
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Rapid response systems. Recognition and management of the deteriorating
patient

Ludikhuize, J.

Publication date
2014

Link to publication

Citation for published version (APA):
Ludikhuize, J. (2014). Rapid response systems. Recognition and management of the
deteriorating patient. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/rapid-response-systems-recognition-and-management-of-the-deteriorating-patient(c6cb79c5-b32a-4c8e-9ab7-3ec0a96ee0cb).html


Chapter 7
Standardized measurement of the 
Modified Early Warning Score results 
in enhanced implementation of a 
Rapid Response System: a quasi-
experimental study

Jeroen Ludikhuize

Marjon Borgert

Jan Binnekade

Christian Subbe

Dave Dongelmans

Astrid Goossens

Submitted

proefschrift.indb   115 4-2-2014   11:15:27



Abstract

Purpose: To study the effect of protocolized measurement (three times daily) of the 
Modified Early Warning Score (MEWS) versus measurement on indication on the degree 
of implementation of the Rapid Response System (RRS).
Methods: A quasi-experimental study was conducted in a University Hospital in 
Amsterdam between September and November 2011. Patients who were admitted for at 
least one over-night stay were included. Wards were randomized to measure the MEWS 
three times daily (‘protocolized’) versus measuring the MEWS ‘when clinically indicated’ 
in the control group. At the end of each month, for an entire seven-day week, all vital 
signs recorded for patients were registered. The outcomes were categorized into process 
measures including the degree of implementation and compliance to set monitoring 
standards and secondly, outcomes such as the degree of delay in physician notification 
and Rapid Response Team (RRT) activation in patients with raised MEWS (MEWS ≥3).
Results: MEWS calculations from vital signs occurred in 70% (2513) on the protocolized 
wards versus 2% (65) in the control group. Compliance to the protocolized regime was 
presents in 68% (819). Compliance in the control group was present in 4% (47) of the 
measurements. There were 90 calls to primary physicians on the protocolized and 9 calls 
on the control wards. Additionally on protocolized wards, there were twice as much RRT 
calls per admission.
Conclusions: Vital signs and MEWS determination three times daily, results in better 
detection of physiological abnormalities and more reliable activation of the RRT.
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Introduction

Rapid Response Systems (RRS) have been implemented world-wide without unequivocal 
evidence regarding their effectiveness.1,2 The goal of RRS is to identify clinical 
deteriorating patients on general wards to prevent cardiopulmonary arrests, unplanned 
admissions to the Intensive Care Unit (ICU) and unexpected death.3 Up to 80% of 
patients have vital signs abnormalities in the 24 hours prior to an Adverse Event (AE).4-

6 Presence of suboptimal care and lack of clinical urgency have been suggested as 
significant contributors.7,8 To aid in the detection process of patients at risk for the 
aforementioned AEs, Track and Trigger Systems have been developed.9 One commonly 
used system is the Modified Early Warning Score (MEWS), a system whereby nurses 
allocate points to the measurement of vital signs resulting in a summary score.10,11 Upon 
reaching a predefined threshold, either the primary physician and/or of a Rapid Response 
Team (RRT) is activated. In general the RRT consists of an ICU physician and nurse who 
are present within 10 minutes after activation.12,13 This whole system together with a 
combined educational and organizational component is called a RRS.14 The MERIT 
trial, published in 2005, measured the effect a RRS but was unable to show a significant 
clinical benefit.15 Post hoc analyses identified a high rate of so called afferent limb 
failure, i.e. failure to respond to patients with signs of deterioration.16 Although the face-
validity of RRS is perceived to be high, universal spread and acceptance of the system is 
hampered by the apparent lack of robust scientific evidence.17 Current research is mainly 
focused on afferent limb failure and causes for the delay in identifying deterioration 
patients in hospitals where these systems are already implemented.8,18 It has become 
clear that monitoring of patients on general wards is not uniform in nature and unreliable 
even in hours prior to major AEs.19 Even after major surgery, measurements of vital signs 
might be incomplete or absent,20 while evidence is present that increased monitoring 
is associated with improved outcome.21,22 In the Netherlands the implementation of a 
RRS has recently been dictated by the Health Care Inspectorate. We studied the effect 
of a protocolized measurement (three times daily) of the MEWS versus measurement on 
indication on the degree of implementation of the RRS.

