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Abstract

Purpose: To determine occupational exposure of the anesthesiologist and 
surgeon to nitrous oxide and desflurane during general anesthesia for Ear-
Nose-Throat (ENT) surgery in children and adults.

Methods: An observational clinical trial was performed in ten children (C) 
and ten adults (A). Tracheas were intubated, in adults, with cuffed tubes and in 
children with uncuffed tubes. The operating room was equipped with modern air 
conditioning and waste anesthetic gas scavengers. Gas samples were obtained 
during the operative procedure every 90 sec from the breathing zone of subjects. 
Time-Weighted Averages (TWA) over the time of exposure was calculated for 
nitrous oxide and desflurane.

Results: Nitrous oxide TWAs for anesthesiologists were 0.41 ± 0.23 ppm 
(A) and 1.20 ± 0.32 ppm (C, P < 0.0001), and 2.24 ± 1.93 ppm (A) and 5.30 
± 0.60 ppm (C, P = 0.0001) for the surgeon who worked close to the patient’s 
airway and thus had higher exposure (P< 0.05 [A], P< 0.0001 [C]). With regard 
to desflurane, the anesthesiologists’ TWAs were 0.02 ± 0.03 ppm for both adults 
and children. The surgeon was exposed to 0.21 ± 0.24 ppm desflurane (A) and 
0.30 ± 0.14 ppm (C, P: n. s.). Although the surgeon’s exposure was greater (P 
< 0.05 [A], P < 0.0001 [C]), the threshold limits of 25ppm for nitrous oxide and 
2ppm for desflurane recommended by the National Institute of Occupational 
Safety and Health were not exceeded.

Conclusions: Under modern air conditioning, occupational exposure to 
inhalational anesthetics is low, and inhalational anesthesia is safe from the 
standpoint of modern workplace laws and health-care regulations.

Keywords: Ear-Nose-Throat Surgery; Anesthesia; Nitrous Oxide; 
Desflurane

Introduction
Objective: To determine the level of occupational exposure of 

anesthesiologist and surgeon to nitrous oxide and desflurane during 
general anesthesia for ENT intervention in children and adults. 

Method: One observational clinical trial was conducted with 10 
(E) and 10 (A) adults. Intubation was performed with balloon probes 
in adults and with balloon less probes in children. The operating 
room was equipped with a modern air conditioning and anesthetic 
gas recovery system. The intraoperative gas samples were taken 
every 90 seconds, in the breathing zone of the subjects. Weighted 
time averages (MTP) according to exposure time were calculated for 
nitrous oxide and desflurane.

Results: Nitrous oxide MTPs were 0.41 ± 0.23 ppm (A) and 1.20 ± 
0.32 ppm (E, P <0.0001) for the anesthesiologist and 2, 24 ± 1.93 ppm 
(A) and 5.30 ± 0.60 ppm (E, P = 0.0001 for the surgeon who works 
near the subject’s airway and is thus more exposed (P <0.05 As for 
desflurane, the anesthesiologist’s MTP was 0.02 ± 0.03 ppm for adults 
and children and the surgeon’s was 0.21 ± 0.24 ppm desflurane (A) 
and 0.30 ± 0.14 ppm (E, P: ns). Even if the surgeon’s ex-position was 
greater (P <0.05 [A] P <0.0001 [E]), the limits of 25ppm for nitrous 
oxide and 2ppm for desflurane, as recommended by the National 
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Institute of Occupational Health and Safety, not exceeded. 

Conclusion: Under modern air conditioning conditions, 
occupational exposure to inhalation anesthetics is low and inhalation 
anesthesia is safe and compliant with workplace and health care laws.

The discussion of whether chronic exposure to waste anesthetic 
gases results in adverse effects in health-care workers has taken place 
as long as inhalational anesthetic agents exist. Numerous studies 
have been conducted but the results remain controversial and, even 
if chronic exposure to low levels of these agents does not seem to be 
responsible for reported health problems, eventual hazards cannot 
yet be excluded [1–13]. Therefore, it is widely recommended to 
keep exposure as low as possible. In some countries, strict limits 
for exposure have been established by governmental agencies. In 
the United States, the National Institute of Occupational Safety 
and Health (NIOSH) recommends threshold values of 25 parts per 
million (ppm) nitrous oxide and 2ppm of a given volatile anesthetic 
agent not be exceeded [14].

