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ABSTRACT 

Nitrous oxide (N2O) is a commonly available inhalational agent in anesthesia utilized by 

many anesthesia providers which is considered to be a safe and effective agent for anesthesia 

purposes. However, it has been implicated in rare, but severe, adverse effects in patients with 

genetic methylation defects (Baum, 2007). While a general guideline by Huemer et al. (2017) 

pertaining to the diagnosis and treatment of methylation disorders does exist, no comprehensive 

guidelines addressing the use of N2O in anesthesia practice and these genetic disorders currently 

exists. Aims of the quality improvement project were: 1.) recruit members of a local anesthesia 

practice to evaluate an existing clinical practice guideline by Huemer et al. (2017) aimed at 

enhancing and improving the diagnosis and treatment of patients with genetic methylation 

defects; and 2.) based on the review of the guidelines, have local anesthesia providers make 

practice recommendations that could enhance anesthesia care for patients with methylation 

defects.  

Participants for this DNP Project were selected via purposive sampling of anesthesia 

providers. Data collection for aim 1 was conducted using the AGREE II tool scoring framework 

and data collection for aim 2 was conducted via descriptive analytics focusing on common 

themes generated from direct quotes made by the participants during the focus group. For aim 

one, all domains scored above the 70% quality threshold that was set except for two domains, 

that being domain 2, “Stakeholder Involvement” that scored 61% and domain 5, “Applicability” 

which scored the lowest score of 38%. All participants gave the CPG an overall score of 5 out of 

7 and stated they would recommend the CPG for use with modifications. For aim two, common 

themes per the participants’ responses were that the issue of genetic methylation defects is 
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significant but that it might not ultimately change their anesthesia practice as the participants in 

this study do not use N2O for long durations of time as part of their practice. 
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INTRODUCTION 

The clinical problem the author seeks to improve is enhancing knowledge amongst 

anesthesia providers pertaining to the care for patients with genetic methylation disorders. 

Specifically, focus is placed on methylenetetrahydrofolate reductase (MTHFR) genetic 

dysfunction and cobalamin genetic defects and their relationship with methionine synthase 

dysfunction and what this means from an anesthesia standpoint. The purpose of the project is to 

identify four anesthesia providers and together appraise the clinical practice guideline (CPG) by 

Huemer et al. (2017) concerning these methylation disorders using the AGREE II instrument to 

evaluate the quality of the guideline and decide if recommendations from the guideline can be 

used in perioperative setting.  

Background 

Homocysteine is an amino acid derived from the dietary-obtained amino acid methionine. 

The process by which homocysteine is formed from methionine is a complex, revolving, ever-

occurring, methylation, demethylation, and remethylation processes that is explored in more 

detail later. Homocysteine throughout the medical field often receives a bad reputation when in 

fact homocysteine is a vastly important amino acid that is required in numerous methylation 

reactions in the body (Ganguly & Alam, 2015). However, issues can begin to arise if 

homocysteine is unable to be re-methylated to methionine. Firstly, failure of this to occur can 

impede further formation of other vastly important substances within the body including the 

formation of S-adenosylmethionine (SAM), SAM being required for the synthesis of the 

neurotransmitters dopamine, epinephrine, norepinephrine, and serotonin (Bhatia & Singh, 2015). 

Secondly, alterations with this re-methylation process can result in hyperhomocysteinemia, a 
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condition where the concentration of homocysteine within the plasma becomes too high 

(Ganguly & Alam, 2015). Hyperhomocysteinemia has been associated with a variety of vascular 

pathologies including increased risk of thrombus formation, cardiovascular disease, cerebral 

vascular disease, myocardial infarction and stroke (Orhon et al., 2017). Additionally, 

hyperhomocysteinemia has been associated with neurocognitive disorders in children such as 

mental disorders, behavioral disorders, ataxia, and many others (Huemer et al., 2017). A table is 

provided below (Table 1) that outlines some of the common disease processes associated with 

genetic methylation defects provide by Huemer et al. (2017). The exact mechanism of how 

homocysteine may yield these ailments is unclear but it is thought that high homocysteine may 

lead to direct endothelial dysfunction, oxidative stress, reduced vessel wall elasticity, enhanced 

inflammatory responses via production of C-reactive protein, and instigation of 

hypercoagulability (Ganguly & Alam, 2015). 

TABLE 1. Genetic methylation defect associated disease processes. 

Vascular 
Thrombosis  

Embolism 

Stroke 

Coronary artery disease  

Nervous System 
Seizures 

Spinal cord degeneration 

Abnormal muscle tone 

Behavioral disorders 

Visual impairment/retinopathy 

Hematological 
Megaloblastic anemia 

Pancytopenia 

Neutropenia  

Other 
Failure to thrive 

Small for gestational age 

Gastritis  
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Biochemistry 

As previously mentioned, homocysteine is derived from methionine obtained within the 

diet. The methylation cycle begins when methionine is converted to S-adenosylmethionine 

(SAM). SAM, being a premier methyl donor once formed, continues down various spectrums to 

provide methyl groups and catalyze countless methylation interactions in virtually every cell 

within the body. In doing this, once SAM donates its methyl group, SAM is converted to S-

adenosylhomocysteine (SAH). SAH ultimately undergoes hydrolysis to form the byproducts 

homocysteine and adenosine (Ho, Massey, & King, 2013). Once at this position, homocysteine 

serves as an intermediate amino acid as it can proceed down one of two pathways ulitmaltely 

depending on what the body needs. These two pathways include the transsulfuration pathway or 

the remethylation pathway. Transsulfuration involves homocysteine being converted to the 

amino acids cysteine and taurine via the enzyme cystathionine-beta-synthase. This pathway is 

crucial for the production of the endogenous antioxidant glutathionine as cysteine formation is 

required for its synthesis (Bhatia & Singh, 2015) The remethylation pathway involves 

homocysteine being remethylated to methionine; a process catalyzed by methionine synthase 

(Ho, Massey, & King, 2013). In order for methionine synthase to properly catalyze this 

remethylation process, the active form of vitamin B12 known as methylcobalamin has to be 

available to serve as a cofactor for the reaction. Additionally, methionine synthase depends on an 

adequate substrate for remethylation in which the active form of folate, 5-methyltetrahydrofolate 

(5-MTHF), serves as this substrate (Ho, Massey, & King, 2013). Therefore, not only do 

sufficient surpluses of these aformentioned B vitamins have to be available, but they also have to 
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be present in forms that can be utilized for these varioous reactions. A diagram taken from 

Bhatia and Singh (2015) is provided below.  

 

FIGURE 1. Methylation cycle. (Adapted from “Homocysteine excess: delineating the possibile mechanism of 

neurotoxicity and depression” by P. Bhatia and N. Singh, 2015, August 18 Fundamental & Clinical Pharmacolgy, 

29, p. 523) 

Folate Activity 

Folate and folic acid consumed in foods and supplements exist in their inactivated 

molecular forms of 5,10-methylenetetrahydrofolate (5,10-MTHFR). In order to be of any 

significance in the body, they have to be converted to their activated molecular forms of 5-

MTHF (Bhatia & Singh, 2015). The enzyme methylenetetrahydrofolate reductase (MTHFR) is 

responsible for this activation process. Essentially, the MTHFR enzyme converts 5,10-MTHF 
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(inactive) to 5-MTHF (active) (U.S. National Library of Medicine, 2018). Once in this active 

form, 5-MTHF can then serve as the required substrate methionine synthase requires in order to 

convert homocysteine to methionine. 5-MTHF accomplishes this by acting as a methyl donor 

providing homocysteine a methyl group that converts homocysteine back to methionine 

(Ganguly & Alam, 2015).  

Cobalamin Activity 

Cobalamin (vitamin B12), found in foods such as eggs, fish, meats, milk, as well as many 

supplements, relies on gaining access into various cells in order to become the activated form 

methylcobalamin to then serve as a cofactor for methionine synthase (Froese & Gravel, 2010). 

Once cobalmin is ingested and absorbed through the gastrointestinal tract, cobalamin becomes 

bound to various substances, some of which allow for passage into cells, and others that do not. 

Current understanding of how cobalamin becomes activated includes cobalamin initially binding 

with intrinsic factor. This intrinsic factor serves to inspect cobalamin only binding to complete 

and non-impaired cobalamin. Once bound, the intrinsic factor-cobalamin complex passes 

through the cell via endocytosis where it is broken down into free cobalamin in the lysosome of 

the cell. At this stage of the cobalamin activation sequence, the free cobalamin reenters the blood 

stream and is not formulated into active cofactors. Once this form of free cobalamin exits the cell 

and reenters the blood stream, heptocorrin binds the vast majority of circulating cobalamin and 

forms a cobalamin complex that does not gain access into the cell. However, cobalamin that 

reenters the blood stream and becomes bound to transcobalamin forms a complex that does gain 

access into the cell via endocytosis. Once in the cell, the transcobalamin-cobalamin complex 

again is broken down into free cobalamin in the lysosome of the cell. This time, however, the 
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cobalamin is transported into the cytosol of the cell where the cofactors methylcobalamin and 

adenosylcobalamin are formed. Both of these cofactors of cobalamin are active, 

methylcobalamin serving as the cofactor for methionine synthase (Froese & Gravel, 2010).  

Methionine Synthase Dysfunction 

As we can gather, methionine synthase is a crucial aspect of the methyaltion cycle that 

requires adequate function of the two key elements vitamin B12 and folate. In order for these key 

elements to function properly, they must be converted into active states to carry out their roles 

with methionine synthase. Therefore, when considering methionine synthase deficiency, there 

are a variety of possibilities to consider. It is true that methionine synthase deficiency can simply 

be the result of malnutrition and being deficient in folate and vitamin B12 (Ganguly & Alam, 

2015). It is also possible that methionine synthase can be functioning appropriately but 

methionine levels be reduced, such that occurs with reduced protein diets. However, in the event 

that nutrient deficits are not the culprit of reduced methionine synthase, genetic alterations are 

the next consideration. Various genetic defects can occur that create issues with either the 

activation or utilization of these elements. This ultimately can result in cofactors that do not 

function efficiently enough to sufficiently catalyze reactions of methionine synthase. With the 

almost countless possible ways methylation can be dysfunctional based on a genetic abnormality, 

it would be nearly impossible to detail every genetic methylation defect known to exist. These 

genetic disorders are all very complex and can be difficult to understand. However, the primacy 

in understanding these genetic disorders is to understand that they all have the unique 

commonality with their innate capability for reducing the activity of methionine synthase 
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(Huemer et al., 2017). Some of these more common genetic methylation defects are described 

below.  

MTHFR Genetic Dysfunction 

Various genetic alterations of the MTHFR gene responsible for coding the MTHFR 

enzymes can occur that can reduce MTHFR enzymatic activity. This can create an issue that is 

problematic on two fronts. One, with an MTHFR enzyme that is not properly functioning, folate 

and folic acid that are consumed are not adequately converted to a usable form and patients can 

be deficient of the necessary vitamins. Secondly, since the vitamin is not converted to a usable 

form, the homocysteine to methionine conversion becomes dysfunctional and serum 

homocysteine levels can become elevated (Bhatia & Singh, 2015).  

When describing MTHFR deficiency, there are primarily two polymorphisms that tend to 

be more common and have therefore been studied more extensively in their associations with 

various pathologies. These include the polymorphisms C677T and A1298C. For C677T, the 

normal variation appears as ‘C677C’ indicating adequate function. The letters ‘C’ and ‘T’ 

represent the amino acids cytosine and thymine. Therefore, with the C677T polymorphism, a 

thymine replaces the cytosine at the particular position rendering the gene dysfunctional. For the 

A1298C variation, the normal variation appears as ‘A1298A’ again, indicating adequate 

function. The letters ‘A’ and ‘C’ represents the amino acids adenine and cytosine. An A1298C 

polymorphism indicates that a cytosine has replaced the adenine in that position resulting in a 

dysfunctional gene variation (Oberg, Givant, Fisk, & Bradley, 2015).  

Additionally, these genetic mutations can be heterozygous or homozygous. A 

heterozygous genetic alteration indicates that only one allele in the genetic pair is dysfunctional 
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and a homozygous mutation indicates that both alleles in the genetic pair are dysfunctional. 

Heterozygosity dysfunction is thought to reduce the enzyme’s functionality to around 65% 

whereas the rarer of the two, homozygosity dysfunction, is thought to reduce the enzyme’s 

functionality even further rendering an enzyme that only functions at around 30% (Ganguly & 

Alam, 2015). Of course, homozygosity is associated more with hyperhomocysteinemia than its 

heterozygous counterpart (Ganguly & Alam, 2015). Predispositions of the genetic alterations 

vary amongst ethnicities and races. Current literature suggests that the homozygous C677T 

polymorphism occurs in 8-18% of individuals with European ancestry, 21-25% in Hispanic 

populations, and 7% in people of African descent (Oberg et al., 2015). Heterozygous is far more 

common occurring in 50% of Hispanic populations, 43% in non-Hispanic white, and 20% in 

non-Hispanic black populations. The A1298C variation is not quite as common as its C677T 

counterpart with only 3% to 10% of the U.S. population being homozygous for the mutation with 

the heterozygosity mutation predisposition ranging between 29 to 42% (Oberg et al., 2015). 

Cobalamin Genetic Dysfunction 

As previously discussed, methionine synthase requires both the activated forms of folate 

(5-MTHF) and vitamin B12 (methylcobalamin) in order to properly function. As genetic issues 

with the MTHFR enzyme creates problems with the folate pathway, cobalamin genetic defects 

create problems on the vitamin B12 end. Currently, existing genetic defects that are known to 

effect cobalamin include CblA, CblB, CblC, CblD, CblE, CblF, and CblG and they all have their 

own unique manner in how they affect cobalamin either through the formation of activated 

cobalamin or how cobalamin is used once activated (Froese & Gravel, 2010). CblA and CblB are 

not mentioned in this analysis as they are not known to interfere with methionine synthase and 
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cause increases in homocysteine (Froese & Gravel, 2010) However, CblC, CblD, CblE, CblF, 

and CblG genetic defects are known to reduce methionine synthase and although they appear to 

be more rare than variations of MTHFR genetic dysfunction, they appear to create greater 

reductions in methionine synthase and may have higher consequences associated with them.  

They are briefly described below.  

The most common of these genetic disorders appears to be the CblC disorder. Patients 

with genetic disorders of CblC tend to have an issue with intracellular vitamin B12 metabolism in 

which the cofactors adenosylcobalamin and methylcobalamin are not produced. Depending on 

the exact genotype, CblC may manifest early within the first year of life or manifest later in 

childhood or adulthood. Early onsets tend to be more common and far more severe as well as not 

respond well to treatment (Froese & Gravel, 2010). CblD is more poorly understood than CblC 

but the consensus is that it manifests similarly to CblC just not as severe. Additionally, it may 

affect both the metabolism of vitamin B12 as well as binding sites that ultimately interferes with 

intracellular transport of vitamin B12 (Froese & Gravel, 2010). CblF appears to be an issue with 

vitamin B12 trapping in that free cobalamin that is formed within the lysosome actually becomes 

trapped in this location and is not transported to the cytosol, the site where cobalamin becomes 

adenosylcobalamin and methylcobalamin (Froese & Gravel, 2010). CblE and CblG are so similar 

that they are often impossible to differentiate. Genetic defects at these sites appears to be an issue 

with how the methylgroup from methylcobalamin is transferred to homocysteine to remethylate 

the amino acid back to methionine which also reduces methylcobalamin back to cobalamin 

(Froese & Gravel, 2010).  
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Anesthesia Significance 

Nitrous oxide (N2O) is a commonly used gas in anesthesia and is a known inhibitor of 

methionine synthase. It inhibits methionine synthase via oxidation of the cobalt ion on the 

vitamin B12 molecule that methionine synthase requires in order to function properly (Kalikiri & 

Sachan, 2005). This reaction has been associated with nitrous oxide induced 

hyperhomocysteinemia in patients regardless of their methylation function when the gas is 

administered for prolonged periods of time (Nagele et al., 2008). The increase in homocysteine 

with the use of N2O has also shown to be more pronounced in patients with genetic methylation 

abnormalities such as MTHFR dysfunction (Huemer et al., 2017). Nitrous oxide use in patients 

with these disorders has been reported to be the culprit in various of anesthetic related adverse 

events including a reported fatal adverse event where an infant with undiagnosed MTHFR 

dysfunction received general anesthesia with a mixture of halothane and N2O on two separate 

occasions in close proximity with one another. The infant was readmitted at a later date due to 

seizure activity and ataxia and later died during the readmission due to respiratory arrest. An 

autopsy revealed cerebral atrophy and demyelination; genetic analysis revealed MTHFR 

dysfunction. The mother and father of the infant were genetically tested as well and 

demonstrated to also have MTHFR dysfunction (Selzer et al., 2003). For these reasons, the 

methylation disorder guideline by Huemer et al. (2017) strongly recommends against the use of 

N2O during anesthesia in patients with methylation disorders.  

