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Background: Excessive noise has negative implications for both clinicians and patients. Emergency cesarean
deliveries require rapid co‐ordination and communication, possibly increasing noise pollution. We aimed to
determine if noise levels in the Labor and Delivery operating room were higher during emergency cesarean
deliveries than during non‐emergency cesarean deliveries.
Methods: We conducted a prospective observational study measuring noise levels in Labor and Delivery oper-
ating rooms at a single academic medical center. Sound meters placed on anesthesia machines and events
charted in the electronic medical record were used to correlate noise levels to clinical activity. Noise levels
in all cesarean deliveries were recorded for one year. Deliveries were classified into two groups: non‐
emergency (routine or urgent) and emergency. We compared noise levels of the groups at eight time points
of interest: anesthesia provider enters operating room (T1), induction (T2), five minutes before incision
(T3), three minutes before incision (T4), one minute before incision (T5), time of incision (T6), delivery
(T7), and five minutes before initiating emergence (T8).
Results: Noise levels were measured for 440 cesarean deliveries. Forty were classified emergency and 400 non‐
emergency (304 routine, 96 urgent) procedures. Emergency cesarean deliveries were noisier at all eight time
points, although the absolute difference in decibels between the two groups was modest. The difference in
noise level reached statistical significance at five time points (T1, T2, T5, T6, and T7).
Conclusion: Noise levels were higher during emergency than during non‐emergency cesarean deliveries.
Introduction

Excess hospital noise carries implications for clinical providers and
patients. Operating rooms (ORs) can be particularly noisy. Background
noises like air handlers, forced‐air warmers, and patient monitors com-
bine with conversation and surgical equipment to create significant
levels of sound. Noise levels of 55–77 dB in ORs have been reported
across multiple surgical specialties1,2 with transient increases to levels
above 100 dB.2,3 Specifically, a noise simulation showed a baseline
level of 54 dB in an obstetric OR, with the loudest measurement being
85 dB.4

Operating room noise pollution can impede effective verbal com-
munication, which is critical to patient safety, between staff. Failed
communication is frequently implicated in poor patient outcomes.5

In a simulation study of auditory processing, surgeons exposed to noise
showed reduced performance, with a greater effect when simultane-
ously completing a task.6 Similarly, high noise levels impaired the per-
formance of obstetric teams managing postpartum hemorrhage.7
In obstetric anesthesia, emergency deliveries may be necessary for
fetal or maternal health. Emergency cesarean deliveries require rapid
completion of multiple steps to anesthetize and prepare the woman
for operative delivery; these tasks may increase OR noise. One study
found increasing noise levels in cesarean deliveries during the estab-
lishment of neuraxial anesthesia, testing of the block, and at delivery,
with the loudest phase being immediately following delivery.8 How-
ever, evidence is lacking as to whether and how noise levels differ
between routine and emergency cesarean deliveries. We aimed to
determine if noise levels in the OR were higher during emergency
compared with non‐emergency cesarean deliveries.
Methods

This single‐center, prospective observational study took place in
the Labor and Delivery unit ORs at a large academic medical center
from March 2018 to February 2019. The study was approved by our
.
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Institutional Review Board. There was no physical risk to the patient,
therefore written consent was not required.

Study design

All consecutive cesarean deliveries performed on women age ≥18
years during the study interval were included. The primary outcome
was noise level. An industrial‐grade sound meter, validated from 30‐
130 dB with a resolution of 0.1 dB per manufacturer specifications
(Class 1 Sound Level Meter, model DSM403SD with Excel‐formatted
Data Logging SD Card, General Tools & Instruments, Secaucus, NJ,
USA), was used to measure noise levels. The meter was set to “A” fre-
quency weighting, slow time weighting, and auto‐range mode. Sam-
pling time was set at 60 s. A single measurement was recorded every
60 s.

The electronic medical record was used to determine if the cesar-
ean delivery was elective or urgent (non‐emergency) or an emergency.
Non‐emergency deliveries were compared with emergency cesarean
deliveries. Noise levels were correlated to specific clinical time points
marked in the anesthesia record, including: T1. Start of data collection
(anesthesia provider enters the OR); T2. Neuraxial block placement or
induction of general anesthesia; T3. Five minutes before skin incision;
T4. Three minutes before incision; T5. One minute before incision; T6.
Skin incision; T7. Delivery; T8. Five minutes before end of data collec-
tion (initiation of emergence). Of note, T3‐T5 always occurred at the
same time relative to skin incision, but T2 varied depending on the
type of anesthesia.

Data collection

Sound meters were secured in identical locations on top of the
anesthesia machine in two Labor and Delivery ORs to capture noise
experienced by anesthesia personnel (Supplementary Material 1).
Meters were placed without notifying OR personnel and remained in
place for one year to avoid behavior change. The authors only dis-
cussed the study amongst themselves. Noise levels were saved with a
time/date stamp to a secure spreadsheet. To ensure the sound meters
were maintaining time correctly and similarly to the computers used
for the electronic medical record, the meters were examined weekly,
then monthly and at the study conclusion. No issues arose.

