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Objective The aim of this study was to compare the values
of a noninvasive blood pressure (NIBP) measurement
during cuff inflation (inflationary NIBP) and deflationary
NIBP measurements and to verify whether inflationary
NIBP is equivalent to conventional deflationary NIBP and
is acceptable for clinical use in the emergency room (ER).

Materials and methods A total of 2981 NIBP data points
were collected from 175 patients (age, 56.5± 22.2 years;
range, 7–92 years) who had been treated in the
resuscitation area of the ER at Keio University Hospital. The
data points were obtained using two alternate algorithms
with a standard monitor (BSM-6000). One algorithm
consisted of continuous inflationary and deflationary
measurements in a single cycle (dual algorithm, 1502 data
points); this algorithm was used to verify the success rate
and the precision of the data. The second algorithm (1479
data points) consisted of only conventional deflationary
measurements and was used to verify the duration of the
measurement cycle.

Results The success rate of the inflationary NIBP
(completed using only the inflationary method) was 69.0%.
Failures in the inflationary measurements were caused by
arrhythmia and/or body motions. The mean difference and
SD of the systolic pressure and the diastolic pressure

between inflationary NIBP and deflationary NIBP were
− 0.6± 8.8 and 3.5± 7.5mmHg, respectively. The confidence
intervals were − 0.6 (95% confidence interval=− 1.1 to
− 0.1) and 3.5 (95% confidence interval= 3.0 to 4.0) mmHg.
The coefficients of correlation were 0.96 and 0.93.
Inflationary NIBP was capable of determining the NIBP
more quickly compared with deflationary NIBP (average
of 15.9 vs. 34.2 s; P< 0.05).

Conclusion Inflationary NIBP measurements have a
reasonable accuracy and a sufficient rapidity, compared
with deflationary NIBP measurements, in ER
patients. Blood Press Monit 20:325–329 Copyright © 2015
Wolters Kluwer Health, Inc. All rights reserved.
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Introduction
Noninvasive blood pressure (NIBP) monitoring using an

automated sphygmomanometer is used to obtain blood

pressure values, which are required in various clinical

situations including operating rooms, ICUs, and emer-

gency rooms. Historically, the measurement principle of

an automated sphygmomanometer can be based on two

methods: the auscultation method and the oscillometric

method. Currently, most NIBP monitoring devices are

based on the oscillometric method and determine the

blood pressure during cuff deflation (deflationary NIBP)

[1,2]. However, a NIBP measurement during cuff infla-

tion (inflationary NIBP) can be advantageous as infla-

tionary NIBP can complete the measurement with a

lower cuff pressure and a shorter measurement duration

compared with conventional deflationary NIBP.

In patients who receive anesthesia during surgery, the infla-

tionary NIBP has been shown to show a reasonable accuracy

compared with conventional deflationary NIBP [3]. However,

the use of NIBP monitoring using inflationary NIBP in

emergency room patients with various unstable conditions

has not been reported previously. In addition, the values

obtained using inflationary and deflationary NIBP reportedly

differ [4]. The aim of this study was to compare the values of

inflationary NIBP and deflationary NIBP measurements and

to verify whether inflationary NIBP is equivalent to con-

ventional deflationary NIBP and is acceptable for clinical use

in the emergency room. Also, we examined the usefulness of

the inflationary NIBP by (a) comparing the durations of the

measurement cycles for inflationary NIBP and deflationary

NIBP and (b) determining the success rate of the inflationary

NIBP measurements.

Materials and methods
Study design
This was an observational study to verify the values and

the usefulness of the inflationary NIBP. The study was

approved by the institutional review board.

Presented at the 34th International Symposium on Intensive Care and Emergency
Medicine (ISICEM) in March 2014, Brussels, Belgium.
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Study setting and population
NIBP data were collected from patients admitted to the

resuscitation area of the emergency room at Keio

University Hospital during an 8-week period from

September to November 2013.

