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Abstract

Introduction: The ability to reliably measure real-world vaping behavior is critical to understand
exposures to potential toxins. Commercially available mobile topography devices were originally
designed to measure cigarette puffing behavior. Information regarding how applicable these
devices are to the measurement of electronic cigarette (e-cigarette) vaping topography is needed.
Methods: Clinical Research Support System (CReSS; Pocket) and Smoking Puff Analyzer Mobile
(SPA-M) topography devices were tested against the calibrated laboratory-based smoking puff
analyzer duplicator (SPA-D) device combined with an analytical smoking machine that generates
programmable puffs with high precision. Puff topography of e-cigarettes was measured over a
range of puff volumes (10-130 mL) at 2 and 5 s puff durations (using bell- and square-shaped
puffs). “Real-world” topography data collected from 10 participants during 1 week of at-home vap-
ing were also analyzed. Recording anomalies and limitations of the devices, such as accuracy of
detection of the puff end, flow rate dropouts, unreported puffs, and abandoned vaping sessions for
the CReSS, and multi-peak puffs for the SPA-M were defined.

Results: The accuracy of puff volumes and durations was determined for both devices. The error
for SPA-M was generally within +10%, whereas that for the CReSS varied more widely. The CReSS
consistently underestimated puff duration at higher flow rates.

Conclusions: CReSS and SPA-M topography devices can be used for real-world e-cigarette topog-
raphy measurements, but researchers have to be aware of the limitations. Both devices can pro-
vide accurate measurements only under certain puff parameter ranges. The SPA-M provided more
accurate measurements under a wider range of puffing parameters than the CReSS. Summary
data reported by both devices require thorough analysis of the raw data to avoid misleading data
interpretation.

Implications: Results of this study provide researchers with valuable information about the
capability of commercially available cigarette topography devices to measure real-world vap-
ing behaviors. The differing measurement ranges of the two devices and puff recording lim-
itations and anomalies should be taken into account during analysis and interpretation of
real-world data.
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Introduction

The use of electronic (e-) cigarettes is on the rise in the United
States. More than 10% of all adults and 20% of young adults aged
18-24 years have tried e-cigarettes; approximately 25% of them
report consistent use.! In addition, approximately 5% of middle
school and 16% of high school students report vaping e-cigarettes.

Users of e-cigarettes may be exposed to a variety of toxic and/or
carcinogenic compounds during vaping, although the implications
and level of exposure to these compounds in e-cigarette aerosol
and vapor are not well understood. E-cigarettes deliver nicotine,?
aldehydes,*'° glycidol,!! enols,'? benzene,'® and metals,'*!S both in
vapor and aerosol phases.!*?* Many of these compounds are clas-
sified as harmful and potentially harmful constituents of tobacco
smoke.?! E-cigarette emissions also contain free radicals, which can
adversely affect the respiratory function or cardiac epithelium.?
Although some reports state that levels of the toxins generated by
e-cigarettes are below levels generated from combustible cigarettes,?
the limited toxicology data on e-cigarettes are insufficient to allow
a comprehensive toxicological evaluation of this relatively new type
of tobacco product.?* Nevertheless, the perception of reduced harm
persists, necessitating a strong science base to better understand the
health impact of e-cigarette use.

Understanding vaping behavior (puffing topography) is a critical
step in evaluating the potential toxic emissions and human expo-
sures from e-cigarettes. The importance of smoking puffing behavior
has been established through several studies of combustible ciga-
rettes dating back to the work of Benowitz et al.?® who first showed
that smokers change their behavior in response to changes in prod-
uct characteristics such as reduced nicotine. Because that time other
researchers have established that changes in brand,?” additives such
as menthol,*=° and differing demographics such as gender,*-!
also alter smoking behavior.