Materials and methods

Study design 

A quasi-experimental study was conducted from the 1st of September to the 31st of 
November 2011 in a 1000-bed University Hospital in Amsterdam, the Netherlands. 
We implemented a RRS on 18 adult general wards. Ten wards were randomized to the 
protocolized arm with a minimum of three complete measurements of vital signs daily 
and eight to the control arm i.e. measurement of vital signs and MEWS as clinically 
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indicated. Randomization was performed after stratification according to surgical or 
medical ward. Patients with at least one overnight stay were included.  

Components of RRS 

Staff in the wards of the intervention (protocol) group performed a full set of vital signs 
including a MEWS at least three times daily. Staff in the wards of the control group 
performed vital signs when judged to be indicated and calculated a MEWS if one or 
more of the regularly measured vital signs were outside the values that score zero points 
on the MEWS table (Appendix A). In both groups, the RRS algorithm (Fig. 1) stipulated 
that upon reaching a MEWS of 3 points or more (‘critical MEWS’), the patients’ physician 
should be notified by the nurse. In accordance with the ‘two-tiered’ Dutch protocol the 

Fig. 1 Algorithm for RRT activation which displays the protocol of handling critical MEWS values including all 
subsequent actions which either nurse or physician has to undertake together with set time limits.
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patients’ primary physicians were instructed to attend to their patients within 30 minutes, 
perform an assessment and initiate treatment. The physicians’ intervention could include 
activation of the RRT. If the patient did not improve after the primary intervention or if the 
physician was unable to attend and assess the patient, the RRT had to be notified. The 
RRT operated 24/7 and consisted of an ICU physician and nurse who attended to the 
patient within 10 minutes after notification. 

Implementation process 

After approval by the board of directors implementation of the RRS started in June 2011. 
For each ward three nurses were trained. Using a “training the trainers” concept, these 
nurses then educated their colleagues from June until August 2011. There were separate 
sessions for physicians as part of hand-over meetings. The RRS algorithm was distributed 
on pocket cards, and advertised with posters, emails to members of staff and advertised 
on the website of the institution. From the 1st of September, the RRS was officially in use. 

Definitions 

MEWS-sub scores refer to the MEWS applied to a single vital sign. The term ‘MEWS’ 
is used for the summation of all (available) sub scores. A MEWS of three or more was 
defined as a ‘critical score’.10,11 
‘Retrospectively calculated MEWS values’ represent the MEWS calculated by the 
researchers based on the actual set (irrespective of completeness) of vital signs measured. 
‘Complete set of measurements’ relate to the measurement of all the nine parameters 
which are included in the MEWS. Cardiopulmonary arrest was defined as an event 
in which respiratory and/or cardiopulmonary activity was absent and for which the 
cardiopulmonary arrest team was called and initiated cardiopulmonary resuscitation 
which included pharmacological, fluid, or mechanical resuscitation.23 An unplanned ICU 
admission was defined as an admission that could not 0have been deferred without risk 
for at least 12 hours.24

APACHE IV (Acute Physiology and Chronic Health Evaluation) scores indicate illness 
severity for those admitted to the ICU whereby higher scores correspond to more severe 
disease and a higher risk of death.25

Data collection

All wards received new paper-based vital sign charts for recording of MEWS (including 
the sub scores). These included information regarding the flow chart of activating the 
RRT (Fig. 1). From September until November 2011, vital signs from these charts were 
collected for all inpatients during a seven-day period at the end of each month. For 
each day within these seven-day episodes, any significant absence from the ward, i.e. 
surgery or some form of procedure in which the patient was administratively transferred to 
another ward or department was excluded from the collection period. Additionally, during 
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the whole study period all cardiopulmonary arrests, unplanned ICU admissions, and RRT 
activations were recorded. In case a physician had written down an order to deviate from 
the MEWS protocol for a specific patient, all measurements taken from this moment on 
were treated as deviations and excluded. Details of data from the wards can be found in 
Appendix B and includes criteria for exclusion of patients and ward specific predefined 
alterations from the pre described measurement regime. 

