SLEEP AFTER MECHANICAL VENTILATION IN THE ICU
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Background: Severe sleep disruption is a well-documented problem in mechanically ventilated, critically ill patients during their time in the inten-
sive care unit (ICU), but little attention has been paid to the period when these patients become clinically stable and are transferred to a step-down
unit (SDU). We monitored the 24-h sleep pattern in 2 groups of patients, one on mechanical ventilation and the other breathing spontaneously,
admitted to our SDU to assess the presence of sleep abnormalities and their association with mechanical ventilation.

Methods: Twenty-two patients admitted to an SDU underwent 24-h polysomnography with monitoring of noise and light.

Results: One patient did not complete the study. At night, 10 patients showed reduced sleep efficiency, 6 had reduced percentage of REM sleep,
and 3 had reduced percentage of slow wave sleep (SWS). Sleep amount and quality did not differ between patients breathing spontaneously and
those on mechanical ventilation. Clinical severity (SAPS, score) was significantly correlated with daytime total sleep time and efficiency (r = 0.51
and 0.5, P < 0.05, respectively); higher pH was correlated with reduced sleep quantity and quality; and higher PaO, was correlated with increased
SWS (r=0.49; P =0.02).

Conclusions: Patients admitted to an SDU after discharge from an ICU still have a wide range of sleep abnormalities. These abnormalities are
mainly associated with a high severity score and alkalosis. Mechanical ventilation does not appear to be a primary cause of sleep impairment.
Keywords: Chronic obstructive pulmonary disease, mechanical ventilation, polysomnography, sleep alterations, sleep disordered breathing, step-
down unit
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INTRODUCTION

Severe sleep disruption is a well-documented problem among
critically ill patients staying in an intensive care unit (ICU) and
may impair psychological and physiological well-being, with
effects such as increased protein catabolism, decreased immune
function, and altered respiratory mechanics, which could affect
weaning from mechanical ventilation.!

Some studies have identified poor sleep as one of the most
frequent complaints among patients who have survived a criti-
cal illness, often persisting for a long period after discharge.>*
Previous polysomnographic studies performed in both venti-
lated and spontaneously breathing ICU patients have revealed
that such patients have decreased total sleep time and abnormal
sleep architecture.>” Several hypotheses have been forwarded
to explain the sleep disturbances in these patients: severity
of the illness, environmental noise, light intensity, types and
modes of mechanical ventilation, and drugs.>"

Some patients admitted to an ICU because of respiratory
failure are not discharged directly home, but transferred to
a step-down unit (SDU) once they are clinically stable, in
order to speed the weaning process or, if breathing sponta-
neously, to continue pharmacological treatment and/or reha-
bilitation.'? The transfer from ICU to SDU is mainly based
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upon clinical parameters such as arterial blood gases, level of
consciousness, hemodynamic stability, and the need for in-
vasive monitoring, while little or no attention has been given
to the problem of sleep that has been shown to be associated
with poor outcome."® Sleep data on patients admitted to SDUs
or similar environments are very scarce; the single study on
this aspect was limited to polysomnographic recording during
only night hours."

Our hypothesis was that once transferred to an SDU, most
of these patients continue to experience sleep abnormalities,
and that it would be possible to detect factors influencing
sleep quality. Mechanical ventilation has been recognized
as a possible cause of sleep disruption in critically ill pa-
tients®!*'>15 as well as in patients with acute or chronic respi-
ratory failure.'¢'8

The aim of this prospective study was therefore to monitor
the 24-h sleep pattern in 2 groups of patients admitted to our
SDU, one group still receiving continuous invasive mechani-
cal ventilation and the other breathing spontancously, in order
to assess the presence of sleep abnormalities, their association
with mechanical ventilation, and the potential influence of risk
factors known to negatively affect sleep quality. Sleep data
were also correlated with others factors known to negatively in-
fluence sleep quality in the ICU: clinical severity, environment,
and the patient’s care.