Studies of vaping behavior have relied mostly on laboratory-
collected topography data.’>** However, smoking topography asso-

can

ciated with laboratory versus real-world tobacco product use may
differ substantially.’® Variations in human smoking behavior can
significantly affect exposures and thus accurate topography devices
are important tools for informing regulations.>” Limited real-world
studies of vaping behavior have been conducted using either devices
that were built in-house and not widely available to the research
community®® or e-cigarette brands that record puff frequency and
puff duration (PD),* but not puffing flow rate (PFR). Square-shaped
vaping puffs were commonly observed as opposed to bell-shaped
puffs typical for combustible cigarettes.’>* Various PDs at differ-
ent PFRs were seen,’>7%3% confirming that accurate measurement
of all the parameters such as PFR, PD, puff volume (PV), inter-puff
interval (IPI), and total vaping time are of paramount importance to
adequately characterizing exposures from e-cigarette use.

A viable approach to characterizing naturalistic vaping behavior
is to use commercially available mobile topography devices, includ-
ing the CReSS Pocket (Clinical Research Support System, portable
version; Borgwaldt-Hauni, herein referred to as CReSS) and SPA-M
(Smoking Puff Analyzer, portable version; Sodim, herein referred to
as SPA-M). These devices were used to capture combustible ciga-
rette smoking topography in non-laboratory settings; however, lim-
ited data are available on the validity of these devices for puffing
topography measurements.*’ Published data on the CReSS used with
cigarettes demonstrate significant limitations of the device such as
not identifying puffs below a certain PFR threshold, underreport-
ing PV for lower volumes, and the inaccuracy of PD for the entire

tested volume range.* Although pressure drop, PV and PFR meas-
urements with the CReSS for e-cigarettes were found “acceptable”
in one study,* the range of validation measures evaluated was very
limited, and not representative of the range of e-cigarette topography
parameters that have been found from vapers.’**** No published
data on the accuracy of the SPA-M puff parameters determination,
acceptable limits, or level of error are available.

The goal of this study was to comprehensively characterize the
utility of the CReSS and SPA-M for capturing e-cigarette puffing
topography using a set of laboratory tests to assess the accuracy
and limitation range of the main parameters (PV and PD) for both
devices. In addition, limited data from an ongoing study of estab-
lished e-cigarette users were analyzed to provide an understanding
of the performance of the CReSS and SPA-M while recording real-
world vaping behaviors.

Materials and Methods

Mobile Devices Tested

The study used three CReSS (one purchased in 2013 and two pur-
chased in 2014) and three SPA-M purchased in 2014 (Supplementary
Figure 1a and b). Both devices record puffing topography informa-
tion such as number of puffs, PV, PD, PFR, and IPI. To accommo-
date the CReSS and SPA-M to test e-cigarettes, special e-cigarette
holders were designed for both devices to ensure a leak-free seal to
e-cigarettes with varying diameters (Supplementary Figure 2a-f).
E-cigarettes were inserted into the Borgwaldt cigarette holders
(Supplementary Figure 2a) to make a leak-tight seal with the inner
rubber washers. The cigarette holders were connected to the Delrin
adaptors (fabricated by Battelle) that fit into the mobile devices. Two
types of adaptors were used: one for the CReSS (Supplementary
Figure 2b) and one for the SPA-M (Supplementary Figure 2c). The
CReSS cigarette inlet has a narrow slit-window for the optical sensor
that detects cigarette insertion (Supplementary Figure 2d); therefore,
to provide a seal the outer shape of the adaptor has to perfectly
match the inner shape of the cigarette inlet. The SPA-M adaptor was
easier to manufacture (both type of adaptors could be made in a
conventional machine shop).

Before mobile device validation, preliminary limited testing
using machine-generated puffs of known PV, PD, and IPI was con-
ducted. Two CReSS devices showed obvious inconsistency with IPI
measurements and were sent back to the manufacturer to resolve
this issue. SPA-M devices did not show any obvious measurement
inconsistencies.