Study protocol
The measurements were performed using two alternate

algorithms for NIBP measurements that were included in

the test device (patient monitor BSM-6000; Nihon

Kohden Corporation, Tokyo, Japan): a dual mode and a

deflationary mode. With the dual mode, the blood pres-

sure values were measured using both inflationary NIBP

and deflationary NIBP; the inflationary NIBP and the

deflationary NIBP measurements were obtained at

almost the same time because a single measurement

cycle consists of an inflationary NIBP measurement,

followed immediately by a deflationary NIBP measure-

ment. The deflationary mode is a conventional defla-

tionary NIBP measurement. Both the inflationary NIBP

and the deflationary NIBP measurement algorithms used

in this study were developed by Nihon Kohden

Corporation. Under stability conditions, the accuracies of

the inflationary NIBP and the deflationary NIBP used in

this study developed by Nihon Kohden Corporation

conform to ISO81060-2.

Measures
The systolic (SYS) and diastolic (DIA) blood pressures

were measured from both the inflationary and the

deflationary measurements using the dual mode. The

duration of the measurement cycles was measured

from the inflationary measurement part in the dual mode

and the deflationary NIBP measurement in the

deflationary mode.

Data analysis
All the NIBP data stored in the test device were retrieved

by Nihon Kohden Corporation and the statistical analysis

was carried out at the Keio University School of

Medicine. The data were statistically analyzed and

expressed as the mean difference ± SD, unless otherwise

specified.

The mean difference and SD of the SYS and DIA blood

pressures between the inflationary NIBP and the defla-

tionary NIBP measurements was determined. In addi-

tion, the analysis was carried out on subgroups of

hypotensive/hypertensive patients. Bland–Altman plots

were constructed to compare the values of the infla-

tionary and the deflationary NIBP. As ISO81060-2 spe-

cifies that the error and the SD of a noninvasive

sphygmomanometer should be within ± 5 and 8mmHg;

the deflationary NIBP measurements, which were used

as references for the inflationary NIBP measurements

that complied with the ISO81060-2, had the same error

and SD. Consequently, the clinically acceptable mean

difference and SD were determined to be within ± 10 and
11.3 mmHg in this study. These criteria were calculated

from the composition of the error and the SD of the

deflationary NIBP and the value of ISO81060-2. The

mean difference was derived by addition and the SD was

derived by the root sum square [5].

The average measuring time (duration) of the inflationary

NIBP was calculated from the time required for a suc-

cessful inflationary measurement performed in dual

mode and the average measuring time of deflationary

NIBP was calculated from the time of the deflationary

measurement in the deflationary mode. An independent

t-test was used to compare the duration of the inflationary

NIBP measurements and that of the deflationary NIBP

measurements. Excel 2010 (Microsoft Corp., Redmond,

Washington, USA) was used to carry out the statistical

analysis.

The success rate of the inflationary NIBP measurements

was calculated by dividing the number of successful

inflationary measurements performed in dual mode by

the total number of dual mode measurements. The

success rate for the deflationary measurements was

calculated by dividing the number of successful defla-

tionary mode measurements by the total number of

deflationary mode measurements.

Results
Enrolled patients’ distribution
A total of 175 patients participated in this study (101 men

and 74 women). The mean ± SD values for age were

56.5 ± 22.2 years (7–92 years). The breakdown of patient

diseases was as follows: cardiovascular, 23%; cerebral,

20%; trauma, 20%; gastrointestinal, 12%; kidney, 5%;

respiratory, 4%; toxicosis, 4%; allergy, 3%; endocrine, 2%;

and others, 7%. In this study, no patients required

resuscitation.

Success rate
Among the 1502 measurements that were performed in

dual mode, 1036 (69%) of the inflationary NIBP mea-

surements were successful for determining the SYS and

DIA values (Table 1). Failures in the inflationary mea-

surements were caused by arrhythmia and/or body

motions. Arrhythmia and body motions were detected by

verifying the waveform data of the measurement. Among

the 1479 measurements that were performed in defla-

tionary mode, 1459 (99%) of the deflationary NIBP

measurements were successful for determining the SYS

and DIA values.

