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ABSTRACT
Nitrous oxide (N2O) is a commonlyavailableinhalational agenih anesthesiatilized by
many anesthesia provideshich isconsideredo be asafe and effective agent for anesthesia
purposes. Howevett, has been implicated in rare, but severegsase effectin patients with
genetic methylation defec(Baum, 2007)While a generaguidelineby Huemer et al(2017)
pertaining to the diagnosis and treatmenmnethylation disorderdoes existno comprehensive
guidelines addressing the use ofONn anesthesia practi@nd these genetic disorders currently
exists. Aimsof the quality improvemergroject werel.) recruit members of a local anesthesia
practice to evaluate an existing clinical practice guideline by Huemer et al. (2017) aimed at
enharing 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 patientstiagtation
defects
Participants for this DNP Projewstere selected via purposive sampling of anesthesia
providers. Data collection for aim 1 was conducted ugiegAGREE Il tool scoring framework
and data collection for aim 2 was conducted via deseeiatnalytics 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 beingdomain 2“ St akehdlvieeare nitiv d% anddomarb r e dp e Lli cabi | |
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

themesperthpar t i ci pant s’ responses were that the i
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significant but that it might not ultimately change their anesthesia practice as theaatsion

this study do not usd20 for long durations of time as part of their praeti
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INTRODUCTION

The clinical problenthe author seek® improve is enhancing knowledge amongst
anesthesigroviders pertaining to the care for patients with genetic methylation disorders.
Specifically, focus is placed on methylégteahydrofolate reduase (MTHFR)genetic
dysfunction and cobalamin genetic defects and their relationship with methionine synthase
dysfunction and what this means from an anesthesia standpognpuifpose aihe projectis to
identify four anesthesia providers and togetlpgraise the clinical practice guideline (CPG) by
Huemer et al. (2017) concerning these methylation disorders using the AGREE Il instrument to
evaluate the quality of the guideline and decide if recommendations from the guideline can be
used in perioperatessetting.

Background

Homocysteine is an amino adeérivedfrom the dietaryobtained amino acid methionine.
The process by which homocysteine is formed from methionineasalex, revolving, ever
occurring, methylation, demethylation, and remethylapimtesses that is explored in more
detail later. Homocysteine throughout the medical field often receives a bad reputation when in
fact homocysteines avastly important amino acitthat is required in numerousethylation
reactionsn the body(Ganguly &Alam, 2015) However, issues cdegin toarise if
homocysteine is unable to lEemethylated to methionine. Firstly, failure of this to occur can
impede furtheformation of other vastly important substances within the lclyding the
formation of SadenosylmethioninéSAM), SAM being required for the synthesistioé
neurotransmitterdopamne, epinephrine, norepinephrine, asiotonin(Bhatia & Singh, 2015)

Secondly, alterations with this-reethylation process can resultigperhomocysteinemja
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condition where the concentration of homocysteine within the plasma becomes too high
(Ganguly & Alam, 2015)Hyperhomocysteinemiaas been associatadth a variety of vascular
pathologies including increased risk of thrombus formation, cardiovascutasdiscerebral
vascular disease, myocardial infarction and st{@#onet al., 2017)Additionally,
hyperhomocysteinemia has been associated with neurocognitive disorders in children such as
mental disorders, behavioral disorders, ataxia, and many ¢thezmeret al., 2017)A table is
provided below(Table 1)that outlines some of the commdisease processassociated with
genetic methylation defecpgovide ty Huemer et al. (2017).he exact mechanism of how
homocysteine may yield these ailmentanglear but it is thought that high homocysteine may
lead to direcendothelial dysfunction,xdative stress, reduceessel wall elasticity, enhanced
inflammatoryresponses via production ofr€active protein, and instigation of
hypercoagulabilitf{Gangily & Alam, 2015)

TABLE 1. Genetic methylation defect associated diseasegsses

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 converteedaieBosylmethionine
(SAM). SAM, being a premier methyl donor once formed, continues down various spectrums to
provide methyl groups and catalyze countless methylation interactions in viguetly 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 adenosiftto, Massey, & King, 2013). Once at thigsition, 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 transsulibathtiay or
the remethylation pathway. Transsulfuratiomolves homocysteine being converted to the
amino acids cysteine and taurine via the enzyme cystathibetasynthase. This pathway is
crucial for the production of the endogenous antioxidant glutathionine as cysteine formation is
required for its synthes{®hatia & Singh, 2015) The remethylation pathway involves
homocysteine being remethylated to methionine; a process catalyzed by methionine synthase
(Ho, Massey, & King, 2013)n order for methionine synthase to properly catalyze this
remethylation processhe active form of vitamin B 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 folatettayltetrahydofolate
(5-MTHF), serves as this substrdi¢o, 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 vario@asioas. A diagram takemdm

Bhatia andSingh (2015js provided below.
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FIGURE 1 Methylation cycle( Adapted from “Homocysteine excess:

ner ot oxicity and depr 8isgb, 2015 AugustyiBuRRlamerBah & Clinical Plaarmdcoltly,
29, p. 523)

Folate Activity
Folate and folic acid consumed in foods and supplements exist in their inactivated
molecular forms of 5,nethylenetetrahydrofolate (5 MTHFR). In order to be of any
significance in the bodyhey 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 converd B0

del
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(inactive) to5-MTHF (active)(U.S. National Library of Medicine, 2018)0nce in this active
form, 5MTHF can then serve as the required substrate methionine synthase requires in order to
convert homocysteine to methionineMa' HF accomplishes this by acting as a méttgnor
providing homocysteine a methyl group that converts homocysteine back to methionine
(Ganguly & Alam, 2015)
Cobalamin Activity

Cobalamin (vitamin B), found in foods such as eggs, fish, meats, milk, as well as many
supplements, relies on gainiagcess into various cells in order to become the activated form
methylcobalamin to then serve as a cofactor for methionine syrthrasse & Gravel, 2010).
Once cobalmin is ingested and absorbed through the gastrointestinal tract, cobalamin becomes
boundto 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 cobalaoniy binding to complete
and nornimpaired cobalamin. Once bound, the intrinsic factpalamin 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 adiiwa 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 acobalamin 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 transcobalaipdizamin 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 cofacfozebalamin are active,
methylcobalamin serving as the cofactor for methionine syn{fr@asese & Gravel, 2010).
Methionine SynthaseDysfunction

As we can gather, methionine synthase is a crucial aspect of the methyaltion cycle that
requires adequate fation of thetwo key elements vitaminiBand 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 synthasendgfithere
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 vitamif@anguly & Alam,
2015) It is also possible that methionine synthaan 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 consideratio 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 synthagethe
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 toTdwase
geneticdisorders are all very complex and can be diffitco 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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(Huemeret al.,2017) Some of these are 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
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 @@iwitis not converted to a usable
form, the homocysteine to methionine conversion becomes dysfunctional and serum
homocysteine levels can become elevéBdthtia & Singh, 2015)

When describing MTHFRaeficiency, there are primarily twaolymorphisms thatend 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
nor mal variation appears as '€67veécCs [ gdianadih
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 appeassa' A1298 A’ again, indicat.
function. The |l etters *“A’" and * C’ represents
polymorphism indicates that a cytosine has replaced the adenine in that position resulting in a
dysfunctional gene variatidi®berg, 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 thath alleles in the genetic pair are dysfunctional.

Heterozygosity dysfunction is thought to redu

whereas the rarer of the two, homozygosity
functionality even furter rendering an enzyme that only functions at around @&aguly &
Alam, 2015) Of course, homozygosity is associated more with hyperhomocysteinemia than its
heterozygous counterpdfsanguly & Alam, 2015)Predispositions of the genetic alterations
vary amongst ethnicities and races. Current literature suggests that the homozygous C677T
polymorphism occurs in-88% of individuals with European ancestry;29% in Hispanic
populations, and 7% in people of African desd@tierg et al.2015) Heterozygouss far more
common occurring in 50% of Hispanic populations, 43% inH@panic white, and 20% in
nonHispanic black populations. The A1298C variation is not quite as common as its C677T
counterpart with only % to 10% of the US. population being homozygs for the mutation with
the heterozygosity mutationgatisposition ranging between 2942% (Oberget al.,2015)
Cobalamin Genetic Dysfunction

As previously discussed, methionine synthase requires both the activated forms of folate
(5-MTHF) and vitaminB12 (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 vitamina®nd.Currently, existinggenetic defects that are known to
effect cobalamin include CblA, CbIB, CbIC, CbID, CblE, CblF, and CbIG 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 activéffedese & Gravel, 2010CbIA and CbIB are

not mentioned in thianalysis as they are not known to interfere with methionine synthase and

dy
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cause increases in homocystefReese & Gravel, 201MHowever, CbIC, CbID, CbIE, CbIF,
and CbIG genetic defects are known to reduce mdttesynthase and although they appear to
be more rare than variations of MTHFR genetic dysfunction, they appeeate 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 CbIC disorder. Patients
with genetic disorders of CbIC tend to have an issue with intracellular vitasnme®abolism in
which the cofactors adenosylcobalamin and methylcobalamin are not proBegsshding 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 treatme(fEroese & Gravel, 2010LbID is more poorlynderstood than CbIC
but the consensus is that it manifests similarly to CbIC just not as severe. Additionally, it may
affect both the metabolism of vitamin£as well as binding sites that ultimately interferes with
intracellular trasport of vitamin B2 (Froese & Gravel, 2010CbIF appears to be an issue with
vitamin By 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 whatarnm becomes
adenosylcobalamin and methylcobalariiinoese & Gravel, 2010). CbIE and CbIG 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 methylcobalanmniransferred to homocysteine to remethylate
theamino acid back to methionine which also reduces methylcobalamin back to cobalamin

(Froese & Gravel, 2010).
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Anesthesia Significance

Nitrous oxide N20) is a commonly used gas in anesthesia and is a kimdwbitor of
methioninesynthase. It inhibits methionine synthase via oxidation of the cobalt ion on the
vitamin B> molecule that methionine synthase requires in order to function prggeitliiri &
Sachan, 2005 his reaction has been associated wittous oxide induced
hyperhomocysteinemia patients regardless of their methylation function when the gas is
administered for prolonged periods of tifiNageleet al., 2008) The increase in homocysteine
with the use of WO has also shown to be mor@pounced in patients with genetic methylation
abnormalities such as MTHFR dysfunctigtuemeret al.,2017) Nitrous oxide use in patients
with these disorders has been reported to be the culparious of anesthetic relatadverse
eventsncluding areported fatal adverse event where an infant with undiagnosed MTHFR
dysfunction received general anesthesia with a mixture of halothane@whNwo 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 testeellaend
demonstrated to also have MTHFR dysfuncti8akeret al, 2003) For these reasons, the
methylation disorder guideline Byuemeret al. (2017)trongly recommends against the use of
N20 during anesthesia patients with methylation disorders

This effect NO has on the vitamin B 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 especialigatitens that can occur if2 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 homocysteinereasesind are thus administered without the fear of
complications related to methylation iss@@shonet al., 2017)

The goal of this inquiry is not to attempt to diminish the usex@f Bls an anesthetic.®
has many benefits when used including cmmg 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, its cost effective and contains a sweeter smell that makes it a popular choice with
mask inductions, especially in pediatr{@rhonet al., 2017) That being said, the issues that
appears to occur with2d administration seems to be correlated with thetourahat the gas is
used. For instance, the example mentioned above where the child with an undiagnosed MTHFR
genetic alteration had a fatal adverse effect wit® ,Nhe child hadeceived two procedures
within four days of each other in which general sthesia was utilized for both procedures. In
both procedures, 20 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 minutesA study byPichardo et al. (2012) demonstrated statistically significant
increases in total homocysteine levels after the use®@filNpedatiric patients but again, the
subjectgeceived NO at concemaitions of 60% for longer than tWeurs. The studghowed a
direct correlation with the duration ob® 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 pasemithout 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% MO for longerthantwo hours.

This seems to be a common theme in many of these studies pertaining to the effects on
N20 and total homocysteine levels. All studies that evaluate this phenomenon tendueriiave
specific criterian which the patients must receive aNconcentration of greater than 50% as
part of their anesthetic gas mixture and they must receive this mixtugreater than or equal to
twohours. Typically, in the author’s eXmperienc:é
two very distinct wgs. One being in pediatric patients during mask induction in which the child
is induced with a mixture of approximately 70%MNand 30% oxygen mixed with sevoflurane.
As mentioned above,X i s better tolerated by ple@eatri c |
the child is asleep, general anesthesia is then typically maintained with sevoflurane. The total
time NoO is used for this approach does not typically exdé®adinutes. The other way the
author has experienced® used in clinical practice is up@wakening 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 raintain an optimal state of general anesthesi@, il added to the mixture.
Theoretically, in this way, DO is used as fresh gas flow as well as an anesthetic and sfdce N
is providing a degree of anesthesia, the other volatile agent can be lowerdteyrtead to
take longer to be expelled from the body. Once the procedure is e@ers Mirned off, oxygen
administration is increased and tigO is rapidly expelled, much faster than the other volatile

agents. This technique is used by providerstothee n t hei r patient’s emerg
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anesthesia as well as reap the benefits of analiyeSias able to provide that the other volatile
agents are not able to proviffdood & Shafer, 2015)Again, when used in this way, toté4O
administration tne is hard to precisely estimate but &l less than twbours. How much of an
increase in total homocysteine short durationd8 administration may cause is really not easy
to say since studies are lacking in this area.
Aims

The overall questiorhe project seeks to answer is: will anesthesia providers find clinical
practice guidelines regarding methylation defects useful in the context of their anesthesia
practiceFurthermore, the project seeks to answer the question: how might an anesthesia
proi der’ s practice change knowing ndefacts a gui del
exists? The specifidras of this project are td) recruit members of a local anesthesia practice
to evaluate an existing clinical practice guideline by Huemer e2@l7) aimed at enhancing
and improving the diagnosis and treatment of patients witbtgemethylation defects; and) 2
based on the review of the guidelines, have local anesthesia providers make practice
recommendations that could enhance anesthesidotgratients with methylation defeciBhe
CPG to be appraised is locatadAppendix CData collection for the first aim will be conducted
using the AGREE Il instrument framework for evaluating and grading CH&SAGREE Il
tool is located in ApendixB. The AGREE Il grades CP&based on silomains and the
appraisers score each domain based on critéttian the AGREE Il instrument and provides
their final assessment on the CPG as instructed within the AGREE |l frameworkeddrel

aim will becolleded by recording the responses to the samictured questions during the
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focus groupThe responses by each provider will be analyzed using descneiheds,
focusing oncompilingcomma themes given by each provider in response to the questions
THEORETICAL FRAMEWORK

The theoretical framework most beneficial with guidingDNP inquiry, one that is
focused on genetic anestleeitnplications, is th&tetler Model One of the major determinants
for why the Stetler nodel supportsheinquiry most appropately 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 knowledgea subject in which
theyfeel may impact their practige a positive manneand then takes steps in applyihe
newly obtained knowledge into their practice.

The Stetler mdel of research utilization layse 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 prattoner may want to create changeailargersetting(National
Collaborating Centre for Methods Tools, 2017) Regardless of the level, this model provides
steps for navigating through smadbssibly personal endeavoes well as larger organizational
endeavors and how to transition through the intermediatesmdus| does this by identifying
threekey forms of research utilization) Instrumental useefers to directly applying knowledge
gained from research into pract@ae individual practitioner) Conceptual useefers to how
the new knowledge changes the way the practitioner or a group of practitioners change their

thoughts obeliefs on an issue; and, Symbolic usés actually using the knowledge to alter
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policy in order to influence the havior of others which will be done with changes of policy

within organizationgNational Collaborating Centre for Metho&sTools, 2017)Currently,

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

haveto depend on thmstrumental useoncept provided within the Stetler Model.

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

research of various genetic methylation defects, research utilizaBodpsint For instance

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

evaluation occurre@Leclerc, Sibani, & Rozen, 2013pver the youn@5 years of investigation,

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

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

individud practitioner and the Stetleradel laysthis foundation to do just tha@ diagram of the

Stetler nodel is provided beloFigure 2)taken from Stetler (2001).
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SYNTHESIS OF EVIDENCE

Whenperforminga literaturereviewon methylation and renethylation genetic
disorders, a step wise procesasperformed. Since one of the main issues associated with these
methylation disorders iherelationshipthey havewith homocysteine and
hyperhomocysteinemjahe initialemphasis of the search wiasusedon 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 hyperhonioeysteand 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 vitaBir asa treatment techniquand the use of other
anesthetics in patients with these defects.

Thesearch was conducted via PubMed €umulative Index of Nursing and Allied
Health Literaturd CINAHL). Thefollowing key termswere used for the initialterature review
hyperhomocysteinemia combined with the tex@sous thromboembolism, thrombophilia,
homocysteine pathology, cardiovascular disease, cognitive dysfunction, M TdB&amin
deficiency and stroke. Inclusion criteria for tpessible effe@homocysteindason endothelial
function included studies conductedhin the last 20 years, English language, and full text
articles.Inclusion criteria for moridlities associated with hyperhomocysteinem@uded
articles within the last fivgears,conducted on human subjects, with full text available.

Homocysteine and Endothelial Function
To demonstrate the effedtsathomocysteine can have on endothelial functiowo,

articles were choseiihe first article was a study conductegBellamy ¢ al. (1998)
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demonstratingatients with acute hyperhomocysteineiméainga reduction in flowmediated
brachial artery dilationThe findings of the studsuggestedhat endothelium vasodilatianay
beimpaired in the presence of higarumhomocysteine. Hower, this study used a methionine
load to increase serum homocysteine levels and therefore could nafpretiyywhether it was
indeed the high serum homocysteine levels that caused the reduceddtbated vasodilation
or the methionine load.

The secod article chosen was a study Blyang et al. (2000) that may be able to offer a
reasoning behind hyperhomocysteinemia and endothelial dysfunctiorstiithysevaluated the
direct effect that homocysteine has on both endothelial release of nitric oxideriNO)
endothelial cell responses to nitric oxide. It accomplished this by harvesting human umbilical
vein endothelial cells (HUVEC) and exposing them to homocysteine for 24 heitsoinThe
HUVECs were then treated with bradykinin angidginine which a& known to stimulate the
release of nitric oxide. They then measured t
homocysteine. The results were compared to a control group in which the HUVECs were not
pretreated with homocysteine but exposed tosthime doses of bradykinin andrginine 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 homocysiree. On the upper end of NO suppression, the HUVEGs$reated with
the largest amount of homocysteine (50micromol/L) demonstrated the largest reduction in NO
(83.8% reduction). Of course, conducting the study via afitio 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 issuesahabccur from injury to the vascular
wall from platelets and other cel([Sousulis, Kampoli, Tentollouris, Papageorgiou, & Stefanadis,
2012). Therefore, inducing hyperhomocysteinemia with the use®@fculd result in transient
endothelial dysfunction bgltering the release of NO.
Hyperhomocysteinemia Associated Pathology

To demonstrate pathology associated with long &ffects hyperhomocysteinemia, three
articles were chosen. The first article by Glueck et al. (2015) investigated how high serum
homog/steine may be independently associated with thrombotic eveidgionally, they
investigated a possible synergistic effetth high serum homocysteine and thrombotic events
whenexistingconcurrently with other known thrombophilia such as factor V émeid
prothrombin mutations, and high levels of factors VIl andTkle diagnosed thrombotic events
in the subjects includeeenous thromboembolissifVTE), artherothrombosis, ocular vascular
thrombosis, and pulmonary embolism. Of the 1014 patients inclndbd study, 126 patients
(12.4%) had high homocysteine; 50 patients (5%) had high homocysteine as the independent
thrombophilia factorSome 30patients wes found to have MTHFR mutationr&nd 460f the
patientsfound to have MTHFR dysfunctiomere eitler homozygousor theC677T
polymorphismor hadcombined heterozygosity for bo8677T andA1298Cpolymorphisms and
demonstrated higdr than normaserum homocysteine levels. This study ultimagelggestshat
high serum homocysteineither independentlgr with other known thrombophilj@an 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 patisrttad a significant reduction in serum homocysteine
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(15.6micromol/L pretreatment, 10.0 pogteatment p <0.0001) representengeffective
treatment ohyperhomocysteinemia

The study by Li et al. (2017) soughtéagaminethe hypothesis that homozygous MAR
C677T dysfunctions associated with higher seruotal homocysteingtHcy) levels and
therefore increaseke riskof atherosclerosis. The study included 310 patients with diagnosed
acute coronary syndrome (ACS) who underwent percutaneous cororaveittion (PCI).
Blood draws performed the second day of admission after PCI evaluated MTHFRtszus,
and folic acid levelsOf the 310 patients, only 78 subjects had complatetynal MTHFR 677
function (CC);137 patierd were heterozygous C677T (Cand 95 patients were homozygous
C677T (TT). MTHFR TT patients had significantly higllecy levels (22.35micromol/L) than
did MTHFR CC (14.52micromol/L) and CT patients (14.53micromol/L). Other cardiovascular
pathologies including hypertension, diabetgsal fibrillation, unstable angina, acute
myocardial infarctions, and elevateer€active proteievelswereof no significance (p >.05).
The study used the Gensini score to evaluate coronary lesion. The Gensini score is a cardiology
scoringsystem thaevaluats collateral circulationn which higher scores indicate a higher
degree of atherosclerogigedical 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 resultslemonstrated that patients with MTHFR TT had more severe
coronary lesions, highecy levels, and lower folic acid levels than did patients who here CC or
CT (normal or heterozygous mutation). The studg limited to310 patients of Asian descent
the Chinese populatiomhich canhave an effect othe validity of the studyAlso, the study

could not suggest that homozygous MTHFR C677T was the sole cause of coronary artery
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disease in anginglepatient due to the exsnce of other comorbiditiel.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 atherosclerobmsithan t
normal MTHFR countgrarts.

The study by Yi et al. (2016) was conducted to investigate the relationship between high
serumtHcy levels and patient outcomes afseiccessful treatment with P@I acute myocardial
infarction (AMI). The study evaluated 805 matts that were allcated into twaroups based on
their serum tHcy level. Patients that had tHcy levels greater than 15micromols/L were placed in
group H indicatindhigh tHcy levels patients that had a tHcy level less than 15micromol/L were
placed in group L indicatingormal serum tHcylevels The studyevaluated and compared the
groups for the incidence of cardiovascular adverse events withkday3@meframe after the
onset otthe AMI. Adverse events included angina pectorisinfarction, heart failure, cardiac
rupture and death. Patients in group H had significantly higher incidences of overall adverse
events (22.8% vs 11.8% p < 0.00@f.the moranteresting finding®f this studywere the
differences in comorbidities between the twooups. The onlgignificancerelated to
comorbidity variationsvas found in Group L as this group had significantly higher incideofces

hyperlipidemia and diabetes which are maj or
disease according to thenerican Heart AssociatiofAHA) (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-weggel disease compared to

group L (68.5% vs 58.4% p <0.00L)mitations of this study incudes the short post AMI
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evaluation time that was limited to patients within 30 dayb@nset of symptoms of AMI.
Prolonging the evaluation tinseould havealteredthefinal outcoms.
Anesthesia and Methylation Disorders

The next goal of théteraturesearch was tdescribehow 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 defeesch was
conductechgainin PubMed and CINAHL using the following key terms: anesthesia,
hyperhomocysteinemia, MTHFR anesthesia, cobalamin deficiency nitrous oxide, nitrous oxide
hyperhomocysteinemia, vitaminBanesthesia, pediatric anesthdsy@ehhomocysteinemia.

Four articles were selected for the review.

The study by Pichardo et al. (2012) evaluated nitrous oNe®)(use during gemal
anesthesia for longer than twours in 32 pediatripatientsunder the agef 11. The study
evaluated tHcy heels prior to surgery and then again 24 hours postoperative. For all pediatric
patients includé in the study, anesthesia was induced via mask inhalatiNp®which is a
fairly common induction technique in pediatrees there i®ften no intravenous aess until aer
anesthesia has been induced. Furtherntlbeesweet aroma &0 makes it a very tolerable
induction agent fopediatric patientso inhale (Nagelhout & Plaus, 2014). Of the B#ldren
included in the study, threef t h e fisabrdsyltewere hosincluded in the final evaluation
dueto a veryhigh increase in serum tHcy that wolldve skewed the results. These three
children had a mean ty increase of 6.7micromol/L. Of these three subjects, two rechix@d
for longer than 700 mirtas indicating exposure 0O for longer durations has greatimpacts

on tHcy levels, and onghild had high preoperative elevated methylmalonic acid levels which is
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an indicator of vitamin B deficiency(Pichardcet al., 2012)Withouttheresultsof these
subjectancluded in the final evaluation, the mean tHcy increaseeobther 29 was still

significant at an increase 6f2micomol/L (p < 0.0001). The power of this study is limited by the
small sample size and the fact that all patients were lyaaittergoing elective surgeries to

repair birth defectsThe studysuggests that increasBidO exposurdimes increases the

magnitude ofHcy increasesn the pediatric populatioThis shouldoe taken into consideration

in the pediatric patient whom hasliagnosis of genetic methylationlefector in the patient

where a genetic methylation defect is suspedtedgenetic methylation defects is documented,
or suspected, and.O is deemed necessary for the induction of anesthesia, limiting the time the
patient is exposed to it may be beneficial in redgd¢he increase in serum tHcy.

