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Abstract

Objectives: Determine the prevalence of suboptimal peak inspiratory flow rate (PIFR) and associated patient
characteristics and compare PIFR measurements obtained with spirometry and In-Check DIAL® device in
ambulatory patients with COPD.

Methods: Patients underwent PIFR measurement with In-Check DIAL® device and pulmonary function testing
with calibrated equipment. Group characteristics and lung function were compared for patients with suboptimal
(£ 60 L/min) and optimal (> 60 L/min) PIFR. Receiver operating curve analysis determined the best maximal
forced inspiratory flow (FIF max) value in identifying optimal PIFR by gender and height.

Results: From July 1, 2016 to January 31, 2018, a total of 303 patients with chronic obstructive pulmonary
disease (COPD) had PIFR and pulmonary function measurements. Group mean age was 65.5 + 11.3 years with
equal gender distribution. Suboptimal PIFR was observed in 61 (20.1%) patients. A significant correlation was
observed between PIFR and FIF max, inspiratory capacity and residual volume (RV) to total lung capacity (TLC)
ratio.

In the suboptimal PIFR group, mean FIF max measured by spirometry was significantly less compared with
the optimal PIFR group; 178.5 + 56.9 L/min and 263.4 + 89.9 L/min, respectively (p<0.0001). Receiver operator
curve analysis of FIF max to identify an optimal PIFR yielded an area under the curve of 0.79. Males < 65 inches
had a suboptimal PIFR in 16.7 % of the male cohort, while females < 65 inches had a suboptimal PIFR in 27.4%
of the women.

Conclusions: Suboptimal PIFR was present in 1 in 5 stable patients with COPD and was more frequent in short
statured females. Spirometry determined FIF max was associated with PIFR based on gender and height.

Abbreviations: peak inspiratory flow rate, PIFR; maximal forced inspiratory flow, FIF max; chronic obstructive pulmonary disease, COPD;
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Introduction

Inhaled bronchodilators are frequently prescribed
for symptomatic relief of dyspnea and to treat acute
exacerbations in patients with chronic obstructive
pulmonary disease (COPD). Over the past decade,
advances in the treatment of COPD have resulted in
a proliferation of inhaled bronchodilators and anti-
inflammatory agents and aerosol delivery devices,
including metered dose inhalers, dry powder inhalers
(DPI), soft mist inhalers and nebulizers. The expansion
in the combinations of inhaled therapies and diversity
of aerosol delivery devices presents a challenge
to patients and providers. Patients must have the
cognitive ability and manual dexterity to adequately
perform specific inhalation maneuvers with a given
aerosol delivery device according to the manufacturer’s
specifications in order to achieve adequate lower
respiratory tract deposition.l’? Additionally, there is
increasing awareness that aerosol delivery devices and
patient factors can influence medication adherence
and clinical outcomes.®>*% Hence, current Global
initiative for chronic Obstructive Lung Disease
(GOLD) guidelines recommend that providers
prescribe inhalation delivery devices based on an

individual’s ability and preference.®

As a class of aerosol delivery devices, the DPI is
effective and commonly used in the management
of COPD. Its popularity is due to the compact size,
convenience, ease of use and limited need for hand-
breath coordination, such thatthe DPIaccounts for 60%
of the international market of inhaled medications.”
Currently, 10 commercial DPIs are available for delivery
of long-acting bronchodilators and corticosteroids.®
However, lower respiratory tract delivery from a DPI is
dependent on a patient’s inspiratory flow. The optimal
peak inspiratory flow rate (PIFR) for adequate drug
delivery from a Diskus DPI is reported to be greater
than 60 L/min.>"® Furthermore, measurement of
PIFR allows objective evaluation of a patient’s ability
to generate enough inspiratory force for effective
drug delivery from a DPI and several commercially
available devices are available to measure PIFR.’
Another assessment of peak inspiratory flow is the
maximal forced inspiratory flow (FIF max) that is
measured with spirometry. However, there is limited
data comparing the measurement of peak inspiratory
flow using different devices in ambulatory patients
with COPD. Thus, the aims of the study were to
1) determine the prevalence of a suboptimal PIFR and
describe the associated patient characteristics and 2)
compare PIFR measurements obtained with an In-
Check DIAL® device and a calibrated spirometer in
stable, ambulatory patients with COPD.

