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Occurrence of butyrylcholinesterase polymorphisms in 

patients undergoing surgery in Slovakia 
 

Abstract 

Background: Post-operative residual curarization is a persisting problem, characterized 

by muscle fatigue, exhaustion or paresis, caused by the use of neuromuscular blocking 

agents with prolonged postoperative effect. Genetically, determined changes in 

cholinesterase activity can be a major reason for persistent muscle blockade after 

administration of muscle relaxants. 

Methods: Regarding the subsistence of polymorphisms in the plasma cholinesterase 

gene causing change in enzyme activity and metabolism of applied drugs, we 

investigated the frequency of two polymorphisms known to reduce its activity 

significantly in patients undergoing surgery. 

Results: Primary results show a relatively high occurrence of plasma cholinesterase K 

risk allele (18.75%). 

Conclusion: Characterization of the lacking information about genetic background of 

changes in plasma cholinesterase activity within Slovakia may allow for easier decision-

making in clinical practice when selecting alternative neuromuscular blocking and also 

reversal agents. 

Keywords: Butyrylcholinesterase, Cholinesterase, Neuromuscular blocker, 

Polymorphism, Residual curarization. 
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Neuromuscular blocking agents (NMBAs) are part of everyday anaesthesia practice 

around the world. An estimated 51.4 million surgical procedures are carried out in the 

USA alone (1), with an estimated 34.8 million procedures in Europe (2) and a suggested 

combined global estimate of 234.4 million surgeries per year. Post-operative residual 

curarization (PORC) is characterized by the presence of muscle fatigue, exhaustion or 

paresis due to the use of NMBAs with prolonged postoperative effect. PORC is 

connected with hypoxia, muscle flaccidity causing respiratory failure, thus increasing 

morbidity during all phases of surgical procedure. These symptoms, such as weakness, 

hypoxia or an inability to cough, can occur relatively frequently, but are rarely 

associated with residual curarization. Studies have shown an incidence of PORC ranging 

from 4 - 50% relying on diagnostics, the NMBA used, and the application of the drugs 

to reverse muscle paralysis (3, 4).  

Murphy and Brull (5) also report an incidence ranging from 2% to 64%. This 

problem has significant clinical consequences such as muscle weakness, decreased 

saturation, alveolar disruption, and acute respiratory failure, leading to serious central 

nervous system damage and even death. Succinylcholine (and rocuronium) are typically 

used as NMBAs when neuromuscular blockade is required to rapidly facilitate tracheal 

intubation (6). It is hydrolysed by plasma cholinesterase (butyrylcholinesterase, BCHE, 

pseudocholinesterase). Normally, the reestablishment of neuromuscular activity is 

approximately within 9 minutes, albeit with significant inconstancy. 

http://dx.doi.org/10.22088/acadpub.BUMS.8.2.67
http://caspjim.com/article-1-3327-en.html
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This may be based either on attained or hereditary 

aspects (7). BCHE does not metabolize rocuronium, and 

sugammadex can be used to reverse persistent muscle block 

(8). However, rocuronium is not recommended for safe use 

in all patients due to not same quick action as 

succinylcholine, hepatotoxicity association (9) and adverse 

consequences for neonates when used for general 

anaesthesia in obstetrics (10).  

In addition, elimination of the block by sugammadex is 

not always successful in patients with myasthenia gravis 

(11). BCHE deficiency has an autosomal recessive 

inheritance, with many variants that can cause some degree 

of reduced choline ester metabolism.  Despite this, it does 

not pose any additional health risks, so can only be detected 

after the use of succinylcholine or mivacurium. In about 

25% of Caucasians occur mutations in the BCHE gene (12, 

13). Majority of the variants are single nucleotide 

polymorphisms (14). Polymorphism rs1803274 is 

associated with an increased risk of coronary restenosis 

(15), Alzheimer's disease (16), tumorigenesis (17) and 

metabolic risk factors (cardiovascular, obesity, blood 

pressure, and diabetes) (18).This study was aimed to assess 

the frequency of BCHE polymorphisms, responsible for 

reduced BCHE activity in patients undergoing surgery in 

Slovakia. 

 

 

Methods  

The Ethics Committee of Louis Pasteur University 

Hospital in Košice approved the study under no. 115/EC/18. 

