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BACKGROUND: Primary care office spirometry can improve access to
testing and concordance between clinical practice and asthma guidelines.
Compliance with test quality standards is essential to implementation.
OBJECTIVE: To evaluate the quality of spirometry performed onsite in a
regional primary care asthma program (RAP) by health care professionals
with limited training.

METHODS: Asthma educators were trained to perform spirometry during
two 2 h workshops and supervised during up to six patient encounters.
Quality was analyzed using American Thoracic Society (ATS) 1994 and
ATS/European Respiratory Society (ERS) 2003 (ATS/ERS) standards.
These results were compared with two regional reference sites: a primary
care group practice (Family Medical Centre [FMC], Windsor, Ontario) and
a teaching hospital pulmonary function laboratory (London Health
Sciences Centre [LHSC], London, Ontario).

RESULTS: A total of 12,815 flow-volume loops (FVL) were evaluated:
RAP - 1606 FVL in 472 patient sessions; reference sites — FMC 4013 FVL
in 573 sessions; and LHSC — 7196 in 1151 sessions. RAP: There were three
acceptable FVL in 392 of 472 (83%) sessions, two reproducible FVL accord-
ing to ATS criteria in 428 of 469 (91%) sessions, and 395 of 469 (84%)
according to ATS/ERS criteria. All quality criteria — minimum of three
acceptable and two reproducible FVL according to ATS criteria in 361 of
472 (77%) sessions and according to ATS/ERS criteria in 337 of 472 (71%)
sessions. RAP met ATS criteria more often than the FMC (388 of 573 [68%]);
however, less often than LHSC (1050 of 1151 [91%]; P<0.001).
CONCLUSIONS: Health care providers with limited training and expe-
rience operating within a simple quality program achieved ATS/ERS qual-
ity spirometry in the majority of sessions in a primary care setting. The
quality performance approached pulmonary function laboratory standards.
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La spirométrie en soins primaires : une analyse de
la qualité de la spirométrie dans un programme
régional de soins primaires de ’asthme

HISTORIQUE : La spirométrie effectuée en cabinet de soins primaires peut
améliorer 'acces au test et la concordance entre la pratique clinique et les lignes
directrices sur I'asthme. Il est essentiel de respecter ces normes de qualité pour
assurer la mise en ceuvre.

OBJECTIF : Evaluer la qualité de la spirométrie effectuée sur place par des
professionnels de la santé ayant une formation limitée dans le cadre d'un pro-
gramme régional des soins primaires de I’asthme (PRA).

METHODOLOGIE : On a formé des éducateurs en asthme pour effectuer des
spirométries pendant des ateliers de deux heures et on les a supervisés jusqu’a un
maximum de six rencontres avec des patients. La qualité de leur intervention a
fait lobjet d’'une analyse conformément aux normes de I'’American Thoracic Society
(ATS) de 1994 et a celles de 'ATS et de 'European Respiratory Society (ERS)
(ATS/ERS) de 2003. On a comparé ces résultats a ceux de deux sites de référence
régionaux : une pratique groupée de soins primaires (Family Medical Centre [FMC]
de Windsor, en Ontario) et le laboratoire de fonction pulmonaire d'un hopital
d’enseignement (London Health Sciences Centre [LHSC] de London, en Ontario).
RESULTATS : Au total, 12 815 boucles débit-volume (BDV) ont été évaluées.
Dans le PRA, on recensait 1 606 BDV lors de 472 séances aupres de patients.
Dans les sites de référence, le FMC comptait 4 013 BDV en 573 séances et le
LHSC, 7 196 BDV en 1 151 séances. Pour ce qui est du PRA, trois BDV étaient
acceptables dans 392 des 472 séances (83 %), et deux BDV étaient reproductibles
d’apres les criteres de 'ATS dans 428 des 469 séances (91 %), ainsi que dans
395 des 469 séances (84 %) d’apres les criteres de ’ATS/ERS. Tous les critéres de
qualité, soit un minimum de trois BDV acceptables et de deux BDV, étaient repro-
ductibles selon les criteres de I’ATS dans 361 de 472 séances (77 %) et, selon les
criteres de ’ATS/ERS, dans 337 des 472 séances (71 %). Le PRA respectait les
criteres de I’ATS plus souvent que le FMC (388 sur 573 [68 %]), mais moins
souvent que le LHSC (1 050 sur 1 151 [91 %]; P<0,001).

