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Objective: Pseudocholinesterase (PChE) is an enzyme responsible for the hydrolysis of succinylcholine. In case of its deficiency, the 
effect of succinylcholine that is approximately 5–10 min is prolonged up to few hours. The use of succinylcholine has been declined re-
cently. However, it is still actively used in some special conditions and in developing countries. In this study, incidence of PChE enzyme 
deficiency around Adiyaman city was investigated and presented with the literature review.

Methods: After obtaining an approval from the investigational board of our hospital (Adiyaman University Medical School, Biomedical 
Research Ethics Board, 30.12.2012, Nr: B.30.2.ADY.0.20.00-600/51), patients undergoing any elective operation under general anaes-
thesia in the Adiyaman University Medical School Hospital between March and December 2013 were recruited for the study. After ob-
taining the patients’ written consents, blood PChE, alanine aminotransferase (ALT), aspartate aminotransferase (AST), urea, creatinine, 
international normalisation ratio (INR) and activated partial thromboplastin time (aPTT) values of the patients were analysed. Possible 
association of the PChE deficiency with other values was also investigated. The normal value of PChE was taken as 4260–11250 for 
females aged 16–40 years and 5320–12920 U L−1 for other patients.

Results: The study was completed with 964 patients, 702 (72.8%) of whom were females. PChE enzyme levels were under the normal 
in 7.2% of the patients. There were no correlation between patient group, ALT, INR, aPTT and creatinine elevation with PChE defi-
ciency (p>0.05), whereas AST and urea level elevation was significantly associated with PChE deficiency (p<0.05). The risk of PChE 
deficiency was 4.5 and 9 times higher in the patients with the elevation of AST and urea levels, respectively.

Conclusion: Pathological elevations of AST and urea that are a part of normal pre-operative biochemical analysis of blood will indicate 
the possible deficiency of PChE enzyme. 
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Introduction

Pseudocholinesterase PChE is a complex molecular enzyme that is immediately released in the plasma after being 
synthesised in the liver (1, 2). Butyrylcholinesterase is also known as serum cholinesterase, plasma cholinesterase, and 
PChE (3). Except erythrocytes, it can be found in several tissues (4). Although its physiological role is not completely 

understood, it enables the hydrolysis of ester-structured drugs, such as mivacurium, procaine, chlorprocaine, tetracaine, 
cocaine, heroin and succinylcholine (5, 6). The most discussed topic on this enzyme’s clinical practice is succinylcholine 
metabolism. Succinylcholine is a depolarising neuromuscular blocker that is used in anaesthesia practice. PChE terminates 
the effect of succinylcholine by metabolising it first to succinylmonocholine and subsequently to succinic acid (7). Thus, in 
enzyme deficiency, the effect of succinylcholine, which normally takes approximately 5–10 min, extends and can take up to 
several hours.

PChE deficiency may be genetic or acquired. PChE deficiency that genetically occurs is an autosomal recessive disease 
resulting from a damage in the butyrylcholinesterase gene located in the 3q26.1-26.2 region in the long arm of the third 
chromosome (4). Depending on whether the chromosomal damage is homo- or heterozygous, the effect of succinylcholine 
extends. While the effect of succinylcholine takes 5 min to 1 h in heterozygotes, it exceeds 1 h in homozygotes (7). Although 
the incidence differs in various societies, it is estimated that generally, the incidence of the heterozygous form is 1 in 25–50 



individuals, whereas the incidence of the homozygous form 
is 1 in 3000–5000 individuals (6, 8). It is rarely observed 
among Asian, African and European descendants; however, 
it is more common in Eskimos, Indian Vysyas, Persians and 
Jewish communities (6, 9, 10). Although there are 65 genetic 
variants, the most common and clinically important variants 
are atypical (dibucaine resistant), fluoride resistant, the silent 
and Kalow types (4). Patients with genetic PChE deficiency 
can live without any problems throughout their lives and may 
not be diagnosed, unless they are exposed to neuromuscular 
blockers, such as succinylcholine or mivacurium (4, 11).

Among the causes of acquired PChE deficiency, liver and kid-
ney diseases, malnutrition, pregnancy, cancer, burns, myocar-
dial infarction, myxoedema, chronic infection, cardiopulmo-
nary bypass and leprosy can be considered (4, 7, 12). Several 
drugs have been associated with a reduction in PChE activity. 
Echothiophate eye drops, organophosphate insecticides, cyclo-
phosphamide, tacrine, oral contraceptives, phenelzine, pan-
curonium, bambuterol and metoclopramide are among the 
causes of PChE deficiency resulting from drug effects (13-25).