Test Articles, Smoking Machine, and Puff Parameters
Used for Laboratory Mobile Devices Testing
Non-refillable fixed-power blu e-cigarette (Classic Tobacco, 0.9%—
1.2 % nicotine), refillable power-adjustable Joyetech eVic (4 V,
2.5 Q), and refillable Smokio (Joyetech eVic and Smokio filled with
50/50 propylene glycol and glycerol mixture) were used to evaluate
accuracy of the laboratory puff topography measurements from the
CReSS and SPA-M. A standard reference 3R4F cigarette was used to
compare mobile device performance between e-cigarettes and com-
bustible tobacco products.

A five-port linear smoking machine (Hawktech FP2000; Tri-City
Machine Works, VA) was used to generate the following target con-
ditions: square-shaped puff profile (the flow rate instantaneously
grows to a certain value and at the end of the puff rapidly drops
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down) and bell-shaped puff profile (the flow rate grows and drops
following the sine wave) at 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
110, 120, and 130 mL PV, at 2 and 5 s PD, and 60 s IPL. Cigalike
blu e-cigarettes were tested for both bell- and square-shaped pro-
files whereas Joyetech eVic and Smokio were tested only for square-
shaped profiles more relevant to e-cigarette usage. Three replicates
were made per each puff topography conditions. The accuracy of
the smoking machine was verified using a Soap Bubble Flowmeter
(Borgwaldt) and a National Institute of Standards and Technology—
calibrated stopwatch (Traceable; Control Company), and was
within 2% for both PV and PD. A third laboratory-based topog-
raphy device, the SPA-D (Sodim), was calibrated using the smok-
ing machine, and used to determine the error associated with the
mobile topography devices. The error in the SPA-D PV and PD, com-
pared to the smoking machine, was within 8% and 5%, respectively.
E-cigarettes and 3R4F cigarettes were machine-smoked to collect
puff topography data using the CReSS and SPA-M devices. Mobile
topography devices were regularly calibrated according to proce-
dures described in the manufacturer’s user manuals.

Participant Processing

To understand the ability of the CReSS and SPA-M to capture human
vaping topography outside of a laboratory setting, limited data from
an ongoing human subjects study using both devices with a vari-
ety of own-brand e-cigarettes were analyzed. Established e-cigarette
users (defined as vaping for at least 2 months, every day, eight times
or more each day) were recruited to use one of the mobile devices
at home each time they vape with their own e-cigarette for 1 week.
The topography data from the first 10 participants to use each device
were evaluated for operational performance. Devices were randomly
assigned to each participant. Five participants overlapped and used
both devices. Own-brand e-cigarettes came from multiple manufac-
turers and ranged from disposable, fixed-power cigalikes, includ-
ing the blu e-cigarette (27% participants); to refillable, fixed-power
devices (33% participants); to refillable and adjustable e-cigarettes
(40% participants). The average participant age was 42 = 16 years;
53% were males and all were white. The analysis was focused on
data recording limitations and anomalies pertinent to real-world
conditions as described next.

Quantification of CReSS Real-World Recording Data
Limitations and Anomalies

A quantitative analysis was performed on the recorded topography
from the CReSS to determine the frequency of occurrence for noted
recording limitations and anomalies. The following main parameters
were under investigation:

1. Incomplete puffs. During the course of the studies, it was con-
firmed that the CReSS was only able to record a maximum PD of
5's, as stated in the manufacturer’s user manual. The frequency
with which puffs were not completed in the 5 s measurement
window was determined for all CReSS-recorded topographies
based on the two last recorded flowrates for each puff; if flow
rate was increasing at the end of a puff, then puff was considered
incomplete.

2. Signal dropouts. The topographies were inspected for the fre-
quency with which the PFR dropped to zero within a puff.
Ignoring the first two and last two datapoints (recorded every
20 ms), if the flowrate dropped to zero, the anomaly was
counted. Consecutive zeroes were recorded as one instance.

