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Objective: To design a spirometry-based algorithm to predict pulmonary restrictive impairment
and reduce the number of patients undergoing unnecessary lung volume testing.
Design: Two prospective studies of 259 consecutive patients and 265 consecutive patients used to
derive and validate the algorithm, respectively.
Setting: A pulmonary function laboratory of a tertiary care hospital.
Patients: Consecutive adults referred to the laboratory for lung volume measurements and
spirometry.
Measurements: The sensitivity of the algorithm for predicting pulmonary restriction and the cost
savings associated with its use.
Results: Total lung capacity correlated strongly with FVC (r � 0.66) and showed an inverse
correlation with the FEV1/FVC ratio (r � � 0.41). According to the algorithm, only patients with
an FVC < 85% of predicted and an FEV1/FVC ratio > 55% required lung volume measurements
following spirometry. The algorithm had a high sensitivity for predicting restriction and a high
negative predictive value (NPV) for excluding restriction (sensitivity, 96%; NPV, 98%). The
diagnostic properties of the algorithm were reproducible in the validation study. Application of
the algorithm would eliminate the need for lung volume testing in 48 to 49% of patients referred
to the pulmonary function test (PFT) laboratory, reducing costs by 33%.
Conclusions: A spirometry-based algorithm accurately excludes pulmonary restriction and
reduces unnecessary lung volume testing in the PFT laboratory almost in half.

(CHEST 2003; 123:1939–1946)
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P ulmonary function tests (PFTs) are performed in
order to diagnose and classify disease processes

that impair lung function. Impairments in lung func-
tion can be broadly classified as those resulting in
airflow obstruction, volume restriction, or a combi-
nation of obstructive and restrictive defects.1

Typically, airflow obstruction can be diagnosed
using spirometry alone by demonstrating a lower-
than-predicted FEV1/FVC ratio. Since affordable
hand-held spirometers are now widely available,

diagnosis of obstructive lung disease can easily be
made in an outpatient setting.2 However, spirometry
is less accurate at predicting pulmonary restriction.3
A low FVC seen on spirometry may be a clue to a
restrictive impairment; however, this is not a specific
finding since it can also be seen in patients with
severe obstruction with air trapping.4,5

If spirometry suggests a restrictive disorder, pa-
tients with this pattern are usually referred for
additional PFTs to confirm the diagnosis. Diagnosis
of a restrictive impairment depends on detecting a
reduced total lung capacity (TLC) by lung volume
measurement.6 Lung volumes can be measured by
plethysmography (“body box”), by helium-dilution
methods, or by the nitrogen-washout method.7 Mea-
surement of lung volumes is almost exclusively done
in licensed pulmonary function laboratories. With
very few exceptions, measurements of lung volumes
are ordered to diagnose restrictive pulmonary im-
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pairment, or to follow-up patients with suspected
restrictive pulmonary impairment.8

The ability of spirometry to predict a restrictive
disorder has been determined.3 The typical restric-
tive pattern (a reduced FVC below the 95th, and a
normal or above-normal FEV1/FVC ratio) had a
sensitivity of 68%. Of those with a restrictive spiro-
metric pattern, � 60% had true restriction by lung
volume measurements (positive predictive value
[PPV], 58%).3 This lack of a sensitive and affordable
means of screening for restriction has consequences
on clinical practice and the health-care system. It
creates a dependency on formal measurement of
lung volumes to establish a diagnosis, resulting in
additional health-care costs. Costs become even
more considerable when we consider that plethys-
mographic lung volume testing is ordinarily only
available at specialized referral centers, which neces-
sitates patient travel and additional expense associ-
ated with the testing.9

The objective of our study was to design a simple
algorithm to predict which patients require measure-
ments of lung volumes following spirometry to diag-
nose restrictive lung disease. To maximize the po-
tential information from spirometry, we examined
individual variables as well as combinations of vari-
ables. To be practical for most busy clinicians, and to
effectively direct patient management, this algorithm
had to have clear guidelines for interpretation and be
applicable to almost all patients presenting for spi-
rometry. An impetus toward development of this
algorithm was to significantly reduce the number of
unnecessary lung volume measurements that were
being ordered in our hospital to screen for restrictive
disease.