This effect N2O has on the vitamin B12 is fairly well-known amongst anesthesia providers 

as it is covered in many anesthesia text books. The issue appears to be related to the existence of 

these various methylation disorders in general but especially interactions that can occur if N2O is 
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administered to this patient population. Other commonly used anesthetic agents such as propofol, 

sevoflurane, desflurane, and others are not associated with methionine synthase inhibition and 

the associated homocysteine increases and are thus administered without the fear of 

complications related to methylation issues (Orhon et al., 2017).  

The goal of this inquiry is not to attempt to diminish the use of N2O as an anesthetic. N2O 

has many benefits when used including containing potent amnestic and analgesic properties, it 

has a quick onset and can enhance the uptake of other volatile anesthetic gases, it is expelled via 

exhalation rather quickly and therefore has s short duration of action when the gas is 

discontinued, it is cost effective and contains a sweeter smell that makes it a popular choice with 

mask inductions, especially in pediatrics (Orhon et al., 2017). That being said, the issues that 

appears to occur with N2O administration seems to be correlated with the duration that the gas is 

used. For instance, the example mentioned above where the child with an undiagnosed MTHFR 

genetic alteration had a fatal adverse effect with N2O, the child had received two procedures 

within four days of each other in which general anesthesia was utilized for both procedures. In 

both procedures, N2O was administered at a concentration of 60% concurrently with another 

anesthetic gas for the entire duration of the procedure, the first lasting 45 minutes, and the second 

lasting 270 minutes. A study by Pichardo et al. (2012) demonstrated statistically significant 

increases in total homocysteine levels after the use of N2O in pedatiric patients but again, the 

subjects received N2O at concentrations of 60% for longer than two hours. The study showed a 

direct correlation with the duration of N2O exposure and overall increases in total homocysteine. 

Nagele et al. (2008) evaluated the correlation with increased total homocysteine levels in patients 

with MTHFR genetic alterations compared to patients without MTHFR genetic dysfunction. The 
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study did demonstrate significantly higher increases in total homocysteine levels in patients with 

homozygous MTHFR defects but again, the patients received a mixture of anesthetic gas 

containing 66% N2O for longer than two hours.  

This seems to be a common theme in many of these studies pertaining to the effects on 

N2O and total homocysteine levels. All studies that evaluate this phenomenon tend to have very 

specific criteria in which the patients must receive a N2O concentration of greater than 50% as 

part of their anesthetic gas mixture and they must receive this mixture for greater than or equal to 

two hours. Typically, in the author’s experience, anesthesia providers today tend to use N2O in 

two very distinct ways. One being in pediatric patients during mask induction in which the child 

is induced with a mixture of approximately 70% N2O and 30% oxygen mixed with sevoflurane. 

As mentioned above, N2O is better tolerated by pediatric patient’s due to its sweeter smell. Once 

the child is asleep, general anesthesia is then typically maintained with sevoflurane. The total 

time N2O is used for this approach does not typically exceed 10 minutes. The other way the 

author has experienced N2O used in clinical practice is upon awakening the patient from general 

anesthesia. With this technique, the other anesthetic gas being used is titrated down so the patient 

can begin to rid the body of the other volatile agent (isoflurane, sevoflurane, or desflurane). 

During this time, to maintain an optimal state of general anesthesia, N2O is added to the mixture. 

Theoretically, in this way, N2O is used as fresh gas flow as well as an anesthetic and since N2O 

is providing a degree of anesthesia, the other volatile agent can be lowered since they tend to 

take longer to be expelled from the body. Once the procedure is over, N2O is turned off, oxygen 

administration is increased and the N2O is rapidly expelled, much faster than the other volatile 

agents. This technique is used by providers to hasten their patient’s emergence from general 
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anesthesia as well as reap the benefits of analgesia N2O is able to provide that the other volatile 

agents are not able to provide (Flood & Shafer, 2015). Again, when used in this way, total N2O 

administration time is hard to precisely estimate but still far less than two hours. How much of an 

increase in total homocysteine short durations of N2O administration may cause is really not easy 

to say since studies are lacking in this area.  

Aims 

The overall question the project seeks to answer is: will anesthesia providers find clinical 

practice guidelines regarding methylation defects useful in the context of their anesthesia 

practice? Furthermore, the project seeks to answer the question: how might an anesthesia 

provider’s practice change knowing that a guideline regarding genetic methylation defects 

exists? The specific aims of this project are to: 1) recruit members of a local anesthesia practice 

to evaluate an existing clinical practice guideline by Huemer et al. (2017) aimed at enhancing 

and improving the diagnosis and treatment of patients with genetic methylation defects; and, 2) 

based on the review of the guidelines, have local anesthesia providers make practice 

recommendations that could enhance anesthesia care for patients with methylation defects. The 

CPG to be appraised is located in Appendix C. Data collection for the first aim will be conducted 

using the AGREE II instrument framework for evaluating and grading CPGs. The AGREE II 

tool is located in Appendix B. The AGREE II grades CPGs based on six domains and the 

appraisers score each domain based on criteria within the AGREE II instrument and provides 

their final assessment on the CPG as instructed within the AGREE II framework. The second 

aim will be collected by recording the responses to the semi-structured questions during the 
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focus group. The responses by each provider will be analyzed using descriptive methods, 

focusing on compiling common themes given by each provider in response to the questions 

THEORETICAL FRAMEWORK 

The theoretical framework most beneficial with guiding the DNP inquiry, one that is 

focused on genetic anesthetic implications, is the Stetler Model. One of the major determinants 

for why the Stetler model supports the inquiry most appropriately is the emphasis the model 

places on the idea of research utilization. Research utilization is the process of taking findings 

from individual studies or sets of studies and finding a way to incorporate the findings into 

practice (Polit & Beck, 2017). Essentially, a clinician gains new knowledge on a subject in which 

they feel may impact their practice in a positive manner and then takes steps in applying the 

newly obtained knowledge into their practice.  

The Stetler model of research utilization lays the groundwork for how practitioners can 

evaluate research and apply it to practice whether it be at the level of the individual practitioner 

who wants to implement new research into their own practice, or at the larger level of the 

organization if a practitioner may want to create change in a larger setting (National 

Collaborating Centre for Methods & Tools, 2017). Regardless of the level, this model provides 

steps for navigating through small, possibly personal endeavors, as well as larger organizational 

endeavors and how to transition through the intermediates. This model does this by identifying 

three key forms of research utilization: 1) Instrumental use refers to directly applying knowledge 

gained from research into practice as individual practitioners; 2) Conceptual use refers to how 

the new knowledge changes the way the practitioner or a group of practitioners change their 

thoughts or beliefs on an issue; and, 3) Symbolic use is actually using the knowledge to alter 
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policy in order to influence the behavior of others which will be done with changes of policy 

within organizations (National Collaborating Centre for Methods & Tools, 2017). Currently, 

with high-evidential studies on topics related to genetic methylation defects lacking, practitioners 

have to depend on the instrumental use concept provided within the Stetler Model.  

This theoretical model works well with the DNP inquiry because at this time in the 

research of various genetic methylation defects, research utilization is endpoint. For instance, 

MTHFR genes were not even able to be fully studied until 1994 when advances in DNA 

evaluation occurred (Leclerc, Sibani, & Rozen, 2013). Over the young 25 years of investigation, 

a variety of treatment modalities have come and gone and they will continue to come and go. As 

new research becomes available, it is up to the clinician to implement it first at the level of the 

individual practitioner and the Stetler model lays this foundation to do just that. A diagram of the 

Stetler model is provided below (Figure 2) taken from Stetler (2001). 

 
FIGURE 2. Stetler model. (Adapted from “Updating the Stetler model of research utilization to facilitate  

evidence-based practice” by C. Stetler, 2001, November-December Nursing Outlook, 49(6), p. 275) 
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SYNTHESIS OF EVIDENCE 

When performing a literature review on methylation and re-methylation genetic 

disorders, a step wise process was performed. Since one of the main issues associated with these 

methylation disorders is the relationship they have with homocysteine and 

hyperhomocysteinemia, the initial emphasis of the search was focused on hyperhomocysteinemia 

and how it can result in a disease process. This initial search was then followed by searches 

related to common pathologies that can be the product of hyperhomocysteinemia and genetic 

methylation defects that can result in hyperhomocysteinemia. Finally, the literature review 

focused on the anesthetic implications of these genetic defects including the use of nitrous oxide 

in these patients, possible intravenous vitamin B12 as a treatment technique, and the use of other 

anesthetics in patients with these defects.  

The search was conducted via PubMed and Cumulative Index of Nursing and Allied 

Health Literature (CINAHL). The following key terms were used for the initial literature review: 

hyperhomocysteinemia combined with the terms venous thromboembolism, thrombophilia, 

homocysteine pathology, cardiovascular disease, cognitive dysfunction, MTHFR, cobalamin 

deficiency, and stroke. Inclusion criteria for the possible effects homocysteine has on endothelial 

function included studies conducted within the last 20 years, English language, and full text 

articles. Inclusion criteria for morbidities associated with hyperhomocysteinemia included 

articles within the last five years, conducted on human subjects, with full text available.  

Homocysteine and Endothelial Function 

To demonstrate the effects that homocysteine can have on endothelial function, two 

articles were chosen. The first article was a study conducted by Bellamy et al. (1998) 
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demonstrating patients with acute hyperhomocysteinemia having a reduction in flow-mediated 

brachial artery dilation. The findings of the study suggested that endothelium vasodilation may 

be impaired in the presence of high serum homocysteine. However, this study used a methionine 

load to increase serum homocysteine levels and therefore could not fully specify whether it was 

indeed the high serum homocysteine levels that caused the reduced flow-mediated vasodilation 

or the methionine load.  

The second article chosen was a study by Zhang et al. (2000) that may be able to offer a 

reasoning behind hyperhomocysteinemia and endothelial dysfunction. This study evaluated the 

direct effect that homocysteine has on both endothelial release of nitric oxide (NO) and 

endothelial cell responses to nitric oxide. It accomplished this by harvesting human umbilical 

vein endothelial cells (HUVEC) and exposing them to homocysteine for 24 hours in-vitro. The 

HUVECs were then treated with bradykinin and L-arginine which are known to stimulate the 

release of nitric oxide. They then measured the HUVEC’s release of NO at a variety of doses of 

homocysteine. The results were compared to a control group in which the HUVECs were not 

pre-treated with homocysteine but exposed to the same doses of bradykinin and l-arginine as the 

study group. The results demonstrated that as the concentrations of homocysteine increased, NO 

release from the endothelial cells decreased when compared to the HUVECs that were not pre-

treated with homocysteine. On the upper end of NO suppression, the HUVECs pre-treated with 

the largest amount of homocysteine (50micromol/L) demonstrated the largest reduction in NO 

(83.8% reduction). Of course, conducting the study via an in-vitro method can create limitations 

but the study did exhibit how high serum homocysteine may cause declines in the release of NO. 

Nitric oxide plays a vital role in regulating endothelial function including regulating vascular 
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dilator tone as well as protecting the vessel from issues that can occur from injury to the vascular 

wall from platelets and other cells (Tousulis, Kampoli, Tentollouris, Papageorgiou, & Stefanadis, 

2012). Therefore, inducing hyperhomocysteinemia with the use of N2O could result in transient 

endothelial dysfunction by altering the release of NO.  

Hyperhomocysteinemia Associated Pathology 

To demonstrate pathology associated with long term effects hyperhomocysteinemia, three 

articles were chosen. The first article by Glueck et al. (2015) investigated how high serum 

homocysteine may be independently associated with thrombotic events. Additionally, they 

investigated a possible synergistic effect with high serum homocysteine and thrombotic events 

when existing concurrently with other known thrombophilia such as factor V Leiden, 

prothrombin mutations, and high levels of factors VIII and XI. The diagnosed thrombotic events 

in the subjects included venous thromboembolisms (VTE), artherothrombosis, ocular vascular 

thrombosis, and pulmonary embolism. Of the 1014 patients included in the study, 126 patients 

(12.4%) had high homocysteine; 50 patients (5%) had high homocysteine as the independent 

thrombophilia factor. Some 307 patients were found to have MTHFR mutations. And 46 of the 

patients found to have MTHFR dysfunction were either homozygous for the C677T 

polymorphism or had combined heterozygosity for both C677T and A1298C polymorphisms and 

demonstrated higher than normal serum homocysteine levels. This study ultimately suggests that 

high serum homocysteine, either independently or with other known thrombophilia, can increase 

the risks of thrombotic events. All 126 patients in the study with hyperhomocysteinemia were 

treated with methylfolate 5mg, vitamin B6 100mg, and vitamin B12 2mg every day for 18 

months; 76% of these patients had a significant reduction in serum homocysteine 
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(15.6micromol/L pre-treatment, 10.0 post-treatment p <0.0001) representing an effective 

treatment of hyperhomocysteinemia. 

The study by Li et al. (2017) sought to examine the hypothesis that homozygous MTHFR 

C677T dysfunction is associated with higher serum total homocysteine (tHcy) levels and 

therefore increases the risk of atherosclerosis. The study included 310 patients with diagnosed 

acute coronary syndrome (ACS) who underwent percutaneous coronary intervention (PCI). 

Blood draws performed the second day of admission after PCI evaluated MTHFR status, tHcy, 

and folic acid levels. Of the 310 patients, only 78 subjects had completely normal MTHFR 677 

function (CC); 137 patients were heterozygous C677T (CT) and 95 patients were homozygous 

C677T (TT). MTHFR TT patients had significantly higher tHcy levels (22.35micromol/L) than 

did MTHFR CC (14.52micromol/L) and CT patients (14.53micromol/L). Other cardiovascular 

pathologies including hypertension, diabetes, atrial fibrillation, unstable angina, acute 

myocardial infarctions, and elevated C-reactive protein levels were of no significance (p >.05). 

The study used the Gensini score to evaluate coronary lesion. The Gensini score is a cardiology 

scoring system that evaluates collateral circulation in which higher scores indicate a higher 

degree of atherosclerosis (Medical Dictionary, 2018). Patients with MTHFR TT had significantly 

higher Gensisni scores (40.92) compared to patients with MTHFR CC (30.60) and MTHFR CT 

(35.18). In this study, the results demonstrated that patients with MTHFR TT had more severe 

coronary lesions, higher tHcy levels, and lower folic acid levels than did patients who here CC or 

CT (normal or heterozygous mutation). The study was limited to 310 patients of Asian descent in 

the Chinese population which can have an effect on the validity of the study. Also, the study 

could not suggest that homozygous MTHFR C677T was the sole cause of coronary artery 
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disease in any single patient due to the existence of other comorbidities. It was, however, able to 

make an assumption that patients with a homozygous MTHFR polymorphism combined with 

other risk factors may be at greater risks for developing more severe atherosclerosis than their 

normal MTHFR counterparts. 