CONCLUSIONS : Les dispensateurs de soins qui ont une formation et une
expérience limitées de l'utilisation d’'un programme de qualité simple ont effec-
tué une spirométrie de qualité selon '’ ATS/ERS dans la majorité des séances en
soins primaires. Le rendement de la qualité avoisinait celui des normes d’un
laboratoire de fonction pulmonaire.

Evidence—based clinical practice guidelines recommend spirometry for
the diagnosis and management of asthma (1-7). Spirometry can be
easily adopted into primary care practice (8), has been demonstrated to
improve diagnostic accuracy (9,10) and improves the concordance of
clinical practice with evidence-based guidelines (11). The National
Lung Health Education Program consensus statement (8) recommended
the implementation of office spirometry in the primary care setting, and
technological advances have made high-quality spirometers available at
a relatively low cost. Despite these facilitating factors, there has been
limited uptake of this asthma guideline recommendation (12,13) and
there continues to be limited access to spirometry in primary care (14).
While there are many challenges to the implementation of spirometry
testing in primary care, an essential first step is to confirm that quality
testing can be achieved in this setting.

Spirometry quality standards published by the American Thoracic
Society (ATS) (15,16) and the European Respiratory Society (ERS)
(17) are accepted internationally as the standard for test quality. It has

been demonstrated that these standards are achievable by health care
providers in a variety of clinical settings. Experienced pulmonary func-
tion technologists obtained spirometry results that met quality bench-
marks in 90% of patients tested in a pulmonary function laboratory
(18) and in a large field study (19). After only one-half to two days of
training, research personnel were able to meet or exceed spirometry
quality standards in 79% of children and adults tested in asthma-
related clinical trials (20). Emergency department staff achieved modi-
fied ATS quality criteria in 74% of acutely ill adult and adolescent
patients presenting with asthma-related dyspnea (21). In contrast,
several studies in primary care have reported disappointing quality
results, with <40% of tests being technically adequate (22-26).

In the present study, we evaluated the quality of spirometry per-
formed by asthma educators with limited spirometry training in a
regional primary care-based asthma program (RAP) and compared
their performance with experienced pulmonary function technicians
at two regional reference sites.
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METHODS
Study design and participants
Reference sites: Asthma patients from two pulmonary function lab-
oratories in the region were used as regional quality reference stan-
dards. Spirometry measurements were completed by experienced
pulmonary function technicians who worked full- or part-time in this
capacity. The reference sites were The Family Medical Centre (FMC,
Windsor, Ontario), a primary care group practice where spirometry
was performed as a satellite of a local pulmonary function laboratory,
and The London Health Sciences Centre (LHSC, London, Ontario),
a university teaching hospital pulmonary function laboratory.
Evaluation sites: Spirometry testing was completed as a component of
a RAP between October 2004 and November 2006 (27). In the RAP,
asthma educators travelled to primary care sites on assigned days and
performed spirometry. Ten health care providers who were asthma
educators with the following professional designations: registered
nurse (n=1), registered respiratory therapist (n=5) and pharmacist
(n=4), performed spirometry in 19 primary care sites across the region.
None of the participating asthma educators had regular experience or
in-depth training on performing spirometry before the project.
Importantly, these asthma educators received general instruction on
the principles of spirometry as a component of their course curriculum
but were not trained to perform testing before the present study.
Respiratory therapists receive instruction on performing spirometry as
a component of their course curriculum. Eighty per cent (eight of 10)
of the educators in the present study had no work experience with
performing spirometry whatsoever, and two had occasionally per-
formed bedside spirometry in the hospital before the present study.