This study determined the occupational exposure of the 
anesthesiologist and surgeon to nitrous oxide and desflurane during 
operative procedures in ear-nose-throat-surgery.
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Materials and Methods
After approval of the institutional ethics committee and written 

informed consent of either the patients or their parents, ten adults 
and ten children who presented for elective ear-nose-throat-surgical 
procedures were included in the study. Adults underwent pan 
endoscopies, whereas tonsillectomies were performed in pediatric 
patients. All surgical procedures were per-formed under general 
anesthesia.

After premedication with either oral (adult patients) or rectal 
(pediatric patients) midazolam one hour before induction of 
anesthesia, all patients underwent intravenous induction, using 
propofol, fentanyl, and succinylcholine. In adults, the tracheas were 
intubated using standard cuffed endotracheal tubes, whereas in the 
pediatric patients uncuffed tubes were employed. Anesthesia was 
maintained by con-trolled positive-pressure ventilation with nitrous 
oxide 50% in oxygen and desflurane at a fresh gas flow of 4l•min-1, 
and supplemented by fentanyl and atracurium as required.

Sampling strategies
Gas samples were being recorded in a 90sec sequence throughout 

the surgical procedure from both anesthesiologist and surgeon 
simultaneously via tubes that were mounted as close as possible to the 
subject’s mouth. All samples were averaged over the time of exposure 
to calculate the Time-Weighted Averages (TWA) for nitrous oxide 
and desflurane. Assessment of waste anesthetic gas concentrations 
was carried out with a direct reading real-time photoacoustic infrared 
spectrometer (Brüel & Kjaer 1302, Naerum, Denmark) that allowed 
parallel determination of several gases. Concentration curves were 
generated for nitrous oxide and desflurane. In addition, a number 
of interfering substances were assessed including glutaraldehyde, 
2-propanole, steam, and carbon dioxide. The lower detection 
threshold of the multigas monitor was 0.015ppm for desflurane and 
0.05ppm for nitrous oxide.

Environmental settings
The operating room used during the study had an area of 33.9m2 

and volume of 96.6m3. The hourly fresh air supply for the operating 

room was 2,100m3 with-out recirculation of exhausted air, resulting 
in 21.7 air exchanges per hour. The air flow entered through the 
centre of the ceiling and was evacuated in the corners of the room 
at floor and ceiling level, creating a laminar air flow. Furthermore, 
the anesthesia machine (Cicero, Draeger, Luebeck, Germany) was 
connected to a waste gas scavenging system (30l•min–1).

Statistics
Once Gaussian distributions of the data were con-firmed, an 

unpaired t-test was used to compare the data in terms of means and 
standard deviations. All statistical calculations were performed with 
Graph Pad in Stat Version 3.00 (Graph Pad Software, Inc., San Diego, 
CA, USA). Statistical significance was confirmed with a probability of 
error less than 5% (P < 0.05).

Results
Ten children and ten adults who were otherwise healthy 

underwent general inhalational anesthesia for elective tonsillectomy 
or pan endoscopy, respectively. During anesthesia, in all patients the 
lungs were mechanically ventilated with peak inspiratory pressures 
of 17.2 ± 2.1 mbar in children and 18.4 ± 2.9 mbar in adults (P: NS). 
Measurements were made throughout the surgical procedures which 
lasted on the average 36.7 ± 6.7 min for tonsillectomies and 35.0 ± 4.3 
min for pan endoscopies, respectively.

The average concentrations of the anesthetic gases used were low 
in the breathing zone of both the anesthesiologist and the surgeon 
during surgery (Table 1). Nonetheless, during tonsillectomy in 
children, the anesthesiologist’s exposure to nitrous oxide was higher 
than during pan endoscopic procedures in adults. These results also 
applied to the surgeon. Furthermore, the surgeon who worked in 
closer proximity to the patient’s air-ways was exposed to higher levels 
of both desflurane and nitrous oxide than was the anesthesiologist, 
who stayed at the opposite end of the operating table during surgery.

Although waste anesthetic gas concentrations were measurable, 
the recommended threshold values given by the NIOSH of 25ppm 
for nitrous oxide and 2ppm for volatile anesthetics as a time-weighted 
average over the time of exposure were not violated at any time.

Adults (n=10) Children (n=10) P

(adults vs. children)

Inspired desflurane (Vol.%) 6.3 ± 0.34 6.07 ± 0.37 n.s.

Time of exposure (min) 35 ± 4.3 36.7 ± 6.7 n.s.

Desflurane exposure (ppm)*

Anesthesiologist 0.02 ± 0.03 0.02 ± 0.03 n.s.

Surgeon 0.21 ± 0.24 0.30 ± 0.14 n.s.

