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Teratogenicity, toxicity and depression  
of fertility in personnel exposed to N2O

A national survey amongst 49585 operating room 
personnel indicated in 1974 that the female members of 
the operating-room team were subject to increased risks 
of spontaneous abortion, congenital abnormalities in 
their children, cancer, renal and hepatic disease [1]. No 
increased rate of cancer or renal disease was seen among 
the male operating-room. personnel, but a similar increase 
in the incidence of hepatic disease could be demonstrated. 
An increased risk of congenital abnormalities was also 
present in the children of the male operating-room 
personnel. In 1979 was it demonstrated that in three large 
retrospective surveys in the United States and the United 

Kingdom an increased incidence of spontaneous abortion 
among female physicians working in the operating room 
occurred [2]. The study also revealed that live-born 
children of female physicians exposed in the operating 
room had substantially more congenital abnormalities. 

In 1986 was a greater incidence of first and second 
trimester spontaneous abortions found in patients recei-
ving N2O [3]. In 1999 was it shown that in Swedish Mid-
wifes exposure to N2O resulted in reduced birth weight 
and an increase in the odds of infants being small for 
gestational age [4].

Infertility
A study in 1992 amongst female dental assistants 

found reduced fertility in those exposed to high levels of 
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Nitrous oxide (N2O) has long been used for providing anesthesia. Despite its beneficial properties were discovered 
significant adverse effects on the human body. This suggests that the influence of this gas lies not only in changing the 
function of the nervous system, but also to a large extent due to the impact on the human reproductive system, leading to 
the development of teratogenic effects in long exposures. Features of the metabolic gas in childhood can lead to seizures 
and mental disturbances in patients. The instability of hemodynamics at high doses and a tendency to hypoxic brain damage 
make this anesthetic unsafe in children.
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Закись азота (N2O) давно применяется для оказания анестезиологического пособия. Несмотря на ее полезные 
свойства, были обнаружены значительные неблагоприятные воздействия на человеческий организм. Это позволило 
предположить, что влияние газа кроется не только в изменении функции нервной системы, но вследствие воздей-
ствия на репродуктивную систему человека приводит к развитию тератогенных эффектов при длительной экспо-
зиции. Особенности метаболизма газа в детском возрасте могут привести к возникновению судорог и нарушений 
психики у пациентов. Нестабильность гемодинамики при высоких дозировках и склонность к гипоксическому по-
вреждению головного мозга делают данный анестетик небезопасным в детской практике. Несмотря на большой 
массив подтверждающих данную теорию фактов, не все специалисты готовы отказаться от привычного способа ане-
стезиологического пособия. 
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N2O [5]. A relationship between increased risk of sub-
fertility or spontaneous abortion and work in medical 
occupations and with some specific medical exposures, 
such as nitrous oxide, was found in a number of studies 
[6]. N2O also proved to be genotoxic [7]. In 1976 was a 
toxic effect of N2O on spermatogenesis in rats found, 
with a decrease in spermatozoa and malformations in 
them [8]. In 1996 was it found in a study in 3985 Swedish 
midwifes that they, if they were exposed to nitrous oxide 
30 or more times per month, had a reduced fertility [9]. 
Since then the study was confined to women who had 
achieved pregnancy, these results could underestimate 
the true effect if the exposures also increase the risk of 
sterility. 

Spontaneous abortion
A study in 1971 showed that about 30 % of preg-

nancies in operation room personnel ended in sponta-
neous miscarriage, compared to 8 % in a control group 
[10]. In 1970 was it found that in a group of female 
anesthetists and operating-room nurses the percentage 
of spontaneous abortions rose from about 10 percent 
before employment to 20 percent after employment [11]. 
In addition, the group showed a significant increase in 
premature deliveries as well as an increase in the number 
of female births. Others found similar figures [12]. 
Spontaneous abortions among anesthetists occurred in 
nearly 40 percent of the pregnancies. 

