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foot. The patient had a homozygous MTHFR gene 
mutation diagnosed within the previous year, which 
predisposed her to vascular thrombosis. Of note, the 
patient was found to be a homozygote for the MTHFR 
C677T mutation by polymerase chain reaction and 
restriction endonuclease digest. Anticoagulation with 
coumadin was initiated after diagnosis; however, she 
was admitted to our institution 6 months later with 
acute gastrointestinal bleeding and an INR of 14.1. The 
patient was administered two units of fresh frozen 
plasma (FFP) and two units of packed red blood cells 
with resolution of gastrointestinal bleeding; however, 
the patient’s serum creatinine became elevated to 
3.1 mg/dl and the diagnosis of renal artery thrombosis 
was made. The patient was discharged with coumadin 
anticoagulation and an INR of 3.5 and was not seen 
by a healthcare provider until her current presentation 
to the emergency room with cellulitis of the right 
foot.

Upon arrival to the emergency department her INR 
was 5.8 and thrombin time (PT) was 58.3 s. Additional 
laboratory results revealed; WBC 25.8 k·µl−1, RBC 3.29 
MIL·µl−1, hemoglobin 8.5 g/dl, hematocrit 26%, and a 
platelet count of 268 k·µl−1. The patient stated that she 
had stepped on a screw, which lodged in the right third 
toe, the screw had been removed, with subsequent 
worsening cellulitis. Physical examination revealed a 
right third toe which had turned gangrenous at the 
puncture site. The patient was admitted to the hospital 
and started on antibiotics and a heparin infusion to 
maintain anticoagulation and was scheduled for ampu-
tation of the gangrenous toe. Her admission medica-
tions included coumadin 80 mg in the morning and 
80 mg in the evening, and folic acid 1 mg twice a day. 
The patient was hemodynamically stable. Because the 
patient was given anticoagulation therapy, it was 
decided that general anesthesia would be administered 
the following morning for amputation of the gangre-
nous toe. Prior to the surgery, two units of FFP were 

Abstract
Methylenetetrahydrofolate reductase (MTHFR) defi ciency is 
an autosomal recessive disorder with a spectrum of manifesta-
tions including neurological symptoms, premature arterioscle-
rosis, and venous and arterial thrombosis. Most patients are 
heterozygous for multiple MTHFR substitutions; small minor-
ities are homozygous for mutations at this locus. Among these 
mutations, the C677T polymorphism is the most deleterious. 
Nitrous oxide use in anesthesia leads to signifi cant increases 
in plasma homocysteine. We present a patient undergoing 
urgent surgery with a preoperative diagnosis of homozygous 
MTHFR defi ciency.
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Introduction

Methylenetetrahydrofolate reductase (MTHFR) defi -
ciency is an autosomal recessive disorder that results in 
increased homocysteine levels in the body [1]. Nitrous 
oxide (N2O) inhibits methionine synthetase, which 
transforms homocysteine to methionine, which result in 
increased homocysteine levels [2]. Hyperhomocystein-
emia itself predisposes to venous and arterial thrombo-
sis with a sixfold increased risk compared to the normal 
population [3]. Therefore, it is important to avoid N2O 
while administering anesthesia to patients with MTHFR 
defi ciency.

Case report

A 44-year-old woman, American Society of Anesthesi-
ology (ASA) physical status II, 68 kg, 158 cm, Mallam-
pati class 3 airway, presented with cellulitis of the right 
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administered; within 30 min of this administration 
severe bronchospasm occurred and the patient was 
brought emergently to the operating room (OR). Of 
note, the preoperative INR was 4.2. The patient under-
went general anesthesia with a balanced technique 
using desfl urane and rocuronium; N2O was not used. 
After successful surgical intervention, the patient’s INR 
was 3.8 and coumadin was restarted. On the fi rst post-
operative day the patient experienced shortness of 
breath, and subsequent chest X-ray revealed bilateral 
pneumonia. Anticoagulation was continued and her 
subsequent INR was 4.5. The patient continued to dete-
riorate and was subsequently mechanically ventilated 
and transferred to the intensive care unit (ICU), where 
the patient developed chest pain and hypotension to 
80 mmHg systolic. A 12-lead electrocardiogram showed 
nonspecifi c ST-T changes and inverted T waves in leads 
V1 to V3. Cardiac enzymes were elevated; her hypoten-
sion was managed by normosol infusion at a rate of 
150 ml·h−1 and a transfusion of 2 U of packed red blood 
cells. Coumadin was stopped and she was started on 
continuous heparin infusion for 48 h and then switched 
to enoxaparin sodium. After 1 week of hospitalization, 
the patient developed acute renal failure, requiring 
hemodialysis, secondary to severe renal artery throm-
bosis. On postoperative day (POD) 7, the patient’s 
respiratory status remained critical and tracheostomy 
was performed without major sequelae. On POD 10, 
the patient’s condition began to improve as the pneu-
monia began to resolve and her anticoagulation was 
adequately maintained on enoxaparin sodium. Respira-
tory status continued to improve and the patient was 
transferred from the ICU to the general surgical ward 
on POD 17. The patient, however, remained in renal 
failure with renal replacement therapy. The patient was 
discharged from the hospital on POD 39. Prior to hos-
pital discharge the patient was converted from enoxa-
parin sodium to coumadin for anticoagulation therapy. 
At the time of hospital discharge her INR was 3.5 and 
PT was 43.6 s. Additional laboratory results revealed; 
serum creatinine 3.5 mg·dl−1, WBC 8.4 k·µl−1, RBC 3.62 
MIL·µl−1, hemoglobin 10.5 g/dl, hematocrit 32%, and a 
platelet count of 235 k·µl−1. The patient continued on 
hemodialysis as an outpatient and her discharge medi-
cations included coumadin 2 mg twice a day and folic 
acid.

