An investigation of sound levels on intensive care
units with reference to the WHO guidelines
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Introduction: Patients in intensive
care units (ICUs) suffer from sleep
deprivation arising from nursing
interventions and ambient noise.
This may exacerbate confusion and
ICU-related delirium. The World
Health Organization (WHO) suggests
that average hospital sound levels
should not exceed 35 dB with a
maximum of 40 dB overnight. We
monitored five ICUs to check
compliance with these guidelines.
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Methods : Sound levels were
recorded in five adult ICUs in the UK.
Two sound level monitors recorded
concurrently for 24 hours at the ICU
central stations and adjacent to
patients. Sample values to determine
levels generated by equipment and
external noise were also recorded in
an empty ICU side room.
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* Results : Average sound levels
always exceeded 45 dBA and for
50% of the time exceeded between
52 and 59 dBA in individual ICUs.
There was diurnal variation with
values decreasing after evening
handovers to an overnight average
minimum of 51 dBA at 4 AM. Peaks
above 85 dBA occurred at all sites,
up to 16 times per hour overnight

and more frequently during the day.

WHO guidelines on sound levels
could be only achieved in a side

room by switching all equipment
off .
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Conclusion: All ICUs had sound 55 TR ICURY B 558 F 4R KT
levels greater than WHO WHOAE 7% S B, WHOAE % 89 & 5 3% &
recommendations, but the WHO KK, AET XA —/ICUL 2|,

recommended levels are so low they A ZFH1eFx8 7 ZK-F 5 FICU
are not achievable in an ICU. Levels O H . ME GRS CUY
adjacent to patients are higher than =& K -F 3 18 i3 — 2L 3% &5 55 A
those recorded at central stations. BRSSP BB TR, tbieF
Unit-wide noise reduction =,

programmes or mechanical means of

isolating patients from ambient noise,

such as earplugs, should be

considered.



Introduction

Over 30% of patients treated in ICUs
become confused or develop
delirium. These patients have longer
hospital stays and higher mortality
and morbidity. Risk factors for the
development of ICU-related delirium
are sedation use and invasive
procedures, but there also is a link
with environmental factors, including
noise-induced sleep disturbance.
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Introduction

Although there is wide variation due
to individual sensitivity to noise and
tendency to aggravation, the normal
healthy adult can tolerate an A-
weighted sound level in decibels
(dBA) of about 50 to 55 dBA
relatively well during the day and 40
to 45 dBA overnight.
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Introduction

At these levels, most individuals
would not experience annoyance,
sleep disturbance or any detrimental
health effects. However, quantifiable
effects from sleep disturbance can
be seen at time-averaged sound
levels (LAeq) as low as 30 dBA and
corresponding peak noise levels
(LAmax) of 45 dBA or less.
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Introduction

The World Health Organisation A g AT IR IF SR 5 A 6 B S B
(WHO) Guidelines for Community 4o 8y & & K-F 6 368 /) 8 2 |
Noise includes advice on noise levels WHO#% i & 4L X % & 6, 36 3¢ [E [2 2R

in hospitals and suggests that, TR AENRE, EERBAZEST
because patients are less able to 8 I3 A AL KA R R A BT A ¥ B &

cope with the increased stress levels 3% & N 2 1421335 dBA, #8 & 89%%
generated by excess environmental  &3% & ¥ {4 ~AZi340 dBA.

noise, the sound level in hospitals

should not exceed 35 dBA LAeq for

areas where patients are treated or

observed, with a corresponding

LAmax of 40 dBA [4].



Introduction

We decided to assess the sound B, &AN R 2R E AT E A2 L
levels in the ICUs in our hospital RAAREZ 89 ICUS B S 9% 2, kb
group and adjacent hospitals to see B AT EWHOARAE 69 £ 7Y .

how they compared with these

standards.



Methods

This study was undertaken over two
weeks in June 2012. Daytime and
night-time sound levels were
monitored during the week and at
the weekend in five ICUs in the
Thames Valley region of England
(John Radcliffe Hospital, Oxford,
Adult ICU and Neurosciences ICU;

Churchill Hospital, Oxford, Adult ICU;

Royal Berkshire Hospital, Reading,
Adult ICU; and Wycombe General

Hospital, High Wycombe, Adult ICU).
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Methods

These units were chosen for both
their proximity and their
heterogeneity because they are
examples of different physical ward
layouts, patient populations and
building designs. This exercise did
not involve patient recruitment or
the use of any identifiable
information.
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Methods

Our local ethics policy states that B 50 BT A2 Hu 69 /0 32 058, /5 B, ARk
studies based on fully anonymised R F 7T A E L2089 %, 4R %
data which the study team cannot AT B ¥2 BARNS A AENT, TN48) AR
trace back to individuals does not “Ab BRAMNEIR” Bt 3K IR A 5L
constitute ‘research involving human %32 i6%H H269% 4. 125/-1CU

participants’, and therefore this WA ERFAEZT N T G
study was not subject to ethical R EN-EWR &R, BREAERE T

review. The lead physician at each T AE GG B T 4oz 31X 0 W5 M,
unit gave written permission for the

sound levels to be measured, and

staff members working on the units

were aware of the monitoring.



