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Abstract 

Background: Continuous vital sign monitoring may identify changes sooner than current standard monitoring.

Objective: To investigate if the use of real-time digital alerts sent to healthcare staff can improve the time taken to 
identify unwell patients and those with sepsis.

Design: A prospective cohort study design.

Setting: West Middlesex University Hospital, UK.

Participants: Fifty acutely unwell surgical patients admitted to hospital.

Intervention: Patients wore a lightweight wearable sensor measuring heart rate (HR), respiratory rate (RR) and 
temperature every 2 min whilst standard intermittent ward monitoring of vital signs was performed by nurses. Digital 
alerts were sent to healthcare staff from the sensor to a smartphone device. All alerts were reviewed for recruited 
patients to identify the exact time on the sensor in which deterioration occurred. The time to acknowledgement was 
then reviewed for each action and an average time to acknowledgement calculated.

Results: There were 50 patients recruited in the pilot study, of which there were vital sign alerts in 18 patients (36%). 
The total number of vital sign alerts generated in these 18 patients was 51. Of these 51 alerts, there were 7 alerts for 
high HR (13.7%), 33 for RR (64.7%) and 11 for temperature (21.6%). Out of the 27 acknowledged alerts, there were 2 
alerts for HR, 17 for RR and 8 for temperature. The average time to staff acknowledgement of the notification for all 
alerts was 154 min (2.6 h).

There were some patients which had shown signs of deterioration in the cohort. The frequency of routine observa-
tion monitoring was increased in 2 cases, 3 patients were referred to a senior clinician and 2 patients were initiated on 
the sepsis pathway.

Conclusion: This study demonstrates the evaluation of digital alerts to nurses in real time. Although not all alerts 
were acknowledged, deterioration on the ward observations was detected and actions were taken accordingly. 
Patients were started on the sepsis pathway and escalation to senior clinicians occurred. Further research is required 
to review why only some alerts were acknowledged and the effects of digital alerting on patient outcomes.
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Key messages regarding feasibility

i) What uncertainties regarding feasibility existed prior 
to this study?

 Would we be able to engineer the clinical areas so 
that alerts could be sent in real time? Could novel 
wearable sensors providing continuous vital sign 
measurements be used in a hospital ward setting? 
Would the busy clinical team acknowledge the alerts? 
Would digital alerts identify unwell patients? Would 
digital alerts identify patients with sepsis?

ii) What are the key feasibility findings from this study?
 Wearable sensors can successfully be used in clinical 

areas providing continuous vital sign remote moni-
toring. Clinical staff did acknowledge many alerts 
how not all alerts from the sensor were detected. 
However, patient deterioration using the wearable 
sensor technology was identified with increased 
monitoring, alerting to a senior clinician and patients 
being commenced on the sepsis pathway.

iii) What are the implications of the findings on the 
design of a future study?

 A large randomised control trial is required to review 
why only some alerts were acknowledged and the 
effects of digital alerting on patient outcomes.

Introduction
Delayed detection of patient deterioration in the hospital 
is a major cause of morbidity and mortality and is mostly 
caused by human-related monitoring failures [1–3]. Dur-
ing patient deterioration, there are changes in a patient’s 
physiological parameters. An early step in recognition is 
changes in a patient’s vital signs [4, 5]. Vital sign changes 
measured as part of routine clinical care for hospitalised 
patients may be present several hours prior to clinical 
events such as cardiac arrest, death and intensive care 
unit admission [6]. Unfortunately, existing systems are 
not reliably detecting deteriorating patients quickly and 
39% of acute emergency patients admitted to critical care 
units are referred late [2].