Equipment

RAP: All asthma educators used the Jaeger Masterscope spirometer
version 4.1 (Jaeger-Toennis, Germany). This model consists of a hand-
held pneumotachograph with laptop integration. The FMC reference
site used a Sensormedics rolling-drum spirometer with V-max Version
05-2A (Sensormedics, USA) and LHSC used a Sensormedics rolling-
drum spirometer with V-max version 12-1A. Spirometry test results
and quality data were extracted from proprietary software and the
quality outputs (error codes) were verified by analysis of actual forced
expiratory time, back extrapolation volume, forced expiratory volume
in 1 s (FEV,) and forced vital capacity (FVC) measurements. Error
code analysis was the only source of data for end of test flow criteria.

Asthma educator training

Asthma educators were trained to perform spirometry by an experi-
enced pulmonary function technician during two 2 h workshop ses-
sions, and supervised in up to six patient sessions; thereafter, the
trainer was available as a resource person. Specific workshop and on-
site training objectives included: in-servicing on the spirometry equip-
ment including assessing automated test performance quality feedback
and performing regular quality control (eg, calibration); general prin-
ciples of spirometry, measurement values (FEV,, FVC, FEVl/FVC
ratio), predicted normal values, reversibility criteria and contraindica-
tions to spirometry; spirometry technique and patient coaching, recog-
nizing and correcting common patient performance and equipment
problems; and the 1994 ATS spirometry quality criteria for acceptabil-
ity and reproducibility. There was no audit and feedback process dur-
ing the study. The Masterscope spirometer provided automated,
in-session quality feedback on test acceptability and reproducibility.

Quality goals

ATS 1994: The ATS 1994 quality benchmarks in effect at the time
were used for the primary analysis in the present study (16). Acceptable
curves were defined as those that met the following three criteria: back
extrapolation volume <5% of FVC or <0.150 L; forced expiratory time
>6 s; and/or end of test criteria for flow of <0.025 L/s for >1 s. A min-
imum of three acceptable curves were required in each spirometry
session. Reproducibility was defined as two acceptable curves with an
FEV, and an FVC within 0.200 L.
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ATS/ERS 2003: A secondary analysis was performed using ATS/ERS
criteria published subsequently (17). The criteria for acceptability
were the same as the ATS 1994 standards. The criteria for reproduci-
bility were more stringent: reproducibility was defined as two accept-

able curves with an FEV, and an FVC within 0.150 L.

Statistical analysis

Statistical evaluation was completed using SAS version 9.1 (SAS
Institute Inc, USA). Subject characteristics were measured at the ses-
sion level without identifying individual patients or adjusting for
multiple observations per subject. Between-group comparisons of age
categories and sex were performed using y? tests for comparing propor-
tions. Between-group comparisons of actual age, height and weight
were performed using Tukey’s test for ANOVA with multiple compari-
sons. To address the possibility that the variances across groups were
not equal, the comparisons were repeated using a Kruskal-Wallis test
for comparing groups and the Wilcoxon two-sample test for pair-wise
comparisons. The results were similar and, therefore, reported based on
Tukey’s test.

Acceptability criteria were analyzed at the flow-volume loop (FVL)
or trial level. For continuous end points, mixed-model ANOVA was
used, while for dichotomous end points, the generalized estimating
equations algorithm was used to adjust for the effect of multiple obser-
vations per session (ie, clustering). Reproducibility for FEV, and FVC
criteria were analyzed at the session level using ANOVA for continu-
ous end points and 2 tests for dichotomous end points. P<0.05 was
considered to be statistically significant. To preserve an overall alpha
level of 0.05 in performing pair-wise comparisons, a Bonferroni correc-
tion was made in which dichotomous variables were involved with
differences deemed significant if <0.017, and Tukey’s multiple com-
parisons test for continuous variables. Exact P values are not available
for these comparisons using this method of analysis and, therefore,
pair-wise comparisons were reported as either P<0.05 or not
significant.