Our institution’s intra‐operative anesthesia record has specific
event time stamps that anesthesia personnel mark during cesarean
Fig. 1. Graph of mean noise levels (dB) across time points between non-emer
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delivery, which include our study’s time points. Other data points were
deduced using the time stamps. For patients with labor epidural anal-
gesia who required cesarean delivery, the time of the first vital sign
noted in the anesthetic record was used for T2.

Statistical analysis

To determine a sample size and establish decibel ranges for emer-
gency cesarean deliveries, a three‐month pilot test was completed.
Based on the data, our institution has a 10:1 ratio of non‐emergency
to emergency cesarean deliveries. Data were analyzed with a mixed‐
effects ANOVA, then follow‐up t‐tests at each time point controlling
for an overall family‐wise error rate of 0.05. Because there are eight
time points, the critical P‐value was determined to be 0.006
(0.05/8). A sample size of 440 with a 10:1 ratio of non‐emergency
to emergency deliveries with repeated measures at eight time points
in a mixed effects ANOVA gave 96% power based on our pilot data (ef-
fect size=0.47) at a type‐1 error rate of 0.05. Secondary exploratory
analysis was also conducted to delineate noise levels among routine,
urgent, and emergency deliveries. Data were analyzed using R Core
Team (2020, R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 440 consecutive cesarean deliveries were included, of
which 400 were non‐emergency (304 routine, 96 urgent), and 40 were
emergency deliveries. Average noise level across all time points in the
non‐emergency group and emergency group were 66 dB and 70 dB,
respectively. Mixed‐effects ANOVA showed that the group effect was
significant (F=−14.11, P<0.0001). Post hoc t‐tests showed a signif-
icant difference between the non‐emergency and emergency group at
T1, T2, T5, T6, and T7 after adjusting for multiple testing (Fig. 1).

A mixed‐effects ANOVA showed that the group effect was signifi-
cant (emergency vs. routine P<0.0001; emergency vs. urgent
P<0.0001). Average noise level in the routine group was 66.0 dB
and 66.6 dB in the urgent group. Post hoc ANOVA results comparing
all three groups after adjusting for multiple testing showed a signifi-
cant difference between noise level at T1, T2, T5, T6, and T7
(Fig. 2). Pair‐wise tests comparing emergency to elective deliveries
as well as urgent to emergency deliveries found significant differences
at T1, T2, T5, T6, and T7 for each comparison. There was no difference
in noise level at any time point between urgent and elective deliveries.
gency and emergency deliveries. *Indicates significance (all P<0.0001).



Fig. 2. Graph of mean noise levels (dB) at each time point between elective, urgent, and emergency deliveries. *Indicates significance (all P<0.0001).

Fig. 3. Graph of mean noise levels (dB) between general and neuraxial anesthesia. *Indicates significance (all P<0.0002).
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An exploratory analysis based on anesthetic type was completed. In
the emergency group, 35/40 (88%) patients had general anesthesia, a
significantly greater percentage than the routine (19/304, 6.3%) and
urgent (11/96, 11.5%) groups. Deliveries with significantly higher
percentage than the elective general anesthesia were significantly
noisier than neuraxial anesthesia at T2, T4, T5, T6, and T7 (Fig. 3).

Discussion

Our study confirmed an increase in noise during emergency com-
pared with non‐emergency cesarean deliveries. Excess noise can
induce distractions and potentially lead to human errors, thus impact-
ing patient safety.9 Compared with non‐emergency cesarean deliver-
ies, emergency deliveries were significantly noisier at the start of the
procedure and induction, in addition to one minute before and at inci-
sion through to delivery. Unlike previous studies, we did not demon-
strate elevated noise levels during emergence. This could be due to
the decibel meter’s location or additional personnel leaving the OR
before emergence.
3

Unlike most ORs, obstetric ORs commonly have additional people
arriving for delivery, including neonatal intensive care and anesthesia
personnel. This could explain the increased noise. Additional anesthe-
sia personnel during an emergency cesarean section include an anes-
thesia staff member and resident to assist with a quick transition to
the OR and conversion to a general anesthetic, if needed. In deliveries
using neuraxial anesthesia, a support person is brought into the OR
immediately before skin incision. While conversations and shared
excitement following a birth are variable, we found delivery was sig-
nificantly noisier in emergency compared with routine or urgent deliv-
eries, at which the presence of a support person was more likely.

General anesthetics were generally noisier than neuraxial anesthet-
ics. The difference in noise levels between the neuraxial and general
groups mirror the differences observed between the non‐emergency
and emergency groups. It is possible that the general anesthetic is
responsible, in part, for the increased noise pollution, in addition to
the clinical emergency. We are unable to determine if anesthetic
choice alone was responsible for increased noise, as this was not an
original aim of our study.
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While the absolute difference in noise between the emergency and
non‐emergency groups appears modest, an increase of 3 dB doubles
the sound intensity and an increase of 10 dB is perceived to be twice
as loud. Excessive noise has been correlated with mental inefficiency1

and average background noise levels of 67–70 dB can delay response
time and decrease accuracy and communication.6,10 In an emergency
situation, it is reasonable to suggest that relatively modest differences
in sound may have a clinical impact.