Materials and Methods

Data for the spirometry-derived algorithm were prospectively
collected from 259 white adults consecutively referred for PFTs
to the Ottawa Hospital, General campus, from November 2000 to
February 2001. Validation of the algorithm was obtained from an
independent cohort of 265 patients, fitting the identical inclusion
criteria, whose data were prospectively collected from March to
June 2001. Patients entered the study if spirometry and lung
volumes were ordered simultaneously by the referring physician.
Nonwhites and patients with technically inadequate tests (due to
poor patient effort or inability to perform spirometry) were
excluded. If the patient had undergone multiple lung volume
measurements over the study period, we used only the measure-
ments from their first visit. For patients who underwent spirom-
etry ordered before and after administration of bronchodilation,
the prebronchodilator spirometry was used as the reference and
compared to the prebronchodilator lung volume measurements.
The study was approved by the Ottawa Hospital Research Ethics
Board.

Spirometric testing was done by pulmonary technologists
registered with the Canadian Association of Cardio-Pulmonary
Technologists, and performed according to American Thoracic

Society (ATS) criteria.10 Testing was repeated until a minimum of
three acceptable flow-volume loops with FEV1 and FVC within
5% were obtained. Slow vital capacity (SVC) was obtained by
having the patient exhale to residual volume, and the volume of
a slow inspiratory vital capacity maneuver up to TLC was then
measured. Lung volumes were measured by plethysmographic
technique according to published guidelines11 using a Gould
2800 AutoBox Body Plethysmograph (Gould; Dayton, OH). A
minimum of two attempts with the functional residual capacity
reproducible within 5% were made for each patient.

We used prediction equations derived from healthy, nonsmok-
ing, white patients published by Crapo et al.12,13 Once the
algorithm was constructed, we retested it with alternative pre-
diction equations.14,15 According to ATS criteria, test values for
the FVC, SVC, FEV1, FEV1/FVC, FEV1/SVC, and the TLC,
which fell below the lower limit of the 95% confidence interval of
the predicted value, were classified as abnormal.6

Pearson univariate analysis was used to correlate spirometric
variables with the TLC, and the variables with the largest
correlation values were pursued. Multiple cut points of these
variables were analyzed in a series of 2 � 2 tables to determine
their sensitivity for predicting restriction, defined as a TLC below
the lower limit of the 95% confidence interval.6 Variables highly
sensitive in predicting restriction, which also reduced the number
of patients requiring subsequent confirmatory lung volume mea-
surements, were chosen and combined into the algorithm.

For the validation phase of the study, data were prospectively
collected from an independent patient cohort with the identical
inclusion/exclusion criteria and methods. The algorithm gener-
ated in the derivation phase of the study was applied to the
validation phase data, and the performance properties of the
algorithm were reassessed.

Results

A total of 259 spirometric tests and lung volume
measurements were performed during the deriva-
tion phase of the study. The mean (� SD) age of the
patients was 52.8 � 16.2 years, and 53.3% were
male. Fifty-five patients (21.2%) had a restrictive
defect by lung volume testing. Two hundred sixty-
five PFTs and lung volume measurements were
done during the validation phase of the study. The
mean (� SD) age of the patients was 54.2 � 15.6
years, and 55.5% were male. Sixty-three patients
(23.8%) had a restrictive defect by lung volume
testing.

Spirometric variables measured in the derivation
data set were correlated with TLC. TLC correlated
strongly with SVC and FVC (r � 0.71, p � 0.0001,
and r � 0.66, p � 0.0001, respectively) and showed
a moderate inverse correlation with the FEV1/FVC
and FEV1/SVC ratios (r � � 0.41, p � 0.0001, and
r � � 0.39, p � 0.001, respectively).

FVC and SVC were then comparatively analyzed
for their ability to predict a restrictive impairment.
Figure 1 shows the receiver operating curve compar-
ing the predictive ability of FVC and SVC. Calcu-
lated areas under the curve for FVC (0.90) and SVC
(0.89) illustrate that no difference exists between
their ability to predict a restrictive impairment.
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Because there was no advantage to pursuing SVC
over FVC in determining variables that predicted
restriction, we chose to continue our analysis with
FVC. FVC is more familiar to clinicians, and current
spirometric devices all measure it and include it as an
output variable.