The study by Yi et al. (2016) was conducted to investigate the relationship between high 

serum tHcy levels and patient outcomes after successful treatment with PCI for acute myocardial 

infarction (AMI). The study evaluated 805 patients that were allocated into two groups based on 

their serum tHcy level. Patients that had tHcy levels greater than 15micromols/L were placed in 

group H indicating high tHcy levels; patients that had a tHcy level less than 15micromol/L were 

placed in group L indicating normal serum tHcy levels. The study evaluated and compared the 

groups for the incidence of cardiovascular adverse events within a 30-day timeframe after the 

onset of the AMI. Adverse events included angina pectoris, re-infarction, heart failure, cardiac 

rupture and death. Patients in group H had significantly higher incidences of overall adverse 

events (22.8% vs 11.8% p < 0.001). Of the more interesting findings of this study were the 

differences in comorbidities between the two groups. The only significance related to 

comorbidity variations was found in Group L as this group had significantly higher incidences of 

hyperlipidemia and diabetes which are “major risk factors” in the development of cardiovascular 

disease according to the American Heart Association (AHA) (American Heart Association, 

2018). However, even though group H has significantly lower incidences of both hyperlipidemia 

and diabetes, group H had significantly higher incidences of multi-vessel disease compared to 

group L (68.5% vs 58.4% p <0.001). Limitations of this study incudes the short post AMI 
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evaluation time that was limited to patients within 30 days of the onset of symptoms of AMI. 

Prolonging the evaluation times could have altered the final outcomes.  

Anesthesia and Methylation Disorders 

The next goal of the literature search was to describe how anesthesia can affect serum 

homocysteine levels and how patients with methylation disorders may have a more pronounced 

increase in homocysteine than do patients who do not have methylation defects. A search was 

conducted again in PubMed and CINAHL using the following key terms: anesthesia, 

hyperhomocysteinemia, MTHFR anesthesia, cobalamin deficiency nitrous oxide, nitrous oxide 

hyperhomocysteinemia, vitamin B12 anesthesia, pediatric anesthesia hyperhomocysteinemia. 

Four articles were selected for the review. 

The study by Pichardo et al. (2012) evaluated nitrous oxide (N2O) use during general 

anesthesia for longer than two hours in 32 pediatric patients under the age of 11. The study 

evaluated tHcy levels prior to surgery and then again 24 hours postoperative. For all pediatric 

patients included in the study, anesthesia was induced via mask inhalation of N2O which is a 

fairly common induction technique in pediatrics as there is often no intravenous access until after 

anesthesia has been induced. Furthermore, the sweet aroma of N2O makes it a very tolerable 

induction agent for pediatric patients to inhale (Nagelhout & Plaus, 2014). Of the 32 children 

included in the study, three of the subject’s final results were not included in the final evaluation 

due to a very high increase in serum tHcy that would have skewed the results. These three 

children had a mean tHcy increase of 6.7micromol/L. Of these three subjects, two received N2O 

for longer than 700 minutes indicating exposure to N2O for longer durations has greater impacts 

on tHcy levels, and one child had high preoperative elevated methylmalonic acid levels which is 
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an indicator of vitamin B12 deficiency (Pichardo et al., 2012). Without the results of these 

subjects included in the final evaluation, the mean tHcy increase of the other 29 was still 

significant at an increase of 5.2micomol/L (p < 0.0001). The power of this study is limited by the 

small sample size and the fact that all patients were healthy undergoing elective surgeries to 

repair birth defects. The study suggests that increased N2O exposure times increases the 

magnitude of tHcy increases in the pediatric population. This should be taken into consideration 

in the pediatric patient whom has a diagnosis of a genetic methylation defect or in the patient 

where a genetic methylation defect is suspected. If a genetic methylation defects is documented, 

or suspected, and N2O is deemed necessary for the induction of anesthesia, limiting the time the 

patient is exposed to it may be beneficial in reducing the increase in serum tHcy. 

Nagele et al. (2008) conducted a study with the purpose of gaining further insight into 

administering N2O to patients with MTFHR dysfunction during general anesthesia. This study 

enlisted 140 healthy patients whom were all classified as low risk patients per the American 

Society of Anesthesiologist (ASA) physical status classification and therefore given a 

classification of ASA I or II. All of the patients were to receive general anesthesia for longer than 

two hours for orthopedic surgery. The number of subjects (n=140) was chosen specifically and 

was required to enhance the power of the study as the study design was a prospective 

observational cohort study that utilized blinded Mendelian randomization. Mendelian 

randomization is a study design used often in genetics where a genetic polymorphism variation 

amongst a population is known. Therefore, the certain number of the population that would test 

positive for the polymorphism can be assumed (Emdin, Khera, & Kathiresan, 2017). For this 

study, the polymorphism sought was the homozygous C677T (TT) polymorphism as it has been 
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associated with higher serum homocysteine levels in previous studies. The known incidence of 

the MTHFR TT mutation in their studied population, the Caucasian population of Austria, at this 

time was 12%. The desired number of MTHFR TT patients was 16 to yield a power of 80%, 

therefore 140 subjects were enlisted into the study. This study design proved to be consistent 

with previous estimates of MTHFR TT in the general population as 17 of the 140 subjects 

ultimately had the MTHFR TT polymorphism. The other common MTHFR polymorphism, 

MTHFR A1298C, was also evaluated producing a result of eight subjects with the homozygous 

MTHFR A1298C (CC) polymorphism. This yielded a combined total of 25 patients with a 

homozygous MTHFR mutation. Only 18 of the subjects enlisted had completely normal MTHFR 

function. And 35 subjects were heterozygous for both MTHFR C677T and MTHFR A1298C. 

The remaining subjects were heterozygous for one or the other MTHFR polymorphisms. What 

was consistent throughout the study was the concentrations of anesthetic gas the patients 

received which was a mixture of 66% N2O mixed with 33% oxygen and 1-2% Sevoflurane. 

However, the lengths of the procedure were not consistent throughout the study. It came as no 

surprise that the 25 patients who tested homozygosity for MTHFR TT or CC had a much higher 

increase in serum tHcy from preoperative to postoperative values, when compared to the normal 

MTHFR patients. The homozygous MTHFR patients’ tHcy increase was three times that of the 

increase their normal MTHFR counterparts experienced (5.6micromol/L vs .1.8micromol/L p = 

0.03). What was surprising was the difference in the tHcy increase amongst the homozygous 

patients. Contrary to popular belief that the homozygous C677T was associated with higher tHcy 

levels, patients with the homozygous A1298C polymorphism had much higher increases in tHcy 

than did the homozygous C677T patients (76% increase vs 36% increase). Weaknesses of this 
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study includes the small sample size and it being limited to healthy ASA I and II low risk 

patients. It does, however, demonstrate patients with MTHFR dysfunction may be at risk for 

higher tHcy spikes than patients with normal MTHFR function. Knowing this relationship with 

long durations of N2O exposure and the increase in serum tHcy to can generate should be taken 

into consideration when a methylation defect is suspected. 

With previous studies demonstrating a relationship between N2O administration and 

increased serum tHcy levels, Kiasari et al (2014) evaluated the efficacy of intravenous vitamin 

B12 (VB12) infusions to blunt the N2O induced increase in serum tHcy. The study evaluated 60 

healthy (ASA I & II) patients who were to receive general anesthesia with a mixture of 60% 

N2O, 39% oxygen, and 1-2% isoflurane for a duration longer than two hours. The 60 patients 

were allocated into three groups of 20, all of which had tHcy levels drawn preoperative and 24-

hours postoperative. Group A received 1mg VB12 in 100mL normal saline (NS) prior to the 

surgery and before the administration of N2O, group B received 1mg VB12 in 100mL NS 

immediately following the discontinuation of N2O. Group C did not receive intravenous VB12 at 

all. The intervention of preoperative intravenous VB12 in group A demonstrated significant 

results when compared to group C. Group A had a mean reduction in tHcy of 5.62micromol/L 

(p<0.001) whereas group C had a mean increase in tHcy of 9.85micromol/L (p<0.001). Group 

B’s tHcy levels were reduced by a mean of 1.6micromol/L demonstrating that VB12 infusions 

after exposure to N2O reduces tHcy levels as well. Again, as with other studies on this topic, 

weaknesses include a small sample size of healthy, ASA I and ASA II, low risk patients resulting 

in a study that possibly lacks generalizability if it was to be performed in more high-risk 

classified patients (ASA III & ASA IV). However, this study further demonstrates a relationship 



 

 

 

 

35 

with N2O administration and increasing tHcy levels as well as offering anesthesia providers an 

efficient, cost effective technique to impede these homocysteine spikes in the event that N2O 

administration is deemed a necessary for a patient. 

Orhon et al. (2017) conducted a study to investigate a possible relationship between 

increases in serum tHcy and other commonly used anesthetics (propofol & Sevoflurane) in 

pediatric patients with a confirmed diagnosis of MTHFR dysfunction. During this retrospective 

investigation, 12 patients with confirmed diagnosis of MTHFR dysfunction had received 

anesthesia during a 10-month period from April 2014 to February 2015. The 12 pediatric patients 

were discovered to have a confirmed MTHFR polymorphism during this timeframe and were 

therefore included in the study. The subjects included in the study had undergone MTHFR 

testing due to illnesses such as convulsions, hypotonia, nystagmus, retinitis pigmentosa, and 

growth retardation, all of which raise suspicion of genetic methylation defects according to the 

clinical practice guideline by Huemer et al. (2017). Three of the pediatric patients received prior 

MTHFR genetic testing due to a positive family history of MTHFR dysfunction. Due to 

confirmation of an MTHFR polymorphism, the anesthesia plan of care was to avoid the use of 

N2O and to evaluate serum tHcy preoperative and then again 24 hours postoperative. All of the 

patients were on vitamin B12 and folate supplementation and the mean preoperative tHcy levels 

were within normal limits at 5.36micromol/L. Four of the subjects received a total intravenous 

anesthetic in which propofol was used for the induction and the maintenance of anesthesia. The 

remaining eight patients received an inhalation induction with a Sevoflurane/oxygen mixture. 

There were no significant changes from preoperative to postoperative serum tHcy values, 

5.36micromol/L compared to 4.58micromol/L (p >0.05) with the use of any of these agents 
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suggesting these other commonly used anesthetics do not increase serum homocysteine. This 

confirms what is understood about the molecular interactions with N2O in its known oxidation 

and inactivation of the vitamin B12 molecule. Vitamin B12, being a prominent cofactor in the 

methylation process of homocysteine, inactivation of the molecule by N2O can ultimately lead to 

reduced methylation of homocysteine and hyperhomocysteinemia in some instances (Nagele et 

al., 2008). Other anesthetics including propofol and Sevoflurane are not associated with the same 

molecular interactions and this study confirms the previous hypothesis that 

hyperhomocysteinemia will not result from their administration. Weaknesses of this study 

inlcude the small sample size that is limited to otherwise healthy patients. The study does 

demosntrate that propofol and Sevoflurane can be administered to patients with MTHFR 

dysfunction without periopoerative increases in tHcy. 

Guidelines for Diagnosis and Management of Methylation Disorders 

Huemer et al. (2017) created a guideline as part of the European network and registry for 

methylation defects in order to enhance and improve diagnosis and treatment of patients with 

these disorders. The goal of this DNP inquiry is to appraise this guideline at the local level with a 

team of anesthesia providers to identify recommendations from the guideline that may enhance 

anesthesia care for patients with methylation defects. The goal of the guideline by Huemer et al. 

(2017) was to gain a better understanding related to when a methylation defect might exist, steps 

with diagnosis, various treatment modalities, and how to enhance outcomes for patients with 

genetic methylation defects. Practice recommendations for each outcome were made based on 

the quality of evidence pertaining to the topic. Recommendations derived from case reports, case 

studies or observational studies were rated at low quality evidence. Some of the 
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recommendations derived from these lower quality studies were rated moderate quality evidence 

based on high consistencies with the results. High quality evidence grades were given to 

recommendations stemming from meta-analysis studies (Huemer et al., 2017). Additionally, 

based on the quality of evidence score, the recommendations were rated at either a strong 

recommendation, a recommendation, or a suggestion (Huemer et al., 2017). The guideline put 

forth by Huemer at al. (2017) is a general guideline that can be used in various practice settings. 

A total of 32 recommendations exists in the guideline, some of which may be of interest to 

anesthesia providers. A few of the recommendations are summarized below.  

Recommendation 32 

Recommendation 32 is very specific to anesthesia personnel and falls under the topic of 

improving clinical outcomes with the management of general anesthesia in the patient with 

genetic methylation defects. It states, “we strongly recommend against the use of nitrous oxide in 

patients with remethylation disorders” (Huemer et al., 2017, p. 27). This, of course, relates to the 

known oxidation of vitamin B12 which N2O stimulates and (AGREE Next Steps Consortium, 

2017) inhibits its ability to act as a cofactor for methionine synthase (Huemer et al., 2017). The 

score given for this recommendation is high quality evidence based on a fatal adverse event 

listed by Huemer et al. (2017) that occurred in a patient with an MTHFR genetic defect who was 

administered N2O.  

Recommendation 1 and Recommendation 2 

Since the majority of patients presenting for surgery and requiring anesthesia are unaware 

of their genetic methylation status, Recommendations 1 and 2 are of great interest to anesthesia 

providers. Both of these recommendations are associated with the topic of obtaining a timely 
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clinical diagnosis. Obtaining a timely diagnosis, according to the guideline, starts with 

identifying specific patient presentations and symptoms associated with these disorders. 

Recommendation 1 states, “we strongly recommend consideration of an acquired or 

genetic disorder of remethylation in the case of neurological and/or visual and/or hematological 

symptoms” (Huemer et al., 2017, p. 27). Neurological symptoms to focus on as suggested by 

Huemer et al. (2017) include: seizures, movement disorders, abnormal muscle tone, neuropathy, 

severe acute encephalopathy, failure to thrive, decreased consciousness, hydrocephalus, 

muscular hypotnia, central apnea, and psychiatric symptoms. Of course, these symptoms are not 

to be assoicated with an already known diagnosed disease process.  

Recommendation 2 states, “we strongly recommend considering an acquired genetic 

disorder of remethylation in the case of unexplained thrombosis and/or spinal cord degeneration 

and/or atypical hemolytic uremic syndrome” (Huemer et al., 2017, p. 27).  

Both of these recommendations were given a moderate quality evidence. These 

recommendations were generated based on reoccurring similarities between these various 

clinical presentations and genetic methylation disorders. Huemer et al. (2017) concluded that 

patients presenting with these symptoms, either in isolation or concurrently with one another, 

should raise suspicion with providers of a genetic methylation disorder. Referring back to 

recommendation 32, when an anesthesia provider suspects a possible genetic methylation defect, 

an anesthetic plan that avoids the administration of N2O is strongly recommended.  

