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plegia using the latter approach. The correction procedure
is therefore performed with strict monitoring of evoked
potentials, or with an intraoperative wake-up test subsequent to the correction. The wake-up test in scoliosis surgery was first described by Vauzelle et al.4 in 1973. At the
surgeon’s request, the level of the anesthesia is reduced
until the patient is able to respond to instructions. Voluntary movement of all extremities allows intraoperative damage to the spinal cord to be either excluded or recognized
at an early stage, thus allowing immediate revision in the
presence of new-onset neurologic deficits.2,5
Scoliosis surgery represents a special challenge in anesthesia, particularly during the wake-up test. The anesthesiologist has to manage the conflicting situation between sufficient consciousness to prove the patient’s
voluntary motor function and adequate sedation and
analgesia to prevent psychological trauma as a result of
postoperative recall. In the past, we noticed that several
patients in our department reported sleep disturbances
in the ward after scoliosis surgery. Sleep disturbances are
experienced as particularly troublesome and can have
substantial effects on health and the quality of life.6,7
Because of its short context-sensitive half-life of 3– 4
min, the opioid currently recommended in the literature for scoliosis surgery including a wake-up test is
remifentanil.5,8 –10 However, it still remains unclear
whether remifentanil provides adequate analgesia of
the patient during the wake-up test. In addition, the
drug itself may impair postoperative sleep.11
We hypothesized that an intraoperative wake-up test
and the specific opioid may have an effect on patients’
postoperative sleep quality. Therefore, in this prospective, single-blinded cohort study, the impact of the intraoperative wake-up test and the opioid used for anesthesia on patients’ sleeping behavior after scoliosis surgery
was investigated, including a follow-up evaluation until
1 yr postoperatively.

INTRAOPERATIVE awareness is one of the major anxieties of patients undergoing surgery.1 However, patient
cooperation is necessary in some types of operative
procedures, such as neurosurgery and modern scoliosis
repair.2 Depending on the type of scoliosis involved, an
anterior or posterior correction procedure is chosen. In
anterior procedures, correction is performed using convexside compression, so that there is no danger of distraction
paraplegia.3 In contrast, distraction is used in posterior
correction spinal fusion, leading to a potential risk of para* Resident, † Professor, ‡ Professor and Medical Director, § Staff Anesthesiologist, Department of Anesthesiology and Intensive Care, 㛳 Resident, ** Medical
Student, †† Associate Professor, Department of Orthopedics, # Research Associate, Institute of Medical Informatics and Biomathematics, University Hospital of
Muenster.