3. Data not recorded. It was observed that after recording approxi-
mately 2000 datapoints, CReSS stops recording individual data-
points (this limitation is not described in manual) although still
reports a summary of the unrecorded data. The frequency of
these occasions was determined.

4. Time limit. The number of abandoned sessions, defined as total
session duration exceeds 20 min (default time limit, as specified
in the user manual), was assessed.

5. Puff limit. The number of sessions that exceeded 43 puffs,
another CReSS limitation (as described in the user manual), was
also assessed.

Quantification of SPA-M Real-World Recording
Anomalies

Quantitative analysis of puff topography recording anomalies was
also performed for the SPA-M. Unlike the CReSS, there are no PD,
puff number recording, or total session time limits specified in the
user manual. No total number of datapoints recording limit was
observed. The following parameters were analyzed:

1) Incomplete puffs. Similar to the CReSS, analysis was conducted
if puffs were not completely recorded, as determined by the PFR
increasing at the end of a puff.

2) Multiple peaks. Unlike the CReSS where single flowrate drop-
outs were observed during the puff, the SPA-M topography was
found to report multiple peaks being counted as one puff. The
frequency with which this occurred in each recorded vaping ses-
sion was determined for each participant.

Results

Preliminary Laboratory Assessment of the CReSS
Devices and IPI Issues

Preliminary laboratory testing of the CReSS devices was conducted
using machine sham smoking (3R4F butt was used) with a puffing
regimen of 2 s PD, 18 s IPI, and PV of 20, 50, 75, 100, and 150 mL
(bell-shaped profile). This initial assessment showed that the two
CReSS devices purchased in 2014 had an error associated with IPI
data that fell within two ranges: 0%—3% above the true value, and
greater than 80% below the true value (the device purchased in 2013
did not show these errors). All three devices were sent to the manu-
facturer, and after unspecified manufacturer repair, the devices were
returned and tested again. The error associated with IPI was greatly
reduced and was within 0%-3% above the true value.

Laboratory-Measured PV, PD, and PFR. Accuracy of

the Measurements and Validity Limits

The primary goal of this investigation was to assess the accuracy
(deviation from the target values) of PV and PD measurements
across a PV range (10-130 mL) for puffs with two different PDs
(2 and § s). Results of the laboratory measurements taken for e-cig-
arettes and combustible cigarette are summarized in Table 1 and
Figure 1 (Supplementary Figures 3-10).

Overall, the SPA-M demonstrated good accuracy of +10%
for both PV and PD either for the entire range of tested PVs (10—
130 mL) or for the slightly limited (20-130 mL) range at both 2
and 5 s PDs. Only the Joyetech eVic showed PV outside +10%
accuracy at lower target PV (Table 1, Figure 1, and Supplementary
Figure 12).
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The CReSS response was more variable. At 5 s PD (square-shaped
profile), PV percent error varied from -16% to +24% (for e-ciga-
rettes), and from -10% to 23% (for 3R4F) within a 30-130 mL
range of PV. In general, the CReSS consistently underreported PD
values and its error increased at low and high PVs (Figure 1 and
Supplementary Figures 3—6 and 11). Valid upper PV range (PD error
within approximately ~20%) could be as small as 90 or 100 mL (at
2 s target PD) and valid lower PV range could be as high as 50 or
60 mL (at S s target PD).

Topography Reporting Concerns During Real-World
Data Collection

Both the CReSS and SPA-M produced summaries of recorded at-
home vaping topography parameters as expected and described in
the user manuals. However, during the analysis of the individual puff
profiles, topography recording anomalies and limitation issues were
observed for both devices.

CReSS

Multiple topography recording anomalies as well as limitations that
may impact the reported data were observed and summarized per
each participant (Supplementary Table 1) for puff profiles collected
using the CReSS.

