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Background: Genetic variants in the BCHE (butyrylcholinesterase) gene are associated 
with reduced BChE enzyme activity and prolonged post-succinylcholine neuromuscular 
blockade, which can lead to postanesthetic apnea and respiratory depression. Testing for 
BChE deficiency is usually performed by biochemical methods and is generally only offered 
to patients who have a personal or family history of prolonged post-succinylcholine neuro-
muscular blockade.
Purpose: Using a clinical test, we investigated the frequencies of BCHE genotypes that are 
associated with increased risk for prolonged post-succinylcholine neuromuscular blockade.
Materials and Methods: Five BCHE variants, including the A (atypical, rs1799807), 
K (Kalow, rs1803274), F1 (fluoride-1, rs28933389), F2 (fluoride-2, rs28933390), and S1 

(silent-1, rs398124632), were genotyped in a large (n = 13,301), multi-ethnic cohort in the 
United States. Subjects were recipients of pharmacogenetic testing ordered by their physi-
cians as part of routine care.
Results: The minor allele frequencies of A, K, F1, F2, and S1 were 1.60%, 19.93%, 0.08%, 
0.47%, and 0.04%, respectively, in this cohort. Based on a review of biochemical and clinical 
data of these variants, we grouped BCHE genotypes into four phenotypic categories to 
stratify the risk for prolonged post-succinylcholine neuromuscular blockade. 
Approximately 0.06% of patients were predicted to have severe BChE deficiency, 8% were 
predicted to have moderate BChE deficiency, and 29% were predicted to have mild BChE 
deficiency. Compared to other ethnic groups, Caucasians were predicted to have the highest 
frequency of BChE deficiency.
Conclusion: While severe BChE deficiency is rare in the United States, approximately 8% 
of Americans are at moderate risk of prolonged post-succinylcholine neuromuscular block-
ade, suggesting that a sizable percentage of patients may benefit from preoperative genetic 
testing of BCHE.
Keywords: succinylcholine, BCHE, genotyping, prolonged neuromuscular blockade, 
pharmacogenetics

Introduction
Succinylcholine is a neuromuscular blocking agent listed on the World Health 
Organization’s Model List of Essential Medicines.1 Because of its rapid onset and 
short duration of action, it is frequently used to facilitate rapid sequence intubation.2 

However, succinylcholine is sometimes associated with prolonged neuromuscular 
blockade, which can lead to postanesthetic apnea and possibly respiratory depres-
sion and death. Prolonged post-succinylcholine apnea is estimated to occur in 
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approximately 1 in 1800 anesthesias,3 and as such is more 
common than malignant hyperthermia.4 Moreover, 
affected patients may become aware of paralysis during 
emergence from anesthesia, leading to distress consistent 
with post-traumatic stress disorder.5,6 Prolonged neuro-
muscular blockade can also lead to increased post- 
operative recovery time and costs.7

The BCHE gene encodes butyrylcholinesterase (BChE; 
also known as plasma cholinesterase or pseudocholinester-
ase), which metabolizes succinylcholine. At least 75 genetic 
variants of BCHE have been identified.8 Genetic variants in 
BCHE have been shown to cause deficiency of BChE 
enzyme activity, leading to higher-than-expected plasma 
levels of succinylcholine, and, thus, prolonged neuromuscu-
lar blockade. Patients with these genetic variants are usually 
asymptomatic until they are exposed to succinylcholine as 
part of a surgical procedure.9 The most well-known BCHE 
variant is the atypical variant (the “A” variant). The FDA- 
approved label for succinylcholine recommends that the 
medication should be used carefully in patients with reduced 
BChE activity and that it should be used with caution, if at 
all, in patients homozygous for the atypical variant.10

Genetic testing for BCHE variants, however, is not 
common practice. Currently, patients who have 
a personal or family history of prolonged post- 
succinylcholine neuromuscular blockade may be offered 
biochemical testing for BChE deficiency.11 Such biochem-
ical tests are used to assign BCHE genotypes indirectly. In 
one study of 6688 patients, however, biochemical tests 
were unable to assign a genotype for 16.3% individuals.12

