Original Research

Specific Conductance Criteria for a Positive Methacholine
Challenge Test: Are the American Thoracic Society Guidelines
Rather Generous?

Imran Khalid MD, Zachary Q Morris MD, and Bruno DiGiovine MD

BACKGROUND: American Thoracic Society (ATS) guidelines for methacholine challenge testing
(MCT) discuss specific airways conductance (sG,,,) as a surrogate marker for forced expiratory
volume in the first second (FEV,) to diagnose airways obstruction. The guidelines suggest a cutoff
value of 45% drop in sG,,, to diagnose a positive MCT. However, there is no available evidence that
supports this cutoff value of 45%. We conducted this study to examine the relationship between
FEV, and sG,,, during MCT. METHODS: One-hundred thirty-eight patients who had both sG,,,
and FEV, measured during MCT between April 2003 and March 2004 were retrospectively eval-
uated. The tests were done according to the ATS guidelines. Data were first analyzed using linear
regression modeling, comparing the change in FEV, to changes in sG,,,. Then the sensitivity and
specificity were generated for different cut points, using receiver operating characteristic analysis.
RESULTS: Thirty-eight patients had a positive MCT based on ATS FEV, criteria. A decrease of
20% in FEV, correlated with a drop of 56% in sG,, (95% confidence interval 52% to 60%, r> 0.35,
P < .001). Using 20% decline from baseline in FEV, at different PC,, (provocational concentration
that produced a = 20% FEV, decrease) values (4 mg/mL, 8 mg/mL, and 16 mg/mL), we then
analyzed the sensitivity, specificity, positive predictive value, and negative predictive value of the
45% decline in sG,,, and compared it with a 56% decline in sG,,,. Using receiver operating
characteristic analysis, we were able to find that a cutoff of 51-52% performed better than either
of the 2 values. CONCLUSIONS: Our study suggests that the ATS suggested cutoff value of 45%
decline in sG,,, to diagnose a positive MCT may be rather generous, and a decline of 51% from
baseline may provide a more accurate measure of airway hyper-responsiveness. Further studies
using well defined subjects with and without asthma should be done to better assess the test
characteristics of sG,,. Key words: asthma, methacholine challenge test, specific conductance, sG,,,,.
[Respir Care 2009;54(9):1168—-1174. © 2009 Daedalus Enterprises]

Introduction

Methacholine challenge testing (MCT) is used to help in
diagnosing asthma when other methods, including spirom-
etry before and after administration of a bronchodilator, do
not establish a diagnosis. The change in forced expiratory
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volume in the first second (FEV),) is the primary outcome
measure.! MCT is most accurate when the pre-test prob-
ability of asthma is 30—70%.? The test is usually consid-
ered positive when there is a = 20% decline in FEV, from

SEE THE RELATED EDITORIAL ON PAGE 1161

baseline, at a PC,, (provocational concentration that pro-
duced a = 20% FEV, decrease) of < 8 mg/mL or < 16 mg/
mL.!" The best PC,, cut point to separate patients with
asthma from those without asthma is in the range of
8—16 mg/mL.!-3

The American Thoracic Society (ATS) guidelines for
MCT discuss specific airways conductance (sG,,,) as an
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alternative marker for FEV, to diagnose airways obstruc-
tion.! They advise the use of specific conductance primar-
ily in patients who cannot perform acceptable spirometry
maneuvers.+> However, it has been contested that, in the
absence of substantial decline in the FEV, patients may
have a false negative MCT if the change in specific con-
ductance is not considered to make the diagnosis.® But
there are no published data that allow us to confidently
state the cutoff value of sG,,, that should be used to define
a positive MCT.

Changes in specific conductance, with values ranging
from 30% to 55%, have been used in numerous studies and
in different populations, either to diagnose a positive MCT
or to determine a significant bronchodilator response.®-10
But in asthmatics most studies historically have used a
35% decline in sG,,, from baseline to define a positive
MCT.!""-14 Such a drop alone, however, may not suffi-
ciently discriminate asthmatics from groups that contain
normal subjects and subjects with chronic obstructive pul-
monary disease.’> This is because sG,,, is more variable
than FEV .1

Given this variability, the latest ATS guidelines suggest
that a drop in sG,,, of 45% or more in an MCT is required
for a positive MCT.! However, there are no published data
that show the sensitivity or specificity of this cutoff for the
diagnosis of asthma. Thus, we wanted to evaluate the test
characteristics of sG,,, in a group of patients who had an
MCT. In this study we had 2 goals. The first was to eval-
uate how changes in sG,,, compare to changes in FEV,.
The second was to assess the test characteristics of sG,,,
using change in FEV, as the accepted standard.

