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1. ABSTRACT 

   

Introduction: PRIME (Pre-Hospital Information and Monitoring E-system) was designed by 

Rinicare with the input of active clinicians and was developed to make vital sign monitoring 

and data analysis more efficient and effective than existing technologies. 

Method: Identify appropriate patients across general surgical and orthopaedic wards. Record 

and compare the physiological vital sign measurements using current bedside monitoring and 

new wireless technology, the PRIME system.  

Results: Bland Altman analysis of the data indicated that there was good agreement between 

the systems and that both were appropriate for clinical management. 

Conclusion:  The results obtained in this study on real patients at the University Hospital of 

South Manchester NHS Foundation Trust demonstrated that the PRIME system has 

performance comparable to the current “gold standard” systems. 
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2. INTRODUCTION   

 

This document describes the method to be employed in the evaluation to be undertaken to 

examine the performance of the PRIME IoT system, developed by Rinicare Ltd, in measuring 

physiological parameters wirelessly, compared to the established non-wireless technology 

based methods typically employed in General Practitioners (GP) surgeries.  

Rinicare is an intelligent healthcare company that has developed a wireless physiological 

monitoring system, PRIME, that allows measurement of vital signs with clinical accuracy, 

anywhere.  Thus, it’s possible for clinical data to be collected accurately and remotely from 

the hospital or doctor’s office, reducing travel time, the need for the attendance of doctors 

when the patient is being assessed.  The vital sign data can then be sent into the IT system, 

or patient record as desired.  The use of the PRIME system has the ability to lead to earlier 

diagnosis and better outcomes as well as reduce healthcare costs. 

PRIME (Pre-Hospital Information and Monitoring E-system) was designed by Rinicare with the 

input of active clinicians and was developed to make vital sign monitoring and data analysis 

more efficient and effective than existing technologies. 

The PRIME system continuously displays vital sign data from a suite of wireless sensors in 

real-time allowing users to quickly and accurately evaluate patient conditions resulting in a 

more complete diagnosis and, ultimately, better patient care. Due to the portable nature of 

the system, PRIME can be deployed anywhere in the world allowing the user unparalleled 

capabilities for real time monitoring, data collection and data analysis. 

3. BACKGROUND 

 

The purpose of the evaluation is an examination of the PRIME IoT system and its performance 

compared to existing non-wireless methods of measuring physiological parameters. The 

principal aims of the evaluation will be:  

• To investigate the correlation, bias and precision of the readings from the PRIME IoT 

system against traditional techniques for 

‒ Blood pressure (systolic pressure mmHg/diastolic pressure mmHg) 

‒ Pulse rate (heart beats per minute) 

‒ Blood oxygenation (SpO2 % saturation) 

‒ Body temperature (°C) 

• To obtain preliminary data on: 

‒ A consultant cardiologist’s clinical opinion on the fidelity of the PRIME 

Electrocardiogram (ECG) performance 

In addition, the evaluation provided information on the performance of the sensor readings in 

a real situation and the effect of different age and size of subjects. 
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4. RATIONALE 

 

The measurement of physiological parameters such as blood pressure and pulse rate are the 

most commonly undertaken tests in a hospital ward or GP’s surgery. The majority of 

measurements are taken with traditional equipment that is not wirelessly enabled and that 

does not give an electronic output that can be automatically logged on a patient record and 

transferred directly to the patients’ electronic notes.  This has the ability to save time, removes 

the need for the doctor and patient to be the same location reducing travel related costs, 

using less qualified more cost-effective resource to take the readings and reduce the 

transcription error. 

The PRIME (Pre-Hospital Information and Monitoring E-system) was designed by Rinicare with 

the input of active clinicians and was developed to make vital sign monitoring and data analysis 

more efficient and effective than ever before. 

The PRIME system continuously displays vital sign data from a suite of wireless sensors in 

real-time allowing users to quickly and accurately evaluate patient conditions resulting in a 

more complete diagnosis and, ultimately, better patient care. Due to the portable nature of 

the system, PRIME can be deployed anywhere in the world allowing the user unparalleled 

capabilities for real time monitoring, data collection and data analysis. 

The PRIME system is designed to be: 

• Portable - A completely wireless system consisting of high quality Bluetooth sensors 

and state-of-the-art tablet stored in a lightweight and durable protective carry case 

• Efficient - following a simple log-in procedure, the user can immediately start 

visualising and recording important vital sign data within seconds 

• Versatile - capable of being an essential tool for clinicians, medical researchers, first 

responders and many more users 

• Cost effective – allows portable Vital Sign Monitoring on Your Own Device 

This evaluation will allow the performance of the PRIME system to be assessed in a real life 

setting versus traditional technology. 