Nagele et al. (2008) conducted a study whiapurposeof gaining furtheinsight into
administeringN20 to patients with MTFHR dysfunctiomiuring general anesthesighis sudy
enlisted140 healthy paties 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 | or II. All of the patients were to receive gahanesthesia for longer than
two hours fororthopedic surgery. The number of subjgats140) was chosespecifially and
was requiredo enhance the power of the study as the study design was a prospective
observational cohort study that utilized blidddendelian randomization. Mendelian
randomization is a study design used often in genetics vehgeaetic polymorphism variation
amongst a population is knowhhereforethe certain number of the populatidmat wouldtest
positivefor the polymorphisncan be assumg@&Emdin, Khera, & Kathiresan, 2017). For this

study, the polymorphism sought was the homozygous C677T (TT) polymorpkishasbeen
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associated with higher serum homocysteine lewgsevious studiesThe known incidence of

the MTHFR TT nutation in theirstudiedpopulation, 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 toigtertons

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 alsovaluated producing a result of eighubjects with the hoozygous
MTHFR A1298C (CC) polymorphisnT his yielded acombined total of 25 patients with a
homozygous MTHFR mutation. Only 18 of the subjects enlisted had completely normal MTHFR
function.And 35subjects were heterozygous for both MTHFR C677T and MTHEROBC
Theremaining subjectaere heterozygous for one or the othBrHFR polymorphisns. What

was consistent throughout the study was the concentrations of anesthetic gas the patients
received which was a mixture of 66%@Imixed with 33% oxygen and2% Sevoflurane.

However, the lengths of the procedure wawé consistent throughout the stuttycame as no
surprise thathe 25 patients who tested homozygosity for MTHFR TT or CC had a much higher
increase in serum tHcy from preoperative to postoperasiltees, when compared to the normal
MTHFR patients. The homozygous Mimesth&ofphat i ent
increaseheir normal MTHFR counterparts experien¢gédmicromol/L vs .1.8micromol/L p =

0.03). What was surprisingasthe diffelence in the tHcy increase amongst the homozygous
patients. Contrary to popular belibft the homozygous C677T was associated with higher tHcy
levels patients with the homozygous A1298C polymorphism had much higher increases in tHcy

than did the homozygs C677T patients (76% increase vs 36% increase). Weakioé$isiss
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study includeghe small sample size and it being limited to healthy ASA | and Il low risk
patients. It does, however, demonstrate patients with MTHFR dysfunction may be at risk for
highe tHcy spikes than patients with normal MTHFR functignowing this relationship with

long durations of D exposure and the increase in serum tHcy to can generate should be taken
into consideration when aethylation defect is suspected.

With previous stdies demonstrating a relationship betwee® lddministration and
increased serum tHcy levels, Kiasari et al (2014) evaluated the efficacy of intravenous vitamin
B12 (VB12) infusions to blunt th&l>0O induced increase in serum tHcy. The study evaluated 60
healthy (ASA | & Il) patients who were to receive general anesthesia with a mixture of 60%
N20, 39% oxygn, and 12% isoflurandor a duration longer than twwours. The 6 patients
were allocated into thregroups of 20, all of which had tHcy levels drapneoperative and 24
hours postoperativéroup A received 1mg B12 in100mL normal saline (NS) prior to the
surgeryandbefore the administration &f.O, group B received 1mg VB12 ihOOmL NS
immediately following the discontinuatiarf N2O. Group C did noreceive 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)whereagroup C had a mean increasaHcy of 9.85micromol/L (p<0.001)5roup
B’ tHlcy levels were reduced by a mean of 1.6micromol/L demonstrdadyB12 infusions
after exposure tdl>O reduces tHcy levels as welgain, as with other studies on thdagic,
weaknesses include a smaimple size of healthy, ASA | aSA 11, low risk patients resulting
in a study thapossiblylacks generalizabilityf it was to be performed in more higlsk

classified patients (ASA Il 8ASA 1IV). However, this study further demonstrates a relationship
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with N2O administration and increasing tHcy levels as well as offeriegthesia providers an
efficient, cost effective technique to impede these homocysipikes in the event thalO
administration is demed 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 4filonth periodrom April 2014 to February 2015The 12pediatric patients
were discovered to have a confirmed MTHFR polymorphism during this timeaactheere
thereforeincluded in the studylhe subjects included in the study had underddmkelFR
testing due to illnegs such asonvulsionshypotonia, nystagmus, retinitis pigmentosa, and
growth retardation, all of which raise suspicion of genetic niation 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 histoffMTHFR dysfunction Due to
confirmation ofanMTHFR polymorphism the anesthesia plan of care was to avoid the use of
N20 and to evaluate serum tHcy preoperativetaed agair24 hours postoperative. All of the
patients were on vitaminiBand folate supplementation and the mean preoperative tHcy levels
were within normblimits at 5.36micromol/L. Four of the subjects received a total intravenous
anesthetién which propofolwasusedfor the inductiorand the maintenanc# anesthesia. The
remaining eighpatients received an inhalation induction with a Sevoflurane/oxygere.

There were no significant changesm preoperative tpostoperative serum tHaalues,

5.36micromol/L compared t#.58micromol/L(p >0.05)with the use of any of these agents
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suggesting these other commonly used anesthetics dacnesiseserumhomocysteine. This
confirms what isinderstoodbout the molecular interactions wita@in its known oxidation
and inactivation of the vitaminiBmolecule Vitamin Bi2, being a prominent cofactor in the
methylation process of homocysteine, inactivatbthe molecule byN>O can ultimatelyleadto
reduced methylation of homocysteine and hyperhomocysteinemia in some infiéageset
al., 2008). Other anesthetics including propofol and Sevoflurane are not associated with the same
molecular interactionand this studgonfirmsthe 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 profol and Sevoflurane can be administered to patients with MTHFR
dysfunction without periopoerative incesss in tHcy.
Guidelines for Diagnosis and Management of Methylation Disorders

Huemer et al.Z017) created a guidelinas part of the European netwakd registry for
methylation defects in ordém enhance and improve diagnosis and treatment of patients with
thesedisorders The goal of this DNP inquiry is to appraise this guideline at the local level with a
team of anesthesia providers to identifyamenendations 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 diagnais, 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 pads, rease

studies or observational studies were ratddvatguality evidenceSome of the
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recommendations derived from these lower quality studies werematgerate quality evidence
based on high consistencies with the reshligh quality evidencgrades were given to
recommendations stemming from matzalysis studiefHuemeret al.,2017). Additionally,
based on the quality of evidence scohe,recommendations were rated at eith&reng
recommendationrarecommendationor asuggestior{Huemeret al.,2017). The guideline put
forth by Huemer at al. (2017) isgeneral guideline that can be used in various practice settings.
A total of 32 recommendations exists in the guideline, sohvehich maybe ofinterestto
anesthesia providers. A few thie recommendations are summarized below.
Recommendation 32

Recommendation 38 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 methylatbn defects. It states, “we strongly re
patients withe met hy |l at i on data,@01ld p. 27. This( oHoowrse eetates to the
known oxidation of vitamin B which N2O stimulates andAGREE Next Step€onsortium,
2017)inhibits its ability to act as a cofactor for methionine synti{blseemeret al., 2017)The
score given for this recommendatiorhigh quality evidencbased on a fatal adverse event
listed by Huemer et al. (2017) that occurred in éepawith an MTHFR genetic defect who was
administered-O.
Recommendation land Recommendation 2

Since the majority of patients presenting for surgery and requiring anesthesia are unaware
of thar genetic methylation statuRecommendationsdnd2 areof 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 presentat®and symptomssaociated with these disorders.

Recommendation 1 states, “we strongly reco
genetic disorder of remethylation in the case of neurological and/or visual and/or hematological
sy mpt @umeméret al., 2017p. 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 hypotia, central apnea, and psychiatric sympto@iscourse, these symptoms are not
to be assoicated with an already known diagnosed disease process.

Recommendati on 2 states, “we strongly reco
disorder of remethylation imé case of unexplained thrombosis and/or spinal cord degeneration
and/or atypicalhem!| yt i ¢ ur emi ¢ stpln20t7ppn®)! ( Hue mer

Both of these recommendations were gigenoderate quality evidencéhese
recommendations were generated basegtoccurring 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 suspmn 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 administratidd.Gfis strongly recommended.

Recommendation 3 and Recommendationl8
Recommendatioh8 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.



39

(2017) acknowledges that the majoutyclinical 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 consciousogss, or a

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 recovionganesthesia. 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 disordegr in one where it might be suspected, differential diagnosis should be

ruled out until the exact cause is uncovered. When evaluating for a possiéilie geethylation
disturbanceRecommendation8t at es, “el evated plasma homocys
remethylation. We strongly recommend that investigations in patients with a suspected

remet hyl ation disorder start with the measure
al., 2017, p 29). Huemer et al. (2017) strongly recommends against mgasuan * f r e e’
homocysteine | evel for the evaluation of seru
been observed to remain undetectable when in
elevatedHuemeret al., 2017)If in fact a genetienethylation disorder is being considered as

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

states, “we strongly recommend minnsesdectadt e tr ea



4C

cases’” edlRe@¥me37). 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 respongecommendation Mithin the guideline suggests that in the event
hypehomocysteinemia 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 behimddbeseendations
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 oraibetsupplementation both of which serve
as methyl donors and are efficient in the remethylation of homocysteine back to methionine
(Huemeret al., 2017).
AGREE Il Appraisal Instrument

The Appraisal of Guidelines, Research and Evaluation (AGREE) to@rmsvan useful
tool in evaluating and appraising guidelines across a wide variety of healthcare settings.
According to the AGREE Il wuser’”s manual, the
framework that assesses the quality of guidelines as svplicwvide 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 rep¢AGIREE, 2018. In doing this,
AGREE Il assesses the quality of gdides by evaluating the guideline using 23 items
contained within sixdomains, all of whichook at the guidelia from a different aspect. The six
domains the guideline evaluate® as followsDomain 1:Scope and purposevaluating the

overall objectiveof the guideline as well as the specific population for whongthéeline is
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intended;Domain 2:Sakeholder involvemeim which evaluates the specific users of the
guideline;Domain 3:Rigor of developmergvaluating the approach utilized to search for

evidence and methods chosen for selecting evidence and fangukcommendation§omain

4: Clarity of presentatiorassessing how the recommendations are presented and if they are
specific anceasily identifiableDomain 5:Applicability pertaining to adice provided within the
guideline concerning how the guideline can be utilized in practice as well as possible facilitators
and/or barries to its applicationDomain 6:Editorial independencevaluating the degree of
possible conflicts of interest or Isies of the guidelinBAGREE, 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 appraiseraaating scale betweef’ 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 Il item being evaluated. A scoi@ ¢gtrongly
agree) mdicates the appraiser felt as if the specific AGREE item being evaluated was reported
exceptionally and full criteria and considerations were met. Sceesr@ appointed to items
that do not meet full criteria, but that some criteria are met. As miegeaiand considerations
are met, the score the item receives is to be
with the tool does an exceptional job of demonstrating where to find criteria within CPGs that
either enhances or reduces the grade df @am. 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,

gradedon a scale betweéd’ (lowest possible quality) andd@” (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 givesthe gudee a scor e of
indicating they would recommend its use, ‘no’
‘“yes with (AGREEf2018)at i ons'’

Pichardo et al.Z012)demonstrated how the AGREE Il instrument can be used when
apprasing a CPG fauality and applicabilty in a perioperative setting. The goal of theiriry
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 accdmglsialtresearched
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 Il instrument. The team weas éble 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,’ ‘“recommandaedtwirtelt oenmmeeaplteidon d,a’s
AGREE 11l scores. A total of 10 CPGs were even
utilized in improving perioperative patient outcomes. One of the guidelines given an evaluation
of *“r ecomme n ddopted Aaneohgst manyg hedltbcara setiings is a guideline used for
perioperative cardiovascular evaluation in patients undergoingaaiec surgical procedures.
This CPG was adopted by the AHA and has been shown to effectively and quickly provide
practitiorers with a clinical risk profile of the patient based on past medical higtmigheret
al., 2007) This demonstrates how the AGREE Il instrument has been utilized to evaluate CPGs

that have ultimately progressed to enhance patient evaluation ang qtiakre.
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METHODS
Design

The design of the DNP project is a quality improvement project that involves appraising
the CPG byHuemeretal. (200 si ng t he AGREE |11 instrument to
and applicability at the local level of anesthesigerioperative pants. This will be done via a
two-step processThe first aim is to recruit members of a local anesthesia group to partake in a
focus group in which the CPG while appraised. The objective oi\2 is to identify if and in
what wayshe 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 settings to take place at Bann®niversity Medical Centefucsonat the Health
Science library. Banner University Medical Center is located in Tucson, Arizomnkis
Sout her n Aravd ldrauana center. Bdniyer University Medical Center is nationally
known for conducting resezh as well as educating and preparing graduate students for their
futures in healthcar@Banner Health, 2018). The focus group will be held out of the hospital in
the University of Arizona Medical Library in Taon, Arizona.

Participants

Participantswere chosen via purposeful sampling of anesthesia providers vtit@in
Banner University Medical Groujdentifying the anesthesia providers to participate in the
projectrequiredgaining clearance froBanner University Medical Group recruitthe

assistane of fourof their anesthesia providers to partake infdoais group Once clearanceas
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obtained fronBanner University Medical Group and the University of Arizona, a flyer briefly
describing the projeatasplaced in the breakroom and an emalksentto theCRNAs and
anesthesiologiststaffed byBanner University Medical Group requesting their assistance. All
anesthesia providetlat expressdinterestin participating in the projeeteresent a follow up
email in an attempt to gain further insightartheir knowledge or lack of knowledge pertaining
to the issue. This email contaiithree questions pertaining to genetic methylation defects. The
anesthesia providevgereinstructed in the follow up email to respond to the email with their
angvers incuded in their response. Theur anesthesia providetisat were chosen wermtified
via email andvereasked to confirm their intent to participate in the focus group by responding
to the email and statirtgat they intend to participatehey werethese nt a “ Doodl e
various dates and times and instructed to select the kiténatbest fits their schedule to
participate in the focus group. The most popular date andias€&ebruary 2, 2019 between the
hours 0806103Q

The participantsvereexpected to devote approximately four and a half himtia$ to the
project in which twdhours of timewvasexpected prior to the meeting to review the materials, and
two and a half hours is expected for the focus group. These expectati@iscluded inthe
email that will be sent to the medical group.

Intervention and Data Collection

The process for the projesasas follows:once the participanisereselected, each of
them received an email from the author of the project consisting of a PowerPa@septation
briefly explaining the topics of interest. Within the PowerPoint presentation, references to

additional articles relating to the isswereprovided so the anesthesia providevsldfurther

Pol
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research the topic at their own discretion. Additlpnahe anesthesia providengeresent a link
to AGREE Il training tools where thayereinstructed 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 spcifically designed by the AGREE A3 research team to assist future users to
effectively use the AGREE Il evaluation td@lGREE Trust, 2018)The first tutoriawasa
guided tutorial overview of the AGREE Il instrument that takes approximately 10 mioutes t
complete. The second tutorishsa pr acti ce exercise that all ows
appraisal of a CPG using the AGREE Il instrument. Once the mock appraisal is completed,
feedback on how the user performed in the appraisal is provided. Ekéddira the tutorial is
provided based on the users’ appraisal of the
the AGREE Il instrument. This exercise takes users on average around an hour to complete
(AGREE Trust, 2018). The participam®realsoenai | ed t he AGREE |11 wuser’
through prior to appraisingthe CFGhi s user’ s manual provides i n:
content with in the CPG being appraised so the most accurate score of the CPG can be
completed. A copy of the CP&at wasevaluatedvasincluded in the email as well and the
participantsvereexpected to review the guidelines prior to thgp@mson meeting. The
participantsvereadvised to take notes on recommendations that they deem significant to
anesthesia. Any questigior concerns the providers may have regarding the presentatien
directed to the author of the project via email or text messaging.

A two-anda-half-hour focus groupvasheld onFebruary 2, 2019 that wagreed upon
by the participantsThe first 30 nnuteswasdedicated to participant introductions as well as a

brief introduction of the topic. Thiwasfollowed by grading the CPG by each member of the
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team thatook approximately 60 minutes. The author of the proggiraisednd gradd the
CPG on alate prior to the meeting amehsavailable to answer any questions the téaich
pertaining to the topic or with grading the guideline. The @RGappraised and grad&udan
open discussion mannen the second hour, emphasis @dfio further explorehte issue from
an anesthesia standpoint. Thiasperformed by identifying recommendations frime
guidelinethat maybeuseful in the setting of anesthesi@ accomplish this, each participavas
askedsemistructured questions pertaining to the topid @ahe guidelines and allowsdfficient
time to provide their responsand opinios. Data collection for the first hour of the focus group
which contains the CPG appraisasconducted using the AGREE Il tool scoring framework as
mentioned above. The@®d hour of the focus growpasaudio recorded and the author also
took notes during the discussion. A transcripteasthengeneratedby uploadinghe audio
recording thatvastaken during the focus group Rev online transcription softwarérom the
transcription thatvasproduced, the author reviedthe raw datand generatedommon themes
thatoccurredo the questions that each provideasasked during the open discussion aspect of
the focus group. The perceived common themesnbeggenerateaverereviewed and agreed
upon by the chair of the DNP project as well as another committee member.
Ethical Considerations

To avoid oercion, potential participantgereemailed an invitation to participate in the
study by the unit managers. Agreement terattthe review sessiamasconsidered
acknowledgment of their willingnedo participate in the studyufrey resultsvereanonymous.

Participantsvere informed that they couldave the study at any timeéherewereno risks
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associated with this studyhe only cost to the participantastheir time. No compensatiomas
provided to the participants.
RESULTS
Project Description
The overall purpose of this project was to evaluataésthesia providevgould find an
existing clinical practice guidelinegading methylation defects useful in the context of their
anesthesia practicés previously mentioned, théas for the project include
1) Recruit members of a local anesthesia practice to evaluate an existing clinical practice
guideline by Huemer et al.@27) aimed at enhancing and improving the diagnosis
and treatment of patientstvigenetic methylation defects.
2) Based on the review of the guidelines, have local anesthesia providers make practice
recommendations that could enhance anesthesia care tntpatith 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 wererested 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 anesthadierprov
were sent a Doodle Poll with various dates and instructed to select dates in which they were
available to participate in the focus gro&jve were recruited. These fiamesthesia providers
were confirmed and sent a follow up email to gain insigtat iheir 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 presatibn on the topic, the CPG that was to be evaluated during the
focus group, as well as the AGREE 11 wuser’s m
Included in the final email, were links to AGREE Il tutorials that the participants were instructed
to complete prior to the date of the focus group.

The focus group was held on Saturday, Februa@p29,at 0800 hours at the University
of Arizona Health Sciences Library and scheduled until 1030 hours. Of the five participants that
were initially confrmed 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 ialle 2below. 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 gendtidatien defects
and the other thredid not.

TABLE 2. Participant demographics.

Anesthesia Title Highest Degree Years of Specialty
Provider Achieved Experience
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 Il tool. A brief review of the tool is described here. The AGREE Il
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instrument is a popular tool that is widely used for the evaluatidmeaduality and applicability

of CPGS(AGREE, 2018) The AGREE Il instrument provides a framework that allows users of

the instrument to grade 23 items arranged into six domains on a scale bettedett 7°1 "’

(strongly disagree) being the lowest scae]‘ 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, ased on the scores given to each domain, a percentage score is calculated for each domain
by utilizing a formula provided by the AGREE Il instrument.

Context within the AGREE 11 user’s manual
domain are usetb identify strengths and weaknesses of the guideline. However, the AGREE ||
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 ameh@mialtion of a
guideline. Essentially, high quality domain scores do not necessarily indicate a guideline will be
adopted at an institution and leyuality domain scores do not indicate that a guideline will be
rejected at an institutioffGREE, 2018) The AGREE Il 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 doman. Furthermore, the AGREE Il 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 Il can create thresholds across the six domains as whexankae,
users of the AGREE Il can set a quality threshold that-bigdlity 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 possitdgon and implementation of the
guidel ine. Finally, the AGREE 11 user’s manua
prioritized over other domaif&GREE, 2018)

Per the AGREE 11 instructions, final appr a
gui del i ne (ASREE2018)TMHEsnstcdrried out by each appraiser providing their
overall quality score of the CPG, again on a scale frottd* 7 Also, their final assessment
score is based on if they would recommend the CPG for use mgdtaty would recommend it,
they would recommend it with modifications, or they would not recommend it. For further
information pertainingo the AGREE Il tool, refer to ppendix B.

For this project, during the appraisal of the CPG portion of the focugpgeach 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. litdma 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 equly 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 scoresan be viewed below in tables383There were no major
discrepancies or major disagreements amongst the participants in the scoring of the items.

Furthermore, there were no significant incons
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when compared the author’s scoring of the ite
quality when compared to the 70% quality threshold that wa3Isetrange of the domain scores
were from the lowest of 38% to théghest of 100%. Two domainBpmain 4 Clarity of
presentationandDomain 6 Editorial independencscored 100%. All domains except for two
scored above the quality threshold of 70%. W@ domains that did not @et the 70% threshold
wereDomain 5: Applicabilitywhich scoed the lowest score of 38% aDdmain 2 Stakeholder
involvementhat scored 61%. The two domains that did not reach the set threshold are discussed
in more detail below

Domain 2 pertaining to *“ StradeefBl®l Dbmain2l nvol v
contains three items within it. These atemt 4  he @uideline developmental group includes
individuals from & | rel evant prtem5e distlieosnangrefecenceswfile; ” |
target poplation have been sought; altemd 8 He frget users of the guideline are clearly
d ef i (AGREE, 2018)When a discussion was held pertaining to this domain, it was the
overall consensus of the group that it was notrdeavho would benefit from using this
guideline. The participants would have liked to have seen content within the guideline that
discussed what specialties or sspecialties could benefit from this guideline (example:
anesthesia providers, family praiciners, 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 ananesthesia 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 anestbggiarg; this of
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course alludes to recommendation 32 “we stron
in patients with (Huemeeetdh 007ag.27pn di sorder s”

Domain 5 relating to *“Applicabmanwitlya of t h
score of 38%. Dmain 5 contains four items within it. These atem 18  he Guideline
describes facilitatorand bar ri er s tem 19 this uidetine provides advicen ; ”
and/or tools on how recommeattbns can be put into practe ;tefn 20 He potential resource
implications of applying the recamendations have been consideted; alterd 2t He T
guideline presents mon (AGREE]2018)Treody/itenrthataudi t i ng
scored above ‘@’ in this domain was it 21 which was given a score‘6f’ 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 appliability 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 Il instrument requires, each
partidpant was asked the rate the overall quality of the guideline. Every participant rated the
overall quality of the guideline with a score'6f outo f7." During discussion about the overall
guality of the guideline, it was the consensus that this goelelas very well written CPG and
that much of the criteria for a higher scoreswaet but, the low scores that Domain 2 and
Domain 5 received kept the participants from grading the CPG any higher than a $bore of
The common theme during this discussias 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 1 mp
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 selectiesss:
‘yes with modifications,or ‘no. When &ked 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 theiranse r of “yes, with modifications.” When t
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 thdtlm®uked 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 anesthasathese patients. Therefore, the modification
suggested for the guideline was to include an anesthesia expert in future revisions.

TABLE 3. Domain 1: Scope and purpose (scoré7%).

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 (scor@l%).

Participants ltem 4 ltem 5 ltem 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)




54

TABLE 5. Domain 3: Rigor of development (scar&9%).

Participants  Item 7 Iltem 8 tem9 Item10 Item1l Item12 Item13 Item14  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 (scorel00%).

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 (scoré 38%).

Participants Item 18 ltem 19 Item 20 ltem 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: Editoral independence (scoiie100%).

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 An 2 was to identify if and in what ways the CB&h 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 questnal 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 tlpeactice 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 partefs was recorded by the author of the project. Upon
completion of the focus group, the audio recordings were upload®eltoanscriptionsoftware
so a complete transcription of the focus group could be generated. To support study
trustworthiness, theanscriptions were independently evaluated by the author of the project and
the poject dair, who identified themes. A consensus on themes between the two evaluators was
achieved and then the common themes were evaluated by another DNP committee me&mber. Th
common themes along with quotes from the focus group are located in thedtaBleslow.
Common Themes

Question 1: In your opinion, do you see this as a significant issue as it pertains to
anesthesia? Why, or why nofthe common theme in this questwas that this issue is
significant,but in varying degree&or instance, participants fellatknowledgerelated to this
issueis definitely significant but since adverse events related to this issue (a patient with an
undiagnosed genetic methylatiorfele receiving nitrous oxide and then suffering a major
adverse event) seems to beta very common occurrengeaybe it is not vastly significant for
their practice since all of the providers stiteat they do not use nitrous oxide for long durations
of time, if at all, in their practiceAll participantsagree thatif 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 thagsthetic practice since
several participantsommented that thejo not tend to useitrous oxide thamuch as it is
Question 2:If you feel as if this is a significant issue pertaining to anesthesia, what
concerns you most about this issu&fe common téme for this question is two partee
providerlack ofknowledge of the issy@ndthe fear of the unknowhefear of the unknown
wasfrom both a provideand patient standpoint. From a provider standptabg or tests that
might suggests possiblergaic methylation defects are not routinehecledas part of a
preoperative evaluationrém the patienstandpoint, several participants commented that based
on never seeing issues such as this listed on patient chastpatiens are probably unaweaif
they have a genetic methylation defect. The main congaatitipants voiceavas with this lack
of knowledge and the fear of the unknoisithe possibility of an issue occimg in the
postoperative phase. One participant noted thatthikl be hows after a proedure or days after
a procedurelf 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
diagnosisand treatmenttoccuf
Question 3:Do you feel as if this CPG can be used in an anesthesia setting? If so,
how?The common theme of this questmasthat the guidelin@s a wholeannot be used in
anesthesia at this point due to the fact that an anesthesia provadeotwacluded in the
formation of the recommendationghe consensus of the groups was that the CPG could
possibly be usethore from a personal providknowledge base. For instanoge participant

stated thaknowledge from the guidelines can be usenhdividual practicebut 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 werag@to
create a policy based on this CPG, what specific recommendations did you identify that could
be utilized for patients in the perioperative settinfle common theme of this questias
that recommendation 32 that strongly recommends against tlo¢ nis®us oxide in patients
with genetic methylation defects is the main recommendation that can be asedtimesia
practicesettings Two participants commented on recommendations 1 and 2 from the CPG and
stated that they could be of use when periogna 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 beresent 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 agre#tht this guideline is not ready for a pglin 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 gralid agree that this evidence could be used as an
educational recommendation that could be made to patients postoperatively. The example
“ s ugga masdsedduringithe focus group and one of the participants stated that their
hospital usegrint outstha they provide to patients suggamadex wassedon themduring the
procedureHow information contained within this guideline can be used in a similar manner as

information pertaining tThoughstobegngjarthanmmkefxhis i s di

S
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guestion was that this document is probably not ready for policy, an approach shish as
Suggamadex approach might be a good start.

