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Abstract

Background: The Chvostek sign—a contraction of
ipsilateral facial muscles subsequent to percussion
over the facial nerve—is considered a clinical indi-
cator of hypocalcemia. | sought to evaluate the as-
sociation between Chvostek sign and serum calcium
levels. Methods: | performed a cross-sectional analy-
sis of data gathered from a nationwide probability
sample of 3,434 individuals, aged 25-74 years, in
the First National Health and Nutrition Examination
Survey, conducted from 1971 to 1975. Results: In-
creasing serum calcium levels were associated with
an increased odds for a positive Chvostek sign. When
compared to calcium levels in the lowest quartile
(5.47-9.4 mg/dL), individuals with serum calcium
levels of 9.4-9.6 mg/dL, 9.6-9.9 mg/dL, and 9.9-
11.9 mg/dL had a 195% (95% confidence interval
[Cll 23.3%-604%), 124% (95% Cl —-0.8% to
407%), and 159% (95% Cl 33.8%-401%) in-
creased odds—as opposed to the expected de-
creased odds—for a positive Chvostek sign. When adjusting for age, sex, and race,
these increased odds were 220% (95% Cl 32%-679%), 125% (95% 0.00%-409%),
and 172% (35%-448%), respectively. For every 1 g/dL increase in serum calcium level,
the odds for a positive Chvostek sign increased by 4% (95% CI 0.00%-8%). Conclusions:
A positive Chvostek sign is informative of normal to increased serum calcium levels rather
than hypocalcemia. Neurol Clin Pract 2016;6:321-328

n 1876, Dr. Franz Chvostek,' a Viennese surgeon, observed an increased mechanical

irritability of the peripheral nerves in a patient with latent tetany. The increased

irritability of the facial nerve, manifested by twitching of the ipsilateral facial muscles

on percussion over the branches of the facial nerve, came to be known as Chvostek

sign. This clinical finding has become widely accepted in the medical community as a sign of
hypocalcemia.>?

Despite this acceptance, the existing literature does not provide strong evidence for this as-

sociation. Of the 54 studies written in English, and identified on PubMed with an inclusive
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search strategy, only 11 included data on positive Chvostek sign rates and serum calcium lev-
els.*'* Only 4 measured calcium levels in all evaluated patients, a minimum requirement for
evaluating diagnostic accuracy.””'* Sensitivities from these 4 studies ranged from 0% to
100% and specificities from 78.8% to 100%.

The association of Chvostek sign with normocalcemic diseases such as migraines and epi-
lepsy further calls into question its role as an indicator of hypocalcemia.® This study examined
the association of Chvostek sign and serum calcium in the setting of the National Health and
Nutrition Examination Survey I (NHANES I) and estimated the diagnostic accuracy of the
sign for states of hypocalcemia. Data from NHANES I provided an opportunity to examine
this association, as the survey evaluated the presence of a Chvostek sign in 3,854 individuals
and measured serum calcium for all participants.

METHODS

Study population

NHANES I was conducted from 1971 to 1975 on a nationwide probability sample of 28,043
people from 65 locations across the United States. Participants were between the ages of 1 and
74 years and were noninstitutionalized individuals. Individuals at high risk for malnutrition,
specifically low-income people, women, children, and the elderly, were oversampled. Adjusted
sampling weights were provided along with the data to allow results drawn from the data to be
applicable to reflect the general noninstitutionalized US population. A detailed description of
the survey has been published.”” A subgroup of 3,854 individuals from the ages of 25 to 74
years underwent more detailed medical examinations, which included testing for the Chvos-
tek sign. No oversampling was done when forming these subgroups. This study looked only
at these individuals who received the more detailed examination.

Standard protocol approvals, registrations, and patient consents
Ethics approval was not obtained for this study, as it was an analysis of deidentified data.