Recommendation 3 and Recommendation 18  

Recommendation 18 focuses on identifying and treating an acute deterioration in health 

status that could in fact be associated with a possible genetic methylation defect. Huemer et al. 
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(2017) acknowledges that the majority of clinical ailments associated with methylation defects 

are chronic in nature but a sudden and acute onset of symptoms associated with these disorders is 

not out of the realm of possibility. Acute conditions associated with a methylation disorder per 

Huemer et al. (2017) include a sudden thromboembolic event, acute microangiopathic kidney or 

pulmonary disease, cardiomyopathy, loss of ambulation, and more commonly, symptoms 

associated with acute encephalopathy such as seizures, impaired consciousness, or acute 

behavioral deterioration. Events such as these could possibly be observed postoperatively in a 

patient that had recently undergone anesthesia. Of course, a variety of disturbances can be the 

culprit of reactions such as these in the patient recovering from anesthesia. Hypoxia, electrolyte 

abnormalities, anaphylaxis to medications as well as spikes in temperature can all manifest with 

similar presentations as the ones previously listed. However, in the patient with a known genetic 

methylation disorder, or in one where it might be suspected, differential diagnosis should be 

ruled out until the exact cause is uncovered. When evaluating for a possible genetic methylation 

disturbance, Recommendation 3 states, “elevated plasma homocysteine is the hallmark of 

remethylation. We strongly recommend that investigations in patients with a suspected 

remethylation disorder start with the measurement of ‘total’ homocysteine in blood” (Huemer et 

al., 2017, p 29). Huemer et al. (2017) strongly recommends against measuring a ‘free’ 

homocysteine level for the evaluation of serum homocysteine as ‘free’ homocysteine levels have 

been observed to remain undetectable when in fact ‘total’ homocysteine levels were significantly 

elevated (Huemer et al., 2017). If in fact a genetic methylation disorder is being considered as 

the culprit for an acute deterioration in the immediate postoperative period, recommendation 18 

states, “we strongly recommend immediate treatment with parenteral cobalamin in suspected 
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cases” (Huemer et al., 2017, p. 37). The dose of parenteral cobalamin is not mentioned in the 

recommendation but a dose of 1mg is mentioned later in the guideline and suggested to be 

tapered to patient response. Recommendation 19 within the guideline suggests that in the event 

hyperhomocysteinemia is confirmed, treatment with betaine should be considered. However, 

betaine is not available in intravenous solutions and is only recommended for oral use which 

poses issues in the immediate postoperative patient. The premise behind these recommendations 

are that hyperhomocysteinemia can be the root cause of these various acute ailments. Treatment 

revolves around restoring methylation which can be accomplished through administration of 

parenteral cobalamin administration as well as oral betaine supplementation both of which serve 

as methyl donors and are efficient in the remethylation of homocysteine back to methionine 

(Huemer et al., 2017). 

AGREE II Appraisal Instrument 

The Appraisal of Guidelines, Research and Evaluation (AGREE) tool is a proven useful 

tool in evaluating and appraising guidelines across a wide variety of healthcare settings. 

According to the AGREE II user’s manual, the purpose of this appraisal tool is to provide a 

framework that assesses the quality of guidelines as well as provide a methodological strategy 

for the development of guidelines. Furthermore, it informs users what information should be 

reported in guidelines as well as how it should be reported (AGREE, 2018). In doing this, 

AGREE II assesses the quality of guidelines by evaluating the guideline using 23 items 

contained within six domains, all of which look at the guideline from a different aspect. The six 

domains the guideline evaluates are as follows: Domain 1: Scope and purpose evaluating the 

overall objective of the guideline as well as the specific population for whom the guideline is 
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intended; Domain 2: Stakeholder involvement in which evaluates the specific users of the 

guideline; Domain 3: Rigor of development evaluating the approach utilized to search for 

evidence and methods chosen for selecting evidence and formulating recommendations; Domain 

4: Clarity of presentation assessing how the recommendations are presented and if they are 

specific and easily identifiable; Domain 5: Applicability pertaining to advice provided within the 

guideline concerning how the guideline can be utilized in practice as well as possible facilitators 

and/or barriers to its application; Domain 6: Editorial independence evaluating the degree of 

possible conflicts of interest or biases of the guideline (AGREE, 2018).  

It is recommended that four appraisers be selected to appraise the guideline as this 

number enhances the validity of the overall appraisal. Each of the 23 items within its specific 

domain is scored by each appraiser on a rating scale between ‘1’ and ‘7.’ A score of ‘1’ (strongly 

disagree) indicates that the appraiser felt as if the guideline did a very poor job providing 

information relevant to the specific AGREE II item being evaluated. A score of ‘7’ (strongly 

agree) indicates the appraiser felt as if the specific AGREE item being evaluated was reported 

exceptionally and full criteria and considerations were met. Scores 2-6 are appointed to items 

that do not meet full criteria, but that some criteria are met. As more criteria and considerations 

are met, the score the item receives is to be increased. The AGREE II user’s manual provided 

with the tool does an exceptional job of demonstrating where to find criteria within CPGs that 

either enhances or reduces the grade of each item. Upon completion of grading all 23 items, each 

appraiser is to provide two overall assessments of the guideline. The first assessment is how the 

appraiser feels about the overall quality of the guideline. Grades for this assessment is again, 

graded on a scale between ‘1’ (lowest possible quality) and ‘7’ (highest possible quality). The 
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second overall assessment demonstrates whether or not the appraiser would recommend the 

guideline for clinical use. For this assessment, the appraiser gives the guideline a score of ‘yes’ 

indicating they would recommend its use, ‘no’ indicating they would not recommend its use, or 

‘yes with modifications’ (AGREE, 2018). 

Pichardo et al. (2012) demonstrated how the AGREE II instrument can be used when 

apprasing a CPG for quality and applicabilty in a perioperative setting. The goal of their inquiry 

was to identify CPGs that can be used at the local level of anesthesia in the perioperative setting 

to reduce perioperative adverse events. The team constructed to accomplish this goal researched 

guideline databases such as national guideline clearinghouses and MEDLINE and ultimately 

discovered 22 CPGs that fit their criteria. These CPGs were then closely and independently 

evaluated using the AGREE II instrument. The team was then able to identify which CPGs may 

be able to improve outcomes in their patient population and which CPGs may have no effect in 

outcomes in their patient population. The team gave the CPGs a final appraisal of 

‘recommended,’ ‘recommended with exceptions,’ and ‘not recommended’ based on their 

AGREE II scores. A total of 10 CPGs were eventually given a grade of ‘recommend’ that can be 

utilized in improving perioperative patient outcomes. One of the guidelines given an evaluation 

of ‘recommend’ that has been adopted amongst many healthcare settings is a guideline used for 

perioperative cardiovascular evaluation in patients undergoing non-cardiac surgical procedures. 

This CPG was adopted by the AHA and has been shown to effectively and quickly provide 

practitioners with a clinical risk profile of the patient based on past medical history (Fleisher et 

al., 2007). This demonstrates how the AGREE II instrument has been utilized to evaluate CPGs 

that have ultimately progressed to enhance patient evaluation and quality of care. 
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METHODS 

Design 

The design of the DNP project is a quality improvement project that involves appraising 

the CPG by Huemer et al. (2017) using the AGREE II instrument to evaluate the CPG’s quality 

and applicability at the local level of anesthesia in perioperative patients. This will be done via a 

two-step process. The first aim is to recruit members of a local anesthesia group to partake in a 

focus group in which the CPG will be appraised. The objective of Aim 2 is to identify if and in 

what ways the CPG can be used in anesthesia by having the participants of the focus group make 

practice recommendations from this guideline that may enhance anesthesia care for patients with 

genetic methylation defects.  

Setting 

The setting is to take place at Banner University Medical Center Tucson at the Health 

Science Library. Banner University Medical Center is located in Tucson, Arizona and is 

Southern Arizona’s only Level I trauma center. Banner University Medical Center is nationally 

known for conducting research as well as educating and preparing graduate students for their 

futures in healthcare (Banner Health, 2018). The focus group will be held out of the hospital in 

the University of Arizona Medical Library in Tucson, Arizona.  

Participants 

Participants were chosen via purposeful sampling of anesthesia providers within the 

Banner University Medical Group. Identifying the anesthesia providers to participate in the 

project required gaining clearance from Banner University Medical Group to recruit the 

assistance of four of their anesthesia providers to partake in the focus group. Once clearance was 
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obtained from Banner University Medical Group and the University of Arizona, a flyer briefly 

describing the project was placed in the breakroom and an email was sent to the CRNAs and 

anesthesiologists staffed by Banner University Medical Group requesting their assistance. All 

anesthesia providers that expressed interest in participating in the project were sent a follow up 

email in an attempt to gain further insight into their knowledge or lack of knowledge pertaining 

to the issue. This email contained three questions pertaining to genetic methylation defects. The 

anesthesia providers were instructed in the follow up email to respond to the email with their 

answers included in their response. The four anesthesia providers that were chosen were notified 

via email and were asked to confirm their intent to participate in the focus group by responding 

to the email and stating that they intend to participate. They were then sent a “Doodle Poll” with 

various dates and times and instructed to select the time slot that best fits their schedule to 

participate in the focus group. The most popular date and time was February 2, 2019 between the 

hours 0800-1030.  

The participants were expected to devote approximately four and a half hours total to the 

project in which two hours of time was expected prior to the meeting to review the materials, and 

two and a half hours is expected for the focus group. These expectations were included in the 

email that will be sent to the medical group.  

Intervention and Data Collection 

The process for the project was as follows: once the participants were selected, each of 

them received an email from the author of the project consisting of a PowerPoint presentation 

briefly explaining the topics of interest. Within the PowerPoint presentation, references to 

additional articles relating to the issue were provided so the anesthesia providers could further 
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research the topic at their own discretion. Additionally, the anesthesia providers were sent a link 

to AGREE II training tools where they were instructed to access the two tutorials located within 

the link and complete the modules prior to appraising the CPG. The two tutorials located within 

the link were specifically designed by the AGREE A3 research team to assist future users to 

effectively use the AGREE II evaluation tool (AGREE Trust, 2018). The first tutorial was a 

guided tutorial overview of the AGREE II instrument that takes approximately 10 minutes to 

complete. The second tutorial was a practice exercise that allows the user to perform a ‘mock’ 

appraisal of a CPG using the AGREE II instrument. Once the mock appraisal is completed, 

feedback on how the user performed in the appraisal is provided. Feedback from the tutorial is 

provided based on the users’ appraisal of the CPG compared with scores provided by experts of 

the AGREE II instrument. This exercise takes users on average around an hour to complete 

(AGREE Trust, 2018). The participants were also emailed the AGREE II user’s manual to read 

through prior to appraising the CPG. This user’s manual provides information on where to find 

content with in the CPG being appraised so the most accurate score of the CPG can be 

completed. A copy of the CPG that was evaluated was included in the email as well and the 

participants were expected to review the guidelines prior to the in-person meeting. The 

participants were advised to take notes on recommendations that they deem significant to 

anesthesia. Any questions or concerns the providers may have regarding the presentation were 

directed to the author of the project via email or text messaging.  

A two-and-a-half-hour focus group was held on February 2, 2019 that was agreed upon 

by the participants. The first 30 minutes was dedicated to participant introductions as well as a 

brief introduction of the topic. This was followed by grading the CPG by each member of the 
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team that took approximately 60 minutes. The author of the project appraised and graded the 

CPG on a date prior to the meeting and was available to answer any questions the team had 

pertaining to the topic or with grading the guideline. The CPG was appraised and graded in an 

open discussion manner. In the second hour, emphasis shifted to further explore the issue from 

an anesthesia standpoint. This was performed by identifying recommendations from the 

guideline that may be useful in the setting of anesthesia. To accomplish this, each participant was 

asked semi-structured questions pertaining to the topic and the guidelines and allowed sufficient 

time to provide their responses and opinions. Data collection for the first hour of the focus group 

which contains the CPG appraisal was conducted using the AGREE II tool scoring framework as 

mentioned above. The second hour of the focus group was audio recorded and the author also 

took notes during the discussion. A transcription was then generated by uploading the audio 

recording that was taken during the focus group to Rev online transcription software. From the 

transcription that was produced, the author reviewed the raw data and generated common themes 

that occurred to the questions that each provider was asked during the open discussion aspect of 

the focus group. The perceived common themes that were generated were reviewed and agreed 

upon by the chair of the DNP project as well as another committee member. 

Ethical Considerations 

To avoid coercion, potential participants were emailed an invitation to participate in the 

study by the unit managers. Agreement to attend the review session was considered 

acknowledgment of their willingness to participate in the study. Survey results were anonymous. 

Participants were informed that they could leave the study at any time. There were no risks 
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associated with this study. The only cost to the participant was their time. No compensation was 

provided to the participants. 

RESULTS 

Project Description 

The overall purpose of this project was to evaluate if anesthesia providers would find an 

existing clinical practice guideline regarding methylation defects useful in the context of their 

anesthesia practice. As previously mentioned, the aims for the project include:  

1) Recruit members of a local anesthesia practice to evaluate an existing clinical practice 

guideline by Huemer et al. (2017) aimed at enhancing and improving the diagnosis 

and treatment of patients with genetic methylation defects. 

2) Based on the review of the guidelines, have local anesthesia providers make practice 

recommendations that could enhance anesthesia care for patients with methylation 

defects. 

Once IRB approval was obtained from Banner University Medical Center, an email was sent to 

all anesthesia providers affiliated with Banner University Medical Group. As instructed in the 

email, anesthesia providers that were interested in participating in the focus group text messaged 

the author of the project to express their interest in participating. Initially, there were nine total 

anesthesia providers that conveyed interest in participating. All nine of the anesthesia providers 

were sent a Doodle Poll with various dates and instructed to select dates in which they were 

available to participate in the focus group. Five were recruited. These five anesthesia providers 

were confirmed and sent a follow up email to gain insight into their knowledge of genetic 

methylation defects. After each participant responded to the email pertaining to their knowledge 
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of the topic, they were sent a final email that outlined the goals and objectives of the project as 

well as a PowerPoint presentation on the topic, the CPG that was to be evaluated during the 

focus group, as well as the AGREE II user’s manual that was to be used to appraise the CPG. 

Included in the final email, were links to AGREE II tutorials that the participants were instructed 

to complete prior to the date of the focus group.  

The focus group was held on Saturday, February 2, 2019, at 0800 hours at the University 

of Arizona Health Sciences Library and scheduled until 1030 hours. Of the five participants that 

were initially confirmed to attend the focus group, one participant could not attend and had to 

cancel. Therefore, four anesthesia providers agreed to appraise the CPG and attend the focus 

group.  

Participant Demographics 

Participant demographics are listed in Table 2 below. Three of the participants were 

doctorally prepared and had under five years of experience while one participant had over 20 

years of experience. One of the participants had prior knowledge of genetic methylation defects 

and the other three did not. 

TABLE 2. Participant demographics. 

Anesthesia 

Provider 

Title Highest Degree 

Achieved 

Years of 

Experience 

Specialty 

Provider 1 CRNA Masters 24 None 

Provider 2 CRNA Doctorate 2 None 

Provider 3 CRNA Doctorate 2 None 

Provider 4 CRNA Doctorate 1 None 

Aim 1: CPG Appraisal 

The objective of aim one was to have participants appraise the CPG by Huemer et al. 

(2017) using the AGREE II tool. A brief review of the tool is described here. The AGREE II 
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instrument is a popular tool that is widely used for the evaluation of the quality and applicability 

of CPGs (AGREE, 2018). The AGREE II instrument provides a framework that allows users of 

the instrument to grade 23 items arranged into six domains on a scale between ‘1’ and ‘7,’ ‘1’ 

(strongly disagree) being the lowest score, and ‘7’ (strongly agree) being the highest score. Each 

of the 23 items in the domains are given a score depending on various criteria the item either 

meets or does not meet. The more criteria the item meets, the higher the score the item receives. 

Then, based on the scores given to each domain, a percentage score is calculated for each domain 

by utilizing a formula provided by the AGREE II instrument.  