Materials and Methods
The study was approved by the institutional review
board at the University of Muenster, Muenster, Germany
(reference number 2008 – 095-f-S).
The quality of sleep was assessed using the Pittsburgh
Sleep Quality Index (PSQI) questionnaire. The PSQI
records seven components of sleep quality, retrospectively over a period of 4 weeks: the frequency of sleepdisturbing events, self-assessment of sleep quality, the
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Background: The intraoperative wake-up test is a standard
procedure for early recognition of neurologic complications
after posterior correction of idiopathic scoliosis. In this prospective, single-blinded cohort study, the impact of the wake-up
test and the opioid used for anesthesia on the quality of the
patients’ sleep after scoliosis surgery was investigated up to 12
months postoperatively.
Methods: Patients were classified into three groups: posterior
instrumentation with wake-up test using remifentanil, anterior
instrumentation without wake-up test using sufentanil, and posterior instrumentation with wake-up test using sufentanil. The
quality of sleep was assessed using the Pittsburgh Sleep Quality
Index questionnaire preoperatively as well as 3, 6, and 12 months
postoperatively. In addition, data were collected on patients’ age,
weight, and sex, as well as the duration of the operation and
anesthesia, amount of blood loss, specific opioid dosages, and
wake-up test times. Statistical analysis was conducted using the
Mann–Whitney, Kruskal–Wallis, and Wilcoxon tests.
Results: There were no differences between groups with regard
to baseline characteristics. No explicit recall was assessed through
all groups. At 3 and 6 months postoperatively, the sleep quality in
the posterior–remifentanil group was significantly poorer than
preoperatively and compared with the anterior– and posterior–
sufentanil groups. No significant differences in wake-up test times
between groups undergoing posterior instrumentation occurred.
Conclusions: This study suggests that patients undergoing
scoliosis surgery with an intraoperative wake-up test using
remifentanil had impaired sleep quality that lasted up to 6
months postoperatively. No deterioration in sleep quality was
observed with sufentanil. Large randomized trials are now
needed to confirm these preliminary results.
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the anterior and PS groups or 0.5 g · kg⫺1 · min⫺1
remifentanil (GlaxoSmith Kline Ltd., Munich, Germany)
in the PR group, and 0.15 mg/kg cisatracurium (GlaxoSmithKline Ltd.). Anesthesia was maintained using the
volatile anesthetic sevoflurane (Abbott Ltd., Wiesbaden,
Germany) with an end-tidal concentration of 1.5–3.0 vol%
and— depending on the group assignment—intermittent
sufentanil administration in the anterior and PS groups or a
continuous intravenous infusion of remifentanil in the PR
group (0.2– 0.5 g · kg⫺1 · min⫺1). The dosage of each
opioid was guided by the patient’s individual requirements.
The procedure was performed during controlled hypotension (mean arterial pressure 50 – 65 mmHg) in all groups.20
If necessary, the ␣-inhibitor urapidil was used to guarantee
this range of mean arterial pressure.
The wake-up test was performed in accordance with the
following protocol: At the surgeon’s request, anesthesia
was reduced. In the PR group, the remifentanil infusion
was stopped. Sevoflurane was decreased by stopping the
supply and increasing the oxygen flow to 4 l/min in the PR
and PS group until spontaneous breathing occurred and
the patient followed the instruction to move the extremities. Immediately after the surgical team had checked intact
voluntary movement of all extremities, anesthesia was
deepened with an intravenous administration of propofol
(Fresenius Kabi Ltd., Bad Homburg, Germany; 1–2 mg/kg)
and sufentanil (0.3 g/kg) or remifentanil (1 g/kg). In
addition, 2–3 mg midazolam was administered intravenously. The wake-up test times were recorded.
After the wake-up test, anesthesia was continued as described above. Postoperatively, the patients were moved to
the recovery room and then discharged to the peripheral
wards after having met the criteria for discharge, i.e., consciousness, hemodynamic stability, sufficient breathing, as
well as unimpaired swallow and cough reflexes. After posterior surgery, patients were mechanically ventilated in the
recovery room for 2 more hours. All patients were treated
according to the following pain management protocol: 20
mg/kg paracetamol was administered orally four times per
day. In addition, 0.2 mg/kg piritramide was administered
intravenously every 6 h from day 1 until 3 after surgery. The
dosage was reduced to 0.1 mg/kg on the fourth day. Piritramide was stopped at the fifth postoperative day.
Statistical Analysis
Statistical analysis was performed using SPSS for Windows, version 13.0.1 (November 2004; SPSS, Inc., Chicago, IL). Categorical variables are expressed as frequency and percentage, whereas continuous variables
and PSQI scores are represented as median and interquartile range [25th percentile; 75th percentile]. Before
statistical testing, each continuous variable was analyzed exploratively for its normal distribution (using
the Kolmogorov–Smirnov test). The Mann–Whitney
test was applied for comparison of nonparametric variables between two study groups. The nonparametric
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usual sleeping times, sleep latency and sleep duration,
use of sleeping medication, and tiredness during the day.
Nineteen self-rated questions, each one scored from 0 to
3, are combined to form seven corresponding component scores, each one ranging from 0 to 3. The global
score is generated by summing up all seven component
scores and ranges from 0 to 21, with higher values
corresponding to reduced sleep quality. There is an
empirical cutoff value of 5 that makes it possible to
classify patients into “good” and “poor” sleepers. In the
first description of the PSQI, healthy individuals who
were not awaiting surgery had a PSQI score of 2.67
(⫾ 1.7).12,13 The following statistical data are available in
the literature on the reliability and validity of the PSQI
questionnaire: The stability of the PSQI has been tested
in three studies and assessed as satisfactory, with values
between 0.82 and 0.89 for the overall PSQI score. The
internal consistency and homogeneity of the overall
score are 0.77. The sensitivity of the overall PSQI score
for various samples of sleep-disturbed patients was always higher than 80% (80 –100%), and the specificity
was similarly high (83– 87%).12,14 –16 Various studies
used the PSQI score in preoperative or postoperative
patients before.17–19 The PSQI questionnaire is included
in the current article as appendix 1, and the scoring
instructions are included as appendix 2.
After receiving detailed information and providing
written informed consent to participate in the study, the
patients completed a PSQI questionnaire preoperatively,
as well as 3 months, 6 months, and 1 yr postoperatively.
The encoded questionnaires were analyzed by an independent investigator unaware of the study protocol. In
addition, data were gathered on patients’ age, weight, and
sex, as well as on the duration of surgery and anesthesia,
the vertebral levels operated on, the amount of blood loss,
the opioid used, and its dosage. In addition, the wake-up
test times were documented. The patients were also explicitly asked on the first day after the operation whether
they had any memory of the wake-up test.
The patients were divided into three groups according to
the type of surgery performed and the anesthesiologic
standards at our hospital, i.e., posterior instrumentation
with an intraoperative wake-up test, using remifentanil (PR
group, n ⫽ 32), and anterior instrumentation without an
intraoperative wake-up test, using sufentanil (anterior
group, n ⫽ 40). After analysis of the initial results, another
group with posterior instrumentation, an intraoperative
wake-up test, and sufentanil (PS group, n ⫽ 19) was also
investigated.
Anesthesia was performed in all groups in accordance
with the following protocol: On the morning of surgery,
patients received 0.3 mg/kg midazolam (Hoffmann-La
Roche AG, Grenzach-Wyhlen, Germany) orally for premedication. Anesthesia was induced with 5 mg/kg thiopental (Inresa Arzneim Ltd., Freiburg, Germany), 0.3
g/kg sufentanil (Janssen-Cilag Ltd., Neuss, Germany) in
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Results
There were no differences between groups with regard
to age, weight, sex, or wake-up test times (table 1). The
duration of surgery and anesthesia was significantly shorter
in the anterior group as compared with the posterior
groups. The opioid dosage, the number of vertebral
levels operated on, and the amount of blood loss were
also significantly lower in the anterior group. The
patients included in the current study did not report
any symptoms or memories of the wake-up test. All of
them felt comfortable with the postoperative pain
management.
Preoperatively, there were no differences between
groups with regard to PSQI values (anterior: 3 [3; 5]; PS:
4 [2; 6]; PR: 4 [3; 5]; P ⫽ 0.828); median values were