In 1972 one of the earliest large-scale epidemiological 
studies examining a relationship between N2O exposu-
re and abortion was published [13]. The investigators 
surveyed female anesthetists in the United Kingdom and 
reported a significantly greater frequency of spontaneous 
abortion among anesthetists (18.2 %) than among control 
subjects (14.7 %). Among 2291 pregnancies reported 
by UK dentists, there was a significantly greater rate 
of spontaneous abortion relative to controls (12.8 % 
vs. 10.9 %) [14]. Others studied 30547 female dental 
assistants in the US [15]. The rate of spontaneous abortion 
was 1.7 to 2.3 times greater for female dental assistants 
who were exposed to anesthetic gases in the year before 
conception than for those who were not exposed. For wives 
of male dentists who were heavily exposed to anesthetics, 
the increase in spontaneous abortion rate was 1.5-fold.  
A 1985 study showed a 30 % increased risk of spontaneous 
abortion for women working in the operating room[16]. 
In a study conducted in California in 1995 examined  
1465 respondents whose most recent pregnancy was 
conceived while working full-time as dental assistant. They 
reported significantly more spontaneous abortions among 
women who worked with N2O for 3 or more hours per week 
without scavenging equipment than among respondents 
exposed to N2O that used scavenging equipment [17].  
It has also been demonstrated that N2O during surgery not 
only escapes via the breathing system, but also from the 
wounds, especially with open abdomen or thorax. This ex-
poses the surgeon and assistants to N2O despite scaven-
ging of the respiratory gases. A survey of health conditions 
among 2.798 male members of the American Society of 
Oral Surgeons showed a greater incidence of spontaneous 
abortions among the wives of exposed dentists than the 
wives of unexposed dentists (p<0.01). In 1999 indicated 
a study that in Swedish midwifes also working night shifts 
and a high work load increased the risk of spontaneous 
abortion [18]. 

Malformations
Animal studies have linked N2O with abnormalities 

in the maintenance of mitochondrial quality [19] and 
mitochondrial function [20] leading to abnormalities in 
synaptic dynamics in the developing brain. Anesthetic 
gases slow the rate of cell division and increase the 

rate of abnormal cell formation and chromosomal 
aberrations [21] N2O has also been shown to cause 
fetal malformations, to increase fetal deaths and to 
decrease litter size in laboratory animals [22, 23].  
A variety of animal experiments demonstrating apoptosis 
or dendrite growth failure, followed by observational 
cohort studies of neonates or young children who have 
received multiple anesthetics shows a link with poorer 
neurological outcomes [24]. However, until now have 
brief episodes of N2O exposure to mothers in the delivery 
suite or to medical personnel not been significantly linked 
with developmental problems. Teratogenic effects of N2O 
in Sprague-Dawley rats was demonstrated in 1967 [25]. 
These were primarily skeletal changes. Fetal resorptions 
(similar to spontaneous abortions in man), decreased 
birth weight, and decreased crown-rump length have 
been demonstrated in 1974 when pregnant hamsters 
were exposed to a combination of halothane and N2O 
[26, 27]. Others have shown embryo toxicity in rats at 
levels as low as 0.1 % or 1000 ppm [28].

Malignancies
In 1968 was it demonstrated that anesthesiologists 

had a much higher rates of suicide and lymphoid as well 
as reticuloendothelial cancers [29]. A study in nurse 
anesthetists in 1973 indicated a 3 times higher incidence 
of all sorts of cancers [30]. 

Increase in spontaneous abortion rate in health care 
workers was not observed [31]. A study reported that 
N2O inhibited 50 % of cell growth in leukemic cells at 
1 atmosphere, this effects was greater in combination 
with 5-fluorouracil [32]. Also the growth suppression of 
leukemic cells by hyperbaric nitrous oxide for a longer 
time has been studied [33]. An in vitro study with 4 cancer 
cell-lines (CCRF-CEM, K562, A549 and MDA-MB-231) 
demonstrated that administration of N2O at hyperbaric 
pressures made not difference [34].

Nausea and vomiting
Meta-analyses of published work have found that 

omission of nitrous oxide reduces the risk of PONV by 
nearly 30 % and that the maximal effect of nitrous oxide 
omission is seen in female patients. N2O increases the 
incidence of postoperative nausea and vomiting [35, 36, 
37, 38, 39]. A Cochrane analysis in 2010 confirmed the 
higher incidence of nauseas and vomiting in patients re-
ceiving N2O, especially in female [40]. The incidence of 
nausea and vomiting is as high as with other inhalants, 
but higher than with total intravenous anesthesia [41]. 
Similar results were obtained with studies in primates. 
A recent study once more demonstrated that N2O is an 
independent risk factor for postoperative nausea and vo-
miting [42]. 

