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Methylenetetrahydrofolate reductase (MTHFR) defi-
ciency is an autosomal recessive disorder that results 
in hyperhomocysteinemia. Elevated homocysteine 
levels in the blood can cause arterial and venous 
thrombosis, atherosclerosis, recurrent pregnancy 
loss, and neurologic symptoms. Emerging research 
suggests links to other chronic illnesses as well. 
Anesthetic management of patients with MTHFR 
deficiency should focus on decreasing the risk of 
arterial or venous thrombosis and minimizing eleva-
tions in homocysteine levels. Thrombosis prevention 
includes the use of antiembolism compression stock-
ings, intermittent pneumatic compression sleeves, 
subcutaneous heparin or low-molecular-weight 
heparin, early ambulation, and adequate hydration. 
Nitrous oxide is known to inhibit methionine syn-

thase, a vitamin B12-dependent enzyme responsible 
for the breakdown of homocysteine, resulting in 
homocysteine elevation, and should be avoided in 
these patients. Intravenous vitamin B12 infusion 
before surgery may help decrease homocysteine 
levels; however, it is not readily available in most 
operating rooms. Propofol and sevoflurane do not 
increase homocysteine levels and are considered safe 
for patients with MTHFR deficiency. This case study 
describes a 58-year-old man with known MTHFR defi-
ciency and his subsequent uneventful anesthetic care 
during a total knee replacement. 
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C
ommercial television and social media are 
flooded with advertisements for multiple 
types of genealogy testing kits available to the 
public. The increased availability of genetic 
testing resources may bring an awareness of 

patients’ genetic disorders to anesthesia providers. It is 
important to become familiar with genetic disorders in 
order to effectively tailor care to these patients.

Methylenetetrahydrofolate reductase (MTHFR) defi-
ciency is an autosomal recessive disorder that results in 
elevated homocysteine levels. High homocysteine levels 
in the blood can cause arterial and venous thrombosis, 
atherosclerosis, and neurologic symptoms. Care should 
be taken to minimize the risk of thrombosis and prevent 
increases in homocysteine levels. This case study de-
scribes a patient with known MTHFR deficiency and his 
anesthetic care.

DNA, the genetic makeup of all organisms, is found 
in the nucleus of every cell and is unique to each indi-
vidual. Four common bases join to form DNA: adenine 
(A), thymine (T), cytosine (C), and guanine (G). Usually 
A pairs with T and C with G. The sequence of these bases 
is important. When DNA is replicated, mutations can 
occur. For example, instead of A pairing with T, the T 
may be replaced with a C. The DNA sequence becomes 
altered and may or may not function properly. Mutations 
can be either genetic or acquired. Genetic mutations are 
inherited from a parent (from either the sperm or egg) 

and occur in every cell in the body. Acquired mutations 
can occur at any point in life and may be present in only 
some cells. Mutations in genetic sequencing are quite 
common and lead to variations in hair texture, eye color, 
and so on. When a specific mutation occurs in more than 
1% of the population, it is referred to as a sequence varia-
tion (formerly polymorphism).1

Methylenetetrahydrofolate reductase deficiency is an 
autosomal recessive disorder that results in hyperhomo-
cysteinemia: elevated levels of homocysteine in the blood. 
It is an example of a sequence variation (polymorphism). 
The MTHFR gene is located on the short arm of the chro-
mosome 1 at position 36.3.2 It provides the genetic blue-
print responsible for making the enzyme methylenetetra-
hydrofolate reductase (MTHF). This enzyme is required to 
convert dietary folic acid into a form that is usable by the 
body. The process starts with folic acid becoming tetrahy-
drofolate, otherwise known as folate. Addition of a methyl 
group turns tetrahydrofolate to 5,10-MTHF. Finally, 5,10-
MTHF is converted to its active form, 5-MTHF, by the 
enzyme MTHFR. Unused 5-MTHF is recycled back into 
tetrahydrofolate by methionine synthase and its co-factor 
vitamin B12. Methionine synthase and vitamin B12 are also 
used in the breakdown of homocysteine into methionine, 
an essential amino acid (Figure 1).