Although genetic, acquired and drug effect-induced PChE 
deficiency alone is not always enough to form a clinical pic-
ture, the coexistence of these conditions may create problems 
(4). When faced with a clinical scenario in a patient with 
PChE deficiency, in other words, when the effect of neuro-
muscular blockers extends, fresh whole blood, fresh frozen 
plasma and human serum cholinesterase can be used (26-29). 
However, considering that these methods may cause possible 
complications that are associated with transfusion, the most 
reliable therapy is to wait for the return of patient’s spon-
taneous respiration. Even in homozygous silent-type PChE 
deficiency, in which neuromuscular block is the longest, the 
duration of the block rarely exceeds 4 h. Of course, appro-
priate intensive care conditions and mechanical ventilation 
facilities should be provided during this period. Considering 
that the patient would be conscious, it is unnecessary to em-
phasise the importance of adequate sedation and communi-
cation with the patient (4).

PChE deficiency can be demonstrated by biochemical and 
molecular analyses of the blood sample. The amount of en-
zyme in the plasma can be quantitatively demonstrated by 
biochemical examination. While PChE levels in the blood 
vary according to different laboratory standards, 3200–7500 

IU L−1 is generally considered as the normal value (4, 7). With 
this analysis, dibucaine, fluoride, chloride, urea and succinyl-
choline inhibition degrees of the enzyme can also be deter-
mined. In contrast, molecular analysis may reveal the defect in 
the gene encoding the enzyme (30, 31). Although molecular 
tests are valuable in determining the genotype, they cannot 
provide information regarding the acquired enzyme deficiency.

In recent years, with the increase in the use of fast acting 
non-depolarising neuromuscular blockers, the use of succinyl-
choline has decreased. However, it is still actively used for pa-
tients with full stomach and who require urgent intervention 
and in anaesthesia for electroconvulsive therapy. In some devel-
oping countries, it is also frequently used in elective surgeries. 
This study aimed to assess the frequency of PChE deficiency in 
the province of Adiyaman, to examine the relationships among 
parameters in routine blood biochemical screening and to pres-
ent the data, along with a literature review.

Methods

The ethics committees’ approval from the Adiyaman Universi-
ty Faculty of Medicine Biomedical Research Ethics Commit-
tee (30 December 2012, No: B.30.2.ADY.0.20.00-600/51) 
was obtained; patients undergoing any elective surgery under 
general anaesthesia at the Adiyaman University Faculty of 
Medicine hospital between March and December 2013 were 
included. Written consents were obtained from the patients. 
Age was not considered, but children under 3 years were 
more selectively treated because of the difficulty in establish-
ing vascular access.

At our hospital, a standard pre-operative evaluation guide is 
available, and of the blood laboratory parameters, complete 
blood count, haemostasis panel [prothrombin time (PT) and 
activated partial thromboplastin time (aPTT)], general blood 
chemistry, including liver alanine transaminase (ALT), aspar-
tate aminotransferase (AST) and renal (urea and creatinine) 
enzymes, and human immunodeficiency virus (HIV) and 
hepatitis antigens are routinely examined. As part of pre-op-
erative laboratory examinations, serum PChE levels of the 
patients were also examined. PChE and other biochemical 
tests were performed via a Cobas Integra 600® (Roche Di-
agnostics, USA) device. PT was recorded as the international 
normalised ratio (INR). The reference ranges of the parame-
ters mentioned above are shown in Table 1.
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Figure 1. PChE determination test principle (34th reference was used)
PChE: pseudocholinestarese; K: potassium

Butrylthiocholine + H2O
PChE

Thiocholine + Butyrate

Thiocholine + K hexacyanoferrates (III) Dithiobis (choline) + K hexacyanoferrates (III)



Serum PChE level was assessed by a colorimetric test. Cho-
linesterase catalyses the hydrolysis of butrylthiocholine to 
thiokol and butyrate. Thiokol, on the other hand, converts 
the colour from yellow to colourless by reducing potassium 
hexacyanoferrate (Figure 1). This reduction in colour can be 
photometrically measured. Normal reference range of PChE 
levels for women between 16–40 years is 4260–11250 U L−1, 
whereas for the other patients, it was considered as 5320–
12920 U L−1 (32-34).

Blood samples were collected in gelled blood tubes and stored 
at room temperature after being centrifuged. Because the 
samples can retain stability for 6 h at 15–25°C, it was ensured 
that the samples were examined within 5 h (35, 36). 

The relationship between PChE levels with demographic and 
aforementioned laboratory data was examined.

