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1. Venous thrombosis after nitrous oxide abuse, a case report 

Author(s): Pratt D.N.; Patterson K.C.; Quin K. 

Source: Journal of Thrombosis and Thrombolysis; Apr 2020; vol. 49 (no. 3); p. 501-503 

Publication Date: Apr 2020 

Publication Type(s): Article 

PubMedID: 31820264 

Available  at Journal of thrombosis and thrombolysis -  from SpringerLink - Medicine  

Abstract:Nitrous oxide is a commonly abused inhalant by adolescents and young adults. There is 
limited data describing the adverse effects of nitrous oxide abuse, known colloquially as "whippets". 
We present a 21-year-old female with no medical history who presented to the emergency 
department for confusion, hallucinations, weakness, and falls. She was accompanied by her 
roommates, who endorsed significant nitrous oxide abuse. Imaging revealed a large cerebral sinus 
venous thrombus with extension into the transverse sinus, sigmoid sinus and internal jugular vein. 
She had no prior history of venous or arterial thrombosis. Hypercoagulability workup demonstrated 
an elevated homocysteine level, elevated methylmalonic acid level, and normal cobalamin and 
folate levels. Additionally, she was found to be 11 weeks pregnant, with no prior spontaneous 
abortions. Genetic testing was significant for methylenetetrahydrofolate reductase polymorphisms. 
She was managed with enoxaparin, cobalamin and folate supplementation. Homocysteine and 
methylmalonic acid levels normalized after cessation of nitrous oxide use, with no recurrence of 
venous thrombosis. This case represents the first reported patient with a venous thrombus 
associated with nitrous oxide abuse.Copyright © 2019, Springer Science+Business Media, LLC, part 
of Springer Nature. 
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2. Pro-con debate: Nitrous oxide for labor analgesia 

Author(s): Vallejo M.C.; Zakowski M.I. 

Source: BioMed Research International; 2019; vol. 2019 

Publication Date: 2019 

Publication Type(s): Review 

PubMedID: 31531352 

Available  at BioMed research international -  from Europe PubMed Central - Open Access  

Abstract:This Pro-Con debate will provide the practitioner with an evidence-based knowledge 
approach to assist the clinician in determining whether to employ (Pro) or not to employ (Con) this 
technique in the obstetrical suite for labor analgesia. Nitrous oxide has been used safely in dentistry 
and medicine for many centuries. However, accumulating preclinical and clinical evidence 
increasingly suggests previously unrecognized adverse maternal and fetal effects of nitrous oxide, 
which warrants reconsideration of its use in pregnant women and a more detailed informed 
consent. Nitrous oxide is associated with metabolic, oxidative, genotoxic, and transgenerational 
epigenetic effects in animals and humans that may warrant limiting its usefulness in labor. This 
debate will discuss and review the clinical uses, advantages, and disadvantages of nitrous oxide on 
occupational effects of nitrous oxide exposure, neuroapoptosis, FDA warning on inhalational 
anesthetics and the developing brain, research limitations, occupational exposure safety limits, 
effects on global warming, and potential for diversion.Copyright © 2019 Manuel C. Vallejo and Mark 
I. Zakowski. 
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3. How many hits? - Whippets, pregnancy, MTHFR, and dural sinus thrombosis 

Author(s): Pratt D.N.; Patterson K.; Quin K. 

Source: Pediatrics; Jul 2018; vol. 142 (no. 1) 

Publication Date: Jul 2018 

Publication Type(s): Conference Abstract 

Available  at Pediatrics -  from Free Medical Journals . com  

Abstract:Introduction: Nitrous oxide inhalant, or "whippets", is known to cause mental status 
changes, bone marrow suppression and hyperhomocysteinemia. However, whippet abuse may 
cause or contribute to venous thrombosis in high-risk patients. Case Description: A 21-year old 
female exchange student from China presented to the emergency department for two weeks of 
progressive lower extremity weakness, falls, confusion and poor appetite. She was a previously 
healthy female. She was 11 weeks pregnant at the time of evaluation, with an uneventful first 
trimester. Her family history was unremarkable. She recently returned from a trip to China without 
incident. She was accompanied to the emergency department by her roommates, who endorsed the 
patient was using approximately 600 vials of whippets per day for several weeks, last use over 24 
hours prior to presentation. In the emergency department, her vitals were unremarkable. She was 
evaluated by psychiatry for possible catatonia and treated with lorazepam with immediate, but 
incomplete resolution of her confusion. Her vitals were unremarkable. Her examination revealed 
bilateral and symmetric weakness of the lower extremities with normal reflexes and a waddling gait, 
but no other focal neurological deficits or other significant physical exam findings. Laboratory testing 
revealed pancytopenia with severe neutropenia and undetectable reticulocytes. Urine illicit 
substance screen was negative. Lumbar puncture revealed few leukocytes (lymphocytic 
predominance), normal protein and glucose, and negative infectious etiologies (viral, gram stain, 
culture and TB). Computer tomography of the head was negative for acute hemorrhage. Magnetic 
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resonance revealed a large dural venous sinus thrombosis involving the left transverse sinus, sigmoid 
sinus, and internal jugular vein. Further laboratory workup demonstrated severe 
hyperhomocysteinemia and elevated methylmalonic acid. Vitamin B12 and folate were normal. 
Hypercoagulability testing was unremarkable including anti-phospholipid antibody syndrome, 
paroxysmal nocturnal hematuria, anti-thrombin 3 deficiency, or lupus anticoagulant. Genetic testing 
revealed homozygous MTHFR mutation. Intravenous unfractionated heparin was initiated. Her 
mental status stabilized and thrombolytic therapy was not initiated. She was treated with 
supplemental vitamin B12 and folate. She was discharged on therapeutic enoxaparin with slow 
improvement in her mental status and gait. Discussion(s): This case highlights the dangers of 
inhalant abuse, specifically whippets, in patients with risk factors for thrombosis. It is possible 
nitrous oxide abuse caused or at least contributed to this patient's dural venous sinus thrombosis. It 
has been proposed that nitrous oxide inhibits the utilization of cobalamin, the coenzyme necessary 
for conversion of homocysteine to methionine via the enzyme methionine synthase. Elevations of 
homocysteine are known to enhance platelet aggregation and impair fibrinolysis via inhibiting TPA 
and Protein C. In addition, this case highlights the importance of a detailed substance abuse history 
in the evaluation of any patient, particularly adolescents and young adults. 

