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Abstract. Clinical studies have demonstrated a correlation between high noise levels in a neonatal 

intensive care unit (NICU) and health disorders in newborns. This work aimed at: (a) performing a 

qualitative and quantitative analysis of noise in the interior and exterior of NICU incubators, and (b) 

developing and evaluating a system to monitor noise and alert the NICU staff. The noise levels inside 

and outside the incubators of an NICU were recorded for three consecutive days. An automatic control 

system was also developed and clinically tested to monitor and record noise and generate a visual 

alarm when levels were above a selected threshold. Noise levels were above recommended standards 

inside and outside the incubators. The external noise sources were the routine activities of NICU 

personnel and the operation of other medical systems in the unit.  The internal noise sources were the 

temperature and ventilation systems of the incubators. The proposed noise monitoring and alarm 

system could improve infant care. The system could raise awareness and improve NICU personnel 

training thus, effectively addressing one major, external source of noise. The system could also provide 

valuable data to the manufacturers, who, in the long run, could improve the technical specifications of 

the incubators. 

1 INTRODUCTION 

Several clinical studies have shown that high noise levels in the NICU environment and/or the 

interior of the incubators could cause health problems on premature infants, namely infants born before 

the 37
th

 – 38
th

 week of pregnancy
[1-13]

 . Sources of the external incubator noise include the nursing staff 

and clinical interventions on the newborns.  Often, extremely high noise is caused by the alarms of the 

medical systems commonly used in an NICU including ventilators, monitoring devices, IV pumps, etc.  

Sources of the internal incubator noise include the thermoregulation and ventilation systems attached to 

the units.
[11,14-16] 

In general, noise exposure has adverse effects on the physical and psychological health as well as 

the cognition of children.  The health problems associated with high, discrete or continuous, noise 

levels in the NICU may be classified in two broad categories: neurological disorders and hearing loss.  

Discrete, high noise may cause problems in distinguishing various audio frequencies later on, 

fluctuations in arterial pressure, increased heart and breathing rates, lower blood saturation that can, in 

turn, affect the development of vital organs, and increased intracranial pressure that could contribute to 

hypoxic brain damage.
[1-4]

 There is also increased danger of weakening of the blood vessel walls in the 

neonatal brain and increased likelihood of problematic development of the central neurological 

system.
[13-15]

 Continuous, annoying noise during sleep may increase heart and breathing rates, cause 

breathlessness, possibly decrease blood oxygen levels, and obviously cause sleep fragmentation and 

sleep deprivation with behavioral, cognitive, neurological, biochemical and other consequences.
[5-12]

 

Normal emotional development is finally threatened as environmental and mechanical noises in and out 

of the incubators interfere with the parents’ voices particularly for prolonged incubators stays.
[17-21] 

For all the above reasons, experts and associated Institutions, such as the American Academy of 

Pediatrics and the British Association of Perinatal Medicine, have established noise limits for the 

interior of the incubators.  These limits are 45 dB during the daytime and 35 dB at night.
[2,3,7,12,18]

  

These limits, however, are often exceeded even in the most modern NICUs. The purpose of this study 

was twofold: (a) evaluate and analyze the noise inside and outside the incubators of an NICU, and (b) 

develop a monitoring and alarm system that would notify NICU personnel when noise exceeded set 

thresholds.  
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2 MATERIALS AND METHODS 

Noise was measured for three consecutive days, three times per day, inside and outside the 

incubators of the NICU of a major, public hospital of Athens, Greece.  Measurements were recorded at 

the same time every day, namely at 06:00, 12:00, and 18:00.  Measurements were recorder under three 

conditions: (i) incubator off, (ii) incubator on, (iii) incubator and oxygen supply on.  

A Mastech MS6701 sound meter was used for all recordings.  Four types of incubators were 

studied: the Dräger-Air Shields C-200 (Lubeck, DE), the Dräger-Air Shields C-450, the Dräger-Hill 

Rom Air Shields C-2000, and the Ohmeda-Giraffe (GE Healthcare).  The sound meter was calibrated 

prior to the measurements and was adjusted to operate in the range of noises audible to the human ear 

at a “SLOW” rate.  The noise outside the incubators was recorded with the meter positioned at a central 

location in the NICU room. Subsequently, the meter was placed inside an empty incubator at a height 

corresponding to the level an infant’s ears would be, had it been inside the unit.  Noise levels were 

recorded with the incubator off, the incubator on, and the incubator and oxygen supply on (a typical 

supply of 5 l/min was used for the measurements). A time delay was used for the last two 

measurements to allow the systems to stabilize. 