Context within the AGREE II user’s manual states that scores that are generated for each 

domain are used to identify strengths and weaknesses of the guideline. However, the AGREE II 

does acknowledge that at the present time, there is no data to suggest that a correlation exists 

with the quality scores for the domains and the speed or rate of adoption and implementation of a 

guideline. Essentially, high quality domain scores do not necessarily indicate a guideline will be 

adopted at an institution and low-quality domain scores do not indicate that a guideline will be 

rejected at an institution (AGREE, 2018). The AGREE II does, however, recommend that users 

of the instrument set thresholds for the domains. For example, users of the guideline may set a 

quality threshold of 70% signifying that domain scores greater than or equal to 70% indicate a 

high-quality domain. Furthermore, the AGREE II instrument states that each domain should be 

graded as an independent section and that the grades are not to be averaged into one final grade. 

But, users of the AGREE II can create thresholds across the six domains as whole. For example, 

users of the AGREE II can set a quality threshold that high-quality guidelines are those in which 

all six domains score higher than or equal to 70%. To reiterate, although users may set a 
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threshold of 70%, this does not correlate with possible adoption and implementation of the 

guideline. Finally, the AGREE II user’s manual states that one or various domains may be 

prioritized over other domains (AGREE, 2018).  

Per the AGREE II instructions, final appraisal of the CPG is performed with an “overall 

guideline assessment” (AGREE, 2018). This is carried out by each appraiser providing their 

overall quality score of the CPG, again on a scale from ‘1’ to ‘7.’ Also, their final assessment 

score is based on if they would recommend the CPG for use by stating they would recommend it, 

they would recommend it with modifications, or they would not recommend it. For further 

information pertaining to the AGREE II tool, refer to Appendix B.  

For this project, during the appraisal of the CPG portion of the focus group, each item 

under each domain was read out loud and scores for each item were given by each provider by 

locating the criteria within the CPG. If providers felt that each item was represented well within 

the CPG, the item was given a higher score. If the item was not well represented within the text 

of the CPG, the item got a lower score. After the items were scored by the participants, the 

author of this project briefly discussed his own scoring and rationale. All domains in the CPG 

were prioritized equally and quality domain threshold scores were set at 70% by consensus. 

Tables for the domain scores are listed below. At the conclusion of the grading each item, each 

provider was asked to provide their two overall assessment scores to the CPG and then a 

discussion was held to gain further insight into the final overall assessment scores.  

All of the domain scores can be viewed below in tables 3-8. There were no major 

discrepancies or major disagreements amongst the participants in the scoring of the items. 

Furthermore, there were no significant inconsistencies with the participants’ scoring of the items 
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when compared the author’s scoring of the items. Overall, the domains all scored fairly high 

quality when compared to the 70% quality threshold that was set. The range of the domain scores 

were from the lowest of 38% to the highest of 100%. Two domains, Domain 4: Clarity of 

presentation, and Domain 6: Editorial independence scored 100%. All domains except for two 

scored above the quality threshold of 70%. The two domains that did not meet the 70% threshold 

were Domain 5: Applicability which scored the lowest score of 38% and Domain 2: Stakeholder 

involvement that scored 61%. The two domains that did not reach the set threshold are discussed 

in more detail below.  

Domain 2 pertaining to “Stakeholder Involvement” received a grade of 61%. Domain 2 

contains three items within it. These are: Item 4: “The guideline developmental group includes 

individuals from all relevant professional groups;” Item 5: “The views and preferences of the 

target population have been sought;” and, Item 6: “The target users of the guideline are clearly 

defined” (AGREE, 2018). When a discussion was held pertaining to this domain, it was the 

overall consensus of the group that it was not clear to who would benefit from using this 

guideline. The participants would have liked to have seen content within the guideline that 

discussed what specialties or sub-specialties could benefit from this guideline (example: 

anesthesia providers, family practitioners, obstetrics, etc.). Furthermore, at the beginning of the 

CPG, there was a discussion pertaining to individuals from different backgrounds and expertise 

that were present when recommendations were being formulated. However, there is no mention 

of an anesthesia expert being present during the formation of the recommendations contained 

within the guideline which was a little disconcerting to the participants since there was a 

recommendation created for the guideline that speaks directly to anesthesia providers; this of 
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course alludes to recommendation 32 “we strongly recommend against the use of nitrous oxide 

in patients with remethylation disorders” (Huemer et al., 2017, p. 27).  

Domain 5 relating to “Applicability” of the CPG was the lowest scoring domain with a 

score of 38%. Domain 5 contains four items within it. These are: Item 18: “The guideline 

describes facilitators and barriers to its application;” Item 19: “The guideline provides advice 

and/or tools on how recommendations can be put into practice;” Item 20: “The potential resource 

implications of applying the recommendations have been considered;” and, Item 21: “The 

guideline presents monitoring and/or auditing criteria” (AGREE, 2018). The only item that 

scored above a ‘3’ in this domain was item 21 which was given a score of ‘6.’ It was agreed 

upon by the participants that the other items within this domain did not meet sufficient criteria to 

score higher scores. It was, however, agreed upon by the group that maybe this domain relating 

to applicability was lacking some criteria since this CPG relating to genetic methylation defects 

is the first of its kind and the CPG will meet more criteria at a later date.  

At the conclusion of the CPG appraisal, as the AGREE II instrument requires, each 

participant was asked the rate the overall quality of the guideline. Every participant rated the 

overall quality of the guideline with a score of ‘5’ out of ‘7.’ During discussion about the overall 

quality of the guideline, it was the consensus that this guideline was very well written CPG and 

that much of the criteria for a higher score was met but, the low scores that Domain 2 and 

Domain 5 received kept the participants from grading the CPG any higher than a score of ‘5.’ 

The common theme during this discussion was that it was not exactly clear to which practice 

settings this guideline could be used for or which practice settings would benefit the most from 
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this guideline and this definitely had an impact in the participants’ opinions when providing an 

overall quality score for the guideline. 

The second and final evaluation of the overall guideline assessment is whether or not the 

providers would recommend this guideline by choosing one of the following selections: ‘yes,’ 

‘yes with modifications,’ or ‘no.’ When asked this question, the participants were asked to keep 

in mind that they would be either recommending this guideline, or not recommending this 

guideline, in the realm of an anesthesia practice. Again, the participants were all in agreement 

with their answer of “yes, with modifications.” When this item was discussed, consensus of the 

group again alluded to the fact that this CPG did score high in all but two domains which 

indicated to them that this is a well written guideline with recommendations that could be used in 

various practice settings. But, the main thing that each of the participants stated they would have 

liked to see this guideline include is an anesthesia expert to review the evidence and make their 

own recommendations pertaining to anesthesia and these patients. Therefore, the modification 

suggested for the guideline was to include an anesthesia expert in future revisions. 

TABLE 3. Domain 1: Scope and purpose (score – 97%). 

Participants Item 1 Item 2 Item 3 Total 

Provider 1 7 7 6 20 

Provider 2 7 7 7 21 

Provider 3 7 7 6 20 

Provider 4 7 7 7 21 

Total 28 28 26 (82) 

TABLE 4. Domain 2: Stakeholder involvement (score – 61%).  

Participants Item 4 Item 5 Item 6 Total 

Provider 1 5 5 4 14 

Provider 2 5 5 4 14 

Provider 3 5 5 4 14 

Provider 4 5 5 4 14 

Total 20 20 16 (56) 
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TABLE 5. Domain 3: Rigor of development (score – 79%). 

Participants Item 7 Item 8 Item 9 Item 10 Item 11 Item 12 Item 13 Item 14 Total 

Provider 1 7 5 7 6 7 7 3 4 46 

Provider 2 7 5 7 6 7 7 3 4 46 

Provider 3 7 5 7 6 7 7 3 4 46 

Provider 4 7 5 7 6 7 7 3 4 46 

Total 28 20 28 24 28 28 12 16 (184) 

TABLE 6. Domain 4: Clarity of presentation (score – 100%). 

Participants Item 15 Item 16 Item 17 Total 

Provider 1 7 7 7 21 

Provider 2 7 7 7 21 

Provider 3 7 7 7 21 

Provider 4 7 7 7 21 

Total 28 28 28 (84) 

TABLE 7. Domain 5: Applicability (score – 38%). 

Participants Item 18 Item 19 Item 20 Item 21 Total 

Provider 1 3 2 2 6 13 

Provider 2 3 2 2 6 13 

Provider 3 3 2 2 6 13 

Provider 4 3 2 2 6 13 

Total 12 8 8 24 (52) 

TABLE 8. Domain 6: Editorial independence (score – 100%). 

Participants Item 22 Item 23 Total 

Provider 1 7 7 14 

Provider 2 7 7 14 

Provider 3 7 7 14 

Provider 4 7 7 14 

Total 28 28 52 

Aim 2: Topic Open Discussion 

The objective of Aim 2 was to identify if and in what ways the CPG can be used in 

anesthesia by having the participants of the focus group make practice recommendations from 

this guideline, based on the appraisal of the CPG. To accomplish this, each participants of the 

focus group was asked a series of open ended questions and allotted time to provide a response. 

Questions were directed in a manner to first identify if the participants believe that the topic 
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holds any anesthesia significance and then to evaluate if they believe the appraised CPG can be 

used to enhance the practice of anesthesia. Additionally, if the participants believed the CPG 

could be used in anesthesia, they were asked what specific recommendations contained within 

the guideline can be used for anesthesia purposes.  

Each answer provided by the participants was recorded by the author of the project. Upon 

completion of the focus group, the audio recordings were uploaded to Rev transcription software 

so a complete transcription of the focus group could be generated. To support study 

trustworthiness, the transcriptions were independently evaluated by the author of the project and 

the project chair, who identified themes. A consensus on themes between the two evaluators was 

achieved and then the common themes were evaluated by another DNP committee member. The 

common themes along with quotes from the focus group are located in the tables 9-13 below.  

Common Themes 

Question 1: In your opinion, do you see this as a significant issue as it pertains to 

anesthesia? Why, or why not? The common theme in this question was that this issue is 

significant, but in varying degrees. For instance, participants felt that knowledge related to this 

issue is definitely significant but since adverse events related to this issue (a patient with an 

undiagnosed genetic methylation defect receiving nitrous oxide and then suffering a major 

adverse event) seems to not be a very common occurrence, maybe it is not vastly significant for 

their practice since all of the providers stated that they do not use nitrous oxide for long durations 

of time, if at all, in their practice. All participants agreed that if they saw a history for a 

methylation defect listed on a patient chart, they would avoid the use of nitrous oxide all 
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together. However, this would not be that much of a change to their anesthetic practice since 

several participants commented that they do not tend to use nitrous oxide that much as it is 

Question 2: If you feel as if this is a significant issue pertaining to anesthesia, what 

concerns you most about this issue? The common theme for this question is two parts; the 

provider lack of knowledge of the issue, and the fear of the unknown. The fear of the unknown 

was from both a provider and patient standpoint. From a provider standpoint, labs or tests that 

might suggests possible genetic methylation defects are not routinely checked as part of a 

preoperative evaluation. From the patient standpoint, several participants commented that based 

on never seeing issues such as this listed on patient charts, most patients are probably unaware if 

they have a genetic methylation defect. The main concern participants voiced was with this lack 

of knowledge and the fear of the unknown is the possibility of an issue occurring in the 

postoperative phase. One participant noted that this could be hours after a procedure or days after 

a procedure. If this issue is related to a patient with a genetic methylation defect receiving nitrous 

oxide for an extended period of time during a procedure, how long will it take for the proper 

diagnosis and treatment to occur?  

Question 3: Do you feel as if this CPG can be used in an anesthesia setting? If so, 

how? The common theme of this question was that the guideline as a whole cannot be used in 

anesthesia at this point due to the fact that an anesthesia provider was not included in the 

formation of the recommendations. The consensus of the groups was that the CPG could 

possibly be used more from a personal provider knowledge base. For instance, one participant 

stated that knowledge from the guidelines can be used in individual practice but not exactly 
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putting the guideline into a form of policy since again, there was no anesthesia expert included in 

the formation of the recommendations.  

Question 4: If you believe that this CPG can be useful in anesthesia and were going to 

create a policy based on this CPG, what specific recommendations did you identify that could 

be utilized for patients in the perioperative setting? The common theme of this question was 

that recommendation 32 that strongly recommends against the use of nitrous oxide in patients 

with genetic methylation defects is the main recommendation that can be used in anesthesia 

practice settings. Two participants commented on recommendations 1 and 2 from the CPG and 

stated that they could be of use when performing a preoperative evaluation on a patient. These 

recommendations provide possible clinical presentations for patients with genetic methylation 

defects that might prompt a practitioner to consider the possibility that a genetic methylation 

defect might be present in the patient. The participants all agreed that if used individual level, 

they could then refer back to recommendation 32 and not use nitrous oxide during the procedure. 

However, all participants agreed that this guideline is not ready for a policy in anesthesia since 

again, an anesthesia expert was not included in the formation of the recommendations and due to 

the fact that the main evidence that exists on this topic of nitrous oxide and methylation defects 

are lower evidential studies. The group did agree that this evidence could be used as an 

educational recommendation that could be made to patients postoperatively. The example 

“suggamadex” was used during the focus group and one of the participants stated that their 

hospital uses print outs that they provide to patients if suggamadex was used on them during the 

procedure. How information contained within this guideline can be used in a similar manner as 

information pertaining to “suggamadex” is discussed later. Though, the major theme of this 
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question was that this document is probably not ready for policy, an approach such as this 

Suggamadex approach might be a good start. 

Question 5: In the future, how might your anesthetic practice change, if at all? The 

common theme of this question was that the providers will definitely avoid nitrous oxide in 

patients with documented methylation defects. Furthermore, three of the participants stated that 

if something in the patient’s history indicates that they might have a genetic methylation defect, 

they will investigate further to evaluate if the patient knows their status or if they have been 

diagnosed with one. However, all of the participants agreed that this probably will not ultimately 

change their anesthesia practice since these providers stated that they do not use nitrous oxide 

that often as it is. The overall consensus was that the providers will be watching out for this 

medical history and then make the decision to not use nitrous oxide in these circumstances. 

TABLE 9. Question 1: Common themes and examples. 

Question 1: In your opinion, do you see this as a significant issue as it pertains to anesthesia? Why, or why not? 

Common Themes Examples 

This issue is significant but in varying degrees. 

Significance of the issue is related to the 

frequency of the problem  

1) Low frequency of methylation defects. 

2) Low use of nitrous oxide in their practice. 

3) Significance of the issue is related to the 

length of nitrous oxide exposure. 

4) Highly significant if a methylation defects 

is noted in the patient history. 

Participant 1 – “Yes, I think it could be significant depending on 

the methylation defect and especially in some children that there's 

a sub ... that subset of patients and children with Down syndrome 

because there's a high population of MTHFR homozygous 

mutations and that group. So yes, I think that would be a 

significant issue for anesthesia.” 

 

Participant 2 – “I think it's significant but I don't know if it's 

something because of the way that I use nitrous oxide, if it's 

something that would be changing my practice, because how I 

use nitrous oxide, I don't use it throughout our whole procedure, I 

use it on induction occasionally and occasionally on emergence.” 

 

Participant 3 – “I think it is. I think it's significant in terms of if a 

patient has a known history of anything correlated with these 

defects, like neurologic problems, neural tube defects, then it 

probably is significant. I would probably try my best to just stay 

away from nitrous completely, just to be on the conservative side, 

but there may be situations where using it for the short term, on 

brief induction and brief emergence, even with somebody with a 

history, could be tolerated. So, I think there is a gray area there.” 
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TABLE 9 – Continued  

Question 1: In your opinion, do you see this as a significant issue as it pertains to anesthesia? Why, or why not? 

