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Clinical evaluation of the QuietTrak blood pressure recorder
according to the protocol of the British Hypertension Society
Pietro Amedeo Modesti, Alessandro Costoli, llaria Cecioni, Simone Toccafondi,
Alessandro Carnemolla and Gian Gastone Neri Serneri

Methods The QuietTrak ambulatary blood pressure recorder
(Tycos-Welch-Allyn, Arden, North Carolina, USA) was evaluated
according to the protocol of the British Hypertension Society
(BHS). QuietTrak, a lightweight (355 g), autoratic,
programmable device uses an auscultatory measuring system.
The protocol of the BHS was composed of subsequent phases
with QuietTrak and two observers taking simultaneous
measyrements on the same arm.

Results No interdevice ditferances were observed at analysis of
variance test either before or after a 1-month period of routine
clinical use. The average difference between mercury
sphygmomanometer and QuietTrak for systolic and diastolic
blood pressures was —0.6+3.6 and —0.4+3.6mmHg before
and —0.7 £33 mmHg and 0.6t 3.8mmHg after the 1-month
use, At the main static device validation procedure, performed in
85 subjects, the average difference between cbservers and
QuietTrak was —0.3+3.4 and 0.1 £35mmHg for systolic and
diastolic blood pressures. Eighty-nine per cent and 99% of
systolic and 88% and 98% of diastelic QuietTrak readings were
within 5 and 10 mmHg of observers, determinations (Class A}. In
children (n=33) 87% of systolic and $0% of diastolic QuietTrak
readings differed by less than 5 mmHg from the cbservers'
readings (average difference —1.1+39 and 0.1 £36mmHg,
respectively), In the elderly {n=30), 96% and 92% of systolic
and diastolic readings were within 5 mmHg of mercury column
determinations (average difference —0.813.2 and
—02+45mmHg). In pregnancy (n=30) 93% of systolic and
100% of diastolic readings were within 8 mmkg of mercury
column determination (average difference —03+34 and
0.1+ 29 mmHg). Device reliability was not affected by posture.
Ninety-six per cent and 89% of systolic and diastolic readings
differed by less than 5mmHg from the mercury column
determinations In the supine position, 90% and 90% in the
standing position and 88% and 90% in the sitling position.
During the treadmill exercise test (Bruce protocot), 69% and
88% of systolic and 56% and 83% of diastolic QuietTrak
readings differed by less than & and 10mmHg from the
observers' measurements.

Conclusion The QuietTrak achieved A rating for systolic blood
pressure and A rating for diastolic blood pressure according to
the criteria of the BHS pratocol. The device was acceptable to
patients because of its small size, light weight and noiseless
performance.
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Intreduction

The progressively wider application of ambulatery blood
pressure monitoring for clinical practice has led to the
introduction of an increased number of new ambulatory
devices, Initially instruments were very expensive but
recently cheaper automatic instruments have been pro-
duced. A proper clinical validation of these devices is
mandatory to ensure they have the same reliability as that
alrcady assessed for carlier devices before they can be
recommended for routine use.

The Association for the Advancement of Medical Instru-
ments (AAMI) originally proposed a standard for auto-
mated blood pressure measuring devices [1], including a
protocol for the cvaluation of device aceuracy, which has
been recently updated [2]. To facilitate comparison of one
device with another, the British Hypertension Society
(BHS) in 1990 proposed a protocol to standardize device
validation [3], which has also been recently updated [4,5].
This protocol, which has been employed for the validation
of a number of devices [6-15], wkes partcular care to
ensure that observers are trained to a very high standard,
makes provision for special group validation and recom-
mends after-use validation of devices and calibration
agreements of three devices.

The QuierTrak is a newly introduced, relatively low-cost
ambulatory blood pressure recorder (‘1ycos-Welch-Allyn,
Arden. Norch Carolina, USA) thar has been recently vali-
dated according to the AAMI protocol [16]. In the present
study its reliabiliy was clinically assessed according to the
BHS protaco! [4,5].
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Methods

The QuierTrak is a lightweight (355 g), totally automatic,
non-invasive, programmable portable blood pressure
recorder that measures blood pressure by a microphone
system enclosed in a sphygmomanometer cuff. At the end
of the measurement period data stored can be transferred
to an IBM-compatible personal computer and analysed
using dedicated software. ‘The devices used for the tests
were kindly given by the local distributor of Welch Allyn
instruments (Olinto Martelli SpA, Florence, [taly).

