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Abstract 

Background Elevated serum creatine kinase (CK) levels have been reported in patients with Guillain–Barré syndrome 
(GBS), more frequently in patients with acute motor axonal neuropathy (AMAN) than in those with acute inflamma‑
tory demyelinating polyneuropathy (AIDP). However, some patients with AMAN show reversible conduction failure 
(RCF), characterized by rapid recovery without axonal degeneration. The present study tested the hypothesis that 
hyperCKemia is associated with axonal degeneration in GBS, regardless of the subtype.

Methods We retrospectively enrolled 54 patients with AIDP or AMAN whose serum CK levels were measured within 
4 weeks from symptom onset between January 2011 and January 2021. We divided them into hyperCKemia (serum 
CK ≥ 200 IU/L) and normal CK (serum CK < 200 IU/L) groups. Patients were further classified into axonal degeneration 
and RCF groups based on more than two nerve conduction studies. The clinical features and frequency of axonal 
degeneration and RCF were compared between groups.

Results Clinical characteristics were similar in the hyperCKemia and normal CK groups. Compared with that in the 
RCF subgroup, the frequency of hyperCKemia was significantly higher in the axonal degeneration group (p = 0.007). 
Patients with normal serum CK levels showed better clinical prognosis, evaluated by the Hughes score at 6 months 
from admission (p = 0.037).

Conclusion HyperCKemia is associated with axonal degeneration in GBS, regardless of the electrophysiological 
subtype. HyperCKemia within 4 weeks from symptom onset might be a marker of axonal degeneration and poor 
prognosis in GBS. Serial nerve conduction studies and serum CK measurements will help clinicians understand the 
pathophysiology of GBS.

Keywords Guillain–Barré syndrome, Creatine kinase, Axonal degeneration, Reversible conduction failure

Background
Guillain–Barré syndrome (GBS) is an immune-medi-
ated inflammatory polyradiculoneuropathy that can be 
divided into acute inflammatory demyelinating poly-
neuropathy (AIDP) and acute motor axonal neuropathy 
(AMAN) on the basis of electrodiagnostic tests [1–3]. 
AMAN has clinical features similar to those of AIDP, and 
it is mainly characterized by decreased or lost amplitude 
of compound muscle action potentials (CMAPs; < 80% 
of the lower limit of normal) in electrodiagnostic tests. 
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Some patients with AMAN show conduction block 
without temporal dispersion and recover within a short 
period of time; this is called reversible conduction fail-
ure (RCF) [4–6]. The main pathophysiology of AMAN 
is the immune response at the node of Ranvier, which is 
induced by antiganglioside antibodies. It has been postu-
lated that an aborted immune attack before progression 
to axonal degeneration results in transient conduction 
failure with rapid recovery [7–10].

Creatine kinase (CK) plays an important role in the 
catalysis of creatine and adenosine triphosphate (ATP) 
to adenosine diphosphate (ADP) in muscle, and it leaks 
from myocytes into the blood even under normal condi-
tions [11, 12]. CK elevation demonstrates active degen-
eration of myocytes and is commonly seen in myopathies 
such as rhabdomyolysis and inflammatory myositis. 
Some neurogenic diseases such as motor neuron disease 
and GBS also cause elevated serum CK levels. The under-
lying mechanism of hyperCKemia in patients with GBS 
and the clinical characteristics of GBS patients with ele-
vated serum CK levels remain unclear [13].

A recent study showed that transient hyperCKemia 
was associated with the non-demyelinating subtype 
of GBS [14]. The authors categorized the patients into 
axonal, demyelinating, equivocal, and normal subgroups 
according to electrodiagnostic tests based on Rajabally’s 
modified criteria [14]. However, they did not consider 
RCF in axonal GBS, which is quite different from AMAN 
with axonal degeneration in terms of pathophysiology 
and prognosis [14].