Calcium levels

Venipuncture was done on the same day as the physical examination by nursing staff. Exam-
inees did not receive any treatment in between venipuncture and the physical examination. Re-
sultant specimens were centrifuged and the serum was removed, placed into vials, and frozen to
—20°C. These vials were then packaged with solid-slab dry ice and shipped daily to the
Center for Disease Control at Atlanta, Georgia, where serum calcium was measured using the
SMA 12/60 calcium method. This method was chosen by the Centers for Disease Control
and Prevention (CDC) and reflected the current laboratory practice for serum calcium
measurement.'® Biochemistries were measured for all examinees where sufficient serum was
collected. The number, training, and expertise of the people working in the laboratory with
the SMA 12/60 method are not known. Individuals with calcium levels listed as unacceptable
data, blank but applicable, or no test done were labeled as missing.

Ionized calcium is the gold standard for assessing hypocalcemia; however, as this was not
measured in the NHANES survey, it could not be used for this study. Instead, total calcium
adjusted for albumin levels was used. For many patients, total serum calcium is highly corre-
lated with ionized calcium.'"” However, albumin levels that differ greatly from the normal
range can cause total serum calcium levels to be either falsely elevated or depressed. Therefore,
it is a common practice in the clinical setting to correct serum calcium levels for the patient’s
serum albumin level. In this study, all serum calcium levels used in statistical analysis were
first corrected for albumin level using the equation corrected calcium (mg/dL) = measured
calcium (mg/dL) + 0.8 X (4 — measured albumin [g/dL])."”

Hypocalcemia was defined as an adjusted serum calcium level less than 8.4 mg/dL, normo-
calcemia as 8.5-10.2 mg/dL, and hypercalcemia as greater than 10.3 mg/dL. These defini-
tions are consistent with those currently used in the medical community.?
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While it seems unlikely that the technicians measuring serum calcium values at the CDC
had access to the physical examination results, no information on this matter could be found,
and therefore it is not known whether those performing the reference standard were blinded to
the results of the index test.

Chvostek sign
The physical examinations were performed in one of 3 mobile examination centers by physi-
cians who were given detailed, standardized instructions on how to perform and score each
part, and who underwent 1-3 days of training. The total number of physicians conducting
the physical examinations is not known; however, each examinee was examined by one
physician. The Chvostek sign was evaluated by percussing the malar process of the temporal
bone on both sides of the face with a percussion hammer. A positive Chvostek sign was
defined as visible contraction of the ipsilateral perioral muscles.'® It was scored as either
positive or negative.

The results of the serum calcium measurements were not available at the time that the physi-
cians performed the physical examination, and therefore they were blinded to the results of the
reference standard when they performed the index test.

Statistical analysis

The association between corrected serum calcium levels and the Chvostek sign, both adjusted
and nonadjusted for covariates including race, age, and sex, were estimated using logistic regres-
sion models, which took into account the sampling design of NHANES I. Corrected serum
calcium levels were modeled both as a continuous and a discrete variable. For the latter, cor-
rected serum calcium levels were divided into quartiles, with the lowest quartile as the reference
cell. A 2-tailed p value of <0.05 was considered to be significant.

The ¢ statistic, which is equivalent to the area under the receiver operating characteristic
curve, was calculated to evaluate model fit and discrimination.'® Measures of diagnostic
accuracy and their 95% confidence intervals (Cls) were calculated accounting for sampling
design; this included sensitivity, specificity, positive and negative predictive values, and likeli-
hood ratios."”

RESULTS

The population that underwent the more detailed physical examination numbered 3,854 indi-
viduals, with ages ranging from 25 to 74 years. A total of 419 individuals had missing serum
calcium levels and were not included in the data analysis. In addition, one individual had an
adjusted serum calcium level of 0.17 mg/dL, and due to the improbability of this value being
compatible with life, this was assumed to be an error and was excluded from analysis. This left
3,434 observations to be analyzed. All 3,854 individuals were checked for the Chvostek sign,
and had either a negative or a positive result. See figure 1 for flowchart. The average age of the
3,434 individuals was 46.2 years (95% CI 45.7-46.8 years). The average adjusted serum
calcium level was 9.64 mg/dL (95% CI 9.62-9.65 mg/dL). The group had 47.65% (95% CI
45.92%-49.38%) men and 52.35% (95% CI 50.62%-54.08%) women, and was 89.46%
(95% CI 87.8%-91.92%) white, 9.74% (95% CI 8.14%-11.34%) black, and 0.80% (95%
CI 0.27%—-1.33%) other.