DNA-based methods determine genotypes directly and 
thus are inherently more accurate than biochemical methods 
in identifying genetic variants.11 However, studies of BCHE 
genetic variants have been mostly in small cohorts and data are 
lacking for their frequencies in ethnic populations in the US. 
Frequency information of BCHE genetic variation in the gen-
eral population is an important factor in determining whether 
BCHE genotyping should be broadly used as a screening tool 
in patients being scheduled for procedures requiring succinyl-
choline. In this study, we report the development of a PCR- 
based 5-variant BCHE genotyping panel and the frequency of 
these genetic variants in a large, multi-ethnic, US cohort that 
was unselected for succinylcholine response.

Materials and Methods
A retrospective analysis was conducted utilizing data from 
13,301 patients receiving pharmacogenetic testing from 
Millennium Health, LLC (San Diego, CA). Pharmacogenetic 

testing was ordered by authorized healthcare providers as part 
of routine care using a requisition form in which the patient 
ethnicity could be selected from the following categories: 
African-American, Asian, Caucasian, Hispanic, or “Other”. 
Patients who had more than one ethnicity selected were also 
considered as “Other”. This study was conducted in accor-
dance with the principles expressed in the Declaration of 
Helsinki and under a research protocol approved by Aspire 
Independent Review Board (Santee, CA), which includes 
a waiver of written informed patient consent for use of de- 
identified data. This was a retrospective data collection study 
and the manuscript adheres to the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
Statement (http://www.strobe-statement.org).

Sample Preparation and DNA Genotyping
Patient samples were collected with oral swabs (OCD-100, 
DNA Genotek, Ottawa, Ontario, Canada) and DNA was 
extracted using Chemagic DNA Saliva Kit (Perkin Elmer, 
Waltham, MA). BCHE variants (Figure 1) were detected 
using TaqMan® chemistry-based qPCR using standard pri-
mer and probe design techniques. TaqMan® primers and 
probes (Table 1) were manufactured by Thermo Fisher 
Scientific (Waltham, Massachusetts, US). The study 
laboratory is certified under the Clinical Laboratory 
Improvement Amendments of 1988 (CLIA) and is accre-
dited by the College of American Pathologists.

BCHE genotype designations used in this study list all 
variants which were detected. For example, the genotype 
AKK is used to identify an individual who has one copy of 
the A variant and two copies of the K variant. In this case, 
one BCHE allele contains both A and K, while the other 
allele contains K only. However, the PCR-based assay is not 
able to determine the phase of detected variants, and as such, 
for some genotypes it is not possible to determine which 
variants are on the same allele. For example, the genotype 
AK could have both A and K variants on the same allele, or 
one allele with the A variant and the other with the K variant.

1000 Genomes Data
Population genetics data for BCHE variants were extracted 
from the 1000 Genomes Project Phase 3 database (http:// 
www.internationalgenome.org).

Statistical Analysis
Data analysis was performed using Microsoft Excel and 
R (R Foundation for Statistical Computing) version 3.6.1. 
The R package “HardyWeinberg” version 1.6.3 was used to 

Zhu et al                                                                                                                                                              Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                          

Pharmacogenomics and Personalized Medicine 2020:13 406

http://www.strobe-statement.org
http://www.internationalgenome.org
http://www.internationalgenome.org
http://www.dovepress.com
http://www.dovepress.com


perform two-sided Fisher’s exact tests for Hardy-Weinberg 
equilibrium (HWE). The R package “genetics” version 
1.3.8.1.2 was used to calculate pairwise linkage disequili-
brium (LD) estimates, including the Chi-squared p-value.

