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Capturing early signs of deterioration: the Dutch-Early-Nurse-Worry-Indicator-Score (DENWIS) and its value in the Rapid Response System 

ABSTRACT

OBJECTIVES: To determine the predictive value of individual and combined DENWIS-indicators at various Early-Warning-Score (EWS)-levels, differentiating between EWSs reaching the trigger-threshold to call an RRT and EWS-levels not reaching this point.
INTRODUCTION: DENWIS comprises nine indicators underlying nurses’ ‘worry’ about a patients’ condition. All indicators independently show significant association with unplanned Intensive-Care/High-Dependency-Unit (ICU/HDU)-admission or unexpected mortality. Prediction of this outcome improved by adding the DENWIS-indicators to an Early Warning Score (EWS) based on vital signs.  
DESIGN:  An observational cohort study was conducted on three surgical wards in a tertiary University affiliated teaching hospital. 

METHODS:  Included were adult, native speaking surgical patients. Nurses scored presence of ‘worry’ and/or DENWIS-indicators every shift or when worried. Vital signs were measured according to the prevailing protocol. Unplanned ICU/HDU-admission or unexpected mortality was the composite endpoint. Percentages of ‘worry’ and DENWIS-indicators were calculated at various EWS-levels in control and event group. Entering all DENWIS-indicators in a multiple logistic regression analysis, we calculated a weighted score and calculated sensitivity, specificity, positive predicted value and negative predicted value for each possible total score.

RESULTS: In 3,522 patients, 102 (2.9%) had an unplanned ICU/HDU-admissions (n=97) or unexpected mortality (n=5). Patients with such events and only slightly changed vital signs had significantly higher percentages of ‘worry’ and  DENWIS-indicators expressed than patients in the control group. Increasing number of DENWIS-indicators showed higher positive predictive values.  

CONCLUSIONS: DENWIS-indicators alert in an early stage of deterioration, before reaching the trigger-threshold to call a Rapid Response Team and can improve interdisciplinary communication on surgical wards during regular rounds, and when calling for assistance.

RELEVANCE TO CLINICAL PRACTICE 
DENWIS structures communication and recording of  signs known to be associated with a decline in a patients’ condition and can empower nurses to call assistance on the ‘worry’ criterion in an early stage of deterioration.

WHAT DOES THIS PAPER CONTRIBUTE TO THE WIDER GLOBAL COMMUNITY?

· DENWIS alerts in an early stage of deterioration when vital signs do not reach the trigger threshold to call a Rapid Response Team.

· Increasing number of DENWIS-indicators result in higher Positive Predictive Values to predict unplanned Intensive Care Unit admission or unexpected in-hospital mortality.

· Changes in breathing, circulation and mentation and subjective nurse observations are significant indicators of deterioration in the DENWIS-model.
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INTRODUCTION
Introduction of Rapid Response Systems (RRS) is associated with improvements in patient outcomes like cardiopulmonary arrests in general wards, unplanned Intensive Care Unit (ICU) admissions, and mortality (Winters et al. 2013, Chen et al. 2014, Ludikhuize et al. 2015, Maharaj et al. 2015). Timely activation of a Rapid Response Team (RRT) is essential since delayed activation can lead to increased mortality (Calzavacca et al. 2008, Downey et al. 2008, Quach et al. 2008). Abnormal vital signs can trigger a call and activate an RRT in a one parameter system or combined in an aggregated system (Early Warning Score [EWS]), facilitating ward nurses to unambiguously communicate deterioration when calling for assistance (Gao et al. 2007). However, in this scenario, patients need to deteriorate first in order to escalate care. Jones et al. (2012) advocate a more proactive approach and propose to improve care at an earlier stage to prevent further deterioration. 
 ‘Worry’ as a calling criterion provides an opportunity for nurses to call for assistance when other criteria do not yet meet a trigger-threshold to call an RRT. As such ‘worry’ potentially contributes to optimize care in general wards at an early stage of deterioration. However, existing reluctance to call an RRT (Jones et al. 2009, Bagshaw et al. 2010, Shapiro et al. 2010, Macintosh et al. 2012, Ashtroth et al. 2013, Braaten 2015) and inconsistent use of the ‘worried’ criterion are barriers to escalate care in an early stage. Moreover, doctors prefer quantitative data to base their decisions on in case of deterioration (Andrews & Waterman 2005). This emphasis on vital signs can make it difficult for nurses to convince doctors that the patient is at risk of deterioration when vital signs are normal or only slightly deviated (Mackintosh et al. 2012). Delay in escalating care can also be caused by poor interprofessional communication (Johnston et al. 2015). In addition, suboptimal interactions between professionals may have a negative impact on nurses’ decision-making (Bucknall 2000, Odell 2010).
In order to objectify and improve the use of the ‘worried’ criterion, the underlying signs were determined and summarized in a bundle of ten indicators (Douw et al. 2015). The Dutch-Early-Nurse-Worry-Indicator-Score (DENWIS) was developed based on these indicators and comprises nine domains (Table 1). All indicators independently showed a significant association with unplanned ICU/High Dependency Unit (HDU) admission or unexpected mortality and improved the discrimination of patients at risk of unplanned ICU/HDU admission or unexpected mortality when added to an EWS based on vital signs (Douw et al. 2016). Moreover, when vital signs did not reach the trigger-threshold to call the RRT, ‘worry’ showed acceptable predictive value with an area under the receiver characteristics curve (AUROC) of 0.74, suggesting potential to detect high-risk patients in an early stage of deterioration. Additionally, in the present study we aim to determine the predictive value of individual and combined DENWIS-indicators at various EWS-levels, differentiating between EWS reaching the trigger threshold to call an RRT and EWS-levels not reaching this point. As such we establish how DENWIS-indicators can support nurses to improve recognition of patients at risk for deterioration specifically when vital signs have not or only have slightly changed.
METHODS 

