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Abstract

Aims: To assess the quality of primary care spirometry by visual inspection of the flow-volume expiratory curve and to study the quantity
of clinical information provided on the spirometry report sheets.

Methods: Retrospective audit of 868 expiratory flow-volume curves referred to three pulmonary clinics assessed against five predefined
quality criteria. Clinical information included on the spirometry report sheets was also collected.

Results: Quality was good in 78% of pre-bronchodilation curves and in 80% of post-bronchodilation curves. Obtaining a sharp PEF value
and full vital capacity exhalation seemed to be the critical points of measurement. Inter-rater reliability of the curve assessment was mainly
good. Data on where the spirometry took place, and comments on the use of respiratory medication and patient co-operation were often
lacking.

Conclusions: The quality of primary care spirometry was good. Adequate clinical information on the report sheets would further improve
the quality of this diagnostic process.
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Introduction
Spirometry is the most frequently used basic diagnostic test in
pulmonary medicine. Guidelines and programmes concerning
obstructive airway diseases have led to the increasing
availability and use of spirometry in primary care settings.1,2

Spirometry seems to influence the general practitioner’s (GP’s)
decision-making process not only by reducing diagnostic
uncertainty, but also by increasing the use of additional
diagnostic tests and referral to specialist care.3 Diagnosis of
asthma is often dependent on repetitive lung function tests

before and after initiation of anti-asthma treatment often
started by a GP. When a patient with suspected asthma or
poor asthma control is referred to specialist care, copies of
previous high quality spirometry measurements with adequate
clinical information enhance the management process.

The quality and interpretation of primary care spirometry
measurements have been a concern in previous studies.4-6

Training has been shown to (at least temporarily) enhance the
test quality.4 Spirometry interpretation should begin with an
overview of the technical quality of the manoeuvre and the
clinical information given on the report. Omitting the quality
review and relying only on numerical results for clinical
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decision-making is a common mistake, which is more easily
made by those who are dependent upon computer
interpretations.7 Good quality spirometry is the result of both
acceptable performance of the maximal exhalation
manoeuvre and regular calibration of the equipment. The key
check points of the maximal exhalation manoeuvre are the
start, upslope, peak, and end of the curve; in addition, clinical
information on circumstances such as the co-operation of the
patient, current respiratory medication, and smoking status
are important. 

The main objective of the Finnish asthma programme
(1994-2004) was to increase knowledge and recognition of
asthma in primary care.8 One of the measures used to achieve
this was to train nurses to perform, and GPs to use and
interpret, flow-volume spirometry curves.9 National guidelines
for laboratories and primary care units on how to measure
and assess spirometry curves were first published in 1995.10

Thus, in 2001, spirometry was available in 95% of Finnish
health care centres,11 and was actively used. In a previous
study of asthma-related referral letters, we showed that pre-
and post-bronchodilation spirometry measurements were
included with the specialist referral letter more often in 2001
than in 1994 (32% vs 5.3%);12 furthermore, GPs prescribed
asthma medication more actively, and preventive asthma
medication was mentioned in 26% of letters in 2001.

Spirometry report sheets may provide important
diagnostic clues to the specialist only if the quality of the
spirometry curves is acceptable, and adequate information on
the spirometry session and patient history are included. The
aim of this study was to assess the quality of primary care
spirometry from the consulting specialist’s viewpoint by visual
analysis of the expiratory flow-volume curves and by
evaluating the quantity of clinical information on the report
sheets provided with the referral letters.

Methods
This study is part of the systematic evaluation of the Finnish
asthma programme.11-14 The methodology is a retrospective
medical record audit.

Quality criteria for the flow-volume curve based on
American Thoracic Society quality criteria15 were developed
by the study group, which comprised six specialists
representing four different specialities: clinical physiology (JL
and VJ), pulmonology (PB and LT), primary care (ME) and
allergology (MK). These criteria were used for visual
assessment of the expiratory curves. The flow-volume curves
were graded “good” if all five criteria were present (Figure 1). 

