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Abstract

Background: Patients treated in intensive care units (ICUs) experience life-

threatening medical conditions but some external factors in ICUs do not help or even

adversely affect and complicate their evolution. Among others, such factors include

noise pollution due to alarms and medical clinical equipment, as well as the activities

of the health care personnel themselves.

Aim: This study aimed to evaluate the influence of elevated sound levels on physio-

logical variables and the consciousness state of patients treated in a cardiovascular

area in an ICU.

Design: A longitudinal study with several observations was carried out during

1 month in the cardiovascular area of an ICU of a third-level hospital in southern

Spain.

Methods: Sound levels were monitored in different work shifts and patients' physio-

logical data and consciousness status were recorded. Generalized additive mixed

models (GAMMs) were developed to detect the variability of the sound levels

together with the vital parameters of the patients in the ICU.

Results: Thirty-eight patients were included. The mean sound level was 54.09 dBA.

The GAMM sound levels analysis showed a significant increase in sound levels from

4:30 p.m. to 8:00 p.m. (1.83 dBA; P < .001) and 8:00 p.m. to 11:30 p.m. (3.06 dBA;

P < .001). An increase in heart rate (3.66 bpm; P < .001), respiratory rate (2.62 rpm;

P < .001) and the Glasgow Coma Scale (0.50 units; P = .002) was detected during the

4:30 p.m.–8:30 p.m. period.
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Conclusions: Elevated sound levels in cardiovascular ICUs seem to influence posi-

tively the physiological and consciousness status of patients. Given the importance

of the findings for patient safety, future intervention studies are recommended.

Relevance to Clinical Practice: The finding of this study could translate into struc-

tural changes in ICU facilities, as well as the development of clinical practice guide-

lines that influence the behaviour of health care professionals.
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1 | INTRODUCTION

1.1 | Background

Noise is recognized by the World Health Organization (WHO) in

2018, to be “one of the most important environmental risks to health”
and “a growing concern among policy-makers and the public alike.”1

Noise or unwanted sound, not merely elevated sound levels, is that

auditory stimulus or stimuli bearing no informational relationship to

the presence or completion of the immediate task.2 Logarithmic

decibel (dB) units are used to measure the intensity of sound. The

A-weighted filter is commonly used. In this standardized filter, sensitivity

varies in the same way as the human ear and modifies the frequency

response to follow a similar loudness curve of 40 phons.3

Historically, intensive care units (ICUs) are known to experience

elevated sound levels above the established limits4,5 which the WHO

sets at 30 dBA for nighttime.6 Several studies have reported mean

noise levels in ICUs to range between 50 and 65 dBA7,8 and in some

cases between 70 and 85 dBA, or even over 90 dBA.9,10

ICU environments are the source of various types of elevated

sounds (professionals and families' conversations, frequent diagnostic

and therapeutic procedures, monitor alarms, mechanical ventilation,

phones, doorbells, door closures, etc.), and the association between

elevated sound and sleep disturbance and its effect on patients' physi-

ological and psychological well-being has been widely investi-

gated.5,7-9 Observational studies have shown that sleep in ICUs is

often fragmented and of a markedly abnormal quality11 and has

important consequences on circadian rhythms,12 or how nursing inter-

ventions to abate ambient stressors enhance patients' sleep.13 Indeed,

the Society of Critical Care Medicine in 2018 published a document

entitled “Clinical Practice Guidelines for the Prevention and Manage-

ment of Pain, Agitation/Sedation, Delirium, Immobility, and Sleep dis-

ruption in Adult Patients in the ICU” which recommends using noise

and light reduction strategies to improve sleep in critically ill adults.14

In 2003, the Spanish legislation introduced a law on the assess-

ment and management of environmental noise (Law 37/2003 de

November 17th, for the noise). This law transposed and incorporated

the European recommendation contained in Directive 2002/49/CE,

which defines environmental noise as “unwanted or harmful outdoor

sound created by human activities, including noise emitted by means

of transport, road traffic, rail traffic, air traffic, and from sites of indus-

trial activity […] concerning integrated pollution prevention and con-

trol.”15 Furthermore, the technical guide of the Spanish National

Institute of Occupational Health and Safety establishes explicit rec-

ommendations for elevated sound level limits in several environments

(Royal Decree 286/2006, Spanish Official Gazette no. 22).16 Consis-

tently with WHO indications, for example, hospitals are rec-

ommended not to exceed values between 25 and 35 dBA.1 However,

none of these recommendations are specific to ICUs.

