Oman Medical Journal (2014) Vol. 29, No. 3:194-197
DOI 10.5001/0mj.2014.48

The Effect of Vitamin B12 Infusion on Prevention of Nitrous Oxide-induced
Homocysteine Increase: A Double-blind Randomized Controlled Trial

Alieh Zamani Kiasari, Abolfazl Firouzian, Afshin Gholipour Baradari, Hamid Sharif Nia and Seyed Hosein

Moosavi Kiasari

Received: 3 Mar 2014 / Accepted: 29 Apr 2014
© OMSB, 2014

Abstract

Objective: Nitrous oxide is a common inhalation anesthetic
agent in general anesthesia. While it is widely accepted as a safe
anesthetic agent, evidence suggests exposure to this gas, leads to
hyperhomocysteinemia. The present study aimed to evaluate the
effects of single-dose intravenous infusions of vitamin B12, before
and after the induction of nitrous oxide anesthesia on homocysteine
levels after the surgery.

Methods: This double-blind randomized controlled trial was
conducted on 60 patients who were scheduled for elective surgery
under general anesthesia, presumably lasting for more than two
hours. The subjects were randomly allocated to three groups of 20.
For the first group, vitamin B12 solution (1 mg/100 ml normal
saline) and 100 ml of normal saline (placebo), were infused before
and after the induction of anesthesia, respectively. The second
group received placebo and vitamin B12 infusion before and after
the induction of anesthesia, respectively. The third group received
placebo infusions at both times. Homocysteine levels were measured
before and 24 hours after the surgery.

Results: The mean homocysteine and vitamin B12 levels were
significantly different within the three groups (p<0.001). In
patients who had been infused with vitamin B12 before the surgery,
homocysteine levels were significantly lower than the other two
groups. In the placebo group, homocysteine levels significantly
increased after the surgery.

Conclusion: Nitrous oxide causes hyperhomocysteinemia after
general anesthesia. Since vitamin B12 infusion is a safe and
inexpensive method to decrease homocysteine levels in these
patients, it may be recommended for patients undergoing nitrous

oxide anesthesia to be used before induction of anesthesia.
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Introduction

General anesthesia is the most common type of anesthesia in
both elective and emergency surgeries. Every day, a large number
of patients referred to clinics and hospitals are operated under
general anesthesia. Nitrous oxide is an inhalation anesthetic
agent, which is commonly used in general anesthesia. Although
nitrous oxide is known to be safe, evidence suggests exposure to
this anesthetic agent, either during an operation or constantly in
the workplace (e.g., operation room) can possibly cause various
complications such as bone marrow suppression, polyneuropathy,
postoperative nausea and vomiting, pulmonary hypertension and
hyperhomocysteinemia.*? It is currently accepted that nitrous
oxide inactivates cobalamin (vitamin B12),>* through irreversible
oxidation of the cobalt atom of vitamin B12.2>** Cobalamin
inactivation can last for several days after exposure to nitrous
oxide.® During this period, cobalamin-dependent enzymes, namely
methionine synthase are inhibited, the ability of the cells to produce
methionine from homocysteine is impaired, and consequently
plasma homocysteine level increases.”” Since homocysteine has
atherogenic properties that can lead to endothelial dysfunction,®*!
its higher plasma levels augment the risk of myocardial infarction,
stroke, and dementia in the general population, particularly in
individuals with cardiovascular risk factors.'*'> Therefore, the
effects of elevated plasma homocysteine levels are very important in
cardiac patients."* Moreover, hyperhomocysteinemia after nitrous
oxide exposure can increase cardiovascular complications and
postoperative complications (including severe nausea and vomiting,
respiratory complications, and wound infection).'® Also, it has been
stated that hyperhomocysteinemia is an independent risk factor for
coronary artery disease.”*

Very few studies have evaluated the effect of vitamin B12 on
homocysteine levels after exposure to nitrous oxide during general
anesthesia. A previous study suggested that daily intake of B vitamins
for at least one week prior to surgery could safely and effectively
decrease hyperhomocysteinemia after nitrous oxide anesthesia.'®
Despite being very simple, the mentioned method is not applicable
for all cases and under all conditions. The only available study on
the effects of vitamin B injection on plasma homocysteine levels
after nitrous oxide anesthesia revealed the inefficacy of the applied
method.” Considering limited research and existing controversies

in this field, the aim of present study was to evaluate the effects of
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pre and postoperative single-dose intravenous infusion of vitamin
on homocysteine levels in patients receiving nitrous oxide
B12 on h yst level tient t d

anesthesia.
Methods

This double-blind randomized controlled trial was conducted
on 60, 18-45-years-old patients with the American Society of
Anesthesiologists (ASA) class I and II. The subjects were scheduled
for surgery under general anesthesia in Imam Khomeini Hospital
(Sari, Iran) and their operations were estimated to take more than
two hours. The Ethics Committee of Mazandaran University of
Medical Sciences approved this study and it was registered in Iranian
clinical trials database (IRCT201209226803N3, http//:-www.irct.
ir).