Reasons for delays in the detection of patient deterio-
ration include incomplete and infrequent monitoring [7]. 
In a literature review, the inability to reliably detect dete-
rioration was broadly categorised into patient variables, 
nursing factors and organisational factors [8]. Individu-
alised patient factors included the relative importance of 

some vital signs such as respiratory rate compared to oth-
ers [9, 10], although each additional abnormal vital sign is 
associated with an increase in mortality risk [11]. Nurs-
ing factors can lead to failures in patient deterioration 
and these include a lack of clinical knowledge, problems 
with roles and responsibilities (with vital sign monitoring 
often performed by non-registered nurses) and the fail-
ure of reporting or raising an alarm [8]. Organisational 
factors can include the observation charts themselves, 
with those having track and trigger systems, the use of 
colour coding and banding to highlight deterioration per-
forming better [8].

Sepsis is a major cause of patient deterioration and is 
defined as a ‘life threatening organ dysfunction caused by 
a dysregulated host response to infection’ [3]. The mortal-
ity for severe sepsis is as high as one in four [12]. The cost 
of sepsis is colossal with total US costs of sepsis account-
ing for $24 billion annually [4]. A retrospective multicen-
tre study found for every hour’s delay in the treatment of 
sepsis, the risk of death increases by 7.6% [5]. Currently, 
sepsis is identified late in most cases. The causes of the 
late detection of sepsis are largely unknown. It is likely 
to be similar to the factors described above through a 
combination of patient, nursing staff and organisational 
factors. The lack of a single biochemical test for sepsis is 
also likely to play a role [13]. Changes in vital sign param-
eters in early sepsis are often subtle and can be difficult to 
interpret [14]. However, it is thought that the early iden-
tification and treatment of sepsis may reverse the infec-
tion process found in sepsis [3], improve both patient 
outcomes and reduce avoidable deaths [15–17]. Changes 
in a patient’s vital signs are one of the early identifiers of 
sepsis, especially changes in temperature and respiratory 
rate as the respiratory system is the most common site of 
sepsis [6]. In all patients, respiratory rate is the best pre-
dictor of patient deterioration [8].

The UK NICE recommends physiological observations 
to be recorded every 12 h and this increased in deterio-
ration [18]. The vital signs that are routinely measured 
are heart rate, respiratory rate, oxygen saturations, blood 
pressure and temperature. Most hospitals worldwide rely 
on intermittent vital sign observations for patients on 
general wards [19].

In deteriorating patients, the frequency of vital sign 
monitoring can be increased to every 20–30 min. A 
worsening in a patient’s condition requires increasing 
the physical monitoring of a patient. This may occur on 
a general ward or through more specialist settings such 
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as higher dependency units or intensive care units. How-
ever, this will occur upon deterioration being recognised. 
In addition, deterioration between intermittent observa-
tions may be missed. The optimal sampling frequency for 
vital sign measurements is unknown [20].

Novel wearable sensors may identify unwell patients in 
a timelier manner through continuous monitoring. These 
new devices can measure vital signs more frequently 
than standard current nursing monitoring [21]. They are 
seen as a positive tool in detecting patient deterioration 
[22]. The utility of real-time alerting to the clinical team 
through smartphone/handheld devices is unknown.

The objective of this study was to investigate the use of 
continuous monitoring through wearable sensors, real-
time digital alerts sent to healthcare staff, time to alert 
acknowledgement and whether patients with deteriora-
tion were identified and treated. The pilot study hopes 
to assess the use of wearable sensors and digital alerting 
to healthcare staff in an allocated hospital ward prior to 
more widespread rollout across the hospital and larger 
research trials.

Methods
Study design
A pilot study was performed on the use of wearable sen-
sors and digital alerts sent to members of the healthcare 
team in real time. This is a prospective study with sensor 
data and ward observations taken in real time.

Ethics
Ethical approval was granted by Yorkshire & The Humber 
- Leeds East Research Ethics Committee (reference num-
ber 17/YH/0296).