Discussion

Methylenetetrahydrofolate reductase (MTHFR) defi -
ciency is an autosomal recessive disorder with a spec-
trum of manifestations including neurological symptoms, 
premature atherosclerosis, and venous and arterial 
thrombosis. A total of 29 mutations in MTHFR are 

associated with severe defi ciency, with a resulting activ-
ity level that is usually 0% to 30% of control activity 
[4]. Most patients are heterozygous for multiple 
MTHFR substitutions; a small minority is homozygous 
for mutations at this locus. Among these mutations, 
the C677T polymorphism is the most important. Our 
patient in this report was homozygous for this 
polymorphism.

The prevalence of hyperhomocysteinemia in the 
general population is not known. In European, Middle 
Eastern, and Japanese populations, the prevalence 
of the heterozygous thermolabile variant mutation in 
MTHFR is 30% to 40%, and the homozygous mutation 
is 10% to 15% [5]. However, in African Americans the 
prevalence of either mutation is less than 5%, and 
homozygosity in indigenous Mexicans approaches 35% 
[6].

Partial defi ciencies (i.e., heterozygous for multiple 
MTHFR substitutions) have been observed in other-
wise normal subjects who have premature vasoocclusive 
disorders [3]. Vitamin supplements are effective 
in reducing plasma homocysteine levels in these sub-
jects; however, vitamin supplementation with anti-
coagulation therapy is usually required to prevent 
vasoocclusive disorders in patients, such as ours, that 
are homozygous for the MTHFR C677T mutation [5]. 
In addition to the increased risk of thrombotic compli-
cations to the cardiovascular system, the renal system is 
particularly vulnerable to thrombosis in patients homo-
zygous for the MTHFR C677T mutation [5]. Our patient 
developed renal artery thrombosis and signifi cant reduc-
tion of renal function, thereby diminishing her drug-
clearance ability in this critical setting.

The mechanism of hyperhomocysteine leading to vas-
cular disorders is poorly understood. However, animal 
studies have demonstrated that higher plasma total 
homocysteine levels are linked to both enhanced plate-
let aggregation and thromboxane synthesis [7]. Dose-
response studies with thrombin and adenosine 
diphosphate (ADP)-evoked platelet aggregation have 
demonstrated a causal relationship with concurrent 
rises in plasma homocysteine [8]. These increases in 
platelet aggregation may be infl uenced by an excessive 
production of oxygenated reactive species. Indeed, 
animal studies have demonstrated signifi cant increases 
in circulating oxidation products (such as lipoperoxides) 
following methionine load, which were associated with 
enhanced platelet aggregation, all of which were ame-
liorated by the administration of the antioxidant probu-
col [9]. Theoretically, this enhanced platelet aggregation 
and increase in oxidation products associated with 
hyperhomocysteinemia could have contributed to our 
patient’s renal failure (perhaps through microvascular 
thrombus [10]) and bronchospasm (through increase 
in oxidative products and release of histamine [11]). 
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Agents such as acetylsalicylic acid (aspirin)], for its anti-
platelet effects, and n-acetylcysteine, for its antioxidant 
effects, could be studied in settings of hyperhomocyste-
inemia to try and prevent morbidities such as occurred 
in our patient.

In regard to the perioperative care of these patients, 
we suggest that, preoperatively, the patient’s coagula-
tion status should be corrected prior to surgery by FFP 
infusion. This reduction of the elevated PT is very tem-
porary. Resuming anticoagulation should be done 
immediately after operation, because the patient is at 
high risk of vascular thrombosis or embolization. Other 
suggestions include establishing adequate hydration, 
and hemodynamic stability.