Serum calcium levels and Chvostek sign

The univariate (nonadjusted) odds ratio (OR) for the association between a positive Chvostek
sign and serum calcium was 1.04 (95% CI 1.00-1.08), with a ¢ statistic of 0.55 (95% CI
0.51-0.60) (table 1). Thus, for every 1 g/dL increase in serum calcium level, the odds for
a positive Chvostek sign increased by 4%. This association was opposite of what was expected
and was significant. When the OR was adjusted for age, race, and sex, the association became

nonsignificant (OR 1.04; 95% CI 0.99-1.09), with a ¢ statistic of 0.70 (95% CI 0.66-0.74).
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[ Figure 1  Flow diagram of analyzed data ]
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Flow diagram of number of individuals receiving index and reference test, number of individuals with positive and neg-
ative index tests with the target condition present or absent, and number of individuals with missing data.

Analysis for quartiles of serum calcium levels

The 4 quartiles of serum calcium levels were 5.47 mg/dL to =9.38 mg/dL, 9.38 mg/dL to
=9.64 mg/dL, 9.64 mg/dL to =9.89 mg/dL, and 9.89 mg/dL to =11.88 mg/dL (table 2).
Each quartile, when compared to the lowest quartile of serum calcium level, had an increased
odds for a positive Chvostek sign. The ORs calculated from the regression adjusting for age,
sex, and race were 3.21 (95% CI 1.32-7.79) for the second quartile, 2.25 (95% CI 1.00-
5.09) for the third quartile, and 2.72 (95% CI 1.35-5.48) for the fourth quartle. The ¢
statistic for this model was 0.70 (95% CI 0.66-0.75). The ORs calculated from the re-
gression not adjusting for age, sex, and race were 2.95 (95% CI 1.23-7.04) for the second
quartile, 2.24 (95% CI 0.99-5.07) for the third quartile, and 2.59 (95% CI, 1.34-5.01) for
the fourth quartile. The ¢ statistic for this model was 0.56 (95% CI 0.51-0.61). The Wald x>
for the 3 degrees of freedom for these 2 regressions was 9.65 (p < 0.02) and 9.16 (p < 0.03),
respectively, indicating that the overall test was significant and that the pairwise comparisons
were relevant.

Table 1 Serum calcium levels and Chvostek sign logistic regression (taking into account
sampling design) of a positive Chvostek sign with serum calcium, sex, and age as

variables
Crude OR

Variable (univariate) 95% CI Multivariate OR  95% CI
Corrected serum 1.04 1.00-1.08 1.04 0.99-1.09
calcium
Female® = = 1.84 1.13-3.01
Black® — — 1.43 0.76-2.69
Other® — — <0.001 <0.001-<0.001
Age = = 0.94 0.93-0.96

Abbreviations: Cl = confidence interval; OR = odds ratio.

Results are presented for univariate regression (corrected serum calcium) and multivariate
regression.
2Reference = male.

bReference = white.
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The findings reported here support the
hypothesis that hyperexcitability of the facial
nerve, unrelated to serum calcium levels, may
lead to a positive Chvostek sign.