Participants (32) underwent surgery under general 

anaesthesia using a non-depolarizing relaxant – rocuronium 

with an intermediate duration of action. All participants 

were extubated in the operating room and, accompanied by 

an anaesthesiologist and anaesthesiology nurse, transported 

to a recovery room, where they were immediately connected 

to a vital signs monitor.  

Oxygen was applied via facemask as part of oxygen 

therapy and a TOF-Watch muscle relaxation monitor 

(Organon, SwordsCo., Dublin, Ireland) was attached to 

their forearms. The ulnar nerve was stimulated by TOF 

stimulation (4 pulses lasting 0.2 ms and with a frequency of 

2 Hz). 

 Three consecutive TOF measurements were taken 15 

minutes apart and averaged. Patients were released from the 

recovery room only after reaching TOF ratio values ≥ 0.9. 

Weight, height (BMI calculated), gender, age, duration of 

exercise, body temperature and American Society of 

Anaesthesiologist physical status classification (ASA) were 

also recorded. Information on patient decurarization and 

sugammadex administration was also recorded in the 

protocol. Clinical conditions of patients with low levels of 

TOF ratio were monitored for longer period and they were 

released from the recovery room after reaching TOF values 

≥ 0.9.  

Molecular genetic analysis was performed from DNA 

isolated from patients' venous blood after collection into 

tubes with K3EDTA. DNA isolation was provided by 

UltraClean®DNA Isolation Kit (non-spin) (MoBio, CA, 

USA). BCHE gene polymorphisms (rs1799807, rs1803274) 

with reduced butyrylcholinesterase activity up to 30% were 

selected. Genotyping was realized using the TaqMan SNP 

Assay (C___2411904_20; C__27479669_20) (Applied 

Biosystems, CA, USA) according to standard protocol 

followed by Real-Time PCR fluorescence detection using a 

7500 Fast Real-Time PCR System (Applied Biosystem). 

The genotype with mutation was verified by sequencing and 

used as a positive control for other analysis. The resulting 

genotypes were subtracted from the allelic discrimination 

graph and the amplification curves of the individual alleles. 

 

 

Results 

We provided initial analysis of genetic background of 

two single nucleotide polymorphisms responsible for 

approximately 30% reduced activity of BCHE. From 32 

individuals, only 2 were carriers of risk allele A for 

rs1799807 polymorphism and were at risk with 

succinylcholine use with respect to the heterozygous 

genotype (table 1).  

Prevalent genotype posing no risk was found in 30 

patients undergoing surgery.For the second polymorphism, 

rs1803274, the incidence of the risk allele A (so called K 

variant) was relatively high. In the small sample examined 

so far 12 (18.75%) patients and 10 (31.25%) patients carried 

the risk genotype. One of the examined patients was 

homozygous. Combinations of the most common genotypes 

have not yet confirmed the coexistence of both variants in 

homozygous individuals. Two patients carried risk alleles 

for both variants (table 2). When comparing with need for 

medications used for rocuronium neuromuscular block 

reversal, three patients carrying K variant were used to end 

blockade by sugammadex. However, five variant K carriers 

were treated by neostigmine. 
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Table 1. Allele and genotype frequencies of the rs1799807, rs1803274 polymorphisms of the BCHE gene in patients 

undergoing surgery 

Polymorphism 
Allele 

frequencies 

Genotype 

frequencies 

 G A GG GA AA 

rs1799807 
2 62 - 2 30 

3.12% 96.88% 0.00% 6.25% 93.75% 

rs1803274 
52 12 21 10 1 

81.25% 18.75% 65.63% 31.25% 3.12% 

 

Table 2. Combined genotypes in patients undergoing surgery 

Polymorphism Occurrence 

rs1799807 rs1803274 N % 

GG GG - - 

GG GA - - 

GG AA - - 

GA GG - - 

GA GA 2 6.25 

GA AA - - 

AA GG 21 65.63 

AA GA 8 25.00 

AA AA 1 3.12 

 

 

Discussion  

Genetic analyses of BCHE polymorphisms to 

diagnosticate patients at risk of prolonged post-

succinylcholine neuromuscular blockade concede easier 

decision-making in clinical practice when selecting 

alternative NMBAs. Up to date, at least 75 genetic 

polymorphisms are known for BCHE (19). Genetic variants 

cause a lack of BCHE activity, preserving higher 

concentrations of succinylcholine, and persisting 

neuromuscular blockade. Patients carrying variants are 

usually asymptomatic until administered succinylcholine 

during surgery (20). The known variant of BCHE is the 

atypical variant (variant "A"). The atypical variant is based 

on the single nucleotide substitution polymorphism 

rs1799807 (G), which results in the exchange of aspartate 

for glycine at the secondary substrate/inhibitor binding site. 