Methods

In each ICU, the two monitors ran BAH—ACU, R EHE H F A~ )
concurrently for 24 hours for each AAFLE24 IR E B E, —
period of recording, one placed WAL BTG P S AR P8 sk

centrally in the unit on or adjacentto 7 — N £ AR J/ A K 2 69 3 77 o
the central station and one placed
adjacent to a patient’s head.



Methods

Short-duration sample recordings
were also taken in an unoccupied
ICU side room in the John Radcliffe
Hospital Adult Intensive Care Unit
with the monitors and other device
alarms sequentially activated. These
included examples of the most
common alarm signals as well as
ambient noise only with all
equipment in the room powered
down.
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Table 1ICU details
Details John Radcliffe Churchill Hospital ~ John Radcliffe  Royal Berkshire Wycombe General

Hospital Adult ICU  Adult ICU Hospital Hospital ICU Hospital ICU
Neurosciences
ICU
Numberof  12in3 baysplus4 6 plus 2 side rooms 12 9 plus 2 side rooms 7 plus 2 side rooms
beds side rooms

Nursing 730 AMand 7230 PM 730 AMand 730 PM 730 AM and 730  7:30 AM and 730PM  7:30 AM, 100 PM and &00 PM
handovers PM

Medical 830 AMand 830 PM 830 AMand 830 PM 830 AM and 830 8:00 AM and 800PM 800 AM and 800 PM

handovers PM

Visiting times  No restrictions No restrictions No restrictions ~ No restrictions (with a ~ Open visiting except from 100 PM
quiet to 300 PM
period from 300 PM to

430 PM)

Table 1 gives details of the results from the ICUs i
R3] T &/ 1008 & A 4FiE,



Table 2 Sound levels averaged over 24 hours”

Location and day Central Adjacent
station to patient
John Radcliffe Hospital Adult ICU weekday 584 dB 59.7 dB
John Radcliffe Hospital Adult ICU weekend 59.1 dB 59.5 dB
Royal Berkshire Hospital ICU weekday 58.7 dB 5.9 dB
Royal Berkshire Hospital ICU weekend 57.7 dB 58.5 dB
Wycombe General Hospital ICU weekday 524 dB 55.4 dB
Wycombe General Hospital ICU weekend 51.3dB 54.1 dB
John Radcliffe Neurosciences ICU weekday 580 dB 58.8 dB
Churchill Hospital Adult ICU weekend 55.7 dB 55.4 dB

?dB, decibel. Sound levels averaged over 24 hours for each site. At the John

Radcliffe Hospital, the Royal Berkshire Hospital and Wycombe General

Hospital, two recordings were measured: on a weekday day and night and on
a weekend day and night. Only one recording was taken at the Neurosciences

ICU and the Churchill Hospital ICU in Oxford.
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Figure 2 Average sound levels for centrally sited recording Figure 1 Average sound levels for patient sited recording
device. Average sound levels at one-minute intervals (Laeg) device. Average sound levels at one-minute intervals (Lasg)
throughout the day measured by a recording device on a central throughout the day with recording device positioned adjacent to
station in the ICU. dB, decibel; WHO, World Health Organisation. the patient. dB, decibel, WHO, World Health Organisation.
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LApk cumulative frequency plot: adjacent to patient

100 -

Cumulative frequency ()

SO 3'(’ 7o .'0 0'0 1;0 1"0 150
LApK (dB)

—_—_— —— Chnurcnil Hospral weekena
.............. John Rsdoliffe Hospaal weekaday
—_— Jonhn Radochiffe Hospeaal weekena
— e N ewroscences we ekday

Roval Berkshwe weekaay

e P g Royval Berksnmwe weekenda

—_—— — —  Wiycombe weekaay

WWycombe weasekend

Figure =2 Peak sound levels for patient-sited recording device.
Peak sound levels (LAPpK) measured at one-miinute intervals