Question 5:In the future, how might your anesthetic practice change, if at allle
common theme of this question was ttegt providers will definitely avoid nitrous oxide in
patients with documented methylation defeEtgrthermorethree of the participants stated that
if something in the patient’s history indicat
they wil investigate further to evaluate if the patient kndhesir statusr if they have been
diagnosed with one. Howevel] of the participants agreed thhts probably will notultimately
change theianesthesiaractice since these providers stiteatthey do not use nitrous oxide
that often as it is. The overall consensus was that the providers will be watching out for this
medicalhistory and then make the decision to not use nitrous oxide in these circumstances

TABLE 9. Question 1: Common themes admples.

Question 1: In your opinion, do you see this as a significant issue as it pertains to anesthesia? Why, or why

Common Themes Examples
This issue is significant but in varying degree Parfcipant 1-“ Y e s , I think it coul
Significance of the issue is related to the the methylation defect and especially in some children that th
frequency bthe problem a sub ... that subset of patients and children with Down syndr

1) Low frequency of methylation defects. because there's a high population of MTHFR homozygous
2) Low use of nitrous oxide in their practice mutaions and that group. So yes, | think that would be a

3) Significance of the issue isrelatedtothe si gni fi cant i ssue for anest|
length of nitrous oxide exposure.

4) Highly significant if a methylation defect Participant2-“ I t hi nk i t"'s signi fi
is noted in the patient history. something because of the way that | use nitrous oxide, if it's

something that would be changing magtice, because how |
use nitrous oxide, | don't use it throughout our whole procedu
use it on induction occasi 0]

Participant3-“ 1 t hink it is. It hi
patient has a known histpof anything correlated with these
defects, like neurologic problems, neural tube defects, then it
probably is significant. | would probably try my best to just sta
away from nitrous completely, just to be on the conservative ¢
but there may be siations where using it for the short term, on
brief induction and brief emergence, even with somebody witl
hi story, could be tolerated
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Question 1: In your opinion, do you see this as a sifigant issue as it pertains to anesthesia? Why, or why na

Common Themes Examples
Participant4-“ 1 think it can be, e
becoming more popular, so |

said that they have had the genetigttdone and they're suppost
to tell their anesthesia provider about these certain things, so
also don't use it for long durations in my practice, but there al:
doesn't seem to be a lot of evidence about it being used even
small bursts, so if somee is saying they feel or they've had a
genetic test done or there's some history in their family or witt
their little kid and we know that it can be harmful, and if | am
only using it for comfort and expediting reasons, then I'm fine
with the patient hawvig a slower wakeip and knowing that I'm
not potentially administering something to them that could be
har mf ul "

TABLE 10. Question 2: Common themes and examples.

Question 2: If you feel as if this is a significant issue pertaining to anesthesia, whatems 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 theunknown.

Participant--“1 woul d say probably
don’t test theseMTiHFRxefects somowfdowe
know who has the defect. So, that's a concern. And then also
postop complications that we may not even attributents t
defect.”

Participant2“ 1 woul d have to say |
is a thing.If a patient has a poor outcome, but the provider is r
aware of the methylation disorder, then it may never come int
play and could have a poor

Participant3-“ Lack of knowl edge, I

those patients diagnosed with this disorder. | think that just nc
knowing that up front doesn't give us the ability to screen and
properly screen those people out. We only find out &ftare  f

Participant 4-“I think it's lack of provider awarene®ecause |

think it's easy for us to lose sight of what is this treatment or v
am | choosing to do right now that's going to affect this persoi
|l onger after just their PAC
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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 anesthesisopider took
part in guideline development.

2) Recommendation 32 (abstain from nitrou
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“1 think it was more gared towards general
medicine. Like you said, there wasn't any anesthesia special
person that reviewed the guideline. | think there's things that
can take and use, especially for-pge looking at some of those
signs and symptoms of these kids witturological
implications. And their recommendation to say absolutely do
use nitrous oxide ... it wa

Participant2=“ 1 t hink the knowl edg
but I don't think we should institute it as a protocol or angthin
| definitely think it has room for improvement for its applicatic
in anesthesia, but | wouldn't discount it. Just because there's
... like you were saying, there's not a wealth of information o
there. | think it's something that you could takai put in as a
provider to educate yourself on this, but | wouldn't necessari
apply the recommendations.”

Participant3-“ 1 t hink the one cl ea
the only one that could be really absolutely applied to
anesthesia. But again, tieés no anesthesia professional on thi
practice guideline committee they've put together.

But as an anesthesia provider | would try and heed their
recommendation best | could, and stay away from it. So yeal
do feel Il ike it could be wus

Participant4 —“1 think point 32 can be used. And | do think it
has an appropriate application, because | do feel like nitrous
one of those things that you can just not use and your day is
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 bas:
this CPG, what specific recommendations did you identify that could be utilized for patients in the perioper:

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, specifii
recommendations from the guidelines
could be used to guide/infa practice
included recommendation 32.

3) Patient education regarding use of NO al
methylation defect might be a strategy.

Participant 1“1 think that it could be put into policy, it could
be useful, especially if there's documented methylation defec
in the charts

So, | think if there is something documented, yes,

And if there's some significant signs and symptoms of these
neur ol ogical signs, it coul
recommendations 1 & 2 from
trying to avad the
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Question 4: If you believe that this CPG can be useful in anesthesia and were going to create a policy bas
this CPG, what specific recommendations did you identify that could be utilized for patients in the perioger:

setting?

Common Themes

Examples

use of it
avoiding nitrous oxide).

(referring to re

Participant2-“ S o , I don't think it
that it would need further investigation. It needs to be more
applicable in an anesthesia setting to get anesthesia provide
involved in it. But | think that it has good bones to move
forward and if anything, just to educate people about it and i
them know. "

Participant3-“ Ther e' s j ust cxstsstrength
of evidence is not ... | don't feel like it's there to provide polic
at the level of recommendations. | guess there's just too mar
gray areas but | think it's a very important piece, especially v
more and more genetic testing going orisseminate this
knowl edge to providers”

Participant 4-“ | guess because of t
at the pyramid of evidence, we can't move up it very far bece
of what exists out there but it is such a small adjustment to o
personal pactice, it doesn't cause a lot of things, make things
super different or expensiyv
recommendation 32 and avoiding nitrous oxide if the genetic
methylation defect exists or is suspected since nitrous oxide
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 suspectec
2) Overall practce may not change because

use of MO is limited.

Participant - “I think | would change my practice. | would jus
not use nitrous oxide if the patient knowingly had a methylati
defect. | don't use nitrous oxide frequently anyways, so it's n
gonna chage 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, Il think you're just

Participant2-“ Yeah, it ' s t hyhave thene .
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, | don't use it very often, so it's not gonna change
how | go forwad with patients that are unknown, but if | did
know | would just avoid it."

Participant3-“ When | i nterview a p
ask about genetic testing, especially in pediatric population, a
would avoid it if there was any known issUeen try and
disseminate that knowledge to like when I'm working with
students in the future.”

Participant4-“ So yeah, just |i ke Kk
presents either with a prescription type of vitamin, or if they
indicate they have this issue, dtmbwing the right line of
guestioning to illicit the information that I'm looking fior my
preop assessment, | just won'

DISCUSSION

Although NO is widely considered a safe and effective anesthetic gas, it has been
implicated in rare, bisevere, adverse effe¢Baum, 2007)People with methylation defects
may be at risk for complations as a result &0 use.The common pathophysiologic disorger
in methylation defectare a result ofiyperhomocysteinemia, which is known to be assedia
with various atherosclerotic and thromloatisease processas well as a variety of neurological
symptoms such as hypotonia and seizure actfi@sge, Barroso, Almeida, & Castro, 2019)

While a generafguidelineby Huemer et al(2017)pertaining tahe diagnosis and
treatment omethylation disorderdoes existthere are no comprehensive guidelines addressing
the use oN20 in anesthesia practi@d these genetic disordefsirther, there are no studies
describing anesthesia provider appraisal efhiplation defect guidelines and how the existing
guidelines might affect their anesthesia practice with respect to the Ns@.ofherefore, the

purpose of the quality improvement project wagdentify anesthesia provideisappraise the
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CPGby Huemeret al. (2017) concerning these methylation disorders using the AGREE |I
instrument to evaluate the quality of the guideline and decide if recommendations from the
guideline can be used in perioperative setflige ams of the study were td) recruit menbers
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 patientsnettb g
methylation defects; an@) based on the review of thaidelines, 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 tiveesbuwias
used to complete th@ms. The anesthesia providers came together in a focus group and used the
AGREEII tool to appraise the existing methylation guideline. A sstnictured survey was then
used to ask about the meaning of the guideliaksdive to their practicél he findngs indicate
that while the providers agreed that the majority of items on the CPG were of high quality, the
items in the *“ Appl i c adualityscorgdue tdtbermbsenceofa@ecei ved
anesthesia expeoh the guideline developmenitwas ato the consensus of the group that the
knowledge for this issue as well agthin the guideline is significant, but might not ultimately
change their anesthesia practice becauseGfis used at all in their practice, it is used for short
durations of tine. Furthermore, the group decided that knowledge within this CPG could be used
at the |l evel of an individual anesthesia prov
anesthesia policy, since an anesthesia provider was not involved in fong tiezti

recommendations
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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 fromhese 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 irthdngrof the
body’ s natur al a rRogecs & &€ano, 1990Mbors recent stumieshava C
pointed to homocysteine’s innate ability to
inhibiting the release of nitric oxide which serves toxelad 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 agg(Egagpn
Barroso, Almeida, & Castro, 201 Conducting a general search in PubMed for the term
“hyperhomocysteinemia” wanwayshighhondaysteme carbei cl e
harmful. This topic appears to be fairly wkHown amongst primary care practitioners but does
not seem to bas well known in the anesthesia population which is concerning since a
commonly used anesthetic g&&Q) directly promotes increases in serum homocysteine levels

Multiple case studiesxist thatdescribe severe adverse events in patients with
methylation defects who underwent general anesthesia that inclug2dveof these severe
adverse events previously mentioned in whichfatal adverse eveantcurredn a pediatric
patient who underwent general anesthesia twice in four days both of whicteshclud
concentrations of 6094-0 during the procedurd.ater discoveries indicated the patient dadl

heterozygosity genetic mutations in the MTH§&he (A1298C/C677T heterozygogsitpelzer,

a
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Rosenblatt, Laxova, & Hogan, 2008)ther similar, yet noffatal alverse eventwith the use of

N20 include an eighinonth old with undiagnosed cobalamin deficiency who underwent general
anesthesia for 80 minutes withO and a fowimonth old with undiagnosed cobalamin

deficiency who receivel>O during general anesthadior 180 minutes. Both infants were later
readmitted with hypotnia and reduced alertness and were found to have significant
hyperhomocysteinemigselzer, Rosenblatt, Laxova, & Hogan, 2Q08jain, though these

adverse events are rare, they are often sauarature 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 bN2O (Baum, 2007)Essetially, these patients may have higher increases in
serum homocysteine combined with an already reduced abilitynhetieylate the homocysteine
to methionine resulting in prolonged periods of hyperhomocystein@aiam, 2007) These
various case studiesport a correlation between timeNfO 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 amethylation defecthe knowledge of theorrelation between time &f20 use and
increases in homocysteim®uld not ultimately affect their anesthesiagiice,saying that if
N20 is in fact used in their practice, itasily 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 t,O. 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 anesthesigecific set of guidelines or recommendations for the
use ofN20 in patients with genet methylation defects. But, a CPG does exist that includes one
recommendation out of 32 total recommendations that sta@should be avoided in this
specific patient populatiofHuemeret al., 2017)However, this CPG is not anesthesjgecific
and noanesthesia 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, thalbisg durations of exposute N.O
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 Il tool. When appraising the CPG, the
participantsseta acceptabl e quality | evel of 70% as de
Using this standard, the participants agreed that overall, the guideline performed well. Two areas
where the CPG did not perform well, however, wi2agnain 2 Stakeholdernvolvenentwhich
received a grade of 61% aB@main 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, tbat specifically mentions general
anesthesia in the patient with a methylation defect. For this reason, the participants scored the
overall quality of the CPG at'&’ out of' 7’ and stated that they would recommend this CPG
with modifications, the moélication 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 timeartiogpants 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 avoifli>O altogether But againthey 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 tlpsojectis thatitwast he f i r st of i ts ki nc
knowledge, grojectdoes 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 anesthesiaptice. 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 prethentine CPG.

Limitations of the study includes a smalhgale size of four participants. Four
participants are sufficient and is recommended by the AGREE Il tool for CPG evaluation but a
larger sample size would have been beneficial during the aim twodigpeussion 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 fadiyi owned by a major corporation and the participants did not demonstrate
concern about the costs of the other anesthetic gases and there was no mentioMNe®using
during the maintenance of general anesthesia in order to reduce the use of the otleer volati
anesthetic agents. As mentioned, the participants of this study did not oftdsQuae part of
their anesthetic practia® if they diduse NO, it was typically upon induction of anesthesia or
upon emergence of anesthesia which appears to be apipealdo use the gas. Therefore, it
was not an issue for these participants to just avoid the Wgaduring their practice. One of
the benefits of usindy>0 is to reduce the expenditure of the other more expensive anesthetic
gases (Sevoflurane, Desfine). Smaller facilities that may not have as many resources as larger
facilities may encourage the useNyO so the use of these other anesthetic gases can be limited
for cost purposes. In fact, colleagues of the author of this project have suggassterd ik 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, largersfgroups could be conducted that includes
anesthesia providers from various sized anesthesia practices to achieveepnegsentative
perspective. To support this idea, @lirticipants of this study did finthe topic of the use &0
and methylatiordefects to be of significancerhich invites the possibility of larger studies of its
kind with a more diverse sample.

Future studies couldso include patient educatio®ne participant recommended
providing learning material to patients who may receit®us 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
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medication used in anesthesiadoerse 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 impants and intrauterine devic@#/illiams & 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 bitthl soch as
barrier contraception in addition to their pragesne based contraceptive for ficeseverdays
(Williams & Bryant, 2017) This educational material is often provided in the form of printed
material that is given to the patieit.this stuly, the recommendation by the participants was
that printed material containing interactions WitsO vitamin Br2 inactivation could be given to
patients who receivid20 for two hours or longer so they are informed and can take pérsona
initiative to suppément with B vitamins for a week after the procedure.
DNP Essentials

Essential 1l: Organizational and Systems Leadrship for Quality Improvement

The premise behind this essential is the ability ottivetoralprepared nursdo
implement current researeimd literature into practice. This includes the development and
appraisal of CPGs, formulating eviderzased interventions, as well as evaluating practice
outcomegDeCapua, 2016)This DNP project accomplishes this essential through formulating a
team ofanesthesia 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 MIl: Advanced Nursing Practice

In order for thedoctoralprepared nurse to accomplish this essetiteDNP nurse has to
demonstrate advanced levels of clinical judgement and delivery of evidased care with the
overall goal of improving patient outcom@eCapua, 2016)0ne of the main goals of this DNP
inquiry was to educate nurses to possibleegie 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 débadesnclude
changes to anesthesia delivery systems, changes in anesgesiis and drugs used and
improvements in monitoring and computer based systems. In addition, consumer knowledge of
genetics has grown, evidenced by a recent surgenre genetic testing. For instance, current
reports state that there was as many petjpliepurchased DNA tests in 2018 than there were in
all previous years combinéBegalado, 201950 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. Aarding 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 patiapgsresent 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 knovddge of MTHFR or the other genetic methylation defects, all four of the
providers stated that 1 f they saw one of thes
theywould avoid the usBl>O. These findings poirtb the need for provider education 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 guidelmekor practice protocols specific to
this topic. With the development of these guidelines or protocols, anesthesia providers will be
abletotailorthdN-Oanest hesia delivered to meet patient’

N20 anesthesia relatesbmplications.
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SYNTHESIS OF EVIDENCE
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Project QuestionHow will anesthesia providers who are informed about current practice guidelines pertaining to genetic methylation disorders

and their anesthetic implications perceive their practi@sy rthange when presented with the clinical guidelines?
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diagnosed with

=137
TT (homozygous)
=95

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 pthology

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 that can affect TT variation
syndromes. homocysteine levels, | proved to be
and patients taking foli¢ independently

acid, vitamin B6, and
vitamin B12
supplements.

Serum Hcy evaluation:
high performance liquig
chromatography
(HPLC) with
electrochemiluminesnc
e.

MTHFR genetic
testing: amplification
refractory mutation
systermpolymerase
chain reaction (ARMS
PCR) patients were
grouped based on their
MTHFR C677T
polymorphism (CC,
CT,TT)

Coronary lesion
severity: Gensini score|
evaluated by 2
experienced
cardiovascular
specialists
independently who
were hinded to
MTHFR C677T

polymorphism status.

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 theother
groups.

TT Gensini =
40.92

CT Gensini =
35.18

CC Gensini =
30.60
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Nagele, P., B, Z., Quantitative study | N/A Prospective, N = 140 patients | Data collection: MTHFR status:
Wiener, C., Burger, | evaluating nitrous observational cohor{ categorized as Blood was drawn for No MTHFR
H., Hupfl, M., oxide' s e study with blinded | either ASA | or MTHFR genetic status | dysfunction
Mittlbock, M., & tHcy levels in mendelian ASA Il (low risk) | prior to surgery but (CC/AA): N=18
Fodinger, M. patients with the randomizgion undergoing samples were not Heterozygous CT
(2008). Influence of| common MTHFR orthopedic analyzed before the en| only: N=26
methylenetetrahydrq polymorphisms procedures, > 18 | of the study. Homozygous TT
folate reductase C677T and A1298C years of age, to tHcy levels were defect: N=17
gene compared to undergo anesthesi| analyzed via Heterozygous AC
polymorphisms on | patients without the for > 2 hours. micorparticle enzyme | only: N=36
homocysteine genetic defect. Patients younger | immunoassay and Homozygous CC
concentations after | Normal C677T = than 18, patients | drawn at 3 intervals: 1.] defect:N=8.

nitrous oxide
anesthesia.
Anesthesiology,
109(1), 3643.

CcC

Heterozygous
dysfunction C677T
=CT

Homozygous
dysfunction C677T
=TT

Normal A1298C =
AA

Heterozygous
A1298C
dysfunction = AC
Homozygous
A1298C
dysfunction = CC

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
3mcg/kg, propofol
2-3mg/kg, and
muscle relaxation
was achieved with
rocuronium
0.6mg/kg,
anesthesia was
maintained with 1

preopeative holding,
2.) 2 hours after the
initiation of general
anesthesia, 3.) at the
end of the surgery.

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% 02
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 N20 for
longer than 4
hours; there was




81

References Qual: Concepts or Theoretical Design Sample (N) Data Collection Findings
phenomena Framework (Instruments/Tools)
Quan: Key
variables
Hypothesis
Research Question
an 80% increase
in tHey levels (8.1
Vs
14.6micromol/L)
and thisincrease
was independent
of MTHFR status.
Orhon, Z., Koltka, | Quantitative study | N/A Retrespective study | N =12 (7 males, 5| Data collection: tHcy values:
E., Tufecki, S., evaluating other females) pediatric | All 12 patients had mean preoperative
Buldag, C., Kisa, commonly used patients with blood drawn for tHcy | tHcy = 5.36
A., Durakbasa, C., | anesthetics known MTHFR values both before the | micromol/L
& Celik, M. (2017). | (propofol & dysfunction (TT: | induction of anesthesia] mean
Methylene sevoflurane) for N=9, CC N=3) in the preoperative postoperative
tetrahydrofolate their effects on tHcy that was diagnose( period and 24 durs tHey =
reductase values in pediatric prior to the after the procedure in | 4.58micromol/L
deficiency: the patients with known surgical the postoperative (4 TIVA patients
hidden risk in MTHFR genetic procedures. period. =
paediatric dysfunction. Nitrous MTHFR 4.17micromol/L; 8
anaesthesia. Turkisl oxide was not used investigation was sevo patients =
Journal of due to theknown performed on the 4.79micromol/L)

Anaesthsiology
and Reanimation,
45, 277281.

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

children due to:
generalized
convulsions in 4,
hypotaia in 2;
nystagmus in 1,
retinitis
pigmentosa in 1,
growth retardation
in 1, and a family
history of MTHFR
in 3.

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 ah
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 ang
vitamin B12
supplementation.

that increases
tHcy is in fact
nitrous oxide.

Pichardo, D.,
Luginbuehl, 1.,
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), 1521.

Quantitative study
evaluating the
effects of nitrous
oxide (N20)
anesthesia on
plasma total
homocysteine
(tHey)
concentratios in
children

N/A

Observational study

N = 32 children
under the age of 1
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

diseass and or

Data collection:

Blood samples were
taken after the
induction of anesthesia
and retaken 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 N20O for
>3.5 hours and
experienced an
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taking medications
known to effect
tHcy levels were
excluded

80% increase in
postogerative
tHcy, median
tHcy increase was
4.1 in these
children
p=0.0078.
Duration of N20O
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.,
... GueYu, Z.
(2016). Correlation
between
hyperhomocysteine
mia and outcomes
of patients with
acute myocardial
infarction.

American Journal of
Therapeutics, 23(6),
14641468.

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 or]
at leas® of the 3
following
standards: 1.) cheg
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 goups
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 C\4
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%
Reinfarction:
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troponin 1, within 30 dayf the 2.3%
troponin T, CK AMI. Cardiac rupture:
isozyme levels of | Adverse CV events 1.1%
> 2-fold higher criteria included: 1.) Angina pectoris:
than the normal angina pectoris with 4.6%
upper limit. ischemic STT changes,| Reinfarction:
Patients with folic | and angiography 3.4%
acid and or confirmation that there | Death: 2.3%
vitamin B is no instent occlusion,| Group L had
deficiency, as well| 2.) reinfarction with significantly
as patients with ST-T ischemic changes higher incidences
renal insufficiency | with angiography of both diabetes
were excluded confirmation of instent | and
acuteand subacute hyperlipidemia
thrombotic occlusion, | than did Group H
3.) Heatrt failure Killip | but Group H had
class =>ll, 4.) cardiac | significantly
rupture, 5.) death higher incidences
of multi vessel
disease than grou
L (68.5%) vs
56.4% p <0.001)
Zhang, X., Hong, Quantitative study | N/A Observational Study group: Data collection: Group A
L., Jin, H., Ebin, Z., | evaluating a Harvested human | HUVECs were compared to
Brodsky, S., & possible relationshiy umbilical harvested and incubate control:
Goligorsky, M. between endothelial cells | in-vitro. the stug bradykinin

(2000). Effects of

homocysteine and

(HUVEC) with

group was préreated

exposure = 1.7%
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homocysteine on
endothelial rtric
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 ther
treated with bradykinin
and larginine to
evaluate the levels of
NO that was released.
The results were
compared to a control
group in which was not
pretreated with
homocysteine.

Study group:

Group A: pretreated
with 20micromol/L hcy
Group B: pretreated
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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I. INTRODUCTION

i} Purpose of the AGREE Il Instrument

Clinical practice guidelines (‘guidelines’) are systematically developed statements to assist
practitioner and patient decisions about appropriate health care for specific clinical
circumstances (1). In addition, guidelines can play an important role in health policy formation
(2,3) and have evolved to cover topics across the health care continuum (e.g., health promotion,
screening, diagnosis).

The potential benefits of guidelines are only as good as the quality of the guidelines themselves.
Appropriate methodologies and rigorous strategies in the guideline development process are
important for the successful implementation of the resulting recommendations (4-6). The quality
of guidelines can be extremely variable and some often fall short of basic standards (7-9).

The Appraisal of Guidelines for REsearch & Evaluafion (AGREE) Instrument (10) was
developed to address the issue of vanability in guideline guality. To that end, the AGREE
instrument is a tool that assesses the methodological rigour and transparency in which a
guideline is developed. The original AGREE instrument was refined, which resulied in the
AGREE Il, and a User's Manual was developed (11-13).

The purpose of the AGREE I, is to provide a framework to:

1. Assess the quality of guidelines;
2. Provide a methodological strategy for the development of guidelines; and
3. Inform what information and how information ought to be reported in guidelines.

The AGREE Il replaces the original instrument as the preferred tool and can be used as part of
an overall guality mandate aimed to improve health care.

if) History of the AGREE Project

The original AGREE Instrument was published in 2003 by a group of intemational guideline
developers and researchers, the AGREE Collaboration (10). The objective of the Collaboration
was to develop a tool to assess the quality of guidelines. The AGREE Collaboration defined
quality of guidelines as the confidence that the potential biases of guideline development have
been addressed adeguately and that the recommendations are both infernally and externally
valid, and are feasibie for practice (10). The assessment includes judgments about the methods
used for developing the guidelines, the components of the final recommendations, and the
factors that are linked to their uptake. The result of the Collaboration's effort was the original
AGREE Instrument, a 23-item tool comprising 6 quality domains. The AGREE Instrument has
been translated into many languages, has been cited in over 600 publications, and is endorsed
by several health care organizations. More details about the original instrument and related
publications are available on the AGREE Website (hitp/fwww agreetrust.org/).
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Il. APPLYING THE AGREE Il

i) Which guidelines can be appraised with the AGREE II?
As with the orginal instrument, the AGREE |l is designed to assess guidelines developed by
local, regional, national or international groups or affiliated governmental organizations. These
include original versions of and updates of existing guidelines.

