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P ulmonary function testing in tbe last decade has
moved from the research laboratory into the
daily practice of internal medicine and surgery.
The first report of a simple method of assessing air-
ways obstruction was in the late 1940s.'* It is not
surprising that in this relatively young feld the in-
terpretation of the tests {s stll not universally clear.

In recent discussions in the pulmonary section of\

the University of Oklahoma at Oklahoma City, one
specific question stood out. In a subject with dem-
onstrated abnormal measured spirometric values,
how much acute or chronic change is required to be
certain that improvement or deterioration has oc-
curred? In searching the literature we concentrated
on the evaluation of spirometry, since this bas been
examined in the greatest detail. The following assess-
es the data from the literature, as well as some of our
own data, and attempts to answer the question. We
recognize that this is not necessarily the final an-
swer, but hope it will generate some interest and
comments and make us pause and think about what
we label improvement and deterioration.

Siextricancs

The usual definition of a clinically significant dif-
ference from normal (an abnormal measured value
is a measured value that statistically would be ex-
pected in less than 5 percent of normal subjects. In
a Caussian population, this represents values that
are more than 1.65 times the coefficient of variation
below the mean. For example, the coefficient of
variation for FVC determined in a large group of

value 21.5 percent (1.65 X 13) smaller than the

normal subjects (Table 1) is about 13 pcrcent.j
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PoruraTiON SICNTFICANCE

The application of this significance criterion to
the parameters of spirometry in normal population
studies is illustrated in Table 1. Coeflicients of varia-
tion, using a 30-yearold, 173-cm tall man, are
Ziven from the studies of Morris et al,? Kory et al*
and Koudson et al.? The approximate average of the

;afiation for FVC, FEV,, and
EF .5-"51 are 13, 13, and.23 percent, respectively.
ying these coefScients of variadon by 1.65
will give significance levels of about 21, 21, and 41
percent, corresponding to the commonly used cri-
teria that values less than £Q, 80, and 60 percent of
the predicted values are normal values.$

SicxtricaNT Crances s Toue

One must identify coefficients of variation for mul-
tiple measurements within a day (acute changes)
and for determinations from week to week (chronic
changes) to develop criteria for the integpretation
of Hine sequential changes in values for individual
patients.

Acute CHANCE

Three studies that have presented data with mul-
tiple daily spirometric values are listed in Table 2.
McCarthy et al” tested 12 normal subjects ten times
each day with a coefficient of variation calculated
as shown in Table 2. Pennock et al* tested 20 sub-
jects with reversible ainvays obstruction nine times

Teble l—Population Coefficient of Variation®

Reference (No. in Study) FVC FEV, FEF 23.75%

mean is considered abnormal Morris® (517) 14.5 13.8 26
Plioiimbisioge iy eisofoms i oo S 2

?::::3 Administration \mnaj Center, OH%.S? o Koudsen* (128) 122 13.7 232
;:gﬁ:h University of Pimburgh School of Medicine, Sunmr'.v _ 13 13 ‘ 23
Reprint request: Dr. Rogers, Pulmonary Medicine, Scaife “Coeflicient of variation caleulated on the basis of 2 30-year-

Hall, Unicernty of lebmgh, Pittsburgh 15261
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old, 173-cm tall male.
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Table 2-~Individual (Within Day) Coeff=ent of,

Table 4—Significsnce Level (Changes Creqier than
Percent Shown)

Varietion
Reference (No. of Patjints, FVC FEV, FEF 23757
. . . .

No. of Tests Each) Ve FEV, FEF2.75% Populatios 2 2 m
McCarthy' (12, 10) 3 3 8 Within day
Peanock® (20, 9) 6.7 8.1 4 Normal ) 5 s 13
Hruby > (15, 10) Obstructive ) 11 13 23

Normal 3 3 Week-to-week .

Obstructive [ 7 Normal n 12 b4

Restrictive 9 11 Obstructive 21 3 30
Summary ‘

Normal 3 3 s Three studies have been identifed in which these
Obstructive 6.7 81 14 data are available (Table 3). In pormal subjects
= ot coeheiant of variation. significant week-to-week changes are 11 percent in _

- the FVC, 12 percent in the FEV,, and 21 percent

daily and found values for the coefScient of varia-
tion about twice those of McCarthy's normal sub-
jects. Similarly, Hruby et al* testing 15 subjects
ten times per day, found that the ranges of coefB-
cient of variation in both the obstructive and re-
strictive. subjects were about twice those of his
normal subjects. Multiplying each of the average
_values for coefficient of variation by 1.65 yields the
resule that a significant change within a day's time
in 2 normal subject is 5 percent or greater in FEV,
and FVC and 13 percent in FEF 23-75%. However,
ayignificant change in an obstructive patient is
ibout twice that of a normal subject, ie 11 per-
cent of FVC, 13 percent in the FEV,, and 23 per-
ent in the FEF 25-753%. As a general rule of thumb,
Tables 1 and 2 show that the daily individual vari-
ability in all tests fs about one-fourth the population
. variability in normal subjects and about one-balf of
+.the population variability in chronically obstructed
yubjects.
Crmoxzic Craxce

To evaluate long-term changes, one must look at
the coefficients of variation from week to week

Table 3—/Individual (Weak-10-Week) Coefficient of
Variotion

Reference (No. of Patieats,

No. of Tests Each) FvC FEV, FEF 25.75%
MeCarthy! (20, 10)

and (5, 25) S 7 13
Spicer®

Normal (11, 30-60) 78

Bronchitie (7, 30-60) 133

Asthmatic (10, 30-60) 143
Penoock® (20, 3)

Astbmatic 11.1 4.2 18.4
Summary

Norma! (%] 7 k)

Obstructive 18.4
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in the FEF 23.735%. The patients with obstructive
disease had greater variability than normal subjects, -
the variability being 21 percent in FVC, 23 percent
in FEV,, and 30 percent in FEF 25.75%. Again, in
week-to-week changes, the subjects with obstruc-
tion showed about twice the variability of the nor-
mal subjects.

Table 4 summarizes the data for population stud-
ies and for longitudinal studies in individuals, both
normal subjects and subjects with ainways obstruc-
tion. These levels define significance at the 95 per- —
cent confidence limit, based on the cited population ¢
studies.

APPLICATION

50001

As an example of the use of this type of informa-
tion, one of the tests frequently used in evaluation <0
of obstructed patients is the measurement of spi- 2
tometric parameters before and after administration’
of a bronchodilator. From Table 4 it is apparent
that an increase in FVC and FEV, by more than
approximately 12 percent; 11 percent in FVC; 13
percent in FEV,, or an increase in FEF 23-75% of
greater than about 25 percent (23 percent) repre-
sents a statistically significant change from the base-
line,

Similarly, if one is following up a patient over 2
long term, to assess a stable, deteriorating, or im-
proving condition, the week-to-week change (Table
4) in FVC and FEV,, must be greater than 20 to
25 percent or the change in FEF 25-75% greater than
about 30 percent.

The identification of subjects with spirometric
indices that are abnormal is commonly accom-
plished from a definition of clinical significance
based on the concepts of statistical significance at
the P<0.05 level \Ve have applied these concepts
to measured data to derive criteria for clinical sig-

nificance in relation to changes of measured spiro-

- CHEST, 80: 1, Juty, 158)
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metric values in an individual subject within a day
and from week to week. Again, we think this t;pe
of analysis vields clinically useful information, but
we recognize that there ity be better approaches.
\WVhether or not better approaches exist, we hope to
stimulate discussion of this very important question
of improvement or deterioration in an individual
patient.
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