Results
Development of a Clinical Test for BCHE 
Genotyping
In order to develop a BCHE genotyping test, we selected 5 
variants for which PCR-based testing had been shown to 
have a 85% detection rate for patients with prolonged 

post-succinylcholine apnea attributable to BCHE 
variation.13 These 5 variants are located at different areas 
of the coding region (Figure 1), and have been shown to be 
associated with reduced enzyme activity.9 While the S1 

variant is a frameshift mutation resulting in no enzyme 
activity,8 the A and F variants are associated with a severe, 
60–70% decrease in enzyme activity.9 In contrast, the 
K variant is associated with a milder, 30% decrease in 
enzyme activity compared to wild-type.14

Among the four missense variants (A, F1, F2, and K), 
the A and F variants are considered “qualitative” variants 
because they impair catalytic properties of the enzyme, 
while the K variant is “quantitative” because it affects 
the plasma BChE concentration and does not qualitatively 
change the encoded enzyme.15,16 The K variant is in LD 
with variants in noncoding regions of the gene, which may 
cause reduced BChE expression.14,17,18

BChE Phenotype Assignment
Translation of genotype to phenotype is recommended 
practice for implementation of pharmacogenetic testing, 
since clinical interpretations are provided based on 
phenotype.19 To translate BCHE genotypes to actionable 
phenotypes, we reviewed published associations of geno-
types with both BChE enzyme activity and duration of 
succinylcholine-induced paralysis (Supplementary Tables 
1 and 2, and references therein). These included studies in 

A

B
BCHE 
variant

HGVS 
NM_000055.2:

HGVS 
NP_000046.1:

rsID Legacya cDNA 
change

Legacya amino 
acid change

Other common names

A c.293A>G p.D98G rs1799807 A209G D70G atypical, dibucaine, dib

F1 c.812C>T p.T271M rs28933389 C728T T243M fluoride-1, flu-1

F2 c.1253G>T p.G418V rs28933390 G1169T G390V fluoride-2, flu-2

K c.1699G>A p.A567T rs1803274 G1615A A539T Kalow

S1 c.435delTinsAG p.F146Vfs*12 rs398124632 silent-1, sil-1, G117FS, FS117

a Compared to HGVS nomenclature, legacy designations of BCHE variants do not count the 28 amino acids in the signal peptide.

Figure 1 Functional BCHE variants and location. (A) Schematic diagram of the human BCHE gene. The coding region is shown in blue. Introns are not drawn to scale. 
Untranslated regions are shown in black. Sites of the five tested variants are shown above the exons. (B) Designations of the five tested variants according to various 
nomenclature systems.

Table 1 Primers and Probes Used in This Studya

Variant rsID Thermo Fisher Scientific TaqMan® 

Assay ID

A rs1799807 C___2411904_20
F1 rs28933389 C__27540659_20

F2 rs28933390 C__27531249_20

K rs1803274 C__27479669_20
S1 rs398124632 Custom assay 

Primers: 

GAGCCAGAAACTTGCCATCA, 
ACCCAAACACTGACCTCAGT 

Probes: 

FAM- TTTGAAAACCACCACCAT, 
VIC- TTTGAAACTCCACCACCAT

Note: aAll sequences are shown from 5ʹ to 3ʹ.

Dovepress                                                                                                                                                              Zhu et al

Pharmacogenomics and Personalized Medicine 2020:13                                                                submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
407

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=263741.docx
https://www.dovepress.com/get_supplementary_file.php?f=263741.docx
https://www.dovepress.com/get_supplementary_file.php?f=263741.docx
http://www.dovepress.com
http://www.dovepress.com


which genotypes were assigned indirectly based on bio-
chemical results as well as DNA-based genotyping studies.

Based on literature review, the A, F, and S alleles were 
associated with severely reduced function, while the 
K allele was associated with mildly reduced function 
(Supplementary Table 1). Moreover, allele dosage analysis 
indicated that having more than one copy of these reduced 
function alleles had an additive effect. For example, indi-
viduals with two copies of the A allele (AA) had more 
reduction in enzyme activity compared to individuals with 
one copy (A) (References 2, 4, and 5 in Supplementary 
Table 1). Similarly, individuals with two copies of the 
K allele had more reduction in enzyme activity compared 
to individuals with one copy (References 1, 5, 6, and 7 in 
Supplementary Table 1). When more than one type of 
variant was present, the functional impact also appeared 
additive. For example, an individual with the AF or AS 
genotype had less enzyme activity than an individual with 
only one copy of A (Reference 2 in Supplementary 
Table 1).