Tthroughout the day by 2 recording device positioned adjacent to
thhe patient. dB, decibel.
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Figure 4: Average Number of Nolse Peaks >85dBA and >100dBA per hour
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Figure 4 Average number of peak values per hour for patient-sited recording device. Average number of minutes per hour when peak
values above 85 A-weighted decibels (dBA) and above 100 dBA were recorded with the recording device positioned adjacent to the patient.
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Frequency spectrum, John Radliffe Hospital.
Adjacent to patient.
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Figure 5 Frequency plot for 24 hours at John Radcliffe Hospital
ICU. Frequency components of the noise adjacent to a patient at the
John Radcliffe Hospital Adult ICU on a weekday at the quietest period
“:00 AM to 5:00 AM) and during working hours (4:00 PM to 5:00 PM).
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Results

Recordings were also taken at
midmorning in an empty side room
at the John Radcliffe Hospital Adult
ICU with the door closed and the
recording equipment placed where
the patient’s head would normally
be situated.
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Results

With all equipment in the room
switched off, the LAeq was 34.1 dBA,
with increases (1) to 43.5 dBA when
the ventilator was running with a
test lung; (2) to 47.2 or 51.2 dBA
when the ventilator sounded a low-
or high-level alert, respectively; (3)
to 53.0 dBA with the suction unit
turned on; (4) to 59.2 dBA when the
monitor sounded a high-level alert;
and (5) to 63.3 dBA when the syringe
pumps were alerted.

xR 2R GIL S, WA E
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Discussion

Noise is measured using a PEdBA AR ERNTH., A
logarithmic scale of dB. The Eor a9 B4A 20 dB, —/~Z+Fa9
threshold for normal human hearing 58] X BiE 0 29930 dB, & i Xt
is 0 dBA, a quiet room or a whisperis % kK 2455 dB, ®ALA 7 & K 260
about 30 dBA, normal conversation dB, B BB T 10K 6y
is about 55 dBA, a television 128 % K980 dB, — /A%t K&
generates about 60 dBA, heavy 100 dB.

traffic at 10-m distance is about 80

dBA and a pneumatic drill is about

100 dBA.



Discussion

A 3-dB change in noise level is
considered just discernible; a 5-dB
change is clearly discernible; and a
10-dB change louder or softer is
perceived as a doubling or halving of
volume, respectively. For speech to
be easily intelligible, it needs to be

15 dB above background noise levels.

3 dB&Y # F ik T AN 2 7T HF
189 5 dBA&Y T A& ST vAF Wi #% A
09; B EagE 385210 dB2R R 5510
dBFL AE AN B 5 im?%T*‘FJSw&
BT —F, 2B HEFTEDTH
# ﬁ%thXiﬁﬁ;ﬁ15 dB.



Discussion

Thus the recommended WHO B, WHOZZ X 89 & % 9m & 69 -F 39
average levels for hospital wardsare = 5 K-F# Y F— N7 L7709 5
the equivalent of a very quiet room B8y & K-, AR R G A%
with transient peaks at night well 48 % 3 ISR AR T 5 A8 X 15 A9
below conversation level. P2,



Discussion

Although it has been reported that R A Lk IR ia | CUAY I Ia] 7& 31 &
there is no significant reduction in A IR Y, 1220 T4 % & ik
overnight activity in the ICU [5], the R FFE5ICUBENE TR GAEAE
link between sleep deprivation and M, &R EAICUS
poor outcome has been well- PRV A E S, - RAKIT AR
reported in recent years [6-8], and all 3t g /R &9 A& R AZ X,

five units in our present study

routinely decrease overnight activity

and lower the unit lighting to

encourage natural sleeping patterns.



Discussion

The noise levels certainly drop by BAVRIN, PR AERER —&
about 5 dB in the early hours of the #9144k (K45 dB) , 412 R £ [& 3|
morning, but only to the level of B8 ik6 F 5KF, R TT45
continuous conversation. The FatE AR E A X I A] B 5 K-F

beginning and end of the night are B2 5. ((Figures 1 and 2).
characterised by obvious increases in

noise levels at handover time (see
Figures 1 and 2).



Discussion

On average, there were
approximately 25 minutes of every
hour during the day when peak
levels above 85 dBA occurred. Peak
levels above 85 dBA occurred less
frequently overnight, but a patient
can still expect to be disturbed at
least once every 7 to 16 minutes of
every hour between 10:00 PM and
7:00 AM (Figure 4).

KAV, £ R-FHEDRH KLY
R 255545 B M {i 2 T85 dBA, &
B4 {8 5 F85 dBARYIRE Lk 4=
&, 20 E102 38 FE7% (Figure
4) Jm ANATY IR T A B T-16%5 41 £ 1V 3%
ITH—KR.



