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Abstract

Objective. This prospective study aimed to evaluate the relationship between serum ischae-
mia-modified albumin levels and Bell’s palsy severity.
Methods. The study included 30 patients diagnosed with Bell’s palsy and 30 healthy indivi-
duals. The patients were separated into three disease severity groups (grades 2, 3 and 4)
according to House–Brackmann classification. Blood samples were collected from all partici-
pants and the results compared between groups.
Results. Significant differences in serum ischaemia-modified albumin were found between the
study and control groups ( p < 0.001); values were significantly higher in the study group than
in the control group.
Conclusion. The significantly higher levels of serum ischaemia-modified albumin in the study
group suggest that Bell’s palsy pathogenesis is associated with oxidative stress.

Introduction

Bell’s palsy, the idiopathic facial paralysis condition named by Scottish anatomist Sir
Charles Bell, is an acute-onset mononeuropathy, in which a single nerve is affected.1 It
is characterised by the complete or partial loss of motion on one side of the face, often
beginning with pain in the mastoid region.2

Oedema and ischaemia occurring at one or more segments of the facial nerve, caused
by a viral infection or autoimmune reaction, is the most common hypothesis for Bell’s
palsy pathophysiology.3,4 The activation of herpes simplex or herpes zoster virus is the
most commonly hypothesised cause of viral infection.5

In recent years, reactive oxygen species due to vascular ischaemic damage have been
the main focus in studies on patients with Bell’s palsy. A number of studies have been
conducted, with some indicating that ischaemia-modified albumin can be used as a bio-
marker of oxidative stress and ischaemia that occurs through hypoxia of the tissue.6,7

Ischaemia-modified albumin is a well-known biomarker of ischaemia-based diseases,
such as acute mesenteric ischaemia, cerebrovascular disease, acute pulmonary embolism
and acute coronary syndrome.8,9

This study aimed to investigate the serum ischaemia-modified albumin level in
patients with Bell’s palsy, based on reports that it can be used as a biochemical marker
given the elevated levels in ischaemic reactions. This study also investigated whether
serum ischaemia-modified albumin values may be measured in facial nerve ischaemia,
which is thought to be one of the aetiologies in Bell’s palsy.

Materials and methods

Patients and study design

Thirty patients diagnosed with Bell’s palsy were included in the study. The patients’ ages
were between 18 and 67 years. The study group was compared to a control group consist-
ing of 30 healthy individuals. The Bell’s palsy patients were separated into three disease
severity groups (grades 2, 3 and 4) using the House–Brackmann classification system.
There were no patients with Bell’s palsy (House–Brackmann) grades 1 or 5.

Patients admitted to the emergency services of the University of Health Sciences,
Okmeydani Training and Research Hospital, with tingling sensations on one side of
the face and difficulties moving the facial muscles were referred to the ENT clinic. The
House–Brackmann facial paralysis grading system was used to grade the Bell’s palsy
patients within the study group. Patients who presented to us within the first 8 hours
after disease onset were included in the study. The voluntary control group comprised
healthy individuals with no disease or drug use history.

The exclusion criteria were as follows: age under 18 years, acute or chronic systemic
disease or infection, diabetes mellitus, hyperlipidaemia, hypertension, pregnancy and lac-
tation, and previous diagnosis of Bell’s palsy.
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The patients in the study group received the following treat-
ments after the Bell’s palsy diagnosis: prednisolone (1 mg/kg
per day), proton pump inhibitors and vitamin B complex.
Prednisolone was used in all patients with Bell’s palsy of less
than 72 hours’ duration for whom there were no contraindica-
tions to steroid therapy. The dose used was 60 mg per day for 5
days, which was subsequently reduced by 10 mg per day (for a
total treatment time of 10 days). No adverse events were
reported.

Our work was approved by the University of Health
Sciences, Okmeydani Training and Research Hospital Ethics
Committee, and designed in accordance with the Helsinki
declaration.