Fig. 1. Individual Pittsburgh Sleep Quality Index (PSQI) scores of
all patients included in the group that received posterior instrumentation with wake-up test using remifentanil. The continuous line represents the cutoff value of 5.

below the cutoff value of 5. The patients in the PR group
had a significantly diminished quality of sleep up to 6
months postoperatively in comparison with the situation
before the surgical procedure (P ⬍ 0.05). The maximum
PSQI value was observed at the first postoperative questionnaire 3 months postoperatively (7 [6.25; 9]). After 1
yr, the PSQI value decreased below the cutoff value of 5
again and thus into the range of the preoperative values
(4 [3; 6.75]). The detailed PSQI values for each patient
within the PR group are provided in figure 1.
Among the patients in the anterior group, there were no
significant differences in sleep quality in comparison with

Table 1. Control Data
AS

PR

PS

Patients, n
Sex, F/M
Age, y
Body weight, kg
Anesthesia duration, min

40
36/4
16 [14; 17]
57 [50; 63]
303 [266; 325]

32
29/3
16 [13; 20]
57 [49; 65]
345 [305; 400]*

19
13/6
16 [14; 19]
60 [50; 64]
353 [313; 418]†

Operating time, min

190 [170; 220]

240 [210; 295]*

245 [216; 310]†

Levels operated on

7 [5; 7]

Blood loss, ml

450 [300; 525]

Dosage of opioid, g · kg⫺1 · min⫺1
Wake-up test times, min

0.006 [0.005; 0.007]

—

11 [9; 12]*

11 [9; 12]†

900 [500; 1,288]*

800 [500; 1,050]†

0.275 [0.216; 0.329]*‡

0.006 [0.005; 0.007]

7.5 [6.3; 11]

10 [7.6; 13]

P Value

0.062§
0.336§
0.334§
⬍ 0.000*
0.001†
⬍ 0.001§
0.663‡
⬍ 0.000*
0.000†
⬍ 0.001§
0.716‡
⬍ 0.001*
⬍ 0.001†
⬍ 0.001§
0.650‡
⬍ 0.001*
⬍ 0.001†
⬍ 0.001§
0.630‡
⬍ 0.001*
0.587†
⬍ 0.001§
⬍ 0.001‡
0.054

Data are presented as median and interquartile range 关25th percentile; 75th percentile兴.
* AS vs. PR.