Common Themes Examples 

 Participant 4 – “I think it can be, especially as genetic testing is 

becoming more popular, so I’ve had had a few patients that have 

said that they have had the genetic test done and they're supposed 

to tell their anesthesia provider about these certain things, so. I 

also don't use it for long durations in my practice, but there also 

doesn't seem to be a lot of evidence about it being used even in 

small bursts, so if someone is saying they feel or they've had a 

genetic test done or there's some history in their family or with 

their little kid and we know that it can be harmful, and if I am 

only using it for comfort and expediting reasons, then I'm fine 

with the patient having a slower wake-up and knowing that I'm 

not potentially administering something to them that could be 

harmful.” 

 

TABLE 10. Question 2: Common themes and examples. 

Question 2: If you feel as if this is a significant issue pertaining to anesthesia, what concerns you most about this 

issue? 

Common Themes Examples 

Lack of knowledge is the most concerning 

aspect of the issue. 

1) Provider lack of knowledge regarding 

methylation defects in general. 

2) Provider lack of knowledge regarding 

patient history. 

3) Fear of the unknown. 

 

Participant 1 – “I would say probably the unknowing because we 

don’t test every person for these MTHFR defects so how do we 

know who has the defect. So, that's a concern. And then also the 

post-op complications that we may not even attribute to this 

defect.” 

 

Participant 2 - “I would have to say provider knowledge that this 

is a thing. If a patient has a poor outcome, but the provider is not 

aware of the methylation disorder, then it may never come into 

play and could have a poor patient outcome.” 

 

Participant 3 – “Lack of knowledge, I agree. And also, the lack of 

those patients diagnosed with this disorder. I think that just not 

knowing that up front doesn't give us the ability to screen and 

properly screen those people out. We only find out after the fact.” 

 

Participant 4 – “I think it's lack of provider awareness. Because I 

think it's easy for us to lose sight of what is this treatment or what 

am I choosing to do right now that's going to affect this person 

longer after just their PACU stay.” 
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TABLE 11. Question 3: Common themes and examples. 

Question 3: Do you feel as if this CPG can be used in an anesthesia setting? If so, how? 

Common Themes Examples 

The guidelines cannot be currently used to 

establish protocols. 

1) Concern that no anesthesia provider took 

part in guideline development. 

2) Recommendation 32 (abstain from nitrous 

oxide use in documented or suspected 

methylation defect) could be used to 

guide/inform practice but not be the basis 

for a protocol. 

Participant 1 – “I think it was more geared towards general 

medicine. Like you said, there wasn't any anesthesia specialty 

person that reviewed the guideline. I think there's things that we 

can take and use, especially for pre-op, looking at some of those 

signs and symptoms of these kids with neurological 

implications. And their recommendation to say absolutely don't 

use nitrous oxide ... it was a little bit overkill” 

 

Participant 2 – “I think the knowledge from it can be applied, 

but I don't think we should institute it as a protocol or anything. 

I definitely think it has room for improvement for its application 

in anesthesia, but I wouldn't discount it. Just because there's not 

... like you were saying, there's not a wealth of information out 

there. I think it's something that you could take in and put in as a 

provider to educate yourself on this, but I wouldn't necessarily 

apply the recommendations.” 

 

Participant 3 – “I think the one clear recommendation on 32 is 

the only one that could be really absolutely applied to 

anesthesia. But again, there's no anesthesia professional on the 

practice guideline committee they've put together.  

But as an anesthesia provider I would try and heed their 

recommendation best I could, and stay away from it. So yeah, I 

do feel like it could be used.” 

 

Participant 4 – “I think point 32 can be used. And I do think it 

has an appropriate application, because I do feel like nitrous is 

one of those things that you can just not use and your day is not 

that different.” 

 

TABLE 12. Question 4: Common themes and examples. 

Question 4: If you believe that this CPG can be useful in anesthesia and were going to create a policy based on 

this CPG, what specific recommendations did you identify that could be utilized for patients in the perioperative 

setting? 

Common Themes Examples 

Overall, the CPG is not ready for a policy in 

anesthesia. 

1) Participants, overall, did not think the 

quality of evidence supported a major 

concern. 

2) If it was to be used in anesthesia, specific 

recommendations from the guidelines 

could be used to guide/inform practice 

included recommendation 32. 

3) Patient education regarding use of NO and 

methylation defect might be a strategy. 

Participant 1 – “I think that it could be put into policy, it could 

be useful, especially if there's documented methylation defects 

in the charts 

So, I think if there is something documented, yes,  

And if there's some significant signs and symptoms of these 

neurological signs, it could be a consideration” (referring to 

recommendations 1 & 2 from the CPG). “And then 32, just 

trying to avoid the  
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TABLE 12 – Continued  

Question 4: If you believe that this CPG can be useful in anesthesia and were going to create a policy based on 

this CPG, what specific recommendations did you identify that could be utilized for patients in the perioperative 

setting? 

Common Themes Examples 

 use of it” (referring to recommendation 32 from the CPG and 

avoiding nitrous oxide).  

 

Participant 2 – “So, I don't think it's ready yet for policy. I think 

that it would need further investigation. It needs to be more 

applicable in an anesthesia setting to get anesthesia providers 

involved in it. But I think that it has good bones to move 

forward and if anything, just to educate people about it and let 

them know.” 

 

Participant 3 – “There's just case studies on it that exist, strength 

of evidence is not ... I don't feel like it's there to provide policy 

at the level of recommendations. I guess there's just too many 

gray areas but I think it's a very important piece, especially with 

more and more genetic testing going on to disseminate this 

knowledge to providers” 

 

Participant 4 – “I guess because of the general lack of ... looking 

at the pyramid of evidence, we can't move up it very far because 

of what exists out there but it is such a small adjustment to one's 

personal practice, it doesn't cause a lot of things, make things 

super different or expensive” (participant 4 referring to 

recommendation 32 and avoiding nitrous oxide if the genetic 

methylation defect exists or is suspected since nitrous oxide is 

easily avoidable). 

 

TABLE 13. Question 5: Common themes and examples. 

Question 5: In the future, how might your anesthetic practice change, if at all? 

Common Themes Examples 

1) Overall, nitrous oxide will be avoided if 

methylation defect is known or suspected. 

2) Overall practice may not change because 

use of N2O is limited.  

Participant 1 – “I think I would change my practice. I would just 

not use nitrous oxide if the patient knowingly had a methylation 

defect. I don't use nitrous oxide frequently anyways, so it's not 

gonna change my practice that much. 

I think it would be it's an easy change, and because of the 

potential complications if there were a patient that had this 

defect, I think you're just better off to not use it.” 

 

Participant 2 – “Yeah, it's the same. If I know they have the 

defect, I'm gonna avoid nitrous. 
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TABLE 13 – Continued  

Question 5: In the future, how might your anesthetic practice change, if at all? 

Common Themes Examples 

 But similarly, I don't use it very often, so it's not gonna change 

how I go forward with patients that are unknown, but if I did 

know I would just avoid it.” 

 

Participant 3 – “When I interview a patient, I might specifically 

ask about genetic testing, especially in pediatric population, and I 

would avoid it if there was any known issue. Then try and 

disseminate that knowledge to like when I'm working with 

students in the future.” 

 

Participant 4 – “So yeah, just like knowing when if someone 

presents either with a prescription type of vitamin, or if they 

indicate they have this issue, and knowing the right line of 

questioning to illicit the information that I'm looking for in my 

pre-op assessment, I just won't use nitrous” 

 

DISCUSSION 

Although N2O is widely considered a safe and effective anesthetic gas, it has been 

implicated in rare, but severe, adverse effects (Baum, 2007). People with methylation defects 

may be at risk for complications as a result of N2O use. The common pathophysiologic disorders 

in methylation defects are a result of hyperhomocysteinemia, which is known to be associated 

with various atherosclerotic and thrombotic disease processes as well as a variety of neurological 

symptoms such as hypotonia and seizure activity (Esse, Barroso, Almeida, & Castro, 2019) 

While a general guideline by Huemer et al. (2017) pertaining to the diagnosis and 

treatment of methylation disorders does exist, there are no comprehensive guidelines addressing 

the use of N2O in anesthesia practice and these genetic disorders. Further, there are no studies 

describing anesthesia provider appraisal of methylation defect guidelines and how the existing 

guidelines might affect their anesthesia practice with respect to the use of N2O. Therefore, the 

purpose of the quality improvement project was to identify anesthesia providers to appraise the 
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CPG by Huemer et al. (2017) concerning these methylation disorders using the AGREE II 

instrument to evaluate the quality of the guideline and decide if recommendations from the 

guideline can be used in perioperative setting. The aims of the study were to: 1) recruit members 

of a local anesthesia practice to evaluate an existing clinical practice guideline by Huemer et al. 

(2017) aimed at enhancing and improving the diagnosis and treatment of patients with genetic 

methylation defects; and, 2) based on the review of the guidelines, have local anesthesia 

providers make practice recommendations that could enhance anesthesia care for patients with 

methylation defects. 

Purposive sampling of anesthesia providers at an academic hospital in the southwest was 

used to complete the aims. The anesthesia providers came together in a focus group and used the 

AGREE II tool to appraise the existing methylation guideline. A semi-structured survey was then 

used to ask about the meaning of the guidelines relative to their practice. The findings indicate 

that while the providers agreed that the majority of items on the CPG were of high quality, the 

items in the “Applicability” domain received a low-quality score due to the absence of an 

anesthesia expert on the guideline development. It was also the consensus of the group that the 

knowledge for this issue as well as within the guideline is significant, but might not ultimately 

change their anesthesia practice because if N2O is used at all in their practice, it is used for short 

durations of time. Furthermore, the group decided that knowledge within this CPG could be used 

at the level of an individual anesthesia provider’s practice but that it is not sufficient to drive 

anesthesia policy, since an anesthesia provider was not involved in formulating the 

recommendations.  



 

 

 

 

64 

Methylation Defects and Anesthesia Significance 

The main medical issues associated with genetic methylation defects such as 

polymorphisms of MTHFR or cobalamin deficiencies are related to hyperhomocysteinemia that 

can result from these disorders. It has been known for some time that homocysteine is associated 

with thrombotic and atherosclerotic diseases due to inducing hypercoagulable states. Older 

studies pointed to the relationship homocysteine has with inactivating and inhibiting one of the 

body’s natural anticoagulants, protein C (Rogers & Conn, 1990). More recent studies have 

pointed to homocysteine’s innate ability to produce systematic endothelial cell dysfunction by 

inhibiting the release of nitric oxide which serves to relax and dilate vascular smooth muscle. 

Furthermore, in the presence of high homocysteine, endothelial cell release of thromboxane is 

enhanced which both promotes vascular vasoconstriction as well as platelet aggregation (Esse, 

Barroso, Almeida, & Castro, 2019). Conducting a general search in PubMed for the term 

“hyperhomocysteinemia” will produce article after aricle on ways high homocysteine can be 

harmful. This topic appears to be fairly well-known amongst primary care practitioners but does 

not seem to be as well known in the anesthesia population which is concerning since a 

commonly used anesthetic gas (N2O) directly promotes increases in serum homocysteine levels.  

Multiple case studies exist that describe severe adverse events in patients with 

methylation defects who underwent general anesthesia that included N2O. One of these severe 

adverse events is previously mentioned in which a fatal adverse event occurred in a pediatric 

patient who underwent general anesthesia twice in four days both of which included 

concentrations of 60% N2O during the procedure. Later discoveries indicated the patient had dual 

heterozygosity genetic mutations in the MTHFR gene (A1298C/C677T heterozygosity) (Selzer, 
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Rosenblatt, Laxova, & Hogan, 2003). Other similar, yet non-fatal adverse events with the use of 

N2O include an eight-month old with undiagnosed cobalamin deficiency who underwent general 

anesthesia for 80 minutes with N2O and a four-month old with undiagnosed cobalamin 

deficiency who received N2O during general anesthesia for 180 minutes. Both infants were later 

readmitted with hypotnia and reduced alertness and were found to have significant 

hyperhomocysteinemia (Selzer, Rosenblatt, Laxova, & Hogan, 2003). Again, though these 

adverse events are rare, they are often severe in nature when they do occur.  

Patients with undiagnosed genetic methylation defects are likely more susceptible to 

these severe adverse events due to their already impaired methionine synthase function that is 

further impaired by N2O (Baum, 2007). Essentially, these patients may have higher increases in 

serum homocysteine combined with an already reduced ability to re-methylate the homocysteine 

to methionine resulting in prolonged periods of hyperhomocysteinemia (Baum, 2007). These 

various case studies support a correlation between time of N2O use and increases in serum 

homocysteine, a topic that was discussed by the participants in this study. The participants 

agreed that not knowing whether or not their patient has a genetic methylation defect was of 

concern for them. However, the participants also all agreed that even in the absence of knowing 

about a methylation defect, the knowledge of the correlation between time of N2O use and 

increases in homocysteine would not ultimately affect their anesthesia practice, saying that if 

N2O is in fact used in their practice, it is only used for brief durations of time. Again, this is due 

to the common thread of these studies not only including one of the genetic methylation defects 

but also long exposure to N2O. These various cases studies support this linear correlation with 

time of N2O use and increases in serum homocysteine.  
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Current Guidelines 

Currently, there is no anesthesia-specific set of guidelines or recommendations for the 

use of N2O in patients with genetic methylation defects. But, a CPG does exist that includes one 

recommendation out of 32 total recommendations that states N2O should be avoided in this 

specific patient population (Huemer et al., 2017). However, this CPG is not anesthesia-specific 

and no anesthesia provider was included in the formation of the guideline or its 

recommendations. The one recommendation does not explicitly provide a timeframe or duration 

of N2O, which as previously described, is significant, that is, long durations of exposure to N2O 

increase the risk of a significant adverse events.  

Aim 1 of the study was to identify anesthesia providers to participate in a focus group 

where to evaluate this existing CPG using the AGREE II tool. When appraising the CPG, the 

participants set an acceptable quality level of 70% as described in the AGREE II user’s manual. 

Using this standard, the participants agreed that overall, the guideline performed well. Two areas 

where the CPG did not perform well, however, were Domain 2: Stakeholder involvement which 

received a grade of 61% and Domain 5: Applicability that received a score of 38%. The main 

issue the participants described with this guideline was the fact that an anesthesia provider was 

not included in the formation of the recommendations, one that specifically mentions general 

anesthesia in the patient with a methylation defect. For this reason, the participants scored the 

overall quality of the CPG at a ‘5’ out of ‘7’ and stated that they would recommend this CPG 

with modifications, the modification being incorporating an anesthesia expert in subsequent 

revisions of the CPG.  
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Further, in discussion of the guidelines, participants of the focus group concluded that 

this CPG could not be used for an anesthesia specific policy at this time. The participants did 

state that knowledge from this CPG can be used in personal practice and the consensus of the 

group was that if one of the genetic methylation defects did appear in a patient history, they 

would probably just avoid N2O altogether. But again, they reiterated that this would not 

significantly alter their anesthetic practice since the gas is used briefly if it all in their current 

practice.  

Study Strengths, Limitations and Future Endeavors 

One of the main strengths of this project is that it was the first of its kind. To the author’s 

knowledge, a project does not exist in which anesthesia providers have been asked to analyze the 

existing methylation defect CPG and reflect on how the recommendations within the guideline 

can relate to anesthesia practice. Again, the participants concluded that this particular CPG is not 

ready for implementation in anesthesia practice since an anesthesia expert was not included in 

the formations of the recommendations. However, since this CPG does include a direct 

recommendation for anesthesia, all participants agreed that the authors of the CPG should be 

encouraged to incorporate insight from an anesthesia expert in future revisions as this can 

enhance the validity of the anesthesia recommendation that is present within the CPG. 