The use of nitrous oxide in children
In children does N2O accelerate the onset of effect of 

other inhaled anesthetics (second gas effect) [43]. This 
leads to faster unconsciousness [44]. The effects on the 
needed concentrations is additive, reducing the needed 
concentration of the other anesthetic agents [45, 46, 47, 
48, 49]. therefore use of 60–70 % N2O reduces the ex-
posure to more toxic inhalation anesthetics. The effect of 
intravenous anesthetics is enhanced by co-administrati-
on of N2O [50, 51]. The same holds for sedatives [52, 53], 
but not for opioids [54], except probably for remifentanil 
[55]. The adverse effects described in adults can also 
happen in children. 

In 2003 was it demonstrated that in pediatric patients 
the middle ear pressure increased during N2O anesthe-
sia [56]. Personnel involved may be harmed by the use of 
N2O in pediatrics. One of the major problems especially 
in pediatric use is the leakage and wasting of nitrous oxi-
de into the environment.
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Contrary to what occurs in adults, the addition of 
nitrous oxide to anesthesia with 1 MAC of halothane or 
isoflurane in children does not result in cardiovascular 
signs secondary to sympathetic stimulation [57]. The 
addition of nitrous oxide in children causes a decrease 
in heart rate, mean arterial pressure and consequent 
reduction in cardiac output. Systolic volume and ejection 
fraction do not change with the addition of nitrous oxide. 
The combination of nitrous oxide and volatile anesthetic 
agents reduces the incidence of hypotension when 
compared to the administration of these agents alone, at 
equipotent dose [58]. N2O decreases the oxygen content 
and thus, at intubation, does hypoxia occur more rapidly 
[59]. During emergence of anesthesia it does not have 
such an effect [60]. Therefore is atelectasis at the end of 
anesthesia not due to N2O, but is commonly due to resi-
dual paralysis caused by the use of muscle relaxants. 

N2O is used as a sedative in pediatric patients [61, 
62]. An example is the administration of N2O during den-
tal treatment [63, 64]. Especially its rapid complete reco-
very is an advantage. However the circumstances in many 
dental clinics do not provide scavenging of wast gases. 

Also in reduction of bone fractures and other minor 
treatments is it frequently used [65, 66, 67, 68, 69, 70, 
71]. However, it may result in an higher incidence of nau-
sea and vomiting and also in an elevated homocysteine 
concentration and inactivation of methionine synthase 
and its effects. 

Children with deficiencies of the enzyme methionine 
synthase display megaloblastic changes, growth 
retardation, psychomotor retardation, neurologic 
problems, elevated homocysteine and diminished levels 
of methionine [72]. There is a long list of situations which 
put children at special risk of vitamin B12 deficiency; for 
example, diets low in animal products, synthetic feeding 
of any description, strict vegetarian diet, small bowel 
malfunction, gastrectomy, any prolonged illness with 
disturbance of feeding behavior, especially if combined 
with increased metabolic demands as systemic 
malignancy or chemotherapy. Given the scale of use 
which would result from routine use of N2O in children 
undergoing painful procedures, there should be real 
concern about the potential for an accident in a child 
with occult vitamin B12 deficiency. The message must be: 
never forget vitamin B12 when thinking of using N2O. 

Nitrous oxide also has significant effects on neural 
cell death in both immature and aging brain as has been 
shown in experimental animal models. However, the 
implications for the human fetus and infant, where the 
brain is maturing at a slower rate than in rodents, remain 
a matter of ongoing controversy. 

A case of neurologic deterioration six days after a sin-
gle eighty minute exposure to N2O  occurred in an eighth 
month old child. A four-month-old child was admitted to 
hospital because of hypotonia, dehydration, and acidosis 
three weeks after surgery that had involved a single 
180-minute period of anesthesia with N2O [73]. Both last 
children were found to have severe dietary  vitamin B12 
deficiency. The fatal outcome was described in a child 
aged 3 months with a diagnosis of Type III homocystinuria 
(5,10-methylenetetrahydro-folate reductase enzyme 
defect), exposed to N2O twice in a period of four days 
[74]. However, few young patients have a vitamin B12 
deficiency, but 10 % or more of elderly patients also do 
have a deficiency.  It has been shown that N2O increase 
the plasma homocysteine concentration in adolescents 
[75] and in adults [76] . It also is the result of inactivation 
of vitamin B12. Also in young children is this effect pre-
sent for up to 24 hours postoperatively depending on the 
concentration. and duration of N2O administration [77]. 

