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Abstract

Introduction

We aimed to investigate whether noise in delivery rooms is associated with impaired perfor-

mance of obstetric teams managing major (�1000 mL) postpartum hemorrhage.

Material and methods

We included video recordings of 96 obstetric teams managing real-life major postpartum

hemorrhage. Exposure was noise defined as the occurrence of sound level pressures (SPL)

above 90 dB. The outcome was high clinical performance assessed through expert ratings

using the TeamOBS-PPH tool.

Results

The 23 teams unexposed to noise had a significantly higher chance of high clinical perfor-

mance than the 73 teams exposed to noise: 91.3% (95% CI; 72.0–98.9) versus 58.9% (95%

CI; 46.8–70.3) (p < 0.001). The results remained significant when adjusting for the following

possible confounders: team size, non-technical performance, bleeding velocity, hospital

type, etiology of bleeding, event duration and time of day. Typical sources of noise above 90

dB SPL were mother or baby crying, dropping of instruments, and slamming of cupboard

doors.

Conclusion

Noise in delivery rooms may be an independent source of impaired clinical performance.
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Introduction

Over the past decades, noise has increased at hospitals throughout the world[1]. The estimated

increase is 15 dB(A), which is considerable as an increase of 10 dB corresponds to a doubling

of the perceived noise level. Noise is associated with adverse health outcomes, stress and

impaired performance[2,3]. Especially sudden, unpredictable noise can cause a startled

response and thus lead to work disruption[4–6].

We know little about how noise affects healthcare providers managing acute events in the

hospital setting. However, studies point at increased levels of stress and impaired performance

with cognitive tasks and motor coordination for healthcare workers and other professionals

being affected[7–11]. Accordingly, a pediatric surgery department tried to implement a noise

reduction program[12]. They managed to reduce the overall operation theatre sound levels

from 63dB(A) to 60 dB(A) and observed a significant decrease in complication rates during

the same period of time. Labor wards are even noisier with average noise levels reaching 87 dB

(A) and maximum noise levels reaching 122 dB(A)[13]. Even though this is not experienced

by all personnel every day, these levels are actually within the range where hearing protection

is recommended by the WHO[14]. Such high noise levels may be critical when managing

emergencies like postpartum hemorrhage where providing the correct treatment promptly is

of paramount importance[15].

If noise has the potential to impair the clinical performance of obstetric teams, precautions

should be taken. To our knowledge, no study of the impact of noise on the clinical perfor-

mance of real-life obstetric emergency teams has previously been published. We therefore

aimed to investigate whether exposure to noise impairs clinical performance in obstetric teams

managing real-life major (�1000 mL)[16] postpartum hemorrhage.

Material and methods

Study design and setting

In this clinical study, we performed a secondary analysis of soundtracks and video recordings

of teams managing real-life major postpartum hemorrhage. As previously described[17], a

chip in the obstetrician’s telephone activated the recorders when she or he entered any delivery

room at one of two Danish hospitals: a university hospital and a regional hospital. The Univer-

sity Hospital in Aarhus had approximately 5,000 deliveries; provided maternal care at level 3;

and was staffed by 20 technicians, 100 midwives and 50 physicians. The Regional Hospital in

Horsens had approximately 2,000 deliveries; provided maternal care at level 2; and was staffed

by 45 midwives, 2 technicians and 25 physicians. The recorders were installed and inclusion of

cases began 20 October 2014 at the Regional Hospital in Horsens and on 10 January 2015 at

the University Hospital in Aarhus and ended at both locations on 1 May 2016.

Noise analysis

The labor ward is a noisy environment, and average noise levels have been estimated at 87 dB

(A)[13]. We therefore defined noise exposure as the presence of a sound level pressure above

90 dB and we used that to categorize the teams as being either exposed or never exposed to

noise. To explore the effects of noise level, we also estimated the impact on performance of

sound levels up to 90 dB SPL, 85 dB SPL 80 dB SPL, 75 dB SPL and 70 dB SPL.