Materials and Methods

Participant Selection

From July 2016 to January 2018, we enrolled
consecutive ambulatory patients with COPD
undergoing pulmonary function testing at the
University of Texas Medical Branch. All patients
underwent spirometry and lung volume measurements
(Medgraphics, MGC Diagnostics Corp.,, Saint
Paul, Minnesota) with daily-calibrated equipment.
Lung volume measurements were determined by
plethysmography. Pulmonary function testing was
performed using American Thoracic Society (ATS)?
performance standards by registered pulmonary
function technologists. Inclusion criteria were adult
ambulatory patients with obstructive ventilatory
defect defined as forced expiratory volume in 1 second
(FEV1)/forced vital capacity (FVC) <0.70 without an
exacerbation in the past 30 days. Exclusion criteria
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include pulmonary function testing with an FEV1/FVC
> 0.70, inability to follow verbal instructions, acutely
worsening symptoms or testing that did not meet ATS
performance criteria.

Measurements

As part of standard spirometry, a forced inspiratory
vital capacity maneuver was performed through a low
resistance spirometer that provided a measurement
of FIF max.!! After pulmonary function testing, a
respiratory therapist measured PIFR with an In-Check
DIAL® device (Clement Clarke International Ltd,
Harlow, United Kingdom) that was set to match the
internal airflow resistance of a Diskus inhaler. The In-
Check DIAL® device measures inspiratory flow from
15-120 L/min and the manufacturer specifications
indicate the device is accurate to within 10% or 10
L/min. Patients were seated with a nose clip and
instructed to exhale gently to functional residual
capacity with a tight seal around the device followed by
a rapid inhalation to maximal lung capacity. Patients
were instructed to inhale as fast as possible and for
as long as possible.? The maneuver was performed
3 times and the greatest measurement recorded. The
study was approved by the University of Texas Medical
Branch Institutional Review Board (12-171) and
written consent waived.

Statistical Analysis

Allvaluesrepresent mean +standard deviation. Patients
were classified according to PIFR measurements
classed as optimal (> 60 L/min) or suboptimal (PIFR <
60 L/min). A comparison of patient characteristics with
optimal and suboptimal PIFR was performed using an
unpaired t-test. Chi square analysis was performed
to compare categorical variables between the PIFR
groups. Pearson correlation was performed to assess
the relationship of PIFR with FEVi, FVC, inspiratory
capacity and residual volume (RV) to total lung
capacity (TLC) ratio. In addition, a receiver operating
curve (ROC) analysis was performed to determine the
best FIF max value in identifying optimal PIFR for
the entire cohort and for subgroups based on gender
and height using Youden’s Index. Logistic regression
analysis was performed regarding the interaction of
gender and height on PIFR. A p-value of < 0.05 was
considered statistically significant. The analysis was
performed by using SAS version 12 (SAS Institute,
Inc., Cary, North Carolina).

Results

Cohort Characteristics

Over a 19-month period, 303 unique patients with
COPD underwent spirometry and PIFR measurements
with an In-Check DIAL®. The group mean age was 65.5
+ 11.3 years with an even gender distribution (Table
1). Spirometry measurements for the entire group
showed the presence of moderate airflow obstruction
as determined by 2007 GOLD guidelines.!?
Measurement of PIFR with In-Check DIAL® allowed
separation of patients according to optimal (> 60 L/
min) and suboptimal PIFR (< 60 L/min) (Table 1).
Sixty-one patients (20.1%) had a suboptimal PIFR
value.