The aim of the present study was to determine the clin-
ical characteristics of GBS patients with hyperCKemia 
and compare them with those of GBS patients with nor-
mal serum CK levels. We postulated that axonal degener-
ation is associated with hyperCKemia in GBS, regardless 
of the electrophysiological subtype. We classified the 
patients into axonal degeneration and RCF groups to 
identify the relationship between axonal damage and 
serum CK levels in GBS patients.

Methods
Patients and clinical data
We retrospectively evaluated 97 patients with GBS who 
were admitted to Chungnam National University Hos-
pital from January 2011 to January 2021. From these 
patients, we enrolled those with generalized weak-
ness who could be categorized under AIDP or AMAN 
on the basis of more than two serial electrodiagnostic 
tests performed within 1  month from symptom onset. 
Twenty-seven patients were excluded because of focal 
weakness; these included 19 patients with Miller Fisher 
syndrome and eight with the pharyngeal–cervical–bra-
chial variant. Six patients were excluded because their 

electrodiagnostic tests were incompatible with AIDP or 
AMAN. Another patient was lost to follow-up. Among 
the remaining 63 patients, 54 whose serum CK levels 
were measured within 4 weeks from symptom onset were 
eventually enrolled.

The patients were divided into two groups. Those 
with a serum CK level of ≥ 200  IU/L were classified in 
the hyperCKemia group, whereas those with a serum 
CK level of < 200  IU/L were classified in the normal CK 
group, based on a previous study [13].

Clinical variables such as age, sex, preceding infection 
of the respiratory or gastrointestinal tract, bulbar symp-
toms, facial palsy, and sensory symptoms were reviewed. 
Periods from symptom onset to the nadir point, symp-
tom onset to treatment initiation, and symptom onset to 
serum CK level measurement were recorded. The total 
protein level in the cerebrospinal fluid (CSF) and the sta-
tus of antiganglioside antibodies (IgG & IgM antibodies 
against GM1, GD1b, and GQ1b) were also assessed.

Current statin use, history of trauma or surgery, exces-
sive exercise, and renal failure were investigated as fac-
tors that could affect serum CK elevation. All 54 patients 
were treated with intravenous immunoglobulin therapy 
(0.4  g/kg/day) for 5  days, and none of them underwent 
plasmapheresis.

Disabilities were evaluated using the Hughes score: 
grade 0, healthy; grade 1, minor signs and symptoms, 
able to run; grade 2, able to walk independently; grade 3, 
able to walk with a walker or support; grade 4, bed- or 
chair-bound; grade 5, assisted respiration required for at 
least part of the day; and grade 6, dead. The Hughes score 
was evaluated at the nadir point and 1 and 6 months after 
admission. A Hughes score of < 3 at 6 months was consid-
ered to represent a good prognosis, and we compared the 
frequency of patients with a good prognosis between the 
hyperCKemia and normal CK groups.

This study was approved by the Institutional Review 
Board of Chungnam National University Hospital 
(approval number: 2019–09-055–002). All procedures 
were performed in accordance with the principles of 
the Declaration of Helsinki. The informed consent was 
waived because of the retrospective nature of the study.

Electrophysiological examinations
Motor and sensory nerve conduction studies were per-
formed using standard techniques (Viking Select ™, Mad-
ison, WI, USA). Motor nerve conduction examinations 
were performed for the median, ulnar, peroneal, and 
tibial nerves. Measured parameters included the CMAP 
amplitude, distal motor latency, motor nerve conduction 
velocity, and minimal F-wave latency. Orthodromic sen-
sory nerve conduction examinations were performed for 
the median, ulnar, superficial peroneal, and sural nerves. 
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Examinations were performed immediately, 1 week, and 
1 month after admission.

Classification of GBS subgroups
We analyzed more than two serial nerve conduction 
studies within a month from symptom onset. Patients 
were classified into the ADIP or AMAN group accord-
ing to the electrodiagnostic criteria described by Uncini 
et al. [15, 16]; they were subsequently reevaluated if they 
showed RCF or axonal degeneration in electrodiagnostic 
tests.