Sensium sensor
The Sensium wearable sensor (The Surgical Company, 
Abingdon, UK) measures the vital signs: heart rate (HR), 
respiratory rate (RR) and temperature. It is lightweight 
and transmits data wirelessly via low-power radio fre-
quency to engineered bridges which further transmit 
the data to a server. The data flows from the sensor via 
a bridge to the virtual server before it is sent via Wi-Fi 
to mobile applications on smartphone devices. All sen-
sors are single use and have a battery life for 5 days, and 
patients requiring a further hospital stay will require 
another sensor to be placed.

A plastic strip is pulled to activate the sensor. The sen-
sor records in a sequential cyclical 2-min fashion. A pre-
dictive strategy is used to calculate HR based on the R-R 
interval [23]. This approach has been described previ-
ously [24, 25]. The individual R-R intervals from the ECG 
strip are rank ordered and the median value is taken as 
the average HR. Impedance pneumography [IP] is the 

technique used to measure RR by the Sensium sensor. 
This is a common technique used to measure a person’s 
breathing rate [26]. IP is measured through superficial 
electrodes. The impedance measures both the respira-
tory volume and rate via the relationship between depth 
and thoracic impedance change [27]. The RR is derived 
from changes in the impedance of the thorax due to 
inhalation and exhalation. A very small current (iK) 
is injected through the ECG electrodes. The thoracic 
impedance changes are detected as variations in the 
voltage (V) measured at the ECG electrodes. Inhalation 
(peak resistance) and exhalation (trough resistance) are 
detected from a 60-s segment of IP waveform to calculate 
a median RR. Temperature is measured using a calibrated 
thermistor which is placed in the patient’s axilla and is a 
temperature-sensitive resistor. Individual vital sign read-
ings are measured and processed in time order.

Once the physiological trace has been captured, there 
is an algorithm within the microchip found on the sen-
sor. This has an inbuilt processing unit which transmits 
the average values of HR as beats per minute and RR as 
breaths per minute, to the nearest bridge. It is then trans-
mitted to the central server [23] allowing digital alerts to 
be sent to healthcare staff through smartphones or elec-
tronic health records.

Figure  1 shows the properties of the wearable sensor. 
The sensor was either placed by trained healthcare pro-
fessionals looking after the patient or the research team. 
The sensor was attached to the anterior chest wall using 
two standard disposable ECG electrodes (Red-Dot2560 
3M, St Paul Minn). The medical tape was used to ensure 
that the temperature probe was secured in the axilla. Pre-
processing of the data occurred to discard signals that 
were subject to gross electrical and motion artefact [28].

Study location and participants
The surgical assessment unit (SAU) was chosen for 
recruitment as this is where new acutely unwell surgical 
patients are admitted.

Inclusion criteria:

• Consecutive patients above 18 years old with the 
capacity to give informed consent and who were 
predicted by clinical teams to remain in the hospi-
tal for 24 h or more were eligible for recruitment. 
This was based on the best clinical judgement of 
the lead treating physician. Only the senior most 
member of the team was consulted; in the UK, this 
is the consultant surgeon or medical physician. 
Those patients requiring a simple intervention 
such as a drainage of an abscess were not included 
whereas those patients likely to stay at least 24 h 
based on their clinical condition were included. An 
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information sheet outlaying the sensor technology 
was given to all eligible patients. A verbal brief-
ing was given by a member of the research team 
in addition to the written material. Written con-
sent was obtained for all patients taking part in the 
study.

Exclusion criteria included:

• If any patient was unable to consent or withdrew 
their consent

• Patients with a skin condition on the chest wall
• Patients with an open chest wound
• Patients with mental health problems. The mental 

health assessment was judged through a combina-
tion of the assessment made by the senior attend-
ing clinician and the past medical history of the 
patient

• Patients with a pacemaker or defibrillator
• Any condition in which the judgement of the clini-

cal team excluded patching

To our knowledge, this is one of the first studies 
on real-time digital alerting through wearable sen-
sors and therefore data will be used to generate sam-
ple size estimates for later studies. A sample size of 50 
was selected to be sufficient to draw conclusions and 
amend the study design for future iterations [24].