In adults has it been proven that such increases can lead 
to myocardial infarction and stroke [78, 79]. Such has, 
however, not been studied in children. 

Neuropathy in children after administration has been 
described [80]. In a study where pediatric patients recei-
ved N2O for up to eight hours during anesthesia was me-
galoblastic anemia, pancytopenia, thrombocytopenia or 
leucopenia not found [81]. A single preoperative infusion 
with vitamin B12 and folate was not effective in preventing 
the increase in total homocysteine caused by nitrous 
oxide [82]. Lower preoperative vitamin B12 or folate 
levels were not associated with a higher increase in total 
homocysteine or vice versa. The blood concentration of 
vitamin B12 in personnel in a pediatric emergency depart-
ment where N2O is used with a demand valve, proved to 
be not different from that in an area where no N2O is used 
at all [83]. However, there still is potential harm for the 
exposed patient. 

Should we still use nitrous oxide in medicine?
There is in the medical and more specifically in the 

anesthesia literature regularly a discussion about the 
need of N2O in medical treatments [84, 85, 86, 87]. The 
above mentioned adverse effects are clear and decrease 
the safety of anesthesia, although their incidence is small. 
Besides is N2O not absolutely needed in anesthesia be-
cause there are other methods to obtain stable anesthe-
sia or sedation of patients. Intravenous anesthetics with 
oxygen-air breathing or artificial ventilation are a very 
reliable and adequate anesthesia technique. However, 
these alternatives also have disadvantages. For sedati-
on intermittent or continuous infusion off propofol is an 
excellent alternative. N2O also has some advantages; 
its onset and emergence are fast, it supports the ef-
fects of opioids and other adjuvants, and decreases the 
rate of intraoperative dosing. The usage of nitrous oxide 
was reported in 11.9 % of cases, ranging from 0.6 % in 
Denmark to 38.6 % in Iceland [88]. In the United States 
N2O now used in perhaps 20 % of cases, in Western 
Europe even in a smaller fraction. 

Eliminating N2O use will lead to simpler and safer 
anesthetic delivery devices and installations that could 
decrease the potential for hypoxia and decrease cost. 
Use of N2O requires specific equipment that must be 
calibrated, daily-checked and maintained. This is a 
hidden but real high cost. Pipelines, valves, regulators, 
flowmeters, and scavenging devices all can and do 
break; all also  require periodic testing. These costs can 
be eliminated by avoiding the use of N2O. Besides fatal 
accidents have happened after maintenance of the N2O 
delivery systems, making wrong connections etc. leading 
to hypoxia [89,90]. As can be concluded from all these 
arguments am I very reluctant to use N2O routinely in 
anesthesia and sedation. Avoiding N2O increase the sa-
fety for both patient and personnel. 

In 2017 was the matter discussed in the Turkish lite-
rature [91, 92]. The conclusion was that we should stop 
using N2O. 