When there are mutations in the MTHFR gene, it 
can be turned off or altered. Without adequate MTHFR 
levels, folate cannot be converted to its active form and 
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homocysteine cannot be broken down into methionine. 
As a result, homocysteine levels begin to rise1-5 (Figure 
2). Elevated homocysteine levels cause inflammation 
of endothelial cells. Chronic inflammation of endo-
thelial cells leads to vessel narrowing, hardening, and 
clotting.3,6,7 Two sequence variations (polymorphisms) 
of the MTHFR gene have been tested extensively by re-
searchers: C677T and A1298C.2,5 Individuals with these 
mutations have lower enzyme activity, higher homocys-
teine levels, and lower folate levels than those without 
this mutation. Elevated plasma levels of homocysteine 
can lead to thrombosis, atherosclerosis, myocardial in-
farction, and cerebrovascular accident. Individuals with 
homozygous MTHFR deficiency have a 3-fold to 6-fold 
increased risk of arterial or venous thrombosis compared 
with the rest of the population.7,8 It is estimated that 
greater than 25% of Hispanics, 10% to 15% of whites, and 
6% of African Americans have homozygous 677C>T (also 
called TT genotype or “thermolabile” variant).9

Current research suggests a link between MTHFR de-
ficiency and neural tube defects, dementia, osteoporosis, 
and colorectal cancer. There are many claims that chronic 
pain, diabetes, psychiatric illnesses, and other chronic ill-
nesses may associated with MTHFR deficiency.1,3-5 More 
research is needed to determine the link between MTHFR 
deficiency and chronic illness.

Case Summary
A 58-year-old man presented for a right total knee re-
placement. The patient weighed 134 kg and was 181.6 
cm tall (body mass index = 40.57 kg/m2). He had an 
allergy to a glucosamine supplement, resulting in hives. 
His medical history included hypertension treated with 
lisinopril, rheumatoid arthritis treated with adalimumab 

(Humira), laminectomy of L5-S1 performed in 2003, dif-
ficult intubation, and deep vein thrombosis (DVT) in his 
left leg in 2016. After the DVT, the patient was placed 
on a regimen of rivaroxaban (Xarelto) and underwent 
genetic testing since he had no known risk factors for 
the DVT. Genetic test results revealed factor V Leiden 
and MTHFR deficiency. After a discussion of the risks of 
surgery, the surgeon determined that rivaroxaban was to 
be withheld before surgery.

Laboratory studies, including a prothrombin time and 
international normalized ratio drawn the day of surgery, 
had normal results. A previous electrocardiogram (ECG) 
showed normal sinus rhythm with nonspecific T-wave ab-
normality. A review of the medical record revealed a pre-
vious difficult intubation, in which the prior anesthetist 
suggested use of a video laryngoscope for intubating this 
patient. He was assigned an ASA physical status 3. The an-
esthetic plan included general anesthesia with peripheral 
nerve block for pain management. Because of his history 
of MTHFR deficiency, nitrous oxide was to be avoided. 

Before induction, the patient was given 2 mg of mid-
azolam intravenously (IV) as sedation for a right femoral 
and sciatic peripheral nerve block. A total of 20 mL of 
0.5% bupivacaine was used for the block. A 5-lead ECG, 
pulse oximeter, train-of-four monitor, and blood pres-
sure cuff were applied to the patient according to stan-
dard protocol. Induction was achieved with 100 µg of 
fentanyl, 40 mg of lidocaine, 200 mg of propofol, and 160 
mg of succinylcholine IV. A 7.5-mm endotracheal tube 
was placed easily using a video laryngoscope and was 
secured at 23 cm at the teeth; placement was confirmed 
with bilateral lung auscultation. Cefazolin, 3 g, was given 
IV within 30 minutes before incision. After induction, 
1,000 mg of acetaminophen IV was administered. In ad-

Figure 1.  Role of Methylenetetrahydrofolate Reductase in Folate and Methionine Cyclesa
aMethylenetetrahydrofolate reductase (MTHFR) converts 5,10-methylene tetrahydrofolate (THF) into 5-methyl THF, the active form of 
folate. Methionine synthase, which is dependent on vitamin B12 (B12), converts unused 5-methyl THF back into tetrahydrofolate (also 
called folate). Methionine synthase is also used to convert homocysteine (Hcy) to methionine.
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dition, a total of 1 mg of hydromorphone IV was given for 
pain management. Anesthesia was maintained with sevo-
flurane and rocuronium. A few boluses of phenylephrine 
were required to keep the mean arterial pressure within 
20% of baseline, for a total of 400 µg IV. 

At the end of the case, neuromuscular blockade was 
reversed with 3 mg of neostigmine and 0.4 mg of glyco-
pyrrolate IV. Intravenous famotidine (20 mg) and dexa-
methasone (8 mg) were given after induction, and 4 mg 
of ondansetron IV before reversal for prevention of post-
operative nausea and vomiting. Vital signs were stable 
throughout the procedure. No ECG changes were noted. 