Database: EMBASE 

 

4. Homocysteine levels and bad obstetric outcome among female operating room personnel 
occupationally exposed to nitrous oxide 

Author(s): Uzun S.; Saricaoglu F.; Ayhan B.; Topatan B.; Akinci S.B.; Aypar U. 

Source: Bratislavske lekarske listy; 2014; vol. 115 (no. 6); p. 372-376 

Publication Date: 2014 

Publication Type(s): Article 

PubMedID: 25023429 

Available  at Bratislavske lekarske listy -  from Unpaywall  

Abstract:It is known that nitrous oxide (N2O) inactivates vitamin B12 and causes 
hyperhomocysteinemia. The personnel working at the operating theatres are repeatedly exposed to 
N2O in the ambient air. This prompted us to investigate the biochemical indices of vitamin B12 
metabolic status among female personnel working under various levels of N2O exposure. In this 
study, the homocysteine and folic acid levels were assessed and bad obstetric outcome was 
questioned. Sixty operating theatre female personnel were examined. Vitamin B12 and folic acid, 
total homocysteine level, anticardiolipin IgM, IgG, antiphospholipid IgM, IgG levels were measured in 
serum. A questionnaire inquiring about obstetric history was given. The serum concentration of folic 
acid was 10 +/- 3.3 nmol liter-1. The vitamin B12 level was 332 +/- 134 pmol liter-1, the serum 
concentration of homocysteine was 9.1 +/- 2.4 nmol liter-1 and all were within normal ranges. There 
was no difference regarding homocysteine, folic acid, vitamin B12 levels and the obstetric history 
between the subjects who had abortus history and the subjects who had not abortus history. 
Exposure to N2O in healthcare workers was not associated with alterations of homocysteine, folic 
acid status and bad obstetric outcome (Tab. 4, Ref. 18). 
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5. Megaloblastic hematopoiesis in a 20 year old pregnant female. 

Author(s): Trivette, Evan T; Hoedebecke, Kyle; Berry-Cabán, Cristóbal S; Jacobs, Brandy R 

Source: The American journal of case reports; 2013; vol. 14 ; p. 10-12 

Publication Date: 2013 

Publication Type(s): Journal Article 

PubMedID: 23569553 

Available  at The American journal of case reports -  from Europe PubMed Central - Open Access  

Available  at The American journal of case reports -  from Free Medical Journals . com  

Available  at The American journal of case reports -  from Unpaywall  

Abstract:BACKGROUNDNitrous oxide can cause disordered blood cell proliferation and lead to 
pancytopenia and altered immune function.CASE REPORTA young pregnant female patient 
presented after binge nitrous oxide abuse with altered mental status and abnormal vital signs. From 
her initial assessment she was noted to have pancytopenia and was found to have megaloblastic, 
hyper-cellular changes in a subsequent bone marrow biopsy. This presentation was determined to 
be secondary to toxic effects after heavy use of nitrous oxide.CONCLUSIONSNitrous oxide exposure, 
including use as an inhalant, over 12 hours can lead to bone marrow abnormalities such as 
megaloblastic hematopoiesis. 
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6. Exposure to nitrous oxide during pregnancy is no laughing matter 

Author(s): Schafer J. 

Source: The Journal of the Michigan Dental Association; Apr 2013; vol. 95 (no. 4); p. 22-70 

Publication Date: Apr 2013 

Publication Type(s): Article 

PubMedID: 23741955 
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7. Occupational exposure to chemical substances and time to pregnancy: A systematic review 

Author(s): Snijder C.A.; Te velde E.; Burdorf A.; Roeleveld N. 