Data analysis and statistics

The primary analysis was performed after exclusion of the following measurement 
categories: (1) taken on non-participating wards (n=182) e.g. delivery room; (2) taken 
during palliative care (n=6); (3) taken on days while the patient was absent from the 
ward (see Definitions section) (n=3057), e.g. to the ICU; (4) predefined alterations on 
four protocolized wards (Appendix B) which defined alternate frequency of measurement 
of MEWS according to described rules (n=1123) and (5) deviations from the MEWS 
threshold (and sub scores) defined by the patients’ primary physician (n=1384). 
Therefore, the final dataset contains 6598 measurements with 3585 in the protocolized 
arm and 3013 in the control arm. Applying an intention to treat analysis, measurements 
taken after an inter-department transfer from a ward in one study arm to a ward in the 
other study arm, were allocated to the original arm. These consisted of 19 measurements 
re-allocated from protocolized to control arm and two measurements visa versa. 
Continuous variables that were normally distributed were expressed as means with 
standard deviations and not normally distributed variables as medians and inter-quartile 
ranges (IQR). Categorical variables were expressed as number and percentage. To test 
more than two independent groups of not normally distributed continuous variables, 
the Mann-Whitney U test was used. For comparison of categorical variables, the 
χ-squared test was used. Where indicated, the proportional differences including the 
95% confidence interval between the protocol and control arm are shown for categorical 
variables. 
Statistical uncertainty was expressed by 95% confidence intervals as appropriate, and 
sta tistical significance was defined at 0.05. All data were entered into a Microsoft 
Access database and the analyses were performed using SPSS version 19.0 (Chicago, 
Illinois, USA) and confidence interval analysis (CIA) software version 2.2.0 (University of 
Southampton, UK). 

Ethics

This study conforms to the provision of the Declaration of Helsinki in 1975 (revised in 
2008).26 Given the observational nature of the study and the compulsory introduction of 
the RRS, the hospital medical ethics committee waived the need for informed consent. 
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Results

demographics

Due to logistical issues, the haematology/oncology unit which had been randomized 
as a control ward, dropped out of the study post randomization. In total, 372 patients 
were included on the protocolized wards (3585 measurements) and 432 patients (3013 
measurements) on the control wards (Table 1). Three-hundred and ninety-four (49%) 
patients were male, the mean age was 56.7 years (SD 17.7) and 11 (1%) of these 
patients died during their hospital stay.

Table 1. Patient demographics of in patients who were hospitalized during the seven-day period at the end of 
each of the three study months.

Protocolized wards Control wards

Patients during the three study weeks, n (%) 372 (46) 432 (54)

Age in yrs, mean (SD) 55,0 (17,7) 58,3 (17,6)

Gender (male), n (%) 207 (56) 187 (43)

LOHSa (days), median (IQR) 10 (6 -20) 8 (5 – 10)

