Development and validation of a methodology to measure time involved in vital signs observations by hospital nurses
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ABSTRACT

Background: Several time-and-motion studies have sought to quantify the nursing work involved in undertaking patients’ vital signs observations; however, none of these studies offered a validated methodology that can be replicated. This is reflected in the high variation in mean times to measure and record vital signs observations found in previous studies.
Aim: To describe the development and inter-rater reliability of a methodology to observe the nursing time and workload involved in measuring and recording patients’ vital signs observations.
Discussion: We developed a methodology using the Quality of Interactions (QI) Tool, to record and measure start and finish times of nurses taking vital signs observation rounds and individual observations clustered within a round. Two raters concurrently documented their observations of nurses undertaking patient observations in a simulated setting. Our tool and associated documentation were found to be easy to use, and there was a high level of agreement in measurements by different observers, according to the ‘Bland and Altman’ criteria. 
Conclusion: Our approach can be used to reliably measure the time involved in taking vital signs observations. 
Implications for practice: Use of our tool may increase the level of precision when timing and classifying nursing activities around vital signs observations. We anticipate that our tool could be effectively adapted to measure several other nursing activities, hence it will support researchers interested in capturing different aspects of nurses’ work.
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INTRODUCTION
Vital signs observations help nurses and clinicians to detect patient deterioration and are considered a fundamental part of nurses’ work (Wood et al., 2019). Evidence about the time and workload involved with nurses’ vital signs observation activities is scant and inconclusive: when using pen and paper methods to record, mean times to take a full set of vital signs observations range from 3.58 minutes (Wong et al., 2017) to 5.80 minutes (Zeitz, 2005, Zeitz and McCutcheon, 2006). Estimates of mean times for measurement and documentation are lower when documentation is performed using electronic systems, with an average of 2.50 minutes (Bellomo et al., 2012, Wong et al., 2017). Previous time-and-motion studies used different methodologies to capture: the time nurses spend measuring patients’ vital signs; recording and documenting patients’ vital signs; and calculating Early Warning Scores (EWS). Some studies reported no details of the method used to capture nurses’ vital signs activities (Bellomo et al., 2012). 
In the UK, current guidance advises vital signs observations are taken for hospital patients at least every 12 hours. Protocols on the frequency of vital signs observations are based on expert opinion rather than empirical evidence (Royal College of Physicians, 2017, Smith et al., 2017), and it is assumed that more frequent vital signs observations will lead to better patient outcomes. However, the UK, in common with other countries, is experiencing a nursing workforce crisis (Buchan et al., 2017), so increasing the workload for current nurses may be infeasible. Establishing how much nursing time is required for vital signs activities is therefore essential before any change to national guidance is implemented. This would allow an accurate assessment of the feasibility of any proposed changes and the resources required.   
This paper reports a methodology that has been developed to time nurses’ vital signs observations activities. It is part of a wider parent study “Safer and more efficient vital signs monitoring to identify the deteriorating patient: an observational study towards deriving evidence-based protocols for patient surveillance on the general hospital ward”, ISRCTN10863045 (http://www.isrctn.com/ISRCTN10863045). The parent study aims to develop a validated vital signs monitoring protocol for patients on general medical and surgical wards that maximises the detection of patient deterioration while remaining feasible in terms of nursing workload. In this article, we aim to describe the development of methods to record nurses’ vital signs activities, and to report the inter-rater reliability for two observers using this method. We use the Bland and Altman procedure for establishing inter-rater reliability (Bland and Altman, 2010). This is a standard approach to establishing agreement between two measurements, raters, or methods of assessment, but is often neglected in establishing inter-rater reliability in nursing research (Griffiths and Murrells, 2010).
METHODS
The inter-rater reliability testing took place in May 2019. The sections below detail each step of the study. 
Data collection tool: the QI Tool
We used the QI Tool to record timings and frequency of vital signs activities. The QI Tool is a tablet-based time sampling tool that enables users to enter data in real-time. The QI Tool software was originally designed for use in the Creating Learning Environments for Compassionate Care (CLECC) study (Bridges et al., 2018). The QI Tool includes the Quality of Interactions Schedule (QuIS), a validated and widely used research instrument which captures the quality of staff-patient interactions (Dean et al., 1993). The QI tool was originally designed to allow observers to record the length, quality and frequency of interactions between staff and patients.
The QI tool also enables the collection of ward-based contextual data, including the total number of patients on the ward, and numbers of registered nurses (RNs), nursing assistants and student nurses on shift during the observation session. When the observation session is complete, data are uploaded wirelessly to the central database. 
Adaptation and protocol
Our focus was on length and frequency of nursing vital signs observations rather than quality of patient-staff interactions; we therefore designed checklists and flow-charts that would allow us to use the QI Tool to capture vital signs-related activities. Firstly, we produced a list of operational definitions related to observations of staff monitoring patients’ vital signs. 
These are as follows:
· Vital Signs: one or more of the six physiological parameters that form the basis of the NEWS2 scoring system (Royal College of Physicians, 2017): respiration rate, oxygen saturation, systolic blood pressure, pulse rate, level of consciousness or new confusion and temperature. 
· Vital Signs Equipment: timer, sphygmomanometer, manual blood pressure cuff, stethoscope, oxygen pulse oximeter, thermometer, electronic recording system of vital signs, ward tablets.
· Vital Signs Documentation: observing previous vital signs trends electronically or on paper, patient notes, track and trigger charts, other vital signs observations charts.
· Vital Signs Round: captures all parts of taking vital signs observations including using ‘Vital Signs Documentation’ and ‘Vital Signs Equipment’ as well as carrying out ‘Individual Vital Signs’. One or more sets of individual vital signs observations taken sequentially by a single nurse are clustered in a vital signs round.
· Individual Vital Signs Observations: the act of taking and recording the measurements of vital signs and sourcing vital signs equipment per patient.
· Complete ‘Individual Vital Signs’ means that there is no reason for the observer to suppose that the six physiological parameters of vital signs as outlined in NEWS2 have not all been completed.
· Incomplete ‘Individual Vital Signs’ means that it is obvious to the observer that not all 6 physiological vital signs have been completed.
· Interruption: including anything outside of the process of ‘Vital Signs’, ‘Vital Signs Equipment’ and ‘Vital Signs Documentation’ i.e. provision of personal care, leaving the patient to speak to someone else, or to attend to other patients.