1.2 | Aims and objectives of the study

Cardiovascular ICUs, the scope of the research study, are responsible

for providing post-operative care for patients receiving cardiac sur-

gery. These patients used to experience physical and psychological

threats from surgery. A study by Hsu et al reported a positive associa-

tion between sound levels generated by ICU medical devices with ele-

vated heart rate and blood pressure in post-cardiac surgery

What is known about this topic

• Heart rate and blood pressure in post-cardiac surgery

patients are affected by sound levels generated by ICU

medical devices

• Previous studies assumed that all relations between the

sound levels and physical effects are linear

What this paper adds

• Fluctuations in sound levels and alterations in physiologi-

cal variables (heart rate and respiratory rate) and the

Glasgow Coma Scale coincide at the same time

• Our study introduces non-linear profiles of noise

together with vital parameters; flexible statistical

methods are, therefore, required to capture the changes

over time appropriately.
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patients.17 To the best of our knowledge, previous studies assume

that all relations between the sound levels and physical effects are lin-

ear. However, to detect the non-linear profiles of the noise together

with the vital parameters, flexible statistical methods are needed to

capture the changes over time appropriately. The generalized additive

mixed models (GAMM) are commonly used to capture the non-linear

time effects on the response variable.18

Therefore, to evaluate the sound levels of a cardiovascular ICU in

a third-level university hospital in southern Spain, and the possible

correlations of such a situation with patients' physiological and con-

sciousness state, we have performed independent GAMM.

2 | METHODS

This descriptive correlational study longitudinally analysed patients

treated in the month of June 2018 to the cardiovascular ICU of a

third-level hospital in southern Spain. A STROBE checklist was used

to guide this paper.

2.1 | Setting and participants

In this study, participants were required to be aged over 18 years and be

treated in the cardiovascular ICU for at least 24 hours. Pregnant women,

patients admitted to restricted access module (immate of the peniten-

tiary system) or with a high probability of death at 24–48 hours were

excluded (determined by the APACHE II17 scale at baseline; patients with

scores above 35 were excluded). Participants were included by consecu-

tive sampling on random shifts and days of the month.

In the study by Hsu et al18 sound levels had an impact on heart

rate by 1.40 + 0.71 beats per minute. Therefore, a random sample of

at least 23 individuals was sufficient to estimate, with a confidence of

95% and an accuracy of +/� 0.2 units, taking into account a standard

deviation of around 0.71 units. The necessary replacement percent-

age was expected to be 10%.

The time of the work shifts in the ICU under study were morning

(8:00 a.m.–3:00 p.m.), afternoon (3:00 p.m.–10:00 p.m.) and night

(10:00 p.m.–8:00 a.m.). In each shift, the number of nurses is 4 and

2 nursing assistants. In addition, there are usually two doctors on the

morning shift and one on the afternoon and evening shifts.

The studied cardiovascular ICU has a total of 8 beds and is

specialized in the diagnosis, management and monitoring of patients

with cardiac and cardiovascular pathology. The unit is structured in

the form of a rectangle with open beds on the narrower sides (two on

each side) and 5 semi-closed cubicles on the wider sides (4 were

patient beds and one a small office for clinicians). An open nursing

station is located on the other wider side. Figure 1 shows a diagram of

half the unit.

According to hospital regulations, two visits of a maximum length

of 35–40 minutes are allowed per day at 1:00 p.m. and 8:00 p.m. Also,

during the afternoon, this unit has a higher number of admissions due

to scheduled prosthetic valve surgeries.