The "A" form of BCHE has 30% lower enzyme activity 

(21).  Presence of the atypical variant is the most common 

cause of prolonged apnoea (22) and use of succinylcholine 

is not recommended for patients with a homozygous 

genotype for this variant. In our initial analysis of 32 

samples, only two individuals were carriers, e.g. at risk with 

succinylcholine use with respect to the heterozygous 

genotype (table 1). 

The A allele of the second analyzed single nucleotide 

polymorphism rs1803274 encodes a variant of Kalow (K) 

caused by the exchange of guanine for adenine at nucleotide 

1615, leading to the exchange of the amino acid alanine for 

threonine at codon 539 (Ala539Thr). As a result, BCHE 

activity is reduced and leads to a 30% prolongation of the 

duration of neuromuscular blockade even after 

administration of mivacurium (23,24). Results from our 

study showed the incidence of the risk allele for the 

rs1803274 polymorphism was relatively high in the small 

sample examined so far (18.75%) and almost 31.25% of 

individuals carried the risk genotype. One of patients was 

even homozygous for variant K. So far, it is a very 

interesting finding that combinations of the most common 

genotypes have not yet confirmed the coexistence of both 

variants in homozygous individuals. The importance of the 

variant K for the persistence of succinylcholine effect has 

not been well studied, although a frequency of alleles 

reached up to 0.27 in some populations native to North 

America (12,24), Japan (25), Brazil (26), Italy (27), 
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Denmark (28); in all, approximately 1 in 63 individuals 

carried a homozygous genotype (24). This seems to be less 

common than in our study. 

Non-depolarizing relaxants act by competitive 

inhibition of acetylcholine receptors. For example, 

atracurium is not metabolized by BCHE but by ester bond 

hydrolysis or Hoffman elimination. Vecuronium and 

rocuronium are excreted in the bile (29).  Only rocuronium, 

which is not metabolised by BCHE, was used in the study. 

In three (16.6%) patients, it was necessary to reverse the 

effect of rocuronium with sugammadex, which forms 

complex with it or a neostigmine that inhibits acetylcholine 

hydrolysis by competing for cholinergic transmission sites 

on acetylcholinesterase. Atypical BCHE is resistant to 

inhibition by neostigmine or physostigmine. Even up to 20-

fold higher concentrations lead to 50% inhibition of atypical 

BCHE (30). However, five neostigmine decurarised 

patients were carriers of variant K. polymorphisms 

expressing abnormally low enzyme concentrations, 

inclusive of variant K and silent variants, are especially 

responsive to low doses (31). Although neostigmine is the 

most potent and preferred drug, high or unnecessary use was 

reported to increase post-operative respiratory morbidity 

(32-34). Therefore, monitoring BCHE polymorphisms in a 

population is important not only for the choice of relaxant 

but also for the consequences of blockade reversal. 

In conclusion, the use of non-depolarizing relaxants that 

are not metabolized by acetylcholinesterase is not a 

definitive starting point for the prevention of postoperative 

residual curarization, as the effectiveness of drugs affecting 

the reversal of neuromuscular blockade is also affected by 

the presence or absence of genetic variants of 

cholinesterase. Screening for the occurrence of variants will 

be helpful for rapid and adequate treatment of postoperative 

residual curarization. 

 

 

Acknowledgments 

We thank the Excellence Centre of Animal and Human 

Ecology in the University of Prešov for helping us in this 

study. 

 

 

Funding:The work was supported by the SSAIM grant for 

2021 "Monitoring of cholinesterase levels". 

Conflict of Interests: The authors declare no conflicts of 

interest. 