Sound level was monitored by a microphone (ECM-10/WS, Monacor, Germany) placed in

the ceiling right above the patient’s bed and was saved as an audio file (WAV file). The place-

ment of the microphone and the gain settings were the same in all rooms. We analyzed the

audio files using the software Praat (computer software, Institute of Phonetic Sciences—
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University of Amsterdam)[18] which calculated the sound pressure level (SPL) in decibels rela-

tive to a reference level of 0.00002 Pa, the threshold of human hearing being 1 kHz. We calcu-

lated one measurement of dB SPL every 10.67ms, as recommended by Praat[19], and thereby

also calculated the duration (milliseconds) of sound levels. Our method of estimating dB SPL

was tested for precision as recommended by the sound engineer (HG) by comparing our

results to a Sound Level Meter (Model 2250, Brüel & Kjær, Denmark) in a white noise test-

setup at the following distances from the microphone: 1 cm and 1 m. The precision of our esti-

mate is within one dB SPL.

Performance assessment based on video recordings

The audio and video files of obstetric teams managing real-life patients with major postpartum

hemorrhage were assessed for clinical performance and non-technical performance.

Clinical performance: Two consulting obstetricians independently assessed all video record-

ings using the validated TeamOBS-PPH tool[17]. The average score of the two raters was used

for the final analysis. The TeamOBS-PPH score (range 0–100) is a measure of how well teams

provide patient care according to the protocol. The minimal pass level is 60; below this score,

there is a risk of harming the patient. The level associated with high clinical performance is 85,

as above this score no or only minor errors affect the score. Inter-rater agreement was (intra

class correlation) ICC 0.84;(95%CI; 0.76–0.89).

Non-technical performance: Two physicians, independently assessed the video recordings

using the “Assessment of obstetric team performance” AOTP tool[20] with interrater agreement

ICC 0.97; 95%CI; 0.96–0.98). The tool allows assessment of 18 observable non-technical skills

in six categories: 1) Communication with the patient and partner; 2) Task management, 3)

Teamwork and leadership; 4) Situation awareness; 5) Team communication; 6) Environment

of the room (S1 Table). The last category (Environment of the room) specifically covers certain

behaviors of team members undertaken to manage distractions such as malfunctioning or

missing equipment.

All four raters assessed all 96 videos independently and were blinded to each other’s scores.

Additional information regarding team size, bleeding etiology, time of day for the event,

event duration and bleeding amount was collected. At both hospitals, standard procedure pre-

scribes that bleeding amount is estimated by weight and continuously stated vocally by the

nurse to the team. Bleeding velocity was estimated using the first and second bleeding amount

registered (mL bleeding per minute).

Statistical analysis

We did not conduct a power calculation because this study is a secondary analysis[21–23]. The

chance and the risk difference of high clinical performance and noise were estimated with 95%

confidence interval (CI) using binary regression analysis[24]. The assumption of the no effect

measure modification of noise by team size (number of healthcare providers in the team),

non-technical performance (AOTP summative score, score-squared as continuous variable),

bleeding velocity (mL bleeding per minute), hospital type (university or regional), etiology

(atony, retained placenta, or lacerations) and time of day (time and time-squared as continu-

ous variable, hours) was assessed by including an interaction between the adjusted measure

and noise in the binary regression model.

The association between the chance of high clinical performance and the duration of noise

exposure in milliseconds was visualized by the nonparametric analysis Lowess[25,26]. STATA

15, Texas was used for all statistical analyses.

Noise and clinical performance
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Ethical approval

All participants appearing in the video recordings gave written consent for the videos to be

analyzed for research purposes. The study was approved in May 2014 by the Central Denmark

Region, the Danish Data Protection Agency (2012-58-006) and the Research Foundation of

Central Denmark (case-no. 1-16-02-257-14).

Results

In this study we included a total of 99 teams. These teams consisted of 213 different healthcare

providers in 97 different combinations. Totaling 60 physicians, 125 midwifes and 28 techni-

cians. After excluding three recordings due to technical error, we analyzed the data associated

with 96 obstetric teams managing major postpartum hemorrhage. We found that 73 teams

(76%) were exposed to noise defined as a SPL above 90 dB, whereas 23 teams (24%) were

never exposed to noise. We identified the sources of noise in the first 50% of the audio files by

viewing the audio and video for the time of the noise peak. Typical sources of noise were cup-

board doors slamming, metal instruments being dropped and the mother crying loudly

(Fig 1). Other sources were chairs being dragged over the floor, the baby crying loudly, cough-

ing and many people talking loudly at the same time.