2.2 | Variables and instruments

Sound levels were monitored in logarithmic decibels (dB) units with an

A-weighted filter during the different work shifts and the following

data were on patients' physiological state were collected using a phys-

iologic monitor (Philips, IntelliVue MP5, Amsterdam, Netherlands):

(a) heart rate; (b) respiratory rate; (c) oxygen saturation and (d) blood

pressure. The level of consciousness was established by the Glasgow

Coma Scale and sedation according to the Ramsay Sedation Scale.

The administration of vasoactive drugs (ie, adrenaline or norepineph-

rine) and sedatives and relaxants (ie, midazolam, propofol, fentanyl or

morphic chloride) was recorded. Data relating to the use or not of

mechanical ventilation, as well as other clinical and sociodemographic

variables (length of stay, clinical diagnoses, age and gender) were also

collected.

2.3 | Procedure

The clinical variables were obtained from the UCIMNOVA 2.0 applica-

tion. This application is being used in the study ICU (already registered

as a patent) for the follow-up of patients and including clinical vari-

ables related to medical and nursing interventions. Sound levels were

measured using a Class II sound level meter (Sauter SW 2000, Sauter

GmbH, Balingen, Germany; meeting the international standard

IEC61672-1:2014-07), calibrated by the manufacturer prior to the

collection period (Model 961-281) (Kern). Microsoft Excel, SAUTER

AFI-1.0 was used to transmit the sound level meter data to a com-

puter. It was used to measure sound levels in dBA, being the measur-

ing range between 25 and 136 dBA, frequency range 0.02 to

12.5 kHz and sensitivity 40 mV/Pa. The sound level meter was placed

right in the middle of the unit, approximately 5.06 ± 0.56 [range:

6.03-4.01] m from the patients' heads. The microphone was 1.20 m

above the ground and 2.30 m below the ceiling. The flooring and wall

materials are continuous homogeneous vinyl. Ceiling materials are

continuous sheets of cardboard/gypsum plasterboard.

Sound values were recorded every 2 seconds during each work

shift. A qualified researcher documented the physiological variables

every 15 minutes (recordings were also programmed in the physiolog-

ical monitors), and the Ramsay and Glasgow Coma Scale, as well as

doses of vasoactive, sedative and relaxant drugs, which were recorded

every 2 hours. The patients' length of stay, clinical diagnoses, age and

gender, and use or not of mechanical ventilation were collected at the

beginning and end of each shift. The total number of shifts included in

the study were (a) 4 morning shifts, 5 afternoon shifts and 1 night

shift on weekdays and (b) 1 night shift on weekends.

2.4 | Data analysis

The patients' characteristics were determined using descriptive statis-

tics such as measures of frequency, central tendency and dispersion

depending on the type of variable (quantitative or qualitative).

242 MORALES-CAN�E ET AL.
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Normality was checked by the Shapiro–Wilk test and homogeneity of

variance with the Levene test. Differences in sound levels according

to shift work were examined by comparing mean values of decibel

across the three-shift work categories using analysis of variance

(ANOVA).

To model the non-linear trends of sound levels and the non-

linear vital parameters of the patients in the ICU, GAMMs were

developed.

The reason for the chosen statistical methods, GAMMs, is two-

fold: (a) the variation of repeated measurements within and between

subjects has to be taken into account as the sound and the vital

parameters are measured repeatedly over time for the same patient

and (b) the non-linear effect of time on the sound levels and vital

parameters can be captured using smoothing splines.

The intercept and slope effects were considered as random

effects in all the GAMMs and were assumed to be normally distrib-

uted. GAMMs are commonly used to study both the variation of

repeated measurements within and between subjects with random

effects as well as the non-linear effects of covariates on the response

variable with a smooth function of the covariate.19 These flexible

smoothing techniques help to capture small increases and decreases

in the outcome variable during the follow-up period. As indicated in

Figure 2 representing the overall curves for sound and the vital

parameters of patients, the trajectories present a non-linear nature

over time. Thus, we used penalized cubic spline smoothing for the

effect of time indicated with function s() in GAMMs.

For the change in sound levels, we only considered the smooth

time effect on the response variable. For the respiratory rate, Glasgow

F IGURE 1 Diagram of half of the eight bedded space (not to scale)
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Coma Scale and heart rate, the following covariates were considered:

age, gender, length of stay, mechanical ventilation and pharmacology.