Bloed pressure was measured simultaneously on the same
arm, in the sitting position, by a mercury sphygmoman-
ometer and QuietTrak auscultation, All measurements
were performed simultaneously by twe trained physicians
who were blinded to the values recorded by the automatic
device. The latter were recorded by a third observer. ‘The
test device and the mercury standard were connected to
each other by a3 Totube. When the QuietTrak is connected
in series to the mercury column sphygmomanometer, the
display can be observed during deflacion at 3 mmHg/s until
the first Korotkoff sound is dewected, then at 3mmHg for
each Korotkoff sound. Thus measurements were taken on
the same arm, to the nearest 2 mmHg, by the two obser-
vers via a standard teaching stethoscope {(using phase V,
diastolic). All tests were performed with rechargeable
nickel-cadmium batteries.

The protocol of the BHS for the clical evaluation of
ambulatory blood pressure devices conmists of subsequent
separate phases. Specifically, after preliminary observer
training and assessment (phase 1), before-use interdevice
variability assessment (phase 2), in-use assessment (phase
3), and afrer-use interdevice variability assessment (phase
4) were performed. Static device validation (phase 5) was
then performed in a control population, in special groups
(children, pregnant women, the elderly), and under special
circumstances {exercise, specific postures).

The level of agreement between the observers and the
Quiet’ Irak was assessed by calculating the percentages of
all determinations within 5 and 10 mmHg of each other,
The evaluation criteria for grading are reported in
Table 1.

Yebin 1 British Hypertension Society criteria.

Difference betwaen standard
and test device (mmHg)

Grade ] <10 <15
Cumulative % of readings A B8O 90 85
B 85 a6 95
c 45 756 ac
o Worse than C

Part 1

Before-use assessment

Measurements were performed in 54 volunteers (26 nor-
motensive and 28 hypertensive) aged 50+ 16 years, using
three different devices. A total of 162 measurements
(3 x 54} for each device were available for analysis during
this step.

In-use assessment

During the I-month use period, 30 subjects of different
ages and blood pressure underwent 24h ambulatory
monitoring. The recordings were programmed to oceur
every 15min. T'he number and codes of the errors
recorded during the 24h period (with a total of 2880
measurements) were recorded.

After-use assessment

After the l-month use period the three devices were
retested for interdevice variability as in the before-use
variability test. Fifty-three volunteers (27 normotensive
and 26 hypertensive) aged 50 + 16 years were studied, and
a total of 159 measurements (3 x 33) for cach device were
available during this step.

Static device validation

After 1 month of clinical use the main static device vali-
dation phase was started, Measurements were performed
in 89 volunteers aged from 15 o 80 years (48 £ 18 years),
with an arm size, measured as the mid-biceps cir-
cumference, of 28+6¢m {20% had an arm larger than
34cm or smaller than 25¢m and the range was 17-41¢em),
Care was taken to include a wide variety of blood pressure
levels and heart rate in the study population, as recom-
mended in the BHS protocol. A total of 356 measure-
ments, taken in the sitting position (4 x 89), were available
for analysis during this step.

Part 2

Special group validation

Static device validation was also performed in 33 children
aged 3-8 years, in 30 pregnant women aged 21-36 years
and in 30 elderly persons aged 65-92 years.

Validation under special circumstances

Pasture. The cffect of posture was assessed in the 85
volunteers used for the main validation. Measurements
were taken in the supine, the sitting and the standing
position.

Exercise. Thirty-two volunteers consecutively undergoing
an exercise stress test (18 men and 14 women) aged
50.2 + 16.4 years (range 21-70), body weight 71.7+17.5kg
(range 49-91) were investigated. The ambulatory device
was fitted to the non-dominant arm as previously deseri-
bed. Patients then exercised on a treadmill (CASE 12
Marquette Electronics Ine, Milwaukee, Wisconsin, LISA),
according to the Bruce protocel [17]. Mcasurements were



simultaneously taken on the same arm by the QuietTrak
and the two obsctvers at the end of the second minate of
each stage.

Statistical analysis

All values are expressed as means + SD unless otherwise
stated. The statistical tests included one-way analysis of
variance (ANOVA) and Student’s t-test where appropsiate.
All statistical analyses were performed using BMDP
statistical software (BMDP Statistical Software, Los
Angeles, California, UJSA).

Results

Phase 1

Device assessment before and after use

Ohserver versus QuietTrak measurements before use are
shown in Table 2. The difference between device and
observers was less than 5mmHg in 88 and 87% of total
measurements for systolic and diastolic pressure respect-
ively. Error codes recorded during the 24 h ambulatory
monitoring period are reported in Table 3.

Observer versus Quiet' Trak measurement after use are also
shown in Table 2. Difference between device and obser-
vers was less than 5mmHg in 87 and B6% of measure-
ments for systolic and diastolic pressure, respectively.

The interdevice comparison showed no significant differ-
ences betwecen measurements performed using the three
different devices both before and after the 1-month use
period for systolic and diastolic pressure (F =0.97 and 0.94
on ANOVA, respectively; NS for both vanables).

