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Abstract

Five mid-range patient monitors from four leading manufacturers
were tested for their performance using three commonly used
noninvasive blood pressure (NIBP) simulators. The test focused on
how the monitors performed in terms of sensitivity, determination
time, and measurement range between high and low systolic and
diastolic pressures at low, normal and high pulse rates. The devices
tested are of a type commonly used for continuous monitoring in
ERs, hospital wards, and critical-care and step-down units. Monitors
from GE HealthCare, Mindray, Philips and Nihon Kohden were
evaluated. The test results demonstrated that GE HealthCare’s B125
monitor with DINAMAP™ SuperSTAT NIBP algorithm* delivered a
high degree of sensitivity compared to the other tested devices
when interrogated at high and very low pulse amplitudes (DINAMAP
SuperSTAT algorithm is the same in the CARESCAPE VC150, B1X5
monitors and the CARESCAPE BX50 and CANVAS monitors). The
measurement range of all five devices straddled the clinically
relevant systolic and diastolic blood pressures, and with one
exception, GE HealthCare’s B125 monitor demonstrated the widest
minimum-maximum range for both. In this test, the greater
sensitivity seen in GE HealthCare’s B125 monitor did not come at the
expense of determination time, since the B125 monitor achieved the
fastest time among the five devices and was 25 seconds quicker
than the slowest of the five devices.

Purpose

This paper evaluates the overall performance among mid-range NIBP
measurement devices used in clinical settings. The study did not
evaluate the clinical accuracy of the devices; instead, it focused on
their range of performance. The parameters evaluated during the
test were:

Sensitivity. This parameter refers to the percent of successful
determinations. The test recorded successful determinations taken
at 100% amplitude and at minimal 10% amplitude at varying
pressure levels. One hundred percent amplitude means 1 ml filling
of the simulator plunger. The actual pressure pulse in mmHg
depends on the ratio of the volume pushed by the simulator plunger
(2 ml), the volume of the filled cuff, and its pressure. One hundred
percent is physiologically typical for adults and 50% is typical for
neonates. Sensitivity in blood pressure measurement is important
across the clinically relevant range but is of the utmost importance
at thresholds for hypertension and hypotension. Sensitivity in blood
pressure (BP) determinations at the extremes can impact the
efficiency of the clinical team in identifying blood pressures that may
require acute attention.

Range of diastolic and systolic readings. This refers to minimum and
maximum diastolic and systolic pressure values each device was able
to record, at low pulse rate (< 60 bpm), mid-range pulse rate (>60-
160 bpm), and high pulse rate (>160 bpm). The wider the range the
better the performance as it is will enable the device to get a
measurement in a wider variety of patient types and conditions.

DISCLAIMER: The data collection and data analysis for this study was conducted in 2019 by an independent third party.
The data from this study is stored in GE HealthCare’s internal quality record system under reference DOC2452066.

Data collection for all devices was done in accordance to a strict protocol to ensure fair comparison. The results from this study can
only be interpreted in light of the specific test conditions and do not necessarily reflect usage in a standard clinical environment.

*GE HealthCare’s Portrait™ VSM vital sighs monitor uses the same DINAMAP algorithm



Determination time. This refers to the time required for the
system to run through the full cycle of the blood pressure
measurement at given simulation settings. The primary benefit of
a short determination time is patient comfort, but it also can
contribute to clinician productivity.

The highest performing monitors overall are those that best
combine performance against all three of these parameters. For
example, a short determination time is desirable, but not to the
detriment of sensitivity. Similarly, high sensitivity is beneficial, but
not if at the expense of range of measurement and thus a limitation
on the range of patient types and acuities the device can monitor
effectively.