AIDP was diagnosed in patients with electrodiagnos-
tic features of demyelination in at least two nerves, such 
as prolonged distal latency that was > 130% of the upper 
limit of normal (ULN), motor velocity slowing that 
was < 70% of the lower limit of normal (LLN), prolonged 
F-wave latency that was > 120% of ULN, a distal CMAP 
duration that was > 120% of ULN, or a proximal CMAP to 
distal CMAP duration ratio of > 130%. AMAN was diag-
nosed in patients who showed no evidence of demyelina-
tion in all serial nerve conduction studies, with decreased 
distal CMAP amplitudes below 80% of LLN or a proximal 
CMAP to distal CMAP amplitude ratio of < 0.7 in at least 
two nerves in the first nerve conduction study and evi-
dence of axonal degeneration or RCF in the two nerves in 
the second nerve conduction study [16].

RCF was defined by the following: a distal CMAP 
amplitude that was > 150% of that in the first nerve con-
duction study, without an increased distal CMAP dura-
tion (≤ 120%) in the second study; or an increase of 
0.2 in the proximal CMAP to distal CMAP amplitude 
ratio, without abnormal temporal dispersion (proximal 
CMAP/distal CMAP duration ratio: ≤ 130%) [16]. Axonal 
degeneration was defined when proximal and distal 
CMAP amplitudes in serial tests showed a continuous 
decrease without temporal dispersion, with no recovery 
at 1 month relative to the values in previous electrodiag-
nostic tests. The criteria for RCF and axonal degeneration 
were applied to all enrolled patients, regardless of AIDP 
or AMAN [16].

Based on this classification, we divided the patents 
into four subgroups: AIDP with RCF, AIDP without 
RCF, AMAN with RCF, and AMAN without RCF. Then, 
we divided the patients into three groups according to 
serial changes in CMAP: RCF, axonal degeneration, and 
undetermined [16, 17]. The RCF and axonal degenera-
tion groups were compared to determine the relationship 
between serum CK levels and axonal degeneration.

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 20.0 (SPSS Inc., Chicago, IL, USA). Summary statis-
tics of demographic and clinical characteristics and other 

collected variables for the hyperCKemia and normal CK 
groups were presented as proportions, means, standard 
deviations, and ranges. The independent t-test, Pearson’s 
chi-square test, Fisher’s exact test, and Mann–Whitney 
U test to were performed to compare the statistical sig-
nificance of the hyperCKemia and normal CK groups. All 
statistical analyzes were performed at a significance level 
p-value of 0.05.

Results
The mean age of the 54 patients was 58.3 ± 13.67 (ranged, 
26–86) years, and there were 34 men and 20 women. 
There were 18 patients (33.3%) in the hyperCKemia 
group, and the mean CK level was 385.9 ± 185.0 (range, 
200–802  IU/L). There were no significant differences 
between the hyperCKemia and normal CK groups in 
terms of age, sex, preceding infection, symptoms of GBS, 
total protein level in CSF, periods from symptom onset 
to the nadir point and from symptom onset to treat-
ment initiation, and the status of antiganglioside anti-
bodies. The mean Hughes scores at the nadir point and 
1 and 6 months after admission were 3.9 ± 1.0, 2.8 ± 1.4, 
and 1.6 ± 1.6, respectively, with no significant differences 
(Table 1).

None of the patients had a history of trauma, excessive 
exercise, or renal failure, and there were no differences in 
the proportion of statin users (22.2% in the hyperCKemia 
group; 27.7% in the normal CK group). The period from 
symptom onset to CK level measurement was not signifi-
cantly different between the hyperCKemia and normal 
CK groups (Table 1).