† AS vs. PS.

‡ PR vs. PS.

§ Overall significance among the three groups.

AS ⫽ anterior instrumentation group without wake-up test using sufentanil; PR ⫽ posterior instrumentation group with wake-up tests using remifentanil; PS ⫽
posterior instrumentation group with wake-up tests using sufentanil.
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patients’ baseline characteristics and PSQI scores were
assessed using the Kruskal–Wallis test. The Friedman
signed rank test was used to compare the nonparametric
time-dependent variables. The chi-square test was performed for comparison of categorical variables.
Pairwise multiple comparisons after the Friedman and
Kruskal–Wallis tests were performed using the Miller
“simultaneous statistical inference” procedure.21,22 The
rank average differences for any pair were compared with
the critical constant. The null hypothesis was rejected if the
rank average difference of any pair exceeded the critical
constant. This meant that the difference between the compared samples was significant. Differences were considered as statistically significant at P ⬍ 0.05.
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the baseline values during the entire 1-yr follow-up period.
After 3 months, there was a trend toward a slight increase
in PSQI values, although they did not increase above the
cutoff value of 5 (4 [3; 5]). However, values returned below
baseline values after 1 yr (3 [2; 5]). After 3 and 6 months,
the PSQI values in the PR group were significantly higher as
compared with those in the anterior group (P ⬍ 0.05).
No significant differences in PSQI values were observed in the PS group during the 1-yr follow-up period
compared with preoperative values (4 [2; 6]; P ⫽ 0.772).
The median PSQI score was always below the cutoff
value of 5. In comparison with the anterior group, no
significant differences in PSQI values were seen at any
time point. When the results for the PS group were
compared with those for the PR group after 3 and 6
months, PSQI values in the PS group were found to be
significantly below those in the PR group (P ⬍ 0.05). The
PSQI scores in the various groups at the individual questionnaire time points are shown in figure 2. Detailed information about the results within the different components
of the PSQI questionnaire is presented in appendix 3.

Discussion
The current study demonstrates that patients who have
undergone posterior instrumentation spinal fusion with an
intraoperative wake-up test using remifentanil slept significantly more poorly up to 6 months postoperatively than
did patients with an anterior instrumentation without a
wake-up test. Notably, postoperative sleep disturbances
after the wake-up test were reduced to values noticed
without any wake-up test when sufentanil instead of
remifentanil was used for intraoperative analgesia. These
Anesthesiology, V 109, No 4, Oct 2008