Static device validation

In the 85 volunteers investigated, there were no significant
differences berween the observers and the QuietTrak
(Table 4; Fig. 1), Eighty-nine per cent of all systolic
readings and 88% of all diastolic readings obtained by
QuietTrak were within SmmHg of the mercury column
determinations. Furthermore, 99% of all systohic readings
and 98% of all diastolic readings obtained by QuietTrak
were within 10mmHg of the mercury column determina-
tions (Tabie 4).
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Tabia 3 Error codes during 24 h ambulatory monitoring In 30
ambulatery subjects (2760 total measurements).

Types of arror codes Total Range U
01 {manual intarruption) 33 0-5 118
02 (ar leak) 22 0-5 079
03 {low battery) 15 0-2 0.54
04 (autozero failure] 0 - -
05 (kinked air hoss) 1 - -
06 {overpressure} o4 - -
07 feuft pressure baseline =10 mmHg) o - —
08 (noisy artitact} 14 0-3 0560
08 (no Korotkofl sounds} o] - -
10 {waak KarotkeH sounds} [} 0-1 0.22
11 ({loud Korotkoff sounds) 3 01 011
12 (blood pressure out of system range) 18 0-1 0.57
13 {did not pump above systolic pressure} 3 o-1 0.11

Phase 2

Special group validation

In the 33 children the average difference berween the
observers and the QuietTrak was — 1.1 £ 3.9 mmHg (range
—8& to 8 mmlg) for systolic and 0.1 + 3.6 mmHp (range —7
to 6mmHg) for diastolic pressure, and 0.3 +4.2 beats/min
(range —7 to 11 beats/min)} for heart rate. The agreement
within 5mmHg between QuietTrak and mercury column
determinations was 87% for systolic blood pressure and
90% for diastolic. “I’he apreement within 10mmHg was
100% for systolic blood pressure and 100% for diastolic.

In the elderly, the average difference between the ebser-
vers and the QuictTrak was — 0.8 +3.2 mmHg (NS) (range
—6 ta 11 mmHg) for systolic and —0.2 +4.5 mmHg (NS)
(range —26 to 6mmHg) for diastelic pressure and
—1.04+ 3.7 beats/min (range — 8 to 11 beats/min} for heart
rate. Ninety-five per cent of systolic readings and 92% of
the diastolic readings were within 5 mmHg of mercury
column determinations. Additionally, 98% of all systolic
readings and 98% of the diastolic readings were within
10 mmHg of mercury column determination.

In pregnant women, the average difference between the
observers and the QuietTrak was —0.3+3.4 mmHg (range
—6 to 5 mmHpg) for systolic and 0.1+ 2.9 mmHg (range —4
to 5 mmHg) for diastolic pressure and —3.4 £+4.1 beats/min
(range —8 to 7 beats/min) for heart rate (NS for all).
Ninety-three per cent of the systolic readings and 100% of

Table 2 Device assessment before use and after a 1-month period of routine clinical use.

Differences betwesn standard and test device

Observer OuieTrak Average difference Range <5 <10 Grade

Befors use

Systolic (mmHg) 141 £ 28 14226 —06+386 —af B8% 990 A
Diastalic {mmHg) B&L18 B7+18B —04+36 -8B B7% 99% A
feart rate (beata/min) 74110 Tat11 +Qa3t2? - 9/8 97% 100% A
After use

Systolic {mmHg) 141 +27 14227 —-0.7£33 —8/7 B7% 100% A
Diastolic {(mmHg) a7+ 18 BB+ 18 0.6+38 —7/12 BEMW: 9% A
Heart rate {beats/min) 74+10 74111 01433 -7in 9% 959% A
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Tatie 4 Static comperison between cbservers and GuietTrak measurements performed In 85 subjects.

Differences betwesn standard and test davice

Observer QuiptTrak Avarage diference Ranga <5 <10 Grade
Systalic (mmHg) 135+ 26 1353 26 —03+34 —8/11 B89% 989% A
Diastolic (mmHg) 2% 18 B21186 01135 —B8A2 B2% 98% A
Heart rate (beata/min) 73110 74110 —065+33 —-14/11 94% 08%: A

15] SYSTOLIC PRESSURE

mmHg

75 100 125 150 175 200 mmHg

15] DIASTOLIC PRESSURE
10 HE

-20 . . T
40 60 80 100
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120 mmHg
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Shom

40 50 60 70 80 90 bpm

Static devica validation parfarmed in BS subjects.

the diastolic readings were within 5mmHg of mercury
column determination, whereas 100% of the systolic
readings and 100% of the diastolic readings were within
10 mmHg of mercury column determination.

