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Abstract
To evaluate the utility of low-concentration nitrous oxide (N2O) anesthesia in ptosis surgery
This study was a retrospective consecutive case series that included 54 successive patients with blepharoptosis who underwent

bilateral levator aponeurosis advancement and on whom skin resection performed by the same surgeon between August 2016 and
July 2017. Among these patients, 27 were operated with a local anesthesia injection (air group) and 27 with a local anesthesia
injection and low-concentration N2O anesthesia (N2O group). All N2O cases used a total of 6 L of gas comprising 70% oxygen and
30% N2O. Preoperative and postoperative blood pressure (BP) and heart rate (HR) and intraoperative pain, anxiety, nausea, and
memory were measured immediately after surgery using visual analog scale score (VASS). Additionally, perioperative side effects
were examined.
There was no significant difference in age, sex, and preoperative and postoperative margin reflex distance (MRD) between the 2

groups (all P> .05). The intraoperative mean peripheral oxygen saturation was significantly higher (97.5%±1.6% vs 99.5%± .6%,
P< .001), intraoperative HR was significantly lower (78.2±12.8 vs 70.7±11.6 bpm, P= .02), and operation time was significantly
shorter (33.1±8.1 vs 29.4±10.3minutes, P= .03) in the N2O group than in the air group.
Difference between intraoperative and preoperative systolic BP (BPs) (+15.8±18.0 vs +3.1±21.7 mm Hg, P= .02), diastolic BP

(BPd) (+7.0±17.4 vs �2.3±13.6 mm Hg, P= .04), and HR (3.2±8.5 vs �3.9±9.4 bpm, P= .01) was significantly lower in the N2O
group than in the air group.
VASS of intraoperative pain was significantly lower in the N2O group than in the air group (49.5±24.7 vs 22.6±14.9, P< .001),

whereas intraoperative anxiety and memory did not present significant differences between the groups (P= .09 and P= .45,
respectively). Intraoperative nausea score was 0 for all cases in both groups. There was no other side effect.
Ptosis surgery with anesthesia using 30% N2Omay effectively suppress intraoperative BP and HR along with pain and shorten the

operation time without side effects such as nausea.

Abbreviations: BP = blood pressure, HR = heart rate, MRD = margin reflex distance, N2O = nitrous oxide, PSA = procedural
sedation and analgesia, SpO2 = mean peripheral oxygen saturation, VASS = visual analog scale score.
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1. Introduction

Anesthesia is essential for surgery. It is impossible to perform all
ophthalmic operations with local anesthesia; it is not unusual to
experience difficulties when performing operations with local
anesthesia. According to a 2017 report by Eke et al, 4.1% of
375,000 cataract surgeries in the United Kingdom were
performed under general anesthesia, whereas 92% were
performed with local anesthesia only and 3.9% used local
anesthesia with sedation.[1] Even if local anesthesia suppresses the
pain caused by the operation to a certain degree, distress such as
anxiety of the patient still remains.
Procedural sedation and analgesia (PSA) refers to the use of

sedatives and analgesics when patients complain of strong anxiety
and pain during operations and treatments. There are reports of
serious conditions such as hypotension and respiratory depression
during PSA with intravenous anesthetic performed by para-
medics[2–4]; thus, PSA is challenging for ophthalmologists who are
not familiar with general care. Studies on the relationship between
self-efficacy and pain showed that a high level of self-efficacy was
related to high pain tolerance, wherein if patients are experiencing
anxiety, the same level of pain stimulus can cause more pain.[5–8]

https://orcid.org/0000-0002-6762-9087
https://orcid.org/0000-0002-6762-9087
mailto:n.santar0721@gmail.com
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000023753


Figure 1. Psychorich T-70 (SEKIMURA) and IS cannula (SEKIMURA) for N2O
anesthesia (the photograph will be replaced). A designated cannula is attached
to the patients nose from the anesthesia machine for inhalation. An intravenous
line is not required.
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Laughing gas (nitrous oxide; N2O) was discovered by a British
chemist Joseph Priestley in 1772. A dentist, Horace Wells,
inhaled N2O gas to extract his own wisdom tooth in 1844, which
is said to be the first medical use of N2O gas anesthesia. The
blood/gas partition coefficient of N2O is .47, and the minimum
alveolar concentration is 105, which means that induction of and
emergence from anesthesia are quite fast.[9,10] However, its
unconsciousness-inducing action is extremely mild. Its analgesic
and anti-anxiety effects are strong, but there is no muscle
relaxation, respiratory depressant, or blood pressure (BP)-
lowering effect. Reportedly, the analgesic effect of 20% N2O
gas anesthesia is equivalent to 15mg of morphine.[11] It could
provide additional analgesia, anti-anxiety effect, and respiratory
control to local anesthesia without risks such as fluctuating BP.
The clinical safety of N2O gas anesthesia is well known, and the
utility and safety of its combined use in local anesthesia such as
PSA are being recognized in dentistry, emergency medicine, and
obstetrics and gynecology.[12,13] The combined use of N2O gas
anesthesia with local anesthesia in ophthalmic operations may be
useful, but there is no report discussing the utility of low-
concentration N2O anesthesia in the field of ophthalmology.
The solubility of N2O gas in the blood is low (blood/gas

