| ‘&{Y}”{' Intermountain

LDS Hospital

8th Avenue and C Street
Salt Lake City, Utah 84143
(801) 408-1100

TEST REPORT
Device: ndd EasyOne Pro Spirometer
Testing dates: June 26 and 29, 2009
Present: . LDS Hospital
Heather Gallo

Robert O. Crapo, M.D.
Robert L. Jensen, Ph.D.

Dynamic Wave Form Testing

Dynamic testing was performed using standards published by the American Thoracic Society
(Crapo RO, Chair. Standardization of spirometry: 1994 Update. Official Statement of the
American Thoracic Society. Am J Respir Crit Care Med 1995; 152:1107-1136) using a
computer driven spirometry simulator. The standards used were those for diagnostic devices.
For forced vital capacity (FVC), forced expired volume in one second (FEV1), and FEF25-75%,
the 24 standard volume-time waveforms were used. For peak flow (PEF), the 26 standard flow-
time forms were used. Each waveform was delivered into the device five times. Mean values

were used to score performance. '




Test Report: ndd EasyOne Pro Spirometer
Test Date: June 26 and 29, 2009

Page 2

Dynamic waveform testing results

Forced Vital Capaci VC):

Standard: The acceptable performance criteria for accuracy are deviation from target +3%
or + 0.050 liters, whichever is greater with no more than one error. The criteria were
increased to £3.5% or 0.100 liters to account for the estimated inaccuracy and imprecision of

the waveform generator.

Precision testing: Only intra-device testing is required for diagnostic devices. The criteria
for acceptable performance are that, for each waveform, the range of values must be less than
0.10 liters or range (%) less than 3.5% with no more than one error.

Results: See the attached data sheets.

Accuracy: The average deviation from target, calculated as the value measured by the spirometer
minus the ATS target value, is -0.09 liters (-2.24%). No errors were observed.

Precision: The average range was 0.02 liters (0.69%). No errors were observed.

Summary: The ndd EasyOne Pro meets ATS recommendations for accuracy and precision in the
measurement of FVC.

Forced expired volume in one second (FEV,):

Standard: The acceptable performance criteria for accuracy are deviation from target £3%
or £ 0.05 liters, whichever is greater with no more than one error. The criteria were
increased to £3.5% or 0.100 liters to account for the estimated inaccuracy and imprecision of
the wave form generator.

Precision testing: Only intra-device testing is required for diagnostic devices. The criteria

for acceptable performance are that, for each waveform, the range of values must be less than
0.10 liters or range (%) less than 3.5%. With no more than one error.

Results: See attached data sheets.
Accuracy: The average deviation from target was -0.06 liters (-2.13%). No errors were observed.
Precision: The average range was 0.02 liters (0.77%). No errors were observed.

Summary: The ndd EasyOne Pro meets ATS recommendations for accuracy and precision in the
measurement of FEV.
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Midflows (FEF25-75% or MMEF)

Standard: The criteria for accuracy are £5.5% or 0.250 liters/sec of target value, with no
more than one error.

Precision testing: Only intra-device testing is required for diagnostic devices. The criteria for
acceptable performance are that, for each waveform, the range of values must be less £5.5%
or 0.250 liters/sec with no more than one error.

Results: See attached data sheets
Accuracy: The average deviation from target was -0.04 liters/sec (-1.87%). No errors were observed.
Precision: The average range was 0.04 liters/sec (1.86%). No errors were observed.

Summary: The ndd EasyOne Pro meets ATS recommendations for accuracy and precision in the
measurement of FEF25.75.

Peak Flow (PEF):

Standard: The criteria for accuracy are 25 liters/minute (0.42 liters/second) or +12% with
no more than one error.

Precision Testing: The ATS standards do not specifically address intra-device precision
testing for peak flow measured by diagnostic devices. We therefore chose the inter-device
criteria applied to peak flow meters. Specifically, range must be within 25 liters/minute (0.42
liters/second) or range (%) must be within 11%, whichever is larger. One error is allowed.

Results: See the attached data sheets. Only the 26 standard flow-time waveforms were scored. The
data sheet with results for the 24 standard volume-time waveforms is included for your

information only. '

Accuracy: The average deviation from target was -0.051 liters/sec (-0.441%). No errors were
observed.

Precision: The average range was 0.10 liters/sec (1.506%). No errors were observed.

Summary: The ndd EasyOne Pro meets ATS recommendations for accuracy and precision in the
measurement of peak expiratory flow on the 26 standard flow-time waveforms.
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Human Subject Testing

Standard: Measurements of FVC and FEV; from the test spirometer are compared to
measurements done on a standard spirometer and on the ndd EasyOne Pro in two human
subjects. The largest of three trials on each spirometer is used for comparisons. The ‘
differences for both FVC and FEV; must be within 6% or 200 mi, which ever is larger. No

errors are allowed.

Method: Two healthy subjects were tested on two devices: a standard horizontal rolling seal
spirometer and on the ndd EasyOne Pro. Each subject blew three times into each spirometer,
alternating spirometers with each blow. One subject began blowing into the ndd EasyOne Pro
spirometer, the other into the standard rolling seal spirometer.

Results: See attached data sheets. For FVC and FEV,, the largest absolute difference observed was
0.21 liters and the largest percent difference was 6.169%. No errors were observed for FVC
or FEV,. For peak flow, the largest absolute difference observed was 0.19 liters/second and
the largest percent difference was 2.045%. No errors were observed.

Summary: The ndd EasyOne Pro meets ATS standards for human subject testing for FVC, FEV,, and
peak flow.