We have used the time effect both for fixed and random effects, the

smooth effect of time has been considered as fixed effects. The shifts

of ICU control (time intervals) were considered as another covariate in

the model, to observe the change in different control times. The effect

of mechanical ventilation was studied by a smooth interaction effect

with the time variable to obtain different curves for patients who had

mechanical ventilation and those who did not. In all the GAMMs, the

intercept and slope effects were considered as random effects and

assumed to be normally distributed. We considered all the variables

presented in Table 1 as covariates in the model and performed a vari-

able selection depending on the Akaike Information Criterion value of

the model.

All analyses were performed using the free software R (version

3.5.0). The GAMMs were fitted using the mgcv package.

2.5 | Ethical considerations

The study was conducted according to the guidelines of the Decla-

ration of Helsinki and approved by the Ethics Committee of the

author’s institution (Act n� 277; ref. 3878). All patients were older

than 18 years and gave their consent to participate voluntarily in

the study.

Prior to inclusion in the study, patients were provided with an

information sheet, and informed consent was obtained from all

participants included in the study. If patients were unable to give their

consent due to their clinical condition, consent was requested from

families.

3 | RESULTS

3.1 | Demographic and clinical variables

In June 2018 there were 59 hospital admissions in the aforemen-

tioned ICU. The study participants (N = 38) represent 64.4% of the

patients admitted to the ICU. Clinical data were recorded prospec-

tively. The majority of the participants were male (63.1%; n = 24) with

median age of 67 [45.6-72.1] years. Baseline demographic and clinical

variables are shown in Table 1.

3.2 | Sound levels and GAMM models

A total of 149 390 records were captured by the sound level meter.

The average sound value (Leq) captured by the sound level meter was

54.09 (SD = 5.03) dBA with a maximum value (Lmax) of 104.2 dBA

and a minimum value (Lmin) of 45.9 dBA. In relation to the average

sound values (Leq) recorded in each work shift, the afternoon work

shifts (55.35 dBA, SD = 5.22) were significantly louder than the morn-

ing shifts (53.95 dBA, SD = 4.90) and night shifts (52.14 dBA,

SD = 4.18; F = 63.87; P < .001).

F IGURE 2 Overall curves for sound
and the vital parameters of patients

244 MORALES-CAN�E ET AL.
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In the GAMM model for sound levels, the fixed effect of time

intervals showed significant effect and increasing sound levels

detected in the 4:30 p.m.–8:00 p.m. (coef.: 1.83; P < .001) and 8:00 p.m.

to 11:30 p.m. (coef.: 3.06; P < .001) time periods with respect to the

6:00 a.m.–9:30 a.m. time period. In contrast, a significant decrease in

sound levels was detected from 9:30 a.m. to 1:00 p.m. (coef.: �1.11;

P = .01) and 3:00 a.m. to 6:00 a.m. (coef.: �2.84; P < .001) (Table 2A).

A significant increase in the heart rate model was also observed

in the same period as in the sound levels model: 4:30 p.m. to 8:00 p.

m. and 8:00 p.m. to 11:30 p.m. (P < .001); however, the longer the

stay, the lower the heart rate levels (coef.: �0.75; P = .01). Addition-

ally, the medications that the patients were being administered did

not significantly affect the heart rate (Table 2B).

Considering the 6:00 a.m. to 9:30 a.m. time period as a reference,

higher respiratory rate values (Table 2C) were found in all time

periods, (P < .001) except for 3:00 a.m. to 6 a.m. The largest increase

occurred in the 1:00 p.m. to 4:30 p.m., 4:30 p.m. to 8:00 p.m. and

8:00 p.m. to 11:30 p.m. time periods, while a significant decrease in age

and fentanyl with respect to respiratory frequency was found (P = .03,

.01 respectively). Moreover, when midazolam or propofol was adminis-

tered, an increase in respiratory rate was detected; indeed, there was a

statistically significant difference but this was not clinically significant.

