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Background: The Model MC-311 MDI Chronolog (Medtrac
Technologies, Lakewood, Colo) is an electronic device for mon-
itoring adherence to metered-dose inhalers (MDlIs). It is a
thermistor-actuated, microprocessor-equipped device that dis-
penses inhaled medication while recording the date and time
of each canister activation.

Objective: We evaluated the reliability of the MC-311 MDI
Chronolog to determine whether the model could accurately
record and report the date, time, and number of MDI actua-
tions.

Methods: Twenty-four of the MC-311 Chronologs were dis-
charged at 8 hourly intervals across 8 days. Battery voltage

was assessed before and after the experiment. The mouthpieces

of 12 Chronologs were washed dalily.

Results: By using generous criteria for acceptable reliability,
only 10 of 24 (42%) were rated as acceptable. None of these 10
Chronologs recorded 320 or greater actuations (mean + SD,
293.9 + 13.3; range, 266 to 308); all reliable Chronologs under-
estimated MDI activation. An additional 6 devices had an ini-
tial signature of erroneous recordings dating from device ini-
tialization. After removing this signature, the remaining data
showed acceptable reliability. All the remaining Chronologs
judged to be unacceptable showed time series patterns of
seizures (ie, bursts of clustered, erroneous records). Seizures
were distributed across trial days, were associated with wash-
ing, and preceded all 4 cases of battery failure. Damage to the
thermistor is the likely cause of seizure-pattern failures.
Conclusions: In summary, because of a combination of a clear
underreporting bias with frequent initialization and seizure-
pattern failures, the Model MC-311 MDI Chronolog is not rec-
ommended for use in clinical care or research (J Allergy Clin
Immunol 1999;104:53-7.)
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Available research evidence clearly indicates the
tremendous costs of nonadherence with prescribed asth-
ma treatment caused by compromised treatment effec-
tiveness, including increased morbidity, mortality, health
care use costs, and sociovocational impairméats.
Therefore it is not surprising that interest in the measure-
ment of patient adherence behaviors is growing, with a
variety of novel approaches, including electronic moni-
toring devices, showing particular promise. For example,
studies with earlier versions of the MDI Chronolog, a
microchip-equipped dispenser that records the date and
time of each dose taken of an aerosolized anti-asthma
medication, have shown that previous estimates of adher-
ence (eg, diary cards, canister weights, and pill counts)
consistently overestimate patient adherence, sometimes
by surprisingly large margins® These discrepancies
have been shown to persist in clinical trials even when
subjects are fully aware of the MDI Chronolog’s record-
ing capability and are provided explicit feedback about
their own personal medication use pattertigFinally,
devices like the MDI Chronolog, by providing detailed
time series of medication use, also allow the conceptual-
ization of patient adherence to develop beyond simple
dichotomies of compliant/noncompliant. Patterns of
adherence that can be detected with the MDI Chronolog
include consistency of use, binge (presumably rescue
only) use, and “dumping?® (typically defined as canister
activation of at least 100 times per day, usually occurring
just before a scheduled return visit).

Unfortunately, subsequent to the above-cited research,
the sensor system in the MDI Chronolog was changed
from a micromechanical switch to a thermistor-based
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sors1l-13with two studies suggesting that battery failure
is a major problem2.13 Accordingly, we designed an
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Twenty-four Model MC-311 MDI Chronologs (Firmware Ver-
sion Rev. F; Medtrac Technologies, Lakewood, Colo) were initial-
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TABLE I. Protocol for the Model MC-311 MDI Chronolog

reliability assessment experiment

Days 1, 3,5,and 7
8:30Am
9:00Am
10:00Am
10:30Am
11:00Am
12:00rPm
12:30Pm
1:00pPm
2:00Pm
2:30Pm
3:00pm
4:00P™m
4:30PM
4:45pMm

Days 2, 4, 6, and 8
8:30Am
9:00Am
10:00Am
10:30Am
11:00Am
12:00rPm
12:30Pm
1:00pPm
2:00Pm
2:30Pm
3:00pm
4:00pP™m
4:30PMm
4:45pMm

Weigh all MDls 3 times

Two discharges at 1-second intervals
Two discharges at 2-second intervals
Weigh all MDls 3 times

Two discharges at 1-second intervals
Two discharges at 2-second intervals
Weigh all MDls 3 times

Eight discharges at 6-second intervals
Eight discharges at 8-second intervals
Weigh all MDls 3 times

Eight discharges at 6-second intervals
Eight discharges at 8-second intervals
Weigh all MDls 3 times

Wash for all odd numbered MDIs

Weigh all MDls 3 times

Eight discharges at 1-second intervals
Eight discharges at 2-second intervals
Weigh all MDls 3 times

Eight discharges at 1-second intervals
Eight discharges at 2-second intervals
Weigh all MDls 3 times

Two discharges at 6-second intervals
Two discharges at 8-second intervals
Weigh all MDls 3 times

Two discharges at 6-second intervals
Two discharges at 8-second intervals
Weigh all MDls 3 times

Wash all odd numbered MDIs

Each MDI was discharged daily, shaking 5 times before each set of activa-

tions according to the above schedule.
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Cary, NC). Statistical analyses were performed by using descriptive
statistics and by using Fisher's exact test for comparison of propor-
tions.