PATIENTS AND METHODS

Patients

We studied 22 patients admitted to our SDU for intensive
monitoring (n = 11) or weaning from mechanical ventilation
delivered through a tracheotomy (n = 11). One patient in the
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Table 1—Clinical and physiological data of the patients enrolled into the study
Mv SB Entire Group P
Age (years) 70.8+85 71.7+84 71.8+8
SAPS index 31873 282+82 299738
BZP therapy (n) 6 8 14
LOS ICU 412+205 465+266 439+233
Cause of acute respiratory failure (n)
COPD 3 1 4
Sepsis with MOF 1 1 2
Post-surgery 3 5 8
Restrictive thoracic diseases 3 1 4
Pneumonia 1 1 2
Heart failure 0 1 1
PaO, (mm Hg) 805+234 785+136 7971185
PaO,[FiO, 2726 +£96.5 304 £72.9 289 +84.3
PaCO, (mm Hg) 422+6.2 38397 40.2+82
$a0, (%) 95.8+2 96.1+1.7 9% +1.8
pH 744+005 746+0.04 7.45%0.05
Base excess (mmol/L) 53937 34458 437+49
HCO," (mmollL) 295+3.6 27652 28545
MV, mechanical ventilation; SB, spontaneous breathing; LOS ICU, length of stay in
intensive care unit; BZP (benzodiazepine) therapy, number of patients who received
benzodiazepine therapy; COPD, chronic obstructive pulmonary disease; MOF, multi-
organ failure.

Environmental Measures

The noise level, expressed in decibels (dB) and
weighted in frequency with an “A” curve staged by
n.s the American National Standard Institute (ANSI),
n.s was assessed with a sound level meter with a re-
n.s. al-time spectrum analyzer (LD 2900 B, Larson
n.s. & Davis Inc. Depew, NY, USA) with a precision
of £ 0.5 dB (A) and analyzed with Noise Works

" for Windows (Lake View Software, Como, Italy).
The noise level is expressed by the mean level, the
mean value of maximum and minimum levels, and
the L95 and L5, represent the sound level exceeded
for 95% and 5%, respectively, of the duration of
measurement.

[llumination was measured by a digital lux me-

n.S. ter (Climalux, LSI, Settala, Italy) located at the

n.s. patient’s bedside. All the rooms in our SDU have

n.s. very large windows and face southeast and south.

ns. Patients were not directly exposed to light, since

n.s. the beds are oriented away from the windows and

n.s. curtains are used when light levels are high. The

n.s. intensity of light exposure was, therefore, similar

for all patients.

The noise and light data were continuously inte-
grated with the polysomnographic traces to assess
the impact of noise and light impulses on sleep.
Arousals or awakenings caused by noise or light

mechanically ventilated group did not complete the sleep study
because 3 hours after the start of the study, he developed acute
lung edema that required intensive pharmacological treatment
and a change in ventilation settings.

Exclusion criteria were a comatose state, severe neurologi-
cal disorders potentially affecting the sleep architecture, and the
presence of delirium or psychomotor agitation requiring phar-
macological treatment. The patients’ clinical characteristics are
shown in Table 1. The severity of the patients’ clinical status at
admission was evaluated using the SAPS  index."” Blood gas
analysis was performed on the second morning of recordings
at 08:00.

The patients were studied 10.2 + 8.7 days after admission,
after they had become acclimatized to the new environment and
had started a rehabilitation program. The study was approved
by the local ethics committee, and patients gave written in-
formed consent to their participation.

Sleep Study

All patients underwent standard 24-h polysomnography
(Embla N-S 7000, Denver, CO, USA) with simultaneous moni-
toring of noise and light. Sleep studies were scored manually
according to standard criteria® and reviewed by the same oper-
ator (FF). Data on sleep architecture were compared with those
reported in normal subjects? of the same age group. Patient-
ventilator asynchronies were identified as previously reported.'’
Nurses were asked to monitor all care activities for each pa-
tient: i.e., toilette, blood tests, chest radiographs, endobronchial
suction, changes to ventilator devices, assessment of vital signs,
and administration of medication.
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were defined as those occurring within 3 to 5 sec-
onds of the termination of a peak of noise or light.
Noise data were available for only 16 patients.