Piloting of the feasibility of the quality criteria was
performed. Two clinical physiologists (JL and VJ) and two
pulmonary physicians (PB and LT) reviewed all five criteria of
36 spirometry curves; 14 of these included both the pre- and

post-bronchodilation curves from the same measurement
session. The criteria were found to be mainly undisputable.
Disagreement occurred most often in evaluating the
sharpness of the peak expiratory flow (PEF) value
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Figure 1.  Quality criteria of the expiratory flow-volume
loop (based on  ATS quality criteria, 15).

126 curves exluded:

• 106 spirometries without
appropriate report sheet

• 16 made in hospital lung
function laboratory

• 4 were lost

Referral letters to three pulmonary
units during year 2001 (11)

n=3176

Inclusion and exclusion criteria
of the letters

Asthma related referral letters
n=1289

(41% of all referral letters)

Spirometry performed in primary care
n=814

(63% of all asthma related letters)

Copies of spirometries attached with
the referral letters

n=615
(48% of all asthma related letters)

Study spirometries
with report sheets
(n=489, 80% of all

referred spirometries)
+ postbronchodilator curves n=379

All expiratory flow-volume curves
n=868

Figure 2.  Origin of the study flow-volume curves.
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(disagreement in 10 out of 36 curves) and whether or not
exhalation of the entire vital capacity volume had occurred
(disagreement in 8 out of 36 curves). Disagreement was
observed especially between the physiologists and the
pulmonary physicians, the pulmonary physicians being more
critical in their assessments. 

The final audit contained 489 spirometry reports (80% of all
referred spirometries). Figure 2 shows the origin of these
spirometry reports. In our previous study,14 all non-emergency
referral letters (n=3176) to three Finnish pulmonary outpatient
units sent during 2001 were scrutinised. The referrals originated
from health care centres and private practices. We selected
asthma-related referrals with ‘asthma’, ‘asthma suspicion’,
‘asthma-related respiratory symptom’, or ‘obstructive lung
function test result’ being the original reason for the referral.
On this basis 41% (n=1289) of all pulmonary referral letters
from the study year were included. At least one spirometry
measurement was attached with 615 (48%) of the referral
letters. All attached spirometry readings were photocopied and
coded. Only flow-volume spirometry curves which were printed
as final reports, and which showed specific spaces to be filled
in, with clinical information concerning the patient and the
measurement circumstances, were included in the study. As the
inspiratory manoeuvre was seldom performed, inspiratory flow-
volume curves were not analysed, even if they were available.
If several spirometry readings were provided with the same
referral, we selected the latest one, or the one showing a
bronchodilation reversibility test. The reversibility test was

included in 379 (78%) study readings. In these cases, both the
pre- and post-bronchodilation curves were separately assessed.
Therefore, a total of 868 spirometry curves from 489 spirometry
reports were included in the quality assessment (see Figure 2). 

The quality of the curves according to the five predefined
criteria was assessed by two clinical physiologists, JL and VJ
(with 30 years and 20 years of experience in analysing
pulmonary function tests, respectively). They analysed 240
and 249 spirometry reports, respectively. In order to measure
the intra-rater repeatability and the inter-rater reliability, both
clinical physiologists blindly recoded 25 of the curves they had
originally reviewed, and 25 of the curves originally reviewed
by the other. Clinical information on the patient and the test
session (see Table 1) shown on the spirometry report sheets
(n=489) was separately collected by a trained nurse.
Reference values used in the adult Finnish population were
published in 1982.16 The categories for the quality criteria and
clinical information were coded, and the sums of the codes
for different criteria were calculated. The sums indicate the
overall assessment of flow-volume curve quality and the
amount of clinical information included on the flow-volume
sheets. The intra-rater repeatability and inter-rater reliability of
the clinical physiologists were assessed by raw agreement. 

Results
We assessed the spirometry reports on 489 patients referred
from primary care for pulmonary specialist consultation. Sixty-
two percent of the patients were female, with a mean age
(range) of 48 (15-86). The main indications for referral were:
asthma suspicion (51%); asthma-related symptoms (25%);
and previously-diagnosed asthma (6%). Bronchodilator
reversibility tests were made in 379 cases. Significant
bronchodilation response (12% or more) of forced expiratory
volume in 1 second (FEV1) was observed in 20% of cases.
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Clinical information on the spirometry report sheets n=489

1. Date when the spirometry was performed included 99%

2. Indication for spirometry mentioned 15%

3. The location (ie the health care center or private practice)
where the spirometry was performed included 37%

4. Name/ ID of the spirometry technician included 97%

5. Height of the patient included 99%

6. Smoking history of the patient mentioned 87%

7. Duration of smoking (in years) mentioned 74%

8. Patients’ respiratory medication mentioned 26%

9. Time of last dose of that respiratory medication taken 
mentioned 30%

10. Patient cooperation commented 32%

11. Reference values included 100%

12. Source of the reference values referred (16) 96%

Table 1.  Clinical information presented on the
spirometry report sheets attached to asthma-related
referral letters (n=489).