Methods
Subjects

All adult patients with clinical suspicion of asthma, who
were referred to our pulmonary function laboratory for an
MCT between April 2003 and March 2004, were retro-
spectively evaluated. The laboratory conducted MCT with
simultaneous measurements of spirometric variables and
sG,,, during that time frame. Patients who completed the
testing, regardless of their results, were enrolled. Patients
who could not complete the testing were excluded. Also,
patients who were sent for MCT for reasons other than
suspicion of asthma, such as occupational testing, were
excluded. The study design was approved by our local
institutional review board.

Correspondence: Imran Khalid MD, Division of Pulmonary, Critical Care,
and Sleep Medicine, John D Dingell Veterans Affairs Medical Center,
4646 John R Street, Detroit MI 48201. E-mail: dr.imrankhalid@
yahoo.com.
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Pulmonary Function Testing

Spirometry was conducted using standard techniques'®
(VM Autobox 6200, SensorMedics, Yorba Linda, Cali-
fornia). Forced expiratory maneuvers were performed ac-
cording to the ATS guidelines, and the best effort was
analyzed. Airways resistance and sG,,, were determined
by variable-pressure body plethysmography (VM Auto-
box 6200, SensorMedics, Yorba Linda, California). Body
plethysmography measurements were gathered by taking
the average of the best 3 adequate and acceptable attempts.!”
The test was not deemed adequate until the open-shutter
panting maneuver showed a relatively closed loop and the
panting frequency was approximately 1.5 Hz. The entire
testing was performed with the patient in a seated position.
The pulmonary function test data were expressed as a
percentage of predicted normal values.!8:1°

Methacholine Challenge Protocol

Serial dilutions of methacholine chloride (Provocholine,
Methapharm, Branford, Ontario, Canada) were prepared in
normal saline solution containing 0.4% phenol (pH 7.0)
and passed through bacterial-retentive filters with 0.2-um
porosity. Methacholine aerosol was delivered using a
Respirgard II (Vital Signs, Totowa, New Jersey) filtered
medication nebulizer. Following a control inhalation of
diluent, each patient took 5 slow inhalations from func-
tional residual capacity to total lung capacity from the
starting concentration of 0.25 mg/mL. Plethysmographic
studies were performed, followed by the FVC maneuvers.
Studies were performed after 90 seconds and within 5 min
of exposure to the methacholine inhalation. If the reduc-
tion in FEV, was < 20% from baseline, 5 inhalations of
increasing concentrations of methacholine, at 0.25 mg/mL,
1 mg/mL, 4 mg/mL, and 16 mg/mL, were administered.
We modified our protocol from the ATS guidelines that
suggest using 0.0625 as the starting concentration. This
was based on departmental consensus of the senior pul-
monary staff of a large teaching hospital, reviewing
thousands of patients tested over several decades with no
adverse events occurring at or below 0.25 mg/mL metha-
choline concentration. Testing was continued until a 20%
drop in FEV, was obtained or the highest concentration
was given. Post-bronchodilator study was done after ad-
ministration of ipratropium and/or albuterol. Testing ter-
minated when post-test FEV, returned to baseline or to a
value of less than 10% from baseline.

Data Analysis

Results from the test using the highest concentration of
methacholine that the subject was administered were used
for analysis. Data were analyzed using linear regression
modeling (SAS 9.1, SAS Institute, Cary, North Carolina),
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comparing the change in FEV, to changes in sG,,,. Cor-
relations were reported with 95% confidence intervals. For
the analyses, an alpha level of .05 was used to assess
statistical significance.

The test characteristics of the value derived through this
analysis were then compared with the ATS suggested value
of 45% using receiver operating characteristic curve anal-
ysis. The patients were defined as positive or negative for
asthma based on their FEV,; PC,, Given the controversy
as to the “best” discriminating value for PC,,, we did 3
separate analyses, using 4, 8, or 16 mg/mL as the dose of
methacholine that defined a positive test. For each cutoff
we performed logistic regression to assess the relationship
between sG,,, and the diagnosis of asthma. We then con-
structed 2X2 tables to determine the sensitivity, specific-
ity, positive predictive value, and negative predictive value
of the potential diagnostic cutoffs for sG,,,. Finally, we
used statistics software (StatsDirect, StatsDirect, Cheshire,
United Kingdom) to find the best cutoff for sG,,. For
these analyses we also asked the software to maximize the
Youden index (sensitivity + specificity — 1), as this index
is felt to be the one of the better methods for choosing an
optimal cutoff.20-21 After determining the sensitivity, spec-
ificity, positive predictive value, and negative predictive
value for each of these cutoffs, we calculated 95% confi-
dence intervals for these measures according to the effi-
cient-score method described by Newcombe.??

