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• W e compared Telelab Personal Blood Pressure Transmitters to mercury sphygmomanometers on a 
random sample of 63 patients in an office setting and on 29 different patients in a home trial. Each 
patient was tested with the sphygmomanometer by one of two observers. Three consecutive measure-
ments of each patient were averaged for each method. Although some differences between observers 
were statistically significant, they were not clinically significant. Differences between the two methods 
were well within the Association for the Advancement of Medical Instrumentation's accepted range for 
comparable medical equipment. T h e 29 hypertensive outpatients used the Telelab transmitter for 
periods ranging from 2 to 55 weeks during a clinical validation phase. T h e reliability and accuracy of 
the monitor were again demonstrated by frequent comparisons with office mercury sphygmomanometer 
measurements. T h e high degree of patient acceptance of the monitor for repeated readings over 
prolonged periods clearly adds to its usefulness. 
• INDEX TERMS: HYPERTENSION, AMBULATORY MONITORING IN; TELELAB • CLEVE CLIN J MED 1991; 58:28-32 

BLOOD PRESSURE measurements taken by 
the patient at home have been used to 
manage hypertension for at least 50 years.1 

Home measurements help to determine the 
need for pharmacologic therapy, particularly in 
patients with borderline or mild hypertension, and as-
sist in the titration of antihypertensive regimens.2-7 

Even early observations noted that blood pressures 
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measured casually at home by the patient or a family 
member were generally lower than those obtained in 
the physician's office. 

• See Sheps(pp 61-63). 

Problems with home blood pressure measurements 
include the frequent need to calibrate mechanical 
manometers, the difficulty patients may have in hear-
ing Korotkoff sounds, and tendencies to observer bias, 
e.g. preferring even digits rather than odd in recording 
blood pressures. Patients sometimes do not record ac-
curately all relevant information, such as the time of 
day, that makes home measurements useful. Patients 
must also be trained to apply the cuff properly and to 
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position the stethoscope or microphone over the 
brachial artery. 

In recent years, the stethoscope has been replaced 
with electronic monitors that convert Korotkoff 
sounds into a digital display of systolic (SBP) and dias-
tolic (DBP) pressures. Other types of monitors, includ-
ing fingertip monitors, convert oscillometric rather 
than auscultatory signals to analog blood pressure read-
ings. These new electronic monitors eliminate the 
problems of observer bias and digit preference but not 
the need for accuracy in recording both blood pressure 
data and time of day. 

Semiautomatic and fully automatic blood pressure 
monitors can measure blood pressure and heart rate 
intermittently over extended periods while patients 
are at work, at play, or asleep. Most common are the 
fully automatic monitors that are fitted at the clinic 
and worn by the patient for extended periods. Most 
electronic monitors store and analyze data and pro-
vide either digital or graphic displays of the measure-
ments. 

Ambulatory monitors have the advantage of provid-
ing a series of measurements that reflects not only the 
diurnal variations in blood pressure but also the chan-
ges in blood pressure during different activities. They 
also avoid the problems of observer bias or end digit 
preference. 

Automatic, 24-hour monitoring can present 
problems, however. If measurements are taken during 
sleep, the inflating cuff may disturb the patient, raising 
blood pressure and resulting in nonrepresentative 
measurements. In addition, arm position and back-
ground noise can affect the accuracy of individual 
measurements. Wearing the monitor for long periods is 
inconvenient, particularly when repeated periods of 
monitoring are attempted. These problems, as well as 
the high cost ($10 ,000 to $15 ,000 per system), 
generally make these monitors unsatisfactory for diag-
nosis or management. 

The purpose of this study was to evaluate the ac-
curacy and reliability of a new semiautomatic monitor, 
the Telelab Personal Blood Pressure Transmitter, in 
office and home trials. 

MATERIALS AND METHODS 

The monitor 
The Telelab Personal Blood Pressure Transmitter 

(Telelab, Hillsboro, Ore.) is a portable blood pressure 
monitor that operates by semiautomatic auscultatory 
sphygmomanometry.8 The system consists of a trans-

mitter, a cuff assembly, and a replaceable 9-volt battery. 
The DC-powered transtelephonic transmitter that 
records blood pressure and heart rate can store up to 
250 measurements, as well as the date and time of each 
measurement. Instructions displayed on a monitor 
prompt the patient through the necessary actions for 
measuring his or her blood pressure. The blood pres-
sure cuff assembly consists of a standard, manually in-
flated cuff and microphone; large adult cuff sizes are 
also available. An indicator alerts the user to pending 
battery failure. The monitor, contained in a plastic 
carrying case, weighs 39 ounces and is easily carried by 
hand or in a briefcase or shopping bag. 