Died during hospital stay, no (%) 7 (2) 4 (1)
a LOHS, length of hospital stay

Compliance with protocol and degree of implementation

Compliance with the protocol was analyzed (Table 2). Nurses calculated a MEWS in 
70% (2513) of all measurements on protocol wards and in 2% (65) on control wards. 
Compliance with measurement of vital signs three times daily on the protocol wards 
was achieved in 68% (819). The median number of measurements taken per day was 3 
(IQR 2 – 3) on protocol wards and 2 (IQR 1 – 2) on control wards. On control wards, 
retrospective review of vital signs indicated abnormal observations warranting the need 
for calculation of a MEWS according to the protocol in 41% (1232) of all measurements. 
In only 4% (47) of measurements, the score was actually determined. A critical MEWS 
was recorded by nurses in 9% (338) of measurements on the protocolized versus 1% 
(35) on the control wards. Comparing the actually documented MEWS with retrospective 
calculations of the MEWS from the vital signs, a critical MEWS was identified in 11% 
(381) in the protocolized versus 7% (217) in the control group indicating the presence of 
calculation errors. In 43% (1552) of measurements on protocol wards, the complete set 
of vital signs including MEWS was measured compared to 1% (31) on control wards. In 
the majority of the measurements taken on control wards, the ‘routine’ set consisted of 
temperature, blood pressure, and heart rate. A ‘perfect’ measurement of all vital signs 
including MEWS without calculation errors, was present in 14% (483) of protocolized 
measurements versus 0.3% (8) of control measurements. 
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Table 2. Description of compliance to the RRS protocol.

Protocolized 
wards

Control 
wards

95% CI of 
difference

Demographics of measurements

Final set of measurements 
(n=6598)

3585 (54) 3013 (46) 8,6 (6,8 to 10,3)

Number of MEWS registered 
by nursea, n (%)

2513 (70) 65 (2) 67,9 (66,3 to 70,0)

Critical MEWS registered by 
nurse, n (%)

338 (9) 35 (1) 8,3 (7,2 to 9,3)

Retrospectively calculated 
MEWSb, median (IQR)

0 (0 - 1) 0 (0 - 1)

Retrospectively calculated 
critical MEWS, n (%)

381 (11) 217 (7) 3,4 (2,0 to 4,8)

Compliance to measurement regime

Days present on which 
MEWS could have been 
measured 3 or more times 
per dayc, n (%)

1205 (44) 1558 (56) -12,8 (-10,1 to -15,4)

Compliance of 
measurements taken ≥ 3 
times per day, n (%)

819 (68) Not applicable Not applicable

Measurements with 
retrospectively calculated 
MEWS ≥ 1, n (%)

1745 (59) 1232 (41) 7,8 (5,4 to 10,2)

Compliance of MEWS 
registered by nurse if 
retrospective MEWS ≥ 1, 
n (%)

Not applicable 47 (4) Not applicable

Completeness and errors in measurements

All nine parameters 
completed during single 
measurement (n=6598)

No missing parameters, 
n (%)

1552 (43) 31 (1) 42,2 (40,6 to 43,4)

1 missing parameter, n (%) 391 (11) 21 (1) 10,3 (9,1 to 11,3)

2 missing parameters, n (%) 174 (5) 19 (1) 4,3 (3,4 to 5,0)

3 or more missing 
parameters, n (%)

1468 (41) 2942 (98) -56,7 (-54,9 to -58,4)

Errors in calculationd 
(n=6598)

No errors, n (%) 713 (20) 309 (10) 9,6 (7,9 to 11,3)

1 error, n (%) 1270 (35) 175 (6) 29,6 (27,8 to 31,4)

2 errors, n (%) 508 (14) 203 (7) 7,5 (5,9 to 8,9)

3 or more errors, n (%) 1094 (31) 2326 (76) -46,7 (-44,5 to -48,8)
a This parameter describes if a nurse has registered a MEWS in the nursing chart, irrespective of correct calculation 
and/or based upon a complete set of measurements. b Retrospective calculation of the MEWS is performed by the 
researchers by calculation of the sub scores based upon the registered vital signs and subsequent determination 
of the MEWS according to the vital signs registered (irrespective of complete set presence). c The total number 
of nursing days per patient were calculated and cross checked if three or more measurements (irrespective of 
completeness and correctness) had taken place on the protocolized wards. d For this parameter, allocation of the 
sub scores (for each individual vital sign) including MEWS was calculated. Of note, errors were defined as all vital 
signs missing as well as miscalculated and/or not recorded sub scores and MEWS. Due to rounding, percentages 
don’t always add up to 100%. Differences in proportions were described as difference between protocol and 
control wards with 95% confidence interval (CI).
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Delay in notification of the physician

The subgroup of patients in whom the notification of a physician was documented, were 
identified. Patients were excluded from this analysis if the MEWS score was changed 
by the physician, for instance, if the threshold for calling was raised to 5 instead of a 
MEWS of 3.  In 99 patients (Table 3), all critical MEWS (nurse documented as well as 
retrospectively determined) were included. In 49% (28) of patients in the protocol arm 
and 50% (2) in the control arm, delays were present in identifying the deteriorating 
condition. In 33 of the patients on protocol wards and in 5 of the patients on control 
wards, the presence of delay could not be determined (Table 3, Fig. 2). 

