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Abstract The purpose of this study was to evaluate
various parameters potentially influencing poor prognosis
in Bell’s palsy and to assess the predictive value for Bell’s
palsy. A single-center prospective patient collected obser-
vation and validation study was conducted. To evaluate the
correlation between patient characteristics and poor prog-
nosis, we performed univariate and multivariate analyzes
of age, gender, side of palsy, diabetes mellitus, hyperten-
sion, and facial grading score 1 week after onset. To
evaluate the accuracy of the facial grading score, we pre-
pared a receiver operating characteristic (ROC) curve and
calculated the area under the ROC curve (AUROC). We
also calculated sensitivity, specificity, positive/negative
likelihood ratio, and positive/negative predictive value. We
included Bell’s palsy patients who attended Ehime Uni-
versity Hospital within 1 week after onset between 1977
and 2011. We excluded patients who were less than
15 years old and lost-to-follow-up within 6 months. The
main outcome was defined as non-recovery at 6 months
after onset. In total, 679 adults with Bell’s palsy were
included. The facial grading score at 1 week showed a
correlation with non-recovery in the multivariate analysis,
although age, gender, side of palsy, diabetes mellitus, and
hypertension did not. The AUROC of the facial grading
score was 0.793. The Y-system score at 1 week moderate
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Introduction

Bell’s palsy is defined as an acute facial nerve paralysis of
unknown origin, and is the most common cause of
peripheral facial palsy, with an annual incidence of about
20-30 per 100,000 persons [1]. According to recent clinical
studies, Bell’s palsy is believed to be caused by the reac-
tivation of latent herpes simplex virus type-1 (HSV-1)
infection in the geniculate ganglion [2]. The natural course
of the disease is generally favorable, and approximately
70 % of patients recover completely with no treatment [3].
However, more than 10 % of the patients are unable to
regain normal facial function, and about 5 % of them suffer
from severe sequelae, such as facial spasm, synkinesis, and
contracture [4], even with appropriate treatment.

Steroids and antiviral agents are the main drugs for
treating Bell’s palsy. Steroid treatment cures 90 % of
Bell’s palsy [4], and antiviral agents are limited to patients
with a poor prognosis [5]. The steroid and antiviral agent
should be given as soon as possible, because early treat-
ment has a good prognosis [6]. Therefore, we should
decide whether the patient needs an antiviral agent, and
avoid over treatment and the adverse effects of antiviral
agents. Electroneurography is the most powerful tool for
evaluating the prognosis of non-recovery in Bell’s palsy [7,
8], but the electroneurography is reliable 7—10 days after
onset [9]. In addition, access of electroneurography is
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limited. Therefore, a prognostic tool that is readily avail-
able without requiring specialized equipment is needed.
Factors that can predict prognosis have been sought in
previous studies based on a clinical evaluation of acute
symptoms and signs, concurrent medical disease (hyper-
tension and diabetes mellitus), age, and the facial grading
score [10—-12]. The facial grading score is correlated with
non-recovery of Bell’s palsy comparatively [12]. However,
the accuracy of the facial grading score has not been eval-
uated sufficiently and it is uncertain when the facial grading
score should be used. In this study, we established a prog-
nostic model using clinical parameters including the Yan-
agihara facial grading system (Y-system) (Table 1) [13].

Methods
Study design and setting

We conducted a prospective patient collected observational
study at Ehime University Hospital from January 1977 to
December 2011. We included Bell’s patients 15 years of age or
older who first visited the hospital within 1 week after onset.
Patients whose facial palsy was due to zoster sine herpete, and
those who could not be followed for more than 6 months or
until complete recovery, were excluded. Y-system scores were
recorded each time the patient visited our clinic. We also
prospectively recorded patient age, gender, date of Bell’s palsy
onset, side of palsy, concurrent medical diseases (diabetes
mellitus, hypertension) and Y-system score.

Treatment of Bell’s palsy in our hospital

Since 1977, Bell’s palsy has been treated in our hospital
using the following strategy. Prednisolone administration is
tapered from 60 mg/day for 5 days, 30 mg/day for 3 days,
and 10 mg/day for 2 days. In 1990, we changed this pro-
tocol by adding an antiviral agent to prednisolone for
patients whose Y-system scores were 0-8.

Outcome measures

The primary outcome was non-recovery at 6 months after
onset. Recovery was defined as an improvement of the
Y-system score to 36 or more without sequelae, according
to the facial paralysis guidelines of the Japan Society of
Facial Nerve Research. A Y-system score of 36 was con-
sidered comparable to HB-system grade II [14].