In fifty-four patients, ten patients were classified as 
AMAN with RCF, twenty-two patients as AMAN with-
out RCF, two patients as AIDP with RCF, and twenty 
patients as AIDP without RCF group (Table  2). Fifteen 
patients in the axonal degeneration group who were 
showed a continuous decrease of CMAP amplitudes 
without temporal dispersion included eleven patients in 
AMAN without RCF group and four patients in AIDP 
without RCF group (Table 2).

The hyperCKemia group included more patients with 
AMAN/AIDP without RCF, and one of 12 patients with 
AMAN/AIDP with RCF belonged to the hyperCKemia 
group. There were no significant differences between 
groups according to the RCF status (Table 2). HyperCK-
emia was more frequent in the axonal degeneration sub-
group, whereas normal CK levels were more frequent 
in the RCF group, with a significant difference between 
groups (p = 0.007; Table 2).

In the comparison of serum CK levels between the 
axonal degeneration group and non-axonal degeneration 
group, the mean serum CK level of axonal degeneration 
group was 286.60 ± 212.81 IU/L, which was significantly 
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higher than of the non-axonal degeneration which was 
169.54 ± 144.57 IU/L (p = 0.024; Fig. 1).

According to the Hughes score at 6  months, the nor-
mal CK group showed a significantly better prognosis 
than did the hyperCKemia group (86.1% in the normal 
CK group, 61.1% in the hyperCKemia group; p = 0.037; 
Table 3).

Discussion/Conclusions
In the present study of GBS patients (AIDP/AMAN), 
elevated serum CK levels within 4  weeks from symp-
tom onset were found in 18 of 54 patients (33.3%) with 
generalized weakness. Elevated serum CK levels were 
significantly more frequent in patients with axonal 
degeneration, whereas normal serum CK levels were 

Table 1 Clinical characteristics of patients with Guillain‑Barré syndrome showing hyperCKemia or normal CK levels.

Values are presented as mean ± standard deviation (minimum–maximum) or number (%)

Abbreviations: CK Creatine kinase, Uri Upper respiratory infection, CSF Cerebrospinal fluid, NCS Nerve conduction study, IVIG Intravenous immunoglobulin
* Statically significant (p < 0.05)

HyperCKemia
(n = 18)

Normal CK levels
(n = 36)

p-value

Male/female 12/6 22/14 0.69

Age (years) 56.1 ± 12.1 59.4 ± 14.4 0.38

Statin use (%) 4 (22.2) 10 (27.7) 0.14

Preceding infection (%) 0.32

 URI 5 (27.8) 11 (30.6)

 Diarrhea 8 (44.4) 17 (47.2)

 URI & diarrhea 2 (11.1) 0

 Operation 0 1 (2.8)

 None 3 (16.7) 8 (22.2)

Absence of sensory symptom (%) 6 (33.3) 8 (22.2) 0.28

Presence of bulbar symptoms (%) 4 (22.2) 11 (30.5) 0.53

Presence of facial palsy (%) 2 (11.1) 6 (16.7) 0.60

CSF total protein level (mg/dl) (range) 50.3 ± 23.5 (18–140) 62.2 ± 36.2 (30–94) 0.52

Periods from onset to nadir (days) 5.8 ± 2.7 7.3 ± 3.0 0.08

Periods from onset to IVIG treatment (days) 3.6 ± 2.6 6.9 ± 10.2 0.08

Serum CK (IU/L) (range) 385.9 ± 185.0
(200–802)

110.1 ± 48.6
(31–183)

0.00*

Periods from onset to CK measurement (days) (range) 3.5 ± 2.7 (1–10) 5.4 ± 5.2 (0–20) 0.34

Number of antiganglioside antibodies (%) 3/14 (21.4) 2/27 (7.4) 0.20

Hughes score at nadir 3.9 ± 1.0 (1–5) 3.5 ± 1.1 (1–5) 0.29

Hughes score at 1 month 2.8 ± 1.4 (1–5) 2.6 ± 1.2 (1–5) 0.60

Hughes score at 6 months 1.6 ± 1.6 (0–4) 1.1 ± 1.3 (0–4) 0.26

Table 2 Frequencies of hyperCKemia and normal CK levels according to the electrophysiological subtype of Guillain‑Barré syndrome