Data were prospectively collected in the period March 2013 - April 2014 in a 500-bed tertiary University affiliated teaching hospital. All (student) nurses of three surgical wards (traumatology, vascular and abdominal/oncological surgery) participated in the study. The RRT consisted of an intensivist, an ICU-resident and an ICU-nurse, all available 24 hours a day, seven days a week. Following protocol, ward nurses first contacted the ward physician, who should assess the patient within 30 minutes and contact the ICU-resident or intensivist. Ward nurses always could contact the ICU-nurse when ‘worried’. The EWS used, included respiratory rate, oxygen supply, arterial oxygen saturation, heart rate, systolic blood pressure, temperature, and conscious level. Each could be awarded zero to four points, depending on the severity of decline. The trigger point to call the RRT was a total score of seven or higher. The study was approved by the local ethics committee, and the need for informed consent was waived. 
In- and exclusion criteria

We included surgical, native speaking, adult patients (≥ 18 years) and excluded mentally incapacitated patients and patients with restrictions in treatment: no (invasive) ventilation and/or renal support or palliative or end-of-life care. 

Measurements 

The DENWIS was incorporated into the electronic nursing files. After thorough instruction and training, nurses scored ‘worry’ (yes or no) and DENWIS signs (when present) once per eight hour shift or at the moment they felt worried about the patients’ condition. 
Vital signs were measured three times a day, once in every shift. When vital signs were stable, frequency decreased to once or twice a day. With increasing EWS values, the frequency of measurements increased to every two hours for an EWS from five to seven, and every hour for an EWS of seven and higher. We considered vital signs to be normal when they were measured once a day. 
Vital signs and DENWIS measurements from the same shift were linked. Missing vital signs were substituted with a measurement that was closest, in the eight hours before or four hours after the screening of the DENWIS signs. If still missing, the period was extended to 24 hours before the DENWIS measurement. If then still missing we assumed the missing vital sign to be normal and awarded zero points on the respective EWS sub-score, since measurements should have been repeated when abnormal. The total EWS was calculated according to the prevailing EWS protocol.
The composite endpoint was unplanned ICU/HDU-admission or unexpected in-hospital mortality. 
All data were extracted by the Datawarehouse of the hospital from the electronic patient files using SAS Enterprise Guide (SAS Institute, Huizen, the Netherlands). 
Statistics and data analysis 

Descriptive statistics are reported as mean±SD, frequencies and percentages where appropriate. Differences in the group of patients with unplanned ICU/HDU-admission or unexpected mortality and the group of patients without such an event were compared using the Fishers Exact Test for nominal data and Students t-test for continuous data and the Mann-Whitney test for non-normally distributed continuous data.  