Authors’ contribution: LČ, JF, JV worked and presented 

the design of the study. Data collection and laboratory 

analysis were performed by LČ, MMB, JF, JŠ, JB, JV. 

Manuscript was originally written by JV, LČ. Each author 

commented on the manuscript proposal and approved the 

submitted version 

 

 

References 

1. Brull SJ, Kopman AF. Current status of neuromuscular 

reversal and monitoring: challenges and opportunities. 

Anesthesiology 2017; 126:173–90.  

2. Weiser TG, Regenbogen SE, Thompson KD, et al. An 

estimation of the global volume of surgery: a modelling 

strategy based on available data. Lancet 2008; 372:139–

44.  

3. Butterly A, Bittner EA, George E, et al. Postoperative 

residual curarization from intermediate-acting 

neuromuscular blocking agents delays recovery room 

discharge. Brit J Anaesth 2010; 105:304–9.  

4. Plaud B, Debaene B, Donati F, Marty J. Residual 

Paralysis after Emergence from 

Anesthesia. Anesthesiology 2010; 112:1013-22.  

5. Murphy GS, Brull SJ. Residual neuromuscular block: 

lessons unlearned. Part I: definitions, incidence, and 

adverse physiologic effects of residual neuromuscular 

block.AnesthAnalg 2010; 111:120-8.  

6. Tran DT, Newton EK, Mount VA, et al. Rocuronium 

versus succinylcholine for rapid sequence induction 

intubation. Cochrane Database Sys Rev 2015; 

10:CD002788. 

7. Bretlau C, Sørensen MK, Vedersoe AL, Rasmussen LS, 

Gätke MR. Response to Succinylcholine in Patients 

Carrying the K-Variant of the Butyrylcholinesterase 

Gene.AnesthAnalg 2013; 16: 596-601.  

8. Keating GM. Sugammadex: a review of neuromuscular 

blockade reversal. Drugs 2019; 76:1041–52.  

9. Sauer M, Piel I, Haubner C, et al.Rocuronium is more 

hepatotoxic than succinylcholine in vitro. Eur J Anaesth 

2017; 34:623-7.  

10. Kosinova M, Stourac P, Adamus M, et al. Rocuronium 

versus suxamethonium for rapid sequence induction of 

general anaesthesia for caesarean section: influence on 

neonatal outcomes. Int J ObstetAnesth 2017; 32:4–10.  

11. Fernandes HDS, Ximenes JLS, Nunes DI, Ashmawi 

HA, Vieira JE.Failure of reversion of neuromuscular 

block with sugammadex in patient with myasthenia 

gravis: case report and brief review of literature. BMC 

Anesthesiol 2019; 19:160.  

12. Lockridge O, Masson P. Pesticides and susceptible 

populations: people with butyrylcholinesterase genetic 

variants maybe at risk. Neurotoxicology 2000; 21:113-

26. 

https://journals.lww.com/anesthesia-analgesia/toc/2013/03000


 

 Caspian Journal of Internal Medicine 2023 (Summer); 14(3): 490-494 

494                                                                               Čuchráč L, et al.  

13. Gätke MR, Viby-Mogensen J, Ostergaard D, et al. 

Response to mivacurium in patients carrying the K 

variant in the butyrylcholinesterase gene. 

Anesthesiology 2005; 102:503-8.  

14. Goodall RA, Association of Clinical Biochemists 

Analytical Investigations Standing Committee. 

Cholinesterase: phenotyping and genotyping. Ann 

ClinBiochem 2004; 41:98-110.  

15. Pleva L, Kovarova P, Faldynova L, et al. The rs1803274 

polymorphism of the BCHE gene is associated with an 

increased risk of coronary in-stent restenosis. BMC 

CardiovascDisor2015; 15:135.  

16. Nordberg A, Ballard C, Bullock R, et al. A Review of 

Butyrylcholinesterase as a therapeutic target in the 

treatment of Alzheimer’s disease. Prim Care Companion 

CNS Disord 2013; 15:PCC.12r01412.  

17. Mack A, Robitzki A. The key role of 

butyrylcholinesterase during neurogenesis and neural 

disorders: an antisense-5'butyrylcholinesterase-DNA 

study. ProgNeurobiol 2000; 60:607-28. 