The AGREE 1l is generic and can be applied to guidelines in any health or disease area
targeting any step in the health care continuum, including those for health promoetion, public
health, screening, diagnosis, treatment or interventions. It is suitable for guidelines presented in
paper or electronic format. The AGREE Il has not been designed to assess the quality of
guidance documents that address health care organizational issues. Its role in the assessment
of health technology assessments has not been formally evaluated.

il) Who can use the AGREE 11?7
The AGREE Il is intended to be used by the following stakeholder groups:

* by health care providers who wish to underiake their own assessment of a guideline
before adopting its recommendations into their practice;

* by guideline developers to follow a structured and rigorous development methodology,
to conduct an intemal assessment to ensure that their guidelines are sound, or fo
evaluate quidelines from other groups for potential adaptation to their own context;

+ by policy makers to help them decide which guidelines could be recommended for use
in practice or to inform policy decisions; and

+ by educators to help enhance crtical appraisal skills amongst health professionals and
to teach core competencies in guideline development and reporting.

lll. AGREE WEBSITE: RESOURCES AND REFERENCES

The AGREE Enterprise website, www.agreetrust.org, contains a varety of tools to assist users
in applying the AGREE II.

i) Publications of AGREE Research
*  Access publications related to the AGREE Il and other AGREE tools.
+  The Key publications: AGREE Il page provides access to publications related to the
development and testing of the AGREE II.

ii) AGREE Il Training Tools
+ Two online tools are available to frain new users of the AGREE II:
o AGREE Il Overview Tutoral,
o AGREE |l Practice Exercise.

iii) AGREE Il Language Translations
* The AGREE Il has been translated into various languages, thanks to members of the
international practice guideline community.
+ Copies of these translations are available to the public on this webpage.
* |f you would like to underiake a new translation, please contact the AGREE Project
Office by emailing agree@mcmaster.ca.
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iv) My AGREE PLUS
* An online platform called My AGREE PLUS is freely available to the public to complete
and track AGREE |l appraisals.

* The platform can be used to:
o Complete individual AGREE Il appraisals,
o Contribute to a group AGREE |l appraisal, and
o Coordinate a group AGREE Il appraisal.

* Click the My AGREE PLUS tab at www_agreetrust.org to register and use the platform.

v) Other AGREE tools
*  Access other AGREE tools to support the development, reporting and appraisal of
clinical practice guidelines and health systems guidance:

o AGREE Reporting Checklist: A checklist based on the AGREE Il to guide the
reporting of clinical practice guidelines (14).

o AGREE GRS: A 4-item tool to assess the quality of clinical practice guidelines
when scarce time or resources make it unfeasible to use the more
comprehensive AGREE Il.

o AGREE Recommendations Excellence (AGREE-REX): A tool to assess the
quality and direct the development and reporting of clinical practice guideline
recommendations.

o AGREE Health Systems (AGREE-HS): A tool to assess the quality and direct
the development and reporting of health systems guidance documents.

o CheckUp: A checklist to guide the reporting of updated clinical practice
guidelines (15).




II. USER’S MANUAL: INSTRUCTIONS FOR USING THE AGREE Il

This User's Manual has been designed specifically to guide appraisers in the use of the
instrument. We suggest reading the following instructions before using the instrument.

I. Preparing to Use the AGREE Il

i} Accompanying Guideline Documents

Before applying the AGREE I, users should first carefully read the guideline document in full. In
addition to the guideline document, users should attempt to identify all information about the
guideline development process prior to the appraisal. This information may be contained in the
same document as the guideline recommendations or it may be summarized in a separate
technical report, methodological manual or guideline developer policy statement. These
supporting documents may be published or may be available publicly on web sites. While it is
the responsibility of the guideline authors to advise readers on the existence and location of
relevant additional technical and supporting documents, every effort should be made hy the
AGREE Il users o locate and include them as part of the materials appropnate for assessment.

i) Number of Appraisers

We recommend that each guideline be assessed by at least 2 appraisers, and preferably 4, as
this will increase the reliability of the assessment.

Il. Structure and Content of the AGREE Il

The AGREE Il consists of 23 key items organized within 6 domains followed by 2 global rating
items (*Overall Assessmeni™). Each domain capiures a unigue dimension of guideline quality.

Domain 1. Scope and Furpose is concemed with the overall aim of the guideline, the specific
health questions, and the target population (items 1-3).

Domain 2. Stakeholder Involvement focuses on the extent to which the guideline was developed
by the appropriate stakeholders and represents the views of its intended users (items 4-6).

Domain 3. Rigour of Development relates to the process used to gather and synthesize the
evidence, the methods to formulate the recommendations, and to update them (items 7-14).

Domain 4. Clarity of Presenfation deals with the language, structure, and format of the guideline
(items 15-17).

Domain 5. Applicability pertains to the likely barriers and facilitators to implementation,
strategies to improve uptake, and resource implications of applying the guideline (items 18-21).

Domain 6. Editorial Independence is concemed with the formulation of recommendations not
being unduly biased with competing interests (items 22-23).

Overall assessment includes the rating of the overall quality of the guideline and whether the
guideline would be recommended for use in practice.
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Ill. Rating Scale and User's Manual Sections

Each of the AGREE Il items and the two global rating items are rated on a 7-point scale (1—
strongly disagree to 7-strongly agree). The Users Manual provides guidance on how to rate
each item using the rating scale and also includes 3 additional sections to further facilitate the
user's assessment. The sections include User's Manual Description, Where to Look, and How
to Rate.

i) Rating Scale
All AGREE Il items are rated on the following 7-point scale:

1 T
Strongly Disagree Strongly Agree

Score of 1 {Strongly Disagree). A score of 1 should be given when there is no information that is
relevant to the AGREE Il item, if the concept is very poorly reporied, or if the authors state
explicitly that criteria were not met.

Score of 7 (Strongly Agree). A score of 7 should bhe given if the quality of reporting is
exceptional and where the full criteria and considerations articulated in the User's Manual have
been met.

Scores between 2 and 6. A score between 2 and 6 is assigned when the reporiing of the
AGREE Il item does not meet the full criteria or considerations. A score is assigned depending
on the completeness and quality of reporting. Scores increase as more criteria are met and
considerations addressed. The *How to Rate®™ section for each item includes details about
assessment criteria and considerations specific to the item.

i) User's Manual Description
This section defines the concept underlying the item in broad terms and provides examples.

iii) Where to Look

This section directs the appraiser to where the information in the guideline can usually be found.
Included in this section are common terms used to label guideline sections or chapters. These
are suggestions only. It is the responsibility of the appraiser to review the entire guideline and
accompanying materal{s) to ensure a fair evaluation.

iv) How to Rate
This section includes details about assessment criteria and considerations specific to each item.

* The crteria identify explicit elements that reflect the operational definition
of the item. The more criteria that are met, the higher the score the
quideline should receive on that item.

* The considerations are aimed to help inform the assessment. As in any
evaluation, judgments by the appraisers are required. The more the
considerations have been taken into account in the guideline, the higher
the score the guideline should receive on that item.

It is important to note that quideline ratings require a level of judgment. The criteria and
considerations are there to guide, not to replace, these judgments. Thus, none of the AGREE Il
items provide explicit expectations for each of the 7 points on the scale.
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v} Other Considerations when Applying the AGREE I

On occasion, some AGREE Il items may not be applicable to the particular guideline under
review. For example, guidelines narrow in scope may not provide the full range of options for
the management of the condition (see item 16). The AGREE Il does not include a “*Not
Applicable”™ response item in its scale. There are different strategies to manage this situation
including having appraisers skip that item in the assessment process or rating the item as 1
(absence of information) and providing context about the score. Regardiess of sirategy chosen,
decisions should be made in advance, described in an explicit manner, and if ifems are skipped,
appropriate modifications fo calcwiating the domain scores should be implemented. As a
principle, excluding iftems in the appraisal process is discouraged.

IV. Scoring the AGREE Il

A quality score is calculated for each of the six AGREE Il domains. The six domain scores are
independent and should not be aggregated into a single quality score.

i) Calculating Domain Scores
Domain scores are calculated by summing up all the scores of the individual items in a domain
and by scaling the total as a percentage of the maximum possible score for that domain.

Example:
If 4 appraisers give the following scores for Domain 1 (Scope & Purpose):

ftem 1 ltem 2 Item 3 Total

Appraiser L 6 6 17
1
Appraiser G i T 19
2
Appraiser 2 4 3 9
3
Appraiser 3 3 2 8
4
Total 16 19 18 53

Maximum possible score = 7 (strongly agree) x 3 (items) x 4 (appraisers) = 84
Minimum possible score = 1 (strongly disagree) x 3 (items) x 4 (appraisers) =12

The scaled domain score will be:

Obtained score — Minimum possible score
Maximum possible score — Minimum possible score

53-12 _ M _ -
84-12 X100= 72 X100= 05694x100= 57 %
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If ifems are not included, appropriate modifications fto the calculations of maximum and
minimum possible scores are required.

ii) Interpreting Domain Scores

Domain scores can be used to identify strengths and limitations of guidelines, to compare
methodological quality between guidelines, or to select high quality guidelines for adaptation,
endorsement, or implementation. At present, there are no empirical data to link specific quality
scores with specific implementation outcomes (e.g., speed of adoption, spread of adopfion) or
specific clinical outcomes; this makes selection of quality thresholds to differentiate between
high, moderate, and low quality guidelines a challenge. In the absence of these data, we
provide examples of approaches that can be used to set quality thresholds:

+*  Prioritizing one domain: Through consensus or based on decisions by leadership, one
quality domain may be prioritized over the others. Thus, thresholds can be created
based on scores for the prioritized domain (e.g., high quality guidelines are those with a
Domain 3 score >70%).

+ Staged AGREE Il appraisal: If users value one domain over the others, they can first
appraise the guidelines using that domain only. Only those quidelines that meet a quality
threshold for that domain (e.g., =70%) are then appraised using the other five AGREE Il
domains.

+ (Considering all domain scores: Users can create a threshold across all six domain
scores based on consensus or decisions by leadership (e.g., high quality guidelines are
those with domain scores that are all =70%). Alternatively, users might create different
thresholds for each of the domains.

+ Thresholds for improvement over time: If evaluating changes in scores for guidelines
over time, users can create thresholds for improvement (e.g., at least 10% improvement
in each domain score for guidelines by a particular developer over a period of five
Years).

Any decisions about how to define quality threshaolds should be made by a panel of all relevant
stakeholders before beginning the AGREE Il appraisals. Decisions should be guided by the
context in which the guideline is to be used and by evaluating the importance of the different
domains and items in that context.

V. Overall Assessment

Upon completing the 23 items, AGREE Il users will provide 2 overall assessments of the
guideline. The overall assessment requires the user to make a judgment as to the quality of the
guideline, taking into account the criteria considered in the assessment process. The user is
also asked whether hefshe would recommend use of the guideline.

The next pages include, by domain, guidance for rating each of the 23 items of the AGREE |l
when appraising a guideline. Each item includes a description, suggestions for where to find the
item information, and guidance for how fo rate.
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DOMAIN 1. SCOPE AND PURPOSE

. The overall objective(s) of the guideline is (are) specifically described.
2. The health question(s) covered by the guideline is (are) specifically

described.

. The population (patients, public, etc.) to whom the guideline is meant

to apply is specifically described.

11
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SCOPE AND PURPOSE

1. The overall objective(s) of the guideline is (are) specifically described.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

This deals with the potential health impact of a guideline on society and populations of patients or individuals.
The overall objective(s) of the guideline should be described in detail and the expected health benefits from the
guideline should be specific to the clinical problem or health topic. For example, specific statements would be:

* Preventing (long term) complications of patients with diabetes mellitus.

= Lowering the risk of subsequent vascular events in patients with previous myocardial infarction

* Most effective population-based colorectal screening strategies

* Providing guidance on the most effective therapeutic treatment and management of patients with diabetes
mellitus.

Where to Look:

Examine the opening paragraphs/chapters for a description of the scope and purpose of the guideline. In some
cases, the rationale or need for the guideline iz described in a document separate from the guideline, for
instance, in the guideline proposal. Examples of commonly labeled sections or chapters in a guideline where
this information can be found include: infroduction, scope, purpose, rationale, background, and objectives.

How to Rate:

Item content includes the following CRITERIA!

= health intent{s) (i.e., prevention, screening, diagnosis, treatment, etc)
= expected benefit or outcome
* target(s) (e.g., patient population, society)

Additional CONSIDERATIONS:

= Is the item well written? Are the descriptions clear and concise?
* |z the item content easy to find in the guideline?
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SCOPE AND PURPOSE

2. The health question(s) covered by the guideline is (are) specifically described.

Strongly Disagree Strongly Agree

Comments

User's Manual Description:

A detailed description of the health questions covered by the guideline should be provided, particularly for the
key recommendations (see lem 17), although they need not be phrased as questions. Following the examples
provided in quesfion 1:

* How many times a year should the HbA1c be measured in patients with diabetes mellitus?

= What should the daily aspirin dosage for patients with proven acute myocardial infarction be?

* Does population-based colorectal screening using the fecal occult blood test reduce mortality of colorectal
cancer?

* |z self-monitoring effective for blood glucose control in patients with Type 2 diabetes?

Where to Look:

Examine the ocpening paragraphsichapters for a description of the scope and purpose of the guideline. In some
cazes, the questions are described in a document separate from the guideline, for instance in a search
specification. Examples of commeonly labeled sections or chapters in a guideline where this information can be
found include: questions, scope, purpose, rationale, and background.

How to Rate:

Item content includes the following CRITERIA:
= target population

* intervention(s) or exposure(g)

= comparisons (if appropriate)

= outcome(s)

* health care setting or context

Additional CONSIDERATIONS:

* Iz the item well written? Are the descripions clear and concise?

* |z the item content easy to find in the guideline?

* |z there enough information provided in the question(s) for anyone to initiate the development of a guideline
on this topic or to understand the patients/populations and contexts profiled in the guideline?

13
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SCOPE AND PURPOSE

3. The population (patients, public, etc.) to whom the guideline is meant to apply
is specifically described.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Descnption:

A clear description of the population (i.e., patients, public, etc.) covered by a guideline should be provided. The
age range, sex, clinical description, and comorbidity may be provided. For example:

= A guideline on the management of diabetes mellitus only includes patients with non-insulin dependent
diabetes mellitus and excludes patients with cardiovascular comorbidity.

= A guideline on the management of depression only includes patients with major depression according to the
DSM-IV criteria, and excludes patients with psycholic symptoms and children.

= A guideline on screening of breast cancer only includes women, aged between 50 and 70 years, with no
history of cancer and with no family history of breast cancer.

Where to Look:

Examine the opening paragraphs/chapters for a description of the target population of the guideline. The
explicit exclusion of some populations (for instance children) is also covered by this item. Examples of
commonly labeled sections or chapters in a guideline where this information can be found include: patient
population, target population, relevant patients, scope, and purpose.

How to Rate:

Item content includes the following CRITERIA:
= target population, gender and age

= glinical condition (if relevant)

= gevertylstage of disease (if relevant)

= comorbidities (if relevant)

* gxcluded populations (if relevant)

Additional CONSIDERATIONS:
* |5 the item well written? Are the descriptions clear and concize?
= Is the item content easy to find in the guideline?
* |5 the population information specific enough so that the comect and eligible individuals would receive
the action recommended in the guideline?
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DOMAIN 2. STAKEHOLDER INVOLVEMENT

4_ The guideline development group includes individuals from all
relevant professional groups.

5. The views and preferences of the target population (patients, public, etc.)
have been sought.

6. The target users of the guideline are clearly defined.
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STAKEHOLDER INVOLVEMENT

4. The guideline development group includes individuals from all relevant
professional groups.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

This item refers to the professionals who were involved at some stage of the development process. This may
include members of the steering group, the research team involved in selecting and reviewing/rating the
evidence and individuals involved in formulating the final recommendations. This ifem excludes individuals who
have externally reviewed the guideline (see Ifemm 13). This ifem excludes farget population representation (see
Item 5). Information about the composition, discipline, and relevant expertise of the guideline development
group should be provided.

Where to Look:

Examine the opening paragraphsichapters, acknowledgement section or appendices for the composition of the
guideline development group. Examples of commonly labeled sections or chapters in a guideline where this
information can be found include: methods, guideline panel member list, acknowledgements, and appendices.

How to Rate:

Item content includes the following CRITERIA:

= For each member of the guideline development group, the following information is included:
name

discipline/content expertize (e.g., neurosurgeon, methodologist)

institution (e.g., St. Peter's hospital)

geographical location (e.g., Seattle, WA)

a description of the member's role in the guideline development group

YYY YWY

Additional CONSIDERATIONS:

* |z the item well written? Are the descriptions clear and concise?

* |z the item content easy to find in the guideline?

= Are the members an appropriate match for the topic and scope? Potential candidates include relevant
cliniciang, content experts, rezearchers, policy makers, clinical administrators, and funders.

* |z there at least one methodology expert included in the development group (e.g., systematic review expert,
epidemiologist, statistician, library scientist, etc )7
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STAKEHOLDER INVOLVEMENT

5. The views and preferences of the target population (patients, public, etc.) have
been sought.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Information about target population experiences and expectations of health care should inform the
development of guidelines. There are various methods for ensuring that these perspectives inform the different
stages of guideline development by stakeholders. For example, formal consultations with patientsipublic fo
determine pricnty topics, participation of these stakeholders on the guideline development group, or extemnal
review by these stakeholders on draft documents. Altematively, information could be obtained from interviews
of these stakeholders or from literature reviews of patient/public values, preferences or experiences. There
should be evidence that some process has taken place and that stakeholders’ views have been considered.

Where to Look:

Examine the paragraphs on the guideline development process. Examples of commonly labeled sections or
chapters in a guideline where this information can be found include: scope, methods, guideline panel member
list, external review, and target population perspectives.

How to Rate:

Item content includes the following CRITERIA:

= statement of type of strategy used to capture patients’/public’s’ views and preferences (e.g., participation in
the guideline development group, literature review of values and preferences)

= methods by which preferences and views were sought (e_g., evidence from literature, surveys, focus groups)
= gutcomesfinformation gathered on patient/public information

* description of how the information gathered was used to inform the guideline development process andior
formation of the recommendations

Additional CONSIDERATIONS:
* |z the item well written? Are the descriptions clear and concise?
= |s the item content easy to find in the guideline?
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STAKEHOLDER INVOLVEMENT

6. The target users of the guideline are clearly defined.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

The target users should be clearly defined in the guideline, so the reader can immediately determine if the
guideline i relevant to them. For example, the target users for a guideline on low back pain may include:
general practitioners, neurclogists, orthopaedic surgeons, rheumatologists, and physictherapists.

Where to Look:

Examine the cpening paragraphs/chapters for a description of the target users of the guideline. Examples of
commanly labeled sections or chapters in a guideline where this information can be found include: target user
and intended user.

How to Rate:

Item content includes the following CRITERIA:

= glear description of intended guideline audience (e.g. specialists, family physicians, patients, clinical or
institutional leadersfadministrators)

= description of how the guideline may be used by its target audience (e_g., to inform clinical decisions, to
inform policy, to inform standards of care)

Additional CONSIDERATIONS:

* Iz the item well written? Are the descripions clear and concise?
* Is the item content easy to find in the guideline?

= Are the target users appropriate for the scope of the guideline?
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DOMAIN 3. RIGOUR OF DEVELOPMENT

Systematic methods were used to search for evidence.

The criteria for selecting the evidence are clearly described.
The strengths and limitations of the body of evidence are clearly
described.

10. The methods for formulating the recommendations are clearly

11.

12.

described.

The health benefits, side effects, and risks have been considered in
formulating the recommendations.

There is an explicit link between the recommendations and the
supporting evidence.

13. The guideline has been extemnally reviewed by experts prior to its

14.

publication.
A procedure for updating the guideline is provided.
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RIGOUR OF DEVELOPMENT

7. Systematic methods were used to search for evidence.

1 i
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Details of the strategy used to search for evidence should be provided including search terms used, sources
consulted, and dates of the literature covered. Sources may include electronic databases (e.g. MEDLIME,
EMBASE, CINAHL), databases of systematic reviews (e.g. the Cochrane Library, DARE), handsearching
joumnals, reviewing conference proceedings, and other guidelines (e.g. the US Mational Guideline
Clearinghouse, the German Guidelines Clearinghouse). The search strategy should be as comprehensive as
possible and executed in a manner free from potential biases and sufficiently detailed to be replicated.

Where to Look:

Examine the paragraphs/chapters describing the guideline development process. In some cases the search
strategies are described in separate documents or in an appendix to the guideline. Examples of commonty
labelled sections or chapters in a guideline where this informabion can be found include: methods, literature
search sirategy, and appendices.

How to Rate:

Item content includes the following CRITERIA:

= mamed electronic database(s) or evidence source{s) where the search was performed (e.g., MEDLINE,
EMBASE, PaychiNFO, CINAHL)

= fime perieds searched (e_g., January 1, 2004 to March 31, 2008)

= search terms usad (e.g., text words, indexing terms, subheadings)

* full search strategy included (e.g., possibly located in appendix)

Additional CONSIDERATIONS:

= Is the item well written? Are the descripions clear and concise?

* |z the item content easy to find in the guideline?

= Is the search relevant and appropriate to answer the health question? (e.g., all relevant databases and,
appropriate search terms used)

* |z there encugh information provided for anyone to replicate the search?
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RIGOUR OF DEVELOPMENT

8. The criteria for selecting the evidence are clearly described.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Criteria for includingfexcluding evidence identified by the search should be provided. These criteria should be
explicitly described and reasons for including and excluding evidence should be clearly stated. For example,
guideline authors may decide to only include evidence from randomized clinical frials and to exclude arficles
not written in English.

Where to Look:

Examine the paragraphs/chapters describing the guideline development process. In some cases, the inclusion
or exclugion criteria for selecting the evidence are described in separate documents or in an Appendix to the
guideline. Examples of commonly labeled sections or chapters in a guideline where this informaticn can be
found include: methods, literature search, inclusionfexclusion criteria, and appendices.

How to Rate:

Item content includes the following CRITERIA:

* description of the inclusion crteria, including

target population (patient, public, etc.) characteristics
study design

comparisons (if relevant)

cutcomes

language (if relevant)

context (if relevant)

= description of the exclusion criteria (if relevant; e.qg., French only listed in the inclusion criteria statement could
logically preclude non-French listed in the exclusion criteria statement)

YV YY YWY

Additional CONSIDERATIONS:

* Is the item well written? Are the descripions clear and concise?

* |z the item content easy to find in the guideline?

* |z there a raticnale given for the chosen inclusion/exclusion criteria?

= Do inclusionfexclusion criteria align with the health question{s)?

= Are there reasons to believe that relevant [iterature may not have been considered?
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RIGOUR OF DEVELOPMENT

9. The strengths and limitations of the body of evidence are clearly described.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Statements highlighting the strengths and limitations of the evidence should be provided. This ought to include
explicit descriptions - using informal or formal foocls/methods - to assess and describe the risk of bias for
individual studies andfor for specific outcomes andlor explicit commentary of the body of evidence aggregated
across all studies. This may be presented in different ways, for example: using tables commenting on different
quality domains; the application of a formal instrument or sirategy (e.g., Jadad scale, GRADE method); or
descripfions in the text.

Where to Look:

Examine the paragraphs/chapters describing the guideline development process for information on how the
methodological quality of the studies (e.g., risk of bias) were described. Evidence tables are often used to
summarize quality features. Some guidelines make a clear distinction between description and interpretation of
evidence, for instance, in a results section and a discussion section, respectively.

How to Rate:

Item content includes the following CRITERIA:

* descriptions of how the body of evidence was evaluated for bias and how it was interpreted by members of
the guideline development group

= aspects upon which to frame descriptions include:

study design(s) included in body of evidence

study methodology limitations (sampling, blinding, allocation concealment, analytical methods)
appropriateness/relevance of primary and secondary cutcomes considered

consistency of results across studies

direction of results across studies

magnitude of benefit versus magnitude of harm

applicability to practice context

YYYY Y YY

Additional CONSIDERATIONS:

= Is the item well written? Are the descripions clear and concise?
* |z the item content easy to find in the guideline?
= Are the descripions appropriate, neutral, and unbiased? Are the descriplions complete?
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RIGOUR OF DEVELOPMENT

10. The methods for formulating the recommendations are clearly described.

1 i
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

A description of the methods used to formulate the recommendations and how final decisions were amived at
should be provided. For example, methods may include a voting system, informal consensus, and formal
consensus techniques (e.g., Delphi, Glaser techniques). Areas of disagreement and methods of resolving them
should be specified.

Where to Look:

Examine the paragraphs/chapiers descnbing the guideline development process. In some cases, the methods
uzed to formulate the recommendations are described in separate documents or in an appendix to the
guideline. Examples of commonly labeled sections or chapters in a guideline where this information can be
found include methods and guideline development process.

How to Rate:

Item content includes the following CRITERIA:

* dezcription of the recommendation development process (e_g., steps uzed in modified Delphi technigue,
vioting procedures that were considered)

* putcomes of the recommendation development process (e.g., extent to which consensus was reached using
modified Delphi technique, outcome of voting procedures)

» description of how the process influenced the recommendations (e.g., results of Delphi technique influence
final recommendation, alignment with recommendations and the final vote)

Additional CONSIDERATIONS:

* |z the item well written? Are the descriptions clear and concise?
* |z the item content easy to find in the guideline?