Fulfilment of the Prebronchodilator Postbronchodilator

five quality criteria curve (n=489) curve (n=379)

1. Start without delay 98% 99%

2. Steep upslope 95% 94%

3. Sharp PEF 90% 91%

4. No coughing 98% 99%

5. Full exhalation 90% 91%

All criteria fulfilled
= good quality* 78% 80%

* The quality of all flow volume spirometries (n=868) was found good in 79%
of the curves.

Table 2.  Fulfilment of the five quality criteria in
spirometries (78% included also postbronchodilator
curve).
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The fulfilment of the quality criteria of the pre- and post-
bronchodilation curves is shown in Table 2. Each of the five
criteria was fulfilled in at least 90% of curves. Sharp PEF and full
exhalation were not achieved in 10% of the pre-bronchodilator
curves (Figure 3). The quality of the curves was graded good (=
all five criteria fulfilled) in 79% of all curves (n=868).

Intra-rater repeatability was assessed for both of the
clinical physiologists by recoding 25 curves each. The
agreement was 98% and 99%, respectively.  Fifty curves (of
which 35 also included post-bronchodilator curves) were
coded by both clinical physiologists to measure the inter-rater
reliability between the rates. This agreement ranged from
83% to 100%. Interpretation of the full exhalation caused
the most disagreement between the two reviewers (Table 3).

Clinical information provided on the report sheets is
shown in Table 1. The date of spirometry testing,
identification of the technician, reference values and height
of the patient, were found on almost all sheets, and smoking
history on more than two-thirds. The location of spirometry
testing (ie. name of the health care centre or private practice
where the spirometry was performed) was mentioned on
37% of the sheets, and the indication for the spirometry
measurement in 15% of cases. Use of respiratory medication
and patient co-operation were commented on in a third of
the sheets. If comments on patient co-operation, details of
the use of respiratory medication, and data on the site where
the spirometry took place were not counted, all other items
were found on 84% of sheets. 

Discussion
The quality of the flow-volume spirometry curves assessed
using predefined criteria was good in 79% of the curves.
Sharpness of the PEF value and full vital capacity exhalation
seemed to be the critical points of the spirometry test.
Obtaining full exhalation has been shown to be a common
quality problem.4,6,17 Clinical information such as the date of
the test, patient height, and reference values were mentioned
on almost all sheets. Details of the use of respiratory
medication, patient co-operation, and the location of
spirometry testing, were often missing. 

Inter-rater agreement for quality criteria fulfillment
between the two clinical physiologists was good. Assessment
of the full exhalation criteria, especially regarding the post-
bronchodilator curves, caused disagreement most often,
which was also shown in our pilot study. On the spirometry
sheets, the pre- and post-bronchodilation curves were partly
overlaid, and repeated copying of the spirometry sheets may
have decreased the visual quality of the curves (Figure 3).
Interpretation of the full exhalation volume from these curves
may be inconsistent if the forced vital capacity (FVC) obtained
in the post-bronchodilation phase is smaller than the pre-
bronchodilation FVC, even though both the curves may look
appropriate.  Usually, only the expiratory flow-volume curves
were performed and reported. It would have been easier to
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Prebronchodilatation Yes No Agreement
curves n=50

1. Start without delay 47 3 94%

2. Steep upslope 48 2 96%

3. Sharp PEF 46 4 92%

4. No coughing 46 4 92%

5. Full exhalation 44 6 88%

Postbronchodilatation
curves n=35

1. Start without delay 35 0 100%

2. Steep upslope 32 3 91%

3. Sharp PEF 32 3 91%

4. No coughing 35 0 100%

5. Full exhalation 29 6 83%

Table 3.  Agreement between the two clinical physiologists
measured by reassessment of 50 spirometries; 35 of
which included postbronchodilatation curve.
(Yes = agreement, No = disagreement) 12
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Figure 3.  Example of a flow-volume curve where sharp
PEF and full exhalation were not achieved.
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assess whether the full exhalation criteria were met
consistently if the maximal inspiratory curves were also
measured and reported.