Multiple cut points of FVC were analyzed in a
series of 2 � 2 tables to determine their sensitivity
for predicting restriction. We narrowed the range of
possible cut points by choosing those with a high
sensitivity for restriction (target sensitivity between
94% and 100%). From these, we chose the cut point
that required the fewest number of patients needing
additional lung volume measurements to confirm the
diagnosis. FVC � 85% of predicted performed the
best in predicting restriction, with a sensitivity of 98%.

Aside from FVC, FEV1/SVC and FEV1/FVC ratios
were the two spirometric variables that correlated
most strongly, and equally, with the TLC. The
FEV1/FVC ratio is more familiar to clinicians, and it
was chosen for further analysis. An FEV1/FVC ratio
� 55% had the highest sensitivity for predicting
restriction and required the fewest number of pa-
tients to continue to lung volume testing to confirm
the diagnosis. An FEV1/FVC ratio � 55% therefore
served as step 2 of our algorithm. Step 1 and step 2
were combined into the spirometric algorithm as

shown in Figure 2. The combined sensitivity of this
algorithm was 96% (specificity, 61%; PPV, 40%;
negative predictive value [NPV], 98%). Use of the
algorithm would have resulted in only 133 of 259
patients (51%) proceeding to lung volume testing for
confirmation of restriction (Table 1).

Spirometric and lung volume measurements were
measured prospectively over a subsequent 4-month
period on 265 patients for the validation phase of our
algorithm. We re-ran the algorithm on the validation
data set. The overall sensitivity for predicting restric-
tion in the validation set, using our algorithm,
was 94% (specificity, 61%; PPV, 43%; NPV, 97%)
[Table 1]. Use of the algorithm required that 137 of
265 patients (52%) proceed to lung volume measure-
ments to confirm the diagnosis (Fig 2).

To test whether our algorithm would perform if a
different set of prediction equations were used, we
re-ran the validation data using spirometry predic-
tion equations from Morris et al14 and lung volume
prediction equations from Goldman and Becklake.15

Of the 265 patients, 70 patients (26%) had a restric-
tive defect using Goldman and Becklake15 lung
volume criteria. An analysis of the accuracy of the
algorithm with the alternative prediction equations
yielded results consistent with those obtained when

Figure 1. Receiver operating curve comparing the ability of FVC and SVC to predict restriction.
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using the equations of Crapo et al12,13 (sensitivity, 94%;
specificity, 67%; PPV, 51%; NPV, 97%) [Table 2].

The number of patients with a specific physiologic
diagnosis based on spirometry and lung volume
testing, using the predicted values of Crapo et al12,13

and ATS criteria,6 is shown in Table 3. Forty-four of
259 patients (17%) and 56 of 265 patients (21%) in
the derivation and validation studies, respectively,
had a pure restrictive defect. A combined restrictive

Table 1—Ability of Algorithm To Predict Restrictive
Pulmonary Impairment in Derivation and

Validation Studies*

Variables Restricted Not Restricted Total

Derivation: accuracy of the
algorithm to predict
restriction†

Proceed to lung volumes 53 80 133
Lung volumes unnecessary 2 124 126
Total 55 204 259

Validation: accuracy of the
algorithm to predict
restriction‡

Proceed to lung volumes 59 78 137
Lung volumes unnecessary 4 124 128
Total 63 202 265

*Data are presented as No. of patients.
†Sensitivity, 53 of 55 patients (96%); PPV, 53 of 133 patients (40%);
specificity, 124 of 204 patients (61%); NPV, 124 of 126 patients
(98%); proceed to lung volume measurements, 133 of 259 patients
(51%).

‡Sensitivity, 59 of 63 patients (94%); PPV, 59 of 137 patients (43%);
specificity, 124 of 202 patients (61%); NPV, 124 of 128 patients
(97%); proceed to lung volume measurements, 137 of 265 patients
(52%).

Table 2—Validation Study: Accuracy of the Algorithm
Using Alternative Prediction Equations*

Variables Restricted Not Restricted Total

Proceed to lung volumes 66 64 130
Lung volumes unnecessary 4 131 135
Total 70 195 265

*Data are presented as No. of patients. Sensitivity, 66 of 70 patients
(94%); PPV, 66 of 130 patients (51%); specificity, 131 of 195 patients
(67%); NPV, 131 of 135 patients (97%); proceed to lung volume
measurements, 130 of 265 patients (49%). Alternate prediction
equations are from Morris et al14 and Goldman and Becklake.15

Figure 2. Spirometric algorithm for predicting a restrictive pulmonary defect: a comparison of the
derivation and validation studies.
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and obstructive defect was detected in 11 of 259
patients (4%) and 7 of 265 patients (3%), respec-
tively, in the derivation and validation studies. A total
of 21% and 24% of patients, respectively, in the
derivation and validation studies were restricted.