Ethics review

The present study was approved by the Office of Research Ethics at The
University of Western Ontario (London, Ontario) and the Research
Ethics Board of Hotel-Dieu Grace Hospital REB# 02-SE-015. Informed

consent was obtained from all subjects.

RESULTS
Spirometry measurements
A total of 12,815 FVLs were evaluated for quality.
RAP: Four-hundred seventy-two (472) individual spirometry sessions
were identified, with a total of 1606 FVLs. Asthma educators per-
formed a mean of 47 spirometry test sessions, median 28 and range one
to 121 sessions.
Reference sites: The FMC dataset included 4013 asthma-related FVLs
in 573 sessions and the LHSC included 7196 FVLs in 1151 sessions.

Subject characteristics

Demographic data were extracted from the respective spirometry soft-
ware programs on all subjects. LHSC patients were older than RAP
and FMC patients, with a mean (+ SD) age of 48.6+19 years versus
RAP (41.3+23.9 years) and FMC (38.3+21.4 years). There were more
children in both community settings than in the academic pulmonary
function laboratory (LHSC) (Table 1). Additional clinical data were
available by electronic chart abstraction in 93% (437 of 472) of sub-
jects from the RAP. The majority of RAP subjects were on asthma
controller therapy (81.5% [356 of 437]) and were nonsmokers (87%
[380 of 437]). RAP subjects used a mean of 0.60+1.26 doses of beta,-
agonist per day (Table 1). No additional clinical data were available
on subjects from the community reference sites.

Acceptability criteria
ATS/ERS acceptability quality criteria were evaluated on 12,815 indi-
vidual FVLs (Table 2).
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TABLE 1
Subject characteristics (patient session level)
P
RAP vs RAP vs

Characteristic RAP (n=472) FMC (n=573) LHSC (n=1151) Overall FMC LHSC
Demographic data
Age, years, mean = SD 41.3+24.1 38.3¥21.4 48.6+£19.0 <0.001 NS <0.05
Age categories, years, n (%) <0.001 <0.05 <0.05

<10 57 (12.1) 38 (6.6) 7 (0.6)

>10 to <19 82 (17.4) 100 (17.5) 94 (8.2)

>19 333 (70.6) 435 (75.9) 1050 (91.2)
Height, cm, mean + SD 159.3+15.7 162.5+13.3 165.9+10.1 <0.001 <0.05 <0.05
Male sex, n (%) 171 (36.2) 215 (37.5) 486 (42.2) 0.037 NS NS
FEV,, L, mean £ SD 2.4+0.89 2.61+1.01 2.31+0.97 <0.001 <0.05 <0.05
FEV,, % predicted 93 90 81
FEV,, <80% predicted, n (%) 119 (25.2) 168 (29.3) 550 (47.8) <0.001 NS <0.05
Clinical data on RAP subjects (n=437)
Allergic history, n (%) 311 (71.2)
Smoking status, n (%)

Never 277 (63.4)

Former 103 (23.6) .

Current 57 (13.0) No comparative data
Any controller medication, n (%) 356 (81.5)

Inhaled corticosteroid 100 (22.9)

Inhaled corticosteroid + long-acting beta,-agonist 232 (53.1)
Rescue medication, doses/day, mean + SD 0.60+1.26

FEV, Forced expiratory volume in 1 s; FMC Family Medical Centre (Windsor, Ontario); LHSC London Health Sciences Centre (London, Ontario); NS Not statistically