partition coefficient= .47); thus, it acts extremely fast in the brain
(30–60seconds) and its clearance from the lung is also extremely
fast. Anesthesia is induced within few minutes, and the patient
can emerge in few minutes.[14]

This study aimed to compare changes in vital signs, pain,
anxiety, and memory during surgery for patients with blephar-
optosis who underwent blepharoplasty using local anesthesia
injection with those who underwent blepharoplasty using same
local anesthesia injection combined with low-concentration N2O
anesthesia.
2. Methods

This study was approved by the ethics committee and adhered to
the principles of the Declaration of Helsinki and was a
retrospective consecutive case series performed at the Depart-
ment of Ophthalmology of Saneikai Tsukazaki Hospital, Japan,
between August 2016 and July 2017. All patients provided
written informed consent. Patients with bilateral blepharoptosis
who underwent bilateral levator aponeurosis advancement and
skin resection between August 2016 and July 2017were enrolled.
From August 2016, 27 successive patients (54 eyes; age, 73.26±
10.55 years; 17 males) were operated on with local anesthesia
injection and room air without N2O gas anesthesia (air group). In
January 2017, the use of N2O gas anesthesia became possible in
the hospital, 27 successive patients (54 eyes; age, 74.74±7.45
years; 12 males) were operated on with the same local anesthesia
injection and 6 L of low-concentration N2O gas anesthesia (70%
oxygen and 30% N2O; N2O group). The N2O group was
induced with N2O gas anesthesia from the moment patient sat
down in the operation chair until the end of the operation.
Preoperative margin reflex distance (MRD) of the air and N2O
gas groups was 1.32±1.03, (mean± standard deviation) and
1.77± .90mm, respectively; there was no difference between both
groups (P= .10). The exclusion criteria were undergoing another
eye operation and the presence of eye or systematic disease.
All operations were performed by the same well-experienced

ophthalmologist. For all cases, intraoperative local anesthesia
was induced using 3ml of lidocaine with 2% epinephrine per
eyelid. All cases received levator aponeurosis advancement,
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which was sutured to the tarsus. Patients were requested to open
and close their eyes, and the postoperative MRD (mm) was
targeted to 3 to 3.5mm during the operation.We used Psychorich
T-70 (SEKIMURA) and IS cannula (SEKIMURA) for N2O gas
anesthesia (Fig. 1). Preoperative systolic BP (BPs,mmHg), diastolic
BP (BPd, mmHg), heart rate (HR, bpm), and intraoperative mean
BPs, as well as mean BPd, and mean peripheral oxygen saturation
(SpO2, %) were examined. Intraoperative pain, anxiety, memory,
and nausea were examined using the 10-cm visual analog scale
score (VASS)[15] immediately after surgery. Preoperative BP and
HRwere measured once using a BP cuff. Intraoperative SpO2, BP,
and HR were measured using a pulse oximeter attached on the
indexfinger,BPcuff, and two-leadelectrocardiogram, respectively,
every 5minutes until the endof operation.As changes in vital signs,
intraoperative mean BPs� preoperative BPs, intraoperative mean
BPd � preoperative BPd, and intraoperative mean HR �
preoperative HR were examined. To evaluate ptosis surgery,
MRDwasmeasured preoperatively and 3months postoperatively.
Statistical analysis was performed using Shapiro–Wilk test and

O’Brien test of homogeneityof variance.When the results indicated
normal distribution and equal variance, the Student t test was
performed. When the results indicated nonnormal distribution,
the Mann–Whitney U test was performed. We performed Student
t test for BP and HR andMann–WhitneyU test for age, operation
time, VASS score, SPO2, (intraoperative � preoperative) BPs,
(intraoperative � preoperative) BPd, and (intraoperative �
preoperative) HR. We used Chi-Squared test for sex-based
differences. Significance level was P< .05; statistical analysis was
performed using JMP 14.3 (SAS Inc., Cary, NC, USA).
3. Results