Sensitivity, specificity, likelihood ratios, and positive and negative
predictive values

Of the 3,434 individuals tested, there were 123 with a positive Chvostek sign and 5 with hypo-
calcemia. Of these 123 individuals with a positive Chvostek sign, only 1 had hypocalcemia. The
remaining 4 individuals with hypocalcemia had a negative Chvostek sign. The calculated sensitivity
was 25.63% (95% CI 0.00%~76.97%) and specificity was 96.29% (95% CI 95.30%-97.30%).
The positive likelihood ratio was 6.90 (95% CI, 1.26-37.71) and the negative likelihood ratio
was 0.77 (95% CI 0.47-1.27). The positive predictive value was 0.66% (95% CI 0.00%—
1.93%) and the negative predictive value was 99.93% (95% CI 99.83%-100.00%).

Demographics and a positive Chvostek sign

Female participants were significantly more likely to have a positive Chvostek sign than male
participants: adjusted OR 1.84 (95% CI 1.13-3.01) (table 1). Younger individuals were
significantly more likely to have a positive Chvostek sign than older individuals, with an
adjusted OR of 0.94 (95% CI 0.93-0.96). There was no association between race and the
likelihood for a positive Chvostek sign.

DISCUSSION

Individuals with normocalcemia or hypercalcemia were significantly more likely to have a positive
Chvostek sign than individuals with hypocalcemia. These findings are opposite of what is reported
in standard reference works on the diagnostic significance of a positive Chvostek sign.>*> One of the
main strengths of this study was that it was based on data from a nationally representative sample
of the United States on which a standardized physical examination, including the Chvostek sign,
was performed, as well as serum calcium measurements. Additionally, with 3,434 individuals, it is
the largest study to date examining both Chvostek sign and serum calcium level in all participants.
The second largest study identified on PubMed had a sample size of 154.°

[ Table 2 Analysis for quartiles of serum calcium levels ]

Odds for a positive Chvostek sign

Serum calcium levels OR® 95% ClI OR 95% CI
5.47-9.38 mg/dL (reference) 1 — 1.00 —
9.38-9.64 mg/dL vs reference 2.95 1.23-7.04 321 1.32-7.79
9.64-9.89 mg/dL vs reference 2.25 0.99-5.08 2.25 1.00-5.09
9.89-11.88 mg/dL vs 2.59 1.34-5.01 2.72 1.35-5.48
reference

Abbreviations: Cl = confidence interval; OR = odds ratio.

Logistic regression (taking into account sampling design) of a positive Chvostek sign with quartiles
based on serum calcium, with the lowest serum calcium quartile as reference both adjusted and
not adjusted for sex, race, and age.

20R not adjusted for sex, race, and age.

bOR adjusted for sex, race, and age.
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By defining a positive Chvostek sign as

a contraction of the orbicularis oris, this survey
encompassed all grades of a positive Chvostek
sign.

The NHANES survey data identified that a positive Chvostek sign was more likely among
female patients and children. These findings may explain the reported high false-positive rates
of the Chvostek sign in both female patients and children.>*~'"*** Skepticism concerning the
accuracy of the Chvostek sign is particularly prevalent in the field of pediatrics, and several
studies have reported low sensitivity and specificity in children.>”'%**->* One study identified
a false-positive rate of 64% in neonates, 41% in children, and 8% in adults.’* Compared with
age, there is less evidence regarding the effects of sex on Chvostek sign. Three studies, one
carried out on the NHANES I data, have reported a higher but not significant prevalence of
a false-positive Chvostek sign in women.”'%*!

The findings reported here support the hypothesis that hyperexcitability of the facial nerve,
unrelated to serum calcium levels, may lead to a positive Chvostek sign. Chvostek' speculated
that the Chvostek sign was a direct result of stimulation of the facial nerve, and a study done by
Kugelberg® appears to support this hypothesis. Our findings suggest that this sensitivity of the
facial nerve cannot be attributed to a hypocalcemic state. We hypothesize that a positive
Chvostek sign results from neural and muscular hyperexcitability unrelated to serum calcium
levels. This hypothesis is consistent with the reports that a positive Chvostek sign is associated
with migraines and hypomagnesemia, 2 conditions unrelated to hypocalcemia.?® This hypothesis
would also explain why female patients and younger individuals are more likely to have a positive
Chvostek sign, as these 2 groups have been found to possess neural hyperexcitability.**