Biochemical parameters

Patients with Bell’s palsy underwent detailed examination.
Haemogram and ischaemia-modified albumin level blood
tests were performed within the first 8 hours of admission,
prior to beginning prednisolone treatment. For these tests,
blood samples were centrifuged at 4000 revolutions per minute
for 10 minutes, after which time the samples were stored at
−80°C until examination. The blood samples in the control
group were studied in the same way.

Ischaemia-modified albumin levels were measured with a
serum enzyme-linked immunosorbent assay testing kit
(human ischaemia-modified albumin, catalogue number
E-EL-H5422; Elabscience, Wuhan, China). The sandwich
enzyme-linked immunosorbent assay method was used. The
results were expressed in nanograms per millilitre (ng/ml).

The micro-enzyme-linked immunosorbent assay plate pro-
vided in this kit is pre-coated with an ischaemia-modified
albumin-specific antibody. Standards or samples are added
to appropriate wells of the micro-enzyme-linked immunosorb-
ent assay plate and combined with the specific antibody. A
specific biotin-fixing antibody for ischaemia-modified albu-
min and avidin-horseradish peroxidase conjugation is then
added to each microplate and mixed thoroughly, and the
microplates are incubated.

Free components are washed away, and the substrate solu-
tion is added to each of the wells. Only wells containing
ischaemia-modified albumin, a biotinylated detection anti-
body and avidin-horseradish peroxidase conjugate appear
blue. The enzyme-substrate reaction is terminated by the add-
ition of a sulphuric acid solution, and the colour turns yellow.

The optical density is measured spectrophotometrically at a
wavelength of 450 ± 2 nm. The optical density value is propor-
tional to the ischaemia-modified albumin concentration. By
comparing the samples’ optical density values with the stand-
ard curve, the ischaemia-modified albumin concentrations of
the samples are calculated. The co-efficients of intra- and
inter-assay variation were 6.8 per cent (n = 10) and 7.6 per
cent (n = 10), respectively.

Statistical analysis

Data analyses were performed using SPSS statistical software
(version 17.0; SPSS, Chicago, Illinois, USA). The normal dis-
tribution of the data was assessed with the Shapiro–Wilk
test. Among numerical variables, those with a normal distribu-
tion were expressed as means ± standard deviation, and those
without normal distribution were shown as medians (inter-
quartile range). Categorical variables were indicated by a num-
ber and percentage. The student’s t-test was used to compare
two groups of numerical variables with normal distributions,
and the Mann–Whitney U test was used to compare two
groups of numerical variables without normal distributions.
In comparisons of three or more groups, the Kruskal–Wallis
test was used. The correlation co-efficients were derived
using Pearson’s correlation test. A p-value of less than 0.05
was considered statistically significant.

Results

Our study included 60 participants: 29 (48 per cent) were male
and 31 (52 per cent) were female. The mean age was 40.33 ±
10.58 years, and there was no statistically significant difference
in age between the study and control groups ( p = 0.074). In
terms of disease severity within the study group, 10 patients
(33 per cent) were grade 2, 10 (33 per cent) were grade 3,
and 10 (33 per cent) were grade 4.

The mean serum ischaemia-modified albumin value was
24.8 ng/ml (range, 10.5–91.0 ng/ml) in the study group and
6.0 ng/ml (range, 1.1–18.3 ng/ml) in the control group
(Table 1). The mean serum ischaemia-modified albumin
level was significantly higher in the study group than in the
control group ( p < 0.001) (Table 1 and Figure 1). There were
no significant differences between the study and control

Table 1. Comparison of age, total protein, albumin and ischaemia-modified albumin levels between groups