significant; RAP Regional primary care asthma program; vs Versus

TABLE 2
Individual acceptability criteria (trial level)
Acceptability quality criteria ATS 1994 and P
ERS/ATS 2003 RAP (n=472) FMC (n=573) LHSC (n=1151) Overall RAP vs FMC RAP vs LHSC
FVL trials, n 1606 4013 7196
FVL trials/patient session, mean + SD 3.40+0.83 7.00+1.61 6.25+1.46 <0.001 <0.05 <0.05
A. Meets start of test criteria
BEV<5% of FVC or <0.150 L, n/n (%) 1473/1606 (91.8) 3931/4013 (98.0) 6842/7196 (95.1) <0.001 <0.05 <0.05
Measured BEV, L, mean + SD 0.100+0.068 0.058+0.045 0.086+0.068 <0.001 <0.5 <0.05
B. Meets FET criteria
FET 26 s, n/n (%) 1133/1606 (70.6) 2341/4013 (58.3) 6124/7196 (85.1) <0.001 <0.05 <0.05
FET, s, mean + SD 6.33+2.31 6.03+2.54 10.05+4.27 <0.001 NS <0.05
FET corrected for age*, n/n (%) 1211/1606 (75.4) 2432/4013 (60.6) 6136/7196 (85.3) <0.001 <0.05 <0.05
C. Meets end of test criteria
Flow <0.025 L/s for >1 s, n (%) 1112/1606 (69.2) 1645/4013 (41.0)  4360/7196 (60.6) <0.001 <0.05 <0.05
Patient session meets ATS/ERS acceptability standards’
Three acceptable FVL (A + B or C), n (%) 392 (83.1) 392 (68.4) 1069 (92.9) <0.001 <0.05 <0.05

*Reference 17: age 210 years and forced expiratory time (FET) 26 s or age <10 years and FET 23 s; TThe flow-volume loop (FVL) meets start of test criteria (back
extrapolation volume [BEV]) and FET or end of test criteria; ATS American Thoracic Society; ERS European Respiratory Society; FMC Family Medical Centre
(WIndsor, Ontario); FVC Forced vital capacity; LHSC London Health Sciences Centre (London, Ontario); NS Not statistically significant; RAP Regional primary care

asthma program; vs Versus

Individual acceptability criteria: The RAP met start of test criteria
(back extrapolation volume) in 1473 of 1606 (91.8%) FVLs, forced
expiratory time criterion in 1133 of 1606 (70.6%) and end of test cri-
teria flow criteria in 1112 of 1606 (69.2%). Compared with the
regional reference sites, the RAP had numerically similar results for
back extrapolation volume, met forced expiratory time criteria more
often than FMC (2341 of 4013 [58.3%]; P<0.05) but less often than
LHSC (6124 of 7196 [85.1%]; P<0.05), and met end of test criteria
flow criteria more often than both FMC (1645 of 4013 [41.0%];
P<0.05) and LHSC (4360 of 7196 [60.6%]; P<0.05). After adjusting
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forced expiratory time for age, the RAP had a higher proportion of
children than LHSC (Table 1), forced expiratory time criteria were
met in the RAP in 1211 of 1606 (75.4%) FVLs.

Sessional acceptability criteria

The RAP had a greater proportion of patient sessions with a minimum
of three FVLs that met acceptability criteria (392 of 472 [83.1%])
versus the regional primary care comparator FMC (392 of 573 [68.4%];
P<0.05) but a smaller proportion of acceptable sessions than the aca-
demic pulmonary function laboratory LHSC (1069 of 1151 [92.9%];
P<0.05).
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TABLE 3
Reproducibility criteria (patient session level)
P
Reproducibility quality criteria RAP (n=469)* FMC (n=573) LHSC (n=1151) Overall RAP vs FMC RAP vs LHSC
Meets ATS 1994 criteria, n (%)
Highest FEV, — 2nd highest FEV, <0.2 L 448 (95.5) 570 (99.5) 1139 (99.0) <0.001 <0.05 <0.05
Highest FVC — 2nd highest FVC <0.2 L 440 (93.8) 567 (99.0) 1140 (99.0) <0.001 <0.05 <0.05
Both FEV, and FVC criteria are met 428 (91.3) 564 (98.4) 1131 (98.3) <0.001 <0.05 <0.05
Meets ATS/ERS 2003 criteria, n (%)
Highest FEV, —2nd highest FEV, <0.15 L 427 (91.0) 565 (98.6) 1123 (97.6) <0.001 <0.05 <0.05
Highest FVC — 2nd highest FVC <0.15 L 416 (88.7) 559 (97.6) 1137 (98.8) <0.001 <0.005 <0.05
Both FEV, and FVC criteria are met 395 (84.2) 554 (96.7) 1113 (96.7) <0.001 <0.05 <0.05
Measured differences for FEV, and FVC, mean + SD
Mean difference, L (best FEV, — 2nd best FEV,) 0.075+0.156 0.013+0.037 0.019+0.153 <0.001 <0.05 <0.05
Mean difference, L (best FVC — 2nd best FVC) 0.089+0.300 0.014+0.043 0.022+0.302 <0.001 <0.05 <0.05