Statistical Analysis

Results are presented as means and standard deviations
(SD). Differences in physiological indices between groups
were analysed using one-way analysis of variance (ANO-
VA). Single correlations between polysomnographic indices
and factors known to influence the amount and the quality of
sleep in an ICU—blood gases, SAPS  score, and length of
time spent in the ICU— were evaluated by Pearson product-
moment correlation coefficient. The y* test was performed to
evaluate differences in benzodiazepine assumption between
patients on mechanical ventilation and those breathing spon-
taneously.

All the analyses were performed using the STATISTICA/W
statistical package (Tulsa, OK, USA); P values < 0.05 were
considered statistically significant.

RESULTS

The 10 mechanically ventilated patients required continu-
ous pressure support ventilation except for one patient who
received mechanical ventilation only at night. The mean inspi-
ratory support was 14.4 £ 2.9 cm H,O with a PEEPe of 3.9 +
0.3 cm H,O and a back-up rate of 8-10 bpm. The ventilatory
parameters were chosen by experienced physicians and were
based on arterial blood gases, expired tidal volume, and patient
comfort. Four patients were finally weaned from ventilation at
discharge. No differences in age, blood gases, or clinical se-
verity were found between the mechanically ventilated patients
and those breathing spontaneously (Table 1).
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Sleep Architecture and Sleep Disruption

All patients had scorable EEG data for the
entire duration of the recordings; these data are
summarized in Table 2. Most patients showed
abnormal sleep architecture. Indeed, although
the mean total sleep time (10.8 = 5.4 h) was in
the normal range, there was marked variability

TST (min)

in sleep duration and in sleep pattern: 12 pa- NREM, (% of TST) 50.9+12.3 40.9+135 457+13.7 n.s.
tients had 24-h sleep efficiency < 40%, and 2 SWS (% of TST) 238+138 319+15 281+147  ns.
patients did not show REM phase sleep. Con- REM (% of TST) 108474 14287 125%8.1 ns.
sidering only the data obtained during the night, Cycles (n) 63+75 6+45 61+59 n.s.
10 patients showed reduced sleep efficiency (< Spontaneous arousals index (evh) 20.9+16.6 22+16.2 21516 n.s.
70%), 6 patients had a reduced REM percentage Asynchrony arousals (ev/h) 34449
or no REM sleep, and 3 had reduced or absent | noise arousals (evih) 3659 2938 3248  ns.
slow wave sleep (SWS). The mean Va1ue of the Ineffective efforts index (evih) 453 + 66
;’V“a“ art‘t)“salf“édfx was ?4'7: 17 nghta oy | S0, 959+27 96221 91%24  ns.
:Vrf;:/ii uir of data, Tanging from .50 53. Awake Sa0, (%) 956+23 956422 956%22  ns.
) . . . NREM Sa0, (%) 9%+£25 962+2 96.1+22 n.s.
tients with 2 different sl 2
We observed patients with 2 different slecp REM Sa0 9%+37 961+25 96+3 ns.
patterns: “long sleepers” with sleep prevalently 2
duri . . . TST,, (% of TST) 57118 3375 44196 n.s.
uring the daytime and patients with a preserved %
wake/sleep rhythm but a highly fragmented oDl (ev/h? , 46£5 218315 1364242 ns.
sleep pattern (Figure 1). Sa0, nadir (%) 86+75 831+9 845x82 n.s.

Differences in sleep data collected during the
night (21:00-07:00, according to light intensity,
Figure 2) and those collected during the day are
summarized in Table 3. There was a predomi-

Table 2—24-hour sleep and wake data

Total time of recording (min)
WASO (min)

NREM, (% of TST)

MV, mechanical ventilation; SB, spontaneous breathing; WASO, wake after sleep onset; TST,
total sleep time; SWS, slow wave sleep; TST
desaturation index.

Mv SB Total
1458 £32 1449+ 32
562 +389 730+223 650+3165 ns.
613+249 645+326 644+3264 ns.
144+105 131+£128 137114 n.s.