P value

(anesthesiologist vs. surgeon) P < 0.05 P < 0.0001

Nitrous oxide exposure (ppm)*

Anesthesiologist 0.41 ± 0.23 1.20 ± 0.32 P < 0.0001

Surgeon 2.24 ± 1.93 5.30 ± 0.60 P = 0.0001

P value

(anesthesiologist vs. surgeon) P < 0.05 P < 0.0001

Table 1: Operating room staffs occupational exposure to nitrous oxide and desflurane during ear-nose-throat surgery.

Data are given as mean ± SD*: Time-Weighted Average (TWA) over the time of exposure.
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Discussion
During inhalational anesthesia with nitrous oxide and desflurane, 

trace concentrations of the agents used were detected in the operating 
room air, resulting in chronic exposure of the operating room staff. 
Chronic exposure to trace concentrations of inhalational anesthetics 
is believed to have adverse effects on the health of exposed personnel 
and, during the past decade, a few studies suggested a correlation 
between chronic exposure and reproductive toxicity [15-17]. 
However, a clear relationship between the level of exposure and the 
reported health hazards has not been proved. Nonetheless, exposure 
limits have been recommended by governmental agencies in the 
United States and other countries.

During our study, the time-weighted averages of the inhalational 
agents used were below the threshold limits of 25 ppm for nitrous 
oxide and 2ppm for desflurane recommended by the NIOSH. The 
average concentrations of nitrous oxide ranged from 0.41 ± 0.23 
ppm to 5.30 ± 0.60 ppm, and average desflurane levels were 0.02 ± 
0.03 to 0.30 ± 0.14 ppm. Maximum concentrations were measured in 
the breathing zone of the surgeon during anesthesia in children and 
infants. In every instance, the surgeon was exposed to higher levels of 
the anesthetic agents used than was the anesthesiologist. These results 
can most likely be attributed to the fact that the surgeon was working 
close to the patient’s airways, whereas the anesthesiologist worked at 
the opposite end of the operating table at the patient’s feet, about 2.5m 
from the patient’s mouth. Although both physicians were working in 
the centre of the operating room, directly under the air conditioning 
vents and thus within an area of laminar air flow, exposure levels 
appear to depend on the proximity to the endotracheal tube. In 
addition, draping placed over the patient might have separated the 
anesthesiologist from the escaping anesthetic gases.

Furthermore, both the anesthesiologist and the surgeon were 
exposed too much higher levels of nitrous oxide during general 
anesthesia in infants and children than in adults, whereas the 
desflurane concentrations were similarly low or only slightly 
increased. Because the inspired concentrations of nitrous oxide 
were identical in children and adults, these results are most likely 
attributable to the use of uncuffed endotracheal tubes in pediatric 
patients. In contrast to cuffed tubes, uncuffed tubes do not fit tightly 
in the trachea, resulting in tracheal air leak, and therefore lead 
to higher levels of exposure. These results are in agreement with a 
number of studies that also demonstrated that the use of uncuffed 
tubes during pediatric anesthesia represents a considerable pollution 
hazard [18,19], However, it is not clear why these findings applied 
more clearly to nitrous oxide than to desflurane during our study.

In addition to efficient air conditioning and waste anesthetic 
gas scavengers which contribute considerably to the reduction and 
prevention of air pollution [20,21], and which were used during 
our study, further strategies have been demonstrated to minimize 
personnel’s occupational exposure during intubation anesthesia. 
Local scavenging devices mounted near the patient’s mouth are able 
to reduce exposure levels [22], but they are noisy and, during Ear-
Nose-Throat-Surgery, interfere with the surgical procedure. Other 
studies have demonstrated that the level of exposure depends on the 
fresh gas flow during anesthesia [23]. Thus, fresh gas flow reduction 
should be considered whenever possible, and a high fresh gas flow of 

41•min–1 as during our study should not be used when anesthesia is 
maintained with inhalational agents.

Another important source of contamination is air leaks in the 
circuit of the anesthesia machine. The machine should be checked 
frequently to detect leakage. Finally, leakage from the wall-mounted 
gas outlet sockets that provide nitrous oxide from the central gas 
system to the anesthesia machines may result in considerable 
contamination of the operating room. Baseline contamination in 
operating rooms have been demonstrated to be as high as 4ppm [24], 
representing concentrations that were at least comparable to the 
concentrations from use of nitrous oxide during anesthesia itself in 
the recent study.

Under modern air conditioning, personnel occupational 
exposure to nitrous oxide and desflurane was low during our 
study, and inhalational anesthesia is safe from the standpoint of 
modern workplace laws and healthcare regulations. Nonetheless, 
only increased and constant awareness of this problem will keep 
occupational exposure at this low level.
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