In all cases, operations were performed without any problems,
and there were no notable complications. There was no
significant difference in age or sex between the groups (P= .99
and P= .17, respectively). The operation time was significantly
shorter in the N2O group than in the air group (33.1±8.1 vs 29.4
±10.3minutes, P= .03). There was no abnormality in measured
vital signs that would require treatment. Although there was no
difference in preoperative BPs, BPd, and HR between the 2
groups (P> .05), the intraoperative HRwas significantly lower in



Table 1

Patient background of the air group and the N2O group.

Air N2O

Mean SD Mean SD P

N 27 27
Age (years) 73.26 10.55 74.74 7.45 .55
Time (min) 33.07 8.13 29.37 10.27 .03∗
Preoperative BPs (mmHg) 131.44 (88–166) 20.75 138.56 (98–180) 21.01 .22
Preoperative BPd (mmHg) 66.85 (38–96) 15.79 73.19 (48–108) 13.48 .12
Preoperative HR (bpm) 75.89 (61–98) 10.1 74.63 (48–108) 11.2 .67
Intraoperative BPs (mmHg) 147.19 (107.71–176.5) 17.59 141.64 (118.83–181) 18.25 .26
Intraoperative BPd (mmHg) 73.8 (56.5–102) 9.81 70.91 (45–91.83) 12.21 .34
Intraoperative HR (bpm) 78.19 (57.4–116.17) 12.75 70.71 (52.25–99.17) 11.62 .02†

Intraoperative SPO2 (%) 97.48 1.55 99.5 .64 <.001
∗

Preoperative R MRD (mm) .64 (�3.0∼2.0) 1.19 .93 (�1.0∼2.5) 1 .67
Postoperative L MRD (mm) 1.06 (�2.0∼2.5) 1.03 .73 (�2.0∼2.5) 1.01 .15
Postoperative R MRD (mm) 3.22 (2.5∼3.5) .37 3.38 (2.5∼3.5) .19 .07
Postoperative L MRD (mm) 3.3 (2.5∼3.5) .33 3.38 (3.0∼3.5) .19 .41

There was no difference in age between the groups. There was no difference in preoperative BP and HR between the groups (P> .05). There was a significant difference in operation time, intraoperative HR, and
SpO2 between the groups (P < .05).
∗
Mann–Whitney U test P< .05.

† Student t test P< .05.
BP = blood pressure, HR = heart rate, MRD = margin reflex distance, N2O = nitrous oxide, PSA = procedural sedation and analgesia, SD = standard deviation, SpO2 = mean peripheral oxygen saturation.
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the N2O group than in the air group (70.7±11.6 vs 78.2±12.8
bpm, P= .02). The intraoperative SpO2 was significantly higher
in the N2O group than in the air group (99.5± .64% vs 97.5±
1.6%, P< .001) (Table 1). Changes in vital signs from
preoperative to intraoperative were as follows: intraoperative
BPs� preoperative BPs was +15.8±18.0 mmHg in the air group
and +3.1±21.7mmHg in theN2O group; the amount of increase
was less in the N2O group (P= .02). Intraoperative BPd �
preoperative BPd was +7.0±17.4 mm Hg in the air group and
�2.3±13.6 mmHg in the N2O group; there was significantly less
increase in the N2O group (P= .03). Similarly, intraoperative HR
� preoperative HRwas +3.2±8.5 bpm in the air group and�3.9
±9.4 bpm in the N2O group; there was significantly less increase
Figure 2. Difference in the preoperative and postoperative BP and HR. Differences
less in the N2O group than in the air group. Compared with preoperative values, v
group. †Student t test P< .05.
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in the N2O group (P= .01) (Fig. 2). VASS showed that
intraoperative pain was 49.5±24.7 in the air group and 22.6
±14.9 in the N2O group; the score was significantly lower in
the N2O group than in the air group (P< .001). Intraoperative
anxiety was 33.9±29.1 in the air group and 21.6±21.5 in the
N2O group; the mean was lower in the N2O group than in the air
group, although the difference was not statistically significant
(P= .09). Intraoperative memorywas 93.1±14.0 and 87.2±24.2
without no significant difference, indicating that memory was
maintained in both groups (P= .45). Intraoperative nausea was 0
in all cases in both groups, that is, no patient experienced nausea
(Fig. 3). There was no drop in BP, respiratory depression, or
nausea in either group. All patients were able to walk back to the
between preoperative and postoperative BPs, BPd, and HR were significantly
alues increased during the operation in the air group but decreased in the N2O