The value of the clinical information given on the
spirometry report sheets is seldom discussed. However, the
need for that information is obvious from a clinical
perspective. For example, comparison of the various curves
can be difficult later on if information on the location and
date of spirometry testing are missing. In order to get a
reliable exhalation manoeuvre and test result, good patient
co-operation is essential. Yet this information was mentioned
on only one-third of the spirometry report sheets. Similarly,
previous use of respiratory medication was found on only
one-third of report sheets, although all the study spirometry
flow-volume sheets had specific space available for comments
on both patient co-operation and respiratory medication. In a
recent study, trained GPs were shown to use spirometry to
evaluate the response to recently-initiated treatment with
inhaled steroids.18 Interpretation of the test results and
comparison with previous spirometries are not reliable
without data on patient co-operation and recent use of both
short-acting and long-term respiratory medication.

Walker et al have shown that the use of spirometry in
primary care increases the rates of diagnosis of COPD and
asthma, and leads to improvements at least in COPD
treatment.19 Use of bronchodilator reversibility testing in this
setting may be important to avoid misdiagnosis and under-
treatment. The present study has shown that bronchodilator
reversibility testing was commonly combined with spirometry
measurement in our primary care practices. In the majority
(78 %) of the study spirometry sheets, post-bronchodilator
curves were provided. 

This study was specifically designed to evaluate the quality
of primary care spirometry by visual assessment of the
spirometry curves, and to study the quantity of clinical
information provided with the spirometry report sheets.
Evaluation of the actual value of performing spirometry in
terms of clinical diagnosis was not in the scope of the study.
Therefore, we did not try to analyse whether these spirometry
measurements were useful in aiding the achievement of the
correct diagnosis. 

There were limitations in the study protocol. Since we
assessed only spirometry reports enclosed with the referral
letters from primary care to specialists, we do not know how
well they represented all spirometry measurements in primary
care. Reproducibility of the exhalation is an important
additional quality criterion. This could not be evaluated by our
retrospective analysis of the curves. We were not able to
evaluate the adequacy of device calibration, either. Assessing
the amount of clinical information gained from the spirometry
sheets was one focus of this study. Therefore, only those flow-

volume report sheets with space left for this information were
included. This might have improved the results, because
adding information on the medication or patient cooperation
is more likely to happen if there is available space. However,
we know that this kind of spirometry report sheet is
commonly used in our primary care setting.

In the future, smaller, cheaper and simpler office
spirometers may replace the standard flow-volume spirometry
machines in primary care settings. These various new
machines, which often give only numerical values, may be
practical in the screening of obstructive pulmonary disease.
However, especially for diagnosis, it is essential to use high
quality spirometers which display flow-volume curves; the
ability to see displayed flow-volume curves is an important
part of both the quality control and interpretation of
spirometry testing. The curves should also be saved digitally in
an electronic patient record system for later comparison
during patient follow-up visits. 

The quality of the spirometry curves enclosed with the
asthma-related referral letters was good. Primary care
spirometry measurements, especially with a reversibility test,
offer additional high quality information when the patient is
referred for a specialist consultation; the previous spirometry
measurements can be compared with values obtained during
the initial specialist consultation to aid the diagnostic process,
and may even obviate the need for further spirometries.
Continuous education and quality assurance should draw
attention to the importance of providing adequate clinical
information in order to improve further the usefulness of
primary care spirometry to both GPs and specialists.
Main discussion points
The quality of the primary care flow-volume spirometries
assessed using predefined criteria was good in 79% of the
curves. Sharpness of the PEF and successful exhalation of the
entire volume seemed to be the critical points of the
spirometry test. The ability to see displayed flow-volume
curves is an important part of the quality control of spirometry
testing. Value of the clinical information on the report sheet
should also be emphasized. Interpretation of the test results
and comparison to previous spirometries are not reliable
without data on patient co-operation and recent use of both
the short-acting and long-term respiratory medication.
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