ANOVA (P)
1454+317  ns.

total sleep time with Sa0, < 90%; ODI, oxygen

90’

nance of stage 1 sleep in comparison to SWS
and REM sleep during the day, as well as a lower number of
sleep cycles. Sleep was more disrupted during the day, as dem-
onstrated by the higher arousal index. The amount of sleep
time (expressed as a percentage of total sleep time) was in-
versely correlated with PaO, (r = —0.44; P = 0.049).

Therapy with benzodiazepines (14 patients received lo-
razepam | mg in the evening, and 4 patients received alpra-
zolam 0.5 mg in the evening) did not influence the sleep data:
patients receiving benzodiazepine therapy showed a higher
sleep efficiency (72.8% + 18.6%) than those who did not
(60.3% + 26.3%), but this difference was not statistically sig-
nificant.

Mechanical Ventilation

Patients requiring mechanical ventilation had sleep indi-
ces similar to those breathing spontaneously, suggesting that
mechanical ventilation was not a factor that influenced sleep
quality in these patients. Furthermore, ventilatory parameters
did not influence sleep quality in patients requiring mechani-
cal ventilation. Many patients showed ineffective efforts that
produced only a small number of arousals from sleep (3 +
4.9 events/h). Benzodiazepine therapy was equally distrib-
uted between patients on mechanical ventilation and those
breathing spontaneously (6/10 vs. 8/11, respectively; x> 0.38,
P=n.s.).

Clinical Severity

The SAPS  score was significantly correlated with daytime
total sleep time (r = 0.51, P = 0.01) (Figure 3) and sleep ef-
ficiency (r = 0.5, P = 0.02). Higher values of PaO, were as-
sociated with an increased percentage of SWS along the entire
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Figure 1—Distribution of daytime sleep time (expressed as % of total
sleep time) in all patients.

recording (r = 0.49, P = 0.02) and during the daytime (r =
0.5; P = 0.03). Patients sleeping mostly during the day (i.c.,
> 50% of the total sleep time occurring during the daytime)
had higher SAPS | scores than those sleeping mostly during
the night (35 + 5.9 vs. 27.5 + 7.65, respectively; ANOVA F
4.72, P =0.04).

The acid-base balance, expressed by the pH value, was
strictly correlated with indices of sleep quality for the whole
24-h recording and separately for the night and day, as shown in
Table 4 and Figure 4. A higher pH was associated with reduced
sleep quantity and quality.
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The number of major nursing care activities was 3.1 +2 for ~ and non-ventilated patients (3.3 + 1.4 vs. 2.8 + 2.6, respective-
the entire recording and 0.4 + 0.9 during the night: no statis- ly, for the entire recording; 0.6 = 0.7 vs. 0.6 + 1, respectively,
tically significant differences were found between ventilated  during the night)
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Figure 2—Mean light intensity (fop) and noise levels (botfom) along the 24-h recordings.
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Table 3—Distribution of sleep indices in the daytime and nighttime

Daytime Nighttime P
Time of recording (min) 836 + 174 580+322 <0.001
Total sleep time (min) 248 £ 239 398 + 125 0.002
Sleep efficiency (%) 281+264 68.6+21.7 <0.001
Sleep latency (min) 575+658 65.6+81.1 n.s.
NREM, (% of TST) 22+166 104+108 <0.001
NREM, (% of TST) 466+181 446+x15 n.s.
SWS (% of TST) 213+176 298+15 0.05
REM (% of TST) 6+£105 151+8 <0.001
Cycles (n) 1.7+£27 45+37 <0.001
REM latency (min) 1258+ 145  912+59 n.s.
Arousals index (ev/h) 306+257 225+16.8 n.s
Noise arousals (ev/h) 6.6+9.6 24+3 n.s.
TST,, (% of TST) 677217 528+114 n.s.
ODlI (ev/h) 96+£17.8 9.1+£146 n.s.

SWS, slow wave sleep; TST, total sleep time; TST,
Sa0, < 90%; ODI, oxygen desaturation index.

o total sleep time with

1000

Daytime TST (min)

10 15 20 25 30 35 40 45
SAPS

Figure 3—Correlation between daytime total sleep time (TST) and
SAPS, score. Dashed lines represent the 95% confidence interval.

