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Abstract: A family is described as having two recessively inherited metabolic diseases and three dif-
ferently affected children. During the explantation of a drain tube grommet under general anesthesia,
a prolonged resuscitation and wake-up period occurred in the key case when he was 8 years old.
This led to a family screening for butyrylcholinesterase deficiency, which was confirmed not only in
the key case but also in his 5-year-old sister; it was not confirmed in his 10-year-old brother. However,
the key case not only had reduced serum levels of BCHE, but also elevated liver enzyme levels, which
are atypical for BCHE deficiency. After the exclusion of viral and autoimmune hepatitis, Wilson’s
disease (WD) was eventually diagnosed and also confirmed in his elder brother, but not in his sister.
This family is presented to highlight an extremely rare WD-patient in whom a low serum level of
BCHE did not occur because of WD but because of BCHE deficiency.
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1. Introduction

Butyrylcholinesterase (BCHE), an alpha-glycoprotein (also called pseudocholinesterase
or serum cholinesterase), is present in a variety of cells, especially in the hepatocytes [1].
Acute or chronic liver damage decreases the serum levels of BCHE. Therefore, BCHE has
become a sensitive biomarker for liver cirrhosis [2], for patients with acute and chronic
heart failure [3,4], and for those who work with pesticides [5]. The serum levels of BCHE
are inversely related to COVID-19 pneumonia severity and mortality [6].

There are patients with an inborn deficiency of BCHE and low serum levels of BCHE.
These patients usually live a normal life, but in cases of local or general anesthesia, the
duration of effect with respect to wake-up times may become considerably prolonged [7,8].
A normal dose of muscle relaxant results in a prolonged inability to breathe [9]. Additionally,
the effect of cocaine or heroin becomes life-threatening and persistent [10]. In these patients,
the serum levels of BCHE are 10- to 1000-fold decreased compared to normal values [11].
A patient who knows his deficiency status can avoid prolonged apnea if the physician
administers a 10-fold lower dose of muscle relaxant.

WD is a rare disorder of copper metabolism affecting the liver and brain [12]. The
copper mediated liver dysfunction does lower the hepatic protein synthetic capacity and
leads to lower levels not only of albumin but also of BCHE. When a population of 20 de
novo WD patients was compared with 31 patients with suspected, but not confirmed, WD,
the correct classification of these 51 patients was achieved in 96% of cases based on BCHE
serum levels only. Among 27 parameters of blood and urine, BCHE turned out to be the
parameter with the largest area under the curve in a receiver operating characteristic (ROC)
curve analysis (testing sensitivity and specificity simultaneously) to predict the correct
diagnosis of WD [13]. Therefore, the use of BCHE as a biomarker for Wilson’s disease (WD)
has been proposed [13].
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However, an obstacle to using BCHE as a biomarker of WD is patients with the rare
combination of BCHE deficiency and WD. Here, for the first time, a family is described in
which both BCHE deficiency and WD are inherited.

2. Case Reports

In the out-patient department of the university hospital in Düsseldorf (Germany),
the course of treatment of more than 100 WD patients is routinely monitored. After a
clinical neurological examination, patients go to the laboratory of the clinic. Blood samples
are taken there immediately before the analysis. About 27 biochemical parameters are
determined for therapy monitoring. In the present manuscript, only the values of AST, ALT,
the serum levels of copper, 24 h urinary copper excretion and the serum levels of BCHE are
presented (Figure 1A–E) for three patients.
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Figure 1. Temporal development of AST (A), ALT (B), serum levels of copper (C), 24 h urinary 
copper excretion (D) and butyrylcholinesterase (E) after the first visit in our institution. Data of the 
key case are presented as full circles, of the elder brother (case 2) as open circles, and of the younger 
sister (case 3) as open squares. The BCHE of case 1 remains low and outside the normal range at all 
points in time. Lower or upper limits of normal ranges of AST, ALT, Cu(serum), 24 h-copper and 
BCHE are indicated by grey dashed line. 