A 5 s PD limit verified for the CReSS means that puffs lasting
longer than 5 s were cut off and the full extent of the puff (i.e.,
total PV, total PD) may not be properly recorded (Supplementary
Figure 13). Nine (of 10) participants were affected by this record-
ing issue, but the fraction of these potentially not-properly-recorded
puffs did not exceed 15% per individual participant.

A typical CReSS data recording anomaly was flow rate drop-
outs, where the recorded signal dropped to 0 mL/s in the middle of
a puff, and then went back up to the pre-dropout flow rate (Figure 2
shows an example). Across CReSS vaping topography data collected
for 10 participants over a 1-week real-world collection period, these
dropouts were found in 13%-49% of the total puffs recorded for a
given participant.

A data recording limit (not described in the user manual) was
observed for the CReSS. After recording approximately 2010-2020
total datapoints, the CReSS stopped reporting individual datapoints
but still reported puff summary data. This issue was observed for
three participants at a frequency of 20% and 30%.

The Cigarette Abandon time on the CReSS was left at the rec-
ommended default 20 min to conserve battery life over the 1-week
of at-home use. In cases where a vaping session lasted more than
20 min, the CReSS stopped recording flow rate information but
still reported summary topography information after the Cigarette
Abandon time was passed. Data of eight participants showed this
issue with a frequency of 3%-80% per individual participant
across all recorded vaping sessions. Also, if more than 43 puffs
were taken, the data file noted a Puff Overflow, indicating that
more puffs were taken but they were not recorded. This was only
an issue for two participants, and in one case this affected 78% of
the recorded data. In both cases (abandon time or puffs overflow),
it is hard to differentiate if these limits were exceeded because of
actual long vaping session or the user simply forgot to remove the
e-cigarette from the CReSS.

SPA-M

Data recording anomalies were also discovered in the at-home
vaping topography data recorded by the SPA-M. When raw flow
rate and duration data from the SPA-M were plotted to inspect
individual puffs, the data showed multiple peaks being counted as
one puff. An example of this is shown in Figure 3. This anomaly
might be considered comparable to the signal dropout noted in the
CReSS data, as there is no apparent IPI between these multiple peaks
to suggest that more than one puff was taken. This anomaly was
observed in all but 2 of the 10 participants considered here, affecting
40%-100% of all vaping sessions recorded for a given individual
(Supplementary Table 1). Not all puffs were impacted for each vap-
ing session, however.

Other topography recording anomalies found in the CReSS were
not observed in the SPA-M data. The SPA-M manual did not define
a PD limit. The laboratory testing showed that the SPA-M has a PD
limit in excess of at least 60 s. No puffs recorded in the participant
data exceeded this limit.

Similar to the CReSS, we observed PFR increase at the end of the
puffs but analysis of the raw data (PFR vs. elapsed time) showed that
SPA-M simply did not include the next few PFR values that in fact
dropped down indicating the puff end (Supplementary Figure 14).

Discussion

Recording Accuracy

The SPA-M in comparison with the CReSS demonstrated a noticea-
ble higher accuracy and wider validity range, where the major topog-
raphy parameters PV and PD can be measured within reasonable
accuracy limits. The difference between the two devices is caused
by better SPA-M sensitivity that allows for a lower threshold of the
minimum PFR detection in comparison with the CReSS. The average
PFRs reported by both devices were checked against the calibrated
flowmeter and showed that the SPA-M can operate at a minimum
PFR of approximately 4 mL/s versus approximately 6 mL/s for the
CReSS. As a result, the CReSS shows significant error in PV and PD
for a 10 mL square-shaped puff with 2 s duration (that corresponds
to ~5 mL/s PFR) as shown in Figure 1. Both power-adjustable and
refillable e-cigarettes (Joyetech eVic and Smokio) showed higher PV
variability than the blu e-cigarettes (Figure 1). Pressure drop meas-
urements (at 25 mL/s PFR) were approximately 3.3 in of water for
both refillable e-cigarettes versus approximately 4.3 in of water for
the blu e-cigarette. It could be assumed that lower pressure drop
across the e-cigarette may cause additional inaccuracy of the puff
topography measurements.