The teams who had not been exposed to noise had a 91.3% (95%CI; 72.0–98.9) chance of

high clinical performance, whereas this chance was only 58.9% (95%CI; 46.8–70.3) for exposed

teams (Table 1). This reduction of 32 percentage points (p< 0.001) remained significant when

adjusting for the following potential confounders separately: team size, non-technical perfor-

mance, bleeding velocity, hospital type, etiology, event duration, and time of day (Table 2).

Fig 1. Example of noise level during a postpartum haemorrhage.

https://doi.org/10.1371/journal.pone.0221860.g001
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The chance of high clinical performance decreased with the duration of noise (Fig 2). The

duration needed to impact performance was about 0.15 seconds at 90 dB SPL, 20 seconds at 80

dB SPL and 90 seconds at 75 dB SPL. No obvious decrease in the chance of high clinical perfor-

mance was observed for exposure to sound at 70 dB SPL. Further analysis of performance and

sound levels are available in the supplemental material, illustrating that the mean dB SPL for

the entire recording was negatively associated with the chance of high clinical performance (S1

File).

Discussion

In this study, we found that teams who had not been exposed to noise above 90 dB SPL had a

91.3% chance of high clinical performance, whereas this figure was only 58.9% for the noise-

exposed teams. Typical sources of high noise levels were cupboard doors slamming, metal

instruments being dropped or the mother or baby crying.

The main strength of this study is that we were able to collect audio and video data of teams

managing real-life obstetric emergencies. Furthermore, our method allowed us to make very

exact measurements on fluctuating noise levels as noise was measured every 10.67 millisecond,

and the precision of our measurements was within 1 dB SPL. Another strength is the number

of different team members. With a total of 60 physicians and 125 midwives participating in the

study we achieved high staff heterogeneity thus minimizing the risk of confounding due to

personal characteristics.

There were also a number of limitations. 1) We measured the noise using one microphone

in the ceiling and therefore do not have an exact measure of the noise exposure for each team

Table 1. Noise and clinical performance.

Exposed to noise >90dB High clinical performance�

n Risk % (95%CI)

No 23 91.3 (72.0–98.9)

Yes 73 58.9�� (46.8–70.3)

�TeamOBS-PPH score�85

�� p value <0.001

https://doi.org/10.1371/journal.pone.0221860.t001

Table 2. Possible confounders.

Difference in risk of high clinical performance

Exposed vs. unexposed to noise�90 dB

n Risk difference % (95%CI) p value

Unadjusted 96 32.4 (16.3–48.5) <0.001

Adjusted for team size 96 34.2 (20.3–48.2) <0.001

Adjusted for non-technical performance 96 26.6 (11.1–42.0) <0.001

Adjusted for bleeding velocity� 76 27.2 (9.1–45.3) 0.003

Adjusted for hospital 96 31.4 (14.9–47.8) <0.001

Adjusted for etiology 96 31.4 (14.9–47.9) <0.001

Adjusted for event duration 96 34.8 (23.7–45.9) <0.001

Adjusted for time of day 96 33.3 (20.5–46.1) <0.001

�Calculation from first to second measurement. Twenty teams are missing since they only have one measurement during the event.

https://doi.org/10.1371/journal.pone.0221860.t002
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member. However, the position of that one microphone was well-chosen as it was placed

above the foot of the patient’s bed and thus reflected the noise exposure experienced by those

leading the team. 2) The sample did not allow us to adjust for a combination of all confounders

in a multivariate analysis; however, none of the individual confounders seemed to affect the

results (Table 2 and S1 Table). 3) We defined noise as SPL> 90 dB, which make out results

comparable to those from other studies [27] even though the choice of this cutoff resulted in

an unbalanced division of the population into 73 exposed teams and 23 non-exposed teams. 4)

Furthermore, by our definition, a very short peak of noise categorized the team as noise

exposed. One could argue that the average noise level during the entire video recording is also

relevant. We therefore addressed this secondary finding in S1 File, which shows a similar asso-

ciation between noise and clinical performance.