Table 3. Presence and calculation of delay between critical MEWS and notification of physician.

Patients whereby physician was notified

Presence of delay Delay, n (%)

No delay (e.g. time of registration of both critical MEWS = 
time of notification), n (%)

Othera, n (%)

Notification of physician when nurse registered a MEWS 
≥ 3

Delay, n (%)

No delay, n (%)

Delay in hours, median (IQR)

Othera, n (%)

Notification of physician when the retrospectively calculated 
MEWS ≥ 3

Delay, n (%)

No delay, n (%)

Potential window, median (IQR)

Othera, n (%)

For this analysis, all patients for which a physician was notified at least once during the study periods, were included 
(n=99). Patients were excluded in case of uncertainty about thresholds (specific vital signs and/or MEWS) and 
corresponding obligatory notification of the physician were present. For the remaining patients, all dates and times 
at which the physician was notified including the critical MEWS values were uploaded into a separate database. 
All subsequent first instances for these parameters were located. Relative risk for experiencing delay in physician 
notification was determined as a two-by-two table between ‘delay’ and ‘no delay’ and 95% confidence intervals 
determined. a The ‘other group’ consisted of three specific situations in which one of the following deviations from 
the protocol were found: 1) In case the critical MEWS calculated by the nurse and/or retrospectively calculated 
critical MEWS were absent, or 2) One or both of these critical MEWS were present after primary notification of the 
physician, or 3) The notified critical MEWS registered by the nurse turned out to be based upon a miscalculation. 
Percentages were calculated based on the total number of patients per study arm. 

AE incidence, RRT activations and ICU admissions

During the three-month study period 64 AEs occurred. 95% (n=61) were unplanned 
ICU admissions and 5% (n= 3) were cardiopulmonary arrests. The incidence of AEs 
on protocol wards in September was 13.4/1000 hospital admissions which reduced to 
8.5/1000 in November. This reduction over time was not significant (95% CI: -0.004 
to 0.014). The incidence of AEs in the control arm also dropped in the same period 
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from 9.1/1000 to 6.5/1000 admissions but was not significant (95% CI: -0.006 to 
0.012) (Fig. 3). The total number of RRT activations in the protocolized arm (n=62) 
was significantly higher compared to the total number in the control arm (n=22) (  = 
8.79, df=1, p<0.003). The number of RRT activations on protocolized wards increased 
from 11.8/1000 to 19.6/1000 admissions. The number of activations on control wards 
was unchanged with 8.0/1000 in September to 9.8/1000 in October and 6.5/1000 
admissions in November. The APACHE IV score of patients admitted to the ICU in both 
arms showed no statistically significant difference between protocol and control arm. 
APACHE IV scores in protocolized and control wards in September were 64 (IQR 58 – 
82) and 63 (IQR 54 – 97) and in November 61, (IQR 47 – 83) and 73, (IQR 54 – 108). 
Following a RRT activation, patients from protocolized wards were taken less often to the 
ICU in November (n=6, 26%) compared to September (n=10, 67%) compared to a 
slight decrease on control wards, November (n=3, 50%) versus September (n=4, 57%) 

Fig. 2 Time spans. Time spans between these data points were subsequently calculated according to the diagram. 
Time span 1 reflects the presence of delay between a registered critical MEWS by the nurse and notification of the 
physician which should be performed immediately, according to the protocol. Time span 2 reflects the theoretical 
“window of recognition” which is based upon registered vital signs and a retrospectively calculated critical MEWS. 
Thus a critical MEWS could be derived by nurses and indicates the first moment at which the patient should be 
identified according to their vital signs. For comparison of the degree of delay, the Mann-Whitney U test was 
employed. 