For all types of e-cigarettes, the CReSS showed underestimation
of PD at high PVs (Figure 1). The PVs are estimated based on the
measured PFRs and the PDs; therefore, underestimated PD may
mask imprecise measurements made by the CReSS at high PVs. For
example, at 100 mL PV and 2 s PD, which corresponds to approxi-
mately 50 mL/s PFR, the CReSS underestimates PD measured for blu
e-cigarette by >10% (Figure 1 and Supplementary Figures 3—-6) and
continues to increase as PV increases. The SPA-M does not have this
limitation and records correct PD as well as PV up to 130 mL at 2 s
duration (or at ~60 mL/s PFR). It is important to consider how often
e-cigarette users vape at a PFR that exceeds 50 mL/s, as this will
determine the ability of the CReSS to accurately capture and report
real-world topography measurements.
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Recording Anomalies

The topography data recording anomalies were found through care-
ful inspection of raw (nonsummarized) data taken from e-cigarette
vaping sessions. Some of the CReSS anomalies such as signal drop-
outs were also observed during laboratory validation of the device

using a combustible cigarette. The effect of dropouts on PV deter-
mination depends on how long it takes for the signal to return to the
normal values. Although normally the duration of dropouts was ap-
proximately 20-60 ms, occasionally, for a 0.6 s PD signal, a dropout
was observed for 0.2 s (~30% of the entire PD).
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Table 1. Summary of Puff Volume and Puff Duration Measurements Taken for CReSS and SPA-M

Puff volume measurement reliability

Puff duration measurement reliability

Valid puff volume Valid puff volume
Puff range (mL) range (mL)
Cigarette Mobile Puff duration Puff volume Puff duration
type device shape (s) Minimum Maximum accuracy (%)* Minimum Maximum accuracy (%)?
Blu electronic CReSS Bell 2 20 130 =15 30 100 -8 to-22
cigarette N 40 130 =15 60 130 -6 to -21
Square 2 20 130 =10 20 100 0to-18
5 30 130 -16 to +11 30 130 0to-15
SPA-M Bell 2 10 130 =10 10 130 =10
5 20 130 =10 20 130 =10
Square 2 10 130 =10 10 130 =10
5 20 130 =10 10 130 =10
3RA4F cigarette CReSS Bell 2 20 130 -10 to +20 20 90 -10 to -20
5 40 130 0 to +20 50 130 -5to -20
Square 2 20 130 0to +21 20 100 0 to =20
5 30 130 -10 to +23 30 130 0to -20
SPA-M Bell 2 10 130 =10 10 130 =10
5 20 130 =10 20 130 =10
Square 2 10 130 =10 10 130 =10
5 20 130 =10 10 130 =10
Joyetech eVic CReSS Square 2 20 130 0to +23 20 130 0to-11
5 20 130 -3 to +23 20 130 =10
SPA-M Square 2 20 130 0to+15 10 130 =10
5 20 130 0to +22 10 130 =10
Smokio CReSS Square 2 20 130 0 to +24 20 130 0to-12
N 30 130 0to +22 30 130 =10
SPA-M Square 2 10 130 -10to 0 10 130 =10
N 20 130 =10 10 130 =10

2Accuracy = deviation from target. For measures demonstrating consistent variability the error rate is given; for inconsistent measures, the outer ranges of measured

values are reported. CReSS = Clinical Research Support System; SPA-M = Smoking Puff Analyzer Mobile.