To evaluate and analyze noise levels properly, the z-statistic was used to determine the minimum 

number of measurements required for statistical significance.  It was estimated that a minimum of 30 

measurements were necessary to yield statistically significant results at the p=0.5 level. Thirty-two 

measurements were, thus, recorded inside and outside the incubators for each operating condition. 

Following the noise measurements, an electronic circuit was designed and developed for monitoring 

noise levels and alarming NICU personnel when levels exceed a specified value.  The system included 

voltage amplifier, voltage comparator, and voltage divider circuits with an indicative light emitting 

diode (LED). The circuit is shown in Fig. 1. The reference voltage is set at the output of the voltage 

divider.  A reference voltage of 45 dB was selected for this study.  The voltage amplifier circuit 

includes an LM358, which amplifies the output of the sound meter and sends it to the comparator 

circuit where the signal from the incubator is compared to the reference voltage from the divider. When 

the sound meter’s output voltage is higher than the reference voltage, the LED is activated notifying 

NICU personnel that the noise level inside the incubator exceeds the set threshold.  

Figure 1. Circuit of the developed incubator noise monitoring and alarm system. 

A low cost, compact unit was developed of the circuit in Figure 1 that is shown in Figure 2 along 

with the meter.  The unit was light weight and measured 14cm11cm3.5cm.   
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Figure 2. Complete detector unit and sound meter placed inside an incubator; 

LED is on indicating that noise levels exceed reference value.  

 

3 RESULTS AND DISCUSSION 

Table 1 lists three day averages of the noise levels registered inside the four incubators under the three 

modes of operation as well as in the NICU environment.   

 

Measurement No 1 2 3 

Time of measurement 6:00 12:00 18:00 

 

Noise level 

(dB) 

NICU 43.8 51.7 45.5 

Incubator OFF 36.5 40.8 38.3 

Incubator ON 50.6 51.3 50.6 

Incubator ON  

with 5 l/min O2 supply 

50.8 51.8 50.7 

Table 1.  Noise levels in the NICU room and inside the incubators (average of four units). 

Figure 3 shows the fluctuation of the noise level in the three day period. High noise levels were 

recorded in the NICU room peaking at noon time primarily due to increased activity of the nursing and 

medical staff.  The noise inside the incubators was below standards when the incubator was OFF but 

significantly above the recommended daytime levels when the temperature and ventilation systems 

were ON.  Interestingly, the recommended maximum noise of 35 dB at night time was always 

exceeded.  Higher oxygen supplies led to even higher noise levels in the range of 60-65 dB. 

 

The noise monitoring and alarm system performed according to specifications.  When a 45 dB 

reference was selected, the visual alarm was continuously OFF when the incubator was OFF since the 

noise was always below the threshold.  The alarm went ON and OFF when it monitored the NICU 

environment.  Specifically, it went ON during noon time when the activities in the unit were increased 
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and the corresponding levels increased by as much as 20% (Fig. 3). The visual alarm was continuously 

ON when the incubator temperature and ventilation systems were ON. 

 

Figure 3. Noise levels recorded inside the incubators under different operating modes.  

The recommended daytime threshold of 45 dB is also indicated for comparison 

purposes. 

The reliable, reproducible, and efficient performance of the developed system and its successful 

testing in the clinical environment suggested the following possible uses:  

 

(i) A reliable and “silent” method to raise awareness in the nursing and medical staff regarding 

noise pollution in the NICU and alert then when recommended thresholds are seriously 

exceeded so that they can take immediate corrective measures, thus, reducing the likelihood of 

adverse effects on the newborns. 

(ii) A method to accrue statistical data on the performance of the incubators under different 

operating modes that could be used by the manufacturers of incubators in new and improved 

designs of their systems that conform with accepted specifications.  It is possible that 

increased incubator chamber wall thickness or different materials would reduce the noise 

reaching the newborns.  

(iii) As a research and educational tool in studies or class work involving noise measurements or 

experiments since the sound detector may be calibrated to perform in a wide range of noises.  

The system is currently used in the laboratory of the Automatic Control Systems at the 

Department of Medical Instruments Technology of the Technological Educational Institute of 

Athens for the execution of sound detection experiments. 

4 CONCLUSIONS  

In conclusion, incubator noise is of concern in the NICU since it often significantly exceeds 

recommended clinical levels. The notification of the NICU personnel for high noise levels can be easily 

achieved with the proposed low-cost, automatic noise monitoring and visual alarm system so that 

corrective measures are promptly taken improving infant health care and reducing the likelihood of 

induced physical, psychological, or cognitive disorders later on. 
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