Fig. 3 Incidence of AEs and RRT 
activations per 1000 admissions during 
the whole three study months
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Discussion

applying a protocol in which nurses have to measure the MEWS at least three times 
per day leads to better compliance and more reliable activation of the patients own 
physician or the RRT compared to leaving frequency of measurement up to nurses 
themselves. Therefore, imposing regular measurements of the MEWS could actually 
lead to enhanced patient safety. To our knowledge this study is the first in which the 
degree of implementation and compliance to the protocol is described. Until now, 
data on effectiveness of RRS shows conflicting outcomes.1,2 Effectiveness of any kind of 
intervention depends on the degree of implementation. The number of RRT activations 
has been directly linked to a decrease in incidence of AEs16. However, effectiveness of 
RRS depends on more than only the dose of RRT.14 Afferent limb failure and delayed 
detection of deteriorating patients is associated with worse clinical outcome.27 Obviously, 
effectiveness also depends on compliance with the protocol,28 and the degree of 
monitoring on wards,20,29 both of which are in many studies not reported.3 To date no 
trials have linked the reliability of measuring vital signs and MEWS to RRS performance. 
We show an improvement on protocolized wards, though reasons for the almost 
complete failure to calculate MEWS on control wards are not clear. Miscalculations of the 
MEWS,30 and incomplete ‘routine sets’ of observations in which respiratory rate is often 
not incorporated, may provide part of the explanation.19 To which extend these factors 
and errors influence individual patient outcome, remains unknown.
Despite the intense nature of the implementation process, unfamiliarity with the protocol 
may still have been present in our study. It is more likely though that there is a knowledge 
deficit regarding recognition of abnormal vital signs.31,32  
Early admission to the ICU is directly correlated with improved survival.33 It is imperative 
that escalation of care and early notification of responders is without any delay. In our 
study, no delay in notification of the physician prior a RRT call was found in 51% (29) of 
protocol versus in 50% (2) of the patients on control wards. It should however be noted 
that on control wards delays were difficult to interpret due to omissions in the recording of 
measurements in vital signs. Therefore, comparisons between both study arms regarding 
the presence of delay are fraught with difficulty. 
Although this study was not designed to analyze the effect on clinical outcomes, we 
did observe an interesting trend in a decrease of AEs. Protocol wards and to a lesser 
extent control wards, showed increased utilization of the RRT, better compliance with the 
MEWS protocol and a decrease in AEs. This may mirror the presence of a dose/response 
relationship between the dose of RRT calls and improved clinical outcomes found by 
others.16 The fact that patients assessed by the RRT on protocolized wards were able 
to stay on the ward more frequently in November compared to September (70% versus 
27%), may substantiate this claim and could reflect earlier detection. A major strength of 
this study is the completeness of data acquisition from nursing charts during the weeks 
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of measurement and thus the ability to review the actually provided care. As this study 
depends on records kept by nurses, some information bias may be present. However, this 
cohort represents all admitted patients and not a selection of patients that experienced 
an AE. This enables a realistic description of the alertness of nursing staff beyond the few 
hours preceding an AE. 
An important limitation of this study is the single centre setting which possibly limits its 
external validity.34 The exclusion of measurements in which the patient was absent from 
the ward for a significant part of the day, may have resulted in an underestimation of our 
findings since hypothetically speaking, a patient may have received an intervention due 
to clinical deterioration. Also the fact that we started collecting data shortly after having 
introduced the RRS may have led to an underestimation of our results since one can 
question if the RRS was already most effective at that point in time.
Finally, since stratification of wards was only for medical/surgical specialty and not for 
other possibly influencing factors such as severity of illness, our findings regarding clinical 
effectiveness have to be weighted accordingly.  
The findings of our study have implications for future work and might favor changing 
to electronic medical record keeping. Recent evidence from the UK shows better 
completeness of vital signs and scores with an electronic vital sign assessment chartt.35 
Partial automation of responses and standard operating procedures as used in the VITAL 
care study may offer new opportunities to improve problems in the current system.36

In order to understand conflicting scientific evidence of RRSs process measurements 
need to go beyond RRT activation rates to understand why clinical outcomes improve in 
some studies but not in others. Institutions with a RRS should describe local algorithms for 
measurements of vital signs and monitor compliance in order to understand the level of 
performance of their RRT.