Regarding the Glasgow Coma Scale model, the 4:30 p.m. to 8:00 p.m.

time period showed significantly high values coinciding with the changes

in the sound levels model (P= .002, Table 2D). In the same line and para-

doxically, higher Glasgow Coma Scale values were associated with a lon-

ger ICU stay. As expected, the Glasgow Coma Scale values were

significantly lower when midazolam or propofol was used (P < .001).

The centred smooth effect of time for each response variable

(sound levels, heart rate and respiratory rate) is presented in Figure 3.

As can be seen in Figure 3A, the sound levels were lower at the begin-

ning, decreased over time (bathyphase: 125 hours) and then increased

between 200 and 300 hours, after which the values stabilized. Indeed,

a statistically significant curve was observed in the heart rate of

patients with mechanical ventilation (coef. = 7.07; P = .0253)

(Figure 3B), although the heart rate of patients with no mechanical

ventilation seemed to be more stabilized (coef. = 3.67; P = .4707). As

shown in Figure 3C, for patients with or without mechanical ventila-

tion, the respiratory rate curves were significant and similar and

slightly increased at the end of the measurement period in the case of

non-mechanically ventilated patients. Thus, at the end of the observa-

tional study, high noise levels coincided with high respiratory rate

levels in those non-mechanically ventilated patients.

4 | DISCUSSION

In 1859, Florence Nightingale, a pioneering figure in the nursing pro-

fession, wrote that “unnecessary noise … is the most cruel abuse of

care which can be inflicted either on sick or well.”20 Indeed, hospital

noise is considered one of the main factors that cause disruption in

patients' length-of-stay,21 but is the most stressful factor for patients

particularly in ICUs.10

The average sound level (54.09 dBA; SD 5.03) in the ICU studied

here exceeds the recommended levels proposed by the WHO.1

Similar results have been found in other studies performed in ICUs

with sound levels exceeding 50 dBA.10,22-24 We found that the

afternoon-evening shift was the loudest, specifically the time

period between 4:30 p.m. and 11:30 p.m. Higher sound values can

be explained by family or staff conversations during visits as well as the

greater number of admissions in this area of the ICU from scheduled

valve prosthesis surgeries, which usually arrive at the unit in the

afternoon.10,25,26

TABLE 1 Baseline demographic, medication and clinical variables
for the ICU sample

Variables (units) Total (N = 38)a

Age (years) 59.7 (20.3)

Gender

Male 24 (63.2%)

Female 14 (36.8%)

Elective admission 30 (78.9%)

Emergency admission 8 (21.1%)

Clinical diagnoses

Cardiogenic shock 1 (2.6%)

Cardiac heart failure 1 (2.6%)

Extracorporeal intervention 14 (36.8%)

Implantable cardioverter defibrillator 1 (2.6%)

Pre-heart transplant 1 (2.6%)

Subarachnoid haemorrhage 2 (5.2%)

Sepsis 1 (2.6%)

ST segment elevation myocardial infarction 4 (10.5%)

Transcatheter aortic valve implantation 13 (34.2%)

Mechanical ventilation (presence) 15 (39.5%)

Heart rate (beat per minute) 91.4 (17.7)

Respiratory rate (breath per minute) 18.1 (4.21)

Oxygen saturation (%) 94.4 (16.3)

Systolic blood pressure (mmHg) 112 (22.9)

Diastolic blood pressure (mmHg) 59.9 (12.1)

Mean arterial blood pressure (mmHg) 85.9 (16.1)

Glasgow coma scale (points) 10.7 (5.42)

Ramsay sedation scale (points) 3.37 (1.76)

Length of stay (days) 2.76 (5.46)

Medication (units) n Mean (SD)b

Epinephrine (mcg/kg/min) 15 0.20 (0.23)

Norepinephrine (mcg/kg/min) 28 0.29 (0.31)

Midazolam (mL) 2 1.65 (1.23)

Propofol (mL) 8 4.37 (4.46)

Fentanyl (mL) 4 0.94 (0.92)

aCategorical variables were expressed in absolute frequency (percentage)

and continuous variables in mean (standard deviation).
bIn medication, mean and standard deviation (SD) values were established

for those patients who received treatment (n). Note: Morphic chloride was

used in one patient.
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Figure 2 clearly shows the non-linear profiles of sound and vital

parameters over time, thus an appropriate statistical technique was

GAMMs which are commonly used in the literature for non-linear time

effect on repeatedmeasurements. Although this flexible smoothing tech-

nique does not establish cause-effect relationships and therefore limits

the clinical importance, it does capture small increases and decreases

independent variables during the study. We found a statistically signifi-

cant increase in physiological variables (heart rate, respiratory rate and

the Glasgow Coma Scale) at the same time that level of sound increased.