Source: Human Reproduction Update; May 2012; vol. 18 (no. 3); p. 284-300 

Publication Date: May 2012 

Publication Type(s): Review 

PubMedID: 22431564 

Available  at Human reproduction update -  from Oxford Journals - Medicine  

Available  at Human reproduction update -  from HighWire - Free Full Text  

Available  at Human reproduction update -  from Unpaywall  

Abstract:Background: Fertility problems are an important health issue, as 10-15% of couples have 
difficulties conceiving. Reproductive function is thought to be compromised by lifestyle behaviours, 
but environmental contaminants and work-related factors are also thought to play a role. The 
objective of this review was to systematically summarize the available evidence concerning the 
influence of occupational exposure to chemicals on time to pregnancy (TTP). Method(s): A 
structured search on occupational exposure to chemicals and TTP was carried out in PubMed and 
Embase. Studies were included if TTP was used as outcome measure and exposure to chemicals at 
the job level was described. In total, 49 studies were included in this review. Result(s): Studies varied 
widely in characterization of exposure, hampering a meta-analytic approach across all studies. For 
lead, strong indications for adverse effects on TTP were present, supporting the mandatory 
provisions for pregnant women being exposed to lead in many countries. These indications were 
also found for pesticide exposure, and one could argue that couples working in agriculture or 
horticultural trades must be informed about the risks of pesticide exposure. Epidemiologic evidence 
on other chemicals, such as organic solvents, and other metals remains equivocal, hampering clear 
counselling of couples who are trying to Become Pregnant. Conclusion(s): Despite Some 
Uncertainties In The Evidence Base, It may still be prudent to advise against lead and pesticide 
exposure at the workplace for couples trying to conceive. This review also identifies several priorities 
for future studies in the field of occupational epidemiology. © The Author 2012. Published by Oxford 
University Press on behalf of the European Society of Human Reproduction and Embryology. All 
rights reserved. 
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8. Safety and risks of nitrous oxide labor analgesia: a review. 

Author(s): Rooks, Judith P 

Source: Journal of midwifery & women's health; 2011; vol. 56 (no. 6); p. 557-565 

Publication Date: 2011 

Publication Type(s): Journal Article Review Systematic Review 

PubMedID: 22060215 

Available  at Journal of midwifery & women's health -  from Wiley Online Library  

Abstract:INTRODUCTIONThis review of the safety and risks of nitrous oxide (N(2) O) labor analgesia 
presents results of a search for evidence of its effects on labor, the mother, the fetus, the neonate, 
breastfeeding, and maternal-infant bonding. Concerns about apoptotic damage to the brains of 
immature mammals exposed to high doses of N(2) O during late gestation, possible cardiovascular 
risks from hyperhomocysteinemia caused by N(2) O, a hypothesis that children exposed to N(2) O 
during birth are more likely to become addicted to amphetamine drugs as adults, and possible 
occupational risks for those who provide care to women using N(2) O/O(2) labor analgesia are 
discussed in detail.METHODSResearch relevant to the 4 special concerns and to the effects of N(2) O 
analgesia on labor and the mother-child dyad were examined in depth. Three recent reviews of the 
biologic, toxicologic, anesthetic, analgesic, and anxiolytic effects of N(2) O; 3 reviews of the safety of 
50% N(2) O/oxygen (O(2) ) in providing analgesia in a variety of health care settings; and a 2002 
systematic review of N(2) O/O(2) labor analgesia were used.RESULTSNitrous oxide analgesia is safe 
for mothers, neonates, and those who care for women during childbirth if the N(2) O is delivered as 
a 50% blend with O(2) , is self-administered, and good occupational hygiene is practiced. Because of 
the strong correlation between dose and harm from exposure to N(2) O, concerns based on effects 
of long exposure to high anesthetic-level doses of N(2) O have only tenuous, hypothetical pertinence 
to the safety of N(2) O/O(2) labor analgesia.DISCUSSIONNitrous oxide labor analgesia is safe for the 
mother, fetus, and neonate and can be made safe for caregivers. It is simple to administer, does not 
interfere with the release and function of endogenous oxytocin, and has no adverse effects on the 
normal physiology and progress of labor. 
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9. Exposure to anesthetic gases and congenital anomalies in offspring of female registered nurses. 

Author(s): Teschke, Kay; Abanto, Zenaida; Arbour, Laura; Beking, Kris; Chow, Yat; Gallagher, Richard 
P; Jong, Ben; Le, Nhu D; Ratner, Pamela A; Spinelli, John J; Dimich-Ward, Helen 

Source: American journal of industrial medicine; Feb 2011; vol. 54 (no. 2); p. 118-127 

Publication Date: Feb 2011 

Publication Type(s): Research Support, Non-u.s. Gov't Journal Article 

PubMedID: 20607734 

Available  at American journal of industrial medicine -  from Wiley Online Library  

Abstract:BACKGROUNDStudies of offspring of mothers exposed to anesthetic gases have shown 
associations with congenital anomalies reported by the mothers, but rarely in studies with 
objectively ascertained outcomes. We conducted a retrospective cohort study to examine 
associations between registry-ascertained congenital anomalies in offspring and anesthetic gas 
exposure of mothers employed as nurses.METHODSA cohort of registered nurses in British 
Columbia, Canada, was linked to records of births and congenital anomalies from 1990 to 2000. 
Exposures were assessed via a survey of anesthetic gas use in all hospitals in the province and 
records of nurses' jobs, departments, and hospitals.RESULTSDepartments most frequently reporting 
anesthetic gas use were operating rooms, post-anesthetic recovery rooms, and maternity units. In 
the cohort of 15,317 live-borne children of 9,433 mothers, 1,079 had congenital anomalies. 
Anomalies were associated with ever and probable maternal exposure to halogenated gases (ORs: 
1.49, 95% CI: 1.04-2.13; and 2.61, 95% CI: 1.31-5.18, respectively) and to nitrous oxide (ORs: 1.42, 
95% CI: 1.05-1.94; and 1.82, 95% CI: 1.11-2.99). Anomalies most frequently associated with exposure 
were those of the heart (OR, halogenated gases: 2.31, 95% CI: 1.07-4.97) and integument (OR, 
halogenated gases: 3.56, 95% CI: 1.53-8.32; OR, nitrous oxide: 3.02, 95% CI: 1.37-6.64). Gases most 
frequently associated with anomalies were halothane (predominantly used early in the study 
period), isoflurane, and sevoflurane (predominantly used later in the period).CONCLUSIONSIn this 
study, where both exposures and outcomes were assessed objectively, certain congenital anomalies 
were associated with estimated anesthetic gas exposure. 
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10. From the American College of Nurse-Midwives. Position statement. Nitrous oxide for labor 
analgesia. 