The patient was successfully extubated and transport-
ed to the postanesthesia care unit. The patient’s hospital 
stay was uneventful, and he was discharged home 4 days 
later without complications. 

Discussion
In the general population, the incidence of hyperhomo-
cysteinemia is unknown.7 Most patients with hyperho-
mocysteinemia are heterozygous for multiple MTHFR 
substitutions.7 It is suggested that certain medications 
be avoided during anesthesia in patients with known 
MTHFR deficiency. One such drug is nitrous oxide. 
Nitrous oxide is commonly used during general anesthe-
sia in the United States. Nitrous oxide is known to cause 
hyperhomocysteinemia because it inactivates cobalamin 
(vitamin B12) through irreversible oxidation. Cobalamin-
dependent methionine synthase is inhibited, impairing 
homocysteine breakdown, thus causing increased homo-
cysteine levels.6,8 Vitamin B12 infusion before exposure to 
nitrous oxide has theoretical benefits. A study conducted 
in 2014 by Kiasari et al6 found that vitamin B12 when 
infused before exposure to nitrous oxide significantly 

decreased homocysteine levels but when infused after 
exposure to nitrous oxide did not significantly reduce 
homocysteine levels. It is important to note this study 
was conducted with only IV and not orally or subcu-
taneously administered vitamin B12.

6 Halogenated and 
intravenous anesthetics are generally considered safe for 
MTHFR deficiency. Orhon et al8 found both propofol 
and sevoflurane did not elevate homocysteine levels in 
children with MTHFR deficiency. 

In our case, the focus was on the patient’s medical 
history and avoiding his risks involving the administra-
tion and management of anesthesia. Nitrous oxide was 
avoided because of an increased risk of hyperhomocyste-
inemia. We also carefully administered fluids and vaso-
pressors to prevent extreme hemodynamic changes such 
as hypertensive or hypotensive events. The patient’s an-
esthetic care also involved attentiveness to the ECG and 
any potential change indicating ischemia or heart strain 
as well as monitoring ventilation and end-tidal carbon 
dioxide for signs of pulmonary embolism.

Generally, anesthetic management for patients with 
MTHFR deficiency should include the following:

• Avoid nitrous oxide.
• Prevent DVT.
• Monitor for signs and symptoms of pulmonary em-

bolism, myocardial infarction, and cerebrovascular 
accident.

• Restart anticoagulant therapy when safe.

Conclusion
Methylenetetrahydrofolate reductase deficiency is an 
autosomal recessive disorder that results in elevated 
homocysteine levels. High levels of homocysteine in 
the blood can cause arterial and venous thrombosis, 

Figure 2.  Methylenetetrahydrofolate Reductase Deficiencya
aA deficiency in methylenetetrahydrofolate reductase (MTHFR) prevents the conversion of tetrahydrofolate (THF, or inactive folate) 
to 5-methyl THF (active folate). Methionine synthase is not triggered by excess 5-methyl THF since there is little or none produced. 
Homocysteine (Hcy) levels rise in response to inactivated methionine synthase and methionine is not produced.
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atherosclerosis, and neurologic symptoms. Anesthetic 
management of patients with MTHFR deficiency should 
focus on decreasing the risk of arterial or venous throm-
bosis and minimizing elevations in homocysteine levels. 
Thrombosis prevention includes the use of antiembolism 
compression stockings, intermittent pneumatic compres-
sion sleeves, subcutaneously administered heparin or 
low-molecular-weight heparin, early ambulation, and 
adequate hydration. Nitrous oxide is known to inhibit 
methionine synthase, a vitamin B12-dependent enzyme 
responsible for the breakdown of homocysteine, result-
ing in homocysteine elevation, and should be avoided. 
Intravenous vitamin B12 preoperatively may help de-
crease homocysteine levels before exposure to nitrous 
oxide if it must be given. Propofol and sevoflurane do not 
increase homocysteine levels and are considered safe for 
patients with MTHFR deficiency. 

As genetic testing becomes more commonplace, it is 
critical that healthcare providers become familiar with 
genetic disorders in order to properly care for their pa-
tients. As anesthesia providers, we must be knowledge-
able and well informed of the multiple genetic disorders 
and their effects on anesthesia management. Although 
healthcare is ever-changing with the advancements in 
technology, the primary focus of high-quality, safe 
patient care remains unchanged.
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