Results

One-hundred forty-seven patients who were suspected
of having asthma underwent an MCT during the study
period. Nine patients were excluded due to either lack of
completion of the test or incomplete data. Thus, our study
population consisted of 138 patients. All had a normal

Table 1.  Patient Demographics
Total number of patients with the methacholine 147
challenge test
Patients excluded 9
Total number of patients included in the study 138
Sex
Female 98
Male 40
Smoking History
Past smokers 19
Active smokers 1
Non-smokers 118
Age (mean *= SD y) 48 =7
Race
Caucasian 46
African American 88
Other 4
1170

Patients (n)
=

<1 1-4 5-8 9-16
PCz Values for the Positive Methacholine Challenge Test (mg/mL)

Fig. 1. Distribution of patients with a positive methacholine chal-
lenge test, according to their PC,, (provocational concentration
that produced a = 20% decrease in forced expiratory volume in
the first second) values.

spirometry preceding the MCT. Their demographics are
shown in Table 1. No criteria were set for baseline sG,,,
due to lack of commonly accepted validated normal pre-
dicted values for this measurement.

During the testing, patients had both spirometric and
specific conductance analysis in response to methacholine.
Thirty-eight patients had a positive test according to the
ATS FEV, criteria. Of these 38 patients, 8 patients (21%)
had a borderline positive test with a PC,, between 8 mg/mL
and 16 mg/mL, 8 patients (21%) had a PC,, between
4 mg/mL and 8 mg/mL, and 22 patients (58%) had a PC,,
less than or equal to 4 mg/mL. (Fig. 1) One-hundred pa-
tients had a negative MCT (< 20% drop in FEV,) after
16 mg of methacholine inhalation. None of the patients
with a positive test had an occupational exposure to ex-
plain their responsiveness.

Values for FEV, and sG,,, were retrieved. Using a lin-
ear regression model, we found that a decrease of 20% in
FEV, correlated with a drop of 56% in sG,,, (95% confi-
dence interval 52-60%, r* 0.35, P < .001) (Fig. 2). In 7
patients who had zero change in FEV there was a decline
in sG,, of 31% (95% confidence interval 27-37%, 2 0.32,
P < .001).

We then assessed the test characteristics of the ATS
recommended 45% decline in sG,,, as well as the 56%
decline in sG,,, found above using the receiver operating
characteristic curve. As there is some controversy as to
how best to define a positive MCT, we performed 3 sep-
arate analyses using 3 different PC,, values. The values
for PC,, that we evaluated were 4 mg/mL, 8 mg/mL, and
16 mg/mL. As shown in Figure 3, the optimal cutoff was
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Fig. 2. Correlation of percentage drops in specific conductance of the airways (sG,,,) and change in forced expiratory volume in the first
second (FEV,) in the methacholine challenge tests. A drop in FEV, of 20% correlates to a drop in sG,,, of 56%. Data are shown with fitted

linear regression line.

adrop in sG,,, of 52%, 51%, and 51% when the diagnostic
cutoff was a PC,;, of 4 mg/mL, 8 mg/mL, and 16 mg/mL,
respectively. As can be seen in Table 2, Table 3, and
Table 4, the test characteristics of the cutoffs of 45%, 56%,
and 51% at the 3 different PC,, are relatively similar, but
the best cutoff (as measured by the Youden index) is in the
range of 51-52%.

Discussion

Our study shows that a 20% drop in FEV, correlates
with a 56% drop in sG,,,. However, neither a 56% drop in
sG,,, nor the ATS-recommended drop of 45% had the
most ideal test characteristics to define a group of patients
with a positive MCT when a 20% decline in FEV is used
as the diagnostic criterion. Instead, an intermediate cutoff
value of 51-52% performs best to diagnose asthma in a
group of patients with a clinical suspicion of asthma and a
20% decline in FEV,.