Relationship Between PIFR and Pulmonary
Function Tests

In the suboptimal PIFR group, lung function
measurements demonstrated a significantly lower
FEVi, total lung capacity (TLC) and inspiratory
capacity compared to the optimal PIFR group. In
addition, the RV/TLC was significantly greater in the
suboptimal PIFR group. A significant correlation was
demonstrated between PIFR and inspiratory capacity
as well as residual volume (RV)/TLC (Figures 1 and 2).
The correlation between PIFR and inspiratory capacity
(r=0.40, p< 0.0001) was stronger than the relationship
between RV/TLC and PIFR (r = - 0.19, p = 0.002).
Similarly, a strong correlation was observed between
PIFR and FIF max (r = 0.65, p< 0.0001).

Receiver Operator Curve Analysis

In the suboptimal PIFR group, the mean FIF max
value obtained by spirometry was 178.5 + 56.9 L/
min, significantly lower than the FIF max value in
the optimal PIFR group of 263.4 + 89.9 L/min (p<
0.0001) (Table 1). ROC analysis allowed identification
of an FIF max threshold value of 215 L/min with a
positive predictive value of 92.2% to correctly identify
patients with a PIFR > 60 L/min as assessed with In-
Check DIAL®. (Sensitivity = 68.2%, Specificity = 77.1%,
R-square = 0.1625). A ROC analysis of FIF max to
identify an optimal PIFR provided an area under the
curve (AUC) of 0.79 (Figure 3).

Influence of Gender and Height
A ROC analysis by gender found that, in males, a FIF
max value of 244 L/min provided a positive predictive
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Table 1. Demographics and Pulmonary Function Tests of Patients
with Chronic Obstructive Pulmonary Disease Classified According To

Peak Inspiratory Flow?

Total PIF < 60 (L/min) PIF > 60 (L/min)

N (%) mean + SD 303 61(20) 242(80)
Age 65.5+11.3 68.4+10.9 64.7£11.3P
Gender

Male 153(50.5) 22(36.1) 131(54.1)¢

Female 150(49.5) 39(63.9) 111(45.9)¢
Race

White 264(87.1) 50(82.0) 214(88.4)

Black/other 39(12.9) 11(18.0) 28(11.6)
Height (in) 66.6+3.7 65.6£3.5 66.9£3.7b
FEV: (L) 1.6+0.6 1.310.6 3.0£0.9¢
FEV; (% predicted) 54.1+19.5 49.5+20.7 55.3£19.0
FVC (L) 3.1#3.1 3.2%6.7 3.0£0.9¢
FVC (% predicted) 76.8£19.1 68.9+19.7 78.8£18.5°¢
FEV1/FVC 0.54%0.12 0.55+0.11 0.54+0.12
FIF max (L/ min) 246.3190.8 178.5£56.9 263.4+£89.9P
Inspiratory Capacity (L) n = 279 2.210.7 1.8+0.6 2.310.7¢
Inspiratory Capacity (% predicted) 80.7+21.7 70.7+19.8 83.2+21.5°¢
TLC (L) n=249 5.8£1.2 5.3£1.3 5.9+1.2¢
TLC (% predicted) 97.4£15.6 95.5+15.7 97.8+£15.6
RV (L) n=249 2.8+0.9 2.8%1.0 2.810.9
RV (% predicted) 126.0+39.7 127.9+42.5 125.6+£39.2
RV/TLC n=249 47.7£11.2 52.4%11.6 46.7+10.9b
RV/TLC (% predicted) 126.4128.6 130.3128.5 125.5+28.6

2Measured with In-Check DIAL® device
bp < 0.05
p<0.01

PIF=peak inspiratory flow; FEVi=forced expiratory volume in 1 second; FVC=forced vital capacity; FIF max=maximal forced inspiratory

flow; TLC=total lung capacity; RV=residual volume

value of 94.7% (Sensitivity = 68.7%, Specificity =
77.3%, R-square = 0.1397) (Table 2). In females, a FIF
max value of 215 L/min yielded a positive predictive
value of 87.4% (Sensitivity = 68.5%, Specificity =
71.8%, R-square = 0.1499) (Table 2). Further analysis
of the cohorts by gender and height according to PIFR
performance revealed that in males shorter than 65
in, a suboptimal PIFR measurement was observed
in 16.7% of males. In females shorter than 65 in, a
suboptimal PIFR was observed in 27.4% of women
(Table 3). Both gender and height were independent
predictors of suboptimal PIFR. However, when adding
both to the same model, the effect was no longer
significant suggesting the impact of gender was
mediated through short stature.