The SPA-M multi-peak puff anomaly, which was also seen in
the laboratory validation of the SPA-D, was not observed in historic
SPA-D topography data collected from humans smoking combust-
ible cigarettes. This implies that some e-cigarette properties might be
affecting the topography recordings from the SPA-M. Direct obser-
vation of some of the participants whose topography exhibited the
multi-peak puff anomaly on the SPA-M while vaping in the labora-
tory indicated that the participants did not remove the e-cigarette
from their mouths. Thus, it was a single puff, as there was no removal
of the device or IPI to denote the start of a new puff. This suggests
particular vaping behavior may be causing this unusual multi-peak

puffing data, and that the data represent the actual puff profile. The
multi-peak data pattern was not seen in all participants’ real-world
data when using the SPA-M, further indicating participant-specific
e-cigarette vaping behavior as the root cause.

Possible influence of e-cigarette generated aerosol on device
performance also cannot be excluded. Visible liquid deposits were
noticed on the CReSS pressure transducer orifices after prolonged
use, and similar deposits were observed inside the SPA-M tubes
that connect the e-cigarette holder with the topography device.
The deposits accumulated with time and could affect accuracy of
the pressure transducers responses. Cleaning the CReSS orifices and
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drying the SPA-M tubes before giving the mobile devices to partici-
pants should be implemented, although this practice is more feasible
for laboratory measurements than for the real-world data collection.

Device Limitations and Recommendations

The software of both devices provides not only the summary but
also individual PFR per each recorded timepoint. Analysis of the
PFR versus elapsed time data allows for detection of the anomalies
described in this article and will help researchers discern if data were
abandoned, not recorded, or are misinterpreted.

The CReSS 5 s PD limitation should be considered in con-
cert with PFR trend at the end of the puff. If PFR is increasing,
then it may indicate that puff was not finished, and therefore, the
actual puff topography was not fully captured. The CReSS total
number of datapoints recording limitation means that the CReSS
still reports a summary of the puffs past the data recording limit,
but there is no way to verify summary results as the individual
datapoints were not available (as can be seen from the raw data).
Abandoned sessions (if the total session duration exceeds 20 min)
require analysis to conclude whether it was a very long vaping
session, or whether the participant simply forgot to remove the
e-cigarette from the CReSS. Both situations may take place, and it
is impossible to determine which occurred from the data collected.
The CReSS puff number limit of 43 puffs per session caused a
significant problem for one of the participants examined for this
article (78% of the vaping sessions recorded). The ramifications
of this limitation on larger participant populations require further
investigation.

It is important to point out that many of the topography recording
concerns discussed in this article would not have been detected or even
noticed without a visual, detailed inspection of the raw data. CReSS
PD limitation may affect both laboratory and at-home measurements
whereas total datapoint limit, abandon time, and puff number limit
will be of greater concern for real-world data collection. Downloading
and using the data as summarized by the device gives no alert regard-
ing these issues and could lead to summarization of incorrect and
incomplete topography data. This may result in misrepresentation or
misunderstanding of the vaping behavior being studied.

Conclusions

Both mobile puffing topography measuring devices currently avail-
able on the market, the CReSS and SPA-M, are capable of recording
real-world e-cigarette vaping data, but researchers should be aware of
the limitations and errors associated with these two devices. In par-
ticular, the CReSS 5 s PD limit requires PFR analysis at the end of a
puff to assess if e-cigarette topography was fully recorded. The SPA-M
is more accurate over a wider range of PVs than the CReSS. Data
collected from both devices during laboratory and real-world vap-
ing demonstrated some anomalies that should be taken into account
when analyzing the data. Data summaries provided by the mobile
devices’ software have to be verified by examining the raw data to
define if the anomalies were present, and if the anomalies were found
then an assessment has to be made to evaluate the impact to the study
conclusions.

Limitations

Three e-cigarette types were used to assess the performance of the
mobile topography devices in the laboratory validation part of this
study. It is possible that other types of e-cigarettes could introduce

additional error in the topography data recorded. The anomaly per-
centages described are only for a small number of subjects and may
not be representative of a larger number of e-cigarette users; there-
fore, more real-world data are required to fully validate the use of
both devices for human studies.

Supplementary Material

Supplementary data are available at Nicotine and Tobacco Research
online.
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