Since ‘worry’ can also be the result of deviating vital signs, we calculated frequencies and percentages of ‘worry’ and the DENWIS-indicators at EWS 0, EWS 1-3, EWS 4-6 and EWS≥7.  

In our previous study we analyzed the DENWIS-indicators in a multiple logistic regression analysis, and calculated the AUROC (95% Confidence Interval (CI)) to define the value of the DENWIS model to predict unplanned ICU/HDU-admission or unexpected mortality (Douw et al. 2016). Since each patient had more than one measurement taken we used the first measurement to occur in the 24 hours before our composite endpoint in the multiple logistic regression analyses. This was the measurement with either ‘worry with an EWS<7’ or an EWS≥7. If both were not present, the last measurement before an event was used (we refer to this group of patients as the event group). In the group with no events (control group) we used the first measurement to occur during hospital stay: ‘worry with an EWS<7’ or an EWS≥7. If both were not present we used a random measurement (Douw et al. 2016). 

Additionally, in the current study we constructed a new prediction model, weighing all DENWIS-indicators by multiplying the regression coefficients by five to accomplish full advantage of the discriminative value between the indicators. To establish the value of the DENWIS-indicators as predictor of unplanned ICU/HDU admission or unexpected mortality, when the EWS trigger-threshold to call the RRT was not yet met (EWS<7), we calculated sensitivity, specificity, positive predicted value (PPV) and negative predicted value (NPV) for each possible total score of the weighted DENWIS-model.    

SPSS version 20 (IBM Corp. 2011) was used for all calculations. A p-value of < 0.05 was considered significant for all tests. 
RESULTS
A total of 3,522 patients were included. Hundred and two (2.9%) had an unplanned ICU/HDU-admission (n=97) or died unexpectedly (n=5) (Flow diagram in Figure 1).  Relevant patient data are shown in Table 2.

Presence of ‘worry’ and DENWIS-indicators at various EWS levels

Out of 3,522 total measurements, nurses scored 861 times a positive ‘worry’ and 896 times positive DENWIS-indicators. Five percent of the measurements, in the control as well as in the event group, had one or more DENWIS-indicators present when a nurse was not worried about the patients’ condition. For EWS=0 and EWS=1-3 there were significant differences between the event and control group in the presence of both ‘worry’ and the DENWIS-indicators (p<0.001). In the event group, nurses scored ‘worry’ as well as positive DENWIS-indicators in 6 out of 8 patients (both 75%) when none of the vital signs were abnormal (EWS=0) within 24 hours before an event. 
When vital signs were slightly abnormal (EWS 1-3, n=43 in the event group) nurses scored a positive ‘worry’ for 34 patients (79.1%) and positive DENWIS-indicators in 35 patients (81.4%). 
When the EWS was between 4-6 there were no significant differences between control and event groups in the presence of ‘worry’ and DENWIS-indicators. In the event group 31 patients (88.6%) had a positive ‘worry’ and 30 patients (85.6%) had positive DENWIS-indicators. 
For the patients (n=16) for whom the EWS reached the trigger-threshold to call the RRT (EWS≥7) nurses scored 100% ‘worry’ (significant difference with the control group [p<0.001]) and 14 patients (87.5%) had positive DENWIS-indicators (no significant difference with the control group (p=0.710). Data are provided in Table 3. 
DENWIS model, leaving all indicators in the model

The AUROC (95% CI) for the DENWIS-indicators to predict unplanned ICU/HDU-admission or unexpected mortality, leaving all indicators in the model, was 0.85 (0.80-0.89). Four indicators contributed significantly to the predictive value of the DENWIS model: changes in breathing (noisy breathing and/or shortness of breath and/or unable to speak full sentences and/or use of accessory muscles) (p<0.001), changes in circulation (colour changes and/or clammy skin and/or coldness and/or impaired perfusion and/or oedema) (p<0.001), changes in mentation (confused and/or lethargic) (p=0.005) and the subjective nurse observations (change in behaviour and/or doesn’t look good and/or look in the eyes) (p=0.041). Multiplying the regression-coefficients by 5 resulted in weighted DENWIS-indicators with a minimum of 1 and maximum of 7 points, with a possible maximum score of 28 when all indicators are present (Table 4). 
Sensitivity, specificity, PPV and NPV for the weighed DENWIS-indicators when the EWS<7

