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Abstract 
Objective: Sleeping problems are among the issues most mentioned by patients after cardiotho-
racic surgery. These problems can have a negative effect on duration of the hospital stay and re-
covery. In the ward of our cardiothoracic surgery department, a study was initiated to assess the 
quality of sleep after cardiothoracic surgery. The primary objective was to investigate the effect of 
cardiothoracic surgery on the quality of sleep. The secondary objective was to investigate the 
quality of sleep. Correlations with perioperative factors and related issues such as the type of sur-
gery and medication were sought. Methods: A consecutive prospective cohort study was initiated 
(N = 72). The study used validated questionnaires to assess sleep: the Pittsburgh Sleep Quality In-
dex (PSQI), the Epworth Sleepiness Scale (ESS), the Verran Snyder-Halpern Sleep Scale (VSH) and 
the Factors Influencing Sleep Quality (FISQ). Results: The PSQI showed that the quality of sleep one 
month after surgery was inferior to the quality of sleep before surgery (p-value: 0.03). The effi-
ciency of sleep (time spent in bed) was higher after surgery then before surgery (p-value: 0.01). 
The VSH showed increased impaired sleep on the third night after surgery. The most disruptive 
factors were not being comfortable in a hospital bed, pain and the noise of medical devices. Con-
clusions: The quality of sleep after cardiothoracic surgery is worse when compared with the pre-
operative situation. The chief influencing factors are discomfort in bed, pain and disturbance from 
medical devices. The use of pain medication does not improve the quality of sleep. 
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1. Introduction 
Although cardiothoracic surgery has led to improvements in life expectancy and quality of life for patients suf-
fering from an array of cardiovascular problems and thoracic diseases, the quality of life after surgery is still 
negatively influenced by a number of factors. An important aspect of the quality of life is the quality of sleep, 
defined as a period of inactivity and the absence of consciousness [1]-[3]. Lack of sleep influences the quality of 
life and well-being of patients [1]. Sleep deprivation, the lower overall sleep time and disturbance of sleep are 
common problems during either acute or chronic illness [2]. Surgical patients experience more sleeping prob-
lems than medical (nonsurgical) patients, with the exception of psychiatric patients [3] [4]. 

In the Netherlands each year about 19,000 patients undergo cardiac surgery. This kind of surgery is central-
ized in 16 hospitals. The Department of Cardiothoracic Surgery of the Erasmus University Medical Centre per-
forms 1100 cardiac procedures and 350 thoracic procedures per year. 

The department’s protocol at the time of this study consisted of sleep medication on request by patients. Daily 
complaints by patients and a lack of recent literature into this relevant clinical problem constituted the basis of 
this study. 

Earlier studies in patients undergoing cardiac surgery show that sleeping problems after surgery wre a preva-
lent complaint [5]-[8]. The low quality of sleep and sleep deprivation lead to fatigue, sleepiness and a slower 
recovery, longer hospital stays and poor quality of life [6] [9]. Furthermore, it has been shown that poor quality 
of sleep increases the risk for the development of postoperative delirium in thoracic patients. It has also been 
demonstrated that the quality of sleep is related to a longer stay in hospital after surgical procedures [9]-[11]. 

The aim of this study was to investigate the effect of cardiac or thoracic surgery on the quality of sleep using 
four validated questionnaires (PSQI, ESS, VSH and FISQ). The secondary aims were to determine what factors 
influenced sleep and the effects of hypnotics and pain medication on the quality of sleep. Furthermore, in order 
to assess objectively the quality of sleep of our patients, a comparison was done with the quality of sleep in the 
general population. 

Cardiac surgery is here defined as any surgical procedure involving the heart and the thoracic aorta, which is 
performed to correct acquired or congenital defects, replace or repair disease valves or bypass blocked vessels. 

Thoracic surgery is here defined as any surgical procedure involving organs with exception of the heart and 
thoracic aorta located in the thorax or chest. 