Discussion

The findings of this study indicate that 1 in 5
ambulatory patients with COPD had suboptimal
PIFR, as measured with an In-Check DIAL®. A greater
proportion of individuals with suboptimal PIFR were
females; shorter height; and had a higher RV/TLC
ratio compared to the optimal PIFR group. Moreover,
a significant linear correlation was demonstrated
between PIFR measurements FIF max, inspiratory
capacity and RV/TLC measurements. Measurements
of FIF max with spirometry distinguished patients with
optimal and suboptimal PIFR according to gender and
height and the gender effect was mediated by height.
The inspiratory flow rate required by a patient to
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Figure 1. Pearson Correlation Between Inspiratory Capacity and Peak
Inspiratory Flow Rate Measured with In-Check DIAL® Device
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overcome the internal resistance varies according
to the type of DPI used. Use of a Diskus inhaler
requires a minimal inspiratory flow rate of 30 L/min
and optimal flow rate greater than 60 L/min.®!314
Notably, reductions in PIFR due to patient error,
supine position, air trapping and muscle weakness
can result in suboptimal lower airway drug deposition
in patients with COPD.!® In addition, older age, %18
female gender'®2?% and short stature?® have been
associated with reductions in PIFR. One group
examined inspiratory flow rates in 40 elderly patients
with (n=26) and without (n=14) airflow obstruction
and reported reductions in peak inspiratory flow in
both groups irrespective of the presence of airflow
obstruction.?! The authors reported a PIFR of less
than 45 L/min in 20% of patients assessed using an In-
Check DIAL® device with a resistance that simulated
a Diskus inhaler. Similarly, Mahler et al reported a
PIFR of less than 60 L/min in 19% of stable patients
with COPD and that corresponded with reductions in

FVC and inspiratory capacity.?® Furthermore, these
investigators also reported that short stature and
gender were independent predictors of a suboptimal
PIFR. Interestingly, several reports have found little
to no relationship with FEV; and PIFR.>17:18,20,21,22
In the current report, we observed a suboptimal PIFR
in 20% of patients with COPD and identified women,
shorter stature and air trapping to be factors associated
with a suboptimal use of a DPI. Mechanisms to explain
these observations invoke weak respiratory muscles
and/or the presence of intrinsic positive end expiratory
pressure that do not allow patients to achieve an
adequate inspiratory flow.

Current guidelines offer no recommendations
regarding use of delivery devices in specific
patient populations to improve patient outcomes.®
Measurement of PIFR and identification of a
suboptimal PIFR in each patient may allow transition
from a DPI to a less flow-dependent delivery device,
such as a nebulizer or a soft mist inhaler. Mahler et
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Figure 2. Pearson Correlation Between the Residual Volume to Total
Lung Capacity Ratio and Peak Inspiratory Flow Rate Measured with

In-Check DIAL® Device
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al examined the acute effects on lung function in a
group of ambulatory patients with a mean PIFR of 53
+ 5 L/min that employed a randomized, open-label
crossover design.?3 Compared to baseline, nebulizer
administrationofalongactingbeta2-agonistresultedin
greater improvements in FVC and inspiratory capacity
than DPI drug delivery. Another group retrospectively
identified a suboptimal PIFR, defined as < 60 L/min
against no resistance, in 52% of patients hospitalized
with an acute exacerbation of COPD.® Patients with
a suboptimal PIFR had a higher 30-day and 90-day
readmission rate for COPD compared to the group
with a PIFR > 60 L/min. Moreover, a multivariable
analysis identified PIFR as the only significant variable
associated with COPD readmissions. Furthermore,
a cohort of 10 patients with a suboptimal PIFR
prescribed nebulized bronchodilators upon discharge
demonstrated reduced COPD-related 30-day and 90-
day readmission rates compared with a similar group

prescribed DPI delivered bronchodilators. However,
to address the relationship between a suboptimal
PIFR and clinical outcomes will require a prospective
clinical trial comparing DPI and other drug delivery
devices.