*There were three sessions with only one measurement therefore reproducibility could not be assessed; ATS American Thoracic Society; ERS European Respiratory
Society; FEV, Forced expiratory volume in 1 s; FMC Family Medical Centre (Windsor, Ontario); FVC Forced vital capacity; LHSC London Health Sciences Centre

(London, Ontario); RAP Regional primary care asthma program

TABLE 4
Overall ATS/ERS quality evaluation (patient session level)
P
RAP FMC LHSC RAP vs RAP vs

Overall quality criteria per patient session (n=472) (n=573) (n=1151) Overall FMC LHSC
ATS criteria 1994

Sessions meeting acceptability AND reproducibility criteria 361 (76.5) 388 (67.7) 1050 (91.2) <0.001 <0.05 <0.05

Age-adjusted* sessions meeting acceptability AND reproducibility criteria 361 (76.5) 399 (69.6) 1052 (91.4) <0.001 <0.05 <0.05
ATS/ERS criteria 2003

Sessions meeting acceptability AND reproducibility criteria 337 (71.4) 380 (66.3) 1032 (89.7) <0.001 NS <0.05

Age-adjusted*! sessions meeting acceptability AND reproducibility criteria 337 (71.4) 391 (68.2) 1034 (89.8) <0.001 NS <0.05

Data presented as n (%) unless otherwise indicated. *Age-adjusted acceptability = forced expiratory time criteria for children <10 years of age is 23 s; TReference 17;
ATS American Thoracic Society; FEV, Forced expiratory volume; FMC Family Medical Centre (Windsor, Ontario); FVC Forced vital capacity; LHSC London Health
Sciences Centre (London, Ontario); NS Not statistically significant; RAP Regional primary care asthma program; vs Versus

Reproducibility criteria

Of 472 RAP patient sessions, there were three sessions in which
only one FVL was available; therefore, reproducibility was assessed
on 469 sessions. The RAP spirometry results were highly reprodu-
cible, meeting the ATS quality standard for both FEV, and FVC in
428 of 469 (91.3%) sessions, slightly less reproducible than the FMC
and the LHSC results: 564 of 573 (98.4%) and 1131 of 1151 (98.3%),
respectively (P<0.001) (Table 3). There was more measurement vari-
ability in both the FEV| and FVC in the RAP group compared with
the regional reference sites. RAP spirometry met the stricter repro-
ducibility criteria of the 2003 ATS/ERS quality standard in 395 of
469 (84.2%) patient sessions.

Overall sessional quality: Acceptability and reproducibility

The RAP achieved all ATS acceptability and reproducibility quality
criteria in 361 of 472 sessions (76.5%), more often than the primary
care comparator FMC (388 of 573 [67.7%]) and less often than the
academic pulmonary function laboratory (LHSC) (1050 of 1151 [91.2%)];
P<0.001) (Table 4). Using the more rigorous ATS/ERS criteria, the
RAP met all criteria in 337 of 472 (71.4%) sessions.

DISCUSSION

The present study demonstrated that high-quality testing can be
achieved in primary care practice by health professionals with limited
spirometry training and experience operating within a simple quality
control model. We also confirm the work of Enright et al (18), who
demonstrated that ATS/ERS spirometry quality standards are achiev-
able in 90% of patients tested in an academic pulmonary function
laboratory.