Test setup and methods

A third-party clinical research organization conducted this analysis in
accordance with a structured protocol in which each device was
interrogated across a range of simulated blood pressures, heart
rates and amplitudes of flow. Three commonly available simulators,
a CuffLink, BP Pump 2 and ProSim 8, were used for the test. Five
mid-range patient monitors, listed below, with NIBP measurement
capability were tested and compared:

e GE HealthCare B125 with DINAMAP SuperSTAT NIBP algorithm
e Philips Efficia™ CM120

e Philips IntelliVue™ MX430

e Mindray IPM12

¢ Nihon Kohden Life Scope 3000 Series

Each monitor was tested using all three simulators at systolic
pressures, diastolic pressures and pulse rates covering the specified
measuring range. Measurements were also taken at varying pulse
amplitudes from 10% to 240%. The results were documented along
with any error messages given by the monitors and with other
clinically meaningful observations.

The percentages of successful determinations at each simulator
setting of systolic and diastolic pressure, pulse rate, and pulse
amplitude were also documented. When recording data, any
measurement at which the monitor gave a reading was considered
successful, even if the result was false. Where a test was done at a
certain simulator setting, the percent number was copied from the
next lower setting. In most cases, the settings are shown in steps of
10. As an exception, when many measurements were done at in-
between values, an extra row was added to the table. If only a few
measurements were done at those values, the results were included
in the next lower setting at the low end and next higher setting at
the high end.

Results

Sensitivity

GE HealthCare’s B125 monitor showed the highest sensitivity (98%)
at 100% amplitude; the second highest in sensitivity was the Philips
IntelliVue MX430 monitor (90%). The lowest sensitivity measure was
from the Mindray device (87%).

Sensitivity performance under low amplitude conditions was
anticipated to negatively affect all monitors. At the most extreme
test condition, with amplitude at 10%, GE HealthCare’s B125
monitor showed the least performance decay in relation to testing
at 100% amplitude, while the Philips Efficia CM120 monitor showed
the greatest decay.

Table 1 shows the percentage of successful determinations using all
three simulators at different amplitudes and pulse rates as defined
in the test protocol.

Table 1: Sensitivity Comparison.

Sensitivity
Mid-Range Monitor Sensitivity (minimal
Comparison (100% amplitude) amplitude 10%)
GE HealthCare B125 [ 98w | | 0% |
Philips Efficia CM120 [ 89% | [ 40w |
Philips Intellivue Mx430 | 90% | | 80% |
Mindray 1PM12 [ 87% | | 674 |
Nihon Kohden
Life Scope 3000 I 88w | | 57% |

100% amplitude means 1 ml filling of the simulator plunger. The
actual pressure pulse in mmHg depends on the ratio of the volume
pushed by the simulator plunger (1 ml), the volume of the filled cuff,
and its pressure.

An aggregate view of sensitivity performance stratified by systolic
and diastolic pressures is depicted below. Each cell in the tables
represents the percentage of successful measurements done at
different amplitudes and pulse rates as defined in the test protocol.
For systolic pressure (Table 2), the data spans a pressure range from
40 to 300 mmHg, while for diastolic pressure (Table 3), the range
reported is from 40 to 200 mmHg. The majority of devices
demonstrated close to 100% sensitivity throughout, with decay at
the extremes of the systolic range tested.



Table 2: Systolic Range, Successful Determinations. As stated earlier, sensitivity should not be confused with a
measurement of accuracy; in fact, it is a measure of robustness in
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130 100 % 96 % 99 % 97 % 100 % Where a device failed to record a measurement at the high or low
140 100 % 100 % 99 % 97 % 100 % end of its range, a second trial was performed to verify that the
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160 100 % 100 % 100 % 100 % 100 % Table 4: Measurement Range at Low Pulse Rates (<60 bpm).
170 100 % 100 % 100 % 100 % 100 % Diastolic Range Systolic Range
180 100 % 100 % 100 % 100 % 100 % (mmHg) (mmHg)
190 100 % 100 % 100 % 100 % 100 % Mid-Range Monitor
Comparison
200 100 % 100 % 100 % 100 % 100 %
210 100 % 100 % 100 % 100 % 100 % GE HealthCare B125 E 218 | [ = 290 |
220 100 % 100 % 100 % 100 % 100 %
Philips Efficiacmizo [ (13 215 | [ [ 0 |
230 100 % 100 % 100 % 100 % 100 %
240 100 % 100 % 100 % 100 % 100 % Philips Intellivue Mx430 |14 198 EE 251 |
250 97 % 96 % 100 % 97 % 100 %
260 100% 96 % 100% 7% a5 o Mindray IPM12 [[1a 207 | | 40 268 |
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270 100 % 0% 100 % 100 % 0% P
275 93 % 83 % 100 % 96 % 0%
280 0% 0% 799% 26 % 0% When pulse rates were low (< 60 bpm), all devices demonstrated a
measurement range for both diastolic and systolic pressure that
290 0% 0% 83 % 0% 0%