Author(s):  

Source: Journal of Midwifery & Women's Health; May 2010; vol. 55 (no. 3); p. 292-296 

Publication Date: May 2010 

Publication Type(s): Academic Journal 

PubMedID: NLM20437663 

Available  at Journal of midwifery & women's health -  from Wiley Online Library  
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11. Nitrous nightmares? Hygienists compare notes on N2O, pregnancy. 

Author(s): Grant D; Haas C 

Source: RDH; Dec 2009; vol. 29 (no. 12); p. 40-44 

Publication Date: Dec 2009 

Publication Type(s): Periodical 

Available  at RDH -  from ProQuest (Health Research Premium) - NHS Version  

Database: CINAHL 

 

12. Nitrous oxide -- no laughing matter. 

Author(s): Director, Birth International; andrea@birthinternational.com 

Source: MIDIRS Midwifery Digest; Mar 2006; vol. 16 (no. 1); p. 123-128 

Publication Date: Mar 2006 

Publication Type(s): Academic Journal 

Available  at MIDIRS Midwifery Digest -  from Patricia Bowen Library & Knowledge Service West 
Middlesex University Hospital NHS Trust (lib302631) Local Print Collection [location] : Patricia Bowen 
Library and Knowledge Service West Middlesex university Hospital.  
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13. Occupational hazards of inhalational anaesthetics 

Author(s): Burm A.G.L. 

Source: Best Practice and Research: Clinical Anaesthesiology; Mar 2003; vol. 17 (no. 1); p. 147-161 

Publication Date: Mar 2003 

Publication Type(s): Review 

PubMedID: 12751554 

Abstract:Occupational exposure to inhalational anaesthetics has often been associated with health 
hazards and reproductive toxicity, but the available evidence is weak and comes mostly from 
epidemiological studies that have been criticized. Studies based on registered data generally showed 
no association between occupational exposure to inhalational anaesthetics and reproductive effects. 
Animal studies also showed a lack of carcinogenicity, organ toxicity and reproductive effects with 
trace concentrations, as observed in operating rooms. The exception may be nitrous oxide, which in 
some, but not all, studies showed teratogenicity in rats chronically exposed to concentrations of 
1000 p.p.m. and higher, such as may occur in unscavenged operating rooms lacking a mechanical 
ventilation system. Occupational exposure has also been associated with impairment of 
psychological functions, but these effects do not occur with trace concentrations. All in all, the 
scientific evidence for hazards is weak. Nonetheless, it is good practice to limit levels of exposure. © 
2003 Elsevier Science Ltd. All rights reserved. 
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14. Neurodevelopment liabilities of substance abuse 

Author(s): Palomo T.; Archer T.; Beninger R.J.; Kostrzewa R.M. 

Source: Neurotoxicity Research; Jun 2002; vol. 4 (no. 4); p. 267-279 

Publication Date: Jun 2002 

Publication Type(s): Article 

Available  at Neurotoxicity Research -  from SpringerLink  

Abstract:The perinate is particularly risk-prone to chemical species which have the potential of 
inducing neuronal apoptosis or necrosis and thereby adversely altering development of the brain, to 
produce life-long functional and behavioral deficits. This paper is an overview for many substances 
of abuse, but the purview is much more broadened by the realization that even elevated levels of 
estrogens and corticosteroids in the pregnant mother can act as neuroteratogens, by passing via the 
placenta and altering neural development or inducing apoptosis in the perinate. Finally, therapeutic 
risks of anesthetics are highlighted, as these too induce neuronal apoptosis in the neonate by either 
blocking N-methyl-D-aspartate receptors or by acting as gamma-aminobutyric acid agonists. By 
understanding the mechanisms involved it may ultimately be possible to interrupt the mechanistic 
scheme and thereby prevent neuroteratological processes. 
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15. Occupational exposure to inhaled anesthetic. Is it a concern for pregnant women? 

Author(s): Shuhaiber S.; Koren G. 