For reasons of feasibility, only one vital signs round was observed at a time which meant, in effect, a single nurse was to be the focus of observation for the duration of the round. If two nurses worked in tandem for any period of the round, we made a note of this.

Secondly, we established clear boundaries of start and stop times of vital signs rounds, of individual vital signs observations, and of interruptions. These criteria can be found in Table 1.
Table 1	Criteria for start and stop of vital signs observations rounds, individual observations, and interruptions
	
	Timing of Observations

	
	Press start when…
	Press End when…

	‘Observations Round’
	The nurse sources ‘Vital Signs Equipment’ or ‘Vital Signs Documentation’ 


	The nurse has taken one or more sets of observations and leaves the patients then replaces the ‘Vital Signs Equipment’ or ‘Vital Signs Documentation’ 

	‘Individual Observation’
	The nurse enters the bed space and measures one or more of the six physiological parameters of the NEWS2 scoring system. 
	The nurse leaves the bed space and it is clear that the specific measuring of these vital signs as defined by NEWS2 has finished.

	Interruption



	The Nurse is interrupted from the process of taking and recording an ‘Individual Observation’ or ‘Observation Round’, stops and starts a different task or conversation

	The Nurse reverts back to the process of taking and recording the an ‘Individual Observation’ or ‘Observation Round’



We then applied these criteria as a protocol in practice, during four training sessions, which enabled the two observers to familiarise themselves with the QI Tool. We used the content of Table 1 as the basis of a checklist and flow chart, which we adjusted and developed iteratively. The final version of the flowchart can be found in Figure 1.
 
Figure 1	Flowchart for observing staff undertaking vital signs observations
[image: ]

Originally, the term “Interaction” in the QI Tool referred to any instance where there was an interaction between a staff member and a patient. For the purposes of our study, we restricted “interaction” to observation rounds, individual sets of observations, interruptions during a round, and responses to observed vital signs.   

Inter-rater reliability testing
After a number of iterations the study team agreed the final version. We then undertook inter-rater reliability testing in May 2019 over four hours of observation in a clinical skill classroom that was laid out and equipped as a hospital ward. Two student nurses acted as nursing staff undertaking vital signs observations on healthy volunteers who acted as patients. The observers were two research fellows, one of whom is a registered nurse and one a social scientist. Eight different scenarios were devised in conjunction with clinical academic staff, to include potential disruptors such as interruptions or incomplete measurement. Observers were located so that they could not see each other inputting data, which could have influenced the timing of initiation and ending for each observation made. 

We applied the Bland and Altman criteria (Bland and Altman, 2010) to describe the agreement between measurements of time involved in nurses’ vital signs activities by these two observers. Bland and Altman (2010) developed a method to quantify agreement between two measurements by establishing limits of agreement. These statistical limits are calculated through the mean and the standard deviation of the differences between two measurements. 