Noise and Light Data

Table 5 shows the environmental noise and illumination
data separately for the day and night. Noise decreased during
the night but still remained above recommended levels.'®!" No
sound peaks > 80 dB(A) were recorded during the night. When
setting a threshold at 50 dB(A) to define “peaks” of noise, some
sleep events appeared to be temporally related to the peaks:
20% and 10% of the arousals that occurred during the day and
night, respectively, were related to noise peaks. The 24-h trend
in light exposure was characterized by a marked drop at 21:00
(lights off) and very negligible light peaks during the night
(Figure 2). We found a great variability in daytime light expo-
sure due to the variability and intensity of sunlight. There were
virtually no arousals from sleep due to light peaks.

No statistically significant differences were found for light
and noise exposure in ventilated and non-ventilated patients:
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Table 4—Correlations matrix (r and P values) between pH and several
sleep indices.

Entire Recording Day Night
TST -0.60(0.004) -0.55(0.01) -0.53(0.01)
SE -0.57(0.007) -0.56(0.08) -0.49(0.02)
NREM, 0.55(0.01) 0.28(n.s.) 0.56(0.008)
SWS -0.47(0.03) -0.58(0.006) -0 4(ns.)
Arousal index 0.48(0.026) 0.52(0.019) 5(0.02)

TST, total sleep time; SE, sleep efficiency; SWS, slow wave sleep.
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Figure 4—Correlation between pH and total sleep time (A) or arousal
index (B) calculated for the entire recording. Dashed lines represent the
95% confidence interval.

the mean light exposure during the day was 100 + 30.9 lux in
ventilated vs. 116 £ 58 lux in non-ventilated patients, while
mean light exposure during the night was 2.8 + 0.44 lux in
ventilated patients vs. 2.4 + 0.54 in non-ventilated patients; the
mean noise exposure (EqL) was 58.2 +0.39 dB in ventilated vs.
58.1 £ 1.02 dB in non-ventilated patients during the day; during
the night, these levels were 50.2 + 0.2 dB vs. 48.9 + 0.3 dB.
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Table 5—Environmental noise and light data during the daytime and
nighttime

Night Day

Noise

EqL (dB) 495+1.08 57.9+0.95

Lmin(dB) 423+45 429+5

L, (dB) 443+375 463147

L, (dB) 49+35 60.8 + 8.41

Lmax (dB) 68.7+1.77 788+0.28

N. peaks > 50dB (ev/h) 21.8+£19.8

N. peaks > 80dB (ev/h) <1 17.8+£14.2
Light

Mean (lux) 25+05 107145

Mean minimum (lux) 13109 229+06

Mean maximum (lux) 473+34.0 52417513

EqL, equivalent level; L., sound threshold exceeded for more than 95%
of the duration of the measurement; L, sound threshold exceed for 5% of
the duration of the measurement; L and L __, minimum and maximum

level of noise.

DISCUSSION

In this study, we found that in patients transferred to an SDU
in the phase of recovery from an episode of acute respiratory
failure, mechanical ventilation was not a main determinant of
sleep abnormalities. Patients in an SDU still have sleep abnor-
malities, but these are mainly associated with clinical severity
or alkalosis. Noise, illumination, and patient care contributed
little to the abnormalities.

Mechanical ventilation has been recognized to disrupt sleep
in patients with acute or chronic respiratory failure though dif-
ferent mechanisms: level of inspiratory support, development
of central apneas and/or Cheyne-Stokes breathing, patient-
ventilatory asynchronies (particularly ineffective inspira-
tory efforts), and the presence of an endotracheal tube.>7%!415
Parthasarathy et al. found that critically ill patients experience
greater fragmentation of sleep during pressure support ventila-
tion than during assist-control ventilation because of the devel-
opment of central apneas.'® They concluded that the selection of
the ventilator mode may have a great influence on the quality of
sleep of patients. Similarly, Bosma et al., in a study performed
to investigate the role of patient-ventilator asynchrony in the
etiology of sleep disruption and to determine whether optimiz-
ing patient-ventilator interactions by using proportional assist
ventilation could improve sleep’ found that patient-ventilator
discordance caused sleep disruption and that proportional assist
ventilation seemed more efficacious than pressure support ven-
tilation in matching ventilatory requirements with ventilator as-
sistance, resulting in fewer patient-ventilator asynchronies and
better quality of sleep.