The exclusion criteria were pregnancy, diabetes mellitus,
emergency surgery, duration of surgery less than two hours,
history of anesthesia within the past month, contraindications for
nitrous oxide (pneumothorax, mechanical intestinal obstruction,
obstruction of the middle ear, laparoscopic surgery, laser surgery,
and elevated intracranial pressure), preoperative use of vitamin
B12 or folate supplements, contraindications for vitamin B12
(seizure, epilepsy, allergy, and hypersensitivity to vitamin B12),
Leber hereditary optic neuropathy disease, vitamin B12 or folate
deficiency, megaloblastic anemia, renal failure, hypothyroidism and
smoking.

After obtaining institution ethics committee approval and
patients’ informed consent, eligible patients were randomly selected
using a table of random numbers and were allocated to three groups
(20 patients for each group). The first group (group A) was infused
with a solution of vitamin B12 (1 mg in 100 ml normal saline)
before the surgery and with normal saline with same volume (as
placebo) after the discontinuation of nitrous oxide anesthesia. The
second group (group B) received infusion of 100 ml of normal saline
preoperatively and vitamin B12 (1 mg in 100 ml normal saline) after
the discontinuation of nitrous oxide anesthesia. Finally, the third
group (group C) received infusions of 100 ml of normal saline at all
the mentioned stages. The patients received infusions over a period
of 10 minutes.

All subjects were premedicated with 0.02 mg/kg of midazolam
and 3 pg/kg of fentanyl. Anesthesia was then induced with propofol
(2 mg/kg) and atracurium (0.5 mg/kg) and maintained with
Isoflurane 1 minimum alveolar concentration (MAC) and nitrous
oxide 60%. During the surgery, atracurium and fentanyl were
provided if necessary. All solution and infusion sets were prepared,
covered, and labeled as A, B, and C (groups) by an anesthesia
technician who was not involved in the study. Afterward, based
on a random list, the appropriate solution was delivered to the
researcher. Consequently, the anesthesia care team was unaware of
solution types.

After the end of anesthesia, in the recovery room, a nurse who
was blinded to the groups recorded the presence or absence of
nausea and vomiting in the patients. In order to serum vitamin B12

and homocysteine level measurements, blood samples were taken

both at the beginning of the study before anesthesia (baseline) and
24 hours after the surgery. Serum homocysteine was measured
with an automated biochemistry analyzer (Hitachi 917, Hitachi,
Japan, 2008) using homocysteine enzymatic assay (Diazyme,
USA). Vitamin B12 serum level was measured by Roche Elecsys
immunoassay analyzer (Japan, 2008) with a standard commercial
kit (Germany, 2009) and Electrochemiluminescence immunoassay
method.

Normality was examined with a Shapiro-Wilk test. The
efficacy of vitamin B was assessed by one way analysis of variance
(ANOVA). Two-way ANOVA determined whether the groups or
genders were different in terms of homocysteine levels. Then Tukey'’s
test was performed for multiple comparisons. Also chi-square and
ANOVA tests were used to compare demographic and clinical
characteristics of patients in the three groups. The significance level

was set at p<0.05.
Results

All patients completed the present study and data from all patients
were analyzed (Fig. 1). Females constituted 75% (n = 45) of the
study population. The mean age of the participants was 38 + 8 years.
There was no statistically significant difference between the three
groups with regards to demographic and clinical characteristics

(p>0.05). (Table 1)
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Figure 1: Flow chart of the study.

Table 2 summarizes homocysteine and vitamin B levels of the
three groups before and after the intervention. According to one-
way ANOVA, the three groups were significantly different in the
mean levels of homocysteine (F [2, 57] = 39.53; p<0.001) and
vitamin B12 (F [2, 57] = 56.87; p<0.001) after the intervention.
The Tukey's test declared this difference to be between groups A
and B and group C. In addition, comparisons between homocysteine
levels before and after the intervention revealed a reduction of 5.62
pmol/l in homocysteine level in group A (p<0.001), and an increase
of 9.85 pmol/l in group C (p<0.001).
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Table 1: Demographic and clinical characteristics of patients in the three groups.

Variables Group A Group B Group C p value
Sex Male 3 (85%) 7 (65%) 5 (75%) 0.34
Female 17 (15%) 13 (35%) 15 (25%)

Age (year) 39+6 37+7 37+8 0.42

Weight (Kg) 66+11 68+9 70+10 0.37
(Range: 38-85) (Range: 34-88) (Range: 37-90)

Body Mass Index (Kg/m?) 2515 2543 2643 0.83
(Range: 17-34) (Range: 18-31) (Range: 20£35)

Duration of surgery (minute) 165432 162433 161+30 0.82

Data are expressed as the mean + standard deviation, or number (%) of cases (only Sex).

Table 2: Homocysteine (pmol/l) and vitamin B12 (pg/ml) levels before and after the intervention.

Variable Group A Group B Group C P

Homocysteine Before 11.14+6.3 9.816.1 10.2+5.1 0.790

(pmol/1) After 54439 8.245.2 20.146.9 <0.001

Vitamin B12 Before 262.1+71.1 269.9+107.4 266+91.5 0.960

(pg/ml) After 1219.1+378.5 1184.7+442.8 212.5+71.4 <0.001

Data are expressed as the mean + SD.