Sensitivity, specificity, PPV and NPV for each possible total scores of the weighted DENWIS-model to predict unplanned ICU/HDU admission or unexpected mortality are shown in Table 5. DENWIS≥25 was the maximum score. Sensitivity for all possible DENWIS-scores had a minimum value of 2% (DENWIS≥25; n=2) and a maximum of 69.6% (DENWIS≥1; n=2712). Specificity a minimum of 77.2% (DENWIS≥1) and maximum of 100% (DENWIS≥25). PPV for all possible DENWIS-scores had a minimum of 8.4% for DENWIS≥1and a maximum of 66.7% (DENWIS≥ 25). NPV minimum 97.2% (DENWIS≥ 25) and maximum 98.8% (DENWIS≥1).
When the four indicators (change in breathing, change in circulation, change in mentation and subjective nurse observation) that add significantly to the model are all present the total score is 20. In that situation sensitivity, specificity, PPV and NPV are 12.7%, 99.5%, 44.8% and 97.5% respectively. 
DISCUSSION 
Our results support the assumption that ‘worry’ and the DENWIS-assessment tool are of value at an early stage of deterioration when vital signs do not yet meet the trigger-threshold to call an RRT. With slightly changed vital signs (EWS<4) nurses already scored a positive ‘worry’ and positive DENWIS-indicators in respectively 39% and 40% of the patients within 24 hours before unplanned ICU/HDU-admission or unexpected mortality. This difference was significant compared with the control group. When the EWS did not reach the trigger-threshold to call an RRT (EWS<7) a DENWIS of 1 or more already identified that 8 out of 100 patients had unplanned ICU/HDU-admissions or died unexpectedly (PPV 8.4%), PPV increases with the number of positive DENWIS-indicators. When the most important indicators (highest contribution to the prediction) in the DENWIS-model (change in breathing, change in circulation, change in mention and subjective nurse observation) are present, a DENWIS score of 20 points is associated with a PPV of 44.8%, suggesting that almost half of the patients are at risk for unplanned ICU/HDU-admission or unexpected mortality. 
In this study we have clearly shown that it is important for the nurses to act on ‘worry’ and any positive DENWIS-indicator and be explicit which DENWIS-indicators are present, in order to get medical assistance at an early stage that may lead to immediate medical interventions that potentially may prevent further deterioration. The DENWIS provides nurses with an instrument that facilitates identifying relevant observations apart from vital signs at an early stage and thus can improve communication, during regular rounds as well as in other situations when it is necessary to call for assistance. This should be followed-up with an adequate response to meet the three fundamental steps of escalation of care: identifying, communicating and responding to deterioration (DeVita et al. 2006, Johnston et al. 2015). 
At an EWS 4-6 there is no significant difference in the appearance of ‘worry’ and DENWIS-indicators in the control and event group. Both groups have high percentages (over 77%) of both ‘worry’ and DENWIS-indicators. This might be explained by the fact that doctors use quantifiable changes in physiological parameters to support their decisions when a patient deteriorates (Andrews & Waterman 2005) and as such will act on abnormal vital signs and patients in the control group have benefitted from interventions at the ward. But it does not explain why the same percentage of patients do deteriorate.   
Results from this prospective study are consistent with the results from retrospective studies reporting on the relevance of the presence of ‘worry’ without or with minor changes in vital signs before critical incidents (Cioffi 2000, Hillman et al. 2001, Parr et al. 2001, Hillman et al. 2002, Hodgetts et al. 2002, Minick & Harvey 2003, Bellomo et al. 2004, Andrews & Waterman 2005, Cioffi et al. 2009, Donaldson et al. 2009, Santiano et al. 2009, Boniatti et al. 2010, Gazarian et al. 2010, Leach et al. 2010). Our study adds to the existing knowledge as we specified the importance of the underlying signs in more detail than others have done. 
Signs that alert nurses, may lead to vital signs measurements at the time of possible deterioration, since nurses typically verify their feelings of concern with vital signs measurement (Odell et al. 2009) or increase the frequency of vital sign measurements when ‘worried’ (Fuhrmann et al. 2009). This emphasizes the importance of assessment of both ‘worry’ and DENWIS-indicators as well as vital signs.