Investigators have attempted to correlate inspiratory
flow measurements obtained with spirometry and
other measuring devices. Earlier studies found positive
correlations between PIFR assessments in smaller
sample populations.}”*1® 22> 2% 1p healthy individuals
with asthma, COPD, neuromuscular disease, and
non-respiratory disorders, Sehuelt et al reported
that spirometry measurements of FIF max measured
without resistance were moderately correlated with
PIFR obtained with a device that simulated the
internal resistance of the Diskus (R% = 0.58).1% 1In
patients with a PIFR > 60 L/min, 84% were correctly
classified using spirometry measurement of FIF max
with a cutoff value of 196 L/min.'® Our study also
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identified a sound relationship between spirometry
and In-Check DIAL® device measurements of PIFR in
ambulatory patients with COPD. Additionally, we were
able to identify distinct threshold values, according to
gender and height, which correspond with suboptimal

Figure 3. Receiver Operating Curve
for Maximal Forced Inspiratory
Flow in Patients? with Chronic
Obstructive Pulmonary Disease®
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PIFR values. Clinicians lacking easy access to an In-
Check DIAL® device may use FIF max measurements
obtained from spirometry to determine a given
patient’s ability to adequately use a DPI and consider
prescribing a flow independent delivery device.

Our study has several limitations with one
being that this was a single center, cross-sectional,
exploratory study of ambulatory patients with COPD
with an observed 20% prevalence of suboptimal PIFR
measurements. However, other investigators have
reported similar prevalence.>!71820:21 " Another
limitation involved assessment of PIFR performance
solely against a simulated internal resistance of
the Diskus and did not assess PIFR performance
of other DPI devices. Reports reveal that other DPI
devices, such as Turbuhaler and Handihaler, have a
higher internal resistance than the Diskus, thus the
prevalence of a suboptimal PIFR, defined as < 60 L/
min, may be greater with other DPI devices. However,
the Diskus is a frequently used delivery device and the
results of this study are applicable to a wide number
of patients prescribed this device. Another study
limitation involves our selection of a suboptimal
PIFR measurement of less than 60 L/min. While the
respirable fraction of an inhaled drug is greater with
higher inspiratory flow rates, a PIFR > 30 L/min has
been reported as the minimal flow rate to provide a
clinical effect'®2® and the effect of a PIFR between
30 and 60 L/min is not clear. Our use of an optimal
PIFR of > 60 L/min was based on previous clinical
reports.5’7’8’15’19’20

In summary, 1 in 5 stable, ambulatory patients
with COPD had suboptimal PIFR. Suboptimal PIFR
measurements were identified more frequently in
females, short stature individuals and those with air
trapping. Spirometry determined values of FIF max

Table 2. Stratified Analyses of Maximal Forced Inspiratory Flow
Threshold Measurements?

R-square FIF max Sensitivity Specificity Positive  Negative  Area Under
(L/ min) Predictive Predictive Curve
Value Value (95% Cl)
Male (n=153) 0.1397 244 68.7% 77.3% 94.7% 29.3%  0.80 (0.71-0.88)
Female (n=150) 0.1499 215 68.5% 71.8% 87.4% 44.4%  0.76 (0.67-0.84)

2Determined by spirometry according to gender

FIF max=maximal forced inspiratory flow; CI=confidence interval
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Table 3. Individuals with Optimal
and Suboptimal Peak Inspiratory
Flow Rate According to Gender
and Height

Gender Height PIFR

Male (n = 153) Optimal Suboptimal
<65 15 (83.33) 3 (16.67)
265 116 (85.93) 19 (14.07)

Female (n = 150)
<65 82(72.57)  31(27.43)
265 29 (78.38) 8 (21.62)

PIFR=peak inspiratory flow rate

corresponded with PIFR measurements according to
gender and height. Spirometry allows identification
of patients with a decreased FIF max based on gender
and height that can be used as a physiologic threshold
value for future interventional studies.
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