Interestingly, during the period from 4:30 p.m.. to 8:30 p.m. increased

sound levels were significantly associated with heart rate, respiratory

and Glasgow Coma Scale models. While these results are of great rele-

vance to patient safety as there appears to be an effect of sound levels

on hospitalized patients in terms of heart rate, respiratory rate and Glas-

gow Coma Scale, future studies are required in which we can incorporate

individual patient devices and register more environmental (light, humid-

ity and temperature) and clinical (body temperature) variables.

TABLE 2 Fixed effects models in the study area: (A) model of
noise; (B) model of heart rate; (C) model of respiratory rate and (D)
model of Glasgow Coma Scale

A

Model of noise

fixed effects

Variables Coef. (SD) P

Reference: 6:00 a.m. to 09:30 a.m.

09:30 a.m. to 01:00 p.m. �1.117 (0.452) .0137

1:00 p.m. to 4:30 p.m. 0.553 (0.475) .244

4:30 p.m. to 8:00 p.m. 1.838 (0.530) .0005

8:00 p.m. to 11:30 p.m. 3.063 (0.554) <.001

11:30 p.m. to 3:00 a.m. �0.292 (0.571) .6090

3:00 a.m. to 6:00 a.m. �2844 (0.550) <.001

B

Model of heart

rate Fixed effect
Age �0.0711 (0.224) .753

Female �6.227 (9.282) .5068

Reference 6:00 a.m.–09:30 a.m.

09:30 a.m. to 01:00 p.m. 1.352 (0.827) .1022

1:00 p.m. to 4:30 p.m. 6.456 (0.871) <.001

4:30 p.m. to 8:00 p.m. 3.669 (0.892) <.001

8:00 p.m. to 11:30 p.m. 4.361 (0.903) <.001

11:30 p.m. to 3:00 a.m. �0.638 (0.965) .5085

3:00 a.m. to 6:00 a.m. 0.654 (0.888) .4614

Adrenalin �3.566 (2.209) .1068

Length of stay �0.756 (0.306) .0135

Combination Midazolam

and Propofol

�0.738 (5.299) .8892

Midazolam or Propofol �0.487 (1.366) .7217

Fentanyl 0.383 (3.996) .9236

Morphic chloride 24.754 (26.265) .3526

DF P

s(time) * nO mechanized ventilation 3.677 .4707

s(time) * mechanized ventilation 7.075 .0253

C

Model of respiratory

rate fixed effects
Age �0.090 (0.0415) .0357

Female �0.199 (1.772) .4191

Ref (6:00 a.m. to 09:30 a.m.)

09:30 a.m. to 01:00 p.m. 0.860 (0.318) .0069

1:00 p.m. to 4:30 p.m. 2.395 (0.334) <.001

4:30 p.m. to 8:00 p.m. 2.620 (0.349) <.001

8:00 p.m. to 11:30 p.m. 3.244 (0.349) <.001

11:30 p.m. to 3:00 a.m. 1.165 (0.384) .0025

3:00 a.m. to 6:00 a.m. 0.176 (0.356) .6215

Length of stay �0.069 (0.085) .4190

Combination Midazolam and

Propofol

2.476 (2.019) .2203

Midazolam or Propofol 0.966 (0.511) .0587

Fentanyl �3.681 (1.524) .0159

TABLE 2 (Continued)

C

Model of respiratory

rate fixed effects
Age �0.090 (0.0415) .0357

Female �0.199 (1.772) .4191

Ref (6:00 a.m. to 09:30 a.m.)