included the clinically relevant threshold for hypertension (140

300 0% 0% 0% 0% 0% mmHg systolic and 90 mmHg diastolic), and the same was true for
Table 3: Diastolic Range, Successful Determinations. hypotension (90 mmHg systolic, 60 mmHg diastolic). The GE
HealthCare B125 monitor had the widest measurement range for
both diastolic and systolic pressure. Low heart rate and hypertension
is not a common occurrence in the absence of a Cushing reflex. A
Cushing reflex is most commonly attributed to patients with
intracranial hypertension due to brain lesions or injury (i.e.
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40 100% 100% 100% 100% 100% subarachnoid hemorrhage) and can be life-threatening if not readily
50 100 % 100 % 100 % 100 % 100 % identified and treated.
60 100 % 100 % 100 % 100 % 100 %
70 100 % 100 % 100 % 100 % 100 %
80 100 % 95 % 98 % 96 % 100 %
90 100 % 95 % 98 % 96 % 100 %

100 100 % 100 % 100 % 100 % 100 %

110 100 % 100 % 100 % 100 % 100 %

120 100 % 100 % 100 % 100 % 100 %

130 100 % 100 % 100 % 100 % 100 %

140 100 % 100 % 100 % 100 % 100 %

150 100 % 100 % 100 % 100 % 100 %

160 100 % 100 % 100 % 100 % 100 %

170 100 % 100 % 100 % 100 % 100 %

180 100 % 100 % 100 % 100 % 100 %

190 96 % 96 % 100 % 97 % 100 %

200 100 % 100 % 100 % 100 % 93 %



Table 5: Measurement Range at Mid Pulse Rates (>60 bpm - <160 bpm).

Diastolic Range

Systolic Range

(mmHg) (mmHg)

Mid-Range Monitor .

: Maximum
Comparison
GEHealthcareB12s [ 12 28 | [ = 290 |
Philips EfficiacM120 [ |12 29 | | 30 210 |
Philips Intellivue Mx430 | |13 25 | [ 30 266 |
Mindray IPM12 |12 210 | [ [0 20 |
Nihon Kohden
Life Scope 3000 | 12 =0 | | 40 218 |

When pulse rates were between 60 and 160 bpm, all devices
demonstrated a measurement range for both diastolic and systolic
pressure that included the clinically relevant threshold for
hypertension (140 mmHg systolic and 90 mmHg diastolic), and for
hypotension (90 mmHg systolic, 60 mmHg diastolic). The Philips
IntelliVue MX430 monitor demonstrated the widest measurement
range for diastolic pressure; GE HealthCare’s B125 monitor
showed the widest range for systolic pressure.

Table 6: Measurement Range at High Pulse Rates (>160 bpm).