The DENWIS can support nurses in the complexity of clinical nursing which makes more informed decision-making essential to ensure effective and safe care (Parsonage 2010). Situation Awareness (SA) is seen as the first step of effective decision-making (Endsley 1995). Perception, interpretation and being able to foresee what might happen in a specific situation are three levels of SA (Endsley 1995). In this study we have shown that DENWIS can support nurses specifically at the perception of the current situation. Nurses still need to interpret the indicators using their knowledge of possible causes for the individual patient with its own specific characteristics. The weighted DENWIS-indicators can provide guidance in interpreting information, since we showed that these indicators should not be ignored. Individual factors, interpersonal behaviors and shared SA, influence SA and effective decision-making (Stubbings et al. 2012). We speculate that the overview of relevant indicators and their predictive value, potentially empower nurses on an individual level and in interpersonal communication by stimulating self-confidence and assertion and as such improving cognitive abilities which are closely associated with SA (Wright & Fallacaro 2009). Probably the best results will be achieved when both the medical and nursing disciplines will embrace the DENWIS and improve shared SA and as such effective decision-making in order to institute the appropriate medical response. 
Human factors such as poor interprofessional communication have been shown to enhance failure to rescue or diminish effective escalation of care among surgical patients (Johnston et al. 2015). Communication tools like the Situation, Background, Assessment, and Recommendation (SBAR) instrument provide a framework how to (interdisciplinary) communicate (Institute for Healthcare Improvement). Additionally, the DENWIS-indicators can support nurses what to communicate and how to assess these indicators, which helps them to recommend what needs to be done. 
The limitations of our study have been discussed extensively in our last publication on DENWIS (Douw et al. 2016). Interrater reliability and validity was not measured since this was practically impossible due to the nursing sample of about 100 nurses. Second, we had missing vital signs that were substituted with values from previous measurements within eight to 24 hours before. Vital signs were measured according to instructions from the RRS protocol with increasing frequencies of measurements as the EWS values increased. Furthermore, we had more complete vital signs measurements in the event group. The third limitation is related to the choice of the measurements in the analysis. We chose measurements which occurred first during hospital stay for the control group and within 24 hours before unplanned ICU/HDU-admission or unexpected mortality for the event group: ‘worry’ with an EWS lower than seven or an EWS of seven or higher. So in this analysis EWS≥7 concerns only the measurements not preceded by a measurement with ‘worry’ at an EWS<7. This must have influenced sensitivity, specificity, PPV and NPV of all EWS≥7 measurements. Furthermore, the results only concern surgical patients and data are from a single center. 
CONCLUSIONS
In this study we showed that nurses’ ‘worry’ is important as early indicator of deterioration. Moreover, the DENWIS-assessment tool is of high predictive value at an early stage of deterioration when vital signs do not yet meet the trigger threshold to call an RRT. Nurses can use the DENWIS-indicators to be explicit in why they are worried. Since both ‘worry’ and DENWIS-indicators are present when vital signs only changed slightly (EWS<4) they may have an important role in interdisciplinary  communication on  the ward both during regular rounds, as when calling for assistance. Validation of the results in other hospitals and on medical wards is required.
RELEVANCE TO CLINICAL PRACTICE 

We recommend nurses working on surgical wards to screen all patients for all DENWIS-indicators when they feel worried on the actual condition of the patient or when one or more DENWIS-indicators are observed. Additionally, a full set of vital signs should be assessed, especially those incorporated in EWS RRS instruments. Also nurses should start nursing interventions in this early stage. DENWIS and vital signs should be discussed during any regular ward round or when calling for assistance, preferably using communication frameworks such as the Situation, Background, Assessment and Recommendation (SBAR) tool. Increasing numbers of positive DENWIS-indicators indicate a higher chance that the patient is at risk for unplanned ICU/HDU-admission or unexpected mortality, and an increase in DENWIS-indicators often precedes the EWS RRS threshold. Therefore, when there is no adequate medical follow-up on the ward after a DENWIS alert, calling of the RRT should be considered. While we calculated weighted values per indicator for our analysis, we recommend not to use these values to create a trigger threshold to call for assistance. Nurses should consider calling on any indicator, since they are all significant in predicting patients at risk for unplanned ICU/HDU-admission or unexpected in-hospital mortality (Douw et al. 2016).
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Table 1
Dutch-Early-Nurse-Worry-Indicator-Score (DENWIS) assessment tool
	Indicator
	Underlying signs and symptoms