When case 2 reached the age of 18 years, both brothers were referred to the outpatient 
department for WD patients at the University of Düsseldorf (Germany). Both patients 
were still neurologically asymptomatic. Doses of D-penicillamine were increased from 600 
to 1200 mg, which caused a transient increase in 24 h urinary copper excretion in both 
patients (open and closed circles in Figure 1D). This was more pronounced in the elder 
brother. Switching to 1500 mg of Trientine® induced the second peak of copper excretion 
in case 2 later on (open circles in Figure 1D). 

3. Discussion 
A variety of variants of BCHE have been described previously, but all resulted from 

mutations of one single gene [9,14]. This clarification of the origin of different BCHE 
variants was one of the breakthroughs of pharmacogenetics. Until 2012, about 70 natural 
mutations of the human BCHE gene had been documented [15]. In the European 
population, 1 out of 25 people is a carrier of the atypical D70G mutation on chromosome 
3q26 and 1 out of 2500 have two copies of the D70G mutation [9,16]. In subpopulations 
with more frequent intermarriage amongst close blood relatives, the prevalence of BCHE-
deficiency may be higher [17]. 

In daily life, BCHE-deficiency does not have significant implications. In most cases, 
BCHE-deficiency is diagnosed when postoperative complications occur. However, it 

Figure 1. Temporal development of AST (A), ALT (B), serum levels of copper (C), 24 h urinary copper
excretion (D) and butyrylcholinesterase (E) after the first visit in our institution. Data of the key case
are presented as full circles, of the elder brother (case 2) as open circles, and of the younger sister
(case 3) as open squares. The BCHE of case 1 remains low and outside the normal range at all points
in time. Lower or upper limits of normal ranges of AST, ALT, Cu(serum), 24 h-copper and BCHE are
indicated by grey dashed line.

(1) Key Case 1 (male, age at recruitment: 18 years, BCHE-deficiency and WD)

During early childhood, this boy suffered from chronic otitis media, and a drain tube
grommet was implanted. When the child was 8 years old, the explantation of the grommet
tube was performed under general anesthesia. Because of a significantly prolonged resusci-
tation and wake-up period, butyrylcholinesterase deficiency was immediately suspected
and confirmed by testing dibucaine inhibition.
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In a detailed analysis of his blood and urine, increased levels of liver enzymes were
detected in addition to low levels of BCHE. This atypical finding for BCHE-deficiency led
to further analysis of possible reasons for liver damage. Viral and autoimmune hepatitis
could be excluded. Finally, Wilson’s disease was confirmed because of an elevated 24 h
urinary copper excretion and abnormally low serum levels of copper and ceruloplasmin.
Treatment with D-penicillamine (DPA), which forms copper chelating complexes and thus
leads to urinary copper excretion, was initiated with 300 mg and increased up to 600 mg
later on. Under this medication, the patient remained asymptomatic during the following
years, and the liver enzymes became normal (full circles in Figure 1A,B). Yet, the serum
copper and BCHE remained outside of the normal range (Figure 1C,E) despite a good
compliance, as can be seen from the low levels of the 24 h urinary copper excretion.

(2) Case 2 (male, age at recruitment: 20 years, WD)

After BCHE-deficiency and WD had been diagnosed in the key case, a family screening
was performed. In the second male of the family, a 10-year-old child, BCHE-deficiency was
excluded due to a normal dibucaine number. Wilson’s disease was diagnosed because of
increased liver enzyme levels and an elevated 24 h urinary copper excretion but decreased
serum levels of ceruloplasmin. Under medication of 600 mg DPA, he also remained
asymptomatic, although he had up to 20 kg more body weight compared to his brother.
AST and ALT did not normalize completely (open circles in Figure 1A,B).

(3) Case 3 (female, age at recruitment: 14 years, BCHE-deficiency)

When BCHE-deficiency was diagnosed in case 1, his sister was 5-year-old. Screening
for BCHE-deficiency revealed a low serum level of BCHE and an abnormal dibucaine
number, confirming BCHE-deficiency in her as well. The girl was clinically asymptomatic
but had slightly reduced serum levels of ceruloplasmin and copper (open squares in
Figure 1C), which is typical for a heterozygous WD gene carrier. Her serum level of BCHE
was as low as that of the key case and about 5–6-fold lower than normal values (open
squares in Figure 1E).