Diastolic Range
(mmHg)

Systolic Range
(mmHg)

Mid-Range Monitor
Comparison

GEHealthCareB125 | 14 218 | | I35 290 |
Philips Efficiacmizo [ 13132 | [[30 s |
Philips IntelliVue MX430 | 13 197 | | ‘30 29 |
Mindray IPM12 [[12 206 | [ Tao 270 |
Nihon Kohden

Life Scope 3000 L 21 | ‘ 40 216 l

When pulse rates were high (>160 bpm), all devices demonstrated a
measurement range for both diastolic and systolic pressure that
included the clinically relevant threshold for hypertension (140
mmHg systolic and 90 mmHg diastolic) and for hypotension (90
mmHg systolic, 60 mmHg diastolic). GE HealthCare’s B125 monitor
showed the greatest measurement range for both diastolic and
systolic pressure. Of note, the Philips Efficia CM120 monitor showed
upper limits of detection below 200 mmHg. This is not common
clinically but can be found during periods of profound
catecholamine release, where systolic pressure can exceed 200
mmHg. In management of hypertensive crisis with tachycardia, time
is of the essence in reducing the risk for development of
cardiovascular complications.

Determination Time

Determination times were recorded for blood pressure 120/80
mmHg, pulse rates 60 to 80 bpm, and 100% pulse amplitude as
measured with the three simulators. The values represent the
typical low value or the average of the nearest typical low values. All
repeats of long measurements at these settings were excluded.

Table 7: Determination Time Comparison.

Determination Time (100 % amplitude,
120/80 mmHg, pulse rates 60 and 80)

GE HealthCare Ph'h{’s Phi "’FS Mindray Nihgn Kohden
Efficia Intellivue 1PM12 Life Scope
CM120 MX430

B125 3000

GE HealthCare’s B125 monitor was the fastest of the five devices,

and 25 seconds faster than the slowest devices, the Philips Efficia
CM120 and Philips

IntelliVue MX430 monitors. The mean and median determination
times were 38.4 (+ 11.2) and 40 seconds, respectively. The Philips
Efficia CM120 and IntelliVue MX430 monitors were two standard
deviations from the mean. The Mindray IPM12 was slower than
average but within one standard deviation from the mean. The
Nihon Kohden Life Scope 3000 was slower than the GE HealthCare
device but faster than the mean.

Observations

In this benchmark study using five blood pressure measuring
devices, all showed comparable measurement ranges that straddled
clinically significant thresholds for both hypotension and
hypertension. However, GE HealthCare’s B125 monitor
demonstrated the widest measurement range. Futhermore, the
sensitivity at 100% amplitude and 10% amplitude, which represents
an exaggerated clinical worst-case scenario, revealed that the B125
monitor performed better when compared to the others. Finally, the
greater sensitivity seen in the B125 monitor does not come at the
expense of determination time.



Discussion and conclusions

Blood pressure measurement often involves trade-offs between
measurement speed, range and sensitivity. The shorter
determination leads to increased patient comfort when the blood
pressure cuff is inflated in the critical care setting every couple of
minutes.

Beyond the scope of this analysis was an assessment of accuracy, for
each device was assumed to be accurate within its respective
dynamic range. However, sensitivity analysis was performed to
determine the frequency with which each device would produce a
valid BP measurement when assessed over a range of pressures and
simulated flow conditions. When using devices with lower
sensitivity, repeated measurements will be more likely to occur,
increasing measurement time and perhaps reducing patient
comfort. (For example, a device with 74% sensitivity may require
26% more inflation time due to repeated measurements.) Therefore,
comfort from a more rapid determination time may be offset by
poorer sensitivity. GE HealthCare’s B125 monitor performed at the
upper range for sensitivity while also having the fastest
determination times among all devices tested.

Blood pressure determination across the clinically relevant range is
important, and each device was assumed to have sufficient accuracy
to receive clearance by the U.S. FDA and other regulatory
authorities. At the extremes is where BP detection for these devices
may vary, notably at elevated systolic blood pressures. In cases such
as hypertensive crisis, new onset headache suggestive of
subarachnoid hemorrhage, or decompensated congestive heart
failure, the systolic blood pressure in a small percentage of patients
can be greater than 200 mmHg and can approach 300 mmHg. When
the systolic pressure is elevated to this magnitude, there is an
imminent risk for brain or cardiac complications to progress.!
Therefore, the performance of a blood pressure device becomes of
increasing importance beyond workflow efficiency and patient
comfort.

Product may not be available in all countries and regions. Full product technical specification is
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