* Was a formal process used to ammive at the recommendations?
* Were the methods appropriate?
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RIGOUR OF DEVELOPMENT

11. The health benefits, side effects, and risks have been considerad in
formulating the recommendations.

1
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

The guideline should consider health benefits, side effects, and risks when formulating the recommendations.
For example, a guideline on the management of breast cancer may include a discussion on the overall effects
on vanous final outcomes. These may include: survival, quality of life, adverse effects, and symptom
management or a discussion comparing one treatment option to ancther. There should be evidence that these
issues have been addressed.

Where to Look:

Examine the paragraphs/chapters describing the guideline development process for a description of the body
of evidence, its interpretation, and the translation fo practice recommendations. Examples of commonly labeled
sections or chapters in a guideline where this information can be found include: methods, interpretation,
discussion, and recommendations.

How to Rate:

Item content includes the following CRITERIA:

* gupporting data and report of benefits

= gupporting data and report of harms/side effects/risks

* reporting of the balanceftrade-off between benefits and hams/side effectz/nsks

* recommendations refiect considerations of both benefits and harms/side effects/risks

Additional CONSIDERATIONS:

* Is the item well written? Are the descriplions clear and concise?

* Is the item content easy fo find in the guideline?

= |s the discussion an integral part of the guideline development process? (i.e., taking place during
recommendation formulation rather than post-formulation as an afterthought)

= Has the guideline development group considered the benefits and harms equally?
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RIGOUR OF DEVELOPMENT

12. There is an explicit link between the recommendations and the supporting
evidence.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

An explicit link between the recommendations and the evidence on which they are based should be included in
the guideline. The guideline user should be able to identify the components of the body of evidence relevant fo
each recommendation.

Where to Look:

Define and examine the recommendations in the guideline and the text describing the body of evidence that
underpins them. Examples of commonly labeled sections or chapters in a guideline where this information can
be found include: recommendations and key evidence.

How to Rate:

Item content includes the following CRITERIA:

= the guideline describes how the guideline development group linked and used the evidence to inform
recommendations

= gach recommendation is linked to a key evidence description/paragraph and/or reference list

= recommendations linked to evidence summaries, evidence tables in the results section of the guideline

Additional CONSIDERATIONS:

* |z there congruency between the evidence and recommendabions?

* Is the link between the recommendations and supporting evidence easy to find in the guideline?

= When evidence is lacking or a recommendation is informed primarily by consensus of opinicn by the guideline
group, rather than the evidence, is this clearly stated and described?
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RIGOUR OF DEVELOPMENT

13. The guideline has been externally reviewed by experts prior to its publication.

1 T

Strongly Disagree Strongly Agree

Comments

User's Manual Description:

A guideline should be reviewed externally before it is published. Reviewers should not have been involved in
the guideline development group. Reviewers should include experts in the clinical area as well as some
methodological experts. Target population (patients, public) representatives may alzo be included. A
descripbion of the methodology used to conduct the external review should be presented, which may include a
list of the reviewers and their affiliation.

Where to Look:

Examine the paragraphs/chapters describing the guideline development process and the acknowledgement
section. Examples of commonly labeled seclicns or chapters in a guideline where this information can be found
include: methods, results, interpretation, and acknowledgements.

How to Rate:

Item content includes the following CRITERIA:

= purpose and intent of the external review (e.g., to improve quality, gather feedback on draft
recommendations, assess applicability and feasibility, disseminate evidence)

= methods taken to undertake the external review (e.g., rating scale, open-ended questions)

* description of the external reviewers (e_.g., number, type of reviewers, affiliations)

= putcomesfinformation gathered from the extemal review (e.g., summary of key findings)

* description of how the information gathered was used fo inform the guideline development process andfor
formation of the recommendations (e.g., guideline panel considered results of review in forming final
recommendations)

Additional CONSIDERATIONS:

* Iz the item well written? Are the descripions clear and concise?

= Is the item content easy to find in the guideline?

= Are the extemnal reviewers relevant and appropriate to the scope of the guideline? Was there a rationale given
for choosing the included reviewers?

* How was information from the extemal review used by the guideline development group?
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RIGOUR OF DEVELOPMENT

14. A procedure for updating the guideline is provided.

1 T

Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Guidelines need o reflect cument research. A clear statement about the procedure for updating the guideline
should be provided. For example, a timescale has been given or a standing panel is established who receives
regularly updated literature searches and makes changes as required.

Where to Look:

Examine the introduction paragraph, the paragraphs describing the guideline development process and the
cloging paragraphs. Examples of commonly labeled sections or chapters in a guideline where this information
can be found include: methods, guideline update, and date of guideline.

How to Rate:

Item content includes the following CRITERIA:

* a statement that the guideline will be updated
* gxplicit ime interval or explicit criteria to guide decigions about when an update will occur
* methodology for the updating procedure is reported

Additional CONSIDERATIONS:

* |z the item well writien? Are the descripions clear and concise?

* |s the item content easy to find in the guideline?

* |z there enough information provided to know when an update will occur or what criteria would frigger an
update?
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DOMAIN 4. CLARITY OF PRESENTATION

15. The recommendations are specific and unambiguous.

16. The different options for management of the condition or health issue
are clearly presented.

17. Key recommendations are easily identifiable.
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CLARITY OF PRESENTATION

15. The recommendations are specific and unambiguous.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

A recommendation should provide a concrete and precise descripion of which oplion is appropriate in which
situation and in what population group, as informed by the body of evidence.

* An example of a specific recommendation is: Anfibiotics should be prescribed in children two years or older
with a diagnosis of acute ofitis media if the pain lasts longer than three days or if the pain increases after the
consultation despite adequate treatment with painkillers; in these cases, amoxicillin should be given for 7 days
(supplied with a dosage scheme).

* An example of a vague recommendation is: Anfibiotics are indicated for cases with an abnormal or
complicated course.

It is important to note that in some instances, evidence is not always clear cut and there may be uncertainty
about the best care oplion(z). In this case, the uncertainty should be stated in the guideline.

Where to Look:

Define and examine the recommendations in the guideline. Examples of commaonly labeled sections or
chapters in a guideline where this information can be found include: recommendations and executive summary.

How to Rate:

Item content includes the following CRITERIA:

= statement of the recommended action

* identification of the intent or purpose of the recommended action (e.g., to improve quality of life, fo decrease
side effects)

* identification of the relevant population (e.g., patients, public)

= caveats or qualifying statements, if relevant (e.g., patients or conditions for whom the recommendations
would not apply)

Additional CONSIDERATIONS:

* In the event of multiple recommendations (e.g., management guidelines), is there clarity regarding to whom
each recommendation applies?

= I there iz uncertainty in the interpretation and discussion of the evidence, is the uncertainty reflected in the
recommendations and explicitly stated?
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CLARITY OF PRESENTATION

16. The different options for management of the condition or health issue are
clearly presented.

1 i
Strongly Disagree Strongly Agree

Comments

User's Manual Descniption:

A guideline that targets the management of a disease should consider the different possible options for
screening, prevention, diagnosis or treatment of the condition it covers. These possible options should be
clearly presented in the guideline.

For example, a recommendation on the management of depression may contain the following treatment
alternatives:

a. Treatment with TCA

b. Treatment with SSRI

¢. Psychotherapy

d. Combination of phamacological and psychological therapy

Where to Look:

Examine the recommendations and their supporting evidence. Examples of commonly labeled sections or
chapters in a guideline where this information can be found include: executive summary, recommendations,
discussion, freatment options, and treatment altematives.

How to Rate:

Item content includes the following CRITERIA:

= description of options
= description of population or clinical situation most appropriate to each opfion

Additional CONSIDERATIONS:

= Is the item well written? Are the descriplions clear and concise?

* |g the item content easy to find in the guideline?

* |g this pertaining to a guideline broad or namow in scope? This item may be more relevant to guidelines that
are broad in scope (e.g., covering the management of a condition or issue rather than focusing on a particular
set of interventions for a specific conditionfissue).
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CLARITY OF PRESENTATION

17. Key recommendations are easily identifiable.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Users should be able to find the most relevant recommendations easily. These recommendations answer the
main question(s) that have been covered by the guideline and can be identified in different ways. For example,
they can be summarized in a box, typed in bold, underiined or presented as fliow charts or algorithms.

Where to Look:

Examples of commeonly labeled sections or chapters in a guideline where this information can be found include:
executive summary, conclusions, and recommendations. Some guidelines provide separate summaries with
key recommendations (e.g., quick reference guide).

How to Rate:

Item content includes the following CRITERIA:

* description of recommendations in a summarized box, typed in bold, underined, or presented as flow charts

or algorithms
= specific recommendations are grouped together in one section

Additional CONSIDERATIONS:

= Iz the item well written? Are the descripions clear and concise?

* |z the item content easy to find in the guideline?

= Are the key recommendations appropriately selected and do they reflect the key messages of the guideline?
= Are specific recommendations grouped in a section placed near the summary of the key evidence?
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DOMAIN 5. APPLICABILITY

18. The guideline describes facilitators and harriers to its application.

19. The guideline provides advice and/or tools on how the
recommendations can be put into practice.

20. The potential resource implications of applying the recommendations
have been considered.

21. The guideline presents maonitoring and/for auditing criteria.
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APPLICABILITY

18. The guideline describes facilitators and barriers to its application.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

There may be existing facilitators and barriers that will impact the application of guideline recommendations.
For example:

i. A guideline on stroke may recommend that care should be coordinated through stroke units and

stroke services. There may be a special funding mechanism in the region to enable the formation of stroke
units.

ii. A guideline on diabetes in primary care may require that patients are seen and followed up in

diabetic clinics. There may be an insufficient number of clinicians available in a region o enable clinics to be
established.

Where to Look:

Examine the paragraph/chapter on the disseminationfimplementation of the guideline or, if available, additicnal
documents with specific plans or strategies for implementation of the guideline. Examples of commonly labeled
sections or chapters in a guideline where this information can be found include: barmmiers, guideline utilization,
and quality indicators.

How to Rate:

Item content includes the following CRITERIA:

* identification of the types of facilitators and barriers that were considered

= methods by which information regarding the facilitators and bamiers to implementing recommendations were
sought (e.g., feedback from key stakeholders, pilot testing of guidelines before widespread implementation)

* information/description of the types of facilitators and bamiers that emerged from the inquiry (e.g.,
practitioners have the skills o deliver the recommended care, sufficient equipment iz not available to ensure all
eligible members of the population receive mammography)

= description of how the information influenced the guideline development process andior formation of the
recommendations

Additional CONSIDERATIONS:

* Iz the item well written? Are the descriptions clear and concise?
* |s the item content easy to find in the guideline?
* Does the guideline suggest specific strategies to overcoming the barriers?

33



APPLICABILITY

19. The guideline provides advice and/or tools on how the recommendations can
be put into practice.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

For a guideline to be effective it needs to be disseminated and implemented with additional materials.
For example, these may include: a summary document, a quick reference guide, educational tools, results from
a pilot test, pafient leaflets, or computer support. Any additional materials should be provided with the guideline.

Where to Look:

Examine the paragraph on the disgeminationimplementation of the guideline and, if available, the specific
accompanying materials that have been produced fo support the dissemination and implementation of the
guideline. Examples of commonly labeled sections or chapters in a guideline where this information can be
found include: tools, resources, implementation, and appendices.

How to Rate:

Item content includes the following CRITERIA:

= an implementation section in the guideline

= tools and resources to facilitate application:

guideline summary documents

links to check listz, algorithms

links to how-to manuals

solutions linked to bamier analysis (see ltem 18)

tools to capitalize on guideline facilitators (see Item 18)
outcome of pilot test and lessons leamed

YYYYYY

= directions on how users can access tools and resources

Additional CONSIDERATIONS:

* |z the item well written? Are the descriptions clear and concise?
* |z the item content easy to find in the guideline?
* |s there information about the development of the implementation tools and validation procedures?
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APPLICABILITY

20. The potential resource implications of applying the recommendations have
been considered.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Descnption:

The recommendations may require additional resources in order to be applied. For example, there may be a
need for more specialized staff, new equipment, and expensive drug treatment. These may have cost
implications for health care budgets. There should be a discussion in the guideline of the potential impact of the
recommendations on resources.

Where to Look:

Examine the paragraphis) on the disseminaticnfimplementation of the guideline or, if available, additional
documents with specific plans or sirategies for implementation of the guideline. Some guidelines prezent cost
implications in the paragraphs that discuss the evidence or decisions behind the recommendations. Examples
of commonly labeled sections or chapters in a guideline where this information can be found include: methods,
cost uiility, cost effectiveness, acquisition costs, and implications for budgets.

How to Rate:

Item content includes the following CRITERIA:

* identification of the types of cost information that were considered (e.g., economic evaluations, drug
acquisition costs)

= methods by which the cost information was sought (e.g., a health economist was part of the guideline
development panel, use of health technology assessments for specific drugs, efc.)

* informaticn/description of the cost information that emerged from the inquiry (e.g., specific drug acquisition
costs per treatment course)

= description of how the informaticn gathered was used to inform the guideline development process andfor
formation of the recommendations

Additional CONSIDERATIONS:

* Iz the item well written? Are the descripions clear and concise?
* |z the item content easy to find in the guideline?
* Were appropriate experts involved in finding and analyzing the cost information?
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APPLICABILITY

21. The guideline presents monitoring and/or auditing criteria.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Meazuring the application of guideline recommendations can facilitate their ongoing use. This requires clearly
defined criteria that are derived from the key recommendations in the guideline. The criteria may include
process measures, behavioural measures, dinical or health outcome measures. Examples of monitoring and
audit criteria are:

* The HeA1e should be < B8.0%.

* The level of diastolic blood pressure should be < 95 mmHg.

* 0% of the population aged 50 years should receive colorectal cancer screening rates using fecal occult
blood tests.

* If complaints of acute ofitis media last longer than three days, amoxicillin should be prescribed.

Where to Look:

Examine the paragraph/chapter on auditing or monitoring the use of the guideline or, if available, additional
documents with specific plans or strategies for evaluation of the guideline. Examples of commonly labeled
sections or chapters in a guideline where this information can be found incluede: recommendations, quality
indicators, and audit criteria.

How to Rate:

Item content includes the following CRITERIA:

identification of criteria to assess guideline implementation or adherence to recommendations
criteria for assessing impact of implementing the recommendations

advice on the frequency and interval of measurement

descripticns or operational definitions of how the criteria should be measured

Additional CONSIDERATIONS:

* Iz the item well written? Are the descriptions clear and concise?

* Iz the item content easy to find in the guideline?

= Are a range of criteria provided including process measures, behavioural measures, and clinical or health
outcomes?
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DOMAIN 6. EDITORIAL INDEPENDENCE

22. The views of the funding body have not influenced the content of the
guideline.

23. Competing interests of guideline development group members have
been recorded and addressed.
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EDITORIAL INDEPENDENCE

22. The views of the funding body have not influenced the content of the
guideline.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

Many guidelines are developed with extemnal funding (e.g., govemment, professional associations, charity
organizations, pharmaceutical companies). Support may be in the form of financial contribution for the
complete development, or for paris of it (e.g., prinfing of the guidelines). There should be an explicit statement
that the views or interests of the funding body have not influenced the final recommendations.

Where to Look:

Examine the paragrapha/chapters on the guideline development process or acknowledgements section.
Examples of commonly labeled sections or chapters in a guideline where this information can be found include:
dizclaimer and funding source.

How to Rate:

Item content includes the following CRITERIA:

= the name of the funding body or source of funding (or explicit statement of no funding)
= a statement that the funding body did not influence the content of the guideline

Additional CONSIDERATIONS:

* |z the item well written? Are the descriptions clear and concise?
= Is the item content easy to find in the guideline?
* How did the guideline development group address potential influence from the funding body?
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EDITORIAL INDEPENDENCE

23. Competing interests of guideline development group members have been
recorded and addressed.

1 T
Strongly Disagree Strongly Agree

Comments

User's Manual Description:

There are circumstances when members of the development group may have competing interests. For
example, this would apply to a member of the development group whose research on the topic covered by the
guideline is also funded by a phamaceutical company. There should be an explicit statement that all group
members have declared whether they have any competing interests.

Where to Look:

Examine the paragraphs/chapters describing the guideline development group or acknowledgements section.
Examples of commonly labeled sections or chapters in a guideline where this information can be found include:
methods, conflicts of interest, guideline panel, and appendix.

How to Rate:

Item content includes the following CRITERIA:

description of the types of competing interests considered

methods by which potential compefing interests were sought

description of the competing interests

description of how the competing interests influenced the guideline process and development of
recommendations

Additional CONSIDERATIONS:

= Iz the item well written? Are the descriptions clear and concise?

* |z the item content easy to find in the guideline?

= What measures were taken to minimize the influence of competing interests on guideline development or
formulation of the recommendations?
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OVERALL GUIDELINE ASSESSMENT
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OVERALL GUIDELINE ASSESSMENT

For each question, please choose the response which best characterizes the guideline
assessed:

1. Rate the overall quality of this guideline.

1 T
Lowest possible 2 3 4 3 6 Highest possible
quality quality

2. | would recommend this guideline for use.

Yes

Yes, with modifications

No

NOTES

User's Manual Description:

The overall assessment requires the AGREE |l user to make a judgment as to the gquality of the guideline,
taking into account the appraizal items considered in the assessment process.
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AGREE Il INSTRUMENT
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DOMAIN 1. SCOPE AND PURPOSE

1. The overall objective(s) of the guideline is (are) specifically described.

1 T
Strongly Disagree - - - - - Strongly Agree

Comments

2. The health question(s) covered by the guideline is (are) specifically described.

1
Strongly Disagree

T
Strongly Agree

Comments

3. The population (patients, public, etc.) to whom the guideline is meant to apply is
specifically described.

1 T
Strongly Disagree Strongly Agree

Comments
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DOMAIN 2. STAKEHOLDER INVOLVEMENT

4. The guideline development group includes individuals from all relevant professional
groups.

1 T
Sfrongly Disagree Sfrongly Agree

Comments

5. The views and preferences of the target population (patients, public, etc.) have been
sought.

1 T
Strongly Disagree 2 3 4 2 6 Strongly Agree

Comments

6. The target users of the guideline are clearly defined.

1 T
Strongly Disagree 2 & - - E Strongly Agree

Comments
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DOMAIN 3. RIGOUR OF DEVELOPMENT

7. Systematic methods were used to search for evidence.

1 7
Strongly Disagree | 2 | > | * | % | ® | swongly Agree

Comments

&. The criteria for selecting the evidence are clearly described.

1 T
Strongly Disagree | 2 | > | * | % | ® | swongly Agree

Comments

9. The strengths and limitations of the body of evidence are clearly described.

1 T
Strongly Disagree Strongly Agree

Comments
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DOMAIN 3. RIGOUR OF DEVELOPMENT continued

10. The methods for formulating the recommendations are clearly described.

1 T
Strongly Disagree Strongly Agree

Comments

11. The health benefits, side effects, and risks have been considered in formulating the
recommendations.

1 T
Strongly Disagree Strongly Agree

Comments

12. There is an explicit link between the recommendations and the supporting
evidence.

1 T
Strongly Disagree Strongly Agree

Comments

46



131

DOMAIN 3. RIGOUR OF DEVELOPMENT continued

13. The guideline has been externally reviewed by experts prior to its publication.

1 T
Strongly Disagree Strongly Agree

Comments

14. A procedure for updating the guideline is provided.

1 T
Strongly Disagree Strongly Agree

Comments

47



13z

DOMAIN 4. CLARITY OF PRESENTATION

15. The recommendations are specific and unambiguous.

1 T
Strongly Disagree Strongly Agree

Comments

16. The different options for management of the condition or health issue are clearly
presented.

1 7
Strongly Disagree Strongly Agree

Comments

17. Key recommendations are easily identifiable.

1 T
Strongly Disagree Strongly Agree

Comments
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DOMAIN 5. APPLICABILITY

18. The guideline describes facilitators and barriers to its application.

1 T
Strongly Disagree Strongly Agree

Comments

19. The guideline provides advice and/or tools on how the recommendations can be
put into practice.

1 T
Strongly Disagree Strongly Agree

Comments

20. The potential resource implications of applying the recommendations have been
considered.

1 T
Strongly Disagree Strongly Agree

Comments
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DOMAIN 5. APPLICABILITY continued

21. The guideline presents monitoring and/or auditing criteria.

1 T
Strongly Disagree Strongly Agree

Comments
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DOMAIN 6. EDITORIAL INDEPENDENCE

22 The views of the funding body have not influenced the content of the guideline.

1 T
Strongly Disagree Strongly Agree

Comments

23. Competing interests of guideline development group members have been recorded
and addressed.

1 T
Strongly Disagree 2 3 4 > 6 Strongly Agree

Comments

al
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OVERALL GUIDELINE ASSESSMENT

For each question, please choose the response which best characterizes the guideline

assessed:

1. Rate the overall quality of this guideline.

2. 1 would recommend this guideline for use.

1

T
Lowest possible 4 Highest possible
quality quality

Yes

¥es, with modifications

NOTES
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Abstract

Background Remethylation defects ame rane imhenited disor-
dems in which impaired remethy btion of homocysteine to me-
thiomine leads to accumulation of homocysteine and perturba-
tion of numerous methylation reactions,
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Cbjective To summarise clinical and biochemical chamctenis-
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diagnosis and managsment.
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experts on these rare diseases following the GRADE
approach.

Key recommendations We stongly recommend messunng
plasma total homocysteing inany pabent presenting with the
combination of neumlogical and'or visual and/orhasmaiolog-
ical symptoms, subacute spinal cord degenemtion, atvpical
hasmolytic urasmic syndmome or unexplined vasalar throm-
bosis. We strongl v recommend to initiste treatment with par-
enteral hydmxocobalamin without delay in any suspected
remethylation disorder; it significantly improves survival
and incidence of severe complications. We strongly recom-
mend betaine treatment in individuals with MTHF R deficien-
oy itimproves the outcome and prevents disease when given
carly

Introduction

This puideline development process was initiated within
the frame of the “European network and registry for
homocystinurias and methylation defects™ (E-HOD) pm-
ject, which was started m February 2003, The main
aims of the project are the formation of a sustainable
imternational collaboration of experts and climically ac-
tive centres, development of guidehnes and estabhish-
ment of a dissase registry for homocystinurias and
methylation defects. Given the often sigmificant delays
in diagnoss and the absence of standardised treatment
protocols, the evaluation of the published knowledgs
and delineation of gudshnes for diagnosis and treat-
ment of thess rare dissases are urgently nesded. Most
of the exsting studies and reports are non-systematic,
observational studies, case series or case reports, which
are generally considered to be low quality evidence.
However, following collation of the avalable evidence
some very consistent patterns evolved. Confirmation and
validation of our observations by insights gained from
other fields of research (e.g. vitamin BI12 deficiency in

' Mewbom Screening, Metabolism & Genetics Unit, Mational Institate
of Health, Pori, Portugal

U g action of Clinical Genetics and Metabolian, Department of
Padistrics, University of Colorado School of Medicine, Auma, CO,
UsA
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** Instinie of Tnheriied Metsbolic Disorders, Charles University-First
Faculty of Medicine and General University Hosgital
Prague, Crech Republic

* Laborsiory of Clinical Biochemistey and Metabolism, Center for
Pedistrics and Adolescen Medicine University Hospital, Freiburg,
Freiburg, Germany

the elderly) additionally mformed our mtsmpretation of
the evidence.

Homocysteine (Hey) is an amino acid formed from methi-
oming (Met), Under normal cimcumstances Hey is converted
into cysteine (transul furation pathway) or remethylated
(remethyvlation pathway) forming Met.

All genetic memethylation defects share deficient ac-
tivity of methionine synthase due to various reasons:
decreased function of the methioning synthase eneyme
protein itself or of the associated enszyme methionine
synthase mductase; deficient production of the cofactor,
methyl-cobalamin; or disturbed supply of the substrate
methyltetrahydrofolate (MTHF). Some genetic disorders
of mtracellular cobalamin (cbl) transport and pmcessing
(chIC, chlD-MMA/Hey, cblF and chll) cause deficient
synthesis not only of methyleobalamin but also of
adenosyleobalamin, the cofactor for methylmalonyl-
CoA mutase. Those combined remethyvlation disorders
are mssociated with memased Hey and methylmalonic
acid (MMA) 5, 10-methylenstetrahydrofolate reductase
(MTHFR) deficiency leads to impaired provision of 5-
MTHF resulting n decrgased function of methionime
synthass (Fowler 2005) Fig. 1).

Our understanding of the pathophysiology of the
remethylation disorders and MTHFR deficiency 18 mcom-
plete. At present, thens are five maim hypotheses: (A) direct
tomicity of metabolites, (B) missing products, (C) mmpaired
methylation capacity, (I oxidative stress, (E) impaired non-
enzymatic protem functions.

(4) Hyperhomocysteinaemias are predominantly associat-
ed with newrocognitive and vascular pathology.
Homocystane and its metabolic product, homocwseic
acid, have been implicated in provoation of setmines
in rats (Kubova et al 1995, Mares et al 1997),
Besides its impact on renal function, accumulation
of MMA along with dicarboxylic acids like 2-
methyldtrate and propiony-CoA have besn found to
induce synengistic mitochondrial dyvsfunction (Morath
et al 2008; Zsengellér et al 2004).

(B) Impaired methioning synthase activity with accu-
mulation of intracellular 5-MTHF (folate trap) and
subsequent disuption of nucleotide synthesis com-
promise mpidly proliferating tissues such as bone
marrow or epithelia. In MTHFR deficiency, this
tmpping of folates is not found but 5-methyl THF
synthesis i impaired, resulting in low levels of
methyHetrahydrofolate (CH3-THF) in the central
nervous system of unknown significance (Schiff
and Blom 2012).