The exact location of percussion for the Chvostek sign varies in the literature, and different
locations carry different likelihoods of causing a positive Chvostek sign.**° The 2 most common
areas of percussion are anterior to the external meatus over the vertical ramus of the mandible
and percussion on the soft tissues of the cheek, halfway between the earlobe and the corner of
the mouth (figure 2). The rate of positive Chvostek sign for each location varies in the literature,
with a recent review on Chvostek sign finding a range of 1%-50% positives for the former and
5%-29% positives for the latter location.”” One study comparing these 2 possible techniques
speculated that percussion over the soft tissues may result in direct muscle stimulation and
therefore not result in a true positive.® No consensus exists in the literature on the proper
technique to use. In this study, physicians were instructed to percuss over the malar process of
the temporal bone. This region sits just before the auditory canal, along the zygomatic arch,
where the facial nerve branches out to innervate the facial muscles. This location of percussion is
most consistent with the technique of percussing over the vertical ramus, although it is slightly
more anterior and superior. Due to the variability in reported techniques and their associated
positive rates, the implications of the percussion location used in this study are difficult to assess.

The definition of a positive Chvostek sign used in this survey was consistent with the literature:
a positive sign being contraction of the ipsilateral facial muscles, in this case the orbicularis oris.
Some studies grade the Chvostek sign, with a mild sign involving contraction of the orbicularis
oris muscle, and a more marked sign involving the orbicularis oculi or the ala nasi muscles in ad-
dition to the orbicularis oris muscle.*'**° By defining a positive Chvostek sign as a contraction of
the orbicularis oris, this survey encompassed all grades of a positive Chvostek sign.

There are several limitations of this study. The first is that the more detailed physical exam-
ination that included the Chvostek sign was performed only on individuals ranging from 25 to
74 years of age. This excludes younger age groups. The second is that the average serum

© 2016 American Academy of Neurology
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Figure 2 lllustration of a positive Chvostek sign following percussion over the vertical
ramus of the mandible

There are variable techniques used to elicit the Chvostek sign, and the X marks one common location used to elicit the
sign, located midway from the ear to the corner of the mouth. The finger is percussing over another common area, the
vertical ramus of the mandible. The illustrated Chvostek sign represents what some would grade as a marked sign, as
it involves the orbicularis oculi and ala nasi in addition to the orbicularis oris. A mild sign only involves contraction of
the orbicularis oris muscle.

calcium, 9.6 mg/dL, was in the normocalcemic range, and the prevalence of hypocalcemia in
the studied population was very low (5 individuals out of 3,434). Therefore, the studied pop-
ulation was not representative of those who would undergo the Chvostek test in clinical prac-
tice. We cannot exclude the possibility of a bathtub-shaped association between a positive
Chvostek sign and hypocalcemia, and that a positive Chvostek sign is indicative of an abnor-
mally high or low calcium level. However, if such a bathtub-shaped association indeed existed,
it would indicate that it would be dangerous to make clinical decisions based simply on a Chvos-
tek sign. Another limitation is that there was potential variability in how physicians elicited the
Chvostek sign, despite specific directions given to physicians on how to perform the test.

This study found that a positive Chvostek sign was associated with higher levels of serum
calcium, the opposite of what is traditionally reported in medical reference works. The existing
literature on Chvostek sign is sparse, and no studies could be identified that analyzed its diag-
nostic accuracy as a marker of hypocalcemia. The findings of this study confirm the low sen-
sitivity and specificity and high false-positive rate, particularly in younger individuals and
female patients, which have previously been identified in the literature. This finding has impli-
cations for the utility of this physical examination technique in clinical practice as a marker for
hypocalcemia, as well as for hypotheses regarding the mechanism of the sign, which has been
hypothesized to be due to causes unrelated to serum calcium.
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