RESULTS

Reliability was assessed in several ways. First, the data
were summarized in a contingency table listing number of
actuations for each Chronolog by hour of the day (col-
lapsed across all trial days). A Chronolog was deemed to
have acceptable reliability if the total number of actua-
tions recorded was within 20% of the expected 320 actu-
ations and if no discharges were recorded betweer®
8 am. By using these generous criteria, only 10 of the 24
MDI Chronologs (42%) were rated as acceptable. None
of these 10 Chronologs recorded 320 or more actuations
(mean = SD, 293.9 £ 13.3; range, 266 to 308).

Second, the activation data time series observed for
each device was plotted against the expected activation
time series. Fig 1 is an example of the plot obtained from
a Chronolog deemed acceptable by the above-described
reliability criteria.

Further inspection of these plots revealed that 6 addi-
tional devices had an initial signature of erroneous record-
ings dating from the device’s initialization and preceding
the experiment’s start (Fig 2). After removing this signa-
ture, the remaining data showed acceptable reliability by
the above criteria (Fig 2). Our experiment provides no
explanation for these apparent errors during initialization.
Nonetheless, if one discounts this as a “recoverable fail-
ure,” 16 of the 24 MDI Chronologs (67%) could be con-
sidered reliable according to these more generous criteria.

All Chronologs still being judged as unacceptable
showed time series patterns that had bursts of clustered,
erroneous records or “seizures” (Fig 3). The first seizure

ized by using the MDI Chronolog Display Software Version 3.0. O_bserved in _eaCh of the_se dewc_es was dlsmbun:j'd across
Twelve MDI Chronologs fitted with Proventil canisters, 12 {fial days, with 2 occurring on trial day 1, 3 on trial day
Chronologs fitted with Vanceril canisters, 4 standard Proventil 2, and 1 each on trial days 3, 4, and 6. Seven of the 8
metered-dose inhalers (MDIs), and 4 standard Vanceril MDIs weredevices that failed because of seizures were in the wash
discharged after 5 vigorous shakes at 8 hourly intervals beginning econdition @ < .001, Fisher’s exact test).

9 am on each of 8 days (ie, Tuesday through Friday in 2 consecu:

Battery failure was defined as follows: (1) an absent

tive weeks). Medication canisters were replaced at the start of th| ED light display during attempted actuation at trial end
second week. Two new 3-volt lithium batteries (Eveready CR2032)(an internal indication of Chronolog failure); and (2) con-
were installed in each Chronolog before the start of the trial. Batter)firmation of inadequate battery voltage determined by

voltage was assessed before and after the experiment by using
Radio Shack Battery Tester (Model #22-090). All Chronologs
demonstrated a reading of at least 5.8 volts before the start of th

battery testing. Four cases of battery failure were
observed. All instances of battery failure occurred in

trial. Other factors manipulated within the design were (1) medica-Chronologs that had demonstrated seizukes (001,
tion amount dispensed at each time point (2 vs 8 puffs), (2) rate oFisher’s exact test).

MDI activation &2 seconds between activation vs 6 to 8 seconds

between activation); and (3) frequency of mouthpiece WashingD|SCUSS|ON

(daily vs none). The mouthpieces of the 12 Chronologs given odc

numbers (6 Proventil and 6 Vanceril) were removed and washec
daily after the recommended procedures detailed inMbé
Chronolog & Display Software (v 3.0) Users Maniy®ledtrac
Technologies, 1995). This procedure lead to each MDI Chronolog
being discharged 160 times on each canister for a total of 320 actt
ations across the trial for each MDI Chronolog. A summary of the

Overall, reliability of the Model MC-311 MDI
Chronolog was low, with our estimates of reliability rang-
ing from 42% to 67%, depending on the set of criteria
used. In any case, the sensor system of these Chronologs
always underestimated MDI activation by slightly over

experimental protocol is shown in Table I. The repeated-measure8% On average. A specific and unexplained error in the
experimental design was stratified by device, medication, and washinitialization process was observed in 6 of the 24
ing with within-device factors of amount dispensed and activationChronologs (25%). Fortunately, this problem did not
rate. Data were entered and analyzed in JMP (SAS Institute Incappear to contaminate subsequent data recording. Indeed,
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FIG 1. Expected and observed cumulative activation counts of an MDI Chronolog showing acceptable relia-
bility.
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FIG 2. Expected, observed, and corrected cumulative activation counts of an MDI Chronolog showing the
“faulty initialization signature” failure pattern.

