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ABSTRACT
Background: Nitrous oxide (N2O) has seen a marked decline in its usage in recent years due to its adverse clinical effects. 
We audited the practice in our department to evaluate the N2O consumption and cost‑effectiveness of its supply.

Methodology: Electronic anesthesia records of all patients anesthetized in our main operating rooms in a typical month 
were reviewed retrospectively, and utilization of N2O was noted in addition to the patient demographics, surgical procedure, 
and specialty.

Results: A total of 950 patients were anesthetized, and 3.1% received N2O. The annual usage was estimated to be 72,871 
liters, with a leakage of 3,883,105 liters to the environment, posing a safety hazard and wasting 149,612.50 SAR.

Conclusion: Notable costs and environmental benefits may be achieved by substituting a piped supply of N2O with portable 
E‑cylinders on demand in operating rooms for rational use.
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Introduction

Nitrous oxide (N2O) is a medical gas that has traditionally 
been used in anesthesia for over a century due to its 
properties of speeding up a smoother induction,[1,2] reducing 
the amount of volatile anesthetic agents for maintenance 
of anesthesia,[3,4] rapid emergence,[5] efficient analgesia,[6] 
and anti‑depressant effects.[7] Its adverse clinical effects may 
include gastrointestinal and neuropsychiatric disorders, 
causing nausea/vomiting, euphoria/agitation, expansion of 
gas‑filled spaces, inadvertent hypoxia, risk of awareness, 
lung atelectasis predisposing to pneumonia, air pollution, 
drug abuse, and so on.[8] These disadvantages may outweigh 

advantages, and increasing recognition has resulted in a 
marked decline in the use of N2O in recent years.

The N2O contribution to greenhouse gas emissions is 
approximately 7%, with an overall impact on global warming 
of 0.1%; the portion coming from human sources is only 
1%, and that from clinical practice is even smaller; since 
N2O remains in the atmosphere for 150 years, its long‑term 
damage is considerable.[9]

In major hospitals, the Medical Gas Pipeline System (MGPS) 
delivers pressurized gases; vulnerable to developing escapes 

Should pipeline nitrous oxide be discontinued in secondary 
care: A cost‑benefit analysis

This is an open access journal, and articles are distributed under the 
terms of the Creative Commons Attribution‑NonCommercial‑ShareAlike 
4.0 License, which allows others to remix, tweak, and build upon the 
work non‑commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Majeed A, Awan AM. Should pipeline nitrous 
oxide be discontinued in secondary care: A cost‑benefit analysis. Saudi 
J Anaesth 2024;18:194‑6.

Original  Article

Access this article online

Website:

https://journals.lww.com/sjan

Quick Response Code

DOI:

10.4103/sja.sja_791_23



Majeed and Awan: Discontinuation of a piped supply of nitrous oxide

195Saudi Journal of Anesthesia / Volume 18 / Issue 2 / April-June 2024

of potentially hazardous waste, it is notoriously difficult 
to detect and curtail leaks. The MGPS in our quaternary 
care hospital runs several kilometers of pipeline due to the 
distances between the manifold bank and the operating 
rooms (ORs) scattered through multiple buildings. We audited 
the N2O consumption to evaluate the cost‑effectiveness of 
its supply.

Material and Methods

After obtaining approval and consent waiver from the KFSHRC 
Research Ethics Committee (REC #2211192, 02 September 
2021), electronic anesthesia charts were reviewed for all 
patients anesthetized over a typical month in our main OR 
suite (as the bulk of anesthetic activity takes place there). 
Data collected included the duration of the anesthetic, the 
fractional concentration of N2O and the duration of its use, 
the fresh gas flow (FGF) rate, and the patient demographics 
along with the surgical procedure and specialty. Extracted 
data were analyzed [Figure 1] after populating a Microsoft 
Excel® sheet. An upscaling factor (UF) was determined by 
dividing the total anesthesia time from the charts reviewed 
by that for all the patients anesthetized in all locations in 
our hospital during the audited month [Figure 2]. This was 
used to extrapolate the consumption of N2O for the whole 
hospital and then multiplied by 12 to estimate the annual 
usage. The data for the actual N2O supply for the preceding 
3 years were accessed from the hospital records [Figure 3]. 
Comparisons were made between the average supply and 
consumption in our hospital, accordingly determining the 
wastage [Figure 4].

Results

A total of 950 patients were anesthetized in the main OR 
suite; all electronic anesthesia charts were available for 
them. N2O was used in 3.1% (n = 29) of cases over 0.87% 
of the total anesthesia time, mainly in patients undergoing 
procedures in general surgery and ENT; 62% (n = 18) were 
females. Only 1% (n = 4) of the children received N2O for a 

relatively short duration (during induction). One particular 
anesthetist administered approximately 84% of the total 
consumed volume of N2O.

Only 2% (≈73,000 liters) of the supplied N2O (3.95 million 
liters) was actually consumed, revealing an undetected 98% 
volume loss between the manifold and the patient end; to 
avoid this enormous wastage through the MGPS, the requisite 
volume could be supplied through 76 portable E‑type 
cylinders, costing only 6,840 Saudi Arabian Riyals (SAR). An 
estimated saving of SAR 1,40,876 (USD 37,566) per annum 
was therefore possible, with a further saving on the cost 
of maintenance of the MGPS, in addition to the invaluable 
impact on the environment and patient and staff safety.