This study cannot establish causality between noise and performance. However, we find it

likely that noise impacts on team performance in the delivery ward. Our results were unaf-

fected by performance-relevant confounders: team size, non-technical performance, bleeding

velocity, hospital type, etiology, event duration, and time of day. Nevertheless, there remains a

risk of unmeasured confounding. In particular, a number of other possible distractors related

to the procedure such as doors opening/closing, equipment missing, case-irrelevant

Fig 2. Impact of sound duration on the chance of high clinical performance.

https://doi.org/10.1371/journal.pone.0221860.g002
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conversations, and self-initiated interruptions[28–30]. Distractions and interruptions during

clinical activities have been investigated in anesthetic teams and associated with a negative

impact on the patient management[31]. These distractors have not been accounted for in the

present study. Future research with adequate power should therefore consider a wider range of

distractors that may affect team performance in the delivery room.

While our findings indicate a significant effect of noise on performance, it is noteworthy

that there are noise-exposed teams with high clinical performance. Explanations could be that

some people are more susceptible to noise[3,32], that some sources of noise are more disrup-

tive and that performance is also affected by other factors. Further studies are needed to assess

these aspects in the future.

We find it likely that noise impacts on team performance; however, one could also argue

the opposite that staff become more noisy when the clinical situations deteriorate, i.e. a poor

clinical performance induces a tense situation and stresses the staff and the mother and baby.

If so, our conclusion concerning the influence of noise on the clinical performance is wrong;

in fact, the direction might be reversed. We acknowledge this hypothesis. However, based on

existing literature[2,3], we find our original hypothesis more likely as noise was not associated

with bleeding velocity in the delivery room.

In the present study, we estimated sound level pressure using a non-weighted decibel scale.

A number of studies have used an A-weighted decibel scale, as the purpose of A-weighting is

to compensate for our perception’s dependence on sound frequency[33]. However, A-weight-

ing is not ideal for measuring high noise levels (above 60 dB), and it has a tendency to underes-

timate the level of low-frequency noise[34].

We defined noise as sound level above 90 dB SPL, because the average sound level during

labor has been estimated to be 87 dB(A)[13]. However, moderate sound levels above 80 dB

SPL and 75 dB SPL but not 70 dB SPL also affected team performance (Fig 2), albeit at more

than 100-fold longer durations. This finding supports results from previous studies where

moderate noise did not affect performance as negatively as high noise[35–38]. One must

remember that a single 90 dB SPL noise peak does not necessarily represent the whole sound

to which the team is exposed.

This disparity between the teams’ experience of noise and our measurements of noise peaks

is visualized in Fig 1, where a neonate cries for several minutes, but this only results in a single

noise peak above 90dB.

Noise reduction may improve the teams’ working environment and thereby their clinical

performance. Several initiatives may be considered to reduce the exposure to noise: pain relief

before bimanual palpation, soft closing system on cabin doors and a warning system to the

delivery ward, e.g. using a SoundEar™ to increase the teams’ awareness of noise. Though wall-

to-wall carpeting and heavy curtains are not an option due to strict hygiene regulations, noise

can be reduced in a simple manner by placing mineral wool insulation behind the ceiling[39].

Conclusion

In conclusion, our study suggests that high noise levels reduce clinical performance in obstet-

ric emergency teams. To prove causality, randomised controlled trials of noise reduction are

needed. However, on the basis of our findings, we recommend that noise reduction be consid-

ered to support optimal performance and patient care during obstetric emergencies.

Supporting information

S1 Table. Description of items in AOTP.

(PDF)
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S1 File. Supplemental analysis.

(DOCX)

Acknowledgments

We thank all participating parents and staff members for supporting this study, and Professor

Erik Parner for advice and approval of the statistical analysis.

Author Contributions

Conceptualization: Lone Hvidman, Ole Kierkegaard, Tanja Manser, Niels Uldbjerg, Lise

Brogaard.

Data curation: Kristiane Roed Jensen, Lise Brogaard.

Formal analysis: Kristiane Roed Jensen, Henrik Gliese, Niels Uldbjerg, Lise Brogaard.

Funding acquisition: Lise Brogaard.

Investigation: Kristiane Roed Jensen, Lise Brogaard.

Methodology: Kristiane Roed Jensen, Lone Hvidman, Ole Kierkegaard, Henrik Gliese, Tanja

Manser, Niels Uldbjerg, Lise Brogaard.

Project administration: Lise Brogaard.

Resources: Niels Uldbjerg.