Statistical analysis
Data analysis was performed via Statistical Package for the 
Social Sciences 15.0 (SPSS Inc., Chicago, Illinois, USA) 
program. Data were presented as the number of patients. To 
evaluate the risk factors of PChE deficiency, the univariate 
logistic regression analysis was used. The evaluation of the 
factors (p≤0.10) that were associated with PChE deficien-
cy with the univariate logistic regression analysis was per-
formed using the multivariate logistic regression analysis. 
The goodness of fit of the multivariate logistic regression 
was assessed with the Hosmer–Lemeshow test. Odds ratio 

and nominal 95% confidence intervals were presented. For 
all analyses, two-sided p value of <0.05 was considered sig-
nificant. In power analysis, previous studies and the popu-
lation of Adiyaman province were considered and statistical 
significance between data were aimed to be found.

The study was planned to include at least 900 patients to 
have 90% strength,  with the α value taken 0.05. On taking 
the possible data loss into consideration, 1000 patients were 
planned to be included in the study.

Results

Because the blood PChE level data of 36 patients were lost, 
the study was completed with the data of 964 patients. A 
total of 702 of these patients (72.8%) were female. Demo-
graphic data is provided in Table 2.

PChE levels of 69 (7.2%) of 964 patients were observed 
to be below normal. In 7.2% of women between 16 and 
40 years and in 7.1% of other patients, PChE levels were 
below normal. PChE deficiency frequency in terms of sex is 
shown in Table 3.

The incidences of PChE enzyme level deficiency in patients 
with normal and above the normal range of ALT, AST, INR, 
aPTT, urea and creatinine are shown in Table 4. 

The variables that were believed to be related to PChE defi-
ciency levels (patient group, ALT, AST, INR, aPTT, urea and 
creatinine) were first examined via the univariate logistic re-
gression analysis. While the relationship of ALT, INR, aPTT 
and creatinine groups with PChE enzyme level deficiency was 
not statistically significant; the relationship of AST and urea 
groups with PChE enzyme level deficiency was statistically sig-
nificant (p<0.05). According to the results found, the risk of 
PChE enzyme level deficiency was 4.479 in patients with high 
levels of AST compared with normal; and 9.376 in patients 
with high levels of urea compared with normal (Table 4).

AST and urea variables that posed a risk to PChE deficien-
cy level with univariate logistic regression model, and ALT 
variables below 0.20 significance level were analysed using 
multivariate logistic regression model. Multivariate logistic 
regression analysis revealed that AST and urea variables were 
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Table 1. The reference ranges of parameters in blood 
biochemistry screening

 Lower limit Upper limit

ALT (U L−1) 5 55

AST (U L−1) 5 34

Urea (mg dL−1) 10 50

Creatinine (mg dL−1) 0.57 1.11

INR 0.8 1.2

aPTT (s) 24 38
ALT: alanine aminotransferase; AST: aspartate aminotransferase; INR: 
international normalised ratio; aPTT: activated partial thromboplastin 
time 

Table 2. Demographic data

                                     Gender

                               Male (n=262)                                      Female (n=702)                                   Total (n=964)

Age (year) n % n % n %

≤15 34 13,0 14 2 48 5

16−40 123 46.9 568 80.9 691 71.7

41−64 70 26.7 91 13 161 16.7

≥65 35 13.4 29 4.1 64 6.6



risk factors for PChE enzyme level deficiency (p<0.05), while ALT 
was not observed to be a risk factor. It was detected that in terms of 
PChE enzyme level deficiency incidence, patients with high AST 
levels had 3.54 times higher and those with high urea levels had 
7.06 times higher risk compared with normal values (Table 5). 

Discussion

The reason for female patients of reproductive age forming 
the large portion of the sampling (approximately 60%) is that 
we obtained approximately half of the data from the obstet-

rics and gynaecology department of our hospital. Our obstet-
rics and gynaecology clinic is the only obstetrics hospital in 
our city and daily performs an average of 13 caesarean sec-
tions. In this hospital, 3 years before we initiated our study, 
we had experienced prolonged apnoea in six patients after 
succinylcholine use. The possibility of PChE deficiency being 
endemic in this region pioneered the initiation of our study. 

The main result of our study was that 7.2% patients admit-
ted to the hospital for surgery had PChE deficiency. Because 
there was a decrease in PChE levels among women of re-
productive age, different reference ranges were used in this 
group. Therefore, it was revealed that both in this group and 
in other patients, there was 7.2% of PChE deficiency. In our 
country, the only study on PChE deficiency was conducted 
by Yildirim et al. (37) in 2009 in which PChE deficiency 
had been searched in Sivas province. In that study, enzyme 
deficiency was detected in 3.77 % patients, and in our study, 
the same reference range was used for all patients. Because 
the major part of our study involved pregnant women, taking 
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Table 3. PChE deficiency by gender
  PChE level

                    Normal                      Low

Gender n % n %

Male (n=262) 249 95.0 13 5.0

Female (n=702)* 646 92.0 56 8.0
*Different reference range was used for women between 16 and 40 years 
(refer to materials and methods). PChE: pseudocholinestarese 