5. EVALUATION OBJECTIVE 

 

To investigate the performance of the wireless PRIME system to measure physiological vital 

signs when used in patients and NHS hospital ward versus existing non-wireless technology. 

6. EVALUATION DEVICES 

 

The PRIME (Pre-Hospital Information and Monitoring E-system used in the evaluation 

consisted of an electronic tablet with bespoke software, a wireless pulse oximeter, a wireless 

sphygmomanometer, a wireless tympanic thermometer and a wireless ECG device. The ECG 

was used to calculate respiratory rate.  Representative wireless sensors used on the PRIME 

system sensors are shown below.  
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All devices transmitted the data they record to the tablet via Bluetooth. The ECG device 

consisted of four leads and a rechargeable transmitter, with the limb leads requiring contact 

stickers. The tablet is rechargeable while the sphygmomanometer, pulse oximeter and 

tympanic thermometer all required batteries. The tympanic thermometer did not have 

disposable covers.  

6.1. PRIME sensors - wireless blood pressure cuff 

 

6.2.  PRIME sensors - wireless pulse oximeter 

 

6.3. PRIME SENSORS - wireless thermometer 

  

6.4. PRIME sensors – ECG 

 

 

6.5. Rinicare PRIME IoT App – Overview 
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If specified the PRIME system could also include an e-form that records all the vital sign data 

and produces a report for documentation purposes.  By capturing all the raw data at source, 

PRIME removes the possibility of erroneous record keeping and also makes the entire process 

of data collection faster and more precise.  

For the purposes of the study the following were provided: 

• PRIME blood pressure, pulse oximetry, ECG and thermometers 

• PRIME disposables   

• Tablet device with PRIME App installed for displaying recording and transmitting the 

data  

• Tradition blood pressure, pulse oximetry, ECG system and thermometers 

 

6.6. Comparator systems (Current method) 

The current technology consisted of a Dinamap (TM) bedside vital signs monitor with a 

standard pulse oximeter and BP cuff, as well as an infra-red thermometer.  Respiratory rate 

was be counted manually as number of breaths in fifteen seconds multiplied by 4.  

6.7. Training in the use of the systems 

Appropriate training and practice was undertaken in the use of the wireless PRIME system to 

ensure familiarity comparable to the use of the Dinamap (TM) in a hospital ward 

environment.  

7. EVALUATION PROTOCOL 

 

7.1. Screening  

Before any study-specific procedures begin, potential study subjects written informed consent 

was obtained by a standard procedure in which participants are given both verbal and written 

information on the study and its nature. 

Patients were identified as appropriate or inappropriate based on the inclusion and exclusion 

criteria. 

The appropriate patients were then be discussed with the nursing staff to ensure there were 

no exclusion criteria that has not been recorded on the notes. Participants were assigned a 

coded identifier to ensure anonymity and enable comparison of timings for each participant 

and which could be used to verify the pairing of the sensor readings. During this time, a 

Dinamap (TM) kit will be obtained and the wireless kit will be tested and readied for use. 

All records were anonymised and no record of the subjects’ names or any other identifying 

information was be collected. 

7.2. Study procedures 

Data collection was separated into two allocated times of two and three hours. The process 

started with obtaining the nurse handover notes for the ward on which collection was started. 

The starting ward will be rotated.  

The current method for measuring the physiological parameters using the Dinamap (TM) was 

administered and timed. This was timed by the researcher administering the equipment using 
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a stopwatch that was started immediately before the administration of the first part of the 

Dinamap (TM) kit, the pulse oximeter, followed by the sphygmomanometer on the 

contralateral side to the pulse oximeter, and then the infra-red thermometer. The respiratory 

rate, consciousness level and pain score will then be obtained manually.  After which the 

stopwatch was stopped by the researcher.  

The patient’s records were consulted and the time at which the last time physiological 

measurements were taken or EWS was calculated along with the score itself and the time at 

which this information was retrieved from the records. This was recorded along with the timing 

of the Dinamap (TM) kit on an encrypted electronic tablet not associated with the wireless 

technology.   

The wireless PRIME technology was then used on the participant. The start button was 

pressed in the bespoke PRIME software, which began a timer. The PRIME pulse oximeter was 

applied, followed by the PRIME blood pressure cuff on the contralateral side to the pulse 

oximeter, then by the PRIME ECG leads and finally the PRIME tympanic thermometer was 

operated. After which, the tympanic thermometer was sterilised with an appropriate wipe. 