Parameter Study group* Control group† p

Age (mean ± SD; years) 43.3 ± 12.2 38.4 ± 8.1 0.074

Total protein (mean ± SD; g/dl) 6.9 ± 0.6 6.9 ± 0.4 0.763

Albumin (mean ± SD; g/dl) 4.2 ± 0.3 4.3 ± 0.3 0.072

Ischaemia-modified albumin (median (25–75 percentile); ng/ml) 24.8 (10.5–91.0) 6.0 (1.1–18.3) <0.001‡

*n = 30; †n = 30. ‡Indicates p < 0.05 (Mann–Whitney U test). SD = standard deviation

Fig. 1. Serum ischaemia-modified albumin (IMA) levels in Bell’s palsy patients and
healthy controls. Horizontal lines represent the mean value for each group.
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groups in serum total protein or albumin levels ( p = 0.763 and
p = 0.072, respectively) (Table 1).

In the study group, we found a significant correlation
between serum ischaemia-modified albumin levels and values
for total protein and albumin (Figures 2a and 2b, respectively).
There was no statistically significant relationship between
patient age and serum ischaemia-modified albumin
(r =−0.014, p > 0.05), and there was no statistically significant
difference in serum ischaemia-modified albumin values
between male and female patients ( p = 0.611). In the study
group, there was no significant relationship between serum
ischaemia-modified albumin values and the severity of Bell’s
palsy ( p = 0.818) (Table 2).

Discussion

Although the causes of Bell’s palsy have been shown to include
autoimmunity, viral infections and ischaemic conditions, the
exact aetiology remains unknown.10 Many studies have sug-
gested that the re-activation of latent human herpes viruses
(herpes simplex virus 1, varicella-zoster virus, Epstein–Barr
virus and human herpesvirus 6) in the geniculate ganglion
results in Bell’s palsy.11 Decompression operations on the
facial nerve have shown the effect of facial nerve compression
into the intratemporal canal where transient or permanent
damage has occurred.2,11,12 However, the utility of decompres-
sion operations is controversial.2 The labyrinthine segment of

the facial nerve is the narrowest, and this segment is highly
sensitive to ischaemia caused by acute inflammation and
oedema.2 Although the cause of this inflammation is not
known precisely, viral infections and autoimmunity have
been hypothesised.3,11 Iritani et al. have shown experimentally
that secondary facial paralysis develops in vascular embolisa-
tion in intratemporal facial nerve sections.13

Ischaemia-modified albumin, ischaemia and ischaemia-
reperfusion injury are caused by oxidative stress, resulting in
modification of the N-terminal region of the albumin of react-
ive oxygen species.14 In 2003, ischaemia-modified albumin
was approved by the Food and Drug Administration as a diag-
nostic marker for acute myocardial infarction, and it is used in
laboratory testing in emergency situations.14 In a study of 538
patients by Collinson et al., ischaemia-modified albumin
values were found to have 100 per cent sensitivity and 34.5
per cent specificity for the diagnosis of acute myocardial
infarction with a troponin measurement.4

Significantly elevated serum ischaemia-modified albumin
values, lower than those in acute cardiac ischaemia, have
been reported in many pathologies, including acute stroke,
pulmonary embolism, polytrauma and end-stage renal fail-
ure.15 In a study on patients with prostate hypertrophy,
serum ischaemia-modified albumin levels were significantly
higher in the study group than in the control group.16 High
levels of ischaemia-modified albumin have also been reported
in: patients diagnosed with stomach cancer, children with
neuroblastoma and sarcoma, and patients with bladder and
colorectal cancer.7,17,18

Recent studies have suggested that increased free oxygen
radicals in the serum may play a role in the development of
Bell’s palsy. Terzi et al. compared the oxidative stress index,
total antioxidant status and total oxidant status values (used
to evaluate free oxygen radicals) in patients with Bell’s
palsy.10 They found that total oxidant status and oxidative
stress index values were significantly higher in these patients.
In a similar study, Babademez et al. investigated the relation-
ship between the oxidative stress marker thiol–disulphide
homeostasis and Bell’s palsy.19 They reported that the mean
serum levels of native and total thiol were significantly lower
in the Bell’s palsy patients than in the control group, and
they found higher levels of disulphide in the study group
than in the healthy control group.