Supervision: Lone Hvidman, Ole Kierkegaard, Tanja Manser, Niels Uldbjerg, Lise Brogaard.

Validation: Lone Hvidman, Ole Kierkegaard, Henrik Gliese, Tanja Manser, Niels Uldbjerg,

Lise Brogaard.

Visualization: Niels Uldbjerg, Lise Brogaard.

Writing – original draft: Kristiane Roed Jensen, Lone Hvidman, Ole Kierkegaard, Tanja

Manser, Niels Uldbjerg, Lise Brogaard.

Writing – review & editing: Kristiane Roed Jensen, Lone Hvidman, Ole Kierkegaard, Henrik

Gliese, Tanja Manser, Niels Uldbjerg, Lise Brogaard.

References
1. Busch-Vishniac IJ, West JE, Barnhill C, Hunter T, Orellana D, Chivukula R. Noise levels in Johns Hop-

kins Hospital. Acoust Soc Am. 2005; 118(6):3629–45.

2. Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S, et al. Auditory and non-auditory effects of

noise on health. Lancet. 2014; 383(9925):1325–32. https://doi.org/10.1016/S0140-6736(13)61613-X

PMID: 24183105

3. Kjellberg A. Subjective, behavioral and psychophysiological effects of noise. Scand J Work Environ

Health. 1990; 16(1):29–38.

4. Hodge B, Thompson JF. Noise pollution in the operating theatre. Lancet. 1990; 335(8694):891–4.

https://doi.org/10.1016/0140-6736(90)90486-o PMID: 1969991

5. Dornic S, Laaksonen T. Continuous Noise, Intermittent Noise, and Annoyance. Percept Mot Skills.

1989; 68(1):11–8. https://doi.org/10.2466/pms.1989.68.1.11 PMID: 2928031

6. Szalma JL, Hancock PA. Noise effects on human performance: A meta-analytic synthesis. Psychol

Bull. 2011; 137(4):682–707. https://doi.org/10.1037/a0023987 PMID: 21707130

7. Keller S, Tschan F, Beldi G, Kurmann A, Candinas D, Semmer NK. Noise peaks influence communica-

tion in the operating room. An observational study. Ergonomics. 2016; 59(12):1541–52. https://doi.org/

10.1080/00140139.2016.1159736 PMID: 27054273

Noise and clinical performance

PLOS ONE | https://doi.org/10.1371/journal.pone.0221860 August 30, 2019 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0221860.s002
https://doi.org/10.1016/S0140-6736(13)61613-X
http://www.ncbi.nlm.nih.gov/pubmed/24183105
https://doi.org/10.1016/0140-6736(90)90486-o
http://www.ncbi.nlm.nih.gov/pubmed/1969991
https://doi.org/10.2466/pms.1989.68.1.11
http://www.ncbi.nlm.nih.gov/pubmed/2928031
https://doi.org/10.1037/a0023987
http://www.ncbi.nlm.nih.gov/pubmed/21707130
https://doi.org/10.1080/00140139.2016.1159736
https://doi.org/10.1080/00140139.2016.1159736
http://www.ncbi.nlm.nih.gov/pubmed/27054273
https://doi.org/10.1371/journal.pone.0221860


8. Wheelock A, Suliman A, Wharton R, Babu ED, Hull L, Vincent C, et al. The Impact of Operating Room

Distractions on Stress, Workload, and Teamwork. Ann Surg. 2015; 261(6):1079–84. https://doi.org/10.

1097/SLA.0000000000001051 PMID: 26291954

9. Hygge S, Evans GW, Bullinger M. A Prospective Study of Some Effects of Aircraft Noise on Cognitive

Performance in Schoolchildren. Psychol Sci. 2002; 13(5):469–74. https://doi.org/10.1111/1467-9280.

00483 PMID: 12219816

10. Khajenasiri F, Zamanian A, Zamanian Z. The Effect of Exposure to High Noise Levels on the Perfor-

mance and Rate of Error in Manual Activities. Electron Physician. 2016; 8(3):2088–93. https://doi.org/

10.19082/2088 PMID: 27123216

11. Moorthy K, Munz Y, Dosis A, Bann S, Darzi A. The effect of stress-inducing conditions on the perfor-

mance of a laparoscopic task. Surg Endosc Other Interv Tech. 2003; 17(9):1481–4.