Discussion

Our audit confirmed the decline in the usage of N2O. The 
enormous volume loss could only be explained by leaks in 
the MGPS as the J‑type cylinders in the manifold bank were 
replaced only when empty. The pattern of N2O usage revealed 
a user bias; regular education and review of anesthetic 
practices might help to reduce variation and improve quality 
of care.

This audit established that the piped supply of N2O was grossly 
underutilized, resulted in leakage of hazardous waste and 
was financially inefficient; we recommended to discontinue 
N2O supply through the MGPS and shift to portable E‑type 
cylinders in the operating rooms according to clinical needs.

A limitation of our audit was that the anesthesia machines 
in the remote locations (42% of the anesthesia activity) 
were not connected to record the gas usage data in the 
e‑anesthesia charts. Although, from experience, we knew 
that a majority of the patients in those areas were receiving 
only intravenous sedation without the use of inhalational 
agents, we extrapolated the data from our main OR suite, 
thereby anticipating an over‑estimation of N2O usage, and 
the actual numbers may be even lower.

Figure 1: N2O usage data. (a) N2O duration (in minutes), (b) N2O fraction (percent), (c) N2O volume (liters), (d) Flow rate (liters per minute)
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Conclusion

Our audit proved to be an economical and effective tool, an 
alternative to the highly expensive engineering apparatuses, 
to determine the extent of the wastage of N2O supplied 
through the MGPS with a potential to introduce a significant 
change of practice with enhanced efficiency and safety.

Data availability
The data that support the findings of this study are available 

from the corresponding author, [AM], upon reasonable 
request.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Peyton PJ, Horriat M, Robinson GJ, Pierce R, Thompson BR. Magnitude 
of the second gas effect on arterial sevoflurane partial pressure. 
Anesthesiology 2008;108:381‑7.

2. Lee SY, Cheng SL, Ng SB, Lim SL. Single‑breath vital capacity high 
concentration sevoflurane induction in children: With or without nitrous 
oxide? Br J Anaesth 2013;110:81‑6.

3. Eger 2nd EI. Age, minimum alveolar anesthetic concentration, and 
minimum alveolar anesthetic concentration‑awake. Anesth Analg 
2001;93:947‑53.

4. Hornbein TF, Eger 2nd EI, Winter PM, Smith G, Wetstone D, Smith KH. 
The minimum alveolar concentration of nitrous oxide in man. Anesth 
Analg 1982;61:553‑6.

5. Peyton PJ, Chao I, Weinberg L, Robinson GJ, Thompson BR. Nitrous 
oxide diffusion and the second gas effect on emergence from anesthesia. 
Anesthesiology 2011;114:596‑602.

6. Klomp T, van Poppel M, Jones L,  Lazet  J ,  Di Nisio M, 
LagroJanssen AL. Inhaled analgesia for pain management in 
labour. Cochrane Database Syst Rev 2012. Cd009351. doi: 
10.1002/14651858.CD009351.pub2.

7. Zorumski CF, Nagele P, Mennerick S, Conway CR. Treatment‑resistant 
major depression: Rationale for NMDA receptors as targets and nitrous 
oxide as therapy. Front Psychiatry 2015;6:172.

8. Buhre W, Disma N, Hendrickx J, DeHert S, Hollmann MW, Huhn R, 
et al. European society of anaesthesiology task force on nitrous 
oxide: A narrative review of its role in clinical practice. Br J Anaesth 
2019;122:587‑604.

9. Gadani H, Vyas A. Anesthetic gases and global warming: Potentials, 
prevention and future of anesthesia. Anesth Essays Res 2011;5:5‑10.

Author Help: Reference checking facility

The manuscript system (www.journalonweb.com) allows the authors to check and verify the accuracy and style of references. The tool checks 
the references with PubMed as per a predefined style. Authors are encouraged to use this facility, before submitting articles to the journal.

•	 The style as well as bibliographic elements should be 100% accurate, to help get the references verified from the system. Even a 
single spelling error or addition of issue number/month of publication will lead to an error when verifying the reference. 

•	 Example of a correct style
 Sheahan P, O’leary G, Lee G, Fitzgibbon J. Cystic cervical metastases: Incidence and diagnosis using fine needle aspiration biopsy. 

Otolaryngol Head Neck Surg 2002;127:294‑8. 
•	 Only the references from journals indexed in PubMed will be checked. 
•	 Enter each reference in new line, without a serial number.
•	 Add up to a maximum of 15 references at a time.
•	 If the reference is correct for its bibliographic elements and punctuations, it will be shown as CORRECT and a link to the correct 

article in PubMed will be given.
•	 If any of the bibliographic elements are missing, incorrect or extra (such as issue number), it will be shown as INCORRECT and link to 

possible articles in PubMed will be given. 

Figure 3: N2O supply

Figure 2: N2O usage calculation

Figure 4: N2O wastage calculation