Source: Canadian family physician Medecin de famille canadien; Dec 2000; vol. 46 ; p. 2391-2392 

Publication Date: Dec 2000 

Publication Type(s): Article 

PubMedID: 11153403 

Available  at Canadian family physician Medecin de famille canadien -  from PubMed  

Available  at Canadian family physician Medecin de famille canadien -  from PubMed Central  

Abstract:QUESTION: Two of my pregnant patients are exposed to inhaled anesthetic on the job. One 
is an anesthetist, and the other is a veterinarian. They have both expressed concern about this 
exposure. How should I advise them? ANSWER: Occupational exposure to waste anesthetic gas is 
not associated with increased risk of major malformations. Risk of spontaneous abortion might be 
slightly increased, however. This risk can be reduced, if not eliminated, by good gas scavenging 
systems. 
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16. The association of shift work and nitrous oxide exposure in pregnancy with birth weight and 
gestational age 

Author(s): Bodin L.; Ahlborg Jr. G.; Axelsson G. 

Source: Epidemiology; Jul 1999; vol. 10 (no. 4); p. 429-436 

Publication Date: Jul 1999 

Publication Type(s): Article 

PubMedID: 10401879 

Abstract:We examined the relation between shift work and occupational nitrous oxide exposure in 
the second trimester of pregnancy and birth weight and gestational age at delivery among the 
members of the Swedish Midwives Association. Eighty-four per cent of members who were 
registered in 1989 responded to a postal questionnaire concerning occupational exposures, 
including work schedule and the use of nitrous oxide, in relation to each of their pregnancies. We 
obtained information on births from the Swedish Medical Birth Register. We used models with 
allowance for dependence between births for the same woman and found that night work was 
associated with preterm birth (<37 weeks) [odds ratio (OR) = 5.6; 95% confidence limits (CL) = 1.9, 
16.4] and to a lesser extent with low birth weight [OR = 1.9 (95% CL = 0.6, 5.8)]. Three-shift work 
schedule (day, evening, and night rotation) showed a possible association with preterm birth [OR = 
2.3 (95% CL = 0.7, 7.3)]. Exposure to nitrous oxide use was associated with reduced birth weight (-77 
gm; 95% CL = -129, -24) and an increase in the odds of infants being small for gestational age (<=10th 
percentile of weight for gestational week) (OR = 1.8; 95% CL = 1.1, 2.8). 
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17. Hazards of nitrous oxide exposure in healthcare personnel. 

Author(s): Smith, D A 

Source: AANA journal; Aug 1998; vol. 66 (no. 4); p. 390-393 

Publication Date: Aug 1998 

Publication Type(s): Journal Article Review 

PubMedID: 9830866 

Abstract:Nitrous oxide, a commonly used agent in the dental and anesthesia practice, carries serious 
risks to healthcare providers. Complications from its exposure can range from hematological 
abnormalities and neurological deficits to increased risk of spontaneous abortions in women. A 
concentrated effort by all anesthesia personnel is necessary to prevent the adverse effects 
associated with the use of this agent. 
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18. Inhalant abuse in pregnancy. 

Author(s): Jones, H E; Balster, R L 

Source: Obstetrics and gynecology clinics of North America; Mar 1998; vol. 25 (no. 1); p. 153-167 

Publication Date: Mar 1998 

Publication Type(s): Journal Article Review Research Support, U.s. Gov't, P.h.s. 

PubMedID: 9547765 

Abstract:Information from a variety of sources suggests the possibility of adverse effects of maternal 
inhalant abuse, although a well-controlled, prospective study in this area has not been conducted. 
One source of this concern is the data from occupational exposure to some of the abused solvents, 
specifically toluene and TCE, with numerous reports suggesting increased spontaneous abortion and 
fetal malformations. There are also data suggesting decreased fertility and an increased risk for 
spontaneous abortion in health care workers exposed to nitrous oxide. The relevance of these 
studies to problems of inhalant abuse is not clear. Although the chemicals involved are the same, 
there are many differences in the exposure parameters, the populations exposed, and the types of 
associated risk factors. Nonetheless, there are more than 100 cases reported in the literature of 
children born to solvent-abusing mothers. Many of these children were small at birth, and some 
have craniofacial abnormalities not unlike that seen in children with FAS. In the few studies reporting 
the findings of follow-up in these children, some evidence has been obtained for retardation in 
growth and development and for residual deficits in cognitive, speech, and motor skills. Clearly, 
more research is needed to rule out the concomitant risk factors and to identify specific chemicals 
and patterns of use associated with adverse effects. Animal studies provide more direct evidence 
that prenatal exposure to toluene or TCE can produce reduced birth weights, occasional skeletal 
abnormalities, and delayed neurobehavioral development, even under conditions designed to mimic 
inhalant abuse patterns. Additional research is needed to identify other chemicals with adverse 
effects, critical periods of exposure, effects of combinations of inhalants, or interactions with drugs 
of abuse. The research literature seems sufficient to alert clinicians to possible problems in patients 
who abuse inhalants while pregnant. Diagnosis and good prenatal care for these women are 
important. The evidence for neonatal withdrawal is limited at this time; however, infants born to 
women who have recently used inhalants should be observed carefully for an alcohol-like 
withdrawal syndrome. Although it is not possible to link a specific birth defect or developmental 
problem in the child of an inhalant abuser to prenatal exposure to a specific chemical, it is clear that 
inhalant abuse and its associated lifestyle place children at increased risk. A wider appreciation of 
this is needed among health care professionals and the general public. 
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19. Shift work, nitrous oxide exposure, and spontaneous abortion among Swedish midwives 

Author(s): Axelsson G.; Ahlborg Jr. G.; Bodin L. 