Blood pressure is measured at intervals during the 
patient's waking day, usually while the patient is 
seated. The monitor does not measure pressures while 
the patient is asleep. Measurements are initiated by the 
patient, who takes three readings, 2 minutes apart, at 
specified times. The monitor stores the data until they 
can be transmitted at prescribed intervals via 
telephone to a computer, at a time convenient to both 
patient and laboratory. 

Methods 
Phase I. Sixty-three subjects were randomly chosen 

from patients undergoing follow-up care at The 
Cleveland Clinic Foundation for hypertension. Of 
these 63 patients, 31 were evaluated by one observer 
(Group A ) and 32 were evaluated by another observer 
(Group B) . Both observers were trained non-
physicians. 

Subjects were seated comfortably in a quiet examina-
tion room and were fitted with the blood pressure cuff 
after a brief explanation of the procedure. The cuff was 
attached to a desktop mercury manometer and to the 
Telelab Personal Blood Pressure transmitter by way of a 
"T" connector that permits the two methods to measure 
blood pressure simultaneously. Three consecutive 
measurements were made with both monitors at 2-
minute intervals. Heart rate was recorded by the 
Telelab monitor each time a blood pressure reading was 
made; the observer counted the radial pulse for 1 
minute immediately after measuring the blood pressure. 

Telelab values were recorded automatically; mer-
cury manometer measurements and pulse rate were 
recorded by the observer. The average blood pressure 
and heart rates were calculated for the two monitors 
and compared within and across observer groups with 
Student's paired t test. Ninety-five percent confidence 
intervals were also calculated for the mean differences 
between the two sets of measurements. 
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Phase II. In the second phase of the study, an addi-
tional 29 patients were sent home with the Telelab 
monitor. These patients, also from The Cleveland 
Clinic Foundation, were selected at random; none had 
participated in phase I, and all were undergoing 
evaluation, treatment, or titration of antihypertensive 
medications at the hypertension clinic. 

Each patient was instructed in the proper use of the 
monitor. The monitor was then calibrated by the tech-
nical specialist in the laboratory. Before the patient's 
departure, the monitor was connected to a mercury 
manometer by a "T" connector, and three sets of simul-
taneous mercury and Telelab measurements were col-
lected and recorded, as in phase I. 

The patients were assigned the same monitor on 
which they had practiced. They were asked to take at 
least three sequential measurements every morning, 
three during the active part of the day, and three before 
bed. Each patient transmitted the blood pressure data 
by telephone to our laboratory every 2 or 3 days. 

The monitor was calibrated at each return office 
visit. The monitors were used continuously from 2 to 55 
weeks (mean = 12 weeks.) The number of office visits 
ranged from one to eight and varied widely because 
patients were not asked to return any more frequently 
than would be requested for routine clinical follow-up. 

Repeated measures of analysis of variance were used 
to examine the effects of monitor type and number of 
visits on SBP and DBP separately. First, the possible 
interaction between monitor type and the number of 
visits was tested to determine whether the measure-
ments differed by the number of office visits. Because 
no significant interaction was found, the effects of 
monitor type and number of visits were examined 
separately. Most of the analysis was achieved with 
Biomedical Programs software, Program 3V, (Digital 
Computers, Los Angeles), which takes into account 
that not all patients had eight office visits. Correlation 
coefficients were calculated for the three measure-
ments (office Telelab, office mercury, and home 
Telelab), using only the first office visit measurements 
on each patient. 

RESULTS 

Phase I 
Some observer variability was noted in the measure-

ment of SBP. In Group A the Telelab measurements 
were higher than the mercury measurements, whereas 
in Group B, they were lower. Although these differen-
ces are statistically significant (P < 0.001; mean dif-

ference of 1.4 mmHg in Group A and 1.8 mmHg in 
Group B), they are within the range of clinical 
equivalence. The differences were small enough to 
pool the data from both groups for further analysis. 

There was also some observer variability in the 
measurement of DBP. The difference between the 
Telelab and mercury measurements taken by observer 
B was significantly greater than the difference between 
those taken by observer A. The direction of the dif-
ferences was the same for both observers; the Telelab 
measurements were significantly higher than the mer-
cury values (P < 0.001). This difference (mean value of 
3.5 mmHg) was within the Association for the Advan-
cement of Medical Instrumentation (AAMI)9 ac-
cepted standards for equipment comparisons. 

Telelab heart rate measurements were slightly lower 
than those taken by the observer. While this difference 
is statistically significant (P < 0.001), the mean dif-
ference of 1.7 bpm is not clinically important. 