Morphic chloride �2.120 (5.072) .6785

DF p

s(time) * no mechanized

ventilation

6.036 <.001

s(time) * mechanized ventilation 5.610 <.001

D

Model of
Glasgow
fixed effects

Age 0.188 (0.117) .1188

Female 0.867 (4.893) .8603

Ref (6:00 a.m. to 09:30 a.m.)

09:30 a.m. to 01:00 p.m. 0.104 (0.155) .5012

1:00 p.m. to 4:30 p.m. �0.0642 (0.161) .6910

4:30 p.m. to 8:00 p.m. 0.508 (0.169) .0028

8:00 p.m. to 11:30 p.m. 0.180 (0.181) .3186

11:30 p.m. to 3:00 a.m. �0.063 (0.185) .7311

3:00 a.m. to 6:00 a.m. �0.284 (0.160) .7299

Combination Midazolan and

Propofol

�0.567 (0.911) .5335

Midazolan or Propofol �3.594 (0.233) <.001

Days of stay 0.302 (0.0657) <.001

Fentanyl 0.010 (0.343) .9765

Morphic cloride 4.007 (14.535) .6216

DF p

s(time). 8.655 <.001

Note: Coef. (SD), Coefficient (Standard deviation); DF, Degrees of

freedom; s, smooth function with penalized cubic regression splines.

The bolded values are represent p < 0.05.
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Other studies10,27 have reported an increase in heart rate in noisy

environments and suggested that such increases are triggered by

vasoconstriction, highlighting that long-term noise leads to disruption

of vascular and endothelial function. It has also been suggested that

changes in heart rate may be due to the intensity and suddenness of

the sound levels.28 Although we observed higher respiratory rates in

periods with higher sound levels, differences were found depending

on the type of ventilation (with a higher increase at the end of the

analysis for non-mechanically ventilated patients). In the present

study, most of the patients included were patients who had under-

gone cardiovascular surgery. In these patients, even slight variations

in physiological variables (heart rate, respiratory rate and Glasgow

scale) can alter the recovery of the acute process, leading to a longer

stay in the ICU, increased tendency to delirium and a higher risk of

ischemic heart disease. In this sense, high sound levels can trigger a

series of stress hormones that affect tissue synthesis and metabolism,

and consequently the physiological variables of the person admitted

to the ICU.18,23 Reducing sound levels would help both to improve

the physiological situation and overall well-being of patients and the

level of satisfaction of the professionals who carry out their care tasks

in the ICU. As shown in our findings, length of stay is associated with

the heart rate and Glasgow coma Scale models. Therefore, the imple-

mentation of sound reduction programmes can lead to a reduction in

the number of days patients spend in the ICU.

As expected, the administration of sedative drugs showed a nega-

tive association with the Glasgow Coma Scale. Specifically, the lowest

Glasgow Coma Scale was found when either midazolam or propofol

was administered. Interestingly, when sound levels were higher, the

level of consciousness increased. Although elevated sound levels may

be a trigger for greater patient alertness (higher Glasgow Coma Scale),

another study in patients with traumatic brain injury showed that

patients with Glasgow levels <8 were exposed to more monitor

alarms than patients with a higher score. However, the authors did

not establish a cause–effect relationship between alarm noise and the

Glasgow Coma Scale.29 Therefore, to establish the existence of a

cause-effect relationship, it would be necessary to perform individual

F IGURE 3 Smooth effects of time graphs: A) noise; B) heart rate (right: mechanized ventilation; left: no mechanized ventilation);

C) respiratory rate (right: mechanized ventilation; left: no mechanized ventilation) and D) Glasgow Coma Scale
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measurements on each patient to determine whether alarms or other

environmental factors alter the state of consciousness.

McAndrew et al30 and Alsulami et al31 reported that more pro-

spective studies are needed to establish associations between the

administration of sedatives and sound levels in patients admitted to

the ICU, and if a correlation does exist, implement sound reduction

strategies to reduce the dose of sedatives administered. The authors

found that a quiet-time intervention reduced the respiratory rate and

administration of sedatives in mechanically ventilated patients.29

Elevated sound levels in ICUs mainly due to monitor alarms,

equipment and the activities of health care personnel have been impli-

cated in circadian disruption and sleep abnormalities in admitted

patients.32 The type of respiratory support can also lead to asyn-

chrony in biological rhythms.33 In this regard, we found smooth effect

models which differed depending on the presence or absence of

mechanical ventilation, but in both cases with peaks coinciding with

the sound level peak.