Statistical analysis

To evaluate any bias due to excluding the lost-to-follow-up
patients, we examined the difference between the patients
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analyzed and excluded using the Chi-square test (gender,
side of palsy, diabetes mellitus, hypertension) and Stu-
dent’s ¢ test (age, Y-system score). To evaluate the corre-
lation between patient characteristics and poor prognosis,
we performed univariate analyzes using the Chi-square test
(gender, side of palsy, diabetes mellitus, hypertension) and
Student’s 7 test (age, Y-system score). Then we performed
multivariate logistic regression analysis including the fac-
tors with p < 0.2 in the univariate analyzes. Likelihood
ratio methods were used for the logistic regression analysis.

We estimated the prognostic ability of the Y-system
score at 1 week for Bell’s palsy by plotting a receiver
operating characteristic (ROC) curve and calculating the
area under the ROC curve (AUROC) with the 95 %
confidence interval (95 % CI). The accuracy of the
AUROC is classified as low if the area is 0.5-0.7,
moderate if 0.7-0.9, and as high if >0.9. We also pre-
pared the ROC curve and calculated the AUROC of
Y-system score at 2 and 4 weeks, and the worst score.
Then, we calculated each Y-system score’s cut-off line
sensitivity, specificity, positive likelihood ratio (LR+),
negative likelihood ratio (LR-), positive predictive
value (PPV), and negative predictive value (NPV) with
the 95 % CI. Data were analyzed using SPSS ver. 19.0
for Windows (SPSS, Chicago, IL, USA).

Results
Patient characteristics

Between 1967 and 2011, 893 patients diagnosed with
Bell’s palsy were seen within 1 week after onset. Of
them, 214 patients [113 males, 101 females; mean age
50.4 £ 17.1; mean Y-system score 12.4 + 7.4; left side
palsy = 98 (45.8 %), diabetes mellitus = 20 (9.3 %),
hypertension = 45 (21.0 %)] were excluded because they
were lost-to-follow-up. Thus, 679 patients (320 males,
359 females; mean age 48.7 £ 16.8; mean Y-system
score 14.8 £ 8.1; left side palsy = 359 (52.8 %), diabetes
mellitus = 74 (11.0 %), hypertension = 122 (18.0 %))
were included. Excluded patients had higher Y-system
scores (p < 0.001), but there was no difference in age,
gender, side of palsy, or concurrent medical disease
between the excluded and included patients. In the
included patients, one patient refused prednisolone treat-
ment, 25 patients underwent facial nerve decompression
surgery, and the overall non-recovery rate was 11.6 %
(791679).

Table 2 provides an overview of the characteristics of
the included patients, the univariate analyzes, and the
multivariate analysis. The p values of the Y-system scores
and age were less than 0.2 in univariate analyzes. Thus, we
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included these two factors in the multivariate logistic
regression analysis. Only the Y-system score significantly
predicted poor prognosis.

ROC curve of Y-system for Bell’s palsy

Figure 1 shows the ROC curve of the Y-system score at 1,
2, and 4 weeks, and the worst score. Y-system score was
assessed in 74.4 % (n = 505) of the patients at 2 weeks
and in 48.5 % (n = 329) at 4 weeks. The AUROC was
0.793 at 1 week, 0.861 at 2 weeks, 0.947 at 4 weeks, and
0.823 at the worst score. At 4 weeks, the Y-system score
was not assessed in half of the patients, so we calculated
the AUROC using the substituted Y-system score at
4 weeks to avoid a deficit data bias. Substituting the deficit
Y-system score at 4 weeks using the score at 3 weeks
[n = 130 (19.1 %)] or at 5 weeks [n = 39 (5.7 %)], or the
average of the scores at 3 and 5 weeks [n = 64 (9.4 %)]
changed the AUROC from 0.947 to 0.956. Table 2 pro-
vides the sensitivity, specificity, LR+, LR—, PPV, and NPV
of each Y-system score at 1 week.

1 - Specificity

Fig. 1 Receiver operating characteristic (ROC) curve of Yanagihara
facial grading system score. Area under the ROC curve (AUROC) of
the Y-system score was 0.793 (0.735-0.852) at 1 week, 0.861
(0.823-0.900) at 2 weeks, 0.947 (0.920-0.975) at 4 weeks, and 0.823
(0.788-0.868) at the worst score