12. Engelmann CR, Neis JP, Kirschbaum C, Grote G, Ure BM. A Noise-Reduction Program in a Pediatric

Operation Theatre Is Associated With Surgeon’s Benefits and a Reduced Rate of Complications. Ann

Surg. 2014; 259(5):1025–33. https://doi.org/10.1097/SLA.0000000000000253 PMID: 24394594

13. Fredriksson S, Hammar O, Torén K, Tenenbaum A, Waye KP. The effect of occupational noise expo-

sure on tinnitus and sound-induced auditory fatigue among obstetrics personnel: a cross-sectional

study. BMJ Open. 2015; 5(3).

14. Etienne Krug, Maria Alarcos Cieza, Shelly Chadha, Laura Sminkey, Thais Morata, DeWet Swanepoel,

et al. Hearing loss due to recreational exposure to loud sounds: a review. WHO. 2015;

15. Anderson JM, Family F, Residency M, Pennsylvania W, Forbes H. Prevention and Management of

Postpartum Hemorrhage. Am Fam Physician. 2007; 75(6):875–82. PMID: 17390600

16. Mousa HA, Alfirevic Z. Treatment for primary postpartum haemorrhage. Cochrane Database Syst Rev

2007;(1).

17. Brogaard L, Hvidman L, Hinshaw K, Kierkegaard O, Manser T, Musaeus P, et al. Development of the

TeamOBS-PPH—targeting clinical performance in postpartum hemorrhage. Acta Obstet Gynecol

Scand. 2018; 98(4):677–87.

18. Boersma P, Weenink D. Praat: doing phonetics by computer. Version 6.0.24 [software]. 2017 [cited

2017 Jan 24]. http://www.fon.hum.uva.nl/praat/; 2017.

19. Boersma P. Time step setting . . . [Internet]. Praat Manual. 2003 [cited 2018 Jan 4]. http://www.fon.hum.

uva.nl/praat/manual/Time_step_settings___.html

20. Morgan PJ, Tregunno D, Pittini R, Tarshis J, Regehr G, Desousa S, et al. Determination of the psycho-

metric properties of a behavioural marking system for obstetrical team training using high-fidelity simula-

tion. BMJ Qual Saf. 2012; 21(1):78–82. https://doi.org/10.1136/bmjqs-2011-000296 PMID: 21994358

21. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events

per variable in logistic regression analysis. J Clin Epidemiol. 1996 Dec; 49(12):1373–9. PMID: 8970487

22. Senn SJ. Power is indeed irrelevant in interpreting completed studies. BMJ. 2002; 325(7375):1304.

23. Hoenig JM, Heisey DM. The Abuse of Power. Am Stat. 2001; 55(1):19–24.

24. Hancock M, Kent P. Interpretation of dichotomous outcomes: risk, odds, risk ratios, odds ratios and

number needed to treat. J Physiother. 2016 Jul; 62(3):172–4. https://doi.org/10.1016/j.jphys.2016.02.

016 PMID: 27320830

25. Cleveland WS, Devlin SJ. Locally Weighted Regression: An Approach to Regression Analysis by Local

Fitting. J Am Stat Assoc. 1988; 83(403):596–610.

26. Cleveland WS. Robust locally weighted regression and smoothing scatterplots. J Am Stat Assoc. 1979;

74(368):829–36.

27. Harrell FE. Regression Modeling Strategies. Cham: Springer International Publishing; 2015. 63–102 p.

(Springer Series in Statistics).

28. Van Pelt M, Weinger MB. Distractions in the anesthesia work environment: Impact on patient safety?

Report of a meeting sponsored by the anesthesia patient safety foundation. Anesth Analg. 2017; 125

(1):347–50.

29. Mentis HM, Chellali A, Manser K, Cao CGL, Schwaitzberg SD. A systematic review of the effect of dis-

traction on surgeon performance: directions for operating room policy and surgical training. Surg

Endosc. 2016; 30(5):1713–24. https://doi.org/10.1007/s00464-015-4443-z PMID: 26194261

30. Healey AN, Sevdalis N, Vincent CA. Measuring intra-operative interference from distraction and inter-

ruption observed in the operating theatre. Ergonomics. 2006; 49(5):589.