The time was recorded by the tablet and interpretation after collection provided the time taken 

from pressing the start button until the readings were taken.  This allowed the data that were 

stored to be “paired” temporally, thereby allowing the comparison of readings taken from the 

“current” gold standard system with those obtained form the PRIME.   

It is important to note that due to the protocol and issues related the associated ethics in 

terms of the treatment of real patients the readings whilst taken closely together in time were 

not exactly coincident.  It is physically impossible to measure the blood pressure and pulse 

oximetry collaterally with both systems at the same time and, therefore, the evaluation is a 

comparison of two different measuring systems both of which have inherent biases and 

precisions, as well as a temporal separation that will be reflected in the data.  Consequently, 

the statistical analyses such as Bland Altman were used as appropriate.  It was considered 

that is was acceptable and represents the reality of undertaking such studies in the real 

situation of a hospital ward with real patients 

A written and electronic log of coded consented participants was kept to determine those who 

were still on the ward on following days. Participants were returned to and verbal consent 

was obtained and additional readings were recorded. Written consent forms were kept and 

organised by ward and then archived on discharge.   

Data for the current method and the electronic log of participants were kept on an encrypted 

tablet that was not twinned with the wireless technology. No more than a single day’s data 

was kept in a single file. This information was backed up daily on an encrypted USB drive. The 

readings for the PRIME wireless technology were recorded on the encrypted tablet used with 

the wireless system, and were also backed up daily on an encrypted USB drive. All data 

collected had a coded identifier to accurately and anonymously pair data. 

At the end of the evaluation the PRIME units were retained for examination if required but 

all other materials will be disposed of as clinical waste.   

No clinical decisions were made on the results obtained.  
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8. RESULTS AND DISCUSSION 

 

A total of 296 unique datasets were collected across patients over the age of 18 on general 

surgical and orthopaedic wards between the dates of 3/4/17 and 23/5/17.  Data sets were 

excluded from the analysis if a complete set of paired readings was not available for whatever 

reason, most often reflecting by the practical clinical situation.  No readings from the PRIME 

system were excluded due to PRIME not functioning as specified during the evaluation, no 

outlier analysis or rejection of data in this basis was undertaken. This resulted 193 were used 

for the following analysis.  No formal statistical assessment, in terms of sample size, has been 

conducted, however, the number of participating subjects and the number of paired data in 

the evaluation was considered to be sufficient to achieve the objective of the study.   

8.1. Comparison of the readings from the current “gold standard” system and 

Prime. 

The paired data from the gold standard system and PRIME systems were plotted against each 

other and the line of equivalence inserted.  The slope of the line was also calculated as it was 

indicative of the correlation between the two systems, with a slope of 1.000 demonstrating 

perfect correlation.  No additional correlation calculations were performed due to the temporal 

difference in the collection of the paired data rendering this invalid. 
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The data from both systems in the evaluation were in strong agreement with each other.  In 

all cases the slope of the line was very close to unity suggesting comparable performance.   

The slightly unusual looking plots for temperature and oxygenation were a simple 

characteristic of quantisation of the data due to the incremental resolution of the systems. 

It was considered that despite the fact that the measurements were separated slightly in time 

and that no data were rejected as outliers the level of agreement is extremely good. 

As the paired data produced were the outputs of two measurement (estimation) systems each 

with inherent bias and precision, as per best practice, Bland Altman analysis was undertaken 

and the results plotted for each physiological parameter comparison.  Bland-Altman plots are 

extensively used to evaluate the agreement between two different instruments or two 

measurement techniques. Bland-Altman plots allow identification of any systematic difference 

between the measurements or possible outliers. The mean difference is the estimated bias, 

and the SD of the differences measures the random variations around this mean.  If the mean 

value of the difference differs significantly from zero, this indicates the presence of fixed bias. 

The 95% limits of agreement for each comparison were computed, average difference ± 1.96 

standard deviation of the difference, which indicates how far apart measurements by both 

methods were more likely to be for most individuals.  

 

 

 



 
___________________________________________________________________________ 

13 
Prime IoT Comparison Protocol 010 January 2019 

 

 

 

 

 

 



 
___________________________________________________________________________ 

14 
Prime IoT Comparison Protocol 010 January 2019 

 

 

 

 



 
___________________________________________________________________________ 

15 
Prime IoT Comparison Protocol 010 January 2019 

It can be seen from the Bland Altman analysis that there was very good agreement between 

the two systems.  In all cases the bias (mean on the differences) was very near zero with the 

exception of diastolic blood pressure where the gold standard device read slightly higher, 

whereas the systolic had no bias.  The reason for this was not clear but it was not considered 

to be significant in the calculation of Mean blood pressure.   