BTPS Testing

Standard: The ATS recommendations require wave forms 1-4 of the 24 standard waveforms
be injected with heated (temp 37 °C + I °C), humidified air. Three trials are made and the
average used for scoring. Only FVC and FEV; are scored. Comparisons are made with the
ATS target values. Acceptable accuracy is defined as +4.5% or 200 ml; no errors are
allowed. Peak Flows are reported for your information only.

Method: Heated humidified air (36.5°C; relative humidity 95.6%) was injected into the spirometer.
Three injections each of wave forms 1, 2, 3, and 4 were made. Average measured values

were compared to ATS target values.

Results: See attached data sheet. The average deviation from target for FVC was -0.018 liters (-
0.836%). -For FEV|, the average deviation from target was 0.014 liters (0.038%). No errors
were observed in the measurement of FVC or FEV,. The average deviation for PEF was

0.078 liters/sec (1.010%).

Summary: The ndd EasyOne Pro meets ATS recommendations for accuracy in the measurement of
FVC and FEV; under BTPS conditions.
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DL.co Simulator Testing

A DLco simulator, manufactured by Hans Rudolph, Inc., was used to test the accuracy of the ndd
EasyOne Pro in measuring DLco. The device consists of two calibrated syringes used in conjunction
with precise gas mixtures. The ndd EasyOne Pro was tested after routine setup and calibration. The
DL simulator device simulates an inhalation by withdrawing a known volume of DL¢o test gas from
the device being tested with a calibrated syringe. After the normal 10 second breath hold period for a
DL o maneuver, a valve on the simulator is turned and, using a second syringe, a precision gas
mixture is injected into the instrument being tested, simulating a patient’s exhalation.

DLco simulator testing was performed with the following protocol:

Using three inspired volumes (3, 4 and 5 liters) using three sets of simulated alveolar gas
concentrations:

1. Low Gas CO =0.130%, He = 5.30%, 02=17.00%, CO2 = 5.00%, Bal. N2
2. Medium Gas CO =0.100%, He = 6.50%, 02= 17.00%, CO2 = 5.00%, Bal. N2
3. High Gas CO = 0.080%, He = 7.19%, 02= 17.00%, CO2 = 5.00%, Bal. N2

A high precision “test” gas was attached to the ndd EasyOne Pro device that contained the following
gas concentrations:

Test Gas: CO = 0.300%, He = 10.00%, 02=20.99%, CO2 = 0%, Bal. N2

The unit was tested six times at each volume/concentration level (total 54 simulation tests). The first
test of each volume/concentration level was discarded to ensure that all gas lines and the simulator
was flushed from the previous simulator gas.

Calculations were made using the EasyOne QC software program to predict the measured DLco
(target) given the inhaled volume, breath hold time and precision gas concentrations used with-the
simulator. The breath hold times used in this comparison came from the ndd EasyOne Pro.

Results: See the attached data sheets for details of the DLco comparisons. Summary data are
presented in this report.

There are no industry (IEEE or equivalent) or society standards (e.g. American Thoracic Society or
European Respiratory Society) for accuracy and precision for the measurement of the DLco with a

DI ¢ simulator.

Accuracy of the simulator syringes is thought to be excellent. However, no independent validation of
the volume calibration has been made. The gases used in the simulator are accurate within known
tolerances of gravimetric mixing (< 1% absolute). Differences between the ndd EasyOne Pro
reported gas concentrations and the simulator gas values may, in part, be due to small differences
between the reported concentrations on the simulator gas tanks and the actual concentrations. Finally,
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calculation of DLcg by the ndd EasyOne Pro may be slightly different than the calculations made in
the Hans Rudolph, Inc. EasyLab QC program.

In a recent publication by Jensen, et al (Chest 2007; 132:388-395) evaluating the accuracy of DLco
instruments, DLco measurement errors were defined as a difference from the simulator target of +/-
2.0 ml CO/min/mmHg. This definition was based in part on the work of Punjabi et al (Chest 2003;
123:1082-1089). In the study by Jensen et al, all 5 instruments tested had error rates ranging from
2.8% to 78% during simulation testing (> 2.0 ml CO/min/mmHg from simulation target).

The differences between the simulator targets and DLco values measured by the ndd EasyOne Pro at
every volume/simulator-gas combination were all less than 1.25 ml CO/min/mmHg. The device
showed no errors in measurement of DL¢o using the above definition, performing better than the
instruments tested by Jensen, et al.

Mean deviations from the target DL¢o values were all less than 0.75 ml CO/min/mmHg for each test
level. When expressed as a percent of the average target value all were less than 2% except the low
simulation gas using 3.0 Liter inspired volumes. For all testing levels, the ranges of the differences
were all less than 2.0 ml CO/min/mmHg.

OVERALL SUMMARY

The ndd EasyOne Pro meets ATS recommendations for accuracy and precision in measuring FVC,
FEV,, FEF25-75%, and PEF under ambient and BTPS conditions. The ndd EasyOne Pro performs
acceptably in the measurement of DLco.

The testing done in the LDS Hospital laboratory uses criteria published by the American Thoracic
Society. Meeting the criteria does not imply endorsement or acceptance by the ATS.

Sincerely yours, - g"rw

Robert O. Crapo, M.D.

Medical DirecY{‘lﬂj;oriry Laboratory
Robert L. Jensen, Ph.D.

Biophysicist, Pulmonary Laboratory
Telephone: 801-408-1610

FAX: 801-408-1671
E-mail: ldrcrapo@ihc.com
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