18. Benyamin B, Middelberg RP, Lind PA, et al. GWAS of 

butyrylcholinesterase activity identifies four novel loci, 

independent effects within BCHE and secondary 

associations with metabolic risk factors. Hum Mol 

Genet 2011; 20:4504-14.  

19. Lockridge O. Review of human butyrylcholinesterase 

structure, function, genetic variants, history of use in the 

clinic, and potential therapeutic uses. Pharmacol Ther 

2015; 148: 34–46.  

20. Soliday FK, Conley YP, Henker 

R. Pseudocholinesterase deficiency: a comprehensive 

review of genetic, acquired, and drug influences. AANA 

J 2010; 78: 313-20.  

21. Zhu GD, Dawson E, Huskey A, et al. Genetic testing for 

BCHE variants identifies patients at risk of prolonged 

neuromuscular blockade in response to succinylcholine. 

Pharmacogenomics Per Med 2020; 13:405-14.  

22. Delacour H, Dedome E, Courcelle S, Hary B, Ceppa 

F.Butyryl cholinesterase deficiency. Ann BiolClin 

(Paris) 2016; 74:279-85.  

23. Levano S, Ginz H, Siegemund M, et al. Genotyping the 

butyrylcholinesterase in patients with prolonged 

neuromuscular block after succinylcholine. 

Anesthesiology 2005; 102:531-5.  

24. Levano S, Keller D, Schobinger E, et al. Rapid and 

accurate detection of atypical and Kalow variants in the 

butyrylcholinesterase gene using denaturing high 

performance liquid chromatography. AnesthAnalg 

2008; 106:147-51.  

25. Izumi M, Maekawa M, Kanno T. Butyrylcholinesterase 

K-variant in Japan: frequency of allele and associated 

enzyme activity in serum. ClinChem 1994; 40:1606–7. 

26. Mikami LR, Wieseler S, Souza RL, et al. Five new 

naturally occurring mutations of the BCHE gene and 

frequencies of 12 butyrylcholinesterase alleles in a 

Brazilian population. Pharmacogenet Genomics 2008; 

18:213-8.  

27. Lando G, Mosca A, Bonora R, et al. Frequency of 

butyrylcholinesterase gene mutations in individuals 

with abnormal inhibition numbers: an Italian-population 

study. Pharmacogenetics 2003; 13:265-70.  

28. Jensen FS, Nielsen LR, Schwartz M. Detection of the 

plasma cholinesterase K variant by PCR using an 

amplification-created restriction site. Hum Hered 1996; 

46: 26-31.  

29. Beaufort TM, Proost JH, Maring JG, et al. Effect of 

hypothermia on the hepatic uptake and biliary excretion 

of vecuronium in the isolated perfused rat 

liver. Anesthesiology 2001; 94: 270-9.  

30. Kalow W, Davies RO. The activity of various esterase 

inhibitors towards atypical human serum 

cholinesterase. BiochPharmacol1959; 1:183–192.  

31. Lockridge O, Norgren RB, Johnson RC, et al. Naturally 

occurring genetic variants of human 

acetylcholinesterase and butyrylcholinesterase and their 

potential impact on the risk of toxicity from 

cholinesterase inhibitors. Chem Res Toxicol 2016; 

29:1381-92.  

32. Lorke DE, Petroianu GA. Reversible cholinesterase 

inhibitors as pretreatment for exposure to 

organophosphates. A review. J Appl Toxicol2019; 

39:101-16. 

33. Sasaki N, Meyer MJ, Malviya SA, et al. Effects of 

neostigmine reversal of nondepolarizing neuromuscular 

blocking agents on postoperative respiratory outcomes: 

A prospective study. Anesthesiology 2014; 121: 959-68. 

34. Sundrup GM, Henneman JP, Sandberg WS, et al. 

Intermediate acting non-depolarizing neuromuscular 

blocking agents and risk of postoperative respiratory 

complications: Prospective propensity score matched 

cohort study. BMJ 2012; 345: e6329. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ballard%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23930233
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bullock%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23930233
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3733526/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3733526/
javascript:;
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Gd%5BAuthor%5D&cauthor=true&cauthor_uid=33061533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norgren%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=27551784