When case 2 reached the age of 18 years, both brothers were referred to the outpatient
department for WD patients at the University of Düsseldorf (Germany). Both patients were
still neurologically asymptomatic. Doses of D-penicillamine were increased from 600 to
1200 mg, which caused a transient increase in 24 h urinary copper excretion in both patients
(open and closed circles in Figure 1D). This was more pronounced in the elder brother.
Switching to 1500 mg of Trientine® induced the second peak of copper excretion in case 2
later on (open circles in Figure 1D).

3. Discussion

A variety of variants of BCHE have been described previously, but all resulted from
mutations of one single gene [9,14]. This clarification of the origin of different BCHE
variants was one of the breakthroughs of pharmacogenetics. Until 2012, about 70 natural
mutations of the human BCHE gene had been documented [15]. In the European popula-
tion, 1 out of 25 people is a carrier of the atypical D70G mutation on chromosome 3q26 and
1 out of 2500 have two copies of the D70G mutation [9,16]. In subpopulations with more
frequent intermarriage amongst close blood relatives, the prevalence of BCHE-deficiency
may be higher [17].

In daily life, BCHE-deficiency does not have significant implications. In most cases,
BCHE-deficiency is diagnosed when postoperative complications occur. However, it would
be much better to diagnose BCHE-deficiency early and inform patients about the complica-
tions of BCHE-deficiency, among which are prolonged awakening after electroconvulsive
therapy (ECT; [18]) and cardiac arrest after cocaine abuse [10], which usually do not take
place in a well-equipped surgery center.

Wilson’s disease (WD) is also thought to be a monogenetically caused metabolic disorder,
with more than 1000 mutations of the ATP7B gene on chromosome 13q14.3 [19–21]. However,
case reports of homozygotic twins with completely different clinical presentations [22–24] in-
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dicate an additional epigenetic influence on clinical manifestation and outcome in WD [23,24].
The prevalence of WD is estimated to be around 1:30,000 [19].

Since BCHE-deficiency results from mutations of chromosome 3q26 [14], and WD
from mutations of a gene on chromosome 13q14.3 [19,20], the independent inheritance of
BCHE-deficiency and WD can be assumed, resulting in an estimation of frequency of the
combination of BCHE-deficiency and WD of about 1:1,000,000. This implies that about
80 patients with WD and BCHE-deficiency can be expected in Germany. However, to our
knowledge, no family with this disease combination has been reported so far worldwide.
Our explanation is that apparently there is no need for an additional analysis of BCHE
deficiency in WD patients with low serum levels of BCHE, since liver dysfunction as an
essential aspect of WD offers an obvious reason for this.

In our experience, the combination of WD and BCHE-deficiency does not lead to
specific complications in daily life. In case 1, BCHE remained low despite effective copper
chelating therapy (see Figure 1) during a follow-up period of about 5 years. Therefore,
BCHE could not be used to monitor the recovery from the copper storage of the liver or to
control adherence to therapy in this patient.

In more than 50% of patients with de novo WD, the serum level of BCHE may be
as low as the levels in patients with BCHE-deficiency [13,23]. After the initiation of WD-
specific therapy, BCHE significantly increases. This recovery of BCHE should be monitored
carefully so as not to overlook the D70G mutant of BCHE. All WD patients with persistent,
abnormally low BCHE levels, despite sufficiently high copper chelating therapy, should be
tested for the presence of BCHE-deficiency because of important implications in the future
in case of a positive test result. We expect that, with a more frequent application of BCHE as
a biomarker in WD to monitor compliance and adherence to therapy [13], more families will
be detected with the combination of the D70G mutation and mutations of the Wilson gene.