Discussion

At these dB levels, it is highly likely
that this is alarm activity, and, as has
been reported elsewhere [9],
electronic sounds are more arousing
than human voices, so they are very
likely to continually disturb patients’
sleep. Frequent and persistent
arousal has been shown to have
negative effects for both healthy
volunteers and patients [10,11].
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Discussion

Hospitals generally appear to be
getting noisier over time. A review of
published data over the past 50
years [12] suggests an average
increase of 15 dB since the 1960s,
more than a doubling of the
perceived noise. The same study
looked at noise in multiple hospital
locations in an American teaching
hospital and demonstrated the
highest levels in the paediatric ICU,
although there were no recordings
from the adult ICUs.
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Discussion

In previous studies conducted in
specialist ICUs, average levels were
about 10 dB higher in a Turkish
cardiac surgical ICU with a similar
time profile [13], similar to our
results in a two-bed Swedish
neurosurgical ICU with a comparable
frequency distribution of peaks [14],
and 5 to 10 dB higher in an American
paediatric ICU with no diurnal
variation [12].
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Discussion

* A comparable study recorded
sound levels in an outpatient
chemotherapy clinic [15] and found
similar, constant, average (55 to 60
dB) and peak (>90 dB every minute)
sound pressure levels during the
day. Concurrent questionnaires
completed by patients, visitors and
staff revealed that, whilst staff felt
that the noise was disruptive, in
particular causing difficulties with
communication, neither patients
nor visitors were concerned.

— I R A 5 R L, T4
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Discussion

Although this suggests that levels
seen in the ICU may be acceptable,
the authors of that study found a
correlation between the time an
individual spent at the clinic and the
level of irritation expressed. Thus the
levels measured in our investigation
are likely to affect both staff and
patients in the ICU, and attempts

should be made to lower noise levels.
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Discussion

The frequency spectra of the alarm KAV ETREE THMELH,
sounds were recorded in an attempt RXEHFIREF AT =T EZRXH

to distinguish alarm sounds from Tk, [B2RIREN B 3213 5 REMNM
background noise, but the acoustic TR ER2TP ROF R,
‘signature’ of the alarms was difficult  pb., HRATREL > A XTI E 7 S 4=
to distinguish from the broadband HE R EZHATHEZN T,

background noise. As a result, we
could not consistently measure
alarm and non-alarm sounds
separately.



Discussion

However, these sounds have been
reported elsewhere [5], and it is
clear that a significant proportion of
the background noise is probably
generated from modifiable
behaviour such as conversation,
operating and moving equipment,
telephone use and allowing doors
and container lids to close freely.

A JE R BT 50 F AR T aX S AEFR
LEE, FEHAFRENR, HR%T
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Discussion

A number of studies have reduced RZAHTTE Y E— A byt E) B
LAeq levels in the adult ICU, at least ~ Z. &% T RAICUE 644-F34 & & K

for a limited period of time, by F if g g AR AR S IR e AR
introducing noise awareness Fo BN ICUBIIT AR T, NG “&&

initiatives and unit-level behavioural #it%]|” L E A E2ZEIRK S
changes [16-18]. Introducing ‘quiet 8 R A FE PR 6k IEAE X,
times’ has also been shown to

improve general well-being [19] and

sleep patterns when synchronised

with natural circadian rhythms [18].



Discussion

Three previously reported studies
[20-22] used continuous
polysomnography alongside
environmental noise measurements
to determine whether noise could be
the reason for irregular sleep
patterns in ICU patients and reported
that environmental noise caused
between 11% and 17% of arousals
and awakenings.

= B AR a9 s ARiE, @A Bl iE
4209 % FRRIR G M) 5 IR 5 =
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Discussion

In interviews after ICU discharge,
patients regularly reported disturbed
sleep, attributing this to noise, light
and frequent nursing interventions
[23-28]. Sleep disruption in the ICU is
also associated with increased
requirements for anxiety and
depression treatments [28].
Mechanical measures to reduce
perceived sound levels, such as
earplugs or ear defenders, which
each reduce perceived noise by 15 to
30 dB, have also been shown to be
effective.