Intraoperatively, nitrous oxide (N2O) should not 
be used, specifi cally in patients who are homozygous 
for the MTHFR C677T mutation [12,13]. N2O inhibits 
methionine synthetase, resulting in the reduction of the 
conversion of homocysteine to methionine, thus increas-
ing systemic homocysteine levels [14]. Acute increases 
in systemic homocysteine via the use of N2O have been 
linked to endothelial dysfunction [15] and a procoagu-
lant state potentially mediating pathologic consequences 
[16]. Nevertheless, N2O-based anesthesia continues to 
be used due to its low cost, potent analgesic effects, and 
its rapid onset and elimination.

The mechanisms for N2O-induced increases in homo-
cysteine are complex. N2O directly inhibits methionine 
synthetase irreversibly, thus slowing the conversion of 
homocysteine to methionine and increasing homocyste-
ine concentrations, with the de-novo synthesis of the 
enzyme required to restore activity [17]. The mean half-
life of inactivation is 46 min. Residual methionine syn-
thetase activity more than 200 min after the start of N2O 
administration approaches zero [18]. Therefore, N2O 
anesthesia leads to signifi cant increases in plasma homo-
cysteine, which has been confi rmed by several clinical 
studies [2,13,19].

Badner et al. [13] randomized 20 patients to receive 
general anesthesia with or without N2O (inspired >50%). 
Plasma homocysteine increased 100% in those patients 
receiving N2O and these levels were sustained for 24 h 
following surgery, while plasma levels in control patients 
were unchanged. This study, however, was too small to 
determine the clinical signifi cance of this change. There-
fore, the same group of investigators [2] randomized 90 
patients in a similar fashion to examine the effects of 
N2O anesthesia-induced elevation of plasma homo-
cysteine and myocardial ischemia. These investigators 
found a twofold increase in the incidence of myocar-
dial ischemia in those receiving N2O. Furthermore, a 
signifi cant association was found between peak post-
operative homocysteine levels greater than 17 µmol·l−1 
and myocardial ischemia, with a relative risk of 2.0 
(P < 0.05) [2].

Postoperatively, patients with MTHFR defi ciency 
should resume anticoagulation as soon as possible. 
Delaying this treatment may contribute to major throm-
botic complications within the brain, heart, or kidney. 
It is also important to keep the patient adequately 
hydrated, and to avoid bradycardia, hypoxemia, and 
hypothermia in order to avoid the effects of increased 
blood viscosity or vascular spasm that may contribute 
to clot formation.

In addition, it has been suggested that moderate 
hyperhomocysteinemia in any person or family merits 
further evaluation in the preoperative period. Although 
many cases of hyperhomocysteinemia may be due to 
nutritional factors (i.e., low folate intake) recent evi-
dence suggests that the modern inclusion of folic acid 
into vitamin supplements and enriched foods is reduc-
ing the frequency of nutritionally based hyperhomocys-
teinemia, thereby increasing the relevance of such 
testing in suggesting an underlying abnormality predis-
posing these patients’ adverse outcomes [3]. However, 
there are confl icting data [20]. Therefore, several ques-
tions remain for the anesthesiologist. Should all patients 
with very high preoperative homocysteine levels be 
tested for MTHFR defi ciency? If not, then should N2O 
be avoided in all patients with very high preoperative 
levels, and if so what is this level of homocysteine that 
would merit this avoidance? These questions merit 
further clinical investigation.

Conclusion

We have presented a case of methylenetetrahydrofolate 
reductase (MTHFR) defi ciency in a patient undergoing 
urgent surgery. We discussed anesthesia management 
for this type of patient preoperatively, intraoperatively, 
and postoperatively. It is recommended that N2O be 
avoided in patients with MTHFR defi ciency undergoing 
general anesthesia. If the patient’s liver function is 
within normal limits, total intravenous anesthesia should 
be considered. Neuroaxial or regional anesthesia can be 
considered, but should be avoided in those patients on 
anticoagulant therapy. To prevent emboli and/or throm-
bosis, the patients with MTHFR defi ciency should 
be suffi ciently anticoagulated whenever possible during 
their hospitalization and in the community. Kidney 
damage secondary to emboli or thrombosis is more 
common than other organ damage in patients present-
ing with this defi ciency. Therefore, drug clearance is of 
signifi cant concern for patients with MTHFR defi ciency, 
and these patients should be closely monitored postop-
eratively for the occurrence of myocardial infarction 
and pulmonary emboli.
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