Author Contributions: Conceptualization, H.H. and M.A.; methodology, S.S.; software, D.R.; valida-
tion, P.A., C.J.H. and H.H.; formal analysis, S.S.; investigation, M.N.; resources, M.A.; data curation,
H.H.; writing—original draft preparation, H.H.; writing—review and editing, S.S. and M.A.; visual-
ization, S.S.; supervision, H.H.; project administration, H.H.; funding acquisition, H.H. All authors
have read and agreed to the published version of the manuscript.

Funding: The authors did not receive any external funding for the present study.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics committee of Heinrich Heine University of
Düsseldorf/number: 2018-20, 8 May 2018.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors are thankful for the many helpful comments of the reviewers of
the manuscript.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Santarpia, L.; Grandome, I.; Contaldo, F.; Pasanisi, F. Butyrylcholinesterase as a prognostic marker: A review of the literature.

J. Cach. Sarco. Muscle 2013, 4, 31–39. [CrossRef]
2. Ramachandran, J.; Sajith, K.G.; Priya, S.; Dutta, A.K.; Balasubramanian, K. Serum cholinesterase is an excellent biomarker of

cirrhosis. Trop. Gastroenterol. 2014, 35, 15–20. [CrossRef]
3. Seo, M.; Yamada, T.; Tamaki, S.; Hikoso, S.; Yasumura, Y.; Higuchi, Y.; Nakagawa, Y.; Uematsu, M.; Abe, H.; Fuji, H.; et al.

Prognostic significance of serum cholinesterase level in patients with acute decompensated heart failure with preserved ejection
fraction: Insights from the PURSUIT-HFpEF Registry. J. Am. Heart Assoc. 2020, 9, e014100. [CrossRef]

http://doi.org/10.1007/s13539-012-0083-5
http://doi.org/10.7869/tg.158
http://doi.org/10.1161/JAHA.119.014100


Biomolecules 2022, 12, 1398 5 of 5

4. Sato, T.; Yamauchi, H.; Suzuki, S.; Yoshihisa, A.; Yamaki, T.; Sugimoto, K.; Kunii, H.; Nakazato, K.; Suzuki, H.; Saitoh, S.-I.; et al.
Serum cholinesterase is an important prognostic factor in chronic heart failure. Heart Vessel. 2015, 30, 204–210. [CrossRef]

5. Sine, H.; El Grafel, K.; Alkhammal, S.; Achbani, A.; Filali, K. Serum cholinesterase biomarker study in farmers–Sous Massa
regio-Morocco: Case-control study. Biomarkers 2019, 24, 771–775. [CrossRef]

6. Nakajima, K.; Abe, T.; Saji, R.; Ogawa, F.; Taniguchi, H.; Yamaguchi, K.; Sakai, K.; Nakagawa, T.; Matsumura, R.; Oi, Y.; et al.
Serum cholinesterase associated with COVID-19 pneumonia severity and mortality. J. Infect. 2021, 82, 282–327. [CrossRef]

7. Zhang, C.; Cao, H.; Gang Wan, Z.; Wang, J. Prolonged neuromuscular block associated with cholinesterase deficiency. Medicine
2018, 97, e13714. [CrossRef]

8. Al-Eman, A. Butyryl-cholinesterase deficiency: A case report of delayed recovery after general anesthesia. Toxicol. Rep. 2021, 8,
1226–1228. [CrossRef]

9. Lockridge, O.; Norgren, R.B., Jr.; Johnson, R.C.; Blake, T.A. 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, 1381–1392. [CrossRef]

10. Alexander, D.R. Pseudocholinesterase deficiency. Medscape 2017, 14, 1–6.
11. Zhang, Q.-L.; Xu, M.-J.; Wang, T.-L.; Zhu, Z.-Q.; Lai, F.; Zheng, X.-C. Newly discovered COLQ gene mutation and its clinical

features in patients with acetyl cholinesterase deficiency. J. Integr. Neurosc. 2018, 17, 439–446. [CrossRef]
12. Wilson, K.S.A. Progressive lenticular degeneration: A familial nervous disease associated with cirrhosis of the liver. Brain 1912,

34, 295–507. [CrossRef]
13. Hefter, H.; Arslan, M.; Kruschel, T.S.; Novak, M.; Rosenthal, D.; Meuth, S.G.; Albrecht, P.; Hartmann, C.; Samadzadeh, S.

