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Abstract

While wireless vital sign monitoring is expected to reduce the vital sign measurement time (thus reducing the nursing
workload), its impact on the rapid response system is unclear. This study compared the time from vital sign measurement
to recording and rapid response system activation between wireless and conventional vital sign monitoring in the general
ward, to investigate the impact of wireless vital sign monitoring system on the rapid response system. The study divided
249 patients (age > 18 years; female: 47, male: 202) admitted to the general ward into non-wireless (n=101) and wireless
(n=148) groups. Intervals from vital sign measurement to recording and from vital sign measurement to rapid response
system activation were recorded. Effects of wireless system implementation for vital sign measurement on the nursing
workload were surveyed in 30 nurses. The interval from vital sign measurement to recording was significantly shorter in
the wireless group than in the non-wireless group (4.3 +2.9 vs. 44.7 + 14.4 min, P <0.001). The interval from vital sign
measurement to rapid response system activation was also significantly lesser in the wireless group than in the non-wireless
group (27.5+12.9 vs. 41.8 +19.6 min, P=0.029). The nursing workload related to vital sign measurement significantly
decreased from 3+0.87 to 2.4+9.7 (P=0.021) with wireless system implementation. Wireless vital sign monitoring sig-
nificantly reduced the time to rapid response system activation by shortening the time required to measure the vital signs. It
also significantly reduced the nursing workload.

Keywords Monitoring system - Rapid response system - Vital sign - Wireless system - Workload

This article is part of the Topical Collection on Mobile & Wireless Introduction

Health

The purpose of a rapid response system (RRS) is to assist
B4 Jee Hee Kim in the early detection of exacerbations of inpatient condi-
anesth@ncc.re.kr tions and to provide appropriate treatment in order to lower

Department of Critical Care Medicine, National Cancer in-hospital cardiopulmonary arrests [1]. An RRS consists

Center, Goyang 10408, South Korea of afferent and efferent limbs. The afferent limb is used
2 Department of Innovative Technology, National Cancer to detect 'the (.exacerbatpn of patle.nts COHdlthH.Whlle the
Center, Goyang 10408, South Korea efferent limb is to provide appropriate treatment in accord-
3 Division of Convergence Technology, National Cancer ance .w1th established criteria for the screened p?tlents .[2,
Center, Goyang 10408, South Korea 3]. Since the RRS has been reported to be associated with
4 Healthcare AI Team, National Cancer Center, Goyang 10408, reduced in-hospital ca?d?opulmo.nary ar.rests, many studies
South Korea have focused on examining and improving the roles of the
5 Department of Nursing, National Cancer Center. efferent limb of the RRS [4], and in recent years, there has
Goyang 10408, South Korea been a growing interest in RRS quality improvement through

Information Technology Team, National Cancer Center, the imp Foverpent of ﬂ'le afferent limb [5, 6]. ) )
Goyang 10408, South Korea As vital signs begin to change before a patient’s condi-

Information Security Team, National Cancer Center, tion exacerbates, their accurate and tlmely measurement 1s

Goyang 10408, South Korea

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10916-022-01846-8&domain=pdf

64 Page2of6

Journal of Medical Systems (2022) 46: 64

critical. However, the early detection of exacerbation is dif-
ficult in the general ward, as high nursing workloads hinder
the continuous monitoring of patients [7]. Also, the cur-
rent intermittent vital sign check system in the general ward
is related to detection failure [8, 9] This detection failure
causes deterioration of the quality of the afferent limb of
RRS [10].

A wireless vital sign monitor automatically records
the measured vital signs in the electronic medical records
(EMR) without requiring physical input, thereby reducing
the time and effort required to measure the vital signs. Sev-
eral studies have highlighted the usefulness of a wireless
vital sign monitoring system [11-13]. In addition, there are
increasing reports of clinical deterioration detection in the
general ward using continuous and wireless systems, but its
contribution to the quality improvement of the afferent limb
of the RRS has rarely been examined. [14, 15]

In the present study, we investigated the effects of a wire-
less vital sign monitoring system on the RRS by examining
the intervals from vital sign measurement to recording and
from vital sign measurement to RRS activation in the gen-
eral ward.

Methods

Patients admitted to a general ward between January and
November 2020 were enrolled in this prospective study.
Informed consent was obtained from all the participants.
Information about the patients’ sex, age, treatment details,
time at vital sign measurement and recording, and treatment
outcomes was collected. We excluded patients who were
admitted for preoperative examination or chemotherapy, who
agreed to a do-not-resuscitate order, and who were ineligible
for screening for the RRS. This study was approved by the
Institutional Review Board of the National Cancer Center
(No. NCC2019-0215).