We also reviewed in vivo impact of BCHE variants on 
neuromuscular blockade induced by succinylcholine or 
mivacurium, a neuromuscular blocking agent also metabo-
lized by BChE (Supplementary Table 2). The A, F, and 
S variants were associated with longer paralysis compared 
to the K variant, consistent with their relative impact on 
enzyme activity. The AA genotype, which has a warning 
on the FDA drug label,10 was associated with longer 
paralysis than No Variants Detected (NVD), but a single 
copy of A (the A genotype) was also associated with 
longer paralysis, albeit intermediate between AA and 
NVD. In addition, AF and FS genotypes had more block-
ade compared to the A genotype, and AS compound 
heterozygotes had similar effects as AA and SS homozy-
gotes. In patients screened for the A and K variants, those 
who had one copy of the K variant had slightly longer 
paralysis than those who had no detected variants 
(References 6 in Supplementary Table 2).

Based on the biochemical and clinical data, a strategy 
was developed to assign BChE phenotypes based on gen-
otype, and also to provide clinical interpretation on the 
laboratory test report for each phenotype (Table 2). Since 
BChE deficiency is a recognized genetic condition,20 we 
used it as the basis for the phenotype nomenclature. The 
phenotype assignments were: severe BChE deficiency, 
moderate BChE deficiency, mild BChE deficiency and 
normal BChE activity (wild-type).

Homozygotes of the A variant (AA), which were iden-
tified in the warning on the succinylcholine label, were 
predicted to have severe BChE deficiency. Since A, F1, F2, 
and S1 variants were all associated with severely reduced 
function, severe BChE deficiency was also assigned when 
two or more A, F1, F2, or S1 variants were detected. 
Patients with one copy of the A, F1, F2, or S1 variants 
were assigned to moderate BChE deficiency, consistent 
with lower impact of a single copy of these variants 
compared to two or more copies. Because the K variant 
confers only a mild reduction in enzyme activity, it had 
a different impact on phenotype assignment than the other 
four variants. Patients with one copy of the K variant and 
no other variants were assigned to mild BChE deficiency. 
While these individuals would likely have nearly normal 
enzyme activity, they would be at risk of prolonged neu-
romuscular blockade if other risk factors leading to BChE 
deficiency (such as severe burns, malnutrition, renal fail-
ure, malignancy, and/or pregnancy) were present.9 The 
K variant did not change phenotype assignment if the 
patient was also positive for A, F1, F2, or S1. Individuals 
with two copies of K, when negative for other variants, 
were assigned to moderate BChE deficiency. Finally, indi-
viduals with no reduced function variants detected were 
assigned to normal BChE activity.

Frequency of BCHE Genotypes
We conducted a retrospective analysis of BCHE genotyp-
ing results in our laboratory database which contains test 
results from all 50 states in the United States.21 A total of 
13,301 patients (2969 males, 4552 females, and 5780 of 
unknown gender) were tested for the five BCHE variants. 
Within this cohort, there were 893 African-Americans 
(7%), 58 Asians (0.4%), 6028 Caucasians (45%), and 
300 Hispanics (2%) (Table 3). In addition, 251 patients 
(2%) had an ethnicity categorized as “Other” and 5771 
patients (43%) did not have any ethnicity information.

Most patients (>60%) had no detected variants (Table 3). 
The next three most common genotypes were K, KK and 
AK. The highest number of variants in any tested individual 
was 4, which was found in 5 patients with the AAKK 
genotype. Approximately 5% of Caucasians were positive 
for A, F1, F2, and/or S1, while in African-Americans and 
Hispanics this percentage was lower at 0.90% and 3.33%, 
respectively. None of these four variants were detected in 
Asians in this study, although the number of Asian patients 
was low. Among these four variants, homozygosity and 
compound heterozygosity were rare. Homozygosity was 
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Table 2 Assignment of BCHE Genotypes to Phenotypes

Predicted 
Phenotype

Criteria Genotypesa Clinical Interpretation Provided on the 
Laboratory Test Report

Normal BChE activity No variants detected No variants 

detected

Patient is expected to have normal 

pseudocholinesterase activity and normal response to 

succinylcholine.