In contrast, Cabello et al., in a study designed to compare
the influence of three common ventilation modes on sleep qual-
ity, observed that the ventilatory mode did not influence sleep
pattern.'> Nonetheless, sleep quality was impaired, with a low
percentage of REM sleep and with high arousal and awaken-
ing indices. We observed similar data in our patients. Indeed,
the sleep pattern was similar in patients requiring mechanical
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ventilation and in those breathing spontaneously. The role of
patient-ventilator asynchronies, in particular ineffective efforts,
was negligible (~10% of total arousals). Possible explanations
for the differences between our data and those previously re-
ported may be related to differences in clinical severity (in-
creased respiratory drive during acute respiratory failure and
during acute inflammatory states), etiology of acute respiratory
failure (in particular acute cardiac failure or sepsis), and me-
chanical respiratory properties.®'622

Knowledge about the sleep/wake cycle in patients admitted
to an ICU is limited, since the three published studies enrolled
a total of only 49 patients who underwent 24-h polysomnogra-
phy** and concluded that ICU patients suffer from qualitative,
but not quantitative, sleep deprivation, and that environmental
factors are responsible for only a part of the sleep disruption.

Very few data on sleep-wake cycles are available in patients
admitted to a SDU, where theoretically the patient’s stable
clinical condition and the environmental situation may help pa-
tients to recover more physiological sleep architecture. A small
study (6 patients), in whom polysomnography was performed
only during the night, showed that environmental noise may be
an important cause of sleep disruption in an SDU.'®

The average total sleep time we observed was considerably
longer than that reported in other studies: 11.5 h/24 h in our
study vs. 6 to 8.8 h/24 h in ICU patients.>* Similarly, the aver-
age nocturnal sleep was 6.7 h/night, longer than that previously
reported in a respiratory ICU (5.4 h/night)."® We confirmed the
presence of a large variability of sleep-wake data in our patients,
many of whom experienced selective deprivation of SWS or
REM sleep and/or moderate to severe sleep fragmentation.

We found two different sleep patterns in our patients: one
group of patients were “long sleepers” who slept for more time
during the day than during the night; the other group had a pre-
served wake/sleep rhythm but highly fragmented sleep pattern.

Long Sleepers

The influence of an illness itself on sleep deprivation is not
entirely clear and, indeed, is difficult to establish, given the oth-
ers factors mentioned above.” A significant increase in sleep
disruption has been found in patients who have higher disease
severity score,'® which is usually associated with a high awak-
ening index, shorter sleep time, and decreased SWS.* However,
our data contrast with these findings, since we observed a sta-
tistically significant correlation between the indices of sleep
quantity and the severity of the patients’ clinical condition. In
particular, patients with a higher SAPS, score slept for longer
during the day. We can assume that patients with more severe
disease reaching clinical stability and remaining in a more
physiological environment may experience sleep recovery. Re-
covery from sleep deprivation is associated with an increased
propensity to daytime sleep, shortened sleep onset latency, im-
proved sleep efficiency, increased total sleep time, and an in-
crease in SWS.2*# Jay et al. demonstrated that recovery from
sleep deprivation may be obtained only when opportunities to
fall asleep are not restricted.>* Similarly, Akerstedt et al. dem-
onstrated that individuals who were subjected to repeated par-
tial sleep deprivation had a reduced latency for SWS during the
recovery phase, suggesting an increased pressure for sleep, as
well as a gradual increase and subsequent recovery to normality
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of the total amount of SWS.* Similar findings were made by
Cajochen et al. in older subjects.?”” Furthermore, we found that
the patients with the greatest improvement of clinical status, as
determined by the level of arterial oxygenation, were those who
had the most SWS. Sustained hypoxia has been demonstrated
to alter normal circadian oscillations and may contribute to the
development of sleep fragmentation or daytime fatigue.”® In a
mouse model, Polotsky et al. demonstrated that exposure to
hypoxia determines overall deficits in the EEG delta power of
NREM sleep and in the amount of REM sleep.* Acute changes
in CO, and pH have been demonstrated to induce selective ho-
meostatic activation of hypothalamic orexin neurons: acidifica-
tion increases intrinsic excitability.*® One can hypothesize that
during the recovery phase from an acute respiratory decom-
pensation the activity of orexin neurons may decrease, leaving
patients to recover from sleep deprivation. Indeed, in a mouse
model, Terada et al. found that prolonged exposure to hypoxia
induced a significant reduction in SWS that progressively re-
covered during normoxic respiration.’' Finally, in less severely
ill patients, the presence of a more physiological environment
in the SDU (i.e., more physiological light and noise) may favor
better sleep quality during the night, thus reducing the need for
diurnal naps.** Our results expand the observation that the lev-
els of both noise and illumination are lower and more “physi-
ological” in a SDU than in an ICU, with absence of noise peaks
above 80 dB during the night.**"!13 Light exposure in our SDU
reflects the circadian rhythm: patients received natural illumi-
nation (range 100-3000 lux), which is usually higher than the
artificial level (300 lux), and with a sudden change from day
to night. This pattern of exposure may help to restore circa-
dian secretion of melatonin, which had been demonstrated to be
abolished in ICU patients.****