2. Methods 
2.1. Study Setting and Design 
Between January 1, 2013 and May 5, 2013 all consecutive patients meeting the inclusion criteria (>18 years old 
and capable of reading and answering questionnaires in Dutch) were included in this prospective study. All pa-
tients signed for informed consent. The data was collected during the hospital stay of patients in the ward of the 
Department of Cardiothoracic Surgery and after discharge. There was a total of five measuring moments. Data 
was collected by using a flowchart which was applied to all patients (Figure 1). The day before surgery (T0) the 
first questionnaires were answered (PSQI and ESS). After discharge from intensive care and return to the ward 
at consecutive measuring moments T1 (first day after surgery), T2 (second day after surgery) and T3 (third day 
after surgery) the ESS, VSH and FISQ questionnaires were answered by patients. Three weeks after surgery all 
patients received the last questionnaires (PSQI and ESS) by mail at their home addresses (T4). If there was no 
reply within two weeks, the patients were called to remind them to answer the last questionnaires. The general 
and surgical details were retrieved from the electronic data management system. A total of 200 patients were 
asked to participate in this study, and of this population 72 (36%) patients agreed to participate. The complete 
study protocol was followed by 48 (67%) patients of this group. During the clinical period, data (T1, T2 and T3) 
were not completed by 24 (33%) patients. The loss of seven (10%) patients was due to complications, such as 
delirium, ischemic stroke or critical illness, but the major part of the lost data was due to patients not answering 
the clinical questionnaires, six (8%) patients listed pain as the reason for not answering the questionnaires, 2wo 
(3%) were too tired and another six (8%) patients forgot or were unable to return the needed forms. The outpa-
tient data was retrieved for 56 (78%) patients. Two (3%) of the missing patients who were still admitted to hos-
pital did not fit the research protocol. The other patients (19%) did not return the form despite two attempts to  
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Figure 1. Oversight data-collection: T0 = before surgery; T1 = moment 1 after sur-
gery; T2 = moment 2 after surgery; T3 = moment 3; T4 = moment 4 (one month after 
surgery). PSQI: Pittsburg Sleep Quality index; ESS: Epworth Sleepiness Scale; VSH: 
Verran Snyder-Halpem Sleep Scale; FISQ: Factors Influencing Sleep Quality. 

 
invite them to participate. 

2.2. The Questionnaires 
The following questionnaires were used to assess the quality of sleep in our patient population. 

2.2.1. The Pittsburgh Sleep Quality Index  
The Pittsburgh Sleep Quality Index (PSQI) is a validated questionnaire and investigates different aspects of 
sleep: the duration of sleep, sleep disturbance, sleep latency, day dysfunction due to sleepiness, sleep efficiency, 
overall sleep quality and use of sleeping medication [12] [13]. There are also questions for the partner of the pa-
tient, but these are not mandatory for obtaining a score. This index is used to interpret quality of sleep during a 
1-month period. A higher score indicates a worse quality of sleep.  

2.2.2. The Epworth Sleepiness Scale  
The Epworth Sleepiness Scale (ESS) is also a questionnaire that is validated in Dutch and comprises eight ques-
tions to assess sleepiness. This scale was used to assess sleepiness in a clinical environment in an earlier study 
[14]. A score of more than 10 points indicates sleepiness. 

2.2.3. The Factors Influencing Sleep Quality  
The Factors Influencing Sleep Quality (FISQ) is a questionnaire which is used to determine which variables in-
fluence sleep during hospital admission. The scale was validated in 1985 [15] [16] and demonstrated high valid-
ity in a previous study about sleep after cardiac surgery [3]. The scale ranges from 0 (no disturbance) to 4 (ex-
treme disturbance). The maximum score possible is 3.54, and the lowest possible score is 0.71. 

2.2.4. The Verran Snyder-Halpern Sleep Scale 
The Verran Snyder-Halpern Sleep Scale (VSH) is a scale which has been used in several studies of the quality of 
sleep of cardiothoracic surgery patients [17]. It comprises of 15 questions and measures the disturbance of sleep, 
efficacy of sleep and need for additional sleep (sleeping during day-time). The scale was validated in 1987. For 
the disturbance of sleep the scale ranges from 0 (good) to 70 (bad), for efficacy of sleep from 0 (bad) to 40 
(good) and need for additional sleep from 0 (good) to 40 (bad). 
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2.3. Statistical Methods 
The Statistical Package for Social Sciences version 20 (SPSS) was used for all statistical analysis. Variables 
were compared using an unpaired Student’s t-test. A Chi-square test was used for categorical variables. Data are 
presented as percentages unless indicated otherwise. A p-value < 0.05 was thought to represent statistical sig-
nificance. ANOVA for repeated measurements were used for data collected at sequential measuring moments. 