data strongly suggest that not only the wake-up test itself,
but also the opioid choice may contribute to postoperative
sleep disturbances in patients undergoing scoliosis surgery.
Comparing the results of the anterior and the PR group,
the wake-up test may be a cause for the impaired postoperative sleep quality after posterior scoliosis surgery. Therefore, the renunciation of the wake-up test might represent
a way of prevention. There are alternative procedures for
neurologic monitoring, such as somatosensory evoked potentials and motor evoked potentials.23 However, the use
of these methods is associated with much higher technical
effort and costs than the wake-up test.
In addition, the group differences associated with the
two different surgical approaches have to be considered.
During anterior surgery, the convex side of scoliosis is
compressed. In contrast, traction is applied to the dura
mater and spinal cord when the vertebral column is
distracted during posterior corrective spinal fusion.5
This meningeal stress as well as the more severe surgical
trauma in the PR group, reflected by an increased blood
loss and a higher number of vertebral levels operated on
as compared with the anterior surgical procedure (table
1), may also in part be responsible for the postoperative
sleep disturbances. However, these theses are only speculative, because no data are available regarding these
issues. Because no differences in the PSQI values occurred between the posterior group, which received
sufentanil (PS group) instead of remifentanil, and the
anterior group at any time point, the wake-up test is
probably not the only cause for the diminished postoperative sleep quality in the PR group.
The improved postoperative sleep quality in patients of
the PS group compared with the PR group suggests that the
choice of opioid may contribute to the patients’ postoperative sleep quality, because the two groups differed only in
the analgesic agent used. Direct inhibiting effects of central
acetylcholine release by opioids can be a cause of sleep
disturbances. In this context, it has been reported that
opioids, including remifentanil,24 may contribute to a reduction in deep sleep and rapid eye movement sleep.25,26
One potential mechanism for this is inhibition of acetylcholine release in the medial pontine reticular formation, contributing to arousal state disruption and impaired memory
function.27 However, this effect has been described for
morphine and fentanyl, but not for remifentanil.28
Inadequate analgesia during the wake-up test might be
another explanation for the poorer sleep observed in the
PR group. It is known that despite low-dose remifentanil
administration and unaltered hemodynamic parameters,
increases in patients’ serum epinephrine and norepinephrine concentrations occur during the wake-up test
in comparison with the time of the skin incision.29 In
addition, remifentanil has a very short, context-sensitive
half-life of 3– 4 min.30 As a consequence, the opioid is no
longer effective shortly after infusion stop for the
wake-up test. By contrast, the effective concentration of
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Fig. 2. Comparison of Pittsburgh Sleep Quality Index (PSQI) scores
between the groups. Data are presented as median ⴙ 75th percentile. Numbers in bars indicate individuals having a PSQI score
above 5. AS ⴝ anterior instrumentation group without wake-up
test using sufentanil; PR ⴝ posterior instrumentation with
wake-up test using remifentanil; PS ⴝ posterior instrumentation
with wake-up test using sufentanil. * P < 0.05 versus preoperative.
** P < 0.05 versus AS group. *** P < 0.05 versus PS group.

REHBERG ET AL.

SLEEP QUALITY AFTER WAKE-UP TEST WITH REMIFENTANIL

Anesthesiology, V 109, No 4, Oct 2008

is not only interindividual but also intraindividual variability in sedation at the same Bispectral Index value.38
Even at a Bispectral Index value of 40, explicit recall is
described.39 Monitoring the quality of analgesia also is
extremely difficult. The questionnaires were disclosed
for practical and ethical reasons, because the patients
were intubated and had a large surgical wound at the
moment of the wake-up test. Measurement of opioid
blood concentrations during the wake-up test would
provide only poor evidence, because there is wide interindividual variability in the response to opioids.40
Further limitations include the absence of randomization
and the later investigation of the PS group. Therefore,
evident as well as unknown confounders might have influenced the results. Another point of criticism is that no
investigation of an anterior group using remifentanil was
performed in the current study. A posterior group without a wake-up test was not investigated, because the
alternative technique of evoked potentials is not established at our institution. In addition, it might not be
sufficient to disclose explicit recall by asking the patient on the first postoperative day, because explicit
recall might occur after several days.41 However, none
of the patients reported having explicit recall afterward. The PSQI scores in this study are lower than
those described in other trials (12.0 [10; 16],42 12.5
(⫾ 3.8)43). One difference is that this investigation
describes long-term effects of one special event,
whereas most of the other studies have been concerned with short-term effects or chronic diseases.
Furthermore, the patients included in this study were
younger and had no primary insomnia or diseases
causing sleep disturbances. The administration of midazolam after the wake-up test must be critically questioned, too. More recent research results suggest a dissociated amnesia process for midazolam, i.e., suppression of
conscious memory only.44 Information that is recorded via
routes that bypass consciousness can cause negative psychological consequences.45