Poor Sleepers

Our data demonstrate a clear relationship between sleep
quality and acid-base imbalance, which had not been previous-
ly described in the literature. A higher pH was associated with
a reduced quantity and poorer quality of sleep, in terms of less
SWS and more arousals.’>*¢ The presence of alkalosis, includ-
ing respiratory alkalosis with hypocapnia, increases neuronal
excitability, seizure activity, and spontaneous and/or asynchro-
nous firing of cortical neurones.’” Intracellular pH seems to play
a key role in mediating the effect of hypocapnia or alkalosis on
neuronal excitability. In particular, low levels of PaCO, with al-
kalosis decrease intracortical inhibition by modulating intrinsic
neuronal circuits.*®

Further studies are needed to explain the mechanism of
alkalosis in patients recovering from acute life-threatening
respiratory failure, and the roles of the severity of the acute de-
compensation, alterations in homeostatic systems, subclinical
kidney impairment, pharmacological therapy, and prolonged
stressful condition in determining sleep instability. It has been
demonstrated that stressful conditions activate orexin neurons
that usually show state-dependent activity: orexin levels in-
crease just before awakening, remain high during wakefulness,
increase considerably during exercise and/or in heightened
alertness, decrease during SWS, and increase again during REM
sleep.® Orexinergic connections are involved in sleep-wake
regulation and emotional stress-induced behavioral changes
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that modulate cardiorespiratory homeostasis: several effects
have been measured, such as changes in alertness or arousabil-
ity level, blood pressure, heart rate, respiratory frequency, and
tidal volume, as well as the development of long-term facilita-
tion after prolonged hypoxia stimulus and baroreceptor reflex
suppression.*’

Limitations of the Study

Some confounding factors must be discussed. Most of the pa-
tients included in our study, were over 60 years old, so that age-
related physiological changes of sleep should be considered.?”*
Important changes in sleep structure occur with age, including
a reduction in the total amount of time spent asleep, as well as a
reduction in the total amount of SWS. However, in our analysis
of sleep architecture we compared the data from our patients
with those reported for subjects of the same age in the general
population.?! Furthermore, insomnia is quite frequent in older
people, as a primary sleep disturbance or as a consequence of
underlying diseases or drug use.*' Finally, underlying disease
may be responsible for poor sleep quality. Sleep complaints
and alterations have been described in patients with chronic
obstruction pulmonary disease as well as in patients with other
chronic diseases with respiratory impairment, such as chronic
heart failure, kyphoscoliosis, and neuromuscular disorders.*

In conclusion, our data show that patients admitted to an
SDU and transferred from an ICU still have sleep abnormali-
ties. Dependence on a ventilator does not appear to be relevant.
The presence of alkalosis seems to be an important cause of
poor quality sleep, whereas the improvement of clinical condi-
tions and the more physiological SDU environment is associ-
ated with sleep recovery.
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