Values are presented as number (%)

Abbreviations: CK Creatine kinase, AMAN Acute motor axonal neuropathy, RCF Reversible conduction failure, AIDP Acute inflammatory demyelinating polyneuropathy
* Statically significant (p < 0.05)

Electrophysiological subtypes HyperCKemia (%) Normal CK levels (%) p-value

AMAN and AIDP (n = 54) 0.098

AMAN with RCF 1 (5.6) 9 (25.0)

AMAN without RCF 11 (61.1) 11 (30.6)

AIDP with RCF 0 (0.0) 2 (5.6)

AIDP without RCF 6 (33.3) 14 (38.9)

RCF and axonal degeneration (n = 27) 0.007*

RCF 1 (10.0) 11 (64.7)

Axonal degeneration 9 (90.0) 6 (35.3)
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more frequent in patients with RCF. Patients with nor-
mal serum CK levels within 4  weeks from symptom 
onset showed a better clinical prognosis according to 
the Hughes scores at 6 months from admission.

Elevated serum CK levels were not uncommon in 
the present study. Limited studies have evaluated ele-
vated serum CK levels in GBS; these included case 
series and a few retrospective studies [13, 14]. Studies 
have reported transient elevations in serum CK levels 
of 16.7% [14] and 27% [13] in GBS patients. Elevated 
serum CK levels would be more frequent in patients 
with GBS, especially those with generalized weakness, 
and further systematic prospective studies are needed.

We found that elevated serum CK levels were asso-
ciated with axonal degeneration and poor prognosis 
regardless of the electrophysiological subtype of GBS. 
One recent study indicated that elevated serum CK levels 
represent AMAN with axonal degeneration or RCF, but 
not AIDP [13].

The authors categorized patients under “AIDP or 
AMAN” using the criteria of Ho et. al. and designated 
their condition as “unclassified” if the electrodiagnos-
tic criteria did not fulfil the criteria for AIDP or AMAN. 
RCF was defined by electrodiagnosis of the “AIDP pat-
tern” without sensory nerve conduction abnormalities, 
or those who were designated as “unclassified.” Thir-
teen “unclassified” patients were included among the 28 
patients showing AMAN with RCF in that study. There-
fore, the “AMAN with RCF” group included “unclassi-
fied” patients as well as patients showing AMAN with 
RCF, which may not represent the proper form of RCF. 
In addition, follow-up electrodiagnostic tests were con-
ducted for 34 of 51 patients (66.7%), which made precise 
definition of RCF difficult. The classical electrodiagnostic 
criteria proposed by Ho et al. or Rajabally et al. are based 
on a single electrodiagnostic study. Several studies have 
reported that the classical electrodiagnostic criteria occa-
sionally misdiagnose GBS subgroups, and that the clas-
sification changes after serial electrodiagnostic tests [15]. 
Uncini et al. [15, 16] defined RCF through two or more 
follow-up electrodiagnostic studies and emphasized the 

Fig. 1 Serum CK levels between the axonal degeneration group and the non‑axonal degeneration group. Abbreviation: CK, creatine kinase.

Table 3 Comparison of prognosis between patients with 
hyperCKemia and those with normal CK levels in a cohort of 
patients with Guillain‑Barré syndrome

Values are presented as number (%)

Abbreviations: CK Creatine kinase
* Statically significant (p < 0.05)

HyperCKemia
(n = 18), (%)

Normal CK levels
(n = 36), (%)

p-value

Hughes score at 
6 months: < 3

11 (61.1) 31 (86.1) 0.037*

Hughes score at 
6 months: ≥ 3

7 (38.9) 5 (13.9)
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importance of serial electrodiagnostic tests for precise 
subgrouping of GBS. We classified our patients according 
to the criteria of Uncini et al. [15, 16] and found patients 
with RCF in both the AMAN (31.3%) and AIDP (9.1%) 
groups. Uncini et al. [15, 16] reported that RCF was pre-
sent in 46.6% patients with axonal GBS and 15% patients 
with AIDP, similar to the results in the present study [15]. 
Another recent study also reported that RCF in AIDP can 
be observed and is comparable with AMAN with RCF in 
terms of clinical features [17].