Conclusion
The findings of the current study suggest that the use
of remifentanil in posterior scoliosis surgery with an
intraoperative wake-up test may result in a higher incidence of postoperative sleep disturbances than the use
of sufentanil. However, little is known about the complexity of the interplay between the choice of anesthetic, surgery, intraoperative awareness, and postoperative sleep disturbances. In view of these issues and the
current study design, it is only possible to generate
hypotheses on the basis of the current data. Further
research is needed to determine the interaction between
intraoperative wake-up tests and postoperative sleep disturbances in more detail and to clarify whether the
choice of opioid affects postoperative sleep quality.
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sufentanil only declines by half after 33.9 min,10 suggesting that even after discontinuation of the volatile anesthetic, adequate analgesia was present during the
wake-up test in the anterior and PS groups.
In patients of the PR group, pain, which is not remembered explicitly because of the subsequent administration of propofol, midazolam, and remifentanil, might
have promoted implicit memory. Andrade and Deeprose6 have distinguished between explicit, retrievable,
or conscious memory and implicit, nonretrievable, or
unconscious memory. An absence of postoperative
memory of the wake-up test thus does not exclude
intraoperative consciousness.6 Implicit memories can
trigger sleep disturbances and even posttraumatic stress
disorder.31 It has been described that despite a lack of
hemodynamic changes, some patients recalled colors
that had been mentioned during the wake-up test after
scoliosis surgery, without having any explicit memories
of the wake-up test or the operation.32
Kress et al.33 recently showed that continuously sedated patients in the intensive care unit had fewer posttraumatic stress disorder symptoms when they received
daily “wake-ups.” At first glance, this seems to contradict
the current results. However, these patients had factual
memories of their stay. In contrast, our patients did not
have any factual or explicit memories. In this context, the
results of Jones et al.34 seem to be closer to the patients
included in the current study. The authors reported that
intensive care patients with delusional memories of their
intensive care unit stay were more likely to have posttraumatic stress disorder–related symptoms than were those
with factual memories. Because no tests for implicit memory were performed in this study, its influence on patients’
postoperative sleep remains uncertain.
The recommendation for remifentanil in anesthetic procedures involving intraoperative wake-up tests is justified
by the significant shortening of the arousal time. However,
in the studies concerned, either total intravenous anesthesia was used5,9 or total intravenous management was compared with volatile anesthesia.8 In the current study, no
difference in wake-up test times between administration of
combined sufentanil and sevoflurane and the combination
of sevoflurane and remifentanil occurred.
A major limitation of this study is the lack of assessment of the level of sedation and analgesia during the
wake-up test. However, it is a matter of controversy
whether an adequate method for monitoring the depth
of anesthesia exists currently.35,36 The most commonly
used method, the Bispectral Index, is also limited by its
dependence on external factors such as the anesthetic
agents used, the patient’s age, the position of the electrodes, and so forth.36 A randomized, controlled, prospective study revealed no lower incidence of awareness
with Bispectral Index monitoring (BIS®; Aspect Medical
Systems, Newton, MA). The authors did not recommend
this method as a part of standard practice.37 In fact, there
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Appendix 1. Pittsburgh Sleep Quality Index (PSQI)

The following questions relate to your usual sleep habits during the past month only.
Your answers should indicate the most accurate reply for the majority of days and nights
in the past month. Please answer all questions.
1.

2.

4.

During the past month, how long (in minutes) has it usually take you to fall asleep
each night?
During the past month, when have you usually gotten up in the morning?

During the past month, how many hours of
actual sleep did you get at night? (This may
be different than the number of hours you
spend in bed.)

usual bed time:

minutes:
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3.

During the past month, when have you usually gone to bed at night?

usual getting up time:

hours of sleep per night:

For each of the remaining questions, check the one best response. Please answer all
questions.
5.

During the past month, how often have you had trouble sleeping because you...

a)

... cannot get to sleep within 30 minutes
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

b)

... wake up in the middle of the night or early
morning

Not during the last month
Less than once a week
Once or twice a week
three or more times a week

c)

... have to get up to use the bathroom
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

d)

... cannot breathe comfortably?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

e)

... cough or snore loudly?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

f)

... feel too cold?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

g)

... feel too hot?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

(continued)
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Appendix 1. Continued
h)

... had bad dreams?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

i)

... have pain?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week
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j)

... other reason(s)?
How often during the past month have you had
trouble sleeping because of this?

Please describe:

Not during the last month
Less than once a week
Once or twice a week
three or more times a week

6.

7.

8.

9.

During the past month, how would you rate
your sleep quality overall?

During the past month, how often have you
taken medicine (prescribed or “over the
counter”) to help you sleep?

During the past month, how often have you had
trouble staying awake while driving, eating
meals, or engaging in social activity?

During the past month, how much of a problem
has it been for you to keep up enough enthusiasm to get things done?

10. Do you have a bed
partner or roommate?

Very good
Fairly good
Fairly bad
Very bad

Not during the last month
Less than once a week
Once or twice a week
three or more times a week

Not during the last month
Less than once a week
Once or twice a week
three or more times a week

No problem at all
Only a very slight problem
Somewhat of a problem
A very big problem

No bed partner or roommate
Partner/roommate in other room
Partner in same room, but not same bed
Partner in same bed

If you have a roommate or bed partner, ask him/her how often in the past month you have had...

a)

loud snoring?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

b)

long pauses between breaths while asleep?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

(continued)
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Appendix 1. Continued
c)

legs twitching or jerking while you sleep?
Not during the last month
Less than once a week
Once or twice a week
three or more times a week

d)

Episodes of disorientation or confusion during
sleep?