Recruitment
The pilot study was commenced in May 2019 and was 
completed in August 2019. This was a prospective study 
with sequential recruitment and no randomisation.

Staff training
A copy of all staff rotas for the nurses was obtained and 
staff training was performed between April and May 
2019. The training and support were provided by Sen-
sium. Nurses were taken from their clinical duties for 
an afternoon. Small group training (with 2–3 nurses) 
was performed with a trained nurse from the company. 
Training consisted of an online training session and a 
hands-on training session in which staff were required 
to place the sensor on a participant and enter the patient 
onto the Sensium system. A short online assessment was 
performed by all participants at the end of training to test 
appropriate levels of knowledge and understanding prior 
to sensor use. Only those staff members with the training 
that has passed the final assessment were able to place 
the sensor and monitor patients with it. The company 
was available daily during the trial for any questions that 
arose.

The alerting device
The mobile application required several key actions to be 
recorded:

Fig. 1 Properties of the wearable sensor
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1. The exact date and time stamp when the patient had 
deteriorated

2. The time in which a member of staff acknowledged 
patient deterioration based on vital signs from the 
sensor

3. The times for when the clinical team identified a 
patient with potential infection

4. The times for when the clinical team identified a 
patient with sepsis

A list of actions on the application to be acknowledged 
by nurses when changes in vital signs were detected can 
be found in Table 1.

The nurses on the ward looking after the patient were 
the same nurses that took routine observations and man-
aged electronic alerts on the device. This ensured there 
was no bias between nurses taking manual observations 
and reviewing alerting on the sensor. Each nurse was 
given a smartphone at the start of the shift and this was 
left to charge at the end of the shift. All trained members 
of staff were given a secure username and password to 

log onto the application on the smartphone. As well as 
the handheld devices, there was also one central desk-
top on a large screen with the application downloaded 
and only used for the study if required. The research 
team and the Sensium nurse champion were all available 
to support the healthcare team with the application and 
the sensor. A ‘champion’ was a member of staff that was 
available on shift as a point of contact if any assistance 
was required. The ‘champions’ assisted with sensor place-
ment and monitoring as well as offering assistance for 
other team members. In addition, there is an online help 
section for all users of the application, which guides users 
on the functionality of the application. End-users typi-
cally interfaced with a home screen which showed all the 
patients within a certain bed group (Fig. 2).

Study procedure
If there was a vital sign that was outside the normal 
range for 10 min, an alert was generated, and the vital 
sign would flash on the display screen. This sign would 

Table 1 List of actions on the application to be acknowledged 
by nurses when there are changes in vital signs

Fig. 2 An image of the home screen with patients highlighted. All 
names, bed numbers and vital signs shown in the display are for 
demonstration purposes and not real patient data. The Sensium® 
App. Image used with permission from SENSIUM (Abingdon, UK)
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only stop flashing if the alert had been acknowledged. If 
a patient deteriorated on the ward, an alert was sent to 
the designated nurse looking after that patient. When 
an alert is acknowledged, it is time stamped. The staff 
acknowledgement in the study is the time taken to 
acknowledge an alert on the handheld device. The nurses 
have been told that all alerts must be acknowledged in 
a timely manner. If the alert was not acknowledged, a 
reminder notification was sent to the nurse again 15 min 
later. Alerting continued until it was acknowledged by 
a member of the healthcare team. If there was no alert 
acknowledgement within 30 min, an alert was sent to the 
senior nurse in charge of the ward. For the purpose of 
this study, the alerts were only sent to nurses on the ward.