Source: Occupational and Environmental Medicine; 1996; vol. 53 (no. 6); p. 374-378 

Publication Date: 1996 

Publication Type(s): Article 

PubMedID: 8758031 

Available  at Occupational and environmental medicine -  from BMJ Journals - NHS  

Available  at Occupational and environmental medicine -  from Europe PubMed Central - Open 
Access  

Available  at Occupational and environmental medicine -  from HighWire - Free Full Text  

Available  at Occupational and environmental medicine -  from ProQuest (Health Research Premium) 
- NHS Version  

Available  at Occupational and environmental medicine -  from Unpaywall  

Abstract:Objectives - To study the relation between irregular work hours, nitrous oxide (N2O) 
exposure, and the risk of spontaneous abortion. Methods - All 3985 female members of the Swedish 
Midwives Association in 1989, born in 1940 or later, received a questionnaire on exposure before 
and during all of their pregnancies. Questions on work conditions covered occupation, extent of 
employment, workplace, work schedules, use of anaesthetics, and work load. The association 
between exposure variables and spontaneous abortion was analysed by logistic regression models. 
Results - Night work and three shift schedules among midwives showed increased odds ratios (ORs) 
(95% confidence intervals (95% CI)) 1.63 (0.95-2.81) and 1.49 (0.86-2.59), respectively. The ORs of 
late spontaneous abortions (after the 12th week of pregnancy) was increased for night work 3.33 
(1.13-9.87). Use of N2O (> 50% of the deliveries) was not associated with increased risk of 
spontaneous abortion OR 0.95 (0.62-1.47). Frequent or permanent shortage of staff was related to 
an increased risk of spontaneous abortions before the 13th week of pregnancy. Conclusions - The 
results support the hypothesis that night work and high work load increase the risk of spontaneous 
abortion. 
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Source: International Journal of Epidemiology; Aug 1996; vol. 25 (no. 4); p. 783-790 
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Abstract:Background. Shift work and nitrous oxide exposure have both been suspected of having 
adverse influence on the reproductive performance of health workers. Time to pregnancy has been 
suggested as a sensitive measure of fecundity in occupationally exposed groups. We investigated the 
effects of shift work and nitrous oxide exposure on the fertility of Swedish midwives. Methods. A 
questionnaire was mailed to all members of the Swedish Midwives Association who were born 1940 
or thereafter, 3985 in all. Eighty-four per cent responded. Detailed information on the number of 
menstrual cycles required to achieve pregnancy and the working conditions during that period were 
obtained concerning the most recent, planned pregnancy occurring after 1983. The per cycle 
probability of becoming pregnant was calculated for each exposure category, and the relation to the 
unexposed was expressed as fecundability ratios. Results. Midwives who worked two-shift, three-
shift rotas, or only nights had reduced fertility compared to those working in the day time. The 
fecundability ratios were 0.78 (95% confidence interval [CI]: 0.65-0.94), 0.77 (95% CI: 0.60-0.98), and 
0.82 (95% CI: 0.64-1.03), respectively, after adjustment for covariates. No effect of nitrous oxide 
exposure was noted except in the small group reporting that they assisted at more than 30 deliveries 
per month when nitrous oxide was used (fecundability ratio = 0.64; 95% CI: 0.44-0.95). Conclusion. 
Shift work and frequent, high occupational exposure to nitrous oxide may have a negative influence 
on the ability of women to become pregnant. 
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21. Nitrous oxide and spontaneous abortion in female dental assistants 

Author(s): Rowland A.S.; Baird D.D.; Shore D.L.; Weinberg C.R.; Savitz D.A.; Wilcox A.J. 

Source: American Journal of Epidemiology; 1995; vol. 141 (no. 6); p. 531-538 

Publication Date: 1995 

Publication Type(s): Article 
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Available  at American journal of epidemiology -  from Unpaywall  

Abstract:The relation between anesthetic gas exposure and spontaneous abortion remains 
unresolved. We examined the effect of nitrous oxide on spontaneous abortion among female dental 
assistants. Questionnaires were sent to 7,000 dental assistants aged 18-39 years who were 
registered in California in 1987; 4,856 (69%) responded. Analysis was based on 1,465 respondents 
whose most recent pregnancy was conceived while working full time. Women were asked how many 
hours a week they worked with nitrous oxide during this pregnancy and whether the excess gas was 
scavenged (vented). Relative risk of spontaneous abortion (through week 20) was calculated using a 
person-week model. This allowed women with current pregnancies (13%) or induced abortions 
(10%) to be included for appropriate time periods of risk. A total of 101 pregnancies (7%) ended as 
spontaneous abortions. An elevation in risk of spontaneous abortion was seen among women who 
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worked with nitrous oxide for 3 or more hours per week in offices not using scavenging equipment 
(relative risk = 2.6, 95% confidence interval 1.3-5.0, adjusted for age, smoking, and number of 
amalgams prepared per week), but not among those using nitrous oxide in offices with scavenging 
equipment. This relation changed little when analyses were restricted to confirmed pregnancies or 
examined for several types of potential bias. Scavenging equipment appears to be important in 
protecting the reproductive health of women working with nitrous oxide. 
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Author(s): Center for Research on Occupational and Environmental Toxicology, Oregon Health 
Sciences University, Portland, OR 
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Publication Date: Dec 1995 
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Abstract:Anesthetic gases, particularly nitrous oxide, have been investigated for potential 
reproductive, mutagenic, and carcinogenic effects. Waste gases have been found in high 
concentrations, even with work settings with scavenger systems in place. Antineoplastic drugs, 
commonly used to treat persons with cancer, are virtually all considered to be embryo-fetal toxic. 
OSHA has issued comprehensive guidelines covering staff training, handling practices, and use of 
protective equipment. The toxic effect of non-ionizing radiation has been a frequent topic of public 
and scientific debate. At this time no evidence exists of a reproductive hazard to health care 
workers. Biologic agents such as rubella, hepatitis, cytomegalovirus, varicella, and human 
immunodeficiency virus frequently have the potential for adverse effects on the fetus. 
Administration of a vaccine or care of patients with active infection may be contraindicated in 
pregnancy. 