Pseudocholinesterase as a biomarker for Wilson’s disease. J. Hep. 2022, submitted.
14. Pantuk, E. All variants of plasma cholinesterase are determined by mutations of one gene on chromosome 3q26. Anesth. Analg.

1993, 77, 380–386.
15. Johnson, G.; Moore, S.W. Why has butyrylcholinesterase been retained? Structural and functional diversification in a duplicated

gene. Neurochem. Int. 2012, 61, 783–797. [CrossRef]
16. Rosenman, K.D.; Guss, P.S. Prevalence of congenital deficiency in serum cholinesterase. Arch. Environ. Health 1997, 52, 42–44.

[CrossRef]
17. Shab, P.; Jacobs, D. Plasma cholinesterase deficiency in Turkish patients. Anaesthesia 2016, 71, 982. [CrossRef]
18. Yildizhan, E.; Tomruk, N.; Dereli, M.; Özdemir, A.; Yıldırım, H.; Canbek, Ö. Modified electroconvulsive therapy in pseudo-

cholinesterase deficiency: A case report. In 25th European Congress Psychiatry; Cambridge University Press: Cambridge, UK, 2017;
Volume 415, pp. S710–S771.

19. Wallace, D.F.; Dooley, J.S. ATP7B variant penetrance explains differences between genetic and clinical prevalence estimates for
Wilson disease. Hum. Genet. 2020, 139, 1065–1075. [CrossRef]

20. Bull, P.C.; Thomas, G.R.; Rommens, J.M.; Forbes, J.R.; Cox, D.W. The Wilson disease gene is a putative copper transporting P-type
ATPase similar to the Menkes gene. Nature Genet. 1993, 5, 327–337. [CrossRef]

21. Wang, J.; Tang, L.; Xu, A.; Zhang, S.; Jiang, H.; Pei, P.; Li, H.; Lv, T.; Yang, Y.; Qian, N.; et al. Identification of mutations in the
ATP7B gene in 14 Wilson disease children. Medicine 2021, 100, e25463. [CrossRef]

22. Czlonkowska, A.; Gromadzka, G.; Chabik, G. Monozygotic female twins discordant for phenotype of Wilson’s disease. Mov.
Disord. 2009, 24, 1066–1069. [CrossRef]

23. Samadzadeh, S. Long-Term Follow-Up of 115 Patients with Wilson’s Disease. Dr. Med Dissertation, University of Düsseldorf,
Düsseldorf, Germany, 2022. Available online: https://docserv.uni-duesseldorf.de/servlets/DocumentServlet?id=59305 (accessed
on 6 July 2022).

24. Samadzadeh, S.; Kruschel, T.; Novak, M.; Kallenbach, M.; Hefter, H. Different Response Behavior to Therapeutic Approaches in
Homozygotic Wilson’s Disease Twins with Clinical Phenotypic Variability: Case Report and Literature Review. Genes 2022, 13, 1217.
[CrossRef]

http://doi.org/10.1007/s00380-014-0469-8
http://doi.org/10.1080/1354750X.2019.1684564
http://doi.org/10.1016/j.jinf.2020.08.021
http://doi.org/10.1097/MD.0000000000013714
http://doi.org/10.1016/j.toxrep.2021.06.016
http://doi.org/10.1021/acs.chemrestox.6b00228
http://doi.org/10.3233/JIN-180080
http://doi.org/10.1093/brain/34.4.295
http://doi.org/10.1016/j.neuint.2012.06.016
http://doi.org/10.1080/00039899709603798
http://doi.org/10.1111/anae.13559
http://doi.org/10.1007/s00439-020-02161-3
http://doi.org/10.1038/ng1293-327
http://doi.org/10.1097/MD.0000000000025463
http://doi.org/10.1002/mds.22474
https://docserv.uni-duesseldorf.de/servlets/DocumentServlet?id=59305
http://doi.org/10.3390/genes13071217

	Introduction 
	Case Reports 
	Discussion 
	References