(C) Remethyltion of homocysieme (Hey) 18 an important
mechanism that mantams the methylation capacity of
the omganism and removes excess Hey, Methylation
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Fig. 1 Remethylation disonders:
metsholic pathways, MTHFE
methylenetetralydooize
reductase, THF etrahydrofolaie,
Gy glycine, Ser serine, DHF
dilvydrahydrofolaie, Mer

e thiodnime, Hiey hom ocysteine,
Adober adenosy] methionine,
Adaffey adenosyhomocysieine,
ME methionine synthase, MIR
me thionine synthase reduwdase,
BHMT betaine hamocyeins
methyliransferase CHY
cysathionine-beta-syniase,
DMG dimetlylglycine, MeCH
methyloobalamin, AdoChH
addennay]-Chl

-

renctions such as DMNA methylation, creatine and myelin
synthesis utilise S-adenosvimethionine (SAM), a metab-
olite formed from Met as the methyl group donor
Accordingly, any disorder or disruption of the Met-
Hev-5AM pathway affects methylation capacity by
impairing multiple metabolic systems and processes
(Eing et al 2002; Surtess et al 1991).

(D) Enhmeed oxddative stress due to a disturbance of ghita-
thione metabolism has been shown in patients with the
chlC defect and may contribute to the underlying path-
ophysiology (Pastore et al 2014).

(E) Recent data sugpest that not only the accumulation of
metabolites but also the perirbed non-ensymatic fune-
tions, e.g. of the MMACHC protein may add to the
pathophysiology behind the disease (Moreno-Garcia
et al 2014 Brooks et al 2016).

Methods

Panelists involved in the guideline process were mvit-
ed by the EHOD project leaders according to their
expertise regarding the diseases in terms of biochem-
istry: genetics: clinical, psychosocial and laboratory
diagnosis and patient management and/or research
activities.

The PubMed and Cochrane databases were searched
using the followmng terms: remethylation defects OR se-
vere mthfr OR severe methylenstetrahydmofolate neduc-
tase OR chle OR chld OR cblf OR chlj OR chle OR
chlg OR methyvlmalonic aciduria homocystinuria OR
methylmalonic aciduria homocystinura OR. methylmalonic
acidemia homocystememia OR methyvlmalonic aciduria

e

E cEs
f val CHID-HC i
DHF Cysiaing
' COID-MMAHC
o'l
chic '[ chiFrd
co'
TC-OHCH

homoeysteinemia OR “Cobalamin C OR Cobalamin D
OR Cobalamin E OR Cobalamin F OR Cobalamin G
OR Cobalamin J" (last update February 20016: B34
publications).

The mesulting list of publications was disposed of all
articles predominantly or only addressing other diseases
(&g classical homocystinuria) or MTHFR polymor-
phisms (e.g C677T) or without mformation relevant to
the outcomes of intersst (e.g. mutation reports only) by
screening of abstracts. In total, 174 publications wens
included in the gualitative data analysis. The clinical
chamcterisation of the diseases (Table 1) was based on
117 publications.

The following main questions and outeomes of nterest in
males and females with any type of onset (early or lae) of ons
of the diseases of nterest were addressed (outcomes in

parentheses),

—  Which climical signs are chamctenstic and allow timely
diagnosis (Outcome: timely clinical diagnosis: this out-
come 15 considersd important)

—  Which biochemical parameters allow timely and valid
diagnosis? (Outcome: valid, timely laboratory diagnosis;
this outoome is considered important)

—  How can we prevent death and avoid'treat severs onzan
damage (Outcome: survival sevens omgan complications;
this outcome 15 considersd cntical)

— How can we prevent or treat eye disease and
neuroco gnitive impairment? (Outcome: visual and
neurocognitive finction: this outcome is considersd
critical)

In a frst step, all reports made available to the panelists
were graded according to the Scottish Intercollegiate
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Table1 Signs and sympioms reporied in 3196 individuak +++ Very frequenty (=50 % of cases); ++ frequently (25-50% of cases); + infrequenithy
{1025 % of cases); + oocasionally seen (<10 % of cases). (+) Single case reports, probably disease-related conditions

chiC  chID-MMAHC  blF  bID-HC  oblE  cbii  MTHFR deficiency

Number af reporied cses
Eatng disonders' s lume o gain weight
Smiall For pedabons] age
Feading & [Hculites, faure io thrve
Nervius sysiem
Diecremeed oonackmsness +~ apnoes
Setoures
Altaxia
Moverment disorder and.or abnonmal muscle one
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Visus imparment (ramopethy, optc snophy)
Dienvekyprosental dsorder cogrmive mparmenit
Behaviowralimenta] disondes
Mhiaooephaly
Blood and bone mummow
Megaloblrsdic sanaemia
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Recurment severe mclions
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Legend: The fequencies depicted in Table 1 are derived from collsied case reports and may not be fully representative. However, they do not
significanty deviate from published case series (Ogier de Baulny et al 1998; Camillo-Carasco et al X012: Fischer et al 2004; Huemer et al 2006).
The trwe prevalence of oman manifestations also depends on the exient of technical investigations, especially in relation to milder forms of microan-
giopathy and retinopathy tat may escape ¢linical daection. Due 1o the very small number of reported chill cases, these have not been included
References: Fischer et al 2014; Al Essa etal 1999, Al Tawari etal 2002; Alfadhel etal 201 1; Andersson etal 1999, Anderssonand Shapira 1998, Arai and
Oaale 2011 A et al 1998; Adinson et al 2014; Augpustides-Savvopoulou et al 1990 Backe etal 201 3; Baumgariner et al 1979a; Baumgariner et al
197, Beauchamp et al 2000; Bellind et al 1992, Ben-Shachar et al 2012 Biancheri et al 2002; Biancheri et al 2001; Biotti et al 2014; Bimbawm ot al
2008 Bishop et al 2008; Brandateter etal 1 9%040; Broom field etal 201 4; BruneHGuition etal 2010 Bamelli etal 2002; Cappuocio et al 200 4; Carme] et al
1980; Carmel etal 1988, Camillo-Carraseo et al 20000 Carrillo-Carrasco et al 301 2a b: Ceromne et al 2000; Chang etal 2011; Clayton etal 1986 Coelho
et &l 2008; Cogan etal 1980; D" Aco et al 201 4; D" Alessandro et al 2000; De Bie etal 2009, Dionis-Vici etal 200 3; Ellaway et al 1998; Engelbrecht et al
1907; Enns etal 199%; Fuchs et al 2002 Geraghiy etal 1992; Gerth et al 2008; Goodman et al 1970; Goyete etal 1996, Gooyetie et al 1995; Goyetle et al
1904 Girant et al 2000 Gerllmvert et al 2011 Guigonis etal 2005 Gulati etal 1997, Haan et al 1985, Harding et al 1997 Harpey et al 1981; Haworth et al
1993 Holme and Ronge 1989 Howard et al 1997 Hwemer et al 2005, 2014, 200 5a, by Hyland et al 1988; Kamwar et al 1976; Kind etal 2002; Lesesve
and Latger-Canmard 2013; Levy et al 1970; Longo et al 2005; Lossos et al 2004; Mah et al 2013; MartineDi et al 2011; Maikos et al 2003; Mennd et al
20012, Michdot etal Mo Mitchell etal 1986; Morel etal 2005; Mudd and Freeman 1 974; Nishinura etal 1985, Ogierde Baulny etal 1998, Pasquier et al
1904, Pation et al 2000k Paul et al 2013; Powers et al 2001 ; Prasad et al 2001; Profitlich et al 2000, b; Regland et al 1994, Ribes et al 1990; Ricci et al
205, Ronge and Fliellman 19946, Bosenblat et al 1985, Rosenblat etal 1986; Foss et al 2040 ; Butsch etal 200% Schiff et al 200 1; Schimeland Mets
20406, Selzer et al 204003, Shih et al 198%; Shinnar and Singer 1984; Sibani et al 2000; Smith and Bodamer NM02; Steen ot al 1997, Stucld et al 2002,
Suwormala et al 2004; Tanpaiboon et al 2013; Tomaske et al 2001; Tonett et al X603; Traboulsd et al 1992; Ucaret al 2000, Urbdn Arero ot al 2002;
Urreizti et al 2000; Visy et al 1991, Waggoner et al 1998, Wang et al 2014; Watkine and Rosenblat 198% Wo et al 20405
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Guidelines MNetwork (SIGN) criteria by the authors who had
assipned themselves according to their expertise to five major
working groups focusing on the topics “clinical signs and
symptoms™; “differential diagnosis™; “labomtory/hiochemical
pammetens™; “diseass coume and outcome™; “treatment ™, Dus
to the ranty of the diseases, studies and reports of all types of
designs (From cass reports and case senes to metaanalyses)
were included; randomised controlled trials wers not
available,

The working groups prepared drafts on their topics,
which were carefully evaluated in moderated discussion
groups. Ebbomtion and grading of recommendations was
asccomphished by moderated, consensus-orented discus-
sions according to the “Gmding of Recommendations
Agsessment, Development and Evaluation (GRADE) work-
ing group™ approach (hitp: feeww gradew orkinggroup.onz;
Guyatt et al 2001a, b, ¢, 2002} a patient representative
wis present at these mestings. Finally, for each outcome

the quality of the evidence was rated in one of thres
categories (ow, moderate, high) as defined by the GRADE
working gmoup. The strength of a recommendation (strong
recommendation, recommendation and suggestion; for more
information see Supplementary material) was summarised
from written assessments from the panelist using the follow-
ing set of questions:

—  Are vou confident that the benefits outweigh the harms/
burden or vice versa?
—  Is there high, modemte or low quality evidence? Pleass

consider:

Risk ofbias

Study design

Dirsctness and consistency of results
Magmitude of effect

Publication bias

—  Areyou confident that the recommendation mests typical
values and preferences of the target population (e.g pe-
tents, parents)?

—  Are the mesources worth the expected net benefit follow-
ing the recommendation?

—  Owenll strength of recommendation: weak or stromg?

Data denved from case reports, case seres or any
other type of obssrvational studies were by primciple
rated a5 low quality evidence. Howewver, evidence for
some outcomes was considered moderate on the basis
of high consistency of results. High quality of evidence
was only available for betaine treatment in MTHFR de-
ficiency. This evidence was based on a metaanalysis,
which revealed direct and consistent results as well as

a relationship betwesn time of onsst of treatment and
outcome,

Which clinical signs are characteristic
for remethy lation defects and allow for timely
diagnosis?

General clinical patterns of remethylation disorders

The published clinical presentations of patients suffering
from remethylation disorders (summarised in Table 1)
reveal no specific, distinet signs and symptoms but mth-
er highlight that these conditions affect multiple systems
and thus often present in a rather multifwcsted manmner,
Mevertheless, a few patterns of clinical presentations can
be wdentified.

Muost prominently, the central and penpheml nervous
system and the bone marrow are affected Developmental
and neumcognitive mparment, feeding problams, neuro-
logical symptoms ncluding setumes, movement disorders,
abnormal muscle tone, visual mpairment, nenmopathy and
haematnlogical abnormalities are present in the majority of
patients. In many patients, renal manifestations, e.g. atyp-
ical hasmolytic urasmic syndrome (HUS) or glome-
rulopathy, mostly melated to microangopathy, have been
identified.

Clinmical presentations may vary considerably, Severs
acute encephalopathy, macrocytic anssmia, atypical
HUS, cardiopulmonary signs, subacute combined degen-
emtion of the cord or psychiatric symptoms, each iso-
lated or in combination with other symptoms may be
present. Therefore, in particular, a combination of neu-
rological and hasmatological symptoms, often i the
presence of failure to thrive or fesding difficulties
should raise suspicion of a remethylation disonder (ses
references to Table 1).

Age spedfic patterns of remethylation disorders

Findings from published case reports indicate that the pattems
of climical mmifestation of remethyviation disorders vary with
age (Table 7).

Clinical patierns specific for combined remethylation
disorders (cblC, chl D-MMA/HC, ¢blF, cbll)

Severs mtrautenne growth retardation is mre, whemneas postna-
tal growth failure and feeding difficulties are very fequent
Three quarters of children with combined disonders manifiest
during the neonatal period or in eady infincy. Neonates typ-
|ca||)r show letharpy, seirures and mhrhypdoma, often
in combination with megaloblastic anasmia or neutropema’
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Table 2 Age-relsted clinical presentations of remethylation disorders

Mexmates (128 dang)
Encephalopaiiny

Leferyy, apnoea
Feeding difficul es
Muscular hypodmnia

Muscular hypodnia or speshcity
Denelommenial dishil ity fegrestion or dementia

Setoures
h e d-l'F‘

Inermtieni acule behayvioural
Aol progressve en el opet iy apnoes
Sulscule degeneration of the cond

Parsesthesia

Inconimence

A e s st by

Progresave lonb weekness {lag-anms)
Hasmohytic urermic syndnome
Thrombaembobc avenis

Reacument venous thmmboss

]

Pulbmsmary th
Ceretrovascu bar evenits
Pulmemary hypestensam
Adolescents and adults (>12 yeams)
Chrani ¢ encephaloqathy
MNewpaydusine ddwhence
Persomah by chemges
Imtermmitiem acule heharyioural chamgesfet horpy
Acule progressive encephs]opstin
Suhsoute degeneration of the sminal oond
Parseshesia
Inconimence
A e s st ity
Progresave |mmib weaknes: {legaanms)
Thrombaembobc avenis

pancytopema, Up to 50 % of mbnts exhibit signs of visual
imparment such as nystagmus on the background of rdmop-
athy or optic atrophy (Bonafiede et al 2005; Weis ld-Adams
et al 2015; Brooks et al 20016). Microangiopathic menal or
pulmonary dissase mostly manifests sarly but may also be

present in older children or adults (Grangé t al 2015;
Kamhoff et al 20013 ; Sharma < al 2007).

Older infants and young children often show signs of
acute encephalopathy:; visual and cognitive impaimment
arg prevalent. Older children, adolescents and adults
may présent with acute or chronic behavioural or psy-
chiatric abnormalities, cognitive impairment, signs of
penpheral newmpathy and ataxia that reflect subacute
degeneration of the spmal cord or rarely venous throm-
boembolism (Rahmandar &t al 2004; Huemer et al 2014;
Grangt et al 2015). Other than optic pallor, ocular man-
ifestations are rare in late-onset ¢blC (Gizicki et al
2014; Weisfeld-Adams et al 2015).

Clinical patterns specific for isolated remethylation
disorders (chlD-HC, cblE, chiG)

The less prevalent isolated disorders of methionine syn-
thase penerally present similar to combined disorders,
The typical clinical pattems of the cblE and the chlG
defect are indistinguishable. Affected individuals usually
manifst in nfancy, mostly with hasmatological abnor-
malities, muscular hypotonia and neurocognitive impair-
ment. One thinl of all patients present with impained
consciousness, seizures, and one quarter with signs of
visual mpairment. Older children and adults can mam-
fest with signs reflecting spmal cord imvolvement (sub-
acute degeneration of the spinal cord) or psychiatric
symptoms (Husmer et al 2005a). Single cases with iso-
lated macrocytic anasmia without neuwrocognitive impair-
ment have been reported (Vilaseca et al 2003; Ruie-
Mercado et al 2015).

Clinical patterns specific for MTHFR deficiency

MTHFR deficiency mamly presents i early childhood
but can potentially present at any age with a high prev-
alence of cogmitive impamrment. Neonates and voung
infants often mamifest with fesding difficulties, de-
crezased consciousnsss, hydrocephalus and muscular hy-
potomia, Apnoea 15 a frequent complication (Broomfield
et al 2014; Diekman et al 20014; Huemer et al 2016;
Schiff et al 2001; Strauss et al 2007).

Older mfants and children frequently manifest with sei-
zures and cogmitive impamment, often displaying acquired
microcephaly. With mersasing age, peripheml neuropathy,
gait abnormalities and spasticity may become evident and
some older patients manifest with additional or even isolated
behaviouml or psychiatic disorders (Birnbaum et al 2008;
Michot et al 2008).

Individuals with MTHFR deficiency donot usually present
with haematological abnormalities. There are just a few
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reports of older children and adults with megmloblastic anae-
mia in association with long-stmding neumlogical manifesta-
tions (Broomfield et al 2014; Schiff etal 2011),
Outeome: timely clinical diagnosis
Recommendation 1@ We stongly meommend consideration
of an acquired or genetic disorder of
remethylation in the cese of neumlog-
cal and/for visual and/or hasmatological
symptoms. (Quality of the evidence:
moderate)

Recommendation 2:  We strongly recommend considening
an acquired or genetic disorder of
remethylation in the case of unex-
plained thrombosis and/or spinal cond
degenemtion and/or atypical HUS.
(Quality of the evidence: modemnte)

Clinical differential diagnosis

All dhimical presentations of genetic disorders of emethy lation
can be mimicked by common conditions, which reduce

Table 3 Conditions that mimic intracellular disorders of remetylation

Affecting cobalamin availshility
Mutritional inadequacy (matemal vitamin Bl 2 deficiency pegsn diet)
Tniestinal malabsorption (e.g genetic disorders such as
Imerslmd-Grraesheck syndrome gatric intrinsic factor deficiency; au-
tolmmmene of parasitic disease; short gut syndome)
Disturbsed binding and cellular uptake {e.g. TC deficiency)
Disturbance of intracellular metshbolism {nitous godde)

Affecting folae avaibbility
Nutritional inadequacy (matemal deficiencydietary inadequaey)
Inviestinal sl sbaorpton {acquinedpenetic )
Dristurbsed binding and cellular uptake of folate (auvimmmmegenetic)
Disturbance of intracel lular metsbolism (antifolake dngs, MTHFD1
deficiency)

Oriver diseases with 2 combination of haema inkogical and mewrological
Sympos
Severe ion deflciency
Infectious diseases (eg. CMVY/EBY/HHVaHPVE 19HIV D)
Leukaemia'novelopreliferstive disosders
Myel odyspl astic syndmodes
Disorde s affecting the mitochondrial respiratory chain (eg. Pearson
syndrome)
TUMP synthase deficiency {orotic aciduria)
Thiamine transporter (SLC 1942) defoct
Branched chain organic acidsemia suchas metylma londc or propiondc
acids emia

Lysinuric prtein intolerance

the availability of folate or cobalamin such as nutrition-
al deficiency, acquired malabsorption or drug-associated
effects (Table 3). Maternal vitwrin BI12 deficiency due
to a strict vegan diet or to undiagnosed pernicious
amaemia needs o be excluded in neonates and voung
infants presenting with signs of a emethvlation disor-
der or identified by newborn scregning (NBS) and sub-
normal vitamin B12 concentrations (Scolamiero et al
2014).

A number of other rare penetic diseases can mimic
defects in intracellular cobalamin metabolism and
should be considersd in children with chnical signs
and biochemical hallmarks of a remethyvlaton disorder
but with normal serum concentrations of vitamin B12
and folates: transcobalamin (TC) deficiency is bio-
chemically and clinically indistinguishable from com-
bined cobalamin disorders (Tmkadis et al 2014). The
recently discovered MTHFD deficiency (Watking and
Rosenblatt 2012) affects folate metabolism and can
cause mild hyperhomocysteinsemia. The five patients
described so far displaved severe megaloblastic anas-
mia and pancytopemia, mmunological problems and re-
nal microangiopathy (Burda et al 2015).

The HCFC1 X-linked defect (cbl X, Yu et al 2013) is
sometimes associated with disturbed function of the
ChIC protein but its diagnosis can be challenging be-
cause not all affected boys have elevated homocysteme
concentmations, Clinical hallmarks are neonatal or eady
infintile onset of severe developmental disorder, promi-
nent epileptic seizunes, cognitive impairment and a dysomic-
chomsatic movement disorder; moderaely elevated MMMA
wir observed m all 14 patients reported by Yu et al 2013
(Table 4).

Which parameters allow valid and timely laboratory
diagnosis?

Patients with a suspected remethylation disorder requine
immediate and urgent biochemical mvestigation (Fig 2)
The diagnosis of remethvlation disorders can be con-
firmed by mvestigntions at the levels of metabolites,
emzymatic studies and/or molecular genetic analysis.

Biodhemical metabolites

Plasma total homoeysteing (tHey) is the fisst biochemi-
cal parameter to assess when a remethylation disorder is
suspected. THey levels usually are =50 but mostly
=100 pmoll n untmated patients with remsthylation
disordes (Carnillo-Camraseo ot al 2009, Van Hove et al
2002: D"Aco et al 20014: Miousse et al 20007
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Tabde 4 Differential dis gnosis of

ik ermors of metsbaism Macrocylosis or LEIEEN Met Total vitamin ~ Folaie

presenting with mwm?.yﬁc Ei2

Typerhomocysiei naemia AT
chiC +ar - % % bovml nl nl
chD-MMAHC
chiFichll + - " % boyml ml nl
chilEG + nl % % bovml nl nl
chiD-HC +r ml % w boml ml nl
MTHFR - ml % w bovml ml ml ar =
Vitammin B12 deficency or + - " iy ml "o ml

malshsapbon

Folsle deficency or malshsapbon + nl “ o ml nl ]
HCFCT (chIX) +or 2ol wwionl ol nl
CBHS deficency - nl nl-~ nl nl
TC deficiency + - “wwbonl  mlf) ml
MTHFD deficency* + ml " % byl ml nl

*Hyperhomocy deinaemia present in some patients, nomal (nl) Hey levels in others

Routinely, tHey 15 measured by chromatogmphic methods  and follow up of these dseases, eg. Md, cvstene (Refsum
or immunoassays, Chromatographic methods ars more specif et al 2004) or possibly cystathionine (Stabler et al 1993

ic than immunoassavs and are wsually coupled with tandem Stabler et al 201 3).

mass spectrometry (MSMS) detection allowing simultansous There s no mfluence of the type of collection tube
determination of other compounds of interest for dingnosis  wsed (EDTA, heparinised, citrate, serum, pgel sepamtor

| Plusma thcy slavatod: plasma Mat normal or docrossad |
¥

Continus parsnteral OHCE

'il'lﬂmﬂ.FchnN 1ﬁﬂ12~l- Folata N, WVitBzN, Folmo.., WVitB12N, Folmo N, Vit 12N, Folata N,
Boyet- o, MMa EHoyt, MMl M tHoyt- =, MMa N tHoyt- 4 T, MMA T
No remathylaton Parturbation of V12 Pormuhaticn of iolalo i, chlD MMeHC, i,
Initinta further dingnostio slaps: Irifiat further diagnostic siaps. ‘Bop parenteral OHCHI Continua pasaniaml BHCHE
Conssdar MTHFIH doficioncy Suppleman VilB12folata as required Contirus/siard oml betnine Contrrusa'siant oml befaing
Siop parenteral OHCb reatment Confinua'consadar Connusfoonsider
Inlinic soid'matylicimo L-mathionina andfor
£ A
andior L-mathioning olinic noid/mathidiate

Fig. 1 Diagnoatic patvway and management of the patient with a suspected remethylation disorder. All biochemical resulis mefer to pre-tresiment

samples N = normal
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tubes). However, blood samples should be centnfuged
within | h or kept cold until centrifugation (<6 h).
After mmoval of blood cells, tHey is stable fir several
weseks at 4 *°C and for several vears after freezing
(Refsum et al 2004,

Fres homocystine in plasma or urine measured by conven-
tional imn-exchange chromatography is not the method of
choice since it may remain undetectable even in the presence
of signi ficantly elevated tHey in plasma (Fowler and Jakobs
1998; Moat et al 1999),

To further discriminate remethylation disonders from
other hyperhomocystemaemias, determination of urinary
(or plasma) MMA (Fowler and Jakobs 1998), plasma
Met, blood scylearnitine profile, serum vitamin BI2
and folate are mequired and should promptly be deter-
mimed (see Figs, | and 2). In case shipment of urme or
blood samples is difficult, an experienced laboratory
should give advice on the mvestigation of the parame-
ters from DBS. Treatment should not be delaved by
waiting for confirmation of the exact defect.

Outeome: valid, timely laboratory diagnosis
Recommendation 3+ Hevated plasma tHey is the hall-
mark of emethylation disorders,
We strongly recommend that in-
vestigations in patients with a
suspected remethylation disorder
should start with the t
of total homocysteine in blood. We
meeommend the blood sample for
tHew to be centrifuged within an
hour and kgt at +4% or frozen until
analysis. Immunoassays or chro-
matogmphic methods ane suitable
fior tHey measurement. (Quality of
the evidence: modemate)

Recommendation 4+ We strongly mecommend aginst
measuring fres homocysteine n-
stead of total homocysteme (Qua-
lity of the evidence: modemte)
Recommendationd  »  Westrongly recommend that in the
case of high total homocysteine,
plasma and urine samples for de-
termimation of MMA, methionine,
folate and vitamin B12 are to be
obtained before treatment is
started. (Quality of the evidence:
moderate)

Differential diagnosis of biochemical para meters

Hypethomocystanaemia is the hallmark of the remethylation
and transulfumtion disordems. Mild to modemte hyperhomo-
cysteinasmia is common in vitamin B12 or folate deficiencies
but also in very severe vitamin B6 deficency and in patients
with renal failure or hypothymidism. While megaloblastic
anaemia with increased MCV and hypemegmented neutro-
phils on blood film are found in both vitamin B12 and folate
deficiencies, elevated MMA is only observed in functional
vitamin B 12 deficiency (Whitehead 2006).

In the cuse of nomal serum vitarmm B12 and folate levels,
TC deficiency, primary remethyviation and transul furation disor-
ders should be considerad. Holotmns cobalamim messurement,
which wnfortunately & performed only n a few labomtones
shows low level in TC defigency; this disorder an be con-
firmad by moleqular penatics investigation (Trakadis e al 2004),

The plasma Met concentration differentiates betwesn
remethylation disonders and deficiency of CBS, akey enmvme
of the tmmsulfuration pat bway, Methioning 15 low or normal n
remethylation dsorders while it is usually elevated or at least
bordedine normal in CBS deficiency (Mudd 2011).