Mild BChE deficiency 1) Not meeting criteria for moderate or 

severe BChE deficiency, and 2) one copy of K

K Patient’s genotype is associated with slightly reduced 

pseudocholinesterase activity and slightly increased duration 
of action of succinylcholine, but the differences are expected 

to be small unless the patient also has other factors leading 

to reduced pseudocholinesterase activity.14,23

Moderate BChE 
deficiency

1) Not meeting criteria for severe BChE 
deficiency, and 2) one copy of A, F1, F2 or  

S1, or two copies of K

KK, AK, F2, 
AKK, A, F2K,  

F1, S1, F1K, KS1

Patient’s genotype is associated with reduced 
pseudocholinesterase activity. In patients with similar 

pseudocholinesterase activities, clinically significant 

prolongation of neuromuscular blockade after 
succinylcholine use has been reported but is expected to 

be rare.9,13,14,23 Prescribing information recommends: 

Succinylcholine should be used carefully in patients with 
reduced pseudocholinesterase activity.10

Severe BChE 
deficiency

Homozygotes of A, F1, F2 or S1, or positive 
for two or more of the four variants

AAKK, AF1K,  
AF2K, F1F2

Patient is expected to have low pseudocholinesterase 
activity and experience prolonged neuromuscular 

blockade when succinylcholine is administered.9,13,37 

Prescribing information recommends: Succinylcholine 
should be used with caution, if at all, in patients known 

to be or suspected of being homozygous for the atypical 

pseudocholinesterase gene. Prescribing information also 
recommends specific test doses for these patients.10

Note: aOnly genotypes detected in this study are listed.

Table 3 Frequencies of BCHE Genotypes in Different Ethnic Groups in the United States

Totala African-American Asian Caucasian Hispanic

N Freq N Freq N Freq N Freq N Freq

No Variants Detected 8402 0.6317 594 0.665 43 0.74 3754 0.6228 221 0.737
K 3816 0.2869 252 0.282 13 0.22 1726 0.2863 61 0.203

KK 507 0.0381 39 0.044 2 0.03 241 0.0400 8 0.027

AK 314 0.0236 1 0.001 0 0 169 0.0280 4 0.013
F2 93 0.0070 3 0.003 0 0 46 0.0076 1 0.003

AKK 54 0.0041 1 0.001 0 0 32 0.0053 0 0

A 46 0.0035 2 0.002 0 0 24 0.0040 2 0.007
F2K 31 0.0023 1 0.001 0 0 21 0.0035 1 0.003

F1 14 0.0011 0 0 0 0 7 0.0012 1 0.003

S1 8 0.0006 0 0 0 0 4 0.0007 1 0.003
F1K 6 0.0005 0 0 0 0 2 0.0003 0 0

AAKK 5 0.0004 0 0 0 0 0 0 0 0

KS1 2 0.0002 0 0 0 0 1 0.0002 0 0
AF1K 1 0.0001 0 0 0 0 1 0.0002 0 0

AF2K 1 0.0001 0 0 0 0 0 0 0 0

F1F2 1 0.0001 0 0 0 0 0 0 0 0
Total 13,301 893 58 6028 300

Note: aTotal number of individuals includes all four listed ethnicities, other ethnicities and patients whose ethnicity information was not available.
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detected only for the A variant in 5 patients, while com-
pound heterozygotes were detected in 3 patients for A and 
F1, A and F2, and F1 and F2, respectively. No patient had 3 or 
more of these 4 variants.

For the K variant, we had sufficient data to evaluate HWE 
in specific ethnic populations; deviation from HWE can 
indicate selection bias or genotyping errors. The K variant 
was in HWE in African-American (p = 0.06), Asian (p = 
0.33), Caucasian (p = 0.10), and Hispanic (p = 0.22) patients.