Table 4. Univariate logistic regression analysis results

 PChE

                                Normal                       Below normal 

Risk Factors n % n % n % OR 95% GA p

Patient group

 Other patients* 396 (41.1) 368 (92.9) 28 (7.1) 1 

 16–40 years, female 568 (58.9) 527 (92.8) 41 (7.2) 1.022 (0.621-1.683) 0.930

ALT  

 Normal (reference) 949 (98.4) 883 (93.0) 66 (7.0) 1  

 High 15 (1.6) 12 (80.0) 3 (20.0) 3.345 (0.921–12.146) 0.067†

AST         

 Normal (reference) 926 (96.1) 866 (93.5) 60 (6.5) 1  

 High 38 (3.9) 29 (76.3) 9 (23.7) 4.479 (2.028–9.893) <0.001‡

INR         

 Normal (reference) 834 (86.5) 775 (92.9) 59 (7.1) 1  

 High 130 (13.5) 120 (92.3) 10 (7.7) 1.095 (0.545–2.198) 0.799

aPTT         

 Normal (reference) 958 (99.4) 890 (92.9) 68 (7.1) 1 

 High 6 (0.6) 5 (83.3) 1 (16.7) 2.618 (0.302–22.724) 0.383

Urea         

 Normal (reference) 949 (98.4) 886 (93.4) 63 (6.6) 1 

 High 15 (1.6) 9 (60.0) 6 (40.0) 9.376 (3.235-27.174) <0.001‡

Kreatinin         

 Normal (reference) 938 (97.3) 871 (92.9) 67 (7.1) 1  

 High 26 (2.7) 24 (92.3) 2 (7.7) 1.083 (0.251-4.682) 0.915

Numerical data indicates the number of patients. Values in parentheses represent percentages. PChE: pseudocholinestarese; ALT: alanine aminotransferase; AST: 
aspartate aminotransferase; INR: international normalised ratio; aPTT: activated partial thromboplastin time. *Other patients represented except female patients 
between 16 and 40 years. †p<0.10, ‡p<0.05



into account that the possible decrease in enzyme levels was 
due to physiological changes, we used different reference in-
tervals for this patient population (32, 33).

PChE deficiencies may be genetic and acquired. Among the 
acquired causes, liver and kidney failures, malnutrition, preg-
nancy, hypoproteinemia, cancer, radiotherapy, chemotherapy, 
hyperpyrexia, burns, heart failure and myxoedema can be con-
sidered. Cyclophosphamide, procainamide, quinidine, pheno-
thiazine, ketamine, pancuronium, propanidid, echothiophate 
eye drops and organophosphorus poisoning can also result in 
enzyme deficiency (37, 38). In our study, we examined the po-
tential relationship between enzyme deficiency and other labo-
ratory values. Although we could not identify any relationship 
with ALT, INR, aPTT and creatinine levels, we identified a sig-
nificant relationship between AST and urea levels with PChE. 
While the probability of enzyme deficiency incidence was 4.5 
times higher in patients with high AST levels, among patients 
with high urea levels, this ratio was 9-fold higher. According 
to the multivariate logistic regression model, these rates were 
found as 3.5 for AST and 7 for urea. Yildirim et al. concluded 
that a decrease in PChE levels is related to the male gender 
and older age and AST, ALT, urea, creatinine, PT and aPTT 
elevation. In particular, the incidence of enzyme deficiency 
was observed to be three times higher in AST elevation, and 
5 times higher in urea elevation states (37). Our findings re-
garding AST and urea levels are consistent with these findings.

The most important result of PChE deficiency among patients is 
prolonged apnoea occurring because of the use of succinylcholine 
neuromuscular blocking agents. The use of succinylcholine has 
been decreasing with the introduction of new rapid and short-act-
ing non-depolarising neuromuscular blockers in clinical practice, 
but still in many centres, in cases such as difficult airway, full 
stomach and electroconvulsive therapy, succinylcholine continues 
to be the first choice for clinicians. In cases of indication, after the 
patient’s kidney and liver enzyme levels are evaluated, PChE defi-
ciency should be considered and a final decision on whether to use 
or not should be given considering the cost–benefit ratio.

Limitations of our study were that sampling composed of 
only patients admitted to the hospital and the obtained nu-
meric data that was related to enzyme deficiency cannot be 
generalised to Adiyaman province. Another limitation was 

that for the cases with enzyme deficiencies, we could not per-
form genetic analysis because of limited means. Some of these 
patients might have a genetic enzyme defect. 

Conclusion

In blood laboratory values that we routinely examine in 
pre-operative evaluation, pathological elevation in AST and 
urea levels might be associated with PChE deficiency. When 
considering the use of succinylcholine, the possibility of pro-
longed apnoea should be considered and necessary measures 
should be taken.
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