Megaloblastic anaemia with increased MCV is often ob-
servied i the neonatal forms of mtracellular cobal amin defects
{cblF, ebl], chiC, chl D-MMAHC, cblD-HC, chlE and cbl()
but less frequently in the late mset forms of thess disorders
and not normally in MTHFR deficiency (Rosenblatt et al
1997 Carrillo-Carmsco et al. 2013).

The recently describad HCFCT defect (chl X) has a different
pathophysiological background and s beyond the scope of these
guiddines, All 14 patients presented with modemtely increased
MMA and five of these patients had hyperhomocystenaemia
(Yu et al 2003). In two of the five published patients with meth-
ylmestmbydrofolate dehydmgenase 1| deficinoy, tHoy concen-
trations were modemtely elevated (Burda et al 201 5) (Table 4).

Enzymatic studies

Diirect ensyme msays are only available for MTHFR, methio-
ning synthase and methionine synthase reductase (Suormala
et al 2002; Gubti et al 1997; Olteanu and Banegee 2001).
Thime direct emeryme assays an be problematic. MTHFR should
be msmyved in cultured skin fibroblasts prefembly in the physio-
logical direction of the reaction (Suonmala e al 2002). Apo-
methiomine synthase md holo-methionine synthase (methionine
synthase phis methionine synthase raductasss) activities can be
messured by the same reaction but with different conditions of
reduction (Yamada et al 20046).

Indirect assays mensuring the integrty of sevenl encymes
in the same pathway are useful for remethylation disorders
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investigations. Incorpomtion ufl-[“C]—pml:iunai: into armin
acids and then el proteins via the propionate pathway reflects
the level of mtracellular synthesis of adenos yleobalamin,
Incompontionof [ *Cl-methyltetrahydrofolate into methionine
explores the methioning synthase and methionine synthase
reductase activities and the capacity of the cells to produce
methyleohalamin. Incorporation of ["*C]-formate into methi-
oning or serine reflects the activities of the methylene-
tetrahydrofolate debydmgenase, methylens-tetrahydrofolate
reductase and the methionime synthase/methionme synthase
reductase activities (Table 5). These tests also allow the as-
smsment of possible in vifo vitamin-resporsiveness of the
relevant disorders (Suormmala et al 2002; Gulati ot al 1997
Ohteanu and Banerjee 2001). Erevme assavs are needad to
chameterise functional consequences of new variants identi-
ation Sequencing,

Mouolecular genetic analysis

The chlC gene (MMACHT OMIM 609831 ) is located in chro-
mosome regon 1pdd | and has five exons (Lerner-Ellis et al
2006). The thres most common mutations ¢.271dupa,
¢ 394C=T and ¢.331C>T have been wdentified in the
MMACHC gene. The ¢.271dupA that represents about 30 %
ofthe wentified alldes and ¢ 3310C-T mutations are assocat-
ed with early onset disease. The ¢ 3940T mutation is asso-
ciated mainly with late onset disense. The ¢ 608 G=A mutation

aceounts for 85 % of the identified alleles in Chinese patients,
and even though it leads to a prematune termination codon it
remains predominantly associated with late onset disease
this population (Wang et al 20000 but has been observed m
some earby-omset cases in other populations (Weiseld-Adams
et al 2013). Other mutations have been shown to cluster ac-
cording to ethnicity (Morel et al 2006; Nogueim et al 2008).

The precise function of MMACHC is not completely un-
derstood. Recombmant MMACHC hinds cobalamin, can
function in vitro as a cyanocobalamm (CNChI) decyanass
(Kim et al 2008) and can dealkylate other cobalamin forms
(Hannibal et al 2009), MMACHC may act as an mtracellilar
cobalamin trafficking chaperone that carries out tangeted de-
lvery of cobal amin to and from other cobalamin-related pro-
teins (Lemer-Ellis et al 2009).

In contrast to the chlC defect which presents exchsively as
combined hypethomocys ta naemia with MMA-una chlld pa-
tents can have three distinet biochemical phenotypes : solated
hyperhomocysteinemia (chlD-HC), isolated MMA -uria
(chID-MMA, bevond the soope of these puidelines), or com-
hined hypethomocysteinemia and MMA-uria (chiD-MMAJ
HC). MMADHC (OMIM 611935) is the gene responsible for
chlD defect (Suormala et al 2004; Coelho et al 2008).
Genotype—phenotype comslation analysis of the three chiD
variants suggests that the N- and C-temminal regions of
MMADHC have specific effects on fimetions in the mitochon-
drion and cytoplasm, respectively (Stucki et al 2002 ; Miousse
et al 2001). chlD-HC raans mitochondrial function with a

Table5 Fepresentation of the cobalamin defects assoc isted with hyperhomocysieinsemia, the respective enzymaticincomorations tesis available and

the genes involved in these diseases

chlC chl-MMAHC  chlF chY bl HC chlE chlG MTHFE

Direct enzyme assay 5] 5] o oy oy ek ek yes

(tisanes )

fibleus'amn  fibleus'amn  fiblewe famn

Tndirect enzyme sy

Progrionae incomporation " e " 1l l l l

MTHF incompsoration - - . - - *a- *a- nl

Formate incomsoration E E w w w u u nl or A

inby serine

Formate incomsoration - - e 'y 'y . . .

Ity e thiomdne

AdoCH bimsynthesis - - . - 1l nl nl nl

MeChl biosyntesis £ £ N w w N N £
Gene MMACHC'  MMADHC? IMBRD]Y ABCDS' MMADHC® MTRRS MTR® MTHFR"
Chromosome kcation 1p34.1 232 agl3 l4gM3 2g12 Splsal 1g43 1p36.22
Miode of inheritance AR AR AR AR AR AR AR AR
QMM [ 611935 612625 6214 611933 B02568 156570 iy |k ]

ity fibroblasis, kb eukocyes, aom amniocyies, AR auosomal recessive, nll normal
! Lemer-Ellis ot al 2006; *Coello et al 2008  Butsch et al 2000, * Coelho ot al 2002; * Leclerc ot al 1908 % Li etal 1996; T Goyetie ot al 1904, 1905



full-length protein which harbours only C-terminal missense
mutations m conserved residues: chlD-MMA raams cytoplas-
mic function due to translation of an ermr-free C-terminus
facilitated by downstream re-mitiation; and in chlD-MMAS
HC complete loss of fimctionality oocurs with deleterious mu-
tations that are localised downstream of Matl 16 (Jusufi et al
2004).

To date, there have been no obvious penotype-phenotype
comelatuons m cblF (LMBRD [, OMIM 61262 5) { Armour et al
2013), chld (ABCDY, OMIM 603214) (Coelho et al 2012),
chlE (MTRR, OMIM 602568) and <blG (MTR, OMIM
156570) (Watkins and Rosenblatt 1989; Huemer ot al 201 5a).

If chimeal and biochermeal parameters are chamcterstic for
a combined remethylation dsorder it may be—dependent on
the population—a pragmatic approach to look first for chlC,
the most frequent remethylation disonder by searching for the
common mutation (¢.27 ldupA) or MMACHC sequencing. If
these analyses however prove negative, functional and/or
complementation studies in fibroblasts or extended molecular
penetic testing for other defiects are needed

For MTHFR deficiency (OMIM 6070993) the majorty of
mutations are private and nather type nor location ofmutation
comelates with clinical phenotype (Froese et al 2006). Genstic
testing for MTFHR deficiency should be mberpreted with can-
tion since thers are numerous polymorphisms in this gene,
which have been related to various common disorders and
conditions. Polymorphisms in geneml including the most in-
vestigated thermolabile variant ¢677C>T in MTHFR. are not
responsible for severs remethylation disorders (Tsang et al
2015),

Outcome: valid, timely laboratory diag nosis
Recommendation 6 «  We strongly recommend diagnostic
analysis and/or direct or indirect en-
ayme assays in cultured skin fibro-
blasts (or lymphocytes) in experi-
enced laboratories, (Quality of the
evidence: moderate)

Prenatal diagnosis

Metabolites concentration (tHey and MMA) in cell-fres
amniotic fluid, eneyme activity of MTHFR and methio-
ning synthase or methionine synthase reductase in cul-
tured ammiotic cells and ncorporation of propionate and
methyltetrahydrofolate have been used for many years
(Fowler and Jakobs 1998; Merinero et al 1998) and
ther combined use 15 reliable (Morel et al 2005).
Indirect enzyme assays in chorion biopsy should be
avorded (Morel et al 2005, Mermero et al 1908).

However nowadays, the molecular genstic diagnosis is the
most advisable method provided the casal mutations - the
index case and carrier status in the parents have been denti-
fied. Molecular genstic testing can be performed from chori-
omnic villi or amniotic fluid samples (Morel et al 2005).
Outeome: valid, timely laboratory disgnosis
Recommendation 7 = If prenatal diagnosis is considered in
individual cases we meommend to
perform molecular genetic analysis
from chorionic villi or ammictic fuid
imdex case and carner status in the
parents have been identified (Quality
of the evidence: low)

Feasibility and impact on outcome of newborn screeming
(NBS) for combined remethylation disorders

MBS for the cblC defect should be considered since survival
and prevention of severe complications such as HUS, hydro-
cephalus and hasmatologeal abnormalities in earby-onset pa-
tients can be improved by early treatment (Huemer et al
2015h). The impact of exrly trentment on neurocognitive de-
vielopment is unclear and eardy treatment has little influence on
eve dismse (Weisield-Adams et al 20013). In most late-onset
chlC patients, dementia, renal fimetion, myelopathy and axo-
nal neuropathy improve on treatment and long-lastng disease
existng before treatment mitiation cornrelates with residual
pathologies (Huemer et al 20014). Ther is msufficient data
on NBS for other combined remethyltion disorders.

Outcome: survival, severe organ complications ; visual and
neurocognitive function

Recommendation 8+ We strongly recommend eardy treat-
ment in patients with the chlC defect
asit improves survival corracts hae-
matological abnormalities and may
prevent HUS and hydrocephalus.
However, early treatment has litthe
influsncs on eve disease and unclear
(Quality of the evidence: moderate)

Present know ladge allows no conclusion conceming the
clinical benefit of eady treatment for the chiD-MMAHC,
chlF and cbll defects,

The Region 4 Stork (R45) data indicate that the sen-
sitivity of C3/C2 as primary markers is superior to Met
and Met'Phe (McHugh et al 2001). However, specificity
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of C} andior C3/C2 for detecting these diseases is pen-
erally low (la Marma et al 2007; Tottorelli et al 2000),
The positive predictive wvalue substintially increased
from 4 to 100 % by t of MMA and 11 to
36 % by messuring tHey as sscond tier analytes m DBS
(la Marca et al 2007; Tortorelli et al 2010). The sensi-
tivity of C3 and CHC2 for mildlate-onset fonms i85 un-
known, It i of note that neonatal metabolic distur-
bances dus to maternal vitamin BI12 deficiency may
also be detected. It has recently besn shown that
heptadecanoyl-carniting (C17) may have an even higher
predictive value for perturbations of MMA metabolism
mncluding combined remethylabon defects and may thus
be a promising fimst tier analyte (Malvagia et al 2005).

Outcome: timely and valid laboratory diagnosis
Recommendation 9+ We strongly recommend to obtam
plasma for detemmination of serum
vitamin BI12 before treatment is
started in cases identified by NBS
a5 part of studies to exclude mater-
nal vitarmim B 12 deficiency. (Quabty
of the evidence: moderaie)
Recommendation 10« We recommend use of C3 acvlcar-
niting and the C3C2 ratio as primary
markers to screen for eady onset
chlC defect. (Quality of the evi-
dence: moderate)
Recommendation 11+ We sugpest consideration of C17
acylcarniting as a promising prima-
v marker to screen for eary onset
chlC defect. (Quality of the evi-
dence: low)

Recommendation 12+ We strongly recommend performing
second tier testing using tHey and
MMA to improve specificity and to
differentinte the defects fom other
disorders. (Quality of the evidence:
moderate)

Feasibility and impact on outeome of NBS for isolated
reméthylation disorders and MTHFR deficiency

The use of NBS for detection of the isolated
remethylation disorders and the MTHFR defect appears
worthy of consideration. In the cblE and cblG defect,
macrocviic ansemia {Vilaseca et al 2003; Kvittingen
et al 1997) and newrocognitive performance (Harding

et al 1997; Rosenblatt et al 1985; Schiff et al 2011,
Kvittingen et al 1997; Miller et al 2007) often mespond
to treatment (Miiller et al 2007; Schiff et al 2001). Eye
disense seems not to0 be responsive (Huemer o al 2004),
Early detection by NBS and timely treatment improved
short-term outcomes of two asymptomatic patients with
the ¢blE and ¢blG defect and three symptomatic patients
with MTHFR deficiency (Wong et al 2006). Morsover,
early betaing treatment has a clear positive mpact on out-
come in MTHFR deficiency (Diekman et al 2004).

Meonatal screemng for ¢hlD-HC, ¢blE and cblG and
for MTHFR deficiency appears to be feasible by detecting
decreased methioning and methioning-to-pheny lalanine
ratio (Bowron et al 2005) in DBS. The second-tier marker
tHey clearly differentiates patients from controls
(McHugh et al 2011; Tortorelli et al 200100 However, suf-
ficient data on efficacy of NBS programs for these disor-
ders is lacking.

Owtoome: survival, severe organ damage; neuroognitive
impairment
Recommendation 13« We strongly recommend early
identification and trestment with
betane for MTHFR deficiency
Presymptomatic betaine treat-
ment prevents severe neurologi-
cal impairment (Quality of the
evidence: high)

Disease course and owtcome of combined remethylation
disorders

Most information on complications and outcome is
based on data from patients with chlC disease. There
is limited data about the natural history of the other
combined disorders (Table 6).

Patients with the chlC defect usually present with sevens
complications and historically have a poor long-term outeomes
{Rosenblatt et al 1997; Andersson et al 1999: Fischer et al
2004). It is well recognised that despite treatment and im-
proved matabolc pammeters, severs comphications such as
deve opmental delay and progressive visual loss may stll de-
vieslop (Andemson et al 1999 Enns et al 1999; Patton &t al
2000; Fischer et al 2014; Weisfeld-Adams et al 2005), Even
ifthe neurolgic status stabilises or improves with thempy, the
sequelss mmam in a lage proportion of patients (Whitshead
2006; Watkins and Rosenblatt 1989), especially if the nitia-
tion of treatment was ddaved or msufficient (Huemer et al
2014). Hasmatological sympioms and fadlurs to thrive gener-
ally msolve with treatment (Martinelh et al 2001; Fischer ¢t al
2014).

14¢



Table & Main complications
acconding i sysiem in
remethylaton disonders

Growih and pleysical
featunes

CHNS

Prenata] growth retardation and postna tal failue to trive
Dnamomphic facial featwres
Microephaly

Hydmocephahs
Dreve logrimenta | delay andior regression; cogitive impaiment ranging from executive
dysfinction 1o severe mental retardation

Neuwropsychiatric disurbances, soctal withdrawal, personality changes, dementia
Progresive encepha lopathy

Seimmes

Subacuie combined degeneration of the spinal cord
Peripheral newnopathy

Leukcoemcephalopathy

Cortical atrophy

Eye Nystagmus

Miaculopathy

Progresive pigmentary netinopaty
Optic atrophy

Visual impaimmentblindness

Blood

{Mac rocylic) ansemia

Thrombsocyiopents and'or neutropent

Wascular Stroke

Rcurment venous thrombosis
Cor pulmonale or subclindcal pulmonary theombosis

Renal

Haemaolytic-uremic syndnome

Gilomerulopatlny

Headt

Congenital heatt defects

Left ventricular non-compaction
Dilaied candionmyopaty
Pulmonary Iyypertension

The late-onset phenotype has a mome fivourable outeome
than eardy-onset chliC disease but is still sssocited with resid-
ual sequelas such as learning difficulties, neurobehavioural
symptoms, neurogenic bladder and gait abnormalities
(Fusenblatt et al 1997) and at least one patient, in whom
treatment was ceased, deteriorated and died (Thauvin-
Robinet et al 2008),

Mortakity

Early detection mnd treatment with parenteral OHCBI appear to
have decreased the mortalty n newboms with cblC. A mtro-
spect v analysis of 50 patents (44 presented in the fisst year of
lifie) with chIC dismse reported an ovemll mordality rate of
30 % (Rosenblatt etal 1997). Of the 13 patients that died, four
werznot treated, two received only cyanocobalamin (CWNChI),
and three were initially trented with CNCHI and then switched
to OHCHl (Rosenblatt et al 1997; Carnllo-Carreseo et al 2002),

Later, in the Fischer study about outoome in a setes of 88
patients with the chlC defect, the mortality was 11.4 % (90 %
of them with infantile onset). Treatment following various

regimes of parenteral OHCh] complemented in some cases
by betaine, folate/folinic acid and carnitine resulted in im-
provement of biochemical abnormalities, non-neurol ogical
signs and mortality (Fischer et al 2014). It has been sugpested
that daily treatment with parenteral OH-Chl combined with
betaine would be associated with a favourable outcome
(Carrillo-Carmasco et al 2012).

Rmal disease and microangiopathy

Thrombotic microangiopathy (TMA) leding to atypical HUS is
the most common renal manifestation m cblC: it has also been
observed m chlD-MMAMHC patients. HUS may cause hyper-
tension, mtmvascular haemolysis, microscopic haematunia, pro-
ing to renal failure (Van Hove et al 2002; Guigonis « al 2005;
Sharma et al 2007; Geraghty e al 1992; Morath e al 2003), A
case of foml sepmental glomerulosclerosis and atypical glo-
merulopathy (Brunelli et al 2002) has been reported.
Histological findings of the kidneyvs include widening of
the mesangium, swelling of endothelial cells with



detachment from the basement membrans, and granular
deposits in the subendothelial space (WVan Hove et al
2002; Russo et al 1992; Brunelli et al 2002; McCully
1969). Isolated pulmonary hypertension has besn ob-
served (Todice et al 2013; Gindiz et al 2004) in cbIC
patients. Early onset combined pulmonary hypertension
and renal thrombotic microangiopathy with a fatal coumse
in several untreated cases has been reported (Komhoff
et al 2003), this picture is also seen in rare cases of late
onset chlC patients (Grangg et al 2015). Timely trsatment
can mmprove outcoms significantly (Grangé et al 2015;
Komhoff et al 20013; Gindiz et al 2014).

Outeome: survival, severe organ complications

Recommendation 14 = We recommend monitoring for all
aspects of renal disese modudimg ar-
tenal blood pressure in patients with
cobabmin rebted remethylation dis-
orders, (Quality of the evidencs:
low)

Vascular problems

Thromboembolic complications are an important cause
for morhidity and mortality in patients with chiC disease
(Martinelli et al 201 1; Thauvin-Robinet et al 2008). These
include recurrent venous thrombosis (Thawvin-Robinet
et al 2008; Roze et al 2003; Augoustides-Savvopoulou
et al 1999; Bodamer et al 2001; Powers et al 2001
Guigonis et al 2005), pulmonary thrombosis (Powers
et al 2001; Thauvin-Robinet et al 2008; McCully 1969;
Baumgartmer et al 1979, b; Van Hove et al 2002), cor
pulmonale (Profitlich et al 2009, b) and cerebrovascular
complications (Brunelli et al 2002; Gemghty et al 1992).

tHey levels above 45 pmolL have been reported to be
asgociated with the development of vascular complica-
tions in several patients (Carrillo-Carrasco et al 2009),
Remarkably, the origmal case of cblC disease presenting
diffuse vascular lesions with proliferative fibrous intimal
plaques and focal necrosis of the atery wall contributed
to the development of the homocysteine theory of arterio-
sclerosis (MoCully 1992),

With appropriate trestment, the ncidence of thmmboem-
bolic complications can be reduced and may even be
prevented n labe onset patients (Hoemer et al 2004),

Outeome: survival, seven: organ complications

Recommendation 15 =  The incidence of vascular
complications is significant-

treatment in late onset pa-
tents and may be prevented
in eary onset patients with
remethylation disorders,
(Quality of the evidence:
mrderate)

Neumcognitive and psychiatric problems

MNarrodevelopmental imparment of varving degress 15 com-
mon in combined remethylation defects. Patients with early-
onset chlC dissase present with a wide mnge of naurologeal
manifesttions that include microcephaly, hydmeephals, hy-
potonia, cogmtive defects and seunes, Cognitive defects can
be variable, are related to dissse severity and treatment onset
but may also contimue to womsen despite treatment. Two treat-
ed patients with eadv-onset chlC disease were longitudinally
followed using neuropsychological testing, These tests
shovwed a decline n attention and executive Ametons, whils
other skills were mrelatively spared (Bemichamp et al 2009).
Developmental delay with impairment of verbal and non-
verhal cognitive skills was also documented at follow-up of
cblF patients despite treatment (Alfadhel et al 2001; Gailus
et al 20000, but in some early treated patients, neumcognitive
outcome wis satisfactory (Miousse ot al 2001; Ammour et al
2013). nformation on outcome in the chll defect (Coelho et al
20M2) is extremely limitad; two meported patients responded
wall to mathyleobalamin (Kim et al 2012), In the chiD-MMA/
HC defect, some survivors show ed improvement or even nor-
malisation of neurocogmtive function (Suormalk ot al 2004;
Miousse et al 2009

Patients with labe-onset disease can show progressive en-
cephalopathy with regression, deteriomtion in school or work
performance, behavioural and personality changes possibly
resulting in dementia, psvchosis, episodes of acute mental
confusion, lethanry and serumes that improve under specific
treatment (Huemer & al 2014

Epilepsy is a common but nonspecific occumence in pa-
tents with remathyltion disorders. The EEG and sawume pat-
terns are nonspecific. Severly affeced patients may be diffi-
cult to treat and may have recurrent status epilepticus
(Bimcheri et al 2002).

Brain MRI abnormalities are common in remethylation
defects and include diffase cershml atrophy, white matter
changes, basal ganglia lesions and hydrocephalus.

The most common imagmg findmgs n the sardy-onsset
chlC cases are varisble degres of white matter abnormality
with T2 hypermtensity mn penatrial and permventncular white
matter, with thirming of the corpus callosum. Basal mnglia
lesions and hydrocephalus have also been described, and may
be attributable to microvascular abnormalities (Greite 2007).
In one cohort of young early-onset chlC patients, there was a
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high mcidence of caniocaudal shortenmg of the pons on sag-
ittal MR images (Weis feld-Adams et al 2003).

Cemebml atrophy and desp white matter bulk loss, which is
more pronounced poseriorly, wene significmt findings in lae-
onset chlC dissase patients (Ogier de Baulny et al 1998;
Longo et al 2005; Rossi et al 20001; Wang et al 2012),
Bilateral abnommalities of the cerebellar cortex were found in
one patient (Wang ot al 2012).

The pathophwsiologcal mechanisms undedying the white
matter abnormaliies detected by ME magmg have been as-
sociated with oedema and abnormal myelimation. Myelimation
is dosely reated to methylation capacity whereby deficiency
of SAM in the CSF was shown to be associated with impaired
myslnisation (Foossi et al 2000). Momeover, a decrease in N-
acetyl aspartate (NAA) and mereased lactte in the basal gan-
glia or in the periventricular white matter has besn ohserved
on bmm MR spectoscopy (Longo et al 2005, Wang et al
2012).

Spongform white matter degeneration and demyelmation
of the domal and lateral columns of the cord or subacute com-
bined degeneration of the spmal cord (5 ACD) are lmown com-
plications in remethylation disorders (Husmer et al 2004; Lin
et al 2015). Changes are similar to classical adult spmal cond
degeneration due to, &g severe nutntional sitamin B12 def-
ciency (Scabbrino et al 2007, Maamar et al 2008). Subacute
combined degenemtion of the spmal cord may be the present-
ing symptom in late onset patients or the consequence of in-
sufficient treatment. Symptoms are progressive and mclude
numbness of lower extremities, gait disturbances, inconti-
nence, progressive leg weakness with spastic pamparnesis and
tetraplegia (Mitchell ot al 1986; Ben-Omran et al 2007;
Thauvin-Robinet et al 2008; Augoustides-Savvopoulou et al
1999, Powers et al 2000 ; Roze ot al 2003; Tsai &t al 2007
Bodmmer e al 20010; Shinnar nd Singer 1984).

Behavioural problems are frequent m patients with sarly-
onset remethylation disorders. Psychiattic manifestations
may be the presenting sign i patients with late-onset
remethylation disorders. Dementin, behavioural problems
and psychiatric symptoms have frequently been observed
in the combined (Roze et al 2003; Liu et al 2015; Huemer
et al 2014) as well in solated remethylation disorders
(Huemer et al 2015a) and MTHFR deficiency (Bimbaum
et al 2008). In eardly onsat cases, behaviouml problems and
pevchiatric symptoms can evolve over time despite treatment
(Fischer et al 2004). Late-onset cases may present with rath-
er non-specific psychiatric and behavioural symptoms,
which respond well to timely trestment (Ben-Ommn et al
2007).

Ophthalmol ogical p roblems

Wisual dvsfimetion is very frequent in patients with early onset
remethylation disorders and can be mpidly progressive while

late-onset patients rarely exhibit eve disease, Current treat-
ment does not seem to modify the progression of vl dis-
eass significantly.