We were also able to evaluate LD for the K and 
A variants. These two variants were in LD in Caucasian 
(D′ = 0.834, r2 = 0.052, p < 2 x 10−16) and Hispanic (D′ = 
0.544, r2 = 0.019, p = 7.6 x 10−4) patients, but significant 
LD of these two variants was not identified in African- 
Americans (p = 0.18). In Caucasians, K was also found to 
have LD with F2 (D′ = 0.635, r2 = 0.0006, p = 0.008).

The minor allele frequency (MAF) of each tested variant 
is listed in Table 4. The K variant was by far the most 
common variant in all 4 ethnic groups, while the S1 variant 
was the least frequently found. Of the remaining variants, the 
A allele was the most frequently found, and F2 was more 
frequently found than F1. Caucasians had the highest fre-
quencies of A, F2, and K, while F1 and S1 were not detected 
in African-Americans. For patients with unknown ethnicity, 
the MAFs were most similar to Caucasians (data not shown).

We compared the MAFs to publicly available data. The 
MAFs of the tested variants from this study were largely 
consistent with the 1000 Genomes Project data for similar 
ethnic populations. Even though our study population had 
fewer Asians, the observed frequencies were similar to those 
of the East Asian cohort of 1000 Genomes. We observed S1 

in Caucasian and Hispanic patients, but it was not found in 
smaller 1000 Genomes samples of similar ethnicities. We 
also detected A and F2 in African-Americans and F1 in 

Hispanics; these variants were also not found in smaller 
1000 Genomes samples of similar ethnicities.

Frequency of Predicted BChE Phenotypes
We then analyzed the frequency of predicted BChE pheno-
types (Table 5). Out of 13,301 patients, 8 (0.06%) were 
predicted to have severe BChE deficiency. Of these, 1 was 
Caucasian and 7 were of unknown ethnicity. Approximately 
8% of patients were predicted to have moderate BChE defi-
ciency, with highest frequency found in Caucasians, followed 
by Hispanics, African-Americans, and Asians. Finally, 
almost 30% of patients were predicted to have mild BChE 
deficiency. In total, approximately 40% of patients were 
predicted to have mild, moderate or severe BChE deficiency.

Discussion
In this study, we developed a BCHE genetic test to identify 
patients at risk of prolonged post-succinylcholine neuro-
muscular blockade. While the succinylcholine label indi-
cates caution specifically for patients homozygous for the 
A variant,10 our test included the A variant and 4 addi-
tional variants. In our five-variant test, we identified 8 
patients that were likely to have severe BChE deficiency. 
Of those, 3 patients would not have been identified by 
a test exclusively targeting homozygotes of the A variant.

We used our test to determine the frequency of BCHE 
variants in a cohort of 13,301 patients of different ethni-
cities from all 50 states. Unlike previously published stu-
dies of patients who had personal or family history of 
prolonged post-succinylcholine neuromuscular blockade, 
this study evaluated the frequency of BCHE variants in 
patients receiving pharmacogenetic testing who may or 
may not have been administered succinylcholine, much 
less experienced any adverse effects in response to the 

Table 4 Minor Allele Frequencies of BCHE Variants in Different Ethnic Groups

Total African-American Asian Caucasian Hispanic

This Study 
(n = 13,301a)

This 
Study (n = 
893)

1000G- 
ASWb (n = 
61)

This 
Study (n 
= 58)

1000G- 
EASb (n = 
504)

This Study 
(n = 6028)

1000G- 
EURb (n = 
503)

This 
Study (n = 
300)

1000G- 
MXLb (n = 
64)

K 0.1993 0.187 0.20 0.15 0.134 0.2045 0.186 0.137 0.15

A 0.0160 0.002 0 0 0 0.0187 0.020 0.010 0.01

F2 0.0047 0.002 0 0 0 0.0056 0.008 0.003 0.01
F1 0.0008 0 0 0 0 0.0008 0.001 0.002 0

S1 0.0004 0 0 0 0 0.0004 0 0.002 0

Notes: aTotal number of individuals includes all four listed ethnicities, other ethnicities (n = 251) and patients whose ethnicity information was not available (n = 5771). 
b1000 Genomes (http://www.internationalgenome.org) Phase 3 data. 
Abbreviations: 1000G, 1000 Genomes; ASW, Americans of African Ancestry in SW USA; EAS, East Asian; EUR, European; MXL, Mexican Ancestry from Los Angeles USA.
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medication. As such, the observed frequencies may be 
representative of the general US population. In our cohort, 
the K variant was the most frequently found variant, 
followed by A, then F2, F1 and S1 variants. The observed 
frequencies of A, F2 and K variants in our Caucasian 
patients were similar to those reported in smaller 
Caucasian cohorts from other countries.22–25 Of the five 
tested variants, the S1 variant had the lowest MAF 
(0.0004) in our cohort and our study represents the first 
reliable frequency estimate for this variant.