The measurement of sG,,, to diagnose a positive MCT
has been used rather infrequently in the United States. In
one survey, 78% of the investigators who used broncho-
provocation testing used only the FEV criterion, and only
12% used sG,,, measurements routinely.?> Another survey
of laboratories showed that sG,,, assessment was done in

RESPIRATORY CARE ¢ SEPTEMBER 2009 VoL 54 No 9

< 20% of cases.® Though there are no new studies that
estimate the current usage of sG,,,, the lack of equipment
required to measure sG,,, and unfamiliarity with methods
to measure it may explain the relatively uncommon use.?3
Nonetheless, it has been argued that measurement of sG,,,
complements spirometric analysis and may be more sen-
sitive in diagnosing an MCT and change in airway caliber
than spirometry alone.® 192425 Such studies encourage more
frequent use of sG,,, in reactive airways disease, but due to
lack of validated diagnostic cutoff points, they use empir-
ical values for a diagnostic sG,,, drop.

Those who suggest that sG,,, may be of use in MCT
argue that it may be positive in those patients with asthma
who have a negative methacholine test (as measured by a
PC,, of 16 mg/mL or less). Thus, to ideally assess the
utility of sG,,,, one would evaluate its test characteristics
in a group of patients who have a negative MCT but who
are diagnosed with asthma through some other means.
However, trying to define such a population in a validated
manner would be quite difficult. Thus, we chose to study
the test characteristics of sG,,, in a group of patients who
clearly had asthma given the clinical suspicion and a pos-
itive MCT. Our study suggests that, compared to the ac-
cepted 45% cutoff for change in sG,,, a cut point of 51—
52% may be more accurate.

aw?
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Fig. 3. Receiver operating characteristic analysis at the 3 different
methacholine PC,, (provocational concentration that produced a
= 20% decrease in forced expiratory volume in the first second)
cutoffs. A: 4 mg/mL. B: 8 mg/mL. C: 16 mg/mL. In each panel, the
large hollow dot represents the “ideal” cut point, as generated by
maximizing the Youden index.

We used the 5-breath dosimeter protocol for methacho-
line administration. In healthy persons and patients with
mild asthma, the deep inhalation that precedes an FVC
maneuver causes transient bronchodilation that may last
for up to 6 min.?%-27 This response is blunted or absent in
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Table 2.  Test Characteristics of the Cutoffs of 45%, 56%, and 52%
at the PC,, of 4 mg/mL of Methacholine, Along With the

Respective Youdin Index

45% 56% 52%
Sensitivity (%, 95% CI) 96 (76-100) 78 (56-92) 91 (70-98)
Specificity (%, 95% CI) 70 (60-78) 80 (71-87) 79 (70-86)
Positive predictive value 39 (26-52) 44 (29-60) 47 (32-62)
(%, 95% CI)
Negative predictive 99 (92-100)  95(88-98) 98 (92-100)
value (%, 95% CI)
Youden index 0.66 0.58 0.70

PC,y = provocational concentration that produced a = 20% decrease in forced expiratory
volume in the first second
CI = confidence interval

Table 3.  Test Characteristics of the Cutoffs of 45%, 56%, and 52%
at the PC,,, of 8 mg/mL of Methacholine, Along With the

Respective Youdin Index

45% 56% 52%
Sensitivity (%, 95% CI) 97 (80-100) 76 (56-89) 93 (76-99)
Specificity (%, 95% CI) 53 (43-63) 70 (60-78) 65 (55-74)
Positive predictive value 35 (25-47) 40 (27-54) 42 (30-54)
(%, 95% CI)
Negative predictive 98 (90-100) 92 (83-96) 97 (90-100)
value (%, 95% CI)
Youden index 0.50 0.46 0.58

PC,y = provocational concentration that produced a = 20% decrease in forced expiratory
volume in the first second
CI = confidence interval

Table 4. Test Characteristics of the Cutoffs of 45%, 56%, and 52%
at the PC,, of 16 mg/mL of Methacholine, Along With the

Respective Youdin Index

45% 56% 52%
Sensitivity (%, 95% CI) 89 (74-97) 74 (57-86) 87 (71-95)
Specificity (%, 95% CI) 55 (45-65) 73 (63-81) 68 (58-77)
Positive predictive value 43 (32-55) 51 (37-64) 51 (38-63)
(%, 95% CI)
Negative predictive 93 (83-98) 88 (79-94) 93 (84-97)
value (%, 95% CI)
Youden index 0.44 0.47 0.55

PC,( = provocational concentration that produced a = 20% decrease in forced expiratory
volume in the first second
CI = confidence interval

patients with severe asthma, and may actually cause bron-
choconstriction.!-?8 In patients being clinically tested for a
diagnosis of asthma, this effect of deep inhalations on
airways may contribute to a disproportionate response be-
tween the FEV, and sG,,,.! This variability has the poten-
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tial to alter our results. Because most MCTs are performed
in individuals who are either non-asthmatic or mildly asth-
matic, there is likely to be a bronchodilator response, and
this variability would be less significant.! This holds true
for our study patients also, as none of the patients had
abnormal spirometry at baseline.