Limitations of the study includes a small sample size of four participants. Four 

participants are sufficient and is recommended by the AGREE II tool for CPG evaluation but a 

larger sample size would have been beneficial during the aim two open discussion portion of the 

project. Furthermore, by design, this study took place at only one facility. For this reason, the 

results of this study lack generalizability to other providers at other facilities. Also, the site of the 
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study was a large facility owned by a major corporation and the participants did not demonstrate 

concern about the costs of the other anesthetic gases and there was no mention of using N2O 

during the maintenance of general anesthesia in order to reduce the use of the other volatile 

anesthetic agents. As mentioned, the participants of this study did not often use N2O as part of 

their anesthetic practice or if they did use N2O, it was typically upon induction of anesthesia or 

upon emergence of anesthesia which appears to be a popular time to use the gas. Therefore, it 

was not an issue for these participants to just avoid the use of N2O during their practice. One of 

the benefits of using N2O is to reduce the expenditure of the other more expensive anesthetic 

gases (Sevoflurane, Desflurane). Smaller facilities that may not have as many resources as larger 

facilities may encourage the use of N2O so the use of these other anesthetic gases can be limited 

for cost purposes. In fact, colleagues of the author of this project have suggested that this is the 

practice of some facilities in which they have practiced anesthesia. Therefore, future endeavors 

should incorporate anesthesia providers from smaller facilities that may be more concerned with 

expenses and resources. In the future, larger focus groups could be conducted that includes 

anesthesia providers from various sized anesthesia practices to achieve a more representative 

perspective. To support this idea, all participants of this study did find the topic of the use of N2O 

and methylation defects to be of significance, which invites the possibility of larger studies of its 

kind with a more diverse sample. 

Future studies could also include patient education. One participant recommended 

providing learning material to patients who may receive nitrous oxide for prolonged periods of 

time throughout a procedure, a prolonged period of time defined as longer than two hours. The 

example that was used during the focus group was “suggamadex.” Suggamadex is a fairly new 
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medication used in anesthesia to reverse the neuromuscular blockade (paralysis) at the end of 

general anesthesia. Suggamadex has been shown to interact with progesterone and may reduce 

the efficacy of progesterone containing contraception. This includes oral contraceptives as well 

as implants and intrauterine devices (Williams & Bryant, 2017). Therefore, it is recommended 

that women of child bearing age who receive suggamadex during a procedure should be 

informed of the possible interaction and consider the use of other forms of birth control such as 

barrier contraception in addition to their progesterone based contraceptive for five to seven days 

(Williams & Bryant, 2017). This educational material is often provided in the form of printed 

material that is given to the patient. In this study, the recommendation by the participants was 

that printed material containing interactions with N2O vitamin B12 inactivation could be given to 

patients who receive N2O for two hours or longer so they are informed and can take personal 

initiative to supplement with B vitamins for a week after the procedure. 

DNP Essentials 

Essential II: Organizational and Systems Leadership for Quality Improvement 

The premise behind this essential is the ability of the doctoral prepared nurses to 

implement current research and literature into practice. This includes the development and 

appraisal of CPGs, formulating evidence-based interventions, as well as evaluating practice 

outcomes (DeCapua, 2016). This DNP project accomplishes this essential through formulating a 

team of anesthesia providers to appraise a CPG and evaluate how recommendations from this 

guideline can be used to enhance the practice of anesthesia.  
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Essential VIII: Advanced Nursing Practice 

In order for the doctoral prepared nurse to accomplish this essential the DNP nurse has to 

demonstrate advanced levels of clinical judgement and delivery of evidence-based care with the 

overall goal of improving patient outcomes (DeCapua, 2016). One of the main goals of this DNP 

inquiry was to educate nurses to possible genetic methylation defects and to encourage 

anesthesia providers to look deeper into their patient morbidities reiterating the notion that some 

of their ailments may be related to one of these genetic defects and what it means from an 

anesthesia standpoint. 

Conclusion 

As a result of valued conversations with veteran anesthesia providers, this author has 

learned of the significant changes in anesthesia practice over the last decades. These include 

changes to anesthesia delivery systems, changes in anesthetic agents and drugs used and 

improvements in monitoring and computer based systems. In addition, consumer knowledge of 

genetics has grown, evidenced by a recent surge in home genetic testing. For instance, current 

reports state that there was as many people that purchased DNA tests in 2018 than there were in 

all previous years combined (Regalado, 2019). So far, a total of approximately 26 million people 

have submitted their DNA for genetic testing via one of the major at home genetic testing 

conglomerates. According to Regalado (2019), at this rate, there could be more than 100 million 

individuals who have submitted their DNA within the next 24 months. Possible genetic 

methylation defects are one of many genetic abnormalities that can be evaluated using these 

tests. Therefore, over the next few years, more and more patients may present to the anesthesia 

provider with knowledge of their MTHFR status.  
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It is an important finding that while three out of the four anesthesia providers in this study 

had no prior knowledge of MTHFR or the other genetic methylation defects, all four of the 

providers stated that if they saw one of these genetic methylation defects on a patient’s history 

they would avoid the use N2O. These findings point to the need for provider education on this 

topic. Another important finding of this study includes a strong feeling among the anesthesia 

providers that the existing guidelines for methylation defects are not specific to anesthesia 

practice, pointing to the need for development of guidelines and/or practice protocols specific to 

this topic. With the development of these guidelines or protocols, anesthesia providers will be 

able to tailor the N2O anesthesia delivered to meet patient’s genetic profiles and hopefully avoid 

N2O anesthesia related complications. 
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APPENDIX A: 

SYNTHESIS OF EVIDENCE 
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Project Question: How will anesthesia providers who are informed about current practice guidelines pertaining to genetic methylation disorders 

and their anesthetic implications perceive their practice may change when presented with the clinical guidelines? 

References Qual: Concepts or 

phenomena 

Quan: Key 

variables 

Hypothesis 

Research Question 

Theoretical 

Framework 

Design Sample (N) Data Collection 

(Instruments/Tools) 

Findings 

Barajas-Nava, L., 

Sola, I., Delgado-

Noguera, M., Gich, 

I., Villagran, C., 

Bonfill, X., & 

Alonso-Coello, P. 

(2010). Quality 

assessment of 

clinical practice 

guidelines in 

perioperative care: a 

systematic 

appraisal. British 

Medical Journal, 

19(6). 

A quality 

assessment and 

appraisal of current 

clinical practice 

guidelines in the 

prevention of 

perioperative 

adverse events using 

the AGREE 

instrument to 

evaluate the CPGs’ 

quality and 

applicability in 

anesthesia. 

N/A CPG evaluation and 

appraisal 

N = 22 total CPGs 

included in the 

evaluation that 

consisted of the 

criteria desired for 

reducing 

perioperative 

adverse events 

including: 1.) 

pharmacological 

prevention of 

cardiovascular 

events. 2.) 

antibiotic 

prophylaxis of 

infection, 3.) 

maintenance of 

normothermia, 4.) 

management of 

transfusion. 

Data collection: CPGs 

were searched for the in 

the guideline database 

and clearinghouses as 

well as MEDLINE. 

CPGs were selected 

based on containing 

recommendations about 

topics of interests. 

CPGs were excluded if 

they did not contain 

recommendations on 

the topics of interests, 

referred to another 

healthcare field other 

than perioperative 

patients, or if they did 

not include care for 

surgical patients or if 

they solely focused on 

pediatric surgical 

patients. The CPGs that 

were chosen were then 

each evaluated by 3 

different evaluators 

with using the AGREE 

tool and given a score 

between 0-100% in 

each domain of the 

AGREE scores: 

Scope and 

purpose: mean = 

80.9%. 

Stakeholder 

involvement: 

mean = 51.3% 

Rigor of 

development: 

mean = 61.2% 

Clarity and 

presentation: 

mean = 69.7%. 

Applicability: 

mean = 42.5% 

Editorial 

independence: 

mean = 57%. 

Of the 22 CPGs, 

10 were 

‘recommended’ 

10 were 

‘recommended 

with exceptions’ 

and 2 were ‘not 

recommended.’ 

Overall, the study 

demonstrated that 

the AGREE tool is 
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References Qual: Concepts or 

phenomena 

Quan: Key 

variables 

Hypothesis 

Research Question 

Theoretical 

Framework 

Design Sample (N) Data Collection 

(Instruments/Tools) 

Findings 

AGREE (scope and 

purpose, stakeholder 

involvement, rigor of 

development, clarity 

and presentation, 

applicability, editorial 

independence). 

 

immensely useful 

in evaluating 

CPGs in 

anesthetic 

practice.  

Bellamy, M., 

McDowell, I., 

Ramsey, M., 

Brownlee, M., 

Bones, C., 

Newcombe, R., & 

Lewis, M. (1998). 

Hyperhomocysteine

mia after an oral 

methionine load 

acutely impairs 

endothelial function 

in healthy adults. 

Clinical 

Investigation and 

Reports, 98(18), 

1849-1852. 

Quantitative study 

evaluating 

associations 

between acute 

moderate 

hyperhomocysteine

mia and flow-

mediated 

endothelium 

dependent 

vasodilation in 

healthy adults. 

N/A Time course study N=10 

Mean age = 29 

Men: N=8 

Women: N=2 

Data collection: 

Methionine load 

(0.1mg/kg) 

administered orally to 

the subjects, serum 

homocysteine was 

measured at baseline, 1 

hour, 2 hours, 3 hours, 

4 hours, and 8 hours. 

Endothelial function 

evaluated via 

endothelial dependent 

vasodilation in response 

to flow with endothelial 

independent response to 

sublingual 

nitroglycerine. 

Branchial blood flow 

was induced via release 

of a wrist cuff, brachial 

artery diameter was 

measured with high-

resolution vessel wall 

tracking, and blood 

Homocysteine 

levels:  

Baseline average 

prior to 

methionine load = 

7.2micromol/L 

4 hours post 

methionine load = 

23.5micromol/L 

(p=<0.001) 

8 hours post 

methionine load = 

25.9micromol/L 

(p=0.002) 

Flow mediated 

brachial artery 

dilation: 

Reduction of 

0.12mm (+,- 

0.04mm) from 

baseline and 

remained impaired 

for 8 hours 

suggesting 
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References Qual: Concepts or 

phenomena 

Quan: Key 

variables 
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Theoretical 

Framework 
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(Instruments/Tools) 

Findings 

flow was measured 

with Doppler 

ultrasound. 

 

increased serum 

homocysteine 

impairs flow 

mediated brachial 

artery dilation in 

healthy subjects  

 

Glueck, C., Smith, 

D., Gandhi, 

Hemachandra, K., 

Shah, P., & Wang, 

P. (2015). Treatable 

high homocysteine 

alone or in concert 

with five other 

thrombophilia in 

1014 patients with 

thrombotic events. 

Blood Coagulation 

and Fibrinolysis, 26, 

736-742. 

 

Quantitative study 

evaluating how 

often treatable high 

serum homocysteine 

either alone or 

congruous with 

other thrombophilia 

is associated with 

thrombotic events  

 

N/A Prospective cohort 

study 

N = 1014 (363 

men, 651 women) 

Artherothrombosis

: N=198 

Ocular vascular 

thrombosis: 

N=199  

Osteonecrosis: 

N=211 

Pseudotumor 

cerebri: N=180  

Recurrent 

miscarriage: 

N=123 

DVT/PE: N=103 

 

Data collection: 1014 

outpatients who were 

referred for evaluation 

of thrombotic event. 

Exclusion criteria: 

patients who cancer 

was suspected for 

causing the thrombotic 

event, patients with 

sepsis, post-operative or 

post-traumatic events, 

and patients with long 

term immobility.  

Serum Hcy evaluation: 

high performance liquid 

chromatography 

(HPLC) with 

Patients were grouped 

based on: elevated Hcy, 

elevated Hcy as the sole 

thrombophilia, and 

elevated Hcy 

accompanying other 

thrombophilia 

 

Elevated Hcy: 

N=126 (12.4%) 

Elevated Hcy as 

the sole 

thrombophilia:  

N=50 (5%) 

Elevated Hcy 

accompanying 

other 

thrombophilia: 

N=50 (5%) 

Elevated Hcy 

accompanying 2 

other known 

thrombophilia: 

N=30 (3%)  

Evidence suggests 

Hcy as being a 

possible 

independent risk 

factor for 

thrombotic events 

and a synergistic 

risk factor when 

combined with 
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References Qual: Concepts or 

phenomena 

Quan: Key 
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Theoretical 

Framework 
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Findings 

other 

thrombophilia 

 

Kiasari, A., 

Firouzian, A., 

Baradari, A., Nia, 

H., & Kiasari, S. 

(2014). The effect 

of vitamin B12 

infusion on 

prevention of 

nitrous oxide-

induced 

homocysteine 

increase: a double-

blind randomized 

controlled trial. 

Oman Medical 

Journal, 29(3), 194-

197. 

 

Quantitative study 

evaluating the 

effects of a single 

dose of intravenous 

vitamin B12 either 

before or after the 

induction of general 

anesthesia that will 

include the use of 

N2O.  

 

N/A Double-blind 

randomized control 

trial 

N = 60 patients, 

ages 18-45, ASA 

status I or II (low 

risk), receiving 

elective surgery 

that was estimated 

to last > 2 hours. 

All patients were 

pre-medicated 

with 0.02mg/kg 

midazolam, 

anesthesia was 

induced with 

fentanyl 3mcg/kg 

and propofol 

2mg/kg, muscle 

relaxation was 

achieved with 

atracurium 

0.5mg/kg, 

anesthesia was 

maintained with 

isoflurane at 1 

MAC with 60% 

nitrous oxide 

(N2O). The 60 

patients were 

randomly allocated 

to 3 groups: 1.) 

Data collection:  

Blood samples to 

evaluate tHcy values 

were drawn on all 60 

patients before the 

induction of anesthesia 

for a baseline and then 

again 24 hours after the 

surgery. tHcy was 

analyzed with 

enzymatic assay. 

 

tHcy values: 

Group A: 

preoperative tHcy 

= 11.1micromol/L 

Postoperative 

tHcy = 

5.4micromol/L 

 

Group B:  

Preoperative tHcy 

= 9.8micromol/L 

Postoperative 

tHcy = 

8.2micromol/l 

 

Group C: 

Preoperative tHcy 

= 10.2micromol/L 

Postoperative 

tHcy = 

20.1micromol/L 

 

P = <0.001  

 Findings 

demonstrate that 

IV vitamin B12 

prior to the use of 

N2O significantly 

inhibits tHcy 
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Groups A received 

IV vitamin B12 

(1mg/100cc saline) 

prior to the 

induction of 

anesthesia and the 

use of N2O; 2.) 

Group B received 

IV vitamin B12 

(1mg/100cc saline) 

after the induction 

of anesthesia and 

discontinuation of 

N2O; 3.) Group C 

did not receive IV 

vitamin B12 at all. 

 

increases 

associated with 

N2O exposure. 

Intravenous 

vitamin B12 after 

N2O exposure 

reduces tHcy as 

well but the values 

are not significant.  

 

Li, M., Wang, H., 

Zhang, N., Xuan, L., 

Shi, X., Zhou, T., . . 

. Li, H. (2017). 

MTHFR C677T 

gene polymorphism 

and the severity of 

coronary lesions in 

acute coronary 

syndrome. 

Medicine, 96(49). 

 

Quantitative study 

Evaluating the 

severity of coronary 

lesions and 

circulating serum 

homocysteine levels 

in C677T MTHFR 

polymorphism 

(normal C677T 

variation (CC), 

heterozygous 

C677T (CT), 

homozygous C677T 

(TT)) in patients 

diagnosed with 

N/A Observational study N = 310 (men = 

179, women = 

131)  

CC (normal) = 78  

CT (heterozygous) 

= 137 

TT (homozygous) 

=95 

 

Data collection: adult 

patients diagnosed with 

ACS who underwent 

coronary angiography 

and percutaneous 

coronary intervention.  