We found BCHE reduced function variants in all four 
major ethnicities in the US. Indeed, this is the first study 
reporting BCHE variant frequencies in African-Americans 
and Hispanics. Among the 4 ethnic groups, Caucasians 
were found to have the highest frequency of individuals 
who were positive for at least one variant with severely 
reduced function (A, F1, F2 and/or S1). Accordingly, 
Caucasians had the highest frequency of predicted moder-
ate and severe BChE deficiency, followed by Hispanics. It 
is tempting to speculate that African-Americans and 
Asians may have lower risk of prolonged neuromuscular 
blockade by succinylcholine. However, it is also possible 
that other genetic variants may be important in determin-
ing BChE activity in these ethnic groups. Further studies 
are needed.

In contrast to the current definition of BChE deficiency 
as a single autosomal recessive disorder,20 we defined 
three levels of BChE deficiency that classify patients 
into risk categories. Patients with genotypes containing 
≥2 severely reduced function variants were classified at 
the highest risk category, severe BChE deficiency, for 
which a clinician could consider avoiding succinylcho-
line. Moderate BChE deficiency was defined for geno-
types containing 1 severely reduced function variant. 
Published evidence indicates that patients with moderate 
BChE deficiency are also at risk of prolonged 

succinylcholine-induced neuromuscular blockade, and 
succinylcholine may be used cautiously. Finally, mild 
BChE deficiency phenotype allowed us to identify 
patients that are at low risk. For patients with mild and 
moderate BChE deficiency, the presence of additional risk 
factors could lead a clinician to consider avoiding succi-
nylcholine. Some common non-genetic risk factors 
include pregnancy, cancer, kidney disease, and liver 
disease.9

The BChE deficiency phenotype categories are also 
associated with the extent of prolonged neuromuscular 
blockade by succinylcholine. Our literature review indi-
cates that while individuals with severe BChE deficiency 
are more likely to have dramatically prolonged blockade, 
individuals with moderate and mild BChE deficiency may 
still exhibit longer blockade compared to individuals who 
do not have BCHE reduced function variants. For shorter 
procedures such as electroconvulsive therapy, a small 
increase in succinylcholine action may be clinically 
significant.26 In such scenarios, patients with mild and 
moderate BChE deficiency could be more sensitive to 
succinylcholine.

Using BCHE genetic testing to identify patients at risk 
of prolonged post-succinylcholine neuromuscular block-
ade may allow the clinician to employ alternative neuro-
muscular blocking agents. For example, rocuronium is an 
alternative that is not metabolized by BChE and whose 
neuromuscular blockade can be reversed by 
sugammadex.27 However, rocuronium may not be ideal 
for all patients since it is not as short-acting as succinyl-
choline and may be associated with hepatotoxicity.28 In 
addition, the use of rocuronium in general anesthesia in 
obstetrics has been associated with adverse outcomes for 
neonates compared to succinylcholine.29 Furthermore, 
reversal of block by sugammadex does not always succeed 
in myasthenic patients.30

Table 5 Frequencies of Predicted BChE Phenotype Categories in Different Ethnic Groups

Totala African-American Asian Caucasian Hispanic

N Freq N Freq N Freq N Freq N Freq

Normal BChE activity 8402 0.6317 594 0.665 43 0.74 3754 0.6228 221 0.737

Mild BChE deficiency 3816 0.2869 252 0.282 13 0.22 1726 0.2863 61 0.203
Moderate BChE deficiency 1075 0.0808 47 0.053 2 0.03 547 0.0907 18 0.060