The mechanism of CK elevation in GBS patients is not 
fully understood. It has been suggested that rapid and 
extensive denervation of motor nerve terminals might 
cause hyperexcitability of muscles and subsequent intra-
muscular CK release; this has been described in previ-
ous studies as an axonal pathology [11, 14]. It is widely 
accepted that in AMAN there may be Wallerian-like 
degeneration leading to muscle denervation, and which 
can be the basis for serum CK elevation and paralysis 
sequelae [18]. Axonal degeneration may be necessary 
pathophysiological process for serum CK elevation given 
that not just AMAN patients but also AIDP patients [4]. 
A recent study pointed to inflammatory edema of nerve 
trunks causing ischemic conduction failure, which in the 
ensuing days can lead to Wallerian-like degeneration [19, 
20].

The present study showed a relationship between 
hyperCKemia and axonal degeneration, thus supporting 
this postulated hypothesis. A relationship with rhabdo-
myolysis caused by antecedent infection has been sug-
gested as another possible mechanism. However, this 
mechanism is less likely because the serum CK level was 
not as high as that observed in rhabdomyolysis in previ-
ous studies and this study [21].

To the best of our knowledge, no previous report has 
focused on the association between hyperCKemia and 
RCF in GBS. In this study, we defined RCF using the 
criteria of Uncini et al. [15, 16]. In addition, a good cor-
relation between elevated serum CK levels and axonal 
degeneration was shown by using serial electrodiagnostic 
analysis. According to the present results, the classifica-
tion of AMAN or AIDP using current electrodiagnos-
tic criteria is considered to have little correlation with 
the elevation of serum CK levels. This is because AIDP 
may be accompanied by axonal degeneration as well as 
demyelination; therefore, it would be difficult to suggest 
that the demyelinating pattern in electrodiagnostic tests 
indicates a normal CK level. In addition, if the serum 
CK level measured within 4 weeks from symptom onset 
is elevated, regardless of AIDP or AMAN, it could be an 
indicator of axonal degeneration. Serial nerve conduc-
tion studies and the measurement of serum CK levels will 
help clinicians understand the pathophysiology of GBS.

This study had several limitations. First, because 
of the retrospective nature of the study in a tertiary 
center, the sample size was small, and clinical features, 
including sensory symptoms and predisposing fac-
tors, could be insufficient. Because of the retrospec-
tive design, we could not describe sensory symptoms 
in detail and could not exclude all factors that would 
affect serum CK levels. Second, the serum CK lev-
els were measured only once. Planned serial serum 
CK measurements would help exclude other causes of 
hyperCKemia. Third, the prevalence of AMAN in East-
ern countries such as Korea and Japan is higher than 
that in Western countries. Further studies involving 
various populations are required. Finally, the sensitiv-
ity of antiganglioside antibody testing was low, and the 
antiganglioside antibody test was not performed for all 
patients. Antiganglioside antibodies represent one of 
the major pathogenic mechanisms of AMAN, and they 
would be associated with hyperCKemia in GBS.

In conclusion, the findings of this study suggest that 
hyperCKemia is associated with axonal degeneration 
in GBS, regardless of the electrophysiological subtype. 
HyperCKemia within 4  weeks from symptom onset 
might be a marker of axonal degeneration and poor 
prognosis in GBS. Serial nerve conduction studies and 
serum CK measurements will help clinicians under-
stand the pathophysiology of GBS.
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