AEXRipiEBICUN B RS BELE
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Discussion

A recent 136 patient, randomized
controlled study in a large Dutch
mixed-use ICU showed a dramatic
reduction in delirium and an
improvement in sleep with this
simple intervention [36]. An earlier,
smaller US study in a general ICU and
a cardiac ICU showed subjectively
reported sleep quality was improved
with the use of earplugs [37].
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Discussion

Discussions with ICU staff during our X E & B 2R 1R, KA 5 ICULA4E
data collection period revealed that A R 891180 R I, 5 &A% 89
many we spoke to considered some R % AN — R EEGN B IR ES
patient to be disproportionate to HAE R 2 U L], B A R
their urgency, which led to louder CRREZHNEEEZNEYITIE, 7
sounds being prolonged while more S # 7T X IR Em T HEK, XFF
immediate needs were treated. This  Jg 2 “ %8 M it gt” RABAR T At &
inappropriateness in the alarm AROHe - HBLEAE R A= 48 R 89 3R 2= A
‘urgency mapping’ [38] may quickly  3# 'V,

lead to desensitisation [39] and a

corresponding reduction in alarm

response.



Discussion

Alarm fatigue has been cited in a R EFH—BIRECIEER KRS S
recent report as the leading hazard RER@IE A ZAE, FiEIE
faced by hospitals in the United TRBHEZERES S0 E R

States [40]. Visual correlation of the  JE52 TIRZR TR £V & — i fg
data recorder real-time screens with 49k &,

alarm sounds confirmed that

equipment alarms were the likely

source of at least some of the peak

values.



Discussion

It has been shown that active alarm
management can reduce the total
number of alarms. A study in the
United States [41] introduced a
programme by which staff were
encouraged to modify machine
default limits in line with their
patients’ individual physiology, thus
reducing the opportunity for alarm
fatigue to become established.

. 22 i B AR AR A IR Z= 7 32 7T AR )
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Discussion

Additionally, the development of
smart alarms has been advocated
[42-44]. In 2009, Gorges et al. [45]
reported that only 23% of the alarms
in the ICU were ‘effective’,
specifically suggesting that
introducing a 19-second delay would
eliminate 67% of the ignored and
ineffective alarms.

F N, R AR E LA R4
2009FGorges F AIRia T ICUZ A
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Discussion

Research is ongoing to improve the 2T RO R IE BT, VAEAT

system by which patients whose AR 7 AL 89 g A VAARIR, FF
condition is deteriorating are R —NREETHERG, RELEE

identified [44,46-48], and, although AT ZAE R, 12¢ T AFFRA
not in widespread use in the United JkKZ&E ZTHEFZHI]—NEPH
Kingdom, there are alarm BRHEREEHBL NI,
management systems which can

transfer the audible alert from the

patient bedside to a centralised

control room or to the care provider.



Discussion

There may therefore be ., AR FH AR AT IR IR
technological solutions that could be %] — iiﬂ"%ﬁ 2%, W X
used alongside awareness AU 3R 3T a9 4T A T F R 52 A0,

programmes to lower sound levels
by more than that which can be
achieved by behavioural
interventions alone.



Discussion

We could achieve sound levels within &A1 R & £ 1CUZE % L5+ X F257
the WHO guidelinesonly in aclosed A 371X &892 R85 5 27 5834 3
side room with all patient monitoring WHOA i #A 69 B TR E . Re —

equipment switched off. Although B 50, R LMK 5 K- A T 4T 89,
some studies have found that it is Z2VWERTAT, 1258 — ik T
possible to lower noise levels, at WHO#S & 89 R IFR K -F . & AN698
least temporarily, none achieved R EZ, ARIEY AT I m A 891X

levels below the WHO guideline limit. & &K, WHO#% & 4k % 69 K -F /£ 32
Our findings suggest that, with the a9 |CUE & 5 7~ B 69 o

current equipment required for

patient care, the WHO guidelines are

not achievable in ICUs in the United

Kingdom.



Limitations

Our study was limited to one day of HBAVFF I T, B ILE R
recording at each site. One full week R it.x 7 — R &I A, 1T — 2
at each site would have provided 6 B 18] B2 1% Rk e T B0 B FE
more robust data less susceptibleto =R VA EIF 49250k, X 24T HA
short-term events, which might have F# it 2%t et — XL RKE
affected the sound levels recorded PR

on any given day.



Limitations

We did not collect information on
patient sleep assessment or
document activity around the
patient bed space (for example,
treatment and interventions or
visitor and/or patient use of
television and/or radio), which may
have contributed to the noise levels
in the patient’s vicinity.
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Limitations

A more accurate description of the
sources of the noise may have been
possible with more frequently
sampled data, combined with
greater frequency discrimination.
This would have enabled us to run

more detailed analysis of noise levels,

particularly with regard to the
number of peak levels and their
duration.
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