Severe BChE deficiency 8 0.0006 0 0 0 0 1 0.0002 0 0

Total 13301 893 58 6028 300

Notes: aTotal number of patients includes all four listed ethnicities, other ethnicities and patients whose ethnicity information was not available. In the whole cohort, there 
were 251 patients whose ethnicities were categorized as “Other” and 5771 patients whose ethnicity was unknown.
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Currently, biochemical BChE testing is only performed 
in patients who are undergoing surgery and have 
a personal or family history of prolonged post- 
succinylcholine neuromuscular blockade. The high fre-
quency of patients predicted to have moderate or severe 
BChE deficiency suggests that genetic testing may be 
feasible for all patients who are undergoing surgery. 
A three to five-day turnaround time from specimen receipt 
to test results may allow for genetic testing to be per-
formed after surgery is scheduled but before the surgery 
takes place. Genetic testing could also be incorporated into 
newer care models such as the perioperative surgical 
home.31 For emergency situations, a strategy of pre- 
emptive pharmacogenetic testing with test results available 
in electronic medical records would be ideal.32 Moreover, 
a BChE testing strategy that combines enzymatic and 
genetic testing may be more predictive.11

The use of genetic test results to inform therapy in 
surgical patients is not a new idea. Testing for Factor 
V Leiden and Factor II G20210A is suggested as part of 
an assessment for venous thromboembolism risk, and car-
riers of these variants may be candidates for prophylaxis.33 

There are also many pharmacogenetic associations with 
perioperative medications in addition to BCHE and succi-
nylcholine response.34,35 For example, variants in RYR1 
and CACNA1S are associated with increased risk of malig-
nant hyperthermia with succinylcholine and potent volatile 
anesthetic agents.4 Response to opioids, which are fre-
quently used during general anesthesia and for postopera-
tive pain management, may be impacted by variation in 
cytochrome P450 metabolism genes such as CYP2D6 and 
CYP3A4 and pharmacodynamic genes such as OPRM1 
and COMT.36 Testing for BCHE and other pharmacogenes 
could be performed with a single oral sample prior to 
surgery. This non-invasive, multigenic testing approach 
has the potential to reduce adverse events, improve ther-
apeutic decision making, and decrease costs associated 
with perioperative care.34

There are several limitations to our study. 1) The 
number of Asian participants was small. However, our 
variant frequencies in Asians are consistent with those 
from the larger East Asian group in the 1000 Genomes 
Project (Table 4). 2) Our PCR-based test could not deter-
mine the phase of two variants when the patient was 
heterozygous for both. 3) Our genotype-phenotype strat-
egy is limited by the current knowledge of BCHE variants 
and could be improved as more data become available. 4) 
Since the study was designed to assess genetic variant 

frequencies in a population unselected for succinylcholine 
response, this study did not include biochemically mea-
sured BChE activity or clinical response to succinylcho-
line such as duration of paralysis. 5) BChE activity can be 
affected by genetic and non-genetic factors that were not 
included in this study.9,10,14 For example, we did not test 
BCHE variants in noncoding regions, which may have 
functional impact.18

In conclusion, we have developed a clinical BCHE 
genotyping test and found that approximately 8% of 
patients in the US have genotypes associated with moder-
ate or severe BChE deficiency and are at increased risk for 
prolonged post-succinylcholine neuromuscular blockade. 
BCHE genetic testing is feasible, as part of a pre- 
operative risk assessment, to identify patients who could 
be candidates for alternative neuromuscular blockers. 
Indeed, BCHE could be tested with other pharmacogenes 
that are associated with perioperative medication response. 
Future studies of the impact of BCHE genotyping on 
clinical care and patient outcomes are warranted.

Abbreviations
BCHE, butyrylcholinesterase; FDA, Food and Drug 
Administration; HGVS, Human Genome Variation 
Society; HWE, Hardy–Weinberg equilibrium; LD, linkage 
disequilibrium; MAF, minor allele frequency; PCR, poly-
merase chain reaction; qPCR, quantitative polymerase 
chain reaction.
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