Conclusions. Nitrous Oxide is not the ideal anes-
thetic that it was at one time promised to be. The many 
adverse effects of N2O induce an ever recurring discus-
sion whether we should still use it in the medical prac-
tice. Its analgesic properties made it popular among 
anesthesiologists, obstetricians and dentists. Currently 
is N2O besides in anesthesia, frequently used by pediatri-
cians and obstetricians for small interventions and child 
birth, even without the assistance of an anesthetist [93, 
94]. Anesthesia providers currently decrease the use of 
N2O whereas caregivers of other specialties tend to in-
crease the use of it. Self-administration of N2O has been 
advocated by pediatric emergency physicians as provi-
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ding sufficient analgesia [95]. Although they did not find 
adverse effects in their study population did they clearly 
warn for the possible occurrence of such effects. Also 
dentist favor the administration of N2O for sedation in 
pediatric patients. Due to its weak anesthetic effect and 
the fact that other drugs are more potent anesthetics, 
can N2O easily be replaced by them. This is even more 
so since we have potent short acting and predictable 
opioids and other adjuvants for anesthesia available. Mo-
dern anesthesia workstations allow low-flow anesthesia 
decreasing the cost of contemporary and inexpensive 
inhalation agents. The many serious adverse effects of  
N2O also make its use undesirable. Despite the decrease 
in use of N2O is there apparently increase in the number 
of adverse effect reports. This is likely due to the fact 
that in the past a relation between N2O-exposure and the 
4–6 weeks after anesthesia occurring hematologic and 
neurologic disorders was not recognized. With the cur-
rent knowledge such relationship and its reporting oc-
curs. Whether N2O should still be used in anesthesia is 
nevertheless a difficult question because N2O has some 
advantages, but also can cause major and minor adver-
se effects. Especially in patients with possibly a low vita-
min B12 level should it be avoided. Increased incidence 
of postoperative nausea and vomiting and the tendency 
to more postoperative wound infections are only minor 
ones compared with the more serious hematologic and 
neurologist disorders that can result. They result from 
the irreversible inactivation of cobalamin by N2O and 
result in lack of methionine synthetase. Homocystei-
ne accumulation results and is a risk factor for cardio- 
and cerebrovascular disease, thrombosis and stroke, 
neuronal damage and osteoporosis [96]. Inhibition of 
methionine synthase induces depletion of intracellular 
tetrahydrofolate, which may compromise host defense 
mechanisms, which in turn may explain the increased 
infection rate [97]. Increased cuff pressure of both en-
dotracheal tubes and laryngeal mask airways from N2O 
diffusion cause damage of vocal cords, trachea and 
pharynx [98,99]. Such does not occur when a pressure 
release valve is included in the tube [100]. After cessati-
on of the N2O administration can the pressure in the cuff 
decrease exponentially leading to insufficient occlusion 
and prevention of aspiration and air leak [101]. Also volu-
me expansion of the bowel, increase in the gas inserted 
in the eye and the increase in the size of pneumothorax 

are dangerous effects. Animal studies demonstrate that 
nitrous oxide can cause adverse reproductive effects. 
Fetal abortion, congenital anomalies, and fetal growth 
retardation occur in rodents exposed to N2O during a 
major portion of gestation. Also human studies indicate 
such effects. In addition, N2O may alter male germ cells. 
Results of clinical studies on these topics are so far less 
clear, however, epidemiological surveys of operating 
room and dental suite personnel indicate adverse 
reproductive effects [102, 103]. Increased spontaneous 
abortion on chronic exposure has been described [104]. 
In conclusion, there are many minor and major adverse 
effects to N2O, although it also has some beneficial ef-
fects. Therefore should, in my opinion, N2O only be used 
when absolutely indicated. In all other cases should it be 
replaced by other, preferably intravenous, agents. 

Female anesthetists providing anesthesia mainly 
in pediatric cases are prone to spontaneous abortion. 
In 2003 was it demonstrated once more that a higher 
prevalence of spontaneous abortion in anesthesiologists 
whose practice is >75 % pediatrics [105]. Male dentists 
who worked in offices where N2O was used eight hours 
per week or more had significantly higher incidences of 
liver, kidney and neurological diseases. Unexposed wives 
of these dentists had a 1.5-fold increase in spontaneous 
abortion rates. Female chair-side assistants in these 
surgeries also had an increased incidence of liver, kidney 
and neurological disease as well as a 2.3-fold increase 
in number of spontaneous abortions when compared to 
dental assistants in control group offices where N2O was 
not used [106, 107]. Many authors of the papers on the 
adverse effects of N2O finish their papers similar to: At 
the moment, it is premature to suggest that N2O should 
be discontinued as an anesthetic agent. However, the 
growing body of evidence does support the theory that 
N2O has some neurotoxic and other adverse effects and 
these results should not be taken lightly. Nitrous oxide is 
regularly used for neonatal surgery and, as shown, this 
is a high risk period for neurodevelopment. It is difficult 
to assess the long term cognitive outcomes in humans, 
but rat studies suggest long term developmental issues 
such as memory impairment. It should be remembered 
that the other inhalation anesthetics (halothane, ethrane, 
isoflurane, sevoflurane and desflurane) also have adver-
se effects, many similar to those of N2O. In my opinion 
this is another reason not to use N2O anymore. 
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