2.4. Ethics 
The local Medical Ethics Committee of the Erasmus Medical Centre approved the study (MEC 2012-576). 

3. Results 
The population predominantly consisted of males (81%) undergoing cardiac surgery. The most prevalent co-
morbidities among participating patients consisted of hypertension (35%), diabetes mellitus type II (15%) and 
previous myocardial infarction (13%) (Table 1). There was hardly any preoperative use of hypnotics (1%) or 
anxiolytics (6%). 

3.1. PSQI 
The quality of sleep four weeks post-surgery was rated lower than the quality of sleep before surgery (p-value: 
0.03). This is calculated by comparing the total score on the day before surgery with that on Day 30 after sur-
gery. The sleep efficiency (time spent in bed) at four weeks was higher in comparison to T0 (p-value: 0.01; 
Figure 2). When comparing the results of this study cohort to the results of the control group in the original 
validating cohort study [12], patients before and up to one month after surgery scored worse than the control 
group (the control group total score was 2.67 and the study group total scores were 5.9 and 6.7 at T0 and T4). 
 

 
Figure 2. PSQI scores at the day before surgery and 30 days after surgery. Higher 
scores mean poorer quality of sleep. PSQI: Pittsburg Sleep Quality Index. 
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Table 1. Demographic characteristics of patients. SD: Standard de-
viation, N: number of patients. 

Patient Characteristics (%) 

Male 81 

Age, average (SD) 58 (14) 

Body Mass Index, average (SD) 27 (5) 

Medical History 

Atrial fibrillation 14 

Other cardiac aritmia 1 

Chronic obstructive pulmonary disease 8 

Obstructive sleep apneu syndrome 3 

Other sleep disorders 1 

Diabetes mellitus 15 

Mycardial infarction 13 

Alcohol abuse 1 

Heart failure 4 

Hypertension 35 

Psychiatric history 0 

Cerebro-vasculair incident or transcient ischemic accident 10 

Renalin sufficiency 7 

Previous cardiac surgery 10 

Previous thoracic surgery 1 

Perioperative Factors 

Endocarditis 1 

Mediastinitis 0 

Reason of Admittance 

Cardiac surgery 82 

Lung surgery 14 

Other cardio-thoracic surgery 4 

Previous Used Sleep Medication, Antipsychotics or Anxiolytica 

Sleep medication 1 

Antipsychotic medication 3 

Anxiolytica 6 
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3.2. ESS 
This score did not deviate during the five different measurements and was within normal parameters according 
to the ESS (Table 2).  

3.3. FISQ 
The FISQ (Table 3) showed that the most disturbing factors of sleep were: Not being able or allowed to find a 
comfortable position in bed, pain and alarm signals from medical equipment. 

3.4. VSH 
The results of the VSH showed that the worst overall quality of sleep occurred during the third night after sur-
gery (T3). Disturbances of sleep were mainly seen on the first night after surgery (T1). This is shown in Table 4. 
Since pain medication is often used in this patient group, scores were divided into scores with and without pain 
medication [18]. 

This study also investigated the effect of pain medication and hypnotics on the quality of sleep. Pain medica-
tion was the most frequently administered medication (morphine in combination with acetaminophen). On T1 52% 
of all patients received pain medication, on T2 12% of patients still received pain medication and on the night of 
T3 10% received pain medication. There seems to be a trend towards better quality of sleep after pain medica-
tion, though this is accompanied by a poorer efficacy of sleep. Analyses of VSH and ESS did not show any sig-
nificant differences (p-values > 0.1). 

The administration of sleep medication exhibited an increase from 6% on T1 to 14% on T2 and then to 25% 
on T3 (Table 5). Patients receiving sleep medication scored worse on the quality of sleep compared to respon-
dents not using sleep medication. Patients were also scoring lower on efficacy of sleep and number of distur-
bances. However, there was no difference in sleepiness during the day.  
 