	Change in breathing
	Noisy breathing and/or short of breath and/or unable to speak full sentences and/or use of accessory muscles

	Change in circulation
	Colour changes and/or clammy and/or coldness and/or impaired perfusion and/or oedema

	Rigors
	Rigors

	Change in mentation
	Lethargic and/or confused

	Agitation
	Restless and/or anxious

	Pain
	New pain and/or increasing pain

	No progress
	No progress and/or abdominal distension and/or nausea and/or bleeding and/or dizzy/fall

	Patient indicates
	Not feeling well and/or feeling of impending doom

	Subjective nurse observation
	Change in behaviour and/or doesn’t look good and/or look in the eyes


Signs were scored when present.
Table 2
Clinical and demographic variables 
	
	Control group n=3420
	Event* group

n=102
	p-value**

	Men, n (%)
	1576 (46.1%)
	62 (60.8%)
	0.003

	Age, years (range; SD)
	59.3 (18-96; 18.1)
	68.9 (20-97;13.6)
	<0.001

	Hospital Length of Stay, days (range; median) 
	5.1 (1-171;3.0)
	29.2 (1-158;24.0)
	<0.001

	Co morbidities, n (%)
	1170 (34.2%)
	39 (38.2%)
	0.399

	Indication hospital admission, n (%)
	
	
	

	Abdominal-oncological surgery 
	1227 (35.8%)
	57 (55.9%)
	<0.001

	Vascular surgery
	477 (13.9%)
	15 (14.7%)
	0.773

	Traumatology
	839 (24.5%)
	15 (14.7%) 
	0.025

	Other 
	877 (25.6%)
	15 (14.7%) 
	0.011

	DNR; code 2 n (%)
	214 (6.3%)
	23 (22.5%)
	<0.001

	Worry (EWS<7) n (%)
	752 (22%)
	71 (69.6%)
	<0.001

	Worry, n (%)
	774 (22.6%)
	87 (85.3%)
	<0.001

	EWS, mean (range; SD) 
	1 (0-14;1.3)
	3.9 (0-14;2.6)
	<0.001


*Event : composite endpoint of unplanned ICU-admission or unexpected mortality. ** Fisher’s Exact Test

Table 3 
Incidence of ‘Worry’ and DENWIS-indicators at various EWS-levels

	
	
	Control group 
	Event group 
	p-value*

	EWS=0
	
	N=1530
	
	N=8
	
	

	
	Worry +
	186 
	12.2%
	6 
	75%
	p<0.001

	
	DENWIS +
	208 
	13.6%
	6 
	75%
	p<0.001

	
	
	
	
	
	
	

	EWS1-3
	
	N=1715
	
	N=43
	
	

	
	Worry +
	453
	26.4%
	34
	79.1%
	p<0.001

	
	DENWIS +
	468
	27.3%
	35
	81.4%
	p<0.001

	
	
	
	
	
	
	

	EWS4-6
	
	N=134
	
	N=35
	
	

	
	Worry +
	112
	83.6%
	31
	88.6%
	p=0.603

	
	DENWIS +
	103
	76.9%
	30
	85.7%
	p=0.354

	
	
	
	
	
	
	

	EWS≥7
	
	N=41
	
	N=16
	
	

	
	Worry +
	23 
	56.1%
	16 
	100%
	p=0.001

	
	DENWIS +
	32 
	78.0%
	14 
	87.5%
	p=0.710


*Fisher’s Exact Test  (2-sided)
Table 4
Multivariate logistic regression analysis of DENWIS-indicators and final weight in the DENWIS instrument

	DENWIS-indicator
	B
	P value
	Odds ratio
	95% C.I

Lower    Upper
	Final instrument score*

	Change breathing
	1,373
	,000
	3,947
	2,325
	6,700
	7

	Change circulation
	1,192
	,000
	3,295
	1,905
	5,697
	6

	Rigors
	0,134
	,785
	1,144
	,437
	2,997
	1

	Change mentation
	0,833
	,005
	2,300
	1,278
	4,139
	4

	Agitation
	0,305
	,430
	1,356
	,636
	2,892
	2

	Pain
	0,421
	,141
	1,523
	,870
	2,664
	2

	No progress
	0,269
	,323
	1,309
	,767
	2,234
	1

	Patient indicates
	0,459
	,131
	1,583
	,873
	2,870
	2

	Subjective nurse observation
	0,625
	,041
	1,869
	1,026
	3,404
	3

	Total
	
	
	