RESULTS
The four hours of observation yielded 44 individual vital signs observations sets. Based on averaging the two observers’ ratings, the mean time to take and record a set of vital signs observations was 3 minutes 47 seconds, and the median was 3 minutes 25 seconds. 
Over the four hours of observation observer A recorded a total of 2 hours 44 minutes of vital signs measurements compared to observer B who recorded 2 hours 42 minutes. The mean difference per set of vital signs observations was 3 seconds, (standard deviation 9 seconds). According to Bland and Altman (2010), all calculations should be preceded by a visualisation of the results of one measurement against the other on a scatter plot. The scatter plot indicates that timings recorded by the two raters were closely associated (Figure 2).
 Figure 2	Scatterplot of observer measurements with linear regression line
 
Bland and Altman (2010) argued that regression should not be adopted as an indication of agreement between measurements, as all data points usually will cluster near the regression line. They suggested plotting the difference between the measurements against their mean. This is reported in Figure 3.
Figure 3	Difference against the mean for vital signs length data

Two standard deviations from the mean are defined as limits of agreement; in this case, +19 seconds and -13 second are the limits of agreement. Considering clinical measurements, Bland and Altman argued that limits of agreement should be “clinically” acceptable, and that 95% of the differences should fall within the limits of agreement. In our case, only one of the 44 differences (2%) was outside (35 seconds) of limits of agreement, suggesting that observers could reliably record times of nurses’ vital signs observations.   
Bland and Altman (2010) advise that this approach only estimates the values which apply to the whole population, hence they recommend using standard errors and confidence intervals of the mean difference and of the limits of agreement to check how precise these estimates are. The standard error of the mean is calculated as follows:

Where n is the sample size and sd is the standard deviation. The standard error of the lower and upper limits of agreement is:

The appropriate point on the t distribution was identified with (sample size – 1) degrees of freedom, two-tailed at 0.05. The confidence intervals of the mean were derived from the mean minus t standard errors to mean plus t standard error. The same procedure was applied to the limits of agreement. Calculations from our sample are reported in Table 3.  

Table 3	Precision of estimated limits of agreement (seconds)
	Parameter
	Value
	Standard Error
	t-value
	Confidence Interval

	Sample size (n)
	44 (observations)
	
	
	

	degrees of freedom
(n-1)
	43 (observations)
	
	
	

	Mean
	3 
	1 
	2 
	1 to 5 

	Standard deviation
	9 
	
	
	

	Lower limit of agreement (mean -1.96*standard deviation)
	-13 
	2 
	2 
	-17 to -9 

	Upper limit of agreement (mean +1.96*standard deviation)
	19 
	2 
	2 
	15 to 23 



The lower limit of agreement was -13 seconds, with confidence intervals ranging from -17 and -9 seconds. The upper limit of agreement was 19 seconds, with confidence intervals ranging from 15 to 23 seconds. 

DISCUSSION
We developed a methodology to record time and frequency of vital signs observations and found researchers were in agreement when applying it. The two observers were in close agreement with the estimated mean difference per set of vital signs observations of less than 5 seconds. Average time to take a set of vital signs was 3 minutes 25 seconds. The limits of agreement were narrow and no more observations than expected fell outside them. The differences between observers were small and of little if any material importance. When totalling time up across all the observations, the absolute difference was less than 2%.

Limitations
Although our study was limited by the relatively small sample size (n= 44 observations), the confidence intervals of the limits of agreement were not wide.  We therefore conclude this sample is sufficient to ascertain reliability. We tested reliability in a simulated setting where volunteers were healthy. To aid relevance to real life situations, a clinical expert designed deliberately disruptive and realistic scenarios. Examples included patients asking to be taken to the toilet, or colleagues requesting immediate assistance. We suggest further reliability testing takes place in a real clinical setting. Our observers were trained in applying the methodology, although it should be noted that the training sessions also served as opportunities to refine the methodology. While we tested the reliability of two raters, they had diverse backgrounds and this study demonstrates it is possible to train raters to achieve high reliability with this tool.

CONCLUSION
Our time-and-motion methodology can be used by properly trained observers in future studies to reliably measure the nursing time involved in undertaking vital signs observations. As with other observational measures, before using this tool in future studies the reliability of observers should be tested after training and practice. This is because reliability is not an intrinsic property of a measure. However, we have demonstrated that reliability can be achieved. Our methodology will be of particular importance to health services researchers. This is because there is no consistent evidence on the time and workload involved with vital signs observations for nurses. Any changes to protocols of recommended frequency of vital signs observations should occur only when the input required from nurses is understood. Our reliable methodology offers the opportunity to fill this evidence gap.   
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