Upon patient discharge, all ward observations were 
collected and transcribed onto Excel sheets to allow for 
further comparisons with sensor data. The discharge 
summary and clinical notes were reviewed for any sig-
nificant events of patient deterioration and the clini-
cal course of events experienced by the patient whilst in 
the hospital. Clerking notes were reviewed for any signs 
of sepsis, severe infection or suspicion of infection. The 
diagnosis of sepsis was also checked with the senior doc-
tor in charge of the patient whilst in hospital (in the UK, 
this is typically the consultant). All alerts were reviewed 
for recruited patients to identify the exact time on the 
sensor that deterioration had occurred. The average time 
to acknowledgement was calculated. The pilot study 
hopes to assess the use of wearable sensors and digital 
alerting to healthcare staff in an allocated hospital ward 
prior to more widespread rollout across the hospital and 
larger research trials.

Results
Total number of vital sign alert notifications
There were 50 patients recruited in this pilot study, of 
which there were vital sign alerts in 18 patients (36%). 
The total number of vital sign alerts generated in these 18 
patients was 51. Of these 51 alerts, there were 7 alerts for 
high HR (13.7%), 33 for RR (64.7%) and 11 for tempera-
ture (21.6%).

For the 51 alerts generated, there were 27 alerts that 
were acknowledged, 23 notifications that were left unac-
knowledged and one alert with no sensor or ward times-
tamp. In those left unacknowledged, there were 4 alerts 
for HR, 16 for RR and 3 for temperature.

Out of the 27 acknowledged alerts, there were 2 alerts 
for HR, 17 for RR and 8 for temperature.

The average time to staff acknowledgement of the noti-
fication for all alerts was 154 min (2.6 h).

The average time to staff acknowledgement for HR was 
179 min (2.98 h).

The average time to staff acknowledgement for RR was 
162 min (2.7 h).

The average time to staff acknowledgement for temper-
ature was 165 min (2.75 h).

All notifications sent, acknowledgements and times-
tamps can be found in Table 2.

Alert actions taken
The most frequent acknowledgement by nursing staff 
was to say that the patient was either eating, talking or 
sleeping (8 acknowledgements, 29.6% of all acknowledge-
ments). The alerts prompted nurses to record a full set 
of manual observations in 6 cases. There was no action 
taken in 4 cases. Some acknowledgements were to say the 
patient was off the ward (3 cases) and sensor electrodes 
were replaced 2 cases. There was one patient with no 
alert time either by the sensor or the ward observations.

A total of 18 patients had shown signs of deterioration 
in the cohort based on vital sign changes on the sensor. 
The frequency of routine observation monitoring was 
increased in 2 cases, 3 patients were referred to a sen-
ior clinician and 2 patients were initiated on the sepsis 
pathway.

Discussion
This small pilot study used wearable sensors to gener-
ate real-time alerts to nursing staff when changes in vital 
signs were found. This paper demonstrates the clinical 
implementation of wearable sensors and offers practical 
clinical value. Research has highlighted that deteriora-
tion in vital signs especially HR and RR precede adverse 
events providing an opportunity to act on patients ear-
lier, helping to provide treatment and even prevent more 
serious events from occurring [25–27]. The sensor pro-
vides continuous monitoring enabling earlier detection 
of patient deterioration. It is hoped that through this ear-
lier detection the worsening spiral of deterioration that 
patients undergo may be halted. In intermittent monitor-
ing, this opportunity may be lost.

Wearable sensors are not routinely used to measure 
vital signs within the NHS or in a wider setting. Research 
on the successful implementation of wearable sensors 
in vital sign monitoring in the literature is limited with 
small numbers of patients [19, 29]. In addition, the focus 
of these papers has been on sensor reliability with no 
review of time to clinical team acknowledgement [19, 29]. 
Across the world, there is a shortage of trained nursing 
staff and this has been associated with adverse outcomes 
such as missing patient deterioration and patient mor-
tality [30]. Whilst the new technology is not in any way 
being used as a replacement for nursing staff, it may be 
used to help bridge the gap and guide staff appropriately 
to deteriorating patients. The wearable sensor would be 
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used in addition to more classical monitoring. It is hoped 
that the two would act synergistically with the sensor 
providing continuous monitoring and classical monitor-
ing permitting face-to-face contact and rapport as well 

as an opportunity for clinical patient assessment. Whilst 
wearable sensors can measure physiological parameters, 
other important assessments such as cognitive function, 
mood and pain levels are not assessed.