Recent data also show that inhibition of deep inhalation
for 10 min or more during methacholine inhalation in-
creases airway narrowing in normal people, while inhib-
iting it for 15 min increases airway narrowing in asthmat-
ics.?® This is a limitation to our study, as we did not inhibit
the deep inhalation effect, and thus may have missed “bor-
derline asthmatics.” Deep inhalation may not affect all
segments of the airway similarly, but past studies have
shown that the changes in sG,, usually follow the decline
in FEV, in patients who undergo MCT.!5:2429

In our study, individuals who had zero change in FEV,
at the highest concentration of methacholine (16 mg/mL)
showed an average decline of 31% in sG,,,, with wide
variability. This conforms to prior studies, which have
shown considerable decline in sG,,, after methacholine
administration in the absence of history or symptoms of
asthma.3%3! This further suggests that the current ATS
recommendations for using a cutoff of 45% drop in sG,,,
to define a positive MCT may be rather generous. The
above results, however, are from a clinically derived pop-
ulation and may not hold true for a “healthy normal” pop-
ulation. This correlation needs to be confirmed in “healthy
normals” in future studies.

Another potential limitation of our study is the possi-
bility of spectrum bias. Spectrum bias refers to the under-
standing that a test may have characteristics when applied
to different subgroups.32 For the purposes of our study, the
implication would be that the reported characteristics of
the sG,,, as a predictive test for asthma may vary if used
in a group of patients who are different than those reported
in our study. As can be shown in Table 1, most were
non-smokers, and we had a reasonable representation of
both sexes and both white and African American patients.
However, the most likely factor that would be important
for the issues of spectrum bias would be the pre-test prob-
ability of asthma. There is no objective and reproducible
way for us to measure that. In our institution we tend to
send patients for MCT in whom we have an intermediate
pre-test probability of asthma. So patients who are quite
likely to have asthma are typically treated empirically.
This means that patients who have some symptoms sug-
gestive of asthma (cough, unexplained episodic dyspnea)
along with a normal spirometry are the most likely group
to undergo MCT. Other practitioners at other institutions
may have slightly different criteria for ordering an MCT
and thus may not find exactly similar test characteristics in
their populations.
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While our study does suggest a strong correlation that a
56% decline in sG,,, corresponds better to a 20% fall in
FEV,, it does not suggest that these 2 variables are some-
how interchangeable. This is better depicted by the re-
ceiver operating characteristic curve analysis that shows
that 51-52% decline in sG,,, performs better than both the
45% and 56% cutoff values. One should be cautious while
interpreting large declines in sG,,, in the absence of a 20%
decline in FEV, in an MCT. In our study, 27 subjects had
a significant fall in sG,,, (= 52%), but did not drop their
FEV, by 20%. Do these patients have underlying bron-
chial hyper-responsiveness and does this drop have any
clinical importance will be questions that can be asked in
future studies.

In the interim, if one chooses to use sG,,, in the absence
of FEV, as a diagnostic criterion, a decline of 51% from
baseline may provide a more accurate measure of airway
hyper-responsiveness until additional prospective studies
further address this issue. Contrary to some previous re-
ports, we would caution against more frequent use of sG,,,
alone in the MCT. More studies are needed to determine
the clinical importance of changes in sG,,, in an MCT and
how these changes relate to a decline in FEV . Prospective
studies involving well-defined subjects with and without
asthma should be conducted to better assess these test
characteristics of sG,,, in MCT.

Conclusions

Our study suggests that in people who are tested for
clinical suspicion of asthma, the ATS suggested cutoff
value of 45% decline in sG,,, to diagnose a positive MCT
may be rather generous. A decline of 51% in sG,,, from
baseline may provide a more accurate measure of airway
hyper-responsiveness. Further studies using well-defined
subjects with and without asthma should be done to better
assess the test characteristics of sG,,.
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