http://www.md-journal.com


Figure 3. Intraoperative pain, anxiety, memory, and nausea scores. VASS examination showed that intraoperative pain was significantly lower in the N2O group
than in the air group (P< .001). There was no nausea in either group. Intraoperative memory score was high in both groups, and there was no anesthesia amnesia.
∗
Mann–Whitney U test p< .05.
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outpatient department immediately after anesthesia and could
head home after 30minutes of observation. In addition, there was
no adverse event that could be considered a side effect during or
after operation. Intraoperative and postoperative bilateral MRD
did not show statistically significant difference between the
groups (right eye MRD, P= .07; left eye MRD, P= .41). Thus,
the use of N2O did not have an impact on the opening of the eye
postoperatively (Table 1).

4. Discussion

Ptosis surgery with low-concentration N2O gas anesthesia
significantly suppressed BPs, BPd, and HR. The VASS question-
naire at the end of the operation showed that intraoperative
pain was sufficiently minimized (P< .001). The mean intraop-
erative anxiety of the N2O group was lower than that of the air
group, with no statistically significant difference. There was no
nausea or abnormal vital signs during the operation or no side
effect.
There was no significant difference in preoperative and

postoperative MRD in either group, and N2O gas anesthesia
did not have much impact on intraoperative quantification and
postoperative MRD for blepharoplasty.
Usually, BP and HR tend to increase during the operation than

before the operation because of the tension of undergoing
operation, pain of the local anesthesia injection at the beginning
of the operation, and pain during the operation. In fact, in the air
group, BP and HR increased during the operation; however, in
the N2O group, increase in BP and HR during the operation was
significantly suppressed because intraoperative pain and tension
were reduced using N2O gas anesthesia.
Furthermore, no clear drop in BP, bad mood, or respiratory

depression that would indicate a side effect of N2O gas anesthesia
was noted. Intraoperative SpO2 was significantly higher in the
N2O group than in the air group, but this was likely because of
N2O gas anesthesia being supplied with oxygen.
Intravenous anesthesia with propofol, opioids, and benzodia-

zepines causes hypotension and/or respiratory depression,
making management of vital signs difficult. In addition, its
sedative action is strong and the recovery time following the
anesthesia is long. Oral analgesics such as nonsteroidal anti-
inflammatory drugs are easy to use, but their analgesic effect is
4

insufficient.[2–4] In contrast, N2O has strong analgesic and anti-
anxiety effects with mild sedative and hypnotic effects and little
impact on circulatory and respiratory systems; thus, the risk for
hypotension or respiratory depression is extremely limited.
Additionally, it does not require an intravenous (IV) line and
patients only need to inhale; thus, burden on patients and
healthcare providers is extremely limited.[12,13] The blood/gas
partition coefficient is small, and as it quickly moves from the
alveoli to the blood, its effect is fast and emergence from
anesthesia is also fast.[9,10]

In the past, ophthalmic operations with local anesthesia only
managed pain with local injection such as lidocaine and did not
control anxiety and additional pain caused by the operation.
Although PSA was too challenging for ophthalmologists, with
low-concentration N2O anesthesia, the risk of complications
such as changes in vital signs and respiratory depression is
extremely low and ophthalmologists without anesthetic expertise
can easily introduce it. It could be a blessing not only for patients
who have been suffering through ophthalmic operations with
local anesthesia but also for ophthalmologists who will be able to
perform even safer operations. However, there are disadvantages
with N2O. Because it tends to escape to dead space, when high-
concentration N2O was used as a general anesthetic for a patient
with a vitreous cavity filled with gas, ocular pressure increased
and caused ophthalmic artery occlusion.[16] However, no
examination has been performed regarding low concentration,
spontaneous respiration, and the use of a cannula as done in this
study. Specifically, in the field of ophthalmology, a case of a
complication with increased ocular pressure caused by a general
anesthetic has been reported[16]; it has hardly ever been used in
recent years. However, it could be extremely useful if cases and
usages are carefully examined.
The operation time was 3minutes shorter than the average in

the N2O group than in the air group. All operations were
performed by the same ophthalmologist; thus, this difference
might have been caused by ease of operation in the N2O group
due to patients straining less, difference in movements, and
difference in intraoperative bleeding. However, we did not
examine these factors in this study.
This study was a retrospective and not a prospective

intervention study. Therefore, classification of both groups and
patient backgrounds might have had an impact.
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5. Conclusions