To our knowledge, this is the first study to show the rela-
tionship between Bell’s palsy and serum ischaemia-modified
albumin values. We found that serum ischaemia-modified
albumin values were significantly higher in Bell’s palsy patients

Fig. 2. Graphs showing significant inverse correlations between ischaemia-modified
albumin (IMA) and: (a) total protein (r = −0.488, p = 0.006), and (b) albumin
(r = −0.619, p < 0.001).

Table 2. Ischaemia-modified albumin levels according to gender and Bell’s
palsy severity*

Parameter
Ischaemia-modified albumin
(mean (range); ng/ml) p

Gender 0.611

– Male 29.9 (10.5–101.6)

– Female 23.4 (10.5–62.0)

Disease severity 0.818

– Grade 2 17.1 (8.6–107.9)

– Grade 3 29.4 (20.4–68.8)

– Grade 4 24.4 (9.4–101.6)

*In the study group
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than in healthy volunteers (Table 1 and Figure 1). These
results suggest that ischaemia may play a role in the aetio-
pathogenesis of Bell’s palsy.

The House–Brackmann classification system is widely used
to determine the severity and prognosis of Bell’s palsy.20

However, no significant associations between disease severity
according to House–Brackmann classification and serum oxi-
dative stress marker values have been reported.19 In our study,
there was also no correlation between House–Brackmann
grades and serum ischaemia-modified albumin levels
(Table 2).

Greco et al. reported that ischaemia in one or more seg-
ments of the facial nerve was correlated with Bell’s palsy.3

The high ischaemia-modified albumin values in this study
support the hypothesis of ischaemia occurring in Bell’s
palsy. However, ischaemia-modified albumin values were not
correlated with ischaemia severity, in line with reports by
Güldoğan et al.8

• This is the first study to investigate the relationship between
serum ischaemia-modified albumin and Bell’s palsy

• Serum ischaemia-modified albumin levels were higher in
patients with Bell’s palsy than in healthy controls

• The results support the idea that ischaemia occurs in
Bell’s palsy

• No relationship was found between ischaemia severity and
disease prognosis

This study, which had a level of evidence of 1b, found no
correlation between the patients’ prognosis and ischaemia-
modified albumin values, but this relationship should be fur-
ther investigated with prospective randomised studies that
comprise larger patient groups.

Study limitations

Our work has limitations that must be addressed in further
studies. It is unclear whether there is a causal relationship
between the elevated serum ischaemia-modified albumin levels
and Bell’s palsy. Another limiting factor is the small number of
patients.

Competing interests. None declared

References

1 Peitersen E. Bell’s palsy: the spontaneous course of 2,500 peripheral facial
nerve palsies of different etiologies. Acta Otolaryngol Suppl 2002;549:4–30

2 Baugh RF, Basura GJ, Ishii LE, Schwartz SR, Drumheller CM,
Burkholder R et al. Clinical practice guideline: Bell’s palsy. Otolaryngol
Head Neck Surg 2013;149(3 suppl):S1–27

3 Greco A, Gallo A, Fusconi M, Marinelli C, Macri GF, de Vincentiis M.
Bell’s palsy and autoimmunity. Autoimmun Rev 2012;12:323–8

4 Collinson PO, Gaze DC, Bainbridge K, Morris F, Morris B, Price A et al.
Utility of admission cardiac troponin and “Ischemia Modified Albumin”
measurements for rapid evaluation and rule out of suspected acute myo-
cardial infarction in the emergency department. Emerg Med J
2006;23:256–61

5 Cai Z, Li H, Wang X, Niu X, Ni P, Zhang W et al. Prognostic factors of
Bell’s palsy and Ramsay Hunt syndrome. Medicine (Baltimore) 2017;96:
e5898