This study is limited as it was performed at a single institution.
While sound was intended to be recorded without the knowledge of
individuals in the OR, it is possible that personnel noticed the sound
meters and modified their noise levels, introducing a Hawthorne
effect. Recordings occurred once per minute and may not have cap-
tured transient increases in noise, nor the loudest moment of each min-
ute. The number of patients who had a cesarean delivery under a
general anesthetic complicated our analysis, making it difficult to
determine whether noise differences in emergency and non‐
emergency deliveries were related to anesthetic type, clinical urgency,
or both. Future work should investigate potential noise reduction
interventions as well as determining whether type of anesthesia affects
OR noise.

In summary, noise levels are higher during emergency than non‐
emergency cesarean delivery. Noise pollution is of importance, as
eliminating unnecessary noise may play a role in decreasing critical
events and patient care distractions.
Funding sources

None.
Declaration of interests

None.
4

Acknowledgements

The authors thank Angie Ballew, DC, MS, and Walter Orr, MPH, for
assistance with the study and manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ijoa.2021.103211.

References

1. Murthy VSSN, Malhotra SK, Bala I, Raghunathan M. Detrimental effects of noise on
anaesthetists. Can J Anaesth. 1995;42:608–611. https://doi.org/10.1007/
BF03011878.

2. Kracht JM, Busch-Vishniac IJ, West JE. Noise in the operating rooms of Johns
Hopkins Hospital. J Acoust Soc Am. 2007;121:2673–2680. https://doi.org/
10.1121/1.2714921.

3. Fritsch MH, Chacko CE, Patterson EB. Operating room sound level hazards for
patients and physicians. Otol Neurotol. 2010;31:715–721. https://doi.org/10.1097/
MAO.0b013e3181d8d717.

4. Drzymalski DM, Ceruzzi J, Camann WR. Noise in the obstetric operating room. Int J
Obstet Anesth. 2017;29:87–88. https://doi.org/10.1016/j.ijoa.2016.10.008.

5. Katz JD. Noise in the operating room. Anesthesiology. 2014;121:894–898. https://
doi.org/10.1097/ALN.0000000000000319.

6. Way TJ, Long A, Weihing J, et al. Effect of noise on auditory processing in the
operating room. J Am Coll Surg. 2013;216:933–938. https://doi.org/10.1016/
j.jamcollsurg.2012.12.048.

7. Jensen KR, Hvidman L, Kierkegaard O, et al. Noise as a risk factor in the delivery
room: A clinical study. PLoS ONE. 2019;14:e0221860. https://doi.org/10.1371/
journal.pone.0221860.

8. Jenkins A, Wilkinson JV, Akeroyd MA, Broom MA. Distractions during critical
phases of anaesthesia for caesarean section: an observational study. Anaesthesia.
2015;70:543–548. https://doi.org/10.1111/anae.1297.

9. Padmakumar AD, Cohen O, Churton A, Groves JB, Mitchell DA, Brennan PA. Effect
of noise on tasks in operating theatres: a survey of the perceptions of healthcare
staff. Br J Oral Maxillofac Surg. 2017;55:164–167. https://doi.org/10.1016/j.
bjoms.2016.10.011.

10. Stevenson RA, Schlesinger JJ, Wallace MT. Effects of divided attention and
operating room noise on perception of pulse oximeter pitch changes: a laboratory
study. Anesthesiology. 2013;118:376–381. https://doi.org/10.1097/
ALN.0b013e31827d417b.

https://doi.org/10.1016/j.ijoa.2021.103211
https://doi.org/10.1007/BF03011878
https://doi.org/10.1007/BF03011878
https://doi.org/10.1121/1.2714921
https://doi.org/10.1121/1.2714921
https://doi.org/10.1097/MAO.0b013e3181d8d717
https://doi.org/10.1097/MAO.0b013e3181d8d717
https://doi.org/10.1016/j.ijoa.2016.10.008
https://doi.org/10.1097/ALN.0000000000000319
https://doi.org/10.1097/ALN.0000000000000319
https://doi.org/10.1016/j.jamcollsurg.2012.12.048
https://doi.org/10.1016/j.jamcollsurg.2012.12.048
https://doi.org/10.1371/journal.pone.0221860
https://doi.org/10.1371/journal.pone.0221860
https://doi.org/10.1111/anae.1297
https://doi.org/10.1016/j.bjoms.2016.10.011
https://doi.org/10.1016/j.bjoms.2016.10.011
https://doi.org/10.1097/ALN.0b013e31827d417b
https://doi.org/10.1097/ALN.0b013e31827d417b

	Noise levels during cesarean delivery: a prospective observational study
	Introduction
	Methods
	Study design
	Data collection
	Statistical analysis

	Results
	Discussion
	Funding sources
	Declaration of interests
	Acknowledgements
	Appendix A Supplementary data
	References