Excluding factors: 

situations that would 

affect homocysteine 

levels such as patients 

with renal or hepatic 

disease, severe 

infections, tumor and 

malignant diseases, 

endocrine pathology 

Serum Hcy 

evaluation: 

patients in the TT 

group had 

significantly 

higher serum Hcy 

levels than the CC 

or CT groups. 

TT = avg Hcy 

22.35micromol/L 

CT = avg Hcy 

14.53micromol/L 

CC = avg Hcy 

14.52micromol/L 

P<0.5 
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acute coronary 

syndromes. 

that can affect 

homocysteine levels, 

and patients taking folic 

acid, vitamin B6, and 

vitamin B12 

supplements.  

Serum Hcy evaluation: 

high performance liquid 

chromatography 

(HPLC) with 

electrochemiluminesnc

e. 

MTHFR genetic 

testing: amplification 

refractory mutation 

system-polymerase 

chain reaction (ARMS-

PCR) patients were 

grouped based on their 

MTHFR C677T 

polymorphism (CC, 

CT, TT) 

Coronary lesion 

severity: Gensini scores 

evaluated by 2 

experienced 

cardiovascular 

specialists 

independently who 

were blinded to 

MTHFR C677T 

polymorphism status. 

TT variation 

proved to be 

independently 

associated with 

higher circulating 

Hcy levels.  

Coronary lesion 

severity:  

Gensini scores 

were significantly 

higher in patients 

with TT 

suggesting that 

patients with TT 

mutations had 

more severe 

coronary lesions 

than the other 

groups. 

TT Gensini = 

40.92 

CT Gensini = 

35.18 

CC Gensini = 

30.60 
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Nagele, P., B, Z., 

Wiener, C., Burger, 

H., Hupfl, M., 

Mittlbock, M., & 

Fodinger, M. 

(2008). Influence of 

methylenetetrahydro

folate reductase 

gene 

polymorphisms on 

homocysteine 

concentrations after 

nitrous oxide 

anesthesia. 

Anesthesiology, 

109(1), 36-43. 

 

Quantitative study 

evaluating nitrous 

oxide’s effects on 

tHcy levels in 

patients with the 

common MTHFR 

polymorphisms 

C677T and A1298C 

compared to 

patients without the 

genetic defect.  

Normal C677T = 

CC 

Heterozygous 

dysfunction C677T 

= CT 

Homozygous 

dysfunction C677T 

= TT 

Normal A1298C = 

AA 

Heterozygous 

A1298C 

dysfunction = AC 

Homozygous 

A1298C 

dysfunction = CC 

 

N/A Prospective, 

observational cohort 

study with blinded 

mendelian 

randomization 

N = 140 patients 

categorized as 

either ASA I or 

ASA II (low risk) 

undergoing 

orthopedic 

procedures, > 18 

years of age, to 

undergo anesthesia 

for > 2 hours. 

Patients younger 

than 18, patients 

that were pregnant, 

and patients that 

took supplemental 

vitamin B12 or 

folate were 

excluded.  

All patients were 

pre-medicated 

with 2mg 

midazolam, 

induced with 

fentanyl 1-

3mcg/kg, propofol 

2-3mg/kg, and 

muscle relaxation 

was achieved with 

rocuronium 

0.6mg/kg, 

anesthesia was 

maintained with 1-

Data collection:  

Blood was drawn for 

MTHFR genetic status 

prior to surgery but 

samples were not 

analyzed before the end 

of the study. 

tHcy levels were 

analyzed via 

micorparticle enzyme 

immunoassay and 

drawn at 3 intervals: 1.) 

preoperative holding, 

2.) 2 hours after the 

initiation of general 

anesthesia, 3.) at the 

end of the surgery. 

 

MTHFR status: 

No MTHFR 

dysfunction 

(CC/AA): N=18 

Heterozygous CT 

only: N=26 

Homozygous TT 

defect: N=17 

Heterozygous AC 

only: N=36 

Homozygous CC 

defect: N=8. 

Heterozygous for 

both defects 

(CT/AC): N=35. 

 

tHcy elevation: 

patients with NO 

MTHFR defects 

(CC/AA) had a 

22% increase in 

tHcy from 

preoperative to 

postoperative 

values (8.3 vs 

10.1micromol/L) 

 

Patients with 

homozygous TT 

MTHFR defect 

had a 35% 

increase in tHcy 
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2% sevoflurane 

with 66% 

N20/33% O2 

mixture.  

 

from preoperative 

to postoperative 

values (10.2 vs 

13.8micromols/L) 

 

Patients with 

homozygous CC 

MTHFR defect 

had a 76% 

increase in tHcy 

from preoperative 

to postoperative 

values (9.2 vs 

16.2micromols/L) 

 

Patients 

homozygous for 

either mutation 

had 3 times the 

increase in tHcy 

values compared 

to patients who 

did not have any 

MTHFR 

dysfunction (5.6 

vs 1.8micromol/L) 

p=0.03 

 

16 patients 

received N2O for 

longer than 4 

hours; there was 
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an 80% increase 

in tHcy levels (8.1 

vs 

14.6micromol/L) 

and this increase 

was independent 

of MTHFR status. 

 

Orhon, Z., Koltka, 

E., Tufecki, S., 

Buldag, C., Kisa, 

A., Durakbasa, C., 

& Celik, M. (2017). 

Methylene 

tetrahydrofolate 

reductase 

deficiency: the 

hidden risk in 

paediatric 

anaesthesia. Turkish 

Journal of 

Anaesthesiology 

and Reanimation, 

45, 277-281. 

 

Quantitative study 

evaluating other 

commonly used 

anesthetics 

(propofol & 

sevoflurane) for 

their effects on tHcy 

values in pediatric 

patients with known 

MTHFR genetic 

dysfunction. Nitrous 

oxide was not used 

due to the known 

MTHFR 

dysfunction. Four of 

the pediatric 

patients had IV lines 

already in place and 

therefore received 

propofol for the 

induction and the 

maintenance of 

anesthesia (TIVA). 

The other 8 patients 

N/A Retrospective study N = 12 (7 males, 5 

females) pediatric 

patients with 

known MTHFR 

dysfunction (TT: 

N=9, CC N=3) 

that was diagnosed 

prior to the 

surgical 

procedures. 

MTHFR 

investigation was 

performed on the 

children due to: 

generalized 

convulsions in 4, 

hypotonia in 2; 

nystagmus in 1, 

retinitis 

pigmentosa in 1, 

growth retardation 

in 1, and a family 

history of MTHFR 

in 3.  

Data collection: 

All 12 patients had 

blood drawn for tHcy 

values both before the 

induction of anesthesia 

in the preoperative 

period and 24 hours 

after the procedure in 

the postoperative 

period.  

 

tHcy values: 

mean preoperative 

tHcy = 5.36 

micromol/L 

mean 

postoperative 

tHcy = 

4.58micromol/L 

(4 TIVA patients 

= 

4.17micromol/L; 8 

sevo patients = 

4.79micromol/L) 

 suggesting no 

significant change 

between 

preoperative and 

postoperative 

tHcy levels. 

This evidence 

demonstrates that 

the only 

commonly used 

anesthetic agent 
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did not have IV 

lines in place prior 

to the procedure and 

therefore received 

inhalation induction 

of Sevoflurane and 

anesthesia was 

maintained with 

Sevoflurane as well. 

Since all patients 

were known to have 

MTHFR 

dysfunction, they 

were all previously 

placed on folate and 

vitamin B12 

supplementation.  

 

 that increases 

tHcy is in fact 

nitrous oxide.  

 

Pichardo, D., 

Luginbuehl, I., 

Shakur, Y., Wales, 

P., Sohemy, A., & 

O'Conner, D. 

(2012). Effect of 

nitrous Oxide 

exposure during 

surgery on the 

homocysteine 

concentrations of 

children. 

Anesthesiology, 

117(1), 15-21. 

Quantitative study 

evaluating the 

effects of nitrous 

oxide (N2O) 

anesthesia on 

plasma total 

homocysteine 

(tHcy) 

concentrations in 

children 

 

N/A Observational study N = 32 children 

under the age of 11 

years, weighing > 

3kg, scheduled for 

surgery with 

general anesthesia 

lasting an 

estimated > 2 

hour. Patients who 

had received 

anesthesia within 

the previous 30 

days, or with 

diseases and or 

Data collection:  

Blood samples were 

taken after the 

induction of anesthesia 

and re-taken 24 hours 

after the procedure. 

Both samples were 

evaluated for tHcy via 

liquid chromatography-

electrospray tandem 

mass spectrometry. 

 

tHcy levels: 

Median tHcy 

preoperative = 

5.1micromoles/L 

Median tHcy 

increase 

postoperative = 

1.2miccromoles/L 

(25% increase) p= 

< 0.0001. 

9 children 

received N2O for 

>3.5 hours and 

experienced an 
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 taking medications 

known to effect 

tHcy levels were 

excluded 

 

80% increase in 

postoperative 

tHcy, median 

tHcy increase was 

4.1 in these 

children 

p=0.0078.  

Duration of N2O 

exposure had a 

direct linear 

relationship in the 

increase in 

postoperative 

tHcy levels.  

 

Yi, M., Li, L., Xue-

Bin, G., Ye, H., 

Ming, S., Zheng, T., 

. . . Guo-Yu, Z. 

(2016). Correlation 

between 

hyperhomocysteine

mia and outcomes 

of patients with 

acute myocardial 

infarction. 

American Journal of 

Therapeutics, 23(6), 

1464-1468. 

 

Quantitative study 

comparing short-

term outcomes in 

patients with normal 

tHcy and elevated 

tHcy who have 

sustained an acute 

myocardial 

infarction 

 

N/A Prospective cohort 

study 

N = 805 patients 

successfully 

treated PCI within 

12 hours of from 

the onset of chest 

pain. Patients had 

to have been 

diagnosed with 

acute myocardial 

infarction based on 

at least 2 of the 3 

following 

standards: 1.) chest 

pain continuing for 

> 30 minutes, 2.) 

dynamic evolution 

of ST-T appearing 

Data collection: 

All patients included 

underwent overnight 

fasted blood draws to 

evaluate tHcy levels. 

the patients were then 

placed in 2 groups 

based on their tHcy 

value. tHcy > 

15micromols/L =high, 

tHcy < 15micromols/L 

= low 

Groups H: high 

homocysteine level > 

15micrommols/L 

(N=457) 

Group L: low 

Total Adverse CV 

events: 

Group H had 

significantly 

higher adverse CV 

events than did 

group L (22.8% vs 

11.8% p = < 

0.001) 

Group H:  

Heart failure: 

9.6% 

Cardiac rupture: 

3.5% 

Angina pectoris: 

6.1% 

Re-infarction: 
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in the 

electrocardiogram, 

3.) dynamic 

increase in 

troponin 1, 

troponin T, CK 

isozyme levels of 

> 2-fold higher 

than the normal 

upper limit. 

Patients with folic 

acid and or 

vitamin B 

deficiency, as well 

as patients with 

renal insufficiency 

were excluded  

 

homocysteine level < 

15micromol/L (N=348) 

Patients were then 

evaluated for adverse 

within 30 days of the 

AMI. 

Adverse CV events 

criteria included: 1.) 

angina pectoris with 

ischemic ST-T changes, 

and angiography 

confirmation that there 

is no in-stent occlusion, 

2.) re-infarction with 

ST-T ischemic changes 

with angiography 

confirmation of in-stent 

acute and subacute 

thrombotic occlusion, 

3.) Heart failure Killip 

class =>II, 4.) cardiac 

rupture, 5.) death 

 

4.4% 

Death: 7.9% 

Group L: 

Heart failure: 

2.3% 

Cardiac rupture: 

1.1% 

Angina pectoris: 

4.6% 

Re-infarction: 

3.4% 

Death: 2.3% 

Group L had 

significantly 

higher incidences 

of both diabetes 

and 

hyperlipidemia 

than did Group H 

but Group H had 

significantly 

higher incidences 

of multi vessel 

disease than group 

L (68.5%) vs 

56.4% p <0.001) 

 

Zhang, X., Hong, 

L., Jin, H., Ebin, Z., 

Brodsky, S., & 

Goligorsky, M. 

(2000). Effects of 

Quantitative study 

evaluating a 

possible relationship 

between 

homocysteine and 

N/A Observational Study group: 

Harvested human 

umbilical 

endothelial cells 

(HUVEC) with 

Data collection: 

HUVECs were 

harvested and incubated 

in-vitro. the study 

group was pre-treated 

Group A 

compared to 

control: 

bradykinin 

exposure = 1.7% 
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homocysteine on 

endothelial nitric 

oxide production. 

American Journal of 

Physiology Renal 

Physiology, 279(4), 

671-678. 

 

reduced nitric oxide 

release from 

endothelial cells 

 

24-hour pre-

treatment of 

homocysteine 

concentrations (10, 

20, and 

50micromolL) 

Control group: 

HUVEC not 

treated with 

homocysteine. 

with homocysteine then 

treated with bradykinin 

and l-arginine to 

evaluate the levels of 

NO that was released. 

The results were 

compared to a control 

group in which was not 

pre-treated with 

homocysteine. 

Study group: 

Group A: pre-treated 

with 10micromol/L hcy 

Group B: pre-treated 

with 20micromol/L hcy 

Group C: pretreated 

with 50micromol/L hcy 

 

decrease in NO 

L-arginine 

exposure = 9.8% 

decrease in NO 

Group B 

compared to 

control:  

Bradykinin 

exposure = 21.8% 

decrease in NO 

L-arginine 

exposure = 34.1% 

decrease in NO 

Group C:  

Bradykinin 

exposure = 52.9% 

decrease in NO 

L-arginine 

exposure = 83.8% 

decrease in NO. 
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APPENDIX C: 

CLINICAL PRACTICE GUIDELINE 
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APPENDIX D 

FOCUS GROUP GUIDELINE 
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Focus Group Guideline  

 

Total meeting time: 150 minutes.  

 

 Meeting and introductions (15 minutes) 

o Author introduction (5 minutes) 

o Each participant will introduce their self, state their title, years of experience, and 

specialty if applicable (10 minutes) 

 

  Brief overview of the topic (15 minutes) 

o The author will detail their experience with genetic methylation defects (5 

minutes) 

o The group will be asked a general question based on their experiences with the 

topic and an open discussion will occur (10 minutes) 

 

Question: Were you aware of these issues prior to agreeing to participate in this focus 

group?  

 

 CPG appraisal and score evaluation (60 minutes) 

o The group will have time prior to initiation of CPG scoring to ask any questions 

or concerns they may have with the CPG or with the grading process 

o Once scoring is completed, the scores will be compared to other participant scores 

as well as the author’s score. Major discrepancies in scores will be reviewed as 

well. 

 

 Focus Group Discussion (60 minutes) 

o The group will be asked open ended questions and each participant will be given 

time to respond.  

Focus Group Questions 

 

1.) In your opinion, do you see this as a significant issue as it pertains to anesthesia? 

Why, or why not? 

2.) If you feel as if this is a significant issue pertaining to anesthesia, what concerns you 

most about this issue? 

3.) Do you feel as if this CPG can be used in an anesthesia setting? If so, how? 

4.) If you believe that this CPG can be useful in anesthesia and were going to create a 

policy based on this CPG, what specific recommendations did you identify that could 

be utilized for patients in the perioperative setting? 

5.) In the future, how might your anesthetic practice change, if at all?  
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