As before the slightly unusual looking plots for temperature and oxygenation were a simple 

characteristic of quantisation of the data due to the incremental resolution of the systems. 

No systematic bias as a function of reading magnitude was observed and the precision 

recorded between the wo systems was good.  There were a small number of possible outliers 

these wee considered to have been caused by the slightly different times at which the 

respective readings were taken and the patients’ values were changing. 

Varying the time of day at which data was collected from various wards was important to 

attempt to randomise the times at which we may have been seeing the same participants. 

This would remove any bias found throughout the day that may be caused by normal variation 

in values or any medication administered. Ensuring the use of contralateral sides for the pulse 

oximeter and sphygmomanometer was important as the sphygmomanometer could interfere 

with the time it takes for the pulse oximeter to measure a reading. 

It was concluded from the results obtained in this study on real patients at the University 

Hospital of South Manchester NHS Foundation Trust demonstrated that the PRIME system has 

performance comparable to the current “gold standard” systems. 

8.2. Evaluation of the ECG trace 

As direct comparison of the ECG trace cannot be made by simple arithmetic analysis or Bland 

Altman analysis and much of the clinical value contained in the ECG is driven by the 

interpretation of the doctor analysing it.  Consequently, Rinicare undertook an additional study 

to investigate the agreement between the analyses made by a Consultant Cardiologist (the 

medical speciality most expert in assessing ECG signals) from the University Hospital South 

Manchester NHS trust, interpreting the ECG recorded using the PRIME system and that 

recorded using the existing current a gold standard ECG machine.  

The evaluation was performed in a total of 25 patients in the Cardiology Clinic (n=17) and 

Cardiac Critical Care Unit (n=8).   

In the cardiology clinic all subjects were stationary during the test. Heart rate was considered 

easily assessed from the PRIME ECG by the cardiologist. The investigator concluded that the 

heart rates were not significantly different between the standard and PRIME ECGs. Rhythm 

and axis were identical for all volunteers. P R, Q-T and QRS intervals were all equally 

assessable on standard ECGs and PRIME. The overall score which reflected the ability to come 

to a diagnosis and other unmeasured quantities when assessing an ECG averaged 4.8 with 

the lowest score being 4. A voltage drop in lead 6 was observed on 3 patients and a wandering 

baseline on the rhythm strip was observed on 2 patients. These differences were noted by 

the cardiologist as being insignificant and not effecting diagnosis. Box size of the background 

was identified as a key component to allow interpretation. 
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In the CCU which these ECGs were collected under more controlled conditions than that 

possible in the clinics.  The results of the ECG were identical to the subjects assessed the 

cardiology clinic. 

It was concluded that the PRIME ECG system functioned with comparable performance to the 

existing methods in this evaluation.  It was added that 114 000 patients a year are admitted 

to hospital in the UK with Acute Coronary Syndrome. This is only one indication for real-time 

continuous inpatient ECG monitoring (“telemetry”) as well as arrhythmia or some causes of 

collapse and PRIME’s 12-lead ECG monitoring would be very useful in this scenario. 

9. EVALUATION ADMINISTRATION 

 

The procedures set out in this evaluation, pertaining to the conduct, evaluation, and 

documentation of this evaluation, are designed to ensure that the sponsor and investigator 

abide by Good Clinical Practice (GCP) as described in 21 CFR parts 50, 54, 56, and 312, as 

well as in the ICH Harmonized Tripartite Guidelines Topic E6: “Guideline for Good Clinical 

Practice.”  Compliance with these regulations also constitutes compliance with the ethical 

principles described in the current revision of the Declaration of Helsinki.  The study will also 

be carried out in keeping with any local legal and regulatory requirements.    

9.1. Ethics  

This investigation was carried out in accordance with the basic ethical principles set forth in 

the Declaration of Helsinki of the World Medical Assembly as revised at the World Medical 

Assembly, South Africa, 1996, and the rules of Good Clinical Practice of the ICH Harmonized 

Tripartite Guideline for Good Clinical Practice.  

9.2. Institutional Review Board/Ethics Committee  

Ethical approval was obtained under local research and development guidelines from 

University Hospital of South Manchester NHS trust and from NRES Haydock through the 

Vascular Governance North-West group under Amendment 3 reference number 

09/H1010/2+5.  

 

 