once the “signature” of this error was removed, the resultthe 8 days of the trial, it may prove difficult to weed out
ing data time series exhibited acceptable reliability.at-risk Chronologs through a pretesting procedure. Bat-
Seizure-pattern activation time series were observed in atery failure, which has been previously identified as a
8 of the Chronologs judged as unacceptable, and therefomechanism of MDI Chronolog failufg13 always
seizures appear to be, at minimum, a marker of unreliaoccurred after seizures and, accordingly, appears to be a
bility. Because the first observed seizure occurred on 5 csecondary problem. Furthermore, mouthpiece washing
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FIG 3. Expected and observed cumulative activation counts of an MDI Chronolog showing “seizures.”

strongly was associated with seizures, with 7 of the 8Chronolog were both supportive and responsive across
devices demonstrating seizures being in this conditionthis trial, despite the extremely unfavorable reliability
Presumably, the act of removing and replacing theresults observed. To our knowledge, this is the most rig-
mouthpiece during washing caused physical damage torous trial concerning the reliability of a respiratory
the activation-recording thermistor, which is precarious- medication adherence measuring device done in collabo-
ly placed in the medication outflow stream. This suggestsration with a device manufacturer, although totally inde-
that a vulnerable and delicate thermistor is the primarypendent in design and conduct, that has achieved peer-
cause of unreliability in these devices. It is important toreviewed publication. We laud this manufacturer for rec-
underscore that this experiment was conducted in a corognizing the importance of such independent testing for
trolled laboratory by personnel who were trained in thethe long-term interests of their product line. Indeed, the
handling of the Chronologs by representatives of themanufacturers have recalled outstanding units and with-
manufacturer. Accordingly, one would expect that ratesdrawn the Model MC-311 MDI Chronolog from the mar-
of failure may well be much higher in field studies using ket and now offer a redesigned electronic adherence
the Chronolog. measurement device, the MDI Log, which features a dif-

Two important further points must be made concern-ferent sensor system among a variety of improvements.
ing this reliability trial. First, the phenomenon of seizures  Other electronic devices are now marketed to track
that we report herein does not correspond in any way t(atient adherence to asthma treatment, although with a
the above-mentioned phenomenon of canister “dump-few promising exceptions almost no independent stud-
ing” identified in subjects in clinical trials by Rand €%l ies of the reliability of these devices have been published.
in at least 2 regards. First, although dumping was specifin addition to the Medtrac MDI Chronolog, the Doser
ically defined by Rand and associates as canister active(MediTrack Products, Hudson, Mass) can record daily
tion of at least 100 times per day, the dumping episodewuse of inhaled medications. The Electronic Drug Expo-
predominantly occurred right before a scheduled returrsure Monitor (AARDEX, Inc, Palo Alto, Calif) monitors
visit when the research subject knew that their returnectablet use, whereas the Airwatch (ENACT Health Man-
MDI canisters would be weighed as a measure of medagement Systems, Mountain View, Calif) and Asthma
ication adherence. However, in the present experimentMonitor | (Ferraris Medical Inc, Holland, NY) record
seizures were essentially equally distributed across thpeak flow readings. Finally, the Smartmist (Aradigm
days of the trial. Second and most important, the versiorCorporation, Hayward, Calif) records both inhaled med-
of the MDI Chronolog used in this prior study was an ication use and peak flows. We encourage these other
earlier version that used a microswitch to record canistemanufacturers to follow Medtrac’s lead in supporting rig-
activation rather than the current thermistor-based senscorous, independent testing to ensure that the adherence
system, which we identified as the likely cause of recording devices with the highest possible quality are
seizures and failure in this experiment. available for clinical research and practice.

The second important point concerning this study is In summary, because of a combination of a clear under-
that representatives of the manufacturer of the MDIreporting bias with frequent initialization and seizure-pat-
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tern failures, the Model MC-311 MDI Chronolog is not 5. Mawhinney H, Spector SL, Heitjan D, Kinsman RA, Dirks JF, Pines .
recommended for use in clinical care or research. Mant
facturers of electronic adherence monitoring devices ar
encouraged to provide better documentation of the relia
bility of their instruments in both laboratory and field set-

tings, including research published in peer-reviewed jour- 7.

nals. Behavioral scientists using these devices in studies «
treatment adherence are encouraged to take an active r

in

helping to specify the expectations and format for suct

documentation.
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