To determine whether the difference between the 
mercury and Telelab measurements varied with blood 
pressure, we created categories of blood pressures from 
the mercury measurements. Differences between the 
two types of measurements were compared for each 
blood pressure category with the Kruskal-Wallis test. 
There was a significant difference between categories 
in SBP but not in DBP. Multiple comparisons indi-
cated that in the middle ranges of SBP (120 mmHg to 
140 mmHg) the Telelab measurements tended to be 
higher, and at the outer ranges, the mercury measure-
ments tended to be higher. The differences, while 
statistically significant, were all less than 5 mmHg and 
were clinically acceptable. 

Phase II 
As expected, both office Telelab and mercury mea-

surements were significantly higher than the home 
Telelab measurements, but they were not significantly 
different from each other. This was true for both SBP 
and DBP. 

All three measurement conditions (office Telelab, 
home Telelab, and office manometer) are strongly cor-
related for both SBP and DBP. The two office measure-
ments had a slightly stronger correlation than either of 
the two combinations of home and office measure-
ments. The correlation coefficients for office mercury 
and office Telelab were 0.99 for SBP and 0.98 for DBP, 
while for office mercury and home Telelab they were 
0.81 for SBP and 0.77 for DBP. The correlation coeffi-
cients for office Telelab and home Telelab were 0.81 for 
SBP and 0.72 for DBP. 
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DISCUSSION 

We compared the Telelab Personal Blood Pressure 
Transmitter to a mercury sphygmomanometer on a 
random sample of 63 patients in an office setting and 
on 29 different patients in a home trial. The study 
design and the relatively small variability in measure-
ments produced statistically significant differences of 
no clinical importance. The differences were well 
within the accepted range (± 5 mmHg) recommended 
by the AAMI for validating the accuracy of blood 
pressure monitors.9 Home use of the Telelab device by 
29 patients verified both the accuracy and reliability of 
the device when used for periods of up to 55 weeks. 
The correlation between office mercury and office 
Telelab readings was exceptionally good. Although 
statistical differences were found between the measure-
ments and between the observers, these differences 
were attributed to the study design and the low 
variability among the measurements; none was clini-
cally significant. 

The evidence suggests that the complications of 
hypertension are more closely related to ambulatory 
measurements of blood pressures than to casual office 
measurements. Sokolow and colleagues found that am-
bulatory blood pressure measurements were superior to 
casual office measurements in predicting the severity of 
hypertension, as indicated by the presence of 
retinopathy or by radiographic or electrocardiographic 
evidence of left ventricular hypertrophy.10 An exten-
sion of their initial studies showed that ambulatory 
measurements provided better long-term predictions 
of fatal and nonfatal cardiovascular events than did 
office measurements.11 Several studies suggest that am-
bulatory measurements are superior to office measure-
ments in predicting cardiac hypertrophy.12-14 

Home or ambulatory blood pressures are consistent-
ly lower than office blood pressures in most patients 
with borderline or mild hypertension.4'5,1516 Our study 
was no exception: measurements taken at home were 
significantly lower (P < 0.001) than those taken at the 

office with either of the two methods. The 7-day 
average of home Telelab measurements (taken before 
the periodic office checks) was lower than the 7-day 
averages for both the Telelab and mercury measure-
ments taken at the office. 

The Telelab Personal Blood Pressure Transmitter of-
fered us several advantages over sphygmomanometers 
and automatic ambulatory monitors. Manual measure-
ments can upset patients who worry about minor devia-
tions. In addition, observer bias or digit preference can 
influence these measurements. Although automatic 
monitors have eliminated these problems, many 
patients still do not accurately record either the meas-
urements or the date and time that they were taken. 
The Telelab monitor automatically records the these 
data; it does not permit the patient to record only 
favorable readings or to record false readings. 

The Telelab monitor records blood pressure mea-
surements over a longer period than do the automatic 
ambulatory monitors. Its accuracy and reliability have 
been demonstrated over weeks of repeated measure-
ments. The opportunity to observe fluctuations in 
blood pressure over longer periods than is possible with 
automated devices. may prove an advantage in the 
evaluation of patients with borderline, labile, or 
suspected office hypertension. 

The difficulties in convincing patients to agree to 
repeated 24-hour measurements with automated 
equipment makes such monitors of little value for 
titrating drug therapy. We found the Telelab personal 
blood pressure transmitter to be useful in guiding drug 
titration without subjecting patients to the incon-
venience of frequent office visits. Measurements stored 
in the monitor are transmitted by telephone into our 
computerized data bank and are immediately available 
to the physician for use in adjusting dosages. 

The Telelab monitor has a distinct disadvantage 
when compared to 24-hour blood pressure monitors in 
that it does not measure pressure during sleep. How-
ever, the significance of SBP and DBP measurements 
during sleep has not been determined. 
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