Table 2 Sensor vital sign notifications, acknowledgements and actions taken by the clinical team
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This paper has shown that although digital alerts were 
sent to the nursing staff they were not always acknowl-
edged and if they were acknowledged this was not done 
in a timely manner.

There are several reasons that the delay in acknowl-
edgement or failure to acknowledge the alerts may have 
occurred. The first possibility is that the alert prompted 
a member of staff to review the patient but there was a 
failure to click the acknowledgement. The second possi-
bility is through a lack of education and the clinical team 
being unaware that clicking the acknowledgement was 
important. The third possibility more worryingly is that 
the patient may not have been reviewed. Unfortunately, 
the only way that would have been known is if there were 
observers throughout the entire study period which was 
not possible.

The final possibility of alerts not being acknowledged 
is through alarm fatigue [31–33]. Alarm fatigue has been 
thoroughly documented in the literature and may help 
to explain some of the findings. Much of the work in 
alarm fatigue is based in critical care units due to high 
numbers of false alarms and non-actionable (true but 
clinically irrelevant) alarms [34]. In alarm fatigue, the 
clinical teams may ignore or silence alarms missing criti-
cal changes in the patient’s condition [35, 36]. There are 
new strategies being developed to help reduce the risk 
of alarm fatigue such as clinical decision software [34]. 
The software is being increasingly used to provide an 
alert on individual patient data and being tested within 
the intensive care setting [34]. Although alarm fatigue 
has been suggested, it is unlikely that this is the main 
reason to explain the findings. In the intensive care set-
ting, all patients have increased monitoring; however, on 
the ward at any one time in the study, there was a maxi-
mum of five patients wearing the sensor. The number of 
alarms generated from these five patients was likely to be 
minimal.

It has been shown in the literature that some alerts 
are more effective than others but it is unknown why. 
In a systematic review, the majority of digital alerts 
improved outcome; however, there are some cases 
where the outcomes did not improve [33]. Alert man-
agement programmes must ultimately meet the goal of 
both improving patient care and at the same time reduc-
ing the alert burden on clinicians [32]. Clinicians are less 
likely to accept alerts when a greater number of alerts are 
received, especially if the alerts are repeated [31]. Reduc-
ing within-patient alert repeats may be a promising way 
of reducing alert fatigue [31].

Despite the failure to acknowledge some alerts, in 
some cases, changes in vital signs were acknowledged. 
In cases of deterioration or potential sepsis, all alerts 
were acknowledged. In two patients, the sepsis pathway 

was started, and in three patients, there was a refer-
ral made to a senior clinician. It is unknown whether 
the sepsis pathway was started due to the alert or if it 
may have occurred without it; however, the alerts will 
have acted as a prompt to review the patient and act 
accordingly.

This paper has several key strengths and shows the 
implementation of wearable sensors and real-time alert-
ing in acutely unwell surgical patients. This paper for the 
first time reviews real-time alert generation from wear-
able sensor technology and time to alert acknowledge-
ment. All members of regular nursing staff within the 
clinical area received training and completed an assess-
ment prior to the study starting. The training of staff 
members took several weeks; however, it was very impor-
tant if widespread use was to take place on the ward. All 
clinical areas were successfully engineered for use.