Database: CINAHL 

 

 

 

 

 

 

 

 

 

https://journals.sagepub.com/doi/pdf/10.1177/216507999504301202
https://journals.sagepub.com/doi/pdf/10.1177/216507999504301202


23. Reduced fertility among women employed as dental assistants exposed to high levels of 
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Author(s): Rowland A.S.; Baird D.D.; Weinberg C.R.; Shore D.L.; Shy C.M.; Wilcox A.J. 

Source: New England Journal of Medicine; 1992; vol. 327 (no. 14); p. 993-997 

Publication Date: 1992 
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Abstract:Background. Fertility is reduced in female rats exposed to levels of nitrous oxide similar to 
those found in some dental offices. Epidemiologic studies have suggested an association between 
exposure to mixed anesthetic gases and impaired fertility. We investigated the effects of 
occupational exposure to nitrous oxide on the fertility of female dental assistants. Methods. 
Screening questionnaires were mailed to 7000 female dental assistants, ages 18 to 39, registered by 
the California Department of Consumer Affairs. Sixty-nine percent responded. Four hundred fifty-
nine women were determined to be eligible, having become pregnant during the previous four years 
for reasons unrelated to the failure of birth control, and 91 percent of these women completed 
telephone interviews. Detailed information was collected on exposure to nitrous oxide and fertility 
(measured by the number of menstrual cycles without contraception that the women required to 
become pregnant). Results. After controlling for covariates, we found that women exposed to high 
levels of nitrous oxide were significantly less fertile than women who were unexposed or exposed to 
lower levels of nitrous oxide. The effect was evident only in the 19 women with five or more hours of 
exposure per week. These women were only 41 percent (95 percent confidence interval, 23 to 74 
percent; P<0.003) as likely as unexposed women to conceive during each menstrual cycle. 
Conclusions. Occupational exposure to high levels of nitrous oxide may adversely affect a woman's 
ability to become pregnant. 
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24. Fetal injury and abortion associated with occupational exposure to inhaled anesthetics 

Author(s): Eger 2nd. E.I. 

Source: AANA journal; Aug 1991; vol. 59 (no. 4); p. 309-312 

Publication Date: Aug 1991 

Publication Type(s): Review 

PubMedID: 1891967 

Abstract:While the actual risk associated with occupational exposure to inhaled anesthetics has not 
precisely been defined, a growing body of data has accumulated so that we may begin to make 
certain valid inferences. Published studies of the teratogenic, mutagenic and carcinogenic effects of 
exposure to nitrous oxide and isoflurane suggest that a causal role of these inhaled agents appears 
to be very low or nonexistent. 
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25. Teratogen update: anesthetic agents 

Author(s): Friedman J.M. 

Source: Teratology; 1988; vol. 37 (no. 1); p. 69-77 

Publication Date: 1988 

Publication Type(s): Review 

PubMedID: 3279563 

Abstract:Although many pregnant women undergo anesthesia and many others are occupationally 
exposed to anesthetics every year, assessment of the teratogenic risk of anesthetic agents in 
humans must currently be made on the basis of very limited data. Available studies suggest that 
administration of an anesthetic to a pregnant woman will usually not have a deleterious effect on 
embryonic or fetal development. The risk of congenital anomalies does not appear to be 
substantially increased among children of women who have chronic occupational exposure to 
anesthetic gases during pregnancy, either, but miscarriages may occur more frequently than 
expected among such women. There is an urgent need for publication of good human epidemiologic 
and experimental animal studies on the teratogenicity of anesthetics. 
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26. Adverse effects of nitrous oxide. 