The referring diagnosis of patients in the valida-
tion study is shown in Table 4. Seventeen of 265
patients (6%) were referred with a known diagnosis
of interstitial lung disease, and 16 of 265 patients
(6%) had suspected interstitial lung disease. An
additional seven patients had suspected pleural or
chest wall restrictive disease. In total, 40 of 265
patients (15%) were referred to the laboratory with
suspected restrictive lung disease.

We tested the ability of the algorithm to detect
restriction for the subgroup of patients who were
referred to the laboratory with suspected parenchy-
mal, pleural, or chest wall restriction. Of the 40
patients whose referral diagnosis indicated suspected
restrictive impairment, 24 patients ultimately had a
restrictive pulmonary impairment confirmed by
body-box lung volume testing. All 24 patients were
picked up by the algorithm and recommended for
further lung volume testing. In this subgroup of
patients with suspected restriction, the algorithm
had a sensitivity of 100%, NPV of 100%, specificity
of 75%, and PPV of 86%.

Patients with moderate-to-severe obstructive de-
fects were also analyzed as a subgroup. A plot of TLC
percentage of predicted vs FEV1/FVC ratio for the
subgroup of patients with an FVC � 85% of pre-
dicted and an FEV1/FVC ratio � 55% in the valida-
tion study is shown in Figure 3. These are a group of

patients with at least moderate airflow obstruction,
for whom the algorithm does not recommend lung
volume testing. Figure 3 shows four patients with a
TLC between 85% and 100% of predicted, who may
have a potential restrictive process that may be
obscured by a higher-than-normal baseline TLC due
to overinflation. Potential restricted cases such as
these are not typically detected by current ATS
criteria.6

A cost analysis comparing utilization of our al-
gorithm to current practice patterns is shown in
Table 5. In Ontario, adding lung volume measure-
ments to spirometry increases the costs of PFTs
by 66%.16 We determined, at our institution, that
1,200 individual patients had combined spirometry
and lung volume measurements ordered by physi-
cians in 2000. Assuming that all the tests were
ordered to diagnose restriction, use of our algorithm
would have prevented 48 to 49% of these patients
from undergoing lung volume testing. Adoption of
our algorithm would have thus resulted in 588 fewer
measurements of lung volumes following spirometry
at our institution. This would have resulted in an
overall cost reduction of 33%.

Discussion

The objective of this study was to design a simple
algorithm that would help clinicians and pulmonary
function laboratories to decide which patients should

Table 3—Patients With a Specific Physiologic
Diagnosis Based on PFT Results*

PFT Classification

Derivation
Study

(n � 259)

Validation
Study

(n � 265)

Pure restriction 44 (17) 56 (21)
Combined restrictive/obstructive 11 (4) 7 (3)
Pure obstruction 76 (29) 69 (26)
Normal 128 (49) 133 (50)
Total 259 (100) 265 (100)

*Data are presented as No. (%). ATS definitions are as follows: pure
restriction, TLC � the lower limit of the 95% confidence interval of
the predicted value and an FEV1/FVC ratio � the lower limit of the
95% confidence interval of the predicted value; combined,
TLC � the lower limit of the 95% confidence interval of the
predicted value and an FEV1/FVC ratio � the lower limit of the
95% confidence interval of the predicted value; pure obstruction,
TLC � the lower limit of the 95% confidence interval of the
predicted value and an FEV1/FVC ratio � the lower limit of
the 95% confidence interval of the predicted value; normal,
TLC � the lower limit of the 95% confidence interval of the
predicted value and an FEV1/FVC ratio � the lower limit of the
95% confidence interval of the predicted value.