There was no statistically significant difference between the
three groups in the incidence of postoperative nausea and vomiting
(p=0.151).

As Table 3 shows, two-way ANOVA revealed no significant
interaction between gender and the three groups after the
intervention (F [2,54] = 0.251; p=0.770). However, the main effect
of gender was significant (F [1, 54] = 11.51; p=0.001), i.e., in all
groups; homocysteine levels after the intervention were higher in
men than in women. The main effect of groups was also significant
(F [2,54] = 31.34; p<0.001). Again, Tukey's test showed that group
C was significantly different from groups A and B.

Table 3: The relation of homocysteine levels (umol/l) after the

intervention with groups and gender.

Groups Homocysteine p (partial Eta squared)
(mean £ SD)
Group A Female 44+3.1 Gender * groups: 0.770
(0.009)

Male 11.2+2.7

Group B Female 6.8+4.1 Gender: 0.001 (0.170)
Male 10.8+6.4

Group C  Female 18.7+£76.2 Groups: 0.001 (0.530)
Male 24.2+4.4

Discussion

The findings of the present study show that vitamin B12 infusion
before general anesthesia with nitrous oxide, significantly decreased
serum homocysteine levels after surgery. In other words, vitamin
B12 infusion before anesthesia could effectively prevent nitrous
oxide-induced homocysteine increase. On the other hand,
although vitamin B12 infusion after the induction of anesthesia

decreased homocysteine levels after the surgery, this difference
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was not statistically significant. In contrast, in patients who did
not receive vitamin B12, nitrous oxide caused significant increase
in homocysteine levels after the surgery. In a study on patients
undergoing major surgeries, Myles et al.’® observed significantly
higher homocysteine levels among patients who were anesthetized
with nitrous oxide compared to those under anesthesia without
the mentioned gas. They reported the increases of homocysteine
levels to be positively related with the duration of exposure to
nitrous oxide. They also found a significant relationship between
postoperative complications (e.g., cardiovascular complications)
and increase in post-operative homocysteine concentrations.

Bander et al.'” showed that nitrous oxide anesthesia significantly
increased homocysteine levels and thus increased the incidence of
ischemic myocardial infarction after endarterectomy. Nitrous oxide
anesthesia has also been suggested to increase serum homocysteine
levels and lead to endothelial dysfunction after non-cardiac
surgeries.'® Other studies have confirmed the possible association of
short exposure to nitrous oxide with homocysteine level increase,"
and higher risk of myocardial infarction.”® Also, many case studies
have shown subacute combined degeneration after nitrous oxide
anesthesia,?'?

Pichardo et al.** evaluated children undergoing plastic surgery.
Similar to our findings, they reported that nitrous oxide anesthesia
for longer than two hours significantly increased serum homocysteine
levels during the first 24 hours after the surgery. Furthermore,
there was a significant inverse relationship between homocysteine
levels and vitamin B12 levels after the surgery, so that patients with
higher levels of vitamin B12 had lower serum homocysteine levels.
Likewise, on the first postoperative day in the present study, patients
who received vitamin B12 infusions had significantly higher serum
vitamin B12 and lower serum homocysteine compared to the
placebo group.

Nitrous oxide can cause hyperhomocysteinemia by irreversibly

oxidizing the cobalt atom of vitamin B12, which is a cofactor
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for methionine synthase, leading to inhibition of methionine
synthase which is involved in the re-methylation of homocysteine
to methionine.? Badner et al.!® evaluated the effect of oral vitamin
B during the week before the operation on plasma homocysteine
levels after nitrous oxide anesthesia found significant reductions in
the patients homocysteine levels. Although this is consistent with
our findings, it should be borne in mind that oral consumption of
vitamin B one week before surgery may not be feasible in many
cases.

Ubbink et al.® detected the significant effect of vitamin B12
on plasma homocysteine levels in patients with high homocysteine
levels. Woodside et al.* showed the positive significant effect of
vitamin B on plasma homocysteine levels in men. In contrast, Rao
et al.” found intravenous injections of vitamin B to be ineffective
on hyperhomocysteinemia after nitrous oxide anesthesia. This
inconsistency can be explained by the absence of standard techniques
of anesthesia and different durations of exposure to nitrous oxide in
the mentioned studies. Nevertheless, future studies in this field are

warranted.
Conclusion

In the present study, infusions of vitamin B12 before and after
general anesthesia reduced homocysteine levels after nitrous oxide
anesthesia. However, this reduction was not statistically significant
in the latter group. Since elevated serum homocysteine following
nitrous oxide anesthesia can increase postoperative complications
and morbidity, and hence impose costs on health systems, and
also considering the probability of occurrence of neurological
degeneration following anesthesia with nitrous oxide in patients
with vitamin B12 deficiency, intravenous infusion of vitamin B12
may be recommended as a fast, inexpensive and safe method to
prevent hyperhomocysteinemia and retard further neurological
degeneration associated with nitrous oxide anesthesia in these

patients. Although, further studies in this regard are warranted.
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