Maolopathy, progressive retinal dysfimetion, visual im-
pairment, mystagmus, strabismus (Rioci et al 2005; Schimel
and Mets 2006; Gerth et al 2008; Weisfeld-Adams ot al 2015)
and less frequently optic atrophy (Patton et al 2000; Weis feld-
Adams et al 201 5) are seen m most patients with sarly onset
chiC disease. Although rod cell semsitivity was reported to
improve na patent with chlC disese followimg normalisa-
tion of plasma Met levels (Tsina et al 2005) generally retinal
dysfinction can be progressive and even lead to blindness
despite treatment and stabilised systemic finction (Fischer
et al 2014).

The first signs of eve disease are frequently noted sev-
eral weeks after birth and include “wandering eve
movements,” inability to fixate and nystagmuos, The findo-
scopic exam can reveal the salt-and-pepper pigmentary
macular changes that progresses to the chamctenstic “bull’s
eve™ maculopathy characterised by a hypopigmentsd
perimacular zong surounded by a hyperpigmented ring or
coloboma like lesions (Robb et al 1984; Grant et al 2009,
Weisfeld-Adams et al 2005). Retnopathy can be revealed
by the electmoretinogram well before climeal signs are ap-
parent (Ogier de Baulhy ot al 1998, Wasild-Adams et al
2015) showing a progressive decline in scotopic (cones)
mnd/or photopic (mds) responses (Schimel and Mets 2006;
Robb et al 1984 Gerth et al 2008; Gallard et al 2008;
Weisfeld-Adams et al 201 5).

Ocular coherence tomogmphy, electroretimogram and
visual evoked potentials, are extremely useful diagnostic
and monitoring tools {Weisfeld-Adams et al 2015).
Enowledge and awareness of visual dysfunction, partic-
ulady in children with early-onset disease, allows initi-
ation of approprnate early vision misrvention programs
and support (Gerth et al 2008).

Late omset patients rarely have severe visual disesse (Fuchs
et al 2002; Fischer et al 20014; Gerth et al 2008). Minimal
pigmentary rtinal abnormaliies have been observed in some
cages (CGerth et al 2008; Weisfeld-Adams et al 200 5) and the
classical “bull’s eye™ picture has only been described in one
late-onset patient (Collison et al 2015),

Outeome: visual and neurocognitive function

Recommendation 16 «  As knowledge and awareness
of visual dys fanction progres-
sion allows timely nitiation of
appropriate vision nterven-
tion programs and support,
we recommend that every pa-
tient newly diagnosed with a
remethylation disorder should
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receive an ophthalmologcal
consultation independent of
the age at diagnosis and sever-
ity of dseass. (Quality of the
evidence: low)

Disease course and outcome in isolated
remethylation disorders (cblD-HC, chlE, chlG)

Dissse course and outcome in solated remethylation disor-
ders generally share many features with the combined
disorders.

Mortality

Deceased patients have been reported in the literature but the
database is too small to make a more general statement on
mirtality.

Renal disese, microangiopathy and anasemia

Atypical HUS and glomemlopathy have been meported
in single patients (Paul et al 2013 Huemer et al 200 5a).
Macrocytic anaemia in isolated remethylation defects
often responds to treatment (Harding et al 1997
Vilaseca et al 2003).

Vascular problems

Thmmboembobsm may lead to severe chnical pathology but
has only rarely been reported (Huemer et al 201 5a).

Meurocognitive and psyvehiatric problems

Muscular hyvpotonia, seizures, cognitive impairment, be-
havioural problems, psvchiatric symptoms, feeding prob-
lems (Watkins and Rosenblatt 1989, Huemer et al
20135a) as well as microcephaly, brain atrophy and white
matter changes (Zavadikova et al 2005) are charactens-
tic findings during the disease course (Watkins and
Rosenblatt 1989). Hydrocephalus has rarely been meport-
ed (Huemer et al 2015a).

Ophthalmological problems

Eye diseass, mainly comprisng retinopathy, nystagmus and
strabimus is frequently observed and seems not to respond
well to treatment {Watking and Rosenblatt 1989, Huemer et al
201 5a).

Disease course and outcome in MTHFR deficiency

Mortality

Recent expenence sugpests that betaine treatment if initiated
early reduces mortality in patients with MTHFR deficiency
(Digkman et al 2014)

Vascular problems

Arterial and venous thrombosis are penerally rare and pre-
dominantly encountered in adolescent or adult patients (Visy
et al 1991 ; Toneth et al 2002).

Neumcognitive p roblems

Severe neurnlogeal signs with some age-related vanations
chameterise MTHFR deficiency Neurological symptoms in
MTHFR range from sermumes, lethargy, apnosa and coma in
early infiney to gait dsturbances with lower limb spasticity,
wmkness, psychiatric behaviour such as schizophrenia-like
pavchosis (Mudd and Freeman 1974; Regland et al 1994
Pasquier et al 1994), and visual problems in adolescence/
adulthood (Haworth et al 1993; Bimbaum et al 2008).
MWeonates and yvoung infints exhibit acute neumlogcal deteri-
oration, which may be fatal or leave severe neurological def-
icits, Older individuals typically exhibit progressive triphasic
detenoration: an initial period of nomal development, then a
second phase with acquired microcephaly and psychomotor
delay, followed by abrupt deterioration associated with respi-
ratory fuilure that may be Gital,

In early onset severe forms clinical sequelase associated
with MTHFR deficiency include microcephaly, hvdmcepha-
lus, setzures, hypotonia and global deveopment delay, where-
a5 in the adolescence onset form mental retardation and pro-
gressive encephalbopathy are present (Arn et al 1998; Bishop
et al 2008; Schiff et al 2011).

Some patients develop leukoencephalopathy and low-
er limb-dominant demyelinating polyneuropathy (Walk
et al 1994) and may have subacute degeneration of the
spinal cord (Hyland et al 1988). The perpheral neurop-
athy has besn related to the low level of serum folic
acid (Mishimura et al 1985). Setzures are variable in
tvpe and mclude myoclonic, clonic andfor tonic epi-
sodes. Infantile spasms have been described (Prasad
et al 2001). Cerebral atrophy and white matter changes
are common (Arn et al 1998 Birnbaum et al 2008).

Early treated patients exhibit a more fivourable outcome
(Schiff et al 2011; Diekman et al 2014).

In MTHFR deficiency, exrly diagnosis and trestment ane
usually assocuted with better neumlogcal outcome.
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The effects of treatment on ¢linical outeome
Impact of prenatal treatment on owteome

Prenatal matemal treatment with parenteral OHCh] has ansc-
dotally been used. For cblC disense, Trefe ot al (2016) report a
favourable outcome of a pregnancy with an affected fetus
(sibling to a severely affected child) after treatment of the
maother with high-dose OHCbI (30 mgfweek) and 5 mg/day
folic acid from week 15 of pregnancy. Prenatal trestment with
lower OHChI doses resulted in biochemical improvement.
Organ comphicabions such as micromgiopathy as present in
the patient’s sibling were not ohserved but the patient devel-
oped eve disease and neumcognitive impairment (Husmer
et al 2005). There is no evidence regarding prenatal treatment
for the other diseases,

Outenme: survival, sevene organ damage
Recommendation 17 + W sugpest that prenatal mater-
nal treatment may be consid-
ered in a pregnancy witha fetus
with proven cblC disease,
(Quality of the evidence: low)

Improving the outcome in the scutely il patient
with a suspected or proven remethvlation disorder

Remethylation dsorders penerally present as chronic, showly
progressive neumlogical disease but may also present with acute
deterioration on the badeground of chrmic disease or with new-
onset life-threstening complications. Individuaks of all ages may
manifiest with a sudden thromboembaolic event, micoangiopath-
ic kidney or pulmonary disease, crdiomyopathy, loss of ambu-
lation or mome commonly with acute encephalopathy, displaving
datenoration. Restoration ofmethylation capacity with appropn-
ate madication may reverse many of the acute dinical signs
(Frcher etal 2014; Huemer o al 2014) (Fig. 2).

Ouicome: survival, severe organ damage; neurocognitive
imipairment
Recommendation 18 *  We strongly recommend im-
mediate restment with paren-
teral cobalamin in suspeced
cases. (Quality of the evi-
dence: moderais)
Recommendation 19 +  We recommend consideration
of betaine trestment as so0n as
hyperhomocysteinaemia is

proven md normalTow methio-

nine confirmed. (Quality of the

evidenoe: moderate )
Recommendation 20 «  We sugpest consideration of ad-
ditional enteral supplemen-
tation with folinic acid or L-
methionme in mdnvidual cases,
(Quality of the evidencs low)

Improving the owicome: long-term managem ent
of cob alamin-rebted combined and isobated remethyvlation
disorders

Muost of e mowled ge about the mmagement of remethy lation
disorders is derived from the experience with mdividuals with
the chlC defect, the most frequent of the disorders. In chnical
practice the rarer combmed disorders of the chiD-MMAHC,
chlF md chll types a5 well as the isobted remethylation disor-
ders are penerally managed identically but experience
conceming reafment effimey & considembly less and weaker

Treatment of individuals with the remethylation disorders
mims to impoove clinical features and metabolic abnormalities
by reducimg tHey and normalising Met and—in combimned
disorders—MMA (Table 7).

Cobalamin

Cobalamin is the cofactor of methioning synthase, In the
chlC defect, hydroxocobalamin (OHCHl) appears to
be more effective than cyanocobalamin (CHCHI)
(Andersson and Shapira 1998: Bodamer et al 2001).
Froese et al (20010) describe that, eg. MMAMHC with
the c4820=A (R1610) mutation binds OHCHl with mome
affinity than CNChL. The parental routs of administration
(I, 80 or IM) has been proved to be beneficial in pa-
tients with the e¢blC defect (Van Hove et al 2002), whereas
oral OHChI alone ssems to be meffective (Brunelh et al
2002; Bartholomew et al 1988; Gold et al 1996; Frattini
etal 2010). Long-term I'V application is impmeticable and
the subcutaneous mute seems to be less effective than IM
injections {Thawvin-Robinet et al 2008). Many centres use
I mg of parenteral OHChI daily in neonates (assumimg a
body weight of 3 kg the dosage is 033 mg'kg'day). In
the long-term treatment, as patients stabilise, the frequen-
cy of administration is decreased to minimise the frequen-
cy of injections. However, determination of optimal doses
and intervals betwesn injections is hampered by very
great variation in patient features (Diomsi-Vie et al
2013 Ogier de Baulny et al 1998). Some recent reports
suggest that higher OHCbl doses (plasma levels near
1,000,000 pgml) can provide a better metabolic contmol
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Table T Recommended treaiment of remethylation disorders

Dirugs with proven ¢ linical e fect Treatiments withowt proven clinical effect T b avoided
Cobalamin relaied remethylation disorders OHOh] parenieral Folate/folinic acid Nitrous oxide
Betaine L~ Camitine Pritein restriction
Methionine*
MTHFE. deficiency Betaine Folind acid’ S-Methylfolae* Mitrpus oxide
L-Camitine Falic acid
Methionine® Pvtein nestriction

" Has been applied with clinical benefit in single cases

and dose escalation seems to be effective in several re-
ports, ncluding a case of pregmancy in a cblC affected
female (Brunel-Guitton et al 20000, In 2002 Van Hove
et al (2002) described a good response to OHChI dose
escalation regarding metabolic and clinical condition in
two cblC patients presenting with thrombotic micmangi-
opathies (TMAs), Durmg 13 vears of follow up in a chlC
patient Carrillo-Carmsco et al (2009) observed a consid-
erable dose-dependent reduction of MMA and tHew plas-
ma levels and an elevation of methionime levels as the
dose of IM OHCbl was increased Matos et al 2003 per
formed an open-label study in five cblC patients to deter-
miné the effect of OHCBI dose escalation on the chnieal
and biochemical condition. They obsearveda good metabolic
response in 275 patents, wheress clinical rssponse was quite
varahle and not cleardy related to metabolic rmprovement. In
early onset chlC dissase, tHey mostly camnot be normalised;
levels betwesn 40 and 60 pmol/L are typically reached. In
some late onset patents, tHey has been normalised.

Thers & himited expenence with OHCH (1000 pug'dey) treat-
ment in chlD-MMAHC deesse but there seams o be a -
sponse o treatment (Miousse et al 2009; Suormala e al 2004),
Most patients withchlE and cbiG disease were treated with OH-
(bl and seemed to benefit (Huemer et al 20154 b). As OH-Chl
is renemmlly used to treat other cobalamin-related remethy lation
dsonders thn chlC disease, no sufficient data is avadable on the
clmical efficacy of other cobalamin preparations .

In conclusion, OHCH tratment is usually started at a dos-
age of 1 myg IM daily and then it should be titrated indivadually
based on metabol i response.

Outeome: survival and severe organ danmage

Recommendation 21« We strongly recommend using
parenteral OHCHI in treating
patients with the chlC defisct and
other cobalamin-related reme-
thylation disorders. (Quality of
the evidence: high)

Recommendation 22« We recommend applving a star-
ting doss of 1000 pg (1 mg)

OHCbHI daily given pamenterally
in patients with the chlC defiect
This regime has also besn ap-
phiad in other cobalamin-related
remethylation defects. (Quality
of the evidence: low)
Recommendation 23« We suggest that the minimum of-
fective OHChldose and frequency
of adminstration should be indi-
of OHCH may result m biochem-
wal mmproverment, however, sig-
nificant dinical benefit remains to
be proven. Frequency of sdminis-
tration of OHChI ranges between
daily md weddy withoutevidencs
of advantage ofone over the other
(Quuality of the evidence: low)

Betaine

Betaine derives from choline and is a potent methyl group
donor involved in the process of remethvition of Hey to
Meat via betaime-homocysteing methyltrans ferse in the liv-
er, thus bypassing the MeChl-dependent pathway Betaine
neads to be supplemented orally and decreases Hey levels,
The knowledge about betmne phamacokineics s lmited
(Schwahn et al 2003). It has been sugpestad that frequent
admimistration of a modemte dose may provide climcal
and bochemical benefit (Ucar et al 2010), Betaine or
OHCh] alone may not result in sufficient metabolic
control, but they seem to have synergistic effects
(Bartholomew et al 1988). Betune is usually admimistered
at a dose of up to 250 mg'kg/day in childen (Beauchamp
et al 2009; Schiff et al 2001), but has been used at a dose
of 850 mgkg'day to treat cor pulmonale m a pabient with
the chlC defect (Profitlich et al 2009, b). Betaine has also
been wsed durng premancy with no neonatal adverse ef-
fect (Pierre et al 2006). Anhydrous betaine is the prefered
formulation.
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Outoome: survival and severe organ damage
Recommendation 24 +  We recommend oral betane
treatment in chIC disease
and other cobal amin-related
remethylation disorders
(Cnulity ofthe evidence: low)
Recommendation 25 * We sugpest that the minimum
effective betaine dose should
be individualy titrated to im-
prove the levels of tHey and
methionine. (Quality of the
evidence: low)

Side effects of treatment with cobalamin and betaine

Few side effects related to cblC dsease treatment have been
reported. These are usually scarce and reversible as soon as
the treatment 15 withdrawn,

OHCH side effects such as red disoolomtion of the unne
sea, mfusion site reactions and headache have rarly been
reported in patients recenving high doses. Mostly, parenieral
OHCbBI even n doses as high as 20 mg per day have been
tolemted without side effects (Camillo-Carmsoo et al 2009),

Ina smgle case, teeth discoloration cccuraed after | month
of OHCH (1 mg'day IM) and folimie aad (10 mg/day) treat-
ment and improved after folinic acid discontinuation
{Augoustides-Savvopoulow et al 1999),

Long-em follow up case series and case reports indicate
that betaine is generally well tolerated and safes even ot high
doses (36 giday n infants; 9 giday m adults) (Oger De
Baulny et al 1998; Thauwin-Robinet et al 2008). However,
in a 15-month-old, epileptic crises have been obsarved somm
after mitiation of betaine treatment (250 mg'hkg'day) (Enns
etal 1999),

Betame decreases Hey levels at the expense of incressing
Met. The climical rdevance of high Met is under discussion
but very high levels have been related to censhml oedema. Ina
10-year-old female with classical homocystinuna plsma Met
increased to =3000 pmol/L under betaine treatment (200 mg/
kg/day). The girl developed clinical signs and radiol ogical
evidence of cerebral oedema which resolved when betaine
was discontinued and Met levels returned to normal
(Yaghmai et al 2002). Devlin et al 2004) reported on a simiar
clinical course in a boy ata plasma Met leve of 1190 pmol/L.
Themefore, caution is required and betaine should immediately
be withdmwn in any case of any symptoms suggesting in-
creased intracranial pressure or very high Met levels

(Lawson-Yuen and Levy 2006).

Folates

Folate has been frequently used as adjunctive therapy in
patients with chlC disease. Folinic acid (5-formyl-THF)
is the most stable form of the reduced vitamin and
crosses the blood brain barrier more efficiently than
folic acid (Spector 1979). Daily doses from 5 to
30 mg, divided in 2-3 administmtions/week of folate
or folinic acid (Carrillo-Carrasco et al 2012; Schaff
et al 2011) have been used. In the majority of reported
patients, folic acid rather than folinic acid has been used
in the long-term treatment. In some cases no beneficial
effect of the adjunctive therapy with folic or folinic acid
has been reported (Enns et al 1999; Bartholomew et al
198E: Fischer et al 20014) but no long-term studies have
been performed.

Recommendation 26 +  Results fGiked to demonstrate or
exclude a beneficial or detri-
mental effect of folic and/or
folmic acid as adjunctive thera-
pv in patients with chIC disese
and other cobalamm-related
remethylation disorders.

(Quality of the svidence: low)

Lewocarnime

Levocarmitine facilitates the excretion of propionyl
groups and prevents carnitme deficiency, smee the de
nove synthesis of carmitine depends on methionine and
may be decressed in cblC patients. Some reports in
Iiterature show no beneficial effect of adding carnitine
to the long-term treatment of chlC disease (Enns et al
199%: Bartholomew et al 1988). There s no clear con-
sensus about the recommended dose and this can range
between 50 and 200 mg/kg/day.

Recommendation 27 +  Results failed to demonstmate
or exclude a beneficial or det-
nmental effect of oral carni-
ting as adjunctive therapy in
patients with cblC disease
and other cobalamin-related
remethylation disorders.

(Quality of the evidence: low)

Diietary restrictions

Few meports deseribe the use of dietary restriction in ¢blC pe-
tients, mainly with no benefical effect on membolic control
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(Camilo-Camsco et al 2009, Emns et al 1999), Huemer < al
(2005 ) repaort sigmificantly lower MMA exeretion upon proten
restriction (methionine-free, threonme-free, valine-free,
wsolacme-low formula). However, theme s evidence suggesting
apossible mile of low methionime @ a confributing Gwtor for the
pathogenesis of chlC disese (Martinelli et al 2001) and other
remethylation disorders. Met is essential in patients with
ramethylation defects and its plasma levels should be maim-
tained in the nommal range. Patients on protem-restricted diets
had lower height-for-age #score. Patients consumimg medical
foods with presumably low Met supply had lower head cimcune-
ference and lower plasma Met concentmtions (Manol et al
201 5). For thess reasons, methionime-free formulas and proten
rastriction leading to low methionine plasma levels is contrin-
dicated in chlC patients (Ogier de Baulny et al 1998; Manoli
et al 2015).

Owicome: survival, severe organ damage; neurocognitive
imipair ment
Recommendation 28 *  We stomgly recommend not
to restrict protein in chiC dis-
eass and other memethylation
disorders. (Quality of the evi-
dence: moderate)

Aming acid supplem entation

In patients with chlC defects methionine and cysteine supple-
ments are mostly not requined to mamtain nomal plasma
levels of thess two amimo acds and in a recent retmospective
multicentre study evaluatng clinical biochemical and them-
preutic measures n 88 chlC patients (Fischer et al 2004) sup-
plemental Met was used only in ong patient; cysteing supple-
mentation was never applied. Some patients wens treated with
betame and Met in combination when plasma Met was low
(Smith et al 2006).

Outcome: survival, severe organ damage; neurocognitive
immpair et
Recommendation 29 +  Met is essential in patients with
recommend maintaining its
plasma levels in the normal
mnge; if necessary ths may be
achieved by oml methionine
supplementation. (Quality of
the evidence: low)

Improving the cutcome: long-term management of
MTHFR deficieney

Betaine

In MTHFR deficiency betaine in a variable dose of 100—
250 mgkgiday in children and 5-20 giday in adults is used
to increase svstemic Met levels, A mets-analysis of case
reports (Diskman et al 20014) revealed that betaine treatment
at a dosage of 100 mg/'bkg/day or more was clearly associated
with mcressed survival, Only two of 26 patients died after
initiation of treatment. Furthermore, early reatment was as-
sociated with normal psychomotor development m all five
patients. In contrast, none of the 19 patients in the delayed-
treatment group (untreated patients excluded) had nommal
pavchomotor development. Nevertheless, psychomotor de-
vieslopment stabilised or improved inall 17 surviving patients
in whom betaine treatment was mitiated late. Anhydmus
betaine is the prefered formulation,

Outcome: survival, severe organ damage; nearomgmitive
imipairment
Recommendation 30 *  We strongly recommend early
treatment with betaine as it
improves climical outcome
and prevents neurological de-
terioration in MTHFR defi-
ciency. (Quality of the evi-
dence: high)

See ako recommendation §3
Folates

In MTHFR deficiency S-methyiTHF symthesis is impaired,
resulting in low levels of methyl-tetrahydrofolate (CH3-
THF) in the centrml nervous system. There have besn some
reports describing the use of folic acid (5-80 mg/day) with
pood (Al Tawari et al 2002 ; Munoz et al 201 5) or poor {Holme
and Bonge 1989 Udar et al 2000) response. A doss—responss
relationship was not observed (Holme and Ronge 1989), A
combination of folic and folinic acid was associated with
favoumble outcome (Tallur et al 2005; Lossos et al 2004). |
has mecently been shown that folic acid may exacerbate cere-
hral CH3-THF deficiency (Hyland etal 2000) and it has there-
fore besn suggested to avoid folic acid and preferably use
folimic acid or 5-CH3-THF. However, therapeutic 5-CH3-
THF in a daily dose as high as 45 mg failed to correct the
lowe CSF levels in a patient with MTHFR deficiency (Knowles
et al 2006; Schiff and Blom 2012), There i at present no
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consensus concerning the most effactive dosags of folinic acid
or 5-CH3-THF and the problem of the assumed mstability of
S5-CH3-THF has not vet been solved

Outcome: neuroognitive impairment

Recommendation 31 +  Results fuled to demonstmte
or echude a beneficial or de-
rimental effect of folic or
folinic acid or 5-CH3ITHF as
cellular and cerebral folake de-
ficknoy in MTHFR. deficien-
cy on clinical outcome.

(Quality of the svidence: low).

Other substances

The data besis addressing the efficacy of vitamin Bé, cobala-
min, rboflavin and camiting 15 not riable; varous dosagzes
and combinations of these substances have been used md
their climcal efficacy cannot be assessed (Husmer ot al 2016),

Methionine supplementation

In a very small number of patients, the clinical condition im-
proved with supplementation of methionine (Schiff et al 2001 ;
Tortord b et al 2010), however, the data basis 5 not relable
enough to allow delinsmtion of a rscommendation,

Improving clinical outcome: management of general
anamthesia in remethylation disorders

A fatal adverse event was reported in a patient with MTHFR
deficiency anasthetisad with nitrous oxide (N20) which is a
known mhbitor of mathionne synthase (Seleer ot al 2003,
Erbe and Salis 2003). In seven patients with the cblC and
one with the chiG defect, propofol was safe and effective as
an induction and mantenmes agent for elective short proce-
dures in metabolically and hemodynamically stable patients
(Ktena et al 201 5).
Recommendation 32 * W strongly recommend aganst
the use of nifrous oxide in pa-
ders. (Quality of the evidence:
high)

Improving clinical outcome: management of pregnancy
in remethylation disorders

Thers are only three reported cases of pregnancies in
women with the ¢blC defect and thus no recommenda-
twns can be delineated. An asymptomatic woman was
identified when low camitme levels were found m her
healthy child’s newborn scresning sample (Lin et al
2009), Brunel-Guitton et al (20107 describe successful
outcome of a pregnancy n a treated woman with the
chlC defect. Acetvisalicylic acid at the antiplatelet oral
dose of B0 mgiday was apphed dunng pregnancy and
delivery and specific treatment with OHCBL, folic acid
and camiting was started at 15 weeks of gestation. The
OHCbl and carniting administration was adjusted to
maintasin a decrzase of tHey and an merease of total
carniting plasma levels. Recently a woman with late-
onset chlC, also treated from the 15th week of gestation
and gmving birth to a healthy child has been reported
(Lin et al 2005). So far, pregnancies in women with
other remethylation defects have not besn reported.

Closing remarks

These puidelines are the result of the evaluation of
available mformation from the hterature based on the
GRADE methodology and are simed at delivering mec-
ommendations based on the best available data, The
rarity of cobalamin-related remethylation disorders and
MTHFR deficiency, the absence of larger data samples
from mternational registries until recently and data
mainly derived from case mports, case series or expert
opinion results in a low quality of the evidence for
several of the recommendations made. The working
group responsible for this guideline commits itself to
revise this work in the future.
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Focus Group Guideline
Total meeting time: 150 minutes.

9 Meeting and introductions (15 minutes)
0 Author introduction (5 minutes)
o Each participant will introduce their self, state their title, years of experience, and
specialty if applicable (10 minutes)

1 Brief overview of the topic (15 minutes)
o The author will detaitheir 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 agreepayticipate in this focus
group?

1 CPG appraisal and score evaluation (60 minutes)
o0 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 compled, the scores will be compared to other participant scores
as wel |l as the author’s score. Maj or
well.

1 Focus Group Discussion (60 minutes)
o The group will be asked open ended questions and each participare givien
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 ths 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
beutilized for patients in the perioperative setting?

5.) In the future, how might your anesthetic practice change, if at all?
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