Table 4—Referral Diagnosis in the Validation
Data Set

Referral Diagnosis
No. (%)

[n � 265]

Nonspecific respiratory symptoms
(dyspnea, cough, and/or wheeze)

55 (21)

Other medical diagnosis* 38 (14)
Asthma 37 (14)
COPD 30 (11)
Unspecified lung mass/cancer 28 (11)
Interstitial lung disease, known† 17 (6)
Interstitial lung disease, suspected‡ 16 (6)
No diagnosis indicated 13 (5)
Preoperative 10 (4)
Pleural/chest wall disease 7 (3)
Obstructive sleep apnea 8 (3)
Miscellaneous§ 6 (2)

*Hematologic cancers/pre-chemotherapy.
†Idiopathic pulmonary fibrosis, sarcoidosis, bronchiolitis obliterans
organizing pneumonia, scleroderma, rheumatoid arthritis, systemic
lupus erythematosus.

‡CREST (calcinosis, Raynaud phenomenon, esophageal dysmotility,
sclerodactyly, telangiectasia), rheumatoid arthritis, systemic lupus
erythematosus, restriction unspecified.

§Pulmonary hypertension, pulmonary emboli, bronchiectasis.
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undergo measurement of lung volumes following
spirometry. Since lung volume measurements are
almost always ordered to diagnose restrictive pulmo-
nary disease, the algorithm was designed to predict
the presence or absence of pulmonary restriction
using spirometry. The goal was to design an algo-
rithm that was highly sensitive for predicting a
restrictive defect, and whose use would significantly
reduce the number of unnecessary lung volume
measurements currently being ordered by clinicians.

We have designed an algorithm that is sensitive for
predicting pulmonary restriction and which reduces
the number of unnecessary lung volume measure-
ments by almost half. According to this algorithm,
only patients with an FVC � 85% of predicted who
also have an FEV1/FVC ratio � 55% require further
lung volume measurements to confirm the diagnosis
of restrictive lung disease.

Physiologically, this algorithm makes intuitive

sense. Those patients with an FVC � 85% predicted
are unlikely to be restricted and do not require lung
volume measurements. Similarly, patients with a low
vital capacity, but who also have obstructive disease
on spirometry (ie, FVC � 85% of predicted and an
FEV1/FVC� 55%), have a reduced vital capacity
because of air trapping, with impingement on their
vital capacity by a high residual volume. These
patients are also very unlikely to have true restrictive
pulmonary disease and do not require measurements
of lung volumes.

The sensitivity of this algorithm is 94 to 96%, and
use of the algorithm avoids unnecessary lung volume
tests in 48 to 49% of patients when compared with
current clinical practice. At our institution, this
results in a 33% reduction in the cost of PFTs. When
validated in an independent and prospective study,
and when tested using alternative prediction equa-
tions, these results were consistent and reproducible.

Figure 3. Validation study: TLC percentage of predicted vs FEV1/FVC ratio (subgroup of patients
with FVC � 85% and an FEV1/FVC ratio � 55%).

Table 5—Cost Analysis Comparing Current Practice to Costs Associated With Adoption of the Algorithm*

Variables

Spirometry Lung Volume
Total Yearly

Cost, $Cost No. per Year Cost No. per Year

Current practice 16.75 1,200 33.20 1,200 59,940
Using the algorithm 16.75 1,200 33.20 1,200 � 0.51 � 612 40,418

*Total potential savings are $19,522/$59,940 per year (33% of total costs). Costs are calculated in Canadian dollars.
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We foresee the algorithm being incorporated into
clinical practice at the level of the practicing clini-
cian. Clinicians would perform office or community
spirometric testing and use the algorithm to decide
which patients require subsequent referral to the
PFT laboratory for lung volume testing.

Similarly, the algorithm can also be applied at the
level of the PFT laboratory. Some referrals for
combined spirometry and lung volume testing come
into the PFT laboratory because the referring phy-
sician has simply “checked off all of the boxes” on the
requisition form. For those patients for whom the
algorithm does not recommend lung volume testing
after spirometry, lung volumes can still be performed
as requested, but the algorithm can be included and
sent to the referring physician to help direct the
necessity of future lung volume requests.

Conversely, for the occasional patient in whom the
referring physician had only ordered spirometry, and
not lung volume measurements, the laboratory could
decide to perform measurements of lung volumes if
the algorithm suggested that the patient has a rela-
tively high probability of being restricted (ie, patients
whose spirometry shows an FVC � 85% of predicted
and an FEV1/FVC ratio � 55%). Thus, adoption of
this algorithm over the current clinical practice
pattern could result in the following: (1) fewer
patients unnecessarily undergoing lung volume mea-
surements to rule out restriction, and (2) fewer
missed cases of restriction, since pulmonary function
laboratories could automatically measure lung vol-
umes in patients whose spirometry showed an FVC
� 85% and an FEV1/FVC ratio � 55%.