Not during the last month
Less than once a week
Once or twice a week
three or more times a week

other restlessness while you sleep?

Please describe:

Reproduced and translated with kind permission of D.J. Buysse, M.D., PhD and Elsevier publishers (Buysse DJ et al. The Pittsburgh Sleep Quality Index: A new instrument for psychiatric
practice and research. Psychiatry Res 1989, 28:193-213)12
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Appendix 2. Scoring Instructions for the Pittsburgh Sleep Quality Index:
The Pittsburgh Sleep Quality Index (PSQI) contains 19 self-rated questions and 5 questions
rated by the bedpartner or roommate (if one is available). Only self-rated questions are
included in the scoring. The 19 self-rated items are combined to form 7 component scores,
each of which has a range of 0 to 3. The 7 component scores are then added to yield one
“global” score, with a range of 0 to 21.
Scoring proceeds as follows:

Component 1: Self-assessment of sleep quality
Please score question 6 as described:
Score
0
1
2
3

=
=
=
=
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Reply
„very good“
„fairly good“
„fairly bad“
„very bad“

Component 1: _____

Component 2: Sleep latency
1. Please score question 2 as described:
Reply
≤ 15
16-30
31-60
> 60

Score
0
1
2
3

=
=
=
=

Score question 2:
_____

2. Please score question 5a as described:
Reply
Not during the last month
Less than once a week
Once or twice a week
Three or more times a week

=
=
=
=

Score
0
1
2
3

Score question 5a:
_____

3. Please sum up the scores of question 2 and question 5a and score as described:
Sum question 2 + 5a
0
1-2
3-4
5-6

=
=
=
=

Score
0
1
2
3

Component 2: _____

Component 3: Sleep duration
Please score question 4 as described:
Reply
≥ 7h
6-7h
5-6h
< 5h

=
=
=
=

Score
0
1
2
3

Component 3: _____

(continued)
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Appendix 2. Continued
Component 4: Sleep efficiency
1. Note the sleep duration in hours (question 4): ______h
2. Calculate the hours spent in bed (bed time):
„get up“-time (Question 3): ______
“go to bed”time (Question 1): ______
Number of hours spent in bed: ______h
Downloaded from http://pubs.asahq.org/anesthesiology/article-pdf/109/4/629/245402/0000542-200810000-00011.pdf by guest on 28 September 2021

3. Calculate sleep efficiency (ratio of sleeping time and bed time) as described:
(sleeping time in h)/(number of hours spent in bed) x 100 = sleep efficiency
(______/______) x 100 = ______%
4. Please score component 4 as described:
Sleep efficiency
≥ 85
75 – 84
65 – 74
< 65

Score
0
1
2
3

=
=
=
=

Component 4: _____

Component 5: Sleep disturbing events
1. Please score each question from 5b to 5j as described:
Reply
Not during the last month
Less than once a week
Once or twice a week
Three or more times a week

=
=
=
=

Score
0
1
2
3

2. Note the results for question 5b to 5j and sum up the scores:
5b: ____
5c: ____
5d: ____
5e: ____
5f: ____
5g: ____
5h: ____
5i: ____
5j: ____
sum: ____
Sum question 5b - 5j
0
1-9
10 - 18
19 - 27

=
=
=
=

Score
0
1
2
3

Component 5: _____

(continued)
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Appendix 2. Continued

Component 6: Sleep medication
Please score question 7 as described:
Reply
Not during the last month
Less than once a week
Once or twice a week
Three or more times a week

=
=
=
=

Score
0
1
2
3

Component 7: Tiredness during the day
1. Please score question 8 as described:
Reply
Not during the last month
Less than once a week
Once or twice a week
Three or more times a week