The ATS (16) and the ATS/ERS (17) performance thresholds

have been set such that >90% of patients can meet the requirements
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within five manoeuvres if coached by a technician with good training,
motivation and experience (8). It is clear from our work and from the
work of others (18) that this standard can be met by experienced
technicians in a pulmonary function laboratory. In the present study,
10 asthma educators performed 472 spirometry tests in a RAP and
achieved ATS quality benchmarks in 77%. Our results are consistent
with four primary care studies demonstrating high rates of technical
adequacy in spirometry performed by personnel with limited training
(11,28-30). The following rates of technical adequacy were reported:
71% by Yawn et al (11) on 368 tests in 12 primary care practices; 76%
by Walters et al (28) in 531 tests completed by two trained nurses;
78% by Zanconato et al (29) in 109 tests completed by 10 pediatri-
cians; 92% by Bednarek et al (30) in 1960 tests completed by two
nurses; and 79% by Enright et al (20) in 9355 tests completed by
research personnel. Collectively, these results suggest that an achiev-
able target range for technical adequacy in ‘first tier’ primary care test-
ing is 75% to 90%.

While evaluating the impact of a more permissive spirometry qual-
ity standard for primary care is beyond the scope of this discussion, to
partially address this question, we considered whether the 111 (23%)
technically inadequate studies were normal. We identified that 91 of
111 (82%) had an FEV| in the normal range (>80% predicted). In
the present analysis, only 20 of 472 (4%) tests were both technically
inadequate and had an FEV, <80% predicted. Arguably, a technic-
ally inadequate study with a normal FEV/ is clinically valuable when,
for example, the objective is to evaluate for a diagnosis of chronic
obstructive pulmonary disease or in the follow-up of individuals with
airways disease. Whereas the high prevalence of normal testing can be
helpful in primary care, it also presents a diagnostic challenge in
asthma. In a population of asthmatic patients predominantly from
primary care, Aaron et al (31) found that only 16% of subjects had a
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diagnosis of asthma confirmed by spirometry and that 72% required a
methacholine challenge test. We suggest that methacholine challenge
testing be considered to confirm a diagnosis of asthma when spiromet-
ric measurements are normal. In a primary care population in which
the frequency of normal testing is high, this subanalysis suggests that a
77% rate of technical adequacy may be acceptable.

The quality model in our study included delegating spirometry
measurements to an individual committed to performing spirometry,
providing time-limited workshop and hands-on training, and using
spirometers that provided automated quality feedback. Our quality
model was similar to that used in the conduct of research trials (19,20),
and to two recent primary care studies in which “visiting trained
nurses” performed spirometry with high rates of technical adequacy
(28,30). To our knowledge, our model is the first to use asthma edu-
cators — a group of health professionals that understand spirometry
values — and who know how to integrate spirometry results into clin-
ical care and are highly motivated to obtain spirometry measurements.
Similar to other health care professionals that may be tasked with
performing spirometry in primary care (eg, registered nurses, pharma-
cists and physicians), asthma educators have general knowledge about
spirometry but are not trained on test performance. In our educator
group, only two of 10 educators had any previous work experience
performing testing: both were respiratory therapists and both had min-
imal previous experience. While we cannot exclude the possibility
that previous training and experience influenced our quality outcomes,
we believe the effect to be small. In Canada, asthma and chronic
obstructive pulmonary disease educators are nationally certified. Our
study supports an interdisciplinary management model in which certi-
fied educators perform spirometry in primary care. We acknowledge
that a model using asthma educators may limit the generalizability of
our findings but emphasize that we engaged providers from a cross sec-
tion of primary care health disciplines, and that the core quality ele-
ments of our model are simple to execute, adaptable and demonstrated
to be effective in primary care practice (11,28-30).

There are other limitations to the present study. The ATS 1994
standards have been replaced by the ATS/ERS 2003 standards. Our
asthma educators were guided by the ATS 1994 quality criteria and
were not instructed on the more stringent ATS/ERS 2003 standard;
however, a secondary analysis using this standard demonstrated com-
pliance in 71% of sessions. We expect that if we had trained our educa-
tors using the current standard and had programmed automated
spirometer quality feedback based on these criteria, our ATS/ERS rates
of technical adequacy would have been higher. Also, in the reference
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