Previous studies have investigated the relationship
between single-breath alveolar volume (Va) and
TLC, and have determined that Va accurately pre-
dicts TLC in patients with mild or no airflow ob-
struction.17 This suggests that an algorithm predict-
ing restriction could be alternatively composed of Va
and the FEV1/FVC ratio. However, measurements
of Va must be made in the PFT laboratory. A
substantial amount of decision making regarding
which patients need referral for lung volume testing
takes place in the clinician’s office, following spirom-
etry; therefore, an algorithm that incorporated Va
would not eliminate unnecessary referrals, whereas
our algorithm is designed to be applied following
spirometry, thus avoiding PFT laboratory referrals.

Race has consistently shown to be an important
predictor of lung function. Compared to white sub-
jects, values for other races usually show smaller lung
volumes. The reason for the difference in race is
unclear, but it is thought to be related to differences
in body build or environmental and socioeconomic
difference.5 In both the derivation and validation
phases of our study, we utilized prediction equations

from Crapo et al,12,13 which were derived from white
patients. To be consistent with the prediction equa-
tions, we restricted our study population to white
patients. Our algorithm can therefore only be reli-
ably used on white patients, and cannot accurately
predict results for other races.

There are a small number of patients for whom
the algorithm may not be relevant. A small number
of patients undergo lung volume measurements for
reasons other than the diagnosis of restrictive lung
disease. For example, lung volumes are occasionally
measured to determine the residual volume and
degree of hyperinflation in patients with severe
emphysema prior to volume reduction surgery. Our
algorithm would obviously not be relevant for use in
this clinical situation. Similarly, the algorithm would
not be applicable to those patients with known
interstitial lung disease who undergo serial testing of
lung volumes for purposes of monitoring disease
progression.

Both a pure restrictive defect and a combined
obstructive and restrictive disorder are described by
a TLC below the 95% confidence interval, and it is
this definition we chose for identifying restrictive
lung diseases in our algorithm; however, there are
potential limitations to using the ATS definition of
restriction in cases of combined restriction and
obstructive defects. Patients with severe obstruction
with overinflation often have an enlarged residual
volume and TLC. If there is a concurrent restrictive
defect, TLC may then fall within the normal range.
If one defines restriction strictly by the ATS criteria,
then these cases may be missed.

In order to examine how this may affect our
algorithm, we looked at those patients with obstruc-
tion for whom the algorithm does not recommend
lung volume testing, defined as patients with an FVC
� 85% of predicted and an FEV1/FVC ratio � 55%.
A plot of the TLC percentage of predicted and
FEV1/FVC ratio in this subgroup of patients shows
four patients with a TLC between 85% and 100% of
predicted (Fig 3). These are patients for whom the
diagnosis of restriction cannot be made by current
ATS criteria for interpreting lung volumes, but
whose diagnosis must rely on radiologic criteria or
clinical suspicion.

The algorithm was very accurate at detecting
restriction in those in whom the disorder was either
suspected clinically or previously diagnosed. A sub-
group analysis of the 40 patients in the validation
study referred with suspected restrictive lung disease
showed that the algorithm performed with 100%
sensitivity and a 100% NPV.

Although our algorithm has a high sensitivity, it
missed a total of 6 patients (1.1%) with restriction
from the combined data set of 524 patients. A
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detailed look at these patients showed that they all
had a TLC that was only marginally low, suggesting
that most patients with clinically important restric-
tion will not be missed when applying our algorithm.

A cost analysis of our algorithm compared to the
current clinical practice pattern shows that adoption
of our algorithm would cut the costs of combined
spirometric and lung volume testing by 33%. At our
institution, this amounted to a cost savings of almost
$20,000 (Canadian) per year. These calculated cost
savings might be expected to be even greater in
centers in the United States, where the charge for
performing and interpreting lung volume measure-
ments can be up to $130 (US dollars) per test.3
Combining these potential cost savings with the
improved sensitivity in diagnosing restriction makes
adoption of our diagnostic algorithm both medically
reasonable and economically wise.
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