously within the limits of wrist-actigrapically measured

sleep patterns and preliminary (exploratory) studies. The

methods we employed are subject to further refinement;

therefore, our conclusions are not definitive and cannot be

generalised.

Future directions

A set of investigative plans will be implemented in future to

address the aforementioned study limitations and to further

advance the science of sleep and inflammatory response in

cardiac surgery. First, we will use a portable limited channel

polysomnogram (i.e. home sleep testing monitor) to objec-

tively measures sleep patterns, in which the data are not

influenced by hand or body movement (Morales et al.

2012). Second, we will have larger sample size involving

patients with or without CPB (‘on or off pump’), second-

time cardiac surgeries (‘redos’ or ‘reoperations’) and other

thoracic surgeries requiring CPB (e.g. aortic aneurysm

repair) from different hospitals. Third, we will examine the

effects of vasoactive agents (dose and frequency of adminis-

tration), patient’s menopausal status or menstrual cycle, and

environmental factors (e.g. noise, light, temperature) on the

sleep–wake patterns. Fourth, we will add pro-inflammatory

marker (e.g. interleukins) variables and a subjective measure

of sleep, which is an excellent source of elaborating sleep

deprivation from patients’ perspectives (Vester et al. 2008)

to elicit comprehensive data on sleep and inflammation dur-

ing the immediate postoperative period. Finally, we will

employ an experimental design to determine the causal rela-

tionships between sleep disturbances, inflammatory

response, postoperative complications and health outcomes.

Conclusion

Based on the findings of this study, patients who were

exposed to CPB machine during cardiac surgery are

severely sleep-deprived during the immediate postoperative

period. The degree of the patients’ sleep pattern distur-

bances or sleep deprivation was associated with biomarkers

and surrogate markers of stress and inflammation. A larger

sample is needed to validate these findings which are para-

mount for the development of a conceptual model to map

out the underlying mechanisms of sleep pattern distur-

bances and inflammatory response postCPB. The model is

crucial for developing and testing sleep-promoting interven-

tions aimed to modulate the inflammatory response in car-

diac surgery, leading to health promotion and reduction in

risks and/or complications associated with CPB.

Research and clinical implications

In spite of the remarkable advancements in technology and

refinement in surgical techniques over the past several dec-

ades (Bojar 2011), sleep pattern disturbances are prevalent

in adult cardiac surgery (Liao et al. 2011). Nurses are well

positioned to solve this chronic problem through the devel-

opment and implementation of rigorous and methodologi-

cally sound studies based on the pathophysiology and

mechanism of sleep pattern disturbances and associated

outcomes postCPB. Based on the current state of the science

related to sleep in cardiac surgery (Casida & Nowak 2011,

Liao et al. 2011), it is premature for nurse-scientists to

delve into designing and testing interventions. At this stage,

research should be focused on understanding the mecha-

nisms of the clinical phenomena with research designs that

address the directionality and causality of the nature of the

relationship between the degree of sleep disturbances and

inflammatory response in adult cardiac surgery. In the

absence of this knowledge, the validity of the results and

the likelihood of producing negative results of interventions

cannot be avoided (Casida & Nowak 2011).

Sleep promotion is a nurse-driven intervention consistent

with the basic understanding about the interactions of

health and environment, dating back to the era of Florence

Nightingale (Fawcett & Desanto-Madeya 2012). Cardiac

surgery nurses have the power to transform the care pro-

cesses and the environments of care that presumably affects

the sleep patterns of patients during the immediate recovery

period. However, nurses must be cognizant about manipu-

lating the care delivery process without substantive evidence

to support the change in practice. Otherwise, nurses will

not be successful in making a case to create policy and

influence the multidisciplinary healthcare team to change

the night-time routine care delivered to patients in the car-

diac surgical units. Nurses must lead the efforts in advanc-

ing the science of sleep and sleep outcomes among

© 2013 John Wiley & Sons Ltd

2340 Journal of Clinical Nursing, 23, 2332–2342

JM Casida et al.



hospitalised patients. Additionally, nurses must show the

public that these efforts are directly related to their roles in

health promotion and risk reduction. Interventions target-

ing variables that disrupt the sleep–wake cycle can help

modulate the inflammatory response which may reduce

inflammation-associated complications in cardiac surgery.
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