A wireless vital sign monitoring system was implemented
in May 2020 at our institution. Patients admitted before the
implementation were assigned to the non-wireless group;
nurses measured the vital signs of the 5—7 patients assigned
to them per duty, and manually recorded them in the EMR.
For patients in the wireless group, the assigned nurses meas-
ured the blood pressure, pulse rate, and body temperature,
and the values were directly transmitted to the EMR (Fig. 1).
The respiratory rate (breaths per unit time) was measured
by the nurses and manually entered into the EMR. The time
from the start of vital sign monitoring to EMR recording
was measured, and for patients for whom the RRS was acti-
vated, the time from the start of vital sign measurement to
examination of the patient by the RRS team was defined as
the interval from vital sign measurement to RRS activation
(Fig. 2). There were two ways to activate the RRS team. The
first involved the direct recording of the vital signs in the
EMR and their subsequent registration in the RRS screen-
ing, and the second involved the health care providers in
the general ward directly contacting the RRS team. If the
patient continued to be treated in the general ward, the RRS
team conducted several rounds, depending on the patient’s
condition, and the number of RRS rounds was recorded for
both groups.

To examine the reduction in the nursing workload as a
result of the implementation of the wireless monitoring sys-
tem, a questionnaire was administered to survey the propor-
tion of vital sign measurements in the total nursing workload
(10%, 20%, 30%, 40%, 50%, and > 50%) and the workload of
vital sign measurement (1 for the lowest workload to 5 for
the highest workload). The questionnaire was administered
to the same nursing population (n =30) before and after the
implementation of the wireless monitoring system.

Categorical variables were compared using the Pearson
X2 test, and continuous variables were compared using the
t-test or the Mann—Whitney U-test, as appropriate. All val-
ues are expressed as mean =+ standard error of the mean or
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as median (range), as appropriate. Statistical significance
was set at P <0.05.

Results
Patient characteristics

Of the 249 patients included, 101 were in the non-wireless
group and 148 were in the wireless group. There were no
significant differences in the sex, age, or reason for admis-
sion between the two groups. There were also no signifi-
cant differences in the medical department visits and cancer
stages between the two groups.

Regarding treatment outcomes, there were no significant
differences in RRS activation, intensive care unit admission,
and mortality between the two groups. There was one case
of cardiac arrest in the wireless group, but the difference
between the two groups was not statistically significant
(Table 1).

Time interval between vital sign measurement
and rapid response system activation

The interval between vital sign measurement and EMR
recording was significantly shorter in the wireless group
(wireless group vs. non-wireless group: 4.3+2.9 min vs.
44,7 +14.4 min, P<0.001), and the interval between vital
sign measurement and RRS activation was also significantly
shorter in the wireless group (wireless group vs. non-wireless
group: 27.5+12.9 min vs. 41.8 +19.6 min, P=0.03). The
number of RRS team rounds per patient tended to be higher
in the wireless group (wireless group vs. non-wireless group:
5.242.5 min vs. 4.1 £2.7 min, P=0.83 (Table 2).

Questionnaire about the workload due to vital sign
measurement

A questionnaire was administered to the same nurse group
before and after the implementation of the wireless vital sign
monitoring system. The proportion of vital sign measurement

Record to RSS
EMR activation

Measurement Record to RSS
EMR activation

in the total nursing workload did not significantly differ before
(30.6+10.4%) and after (28.0+8.4%) the implementation of
the wireless monitoring system (P=0.28). However, the work-
load due to vital sign measurement significantly decreased
from 3+0.87 to 2.4+9.7 (P=0.02) (Fig. 3).

Discussion
In the present study, the application of the wireless vital
sign monitoring system not only shortens the time needed to

measure the vital signs, but also improves the quality of the
RRS by preventing the delay in RRS activation.

Table 1 Patient characteristics

Non-wireless Wireless group P-value

group (N=148)

(N=101)
Sex 0.18
Male 86 (85.1%) 116 (78.4%)
Female 15 (14.9%) 32 (21.6%)
Age (years) 62.7+11.5 63.4+10.6 0.14
Reason for admis- 0.09

sion

Surgery 37 (36.6%) 38 (25.7%)
Chemotherapy 27 (26.7%) 36 (24.3%)
Supportive care 37 (36.6%) 74 (50.0%)
Department 0.08
Internal medicine 62 (60.2%) 108 (71.5%)
Surgery 41 (39.8%) 43 (28.5%)
Cancer treatment 0.26
Curative 42 (40.8%) 72 (48.0%)
Palliative 61 (59.2%) 78 (52.0%)
RRS activation 15 (14.9%) 22 (14.9%) 0.1
Adverse event
ICU admission 3 (3.0%) 5 (3.4%) 0.86
Cardiac arrest 0 1 (0.7%) >0.99
Mortality 5(5.0%) 9(6.1%) 0.70

Values are presented as mean +SD or as n (%)