6 Erdem SS, Yerlikaya FH, Çiçekler H, Gül M. Association between ischemia
modified albumin, homocysteine, vitamin B(12) and folic acid in patients
with severe sepsis. Clin Chem Lab Med 2012;50:1417–21

7 Ellidag HY, Eren E, Aydin O, Akgol E, Yalcinkaya S, Sezer C et al. Ischemia
modified albumin levels and oxidative stress in patients with bladder can-
cer. Asian Pac J Cancer Prev 2013;14:2759–63

8 Güldoğan CE, Kılıç MÖ, Balamir İ, Tez M, Turhan T. Correlation between
ischemia-modified albumin and Ranson score in acute pancreatitis. Ulus
Travma Acil Cerrahi Derg 2017;23:472–6

9 Seshadri Reddy V, Munikumar M, Duggina P, Varma N. A diagnostic test
accuracy meta-analysis of maternal serum ischemia-modified albumin for
detection of preeclampsia. J Matern Fetal Neonatal Med 2019;32:2173–81

10 Terzi S, Dursun E, Yılmaz A, Özergin Coşkun Z, Özgür A, Çeliker M et al.
Oxidative stress and antioxidant status in patients with Bell’s palsy. J Med
Biochem 2017;36:18–22

11 Murakami S, Mizobuchi M, Nakashiro Y, Doi T, Hato N, Yanagihara N.
Bell palsy and herpes simplex virus: identification of viral DNA in endo-
neurial fluid and muscle. Ann Intern Med 1996;124(1 Pt 1):27–30

12 Glass GE, Tzafetta K. Bell’s palsy: a summary of current evidence and
referral algorithm. Fam Pract 2014;31:631–42

13 Iritani H, Nishimura Y, Minatogawa T. Neurophysiology of ischemic facial
nerve paralysis in an animal model. Acta Otolaryngol 1991;111:934–42

14 Can Ü, Yosunkaya Ş. A new marker in ischemia: ischemia-modified albu-
min [in Turkish]. Kosuyolu Heart J 2017;20:148–52

15 Gaze DC. Ischemia modified albumin: a novel biomarker for the detection
of cardiac ischemia. Drug Metab Pharmacokinet 2009;24:333–41

16 Mastella AK, Moresco RN, da Silva DB, Becker AM, Duarte Marta MMF,
Giovelli LL et al. Evaluation of ischemia-modified albumin in myocardial
infarction and prostatic diseases. Biomed Pharmacother 2009;63:762–6

17 Fidan E, Mentese A, Kavgaci H, Orem A, Fidan S, Uzun A et al. Increased
ischemia-modified albumin levels in patients with gastric cancer.
Neoplasma 2012;59:393–7

18 Stachowicz-Stencel T, Synakiewicz A, Owczarzak A, Sliwinska A,
Aleksandrowicz-Wrona E, Lysiak-Szydowska W et al. Ischemia-modified
albumin as a biochemical marker in children with neuroblastoma and
soft tissue sarcomas. J Clin Lab Anal 2011;25:255–8

19 Babademez MA, Gul F, Kale H, Muderris T, Bayazit Y, Ergin M et al.
Thiol/disulphide homeostasis in Bell’s palsy as a novel pathogenetic
marker. Clin Otolaryngol 2017;42:239–44

20 Kang TS, Vrabec JT, Giddings N, Terris DJ. Facial nerve grading
systems (1985–2002): beyond the House-Brackmann scale. Otol Neurotol
2002;23:767–71

The Journal of Laryngology & Otology 813

https://doi.org/10.1017/S0022215119001683 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215119001683

	Evaluation of serum ischaemia-modified albumin levels in patients with Bell's palsy
	Introduction
	Materials and methods
	Patients and study design
	Biochemical parameters
	Statistical analysis

	Results
	Discussion
	Study limitations

	References