Table 2. ESS: Epworth Sleepiness Scale, N: number, MIS: missing data, SD: standard devia-
tion. A score of >10 indicates sleepiness. 

ESS 
T0 

N = 73 
MIS = 4 

T1 
N =48 

MIS =0 

T2 
N = 48 

MIS = 0 

T3 
N = 47 

MIS = 0 

T4 
N = 56 

MIS = 1 

Notsleepy, N (%) 65 (90) 44 (92) 46 (96) 43 (92) 53 (95) 

Sleepy, N (%) 3 (4) 4 (8) 2 (4) 4 (8) 2 (4) 

Average (SD) 3.7 ± 3.3 4.7 ± 3.4 4.2 ± 2.7 4.5 ± 3.5 3.6 ± 2.6 

 
Table 3. FISQ score of >1.44 is moderate to excess of disturbance in sleep. Maximum score 
possible is 3.54, lowest possible score is 0.71. 

 T1 T2 T3 

Not being comfortable in bed or unable to move 2.85 2.60 2.32 

Pain 2.54 2.69 2.11 

Not being able to perform normal bed routine 2.27 1.88 1.66 

Noise from medical devices 2.19 1.90 2.02 

Noises from other patients, like coughing, snoring 2.10 1.81 1.96 

Undergoing medical or nurse procedures 1.90 1.85 1.62 

Not being in your own bed 1.85 1.79 1.77 

Bed making noises 1.79 1.65 1.72 

Noise made by healthcare providers 1.71 1.75 1.57 
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Table 4. Pain medication first night after surgery. VSH (Verran Snyder-Halpem Sleep Scale): Total 
score: lower = worse. Disturbance of sleep: Higher = worse. Sleep efficiency: lower = worse. Need 
for extra sleep: Higher = worse. ESS (Epworth Sleepiness Scale) Higher scores indicatie more sleepy. 

 T1 (first night) With pain medication 
N = 25 

Without pain medication 
N = 23 p-value 

VSH Total quality of sleep, average, SD 73.6 ± 18.9 70.3 ± 21.3 0.57 

 Disturbance of sleep, average, SD 35.4 ± 15.2 38.0 ± 16.1 0.57 

 Efficacy of sleep, average, SD 16.1 ± 7.6 18.1 ± 8.0 0.39 

 Need for extra sleep, average, SD 17.0 ± 7.1 19.8 ± 7.1 0.19 

ESS Average, SD 4.6 ± 2.7 4.7 ± 4.3  

 
Table 5. Effect of sleep medication on VSH and ESS on third night after surgery. VSH (Verran 
Snyder-Halpem Sleep Scale): Total score: lower = worse. Disturbance of sleep: Higher = worse. 
Sleep efficiency: lower = worse. Need for extra sleep: Higher = worse. ESS (Epworth Sleepiness 
Scale) Higher scores indicatie more sleepy. 

 T3 (third night) With sleep medication 
N = 12 

Without sleep medication 
N = 36 p-value 

VSH Total quality of sleep, average, SD 74.3 ± 20.8 79.3 ± 18.5 0.12 

 Disturbance of sleep, average, SD 37.2 ± 16.3 34.1 ± 13.6 0.15 

 Efficacy of sleep, average, SD 16.2 ± 11.1 18.3 ± 7.6 0.23 

 Need for extra sleep, average, SD 14.7 ± 4.8 14.9 ± 5.7 0.81 

ESS Average, SD 3.3 ± 1.8 4.8 ± 3.8  

 
In this study not only cardiac surgery patients but also thoracic surgery patients (N = 7) were included. The 

overall trend shows better VSH scores for the thoracic surgery patients. However, the small number of thoracic 
surgery patients included does not allow generalizing about this trend. 

4. Discussion 
This study shows that quality of sleep after cardiothoracic surgery is worse up to one month after surgery com-
pared to the preoperative situation.  