31. Savoldelli GL, Thieblemont J, Clergue F, Waeber J-L, Forster A, Garnerin P, et al. Incidence and impact

of distracting events during induction of general anaesthesia for urgent surgical cases. Eur J Anaesthe-

siol. 2010; 27(8):683–9. PMID: 19923992

Noise and clinical performance

PLOS ONE | https://doi.org/10.1371/journal.pone.0221860 August 30, 2019 9 / 10

https://doi.org/10.1097/SLA.0000000000001051
https://doi.org/10.1097/SLA.0000000000001051
http://www.ncbi.nlm.nih.gov/pubmed/26291954
https://doi.org/10.1111/1467-9280.00483
https://doi.org/10.1111/1467-9280.00483
http://www.ncbi.nlm.nih.gov/pubmed/12219816
https://doi.org/10.19082/2088
https://doi.org/10.19082/2088
http://www.ncbi.nlm.nih.gov/pubmed/27123216
https://doi.org/10.1097/SLA.0000000000000253
http://www.ncbi.nlm.nih.gov/pubmed/24394594
http://www.ncbi.nlm.nih.gov/pubmed/17390600
http://www.fon.hum.uva.nl/praat/
http://www.fon.hum.uva.nl/praat/manual/Time_step_settings___.html
http://www.fon.hum.uva.nl/praat/manual/Time_step_settings___.html
https://doi.org/10.1136/bmjqs-2011-000296
http://www.ncbi.nlm.nih.gov/pubmed/21994358
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://doi.org/10.1016/j.jphys.2016.02.016
https://doi.org/10.1016/j.jphys.2016.02.016
http://www.ncbi.nlm.nih.gov/pubmed/27320830
https://doi.org/10.1007/s00464-015-4443-z
http://www.ncbi.nlm.nih.gov/pubmed/26194261
http://www.ncbi.nlm.nih.gov/pubmed/19923992
https://doi.org/10.1371/journal.pone.0221860


32. Folscher L-L, Goldstein LN, Wells M, Rees D. Emergency department noise: mental activation or men-

tal stress? Emerg Med J. 2015; 32(6):468–73 https://doi.org/10.1136/emermed-2014-203735 PMID:

25001235

33. Everest FA, Pohlmann Ken C. Master Handbook of Acoustics. 5th ed. 2009. 30 p.

34. St. Pierre Jr. RL, Maguire DJ. The Impact of A-weighting Sound Pressure Level Measurements during

the Evaluation of Noise Exposure. Noise-Con 2004, Baltimore, Maryland.

35. Irgens-Hansen K, Gundersen H, Sunde E, Baste V, Harris A, Bråtveit M, et al. Noise Exposure and Cog-

nitive Performance: A Study on Personnel on Board Royal Norwegian Navy Vessels. Noise Health.

2015; 17(78):320–27. https://doi.org/10.4103/1463-1741.165057 PMID: 26356374

36. Schlittmeier SJ, Feil A, Liebl A, Hellbrück J. The impact of road traffic noise on cognitive performance in

attention-based tasks depends on noise level even within moderate-level ranges. Noise Heal. 2015; 17

(76):148–57.

37. Jones DM, Smith AP, Broadbent DE. Effects of Moderate Intensity Noise on the Bakan Vigilance Task.

J Appl Psychol. 1979; 64(6):627–34. PMID: 528438

38. Murthy VS, Malhotra SK, Bala I, Raghunathan M. Detrimental effects of noise on anaesthetists. Can J

Anaesth. 1995; 42(7):608–11. https://doi.org/10.1007/BF03011878 PMID: 7553997

39. Hansen CH, Goelzer BIF. Engineering Noise Control. 1996. 245–297 p.

Noise and clinical performance

PLOS ONE | https://doi.org/10.1371/journal.pone.0221860 August 30, 2019 10 / 10

https://doi.org/10.1136/emermed-2014-203735
http://www.ncbi.nlm.nih.gov/pubmed/25001235
https://doi.org/10.4103/1463-1741.165057
http://www.ncbi.nlm.nih.gov/pubmed/26356374
http://www.ncbi.nlm.nih.gov/pubmed/528438
https://doi.org/10.1007/BF03011878
http://www.ncbi.nlm.nih.gov/pubmed/7553997
https://doi.org/10.1371/journal.pone.0221860