Author(s): Brodsky, J B; Cohen, E N 

Source: Medical toxicology; 1986; vol. 1 (no. 5); p. 362-374 

Publication Date: 1986 

Publication Type(s): Journal Article Review 

PubMedID: 3537624 

Abstract:Although once considered completely devoid of complications, it is now recognised that 
the misuse or inappropriate use of nitrous oxide (N2O) often results in adverse side effects. Hypoxia, 
particularly the entity 'diffusion hypoxia', can occur with the administration of inadequate amounts 
of oxygen during or immediately after a N2O anaesthetic. N2O will diffuse into air-containing cavities 
within the body faster than nitrogen diffuses out. This results in a temporary increase in either the 
pressure and/or volume of the cavity depending upon the distensibility of its walls. The magnitude of 
the effect is proportional to the blood supply of the cavity, the concentration of N2O inhaled and the 
length of time the patient is exposed to N2O. Significant morbidity or even death can result from this 
phenomenon. A property unique to N2O is its ability to oxidise and inactivate the vitamin B12 
components of certain enzymes in both animals and man. One such enzyme, methionine synthetase 
is essential for normal DNA production. Animal and human studies have demonstrated that the 
haematological, immune, neurological and reproductive systems are each affected. These adverse 
effects of N2O can occur after both acute (surgical) or long term (occupational) exposure to the gas. 
Because of its effects on the pressure and volume characteristics of air-containing spaces, N2O 
should not be used for patients with bowel obstruction, pneumothorax, middle ear and sinus 
disease, and following cerebral air-contrast studies. Many anaesthesiologists feel that use of N2O 
should be restricted during the first two trimesters of pregnancy because of its effects on DNA 
production and the experimental and epidemiological evidence that N2O causes undesirable 
reproductive outcomes. Since N2O affects white blood cell production and function, it has been 
recommended that N2O not be administered to immunosuppressed patients or to patients requiring 
multiple general anaesthetics. Many anaesthesiologists believe that the potential dangers of N2O 
are so great that it should no longer be used at all for routine clinical anaesthesia. However, the 



continued use of N2O remains a controversial topic since, at present, a suitable substitute gas is not 
available. 
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27. Nitrous oxide and the fetus. A review and the results of a retrospective study of 175 cases of 
anaesthesia for insertion of shirodkar suture 

Author(s): Aldridge L.M.; Tunstall M.E. 

Source: British Journal of Anaesthesia; 1986; vol. 58 (no. 12); p. 1348-1356 

Publication Date: 1986 

Publication Type(s): Article 

PubMedID: 3790387 

Abstract:The outcome of 175 pregnancies during which nitrous oxide was administered has been 
evaluated. All anaesthetics were of short duration (20-30 min and 97% were administered during the 
second trimester. No adverse effects were identified. The mechanism of potential toxicity and the 
implications of the use of nitrous oxide during the first and second trimesters of pregnancy are 
discussed. 
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28. The effects of nitrous oxide after exposure during middle and late gestation 

Author(s): Tassinari M.S.; Mullenix P.J.; Moore P.A. 

Source: Toxicology and industrial health; Sep 1986; vol. 2 (no. 3); p. 261-271 

Publication Date: Sep 1986 

Publication Type(s): Article 

PubMedID: 3787658 

Abstract:Recent evidence has indicated that the anesthetic gas nitrous oxide (N2O) is teratogenic to 
rats if exposed during the organogenesis phase of gestation. Little is known, however, of the 
anatomical or functional consequences of exposures occurring later in gestation when the brain is 
developing. Timed pregnant Sprague-Dawley rats were exposed to 75% N2O/25% O2 using one of 
the following protocols: 24 hr exposures on gestational days 11-15 or 16-20; or 8 hr exposures on 
gestational days 9-13, 11-15, 14-15 or day 15 only. Both 24 hr exposure protocols significantly 
reduced fetal and maternal body weight, an effect not observed after the 8 hr exposures. No N2O 
exposure resulted in gross morphological or skeletal changes. Likewise, no significant effects on total 
protein and DNA levels in fetal liver and brain tissues could be found subsequent to 24 hr exposures 
on days 16-20; or on one, three or six days following an 8 hr exposure on day 15. Evaluations of 
postnatal growth and neurological development in pups prenatally exposed for 8 hr on days 14 and 
15 revealed two noteworthy effects. Their rate of growth in body weight was greater with respect to 
controls between the ages of 14 and 21 days, especially in the males. Also, reflex suspension was 
reduced, significantly so in the females. In conclusion, unlike 24 hr exposures, multiple 8 hr 
exposures to nitrous oxide during the middle to late stages of gestation did not produce effects 
detectable with standard teratological measures. Subtle differences in growth rate and reflex 
suspension, however, indicated that normal development had been interrupted, but its clear 
distinction as a lasting effect requires additional measures of function. 
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29. Anesthetic gases as an occupational hazard. A review 

Author(s): Edling C. 

Source: Scandinavian Journal of Work, Environment and Health; 1980; vol. 6 (no. 2); p. 85-93 
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Abstract:During the last 10 a, several studies have shown different health hazards for operating 
room personnel. Even if there are methodological weaknesses in many of the epidemiologic studies, 
such as low response rates or a lack of or poor definition of reference groups or no information on 
the anesthetic agents used or the environmental concentrations of the gases present, many studies 
indicate a higher risk for spontaneous abortion among women exposed to anesthetic gases. Even 
very critical reviews conclude that available data provide reasonably convincing evidence of a 
moderate increase in the risk of spontaneous abortion among exposed females. Less agreement is 
found in the information on the increased risk for spontaneous abortion among women whose 
husbands have been exposed to anesthetic gases or on the increased risk of exposed women having 
malformed children. The same discrepancy applies to the reports on liver and kidney disease and the 
risk of cancer. However, the reports on a higher risk of cancer are worth attention in that the urine 
of anesthesiologists has been found to be mutagenic and there are structural similarities between 
some known human carcinogens and several inhalation anesthetic agents. Another growing concern 
is the possible CNS effects of long-term exposure to waste anesthetic gases. As yet no such studies 
have been performed. Consequently, there is a need for epidemiologic studies on the frequency of 
cancer, with special emphasis on leukemia and lymphoma, and behavioral deficits. 
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