ICU intensive care unit, RRS rapid response system
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Table 2 Time interval from
vital sign measurement to

recording and rapid response
system activation

Non-wireless group Wireless group P-value
(N=101) (N=148)
Interval from vital sign measurementto ~ 44.7+14.4 43+29 <0.001
recording (min)
Interval from vital sign measurementto ~ 41.8+19.6 27.5+129 0.03
RRS activation (min)
Number of RRS rounds per patient 4.1+£2.7 52425 0.83

Values are presented as mean+ SD

RRS rapid response system

In response to reports that a delay in the delivery of
appropriate treatment when a patient’s condition is exacer-
bated, is associated with prognosis, and there is a growing
interest regarding the reduction of time from exacerbation
of the patient’s condition to the delivery of appropriate treat-
ment through the RRS [16-18]. While some studies have
examined the usefulness of wireless vital sign monitoring
[8—10], the present study differs from those studies because
it confirmed that a wireless system not only shortens the time
needed to measure vital signs, but also improves the quality
of the RRS by preventing the delay in RRS activation.

Unlike in the intensive care unit (ICU), vital signs are
only intermittently monitored in the general ward, with
long intervals between monitoring. Failure to detect any
exacerbation in a timely manner, with consequent delay in
the activation of the afferent limb, has been associated with
increased in-hospital cardiac arrests and mortality [5, 19].
In particular, cardiopulmonary arrest in cancer patients is
frequently accompanied by sepsis and has poor outcomes
[20]. Reducing the time taken to measure vital signs is cru-
cial for a prompt diagnosis of sepsis and delivery of appro-
priate treatment, including broad-spectrum antibiotics [21,
22]. This suggests that the shortening of vital sign measure-
ment and reduction of the relevant nursing workload via the
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paring the workload between

the non-wireless and wireless 0
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40%

30%
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20%
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implementation of a wireless system will be associated with
improved outcomes with RRS.

In the present study, the nursing workload related to vital
sign measurement after the implementation of a wireless
system was examined via a survey. Increased nursing work-
load has significantly been associated with patient harm,
including medication error and bed-related falls [23, 24].
Furthermore, increased nursing workload has been reported
to predict healthcare-associated infections, including cen-
tral line-associated blood stream infection and ventilator-
associated pneumonia [25]. Considering that increasing the
nursing staffing and reducing the work hours are difficult,
lowering the nursing workload by reducing the time taken
to measure vital signs via the implementation of a wireless
system could be a solution to increasing nursing work effi-
ciency. The proportion of vital sign tasks of the total nursing
work was higher than expected. Compared to the ICU or
other special units, the general ward has fewer nursing tasks
other than the measurement, which they may have consid-
ered to be performed more than other tasks. Moreover, the
fact that vital sign measurement make up a higher proportion
of nursing work than expected suggests that further research
is needed to improve the vital sign measurement and EMR
recording process in a more efficient way.

Non-wireless
M Wireless

2 3 4

Work load for vital sign meaurement
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Currently, wireless-based medical devices are con-
sidered very vulnerable with regards to authentication,
transmission, storage data protection, personal information
protection, platform protection, and device access control
[26]. Overall, it is understood that the existing technology
that was designed to prioritize system configuration has
limitations with regards to the protection of the safety and
privacy of patients, in addition to security issues related to
the Internet of things (IoT) medical devices. To overcome
these limitations, security and privacy protection systems
should be considered from the design/developmental stage
of the IoT medical devices and services, and infringement
factors that may occur during IoT medical device develop-
ment should be investigated in advance by benchmarking
the privacy impact assessment [27]. Despite the related
problems of such a wireless-based medical device or IoT
medical device, there are recent evidence that it is being
used as a standard of care system in several hospitals [14,
15].

In the present study, there were some important limita-
tions. First, this study was designed as a before-and-after
study, which has its limitations [28, 29]; however, the effect
of the vital sign measurement process on the study results
might be limited. There was a difference between the num-
ber of male and female patients in this study. However, the
difference had little effect on the limited vital sign meas-
urement time. Second, the implemented wireless system
measured the blood pressure, pulse rate, and body tempera-
ture, while nurses manually entered their measurements of
respiratory rate. Respiratory rates are reported to be highly
vulnerable to error or variations depending on the observer
[30], thereby highlighting the need for diagnostic tools that
can accurately measure respiratory rates. Another limitation
of this study was that it was difficult to reflect the differences
between a wireless system and a non-wireless system when
the RRS was activated through direct contact by healthcare
providers.

It is to be expected that a wireless vital sign monitoring
system could be feasible as a standard patient care system in
many hospitals by using that to replace the existing vital sign
measurement method, as indicated above. Further studies
are needed on the effect of the wireless vital sign monitor-
ing system applied to RRS on the reduction of in-hospital
cardiac arrests and mortality.

Conclusions

A wireless vital sign monitoring system can significantly
shorten the time to RRS activation by reducing the time
needed to measure the vital signs. Furthermore, the system
also contributes to reducing the nursing workload.
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