	
	
	28

	*regression-coefficients multiplied by 5


Table 5
Sensitivity, Specificity, Positive Predictive Value (PPV) and Negative Predictive Value (NPV) for different cut-off levels of the DENWIS with an EWS <7

	
	
	N event
	N controls
	Sensitivity
	Specificity
	PPV
	NPV
	p-value*

	EWS <7
	DENWIS ≥ 1
	71
	2641
	69.6%
	77.2%
	8.4%
	98.8%
	p<0.001

	
	DENWIS ≥ 2
	67
	2741
	65.7%
	80.1%
	9.0%
	98.7%
	p<0.001

	
	DENWIS ≥ 3
	65
	2858
	63.7%
	83.6%
	10.4%
	98.7%
	p<0.001

	
	DENWIS ≥ 4
	64
	2925
	62.7%
	85.5%
	11.4%
	98.7%
	p<0.001

	
	DENWIS ≥ 5
	63
	2965
	61.8%
	86.7%
	12.2%
	98.7%
	p<0.001

	
	DENWIS ≥ 6
	59
	2993
	57.8%
	87.5%
	12.1%
	98.6%
	p<0.001

	
	DENWIS ≥ 7
	53
	3077
	52.0%
	90.0%
	13.4%
	98.4%
	p<0.001

	
	DENWIS ≥ 8
	45
	3251
	44.1%
	92.1%
	14.3%
	98.2%
	p<0.001

	
	DENWIS ≥ 9
	44
	3180
	43.1%
	93.0%
	15.5%
	98.2%
	p<0.001

	
	DENWIS ≥ 10
	41
	3229
	40.2%
	94.4%
	17.7%
	98.1%
	p<0.001

	
	DENWIS ≥ 11
	36
	3271
	38.2%
	95.6%
	19.2%
	98.1%
	p<0.001

	
	DENWIS ≥ 12
	36
	3992
	35.3%
	96.3%
	19.5%
	98.0%
	p<0.001

	
	DENWIS ≥ 13
	36
	3292
	35.3%
	96.3%
	22.0%
	98.0%
	p<0.001

	
	DENWIS ≥ 14
	29
	3326
	28.4%
	97.3%
	23.6%
	97.9%
	p<0.001

	
	DENWIS ≥ 15
	24
	3348
	23.5%
	97.9%
	25.0%
	97.7%
	p<0.001

	
	DENWIS ≥ 16
	22
	3360
	21.6%
	98.2%
	26.8%
	97.7%
	p<0.001

	
	DENWIS ≥ 17
	19
	3375
	18.6%
	98.7%
	29.7%
	97.6%
	p<0.001

	
	DENWIS ≥ 18
	15
	3386
	14.7%
	99.0%
	30.6%
	97.5%
	p<0.001

	
	DENWIS ≥ 19
	14
	3392
	13.7%
	99.2%
	33.3%
	97.5%
	p<0.001

	
	DENWIS ≥ 20
	13
	3404
	12.7%
	99.5%
	44.8%
	97.5%
	p<0.001

	
	DENWIS ≥ 21
	12
	3409
	11.8%
	99.7%
	52.2%
	97.4%
	p<0.001

	
	DENWIS ≥ 22
	8
	3414
	7.8%
	99.8%
	57.1%
	97.3%
	p<0.001

	
	DENWIS ≥ 23
	6
	3417
	5.9%
	99.9%
	66.7%
	97.3%
	p<0.001

	
	DENWIS ≥ 24
	2
	3418
	2.0%
	99.9%
	50,0%
	97.2%
	0.005

	
	DENWIS ≥ 25
	2
	3419
	2.0%
	100.0%
	66.7%
	97.2%
	0.002

	
	DENWIS ≥ 26
	0
	
	
	
	
	
	

	
	 
	 
	 
	 
	 
	 
	 
	 

	EWS=>7**
	
	16
	3379
	15.7%
	98.8%
	28.1%
	97.5%
	p<0.001


*Fisher’s Exact Test.  
** Trigger point to call the Rapid Response System not preceded by a measurement ‘worry with an EWS<7’
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