Problems with sleep can be measured using VSH, which measures the disturbance of sleep, efficacy of sleep 
and need to sleep during the day. That most disturbances are seen on the first night after surgery seems logical. 
Patients are still attached to wound drainage systems and cardiac surveillance equipment and are often physi-
cally examined by nurses and doctors. But the question of why patients experience the worst quality of sleep at 
night 3 (T3) is more difficult to answer. Monitor rounds are less frequent, and wound drainage systems have 
been removed. One possible explanation is that not receiving additional pain medication (only 10% of patients 
still receive pain medication) accounts for the poorer quality of sleep. However, earlier studies in our centre 
show a decreased need for pain medication at this time [18]. 

This effect of poorer sleep can be attributed to limitations after surgery (e.g. not being allowed to sleep on 
your side, or a different daily schedule).  

Further analysis using the ESS (a self-reported measure of sleepiness) showed no deviation from the normal 
range. This result was unexpected. Patients have undergone major surgery with use of hypnotics and pain medi-
cation. It was expected that on day 1 and day 2 patients would experience more sleepiness. Objectifying sleepi-
ness could be included in further research using equipment to either measure actual sleep [14] or by using wrist 
actigraphy [19]. The last technique has been validated for early detection of delirium by registering the amount 
of movement by patients and may also provide information on the amount of sleepiness and activity during the 
night. 

Furthermore, the study shows that sleep is disturbed by many factors beyond the control of the patient (the 
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FISQ questionnaire). Nurses should be aware of the disturbances that they cause during the nightshift. Further-
more, there should be attention to the problems patients have with positioning and the amount of comfort in bed. 
This study shows that these are persistent problems causing sleep issues. 

Interventions in both nurses’ behaviour but also the physical aspect of the ward need to be given more atten-
tion, and after implementation the results could be studied using the questionnaires of this study.  

This study does not incorporate pain scores into the analysis. The department has a nurse driven protocol 
which has been shown to result in lower pain scores (according to VAS) [18]. The efficacy of pain medication 
and low VAS scores on the quality of sleep need further investigation. This study shows a trend towards better 
sleep with pain medication, in contrast with the trend towards worse quality of sleep despite using hypnotics af-
ter surgery. This relationship seems contradictory; with less pain a better quality of sleep should be expected. 

The ward comprises a high care and medium care facility. The usual pathway is one night of intensive care 
after surgery and then referral to the medium care facility. However, 24 patients were admitted to the high care 
facility after several hours in the ICU and before going to the ward. These patients answered T1 several hours 
earlier. This could affect the quality of sleep as these patients tended to be in greater pain and require more pain 
medication. 

The poorer quality of sleep seems to continue in the complete follow-up. Comparing the scores to the bench-
mark set for the normal population continued to demonstrate worse scores. This study did not clarify why this 
cohort of patients continued to score worse. 

A number of patients were unable to follow up for the complete study protocol. From the original 72 included 
patients only 47 filled in T1, T2 and T3. Using the four questionnaires to assess sleep and the protocol within the 
timeframe proved to be challenging for both patients and nurses. Therefore, there was an amendment after one 
week in which a flowchart was given to nurses and patients. The VSH proved to be difficult for most patients. 
Redundancy or similarity in questions prompted patients to skip such questions. 

In future studies the usage of the questionnaires will need to be explained more in depth to patients. 

Limitations 
This study has several limitations. The number of patients enrolled was limited, and this made it more difficult 
to generalize the findings of this study to the overall population of cardiothoracic surgery patients. In follow-up 
studies more patients should be enrolled in order to further investigate sleeping issues after cardiothoracic sur-
gery. 

Furthermore, enrolled subjects had problems with filling out the questionnaires. The redundancy or similarity 
in questions prompted patients to skip questions. Another reason for not following protocol was the number of 
questionnaires. This was addressed by a protocol amendment in which the patients and nurses involved received 
a flowchart with information on the required questionnaires and the timeframe of the questionnaires. 

5. Conclusion 
In conclusion, the quality of sleep after cardiac or thoracic surgery is poor. The influencing factors are discom-
fort in bed, pain and disturbance from medical devices. The use of pain medication does not improve quality of 
sleep. Patients after cardiac surgery have a poorer quality of sleep than thoracic surgery patients do. Further re-
search into how long these effects continue and if and when patients return to base-line needs to be formulated. 
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