Comparison of SYS and DIA blood pressures
Overall, 2981 NIBP data points were collected. The SYS

and DIA blood pressure values were compared for 1029

data points that were obtained using both the inflationary

and the deflationary measurement values in dual

mode. The mean difference and the SD between the
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inflationary NIBP and the deflationary NIBP measure-

ments were − 0.6 ± 8.8 and 3.5 ± 7.5 mmHg for the SYS

and DIA blood pressures, respectively (Table 2). The

confidence intervals were − 0.6 (95% confidence inter-

val=− 1.1 to − 0.1) and 3.5 (95% confidence interval=
3.0 to 4.0) mmHg. The coefficients of the correlation

were 0.96 and 0.93. Bland–Altman plots are shown in

Fig. 1.

Duration of measurement cycle
The average durations of the inflationary and deflationary

NIBP measurements were 15.9 and 34.2 s, respectively

(Fig. 2). Inflationary NIBP could determine the blood

pressure values more quickly than deflationary NIBP

(P< 0.05).

Discussion
The oscillometric method calculates blood pressure

values on the basis of changes in the cuff pressure and

changes in the oscillation amplitude that are observed as

a vibration of the cuff pressure by the arterial pulse under

the cuff. This method is used by most automated

sphygmomanometers as it is generally well correlated

with blood pressure values determined by auscultation

with a stethoscope [6].

Currently, most NIBP monitoring devices are based on

the oscillometric method and determine the blood

pressure during cuff deflation [1,2]. In the algorithm for

conventional deflationary NIBP, the cuff pressure has to

be elevated higher than the SYS blood pressure, and

adverse events such as pain, petechiae, ecchymoses, limb

edema, venous stasis, thrombophlebitis, peripheral neu-

ropathy, and compartment syndrome have been reported

[7,8]. Unlike deflationary NIBP, inflationary NIBP can

release the cuff pressure immediately after the SYS blood

pressure is obtained. Therefore, when inflationary NIBP

is used in patients with fragile skin, patient discomfort

caused by subcutaneous bleeding in the cuff region can

be reduced; furthermore, the measurement can be com-

pleted more quickly and the previously mentioned pro-

blems associated with deflationary NIBP can be

overcome.

Evaluations of inflationary NIBP have been carried out

previously for anesthetized patients in operating rooms

[3]. However, inflationary NIBP has not been examined

in a variety of patients with significant changes in the

measurement conditions. Although this study was carried

out for 8 weeks in the emergency room of a single

institution, we believe that the utility of inflationary

NIBP in the emergency room can be evaluated on the

basis of the results of this study as we were able to per-

form ∼ 3000 NIBP measurements in 175 patients with

varying ages and disease backgrounds. The success rate

using inflationary NIBP in the emergency room was 69%,

whereas the success rate of deflationary NIBP in the

emergency room was 99%. When the measurement

algorithm has both inflationary and deflationary mea-

surement, it can be designed to operate with two options:

to complete the measurement only with the inflationary

measurement when it is successful, which yields a faster

NIBP measurement, or to switch the measurement

automatically from inflationary to deflationary measure-

ment when the measurement condition is found to be

difficult for successful inflationary measurement (i.e.

presence of body motion, arrhythmia). This counter-

measure enables the use of inflationary NIBP without

increasing the failure rate of the overall NIBP measure-

ments; inflationary NIBP is considered to be sufficiently

effective for use in the emergency room.

Because inflationary NIBP is theoretically based on the

oscillometric method, DIA errors of measurement can

Table 1 Number of measurements performed using dual mode and
deflationary mode

Dual mode (include inflationary
and deflationary measurement)

Deflationary
mode

Number of patients 175 175
Total measurements 1502 1479
Artifacts [n (%)]
Body motion 379 (25) 307 (21)
Arrhythmia 176 (12) 185 (13)
Body motion and
arrhythmia

49 (3) 53 (3)

No artifacts 898 (60) 934 (63)
Successful
measurements

1036 (69)a 1459 (99)

For the dual mode, successful measurements indicate the number of successful
inflationary measurements performed using the dual mode.
aThe measurement algorithm developed by Nihon Kohden Corporation and used
in their commercial monitors automatically switches from an inflationary to a
deflationary measurement whenever the situation makes inflationary measure-
ments difficult to complete (i.e. presence of body motion, arrhythmia).