=
=
=
=

Score
0
1
2
3

Score question 8:
_____

2. Please score question 9 as described:
Reply
No problem at all

=

Score
0

Only a very slight problem
Somewhat of a problem
A very big problem

=
=
=

1
2
3

Score question 9:
_____

3. Please sum up the scores of question 8 and question 9 and score as described:
Sum question 8 + 9
0
1-2
3-4
5-6

Score
0
1
2
3

=
=
=
=

Component 7: _____

Information: Question 10 is not included into the analysis

Global PSQI score
Please sum up the 7 component scores = global score
Component
1. Sleep quality
2. Sleep latency
3. Sleep duration
4. Sleep efficiency
5. Sleep disturbing events
6. Sleep medication
7. Tiredness during the day

Score

Global score: _______
Reproduced and translated with kind permission of D.J. Buysse, M.D., PhD and Elsevier
publishers (Buysse DJ et al. The Pittsburgh Sleep Quality Index: A new instrument for
psychiatric practice and research. Psychiatry Res 1989, 28:193-213)12
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Appendix 3. Scores within Each Component of the Pittsburgh Sleep Quality Index over Time
3 Months

6 Months

12 Months

1.11 (⫾0.63)
0.77 (⫾0.57)†
0.89 (⫾0.66)

0.91 (⫾0.70)
1.53 (⫾0.57)*†‡
0.95 (⫾0.78)

0.80 (⫾0.57)*
1.10 (⫾0.61)*†
0.89 (⫾0.81)

0.82 (⫾0.54)*
0.97 (⫾0.61)
0.94 (⫾0.77)

1.23 (⫾0.94)
1.43 (⫾0.86)
0.95 (⫾1.03)

1.29 (⫾0.93)
1.70 (⫾0.75)†‡
0.95 (⫾0.91)

1.00 (⫾0.87)
1.43 (⫾0.63)†
1.11 (⫾0.74)

0.94 (⫾0.86)
1.20 (⫾0.96)
0.94 (⫾0.93)

0.09 (⫾0.51)
0.10 (⫾0.31)
0.37 (⫾0.68)

0.14 (⫾0.36)
0.60 (⫾0.67)*†‡
0.11 (⫾0.32)

0.09 (⫾0.28)
0.40 (⫾0.62)*†
0.21 (⫾0.54)

0.14 (⫾0.42)
0.40 (⫾0.72)*
0.25 (⫾0.45)

0.32 (⫾0.73)
0.10 (⫾0.31)‡
0.58 (⫾0.96)

0.43 (⫾0.70)
1.10 (⫾0.84)*†‡
0.32 (⫾0.48)

0.31 (⫾0.47)
0.73 (⫾0.64)*†‡
0.21 (⫾0.42)

0.31 (⫾0.58)
0.47 (⫾0.82)*
0.38 (⫾0.72)

0.94 (⫾0.42)
0.97 (⫾0.49)
1.00 (⫾0.58)

0.97 (⫾0.30)
1.30 (⫾0.47)*†
1.00 (⫾0.67)

0.89 (⫾0.47)
1.20 (⫾0.41)*†
0.89 (⫾0.81)

0.86 (⫾0.42)
1.03 (⫾0.41)
0.88 (⫾0.81)

0.03 (⫾0.17)
0.03 (⫾0.18)
0.00 (⫾0.00)

0.00 (⫾0.00)
0.00 (⫾0.00)
0.00 (⫾0.00)

0.03 (⫾0.17)
0.00 (⫾0.00)
0.05 (⫾0.23)

0.00 (⫾0.00)
0.10 (⫾0.40)
0.00 (⫾0.00)

0.37 (⫾0.65)
0.50 (⫾0.86)
0.74 (⫾0.73)

0.71 (⫾0.67)*
1.10 (⫾0.84)*†§
0.63 (⫾0.68)

0.66 (⫾0.59)*
1.20 (⫾0.61)*†§
0.58 (⫾0.61)

0.50 (⫾0.65)
0.67 (⫾0.61)
1.00 (⫾0.63)‡

For each category, the score can vary between 0 and 3. Data are presented as mean (⫾SD).
* P ⬍ 0.05 vs. preoperative.

† P ⬍ 0.05, AS vs. PR.

‡ P ⬍ 0.05, AS vs. PS.

§ P ⬍ 0.05, PR vs. PS.

AS ⫽ anterior instrumentation group without wake-up tests using sufentanil; PR ⫽ posterior instrumentation group with wake-up tests using remifentanil; PS ⫽
posterior instrumentation group with wake-up tests using sufentanil.
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