Conclusions

Recording complete sets of vital signs and MEWS three times daily results in better 
detection of physiological abnormalities, a significant increase in call-out rates and a 
more reliable activation of the RRT, and are thus increasing opportunities to avoid AEs.
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Appendix A The Modified Early Warning Score (MEWS).

MEWS system:

MEWS score 3 2 1 0 1 2 3

Heart rate <40 40-50 51-100 101-110 111-130 >130

Systolic blood 
pressure

<70 70-80 81-100 101-200 >200

Respiration rate <9 9-14 15-20 21-30 >30

Temperature <35,1 35,1-36,5 36,6-37,5 >37,5

AVPU score A (Alert) V (response 
to Voice)

P (reacting to 
Pain)

U (Unres-
ponsive)

Worried about patiënt’s condition: 1 point
Urine production below 75 milliliter during previous 4 hours : 1 point
Saturation below 90% despite adequate oxygen therapy: 3 points
Upon reaching 3 or more points Ý call resident in charge

The MEWS instrument was implemented as a tool that ward staff can use to identify the patient at risk of 
deterioration. The described method was adapted from Subbe et al.11
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Appendix B Description of included general wards.

Specialty/ward Surgery (Yes/
No)

Study arm Pre-defined alteration of protocol, 
if applicable

Pulmonology No Protocolized

Kidney diseases No Protocolized

Cardiology No Clinically indicated

Internal medicine/infectious 
diseases

No Clinically indicated

Internal medicine/ Rheumatology No Protocolized

Internal Medicine/Gastro-
intestinal diseases

No Protocolized

Abdominal surgery Yes Protocolized After ‘moments at risk’: MEWS measured 
three times daily for subsequent five days 
after which the MEWS is determined 
as clinically indicated unless patient 
encountered a new moment at risk.

General/oncology surgery and 
mouth/jaw surgery

Yes Protocolized Identical as previous ward ‘abdominal 
surgery’.

Urology and short-stay surgery Yes Protocolized

Cardiothoracic surgery Yes Clinically indicated

Orthopaedics Yes Clinically indicated

Trauma surgery Yes Protocolized After ‘moments at risk’: MEWS measured 
three times daily for subsequent three 
days. After three days as clinically 
indicated unless patient encountered a 
new moment at risk.

Vascular surgery and plastic 
surgery

Yes Protocolized

Ear, Nose and Throat/
Ophthalmology/ Dermatology

Yes (two out of 
three are surgery)

Clinically indicated

Neurology No Clinically indicated

Neurosurgery Yes Clinically indicated

Maternity and delivery ward No Protocolized All surgery patients, MEWS three times 
daily. Remainder as clinically indicated.

Gynaecology Yes Clinically indicated

A description of the 18 included study wards is shown. Primarily, all patients admitted for at least one night are 
eligible for inclusion. The specialties on the wards are described including whether the ward was primarily denoted 
as being a surgery type based ward. For ear, nose and throat, ophthalmology and dermatology, the ward was 
also denoted as surgery because two out of three are primary surgery based. Four wards indicated that some 
alterations were applicable for patients admitted to these wards. These primarily indicated that not throughout the 
entire admission, MEWS was to be determined three times daily. Five wards also defined patient groups specifically 
for in- or exclusion. ‘Moments at risk’ are defined as the period (specifically defined per specialty/general ward) 
after admission to the hospital, after receiving surgery and after discharge from ICU/high dependency ward.
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