Special circumstances

Posture. Observer measurement values in the supine posi-
tion are compared with those using Quiet’Irak in Table 5.
Ninety-six per cent of the systolic readings and 89% of the
diastolic readings obtained by Quiet'liak were within
5mmHg of the mercury column determinations. Addi-

tionally, 100% of the systolic readings and 100% of the
diastolic readings were within 10 mmHg of the mercury
column determinations. Ohserver measurement values in
the standing position are compared with those using
Quietltak in Table 5. The agreement within SmmHg
between QuietTrak and metcury column determinations
was 90% for the systolic readings and 90% for the diastolic
readings. Additionally, the agreement within 10 mmHg was
100% for systelic readings and 98% for diastolic readings.

Faerpise. In all subjeces the device was able to record reli-
able values. In three subjects, the microphone needed to
be removed and fixed again on the arm during the test. In
particular, 1.2% of total systolic and 2% of total diastolic
measurements differed by more than 40mmHg from
values measured using a sphygmomanometer, However, at
immediately subsecquent pressure determination, 88% (24
out of 198) and 83% (32 out of 198) of systolic and diastolic
measurements differed less than 10 mmHg from that per-
formed by sphygmomanometer. Overall differences of
3.1+5.7 (range —8 to 35mmHg) and 4.9+6.ZmmHg
(range —8 ro 29 mmHg) for systolic and diastolic pressure
were observed between manual and automatic readings
(Tables 6 and 7).

Discussion

The Quiet'Irak achicved A rating for systolic blood pres-
sure and A rating for diastolic blood pressure according to
the criteria of the BHS Protocol [4,5] and fulfilled the
cnteria of the AAMI standard [2,16]. The performance
characteristics were good and the device was acceptable to
patients because of its small size (11.43 x8.6 x4.1 ¢m) and
light weight (355 g with batteries), and its almost noiseless
performance.

The recent evaluation of Quiet’ltak according to the pro-
tocol proposed by the AAMI {16] showed a very small
difference between automated and manual measurements
as in eur report. [n addition, the BHS protecol enabled us
ta exclude differences in special group poputations such as
children; elderly people or pregnant women, in whom an
accurate measurement of diastolic pressure is often diffi-
cult. Moreover, the effect of intense clinical use on the
reliabifity of the device was assessed and no differences
between new and used instruments were detected.



Table 5 Effect of posture
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Oifferences between standard and test davice

Ohserver QuietTrak Averaga diffarence Range <5 =10 Grade
Systolic (mmHgy)
Sitting 136123 137+£23 —1.4%31 —Bf11 88% 98% A
Standing 130+28 131128 —D4+34 —a/8 S0% 100% A
Supina 128£25 13726 1.3£390 —8/6 a6 100% A
Diastolic {mmHg)
Sitting B5 117 BET 16 —0.4t34 —8/10 90% 9% A
Standing 79%15 79+15 ¢3+386 —8i12 0% 8% A
Supine 81116 81+17 07+35 —-710 9% 100% A
Heart rate (beats/min)
Sitting 7ix8 73t 10 —-D3t28 — 1246 97% 8% A
Standing 78E10 7L 08+4.0 —14/11 92% 97% A
Supine 71tg 72L10 -0D2+4+32 —710 51% 100% A
Tabls 8 Effect of exercise (overall results)

Differences between standard ark! test devica

Ohbgsarver CuiietTrak Average ditference Range <8 <10 Grade
Systolic (mmHg} 17728 174+ 28 3157 —8/35 69% 88% B
Diastolic {mmHg) 92+19 ga+18 46+62 —8/29 56% 83% c
Heart rate [beats/min) 107+26 107126 03149 121 T400 9156 4]
Tanie 7 Effect of exercise (stage by stage)
Stage No. pationts  Grade (%) Miles/h Min Dbserver CuistTrak <5 <10 Grade
Systallc (mmHg)
1 32 0.0 1.7 3 148+ 35 147127 23% 97% A
] 32 5.0 1.7 a3 157 +22 155+ 23 7% 91% B
11 a2 1.0 1.7 3 170+ 28 166127 68% 97% B
i3 a2 120 25 3 188+18 185+19 59% 28% G
v 3 14.0 a4 3 186+12 18211 B5%: 84%: C
Vi 23 16.0 42 3 198413 193+13 T4% g91% B
Wil 16 18.0 50 3 203+14 19816 56% 1% c
Diastolic (mmHg)
| 32 (¢Ra] .7 3 8714 B3+15 68% 97% B
] 32 5.0 1.7 3 8at12 B4113 50% 54% c
m 32 10.0 1.7 3 91123 B& 121 62%: a19% c
N 32 12.0 5 3 a0+ B7118 53% B4% c
v 31 140 34 3 87+18 90+17 52% % c
Wi 23 168.0 42 3 g9+ 21 82+ a5% 78% D
Wi 16 1B.O E.0 3 104121 897118 63% 75% C
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