Discussion

We evaluated the prognostic value of patient age, gender,
palsy side, Y-system score at 1 week, diabetes mellitus,
and hypertension. Multivariate logistic regression analysis
showed that only the Y-system score at 1 week was a
prognostic factor in Bell’s palsy patients. Our multivariate
logistic regression analysis revealed no correlation between
age, gender, and palsy side and non-recovery, in agreement
with many previous reports [7, 8, 10, 12]. Takemoto et al.
[7] reported a correlation between diabetes mellitus and
non-recovery in a multiple regression analysis, but our
multivariate analysis showed no such correlation. In an
animal study, Esaki et al. [15] reported that drug-induced
diabetes led to worse HSV-1 induced facial palsy. Neither

Table 2 Univariate and

multivariate analysis of Recovery Non-recovery Univariate Multivariate analysis
patients’ characteristics (n = 600) (n =179 p value p value 0Odd’s ratio
Characteristics
Mean age + S.D. 483 £ 17.0 52.0 + 154 0.065 0.933 0.980
Male 285 (47.5 %) 35 (44.3 %) 0.593
Facial palsy
Mean Y-system score 15.7 £ 8.0 79 £5.1 <0.001 <0.001 0.836
Left side palsy 312 (52.0 %) 47 (59.5 %) 0.21
Concurrent medical disease
Diabetes mellitus 64 (10.6 %) 10 (12.7 %) 0.593
Hypertension 109 (18.2 %) 13 (16.5 %) 0.71
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our report nor Takemoto et al. assessed the severity of
diabetes and form of treatment. Further detailed analysis is
needed to evaluate the correlation between diabetes mel-
litus and non-recovery.

In our study, the diagnostic accuracy of the worst facial
grading score was higher than the score at 1 week, and
lower than the score at 2 and 4 weeks (Fig. 1). The diag-
nostic accuracy of facial grading for predicting non-
recovery in Bell’s palsy increases with time and the AU-
ROC of the facial grading score at 4 weeks for predicting
non-recovery reached 0.947 (near 1.000), as in previous
reports [12]. Therefore, we should predict non-recovery of
Bell’s palsy 4 weeks after onset when we cannot use
ENoG. The cut-off of a “Y-system score <24 at 4 weeks”,
which is compatible with a House-Brackmann facial
grading system (HB-system) score >IV [16], was the
nearest to the left upper corner in the ROC curve. This cut-
off point had 92.7 % (84.7-100.0 %) sensitivity, 85.9 %
(81.7-89.8 %) specificity, 48.1 % (37.1-59.1 %) PPV, and
98.8 % (97.5-100.0 %) NPV. In other words, 99.8 % of
Bell’s palsy patients who had a Y-system score >24 at
4 weeks after onset would be cured.

The facial grading system score helps to decide whether
a patient needs an antiviral agent. Van der Veen et al.
reported a small effect of antiviral therapy in their meta-
analysis [5], which retrieved patients who had a HB-system
score >1V, which is compatible with a Y-system score <24
[16]. In our results (Fig. 1), the sensitivity of “Y-system
score <24 at 1 week” reached 98.7 % and the LR of “Y-
system score <24 at 1 week” reached 0.07. Only one
patient with “Y-system score >24 at 1 week” did not
reached recovery at 6 months. The cut-off of the facial
grading score for recommending an antiviral agent is under
discussion. The facial paralysis guidelines of the Japan
Society of Facial Nerve Research recommend giving an
antiviral agent to Bell’s palsy patients with a “Y-system
score <10 at 1 week” [17]. “Y-system score <12” was
nearest and “Y-system score <10” was second nearest to
the left upper corner of the ROC curve of the Y-system
score at 1 week. Therefore, the facial grading score cut-off
of the Japan Society of Facial Nerve Research is
reasonable.

Limitations

This study had some limitations. First, 25 % of the patients
were lost-to follow-up. It is difficult to follow Bell’s palsy
patients without losses, because the natural history of
Bell’s palsy is good and the treatment is limited in the
acute phase. The recovery rate in this study was similar to
previous studies [18], but our results could not avoid some
lost-to-follow-up bias. Second, during the study period, all
patients did not receive the same treatment. Our database
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was lack of whether the patients had antiviral therapy or
not. We could not analyze any effect of antiviral therapy,
although the efficacy of antiviral therapy was low [5, 19].
Third, since 1977 when the Y-system was developed, we
had to consider a validation study of the Y-system. How-
ever, the analysis in this study was not preplanned.

Conclusions

This study showed that the Y-system score at 1 week can
predict non-recovery of Bell’s palsy at 6 months (AUROC
0.793). This model might be a useful additional tool for
predicting non-recovery in the clinical setting and can be
used to select patients for antiviral therapy. In addition, our
results suggest that non-recovery can be predicted using the
Y-system score at 4 weeks.

Conflict of interest The authors declare that they have no conflict
of interest.
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