N2O anesthesia does not require an intravenous line and is
easy to use because it only requires a nasal cannula. Moreover,
it exerts little burden on nurses and patients. Low-concentration
N2O gas anesthesia has no side effects; its intraoperative
management is similar to that of conventional local anesthesia.
It is quite safe to perform for ophthalmologists and could be a
useful tool to manage intraoperative pain and vital signs.
Author contributions

Conceptualization: Santaro Noguchi, Asuka Noguchi.
Data curation: Santaro Noguchi, Shunsuke Nakakura, Asuka

Noguchi, Sayuri Nakama, Yoko Tastukawa.
Formal analysis: Santaro Noguchi, Shunsuke Nakakura.
Funding acquisition: Santaro Noguchi.
Investigation: Santaro Noguchi.
Methodology: Santaro Noguchi, Shunsuke Nakakura.
Project administration: Santaro Noguchi, Tomoyuki Kashima.
Resources: Santaro Noguchi.
Software: Santaro Noguchi.
Supervision: Santaro Noguchi, Hitoshi Tabuchi.
Validation: Santaro Noguchi.
Visualization: Santaro Noguchi.
Writing – original draft: Santaro Noguchi, Shunsuke Nakakura.
Writing – review & editing: Santaro Noguchi.

References

[1] Eke T, Thompson JR. Serious complications of local anesthesia for
cataract surgery: a 1 year national survey in the United Kingdom. Br J
Ophthalmol 2007;91:470–5.
5

[2] Campbell SG, Magee KD, Kovacs GJ, et al. Procedural sedation and
analgesia in a Canadian adult tertiary care emergency department: a case
series. CJEM 2006;8:85–93.

[3] Green SM, Krauss B. Procedural sedation terminology: Moving beyond
“conscious sedation”. Ann Emerg Med 2002;39:433–5.

[4] Bellolio MF, Puls HA, Anderson JL, et al. Incidence of adverse events in
paediatric procedural sedation in the emergency department: a
systematic review and meta-analysis. BMJ Open 2016;6:e011384.

[5] Weisenberg M. Wall PD, Melzack R. Cognitive Aspects of Pain.
Textbook of Pain Edinburgh 1999;Churchill Livingstone, 345–58.

[6] WeisenbergM, Schwarzwald J, Tepper I. The influence of warning signal
timing and cognitive preparation on the aversiveness of cold pressor pain.
Pain 1966;64:379–85.

[7] Keefe FJ, Kashikar-Zuck S, Robinson E, et al. Pain coping strategies
that predicts patients’ and spouses’ ratings of patients’ self-efficacy. Pain
1997;73:191–9.

[8] Rainville P, Duncan GH, Price DD, Carrier B, Bushnell MC. Pain affect
encoded in human anterior cingulate but not somatosensory cortex.
Science 1997;15:968–71.

[9] Eger El2nd, Saidman LJ, Brandstater B. Minimum alveolar anesthetic
concentration: a standard of anesthetic potency. Anesthesiology
1965;26:756–63.

[10] Baskett PJ, Bennett JA. Pain relief in hospital: the more widespread use of
nitrous oxide. Br Med J 1971;29:509–11.

[11] Chapman WP, Arrowood JG, Beecher HK. The analgetic effects of low
concentrations of nitrous oxide compared in man with morphine
sulphate. J Clin Invest 1943;22:871–5.

[12] Huang C, Johnson N. Nitrous oxide, from the operating room to
the emergency department. Curr Emerg Hosp Med Rep 2016;4:11–8.

[13] Singh RH, Montoya M, Espey E, Leeman L. Nitrous oxide versus oral
sedation for pain management of first-trimester surgical abortion - a
randomized study. Contraception 2017;96:118–23.

[14] Butterworth JFI, Mackey DC, Wasnick JD. Morgan & Mikhail’sclinical
Anesthesiology. 5th ed.New York: McGraw-Hill; 2013.

[15] Chapman CR, Casey KL, Dubner R, Foley KM, Gracely RH, Reading
AE. Pain measurement: an overview. Pain 1985;22:1–31.

[16] Lockwood AJ, Yang YF. Nitrous oxide inhalation anaesthesia in the
presence of intraocular gas can cause irreversible blindness. Br Dent J
2008;204:247–8.

http://www.md-journal.com

	Utility and safety of low-concentration nitrous oxide anesthesia in ptosis surgery
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusions
	Author contributions
	References