Table 2 Measurement values for inflationary NIBP and deflationary NIBP

SYS blood
pressure (mmHg)

Number of
measurements Inflationary NIBP (mmHg) Deflationary NIBP (mmHg)

Difference between inflationary BP and
deflationary NIBP (mmHg)

Coefficient of
correlation

≥200 46 204.4 ±15/117.9 ± 24 212.1 ±11/111.5 ±24 −7.7 ±11.8/6.4 ±8.8 0.65/0.93
90–200 908 134.1 ±24/83.4 ±15 134.7 ±25/80.1 ±15 −0.6 ±8.6/3.3 ±7.5 0.94/0.88
<90 75 75.8 ±15/49.7 ±11 71.7 ±14/45.6 ± 11 4.1 ±6.9/4.1 ±5.7 0.89/0.88
All 1029 133.0 ±32/82.5 ±19 133.6 ±33/79.0 ±20 −0.6 ±8.8/3.5 ±7.5 0.96/0.93

The results were classified according to the SYS blood pressure obtained using deflationary NIBP. The values of the inflationary NIBP and deflationary NIBP mea-
surements are expressed as the average ±SD and SYS/DIA. The differences in blood pressure between the inflationary NIBP measurement and the deflationary NIBP
measurement are expressed as the mean difference ±SD and SYS/DIA.
DIA, diastolic; NIBP, noninvasive blood pressure; SYS, systolic.
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increase minimally, similar to the conventional oscillo-

metric method [4]. When comparing the results between

inflationary and deflationary NIBP measurements, which

were obtained during the same dual mode cycle and

included measurements performed in the presence of

body motions and/or arrhythmia, the mean difference and

SD between the inflationary NIBP and the deflationary

NIBP measurements were 0.6 ± 8.8 and 3.5 ± 7.5 mmHg

for the SYS and DIA blood pressure measurements,

respectively. Although error problems caused by the use

of an inappropriate cuff size during sphygmomanometry

have been reported [9], such errors were not considered

to have occurred in this study because we performed the

inflationary and deflationary NIBP measurements during

the same cycle. Inflationary NIBP was acceptable for

clinical use as the mean difference and SD were within

± 10 and 11.3 mmHg, respectively. Furthermore, patients

whose SYS blood pressure was 90 mmHg or less when

measured using deflationary NIBP were analyzed. As a

result, the mean SYS blood pressure and the DIA

blood pressure measured using inflationary NIBP

was 3.5 mmHg lower and 3.7 mmHg higher than the

values measured using deflationary NIBP, respectively

(Table 2). The measurements in this hypotension group

showed a moderately large difference, but as the mean

difference of the measurement values obtained using

inflationary NIBP in the hypotension group did not

increase and fell within the predetermined criteria, this

method was considered to be acceptable for clinical use.

Similarly, patients with a SYS blood pressure of

200 mmHg or higher as measured using the deflationary

mode were also analyzed. The SD of the SYS blood

pressure was slightly over 11.3 mmHg (Table 2), but this

was acceptable for clinical use.

Compared with the measurements in the deflationary

mode, the measurement time was reduced by 54% for the

successful inflationary NIBP measurements performed in

the dual mode. In emergency rooms where critical treat-

ment is often required, being able to obtain blood pressure

measurements quickly is likely to be very valuable.

Limitations
Because we did not carry out a comparison between

auscultation with a stethoscope or invasive blood pres-

sure and inflationary NIBP in this study, more accurate

comparisons of blood pressure are not possible.

Conclusion
These results suggest that inflationary NIBP has a rea-

sonable accuracy and sufficient rapidity compared with

deflationary NIBP in emergency room patients.
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