In the ICU studied here, the elevated sound levels may have been

caused by alarms that sounded when the patients' respiratory rate

increased, particularly high minute volume or peak pressure alarms.

Even when patients were not connected to mechanical ventilation at

the time of aspiration, coughing produced by stimulation with the

aspiration tube caused the monitor to detect a significant increase in

the respiratory rate, as well as in the heart rate and blood pressure in

the case of invasive arterial monitoring, thus triggering the alarm.

Moreover, given that the sound level meter was located at the nursing

station, it also recorded the alarms of the central monitor utilized for

the eight beds in the ICU, although the sound levels of the ventilator

alarms were more distant and less intense. Non-invasive mechanical

ventilation can produce more noise and also a higher respiratory rate.

However, since the sound level meter was not located at the patients'

bedside, the recorded sound levels may have been lower.

A recent Cochrane systematic review34 assessed the action of

melatonin in the promotion of adult sleep in ICUs. The most relevant

finding was the reduction in the administration of psychoactive

drugs/sedatives. However, the authors stated that the results were

inconclusive due to the heterogeneity in the sedation protocol and

the non-inclusion of other environmental variables. Therefore, future

studies should control for these confounding variables and provide

sufficient evidence to propose a possible intervention with melatonin

in ICUs for the promotion of sleep.

5 | IMPLICATIONS AND
RECOMMENDATIONS FOR PRACTICE

The findings of this study may be of interest to health professionals

working in ICUs as they could help them to plan structured interven-

tions that provide patients enough rest and avoid disruptions in their

biological rhythms. The association over time of increases in physio-

logical variables (heart and respiratory rate, Glasgow Coma Scale) and

sound levels shows how the circumstances of the hospital

environment impact the health of patients hospitalized in the ICU.

The study results can also influence the decision of whether or not to

design an open—albeit currently questioned—ICU system

(e.g. extended visiting hours), as such designs affect sleep/wake cycles

and circadian rhythms.

5.1 | Limitations

Although many sound measurements have been made in a cardiovas-

cular area of an ICU and several work shifts have been included, the

results may not be generalizable to all cardiovascular wards. The fact

that the measurements were made on non-continuous, random work-

days and shifts may not fully reflect the clinical activity in the unit.

However, daytime and nighttime periods have been considered, and

through the soft effects model, this lack of continuity has been

reduced.

Another limitation is that a single sound level meter located in the

nursing post was used per work shift. Perhaps different values could

have been obtained if additional sound level meters had been placed

at different areas of the unit. Despite these limitations, we believe

that the findings are of important clinical-care interest.

Factors such as the structure of the ICU or the amount of light

that patients receive have not been considered. Therefore, staffing

numbers and the season of the year should be taken into account in

future studies. This study analysed clinical variables related to patient

monitoring in the ICU. However, it would be necessary to include

other variables, such as melatonin levels, to establish a cause–effect

relationship.

6 | CONCLUSION

Our study found high sound levels in a cardiovascular ICU. Unlike

other series using GAMM models, a link between sound, heart rate,

respiratory rate and the Glasgow scale has been established. Specifi-

cally, we observed an association between increasing levels of sound,

heart rate, respiratory rate and Glasgow Coma Scale at the same time.

The findings seem to indicate that the environmental conditions

of the ICU influence certain variables related to patients' physiological

state. In the studied ICU, no specific sound levels interventions were

being carried out. Future intervention studies on these environmental

conditions could be recommended, although variables such as the

light, humidity and temperature of the unit need to be determined in

prospective studies.

The results of this study could translate into structural changes in

ICU facilities (construction, orientation and distribution of new units),

as well as the development of clinical practice guidelines that influ-

ence the behaviour of health care professionals.
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