This paper has several limitations which must be con-
sidered. The pilot nature of this study means that a larger 
trial is required with a greater number of patients to 
review full-scale deployment of wearable sensors and 
review outcomes. Outcomes may include the identifica-
tion of patient deterioration, referrals to higher levels of 
care and whether there is a difference in patient length 
of stay. This is a single-centre study and the wearable 
sensors were only used when patients were in one clini-
cal area (SAU). Although changes in vital signs were 
detected using the wearable sensors, it is hard to say that 
they would have remained undetected with manual ward 
observations. Unfortunately, 23 of 51 (45%) of sensor 
notifications were left unacknowledged. In these cases, it 
is unknown if nursing staff went on to review the patient 
and failed to acknowledge on the Sensium application or 
if they failed to register the change in vital sign at all and 
did not review the patient.

One of the challenges with the study which may 
help to explain some of the results is that nurses were 
reviewing the digital alerts from the sensor in addition 
to their current monitoring. They were using paper-
based observation charts as well as having to review 
digital monitoring through smartphone technology. 
It is likely that this may have increased their nursing 
workload. If nurses are reviewing digital alerts in addi-
tion to their ward monitoring, they may have felt this 
was an extra job in addition to their already busy work-
load. Ideally, the nurses would have already been using 
digital vital sign monitoring with alerts from wearable 
sensors fully integrated into such systems. Once this 
occurs, alerts from wearable sensors may be incorpo-
rated into a more standard operating procedure rather 
than being an additional task for nurses to review. The 
pilot nature of the design means conclusions should be 
drawn with caution. Environmental factors may have 
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played a role and further studies are required to deci-
pher if the study findings are consistent across other 
hospital settings.

Further research
This paper highlights that although wearable sensor 
technology allows more continuous monitoring the 
alerts generated to the nursing team were not always 
acknowledged. Further research is required to help bet-
ter understand why this occurs. In the patients with 
alert acknowledgement, there was often a delay. Rea-
sons as to why these delays are still occurring must 
be explored in further research. A larger study will be 
required with more than one clinical area used, larger 
rollout of wearable sensors across the hospital will 
help. Further research could entail repeating the study; 
however, this time having trained observers available 
to record why the nurses were acknowledging some 
alerts and not others. In addition, qualitative research 
conducted with nurses may answer some of these ques-
tions. Even in the small cohort of patients recruited, 2 
patients with sepsis were identified and started on the 
sepsis pathway and 3 patients were referred to a senior 
clinician.

The use of paper observation charts in addition to 
wearable sensor digital alerts may have increased the 
workload and demands on nurses. More fully inte-
grated systems may enable notifications to be acted 
upon and acknowledged in a timely manner.

As well as integration, the other key to review in 
future is the effect of digital alerting through wear-
able sensors and patient outcomes. One such study in 
the literature found continuous monitoring on ward 
patients through sensor technology resulted in a reduc-
tion in hospital and intensive care length of stay as well 
as lower rates of ‘code blue’ or cardiac arrest [37]. This 
study has been welcomed and was the first to review 
outcomes [37]. However, there are several significant 
limitations found. Firstly, the sensor being used was 
not quite a wearable sensor, but the Early Sense sensor 
which is a sensor is placed under the patient’s mattress 
and only records whilst the patient is in bed. For ambu-
lating ward patients, its use and applicability may be 
limited. In addition, only length of stay and code blue 
were reviewed; other outcome measures of interest 
such as mortality, transfers to intensive care and rapid 
response teams were unable to be reviewed. In another 
more recent study, an improvement in patient out-
comes was found with significant cost savings; however, 
the authors concluded that further research is required 
to review wearable sensors and all outcome measures 
in a larger cohort of patients [38].

Conclusion
This paper has seen the implementation of digital alerts 
based on developed alerting algorithms to nurses in real 
time. Although not all alerts were acknowledged, deterio-
ration on the ward observations was detected and actions 
were taken accordingly. Patients were started on the sep-
sis pathway and escalation to senior clinicians occurred. 
Full integration of paper-based ward observations and 
digital alerting from wearable sensors using electronic 
health systems needs to be explored and is likely to 
improve results.
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