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Abstract
Background: In-hospital cardiac arrest and death are often heralded by abnormal vital signs hours before the event. The Modified Early Warning Score (MEWS) is 
a physiological scoring system that assigns risk for clinical deterioration based on vital signs and clinical observation. Here we discuss our experience and effectiveness 
of implementation of MEWS as an important tool for triggering Rapid Response (RRT) and impact of it on patient outcome. 

Methods: We did a retrospective chart review of patients who had RRT called since implementation of our electronic medical record from November 2011 through 
June 2017 in community-based teaching hospital. The MEWS system at the time of RRT call was implemented in our hospital in 2015 and we compared the 
outcomes of RRT in Pre-and Post-MEWS era. 

Results: A total of 56,532 patients were admitted to the hospital between November 2011 and June 2017, out which 898 patients had RRTs called. There was a 
significant increase in RRT called from the Pre- to the Post MEWS Era (1.31% vs 1.97%, p = 0.03). The MEWS score in the Pre-MEWS era was significantly higher 
than in the Post-MEWS Era (4.39 vs 3.95 p = 0.0004). After the implementation of MEWS, the percentage of code blue was also decreasing. 

Conclusion: Implementation of MEWS in our institute has led to an increased number of RRT called and MEWS number at the time of RRT itself has decreased. 
Hence the utilization of MEWS has proven to be a useful tool in early recognition of deteriorating patients in our institution.
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Introduction
In-hospital cardiac arrest is a major public health concern with 

an annual incidence of 209,000 in the United States [1]. In-hospital 
cardiac arrest is preceded by the deterioration of a patient’s physiological 
parameters and vital signs [2]. Identifying and appropriately managing 
these vital parameters accurately and timely can be helpful in reducing in-
hospital cardiac events and death [3]. Therefore, the deployment of rapid 
response (RRT) teams at the first sign of clinical deterioration has been 
recommended by the Institute for Healthcare Improvement (IHI) when it 
launched its 100,000 Lives Campaign in 2004 [3]. Various systems for risk 
assessment in hospitalized patient have been developed [4].

Traditionally, an RRT is activated when a patient meets predefined 
clinical criteria such as an extreme change in a vital sign or a change 
in the level of consciousness. However, aggregate weighted systems 
such as Modified Early Warning Score (MEWS), Shared Early warning 
System (SEWS), Vitals Early Warning System (ViEWS) etc., have been 
found to be more accurate for detecting early cardiac arrest and need 
for ICU transfer [5]. An early warning system, introduced by Morgan, 
Williams, and Wright in 1997 as the Early Warning System (EWS) [6], 
and modified to a Modified EWS (MEWS) subsequently in the United 
Kingdom [7], is a simple systematic scoring system which uses five 
physiological parameters of patient’s vital signs including heart rate, 
respiratory rate, systolic blood pressure, temperature and consciousness 
level. The MEWS systems have been implemented to identify those at 
risk of clinical deterioration in non-ICU wards [3,8] and can predict 
those at risk of cardiac arrest and death within 48 hours [9-11]. MEWS 

systems have not only been used for recognition of early signs of clinical 
deterioration but also for triggering the need for more intensive care 
such as increased nursing attention, informing the care provider, or 
activating an RRT team [12].

In 2015, our community-based teaching hospital with an average 
of 1,0000 inpatient admissions per year, implemented a MEWS system 
at the time of RRT. The objective of our study was to determine the 
effectiveness of MEWS implementation on RRT calls and patient 
outcomes.

Methods and materials
This study is based on a retrospective chart review of all in-patients 

who had an RRT called since implementation of our electronic medical 
record from November 2011 to June 2017. The institutional review 
board of our institution approved this study. 

Inclusion criteria consisted of any adult patient admitted to the 
medical or surgical floor during the study period. Exclusion criteria 
were patients admitted directly to the intensive care unit (ICU) from 
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the emergency department (ED) or operating room and patients 
younger than 18 years. All demographic data were collected from 
the electronic health records. The data was then divided into two 
periods; November 2011-January 2015 before MEWS was used (Pre-
MEWS Era) and January 2015- June 2017 after MEWS was used for 
RRT activation (Post-MEWS Era). For the Pre-MEWS Era, MEWS 
was calculated retrospectively post-hoc at the time of this study. The 
primary outcomes of our study were mortality and post-hospitalization 
disposition. Mortality data was obtained via chart review.

For continuous data T-test was performed and for categorical 
data Binomial test was used for data analysis. P-value less than 0.05 is 
defined as statistically significant.

Results
The total number of patients admitted from November 2011 

through June 2017 was 56,532 with 898 RRT’s called during this time 
frame. Demographic data is presented in the Table 1.

In 2015, MEWS measurement was started in a protocolled manner. 
Table 2 summarized the primary and secondary outcomes in our study 
in the Pre- and Post-MEWS Eras. There was a statistically significant 
increase in the percentage of RRT’s per patient admission demonstrated 
after MEWS implementation (p = 0.03).

Additionally, there was a statistically significant difference in the 
actual MEWS in the pre-MEWS Era compared to post-MEWS Era 
(4.39 versus 3.95, p = 0.0004). The time from admission to activation of 
RRT in the Pre-MEWS Era compared to Post-MEWS Era also showed a 
decreasing trend (114.87 minutes to 95.7 minutes p = 0.1). 

We also identified a reduction in the percentage of RRT patients 
who ended up being transferred to a higher level of care since 
implementation of the MEW Pre-MEWS compared to post-MEWS Era 
(60% versus 43% respectively, p = 0.03) but overall there seemed to be 
no change in the outcome of the patients who had an RRT activated. A 
subgroup analysis was done in only patients who were not transferred 
to higher care, which did show an uptrend in patients discharged home 
in the Post-MEWS Era, but it was statistically insignificant (Table 3). 

Additionally, with the implementation of MEWS, the number of in-
hospital cardiac arrests decreased from 1.4% in the Pre-MEWS group to 
1.2% Post-MEWS group (p = 0.015) per 100 Code blues identified after 
RRT. Also, there was a reduction in the percentage of code blue calls 
after an RRT activation (4.2% vs. 3.8%, p = 0.2).

Discussion
It is now well known that in-hospital cardiac arrests are frequently 

heralded by changes in physiological parameters. In 2005 the 
IHI recommended implementing rapid response teams as its top 
recommendation to decrease in-hospital mortality and morbidity [4]. 
Since then, multiple hospitals including ours, initiated rapid response 
teams. However, various methods to assess the decline in physiological 
parameters have been used in multiple institutions [13]. MEWS is one 
of the most studied scoring systems used and has been shown to be a 
useful tool to predict in hospital mortality [14,15]. Also, instead of using 
single trigger criteria or clinical assumption made by nurses, clinicians 
and family members, MEWS system seems to be more objective and 
systematic way to recognize patient’s deterioration. We started using 
MEWS as our criteria to call a rapid response since 2015. 

This study demonstrates that MEWS implementation increases the 
total number of RRT calls. This is consistent with other studies done 
in the past [14,16]. This is potentially because of the ease of using an 
objective scoring system, which may give more confidence to providers 
to call an RRT. With a decrease in average MEWS on admission and 
shorter duration from admission to rapid response call shown, it would 
suggest that the providers are identifying deterioration of patient’s 
clinical status as early as possible. Hence it would seem that MEWS is 
an effective tool for stratification of the clinical changes in a patient’s 
condition. The decrease in transfer to a higher-level care unit that was 
seen would also support this implication. 

Although RRT patients in the Post-MEWS era didn’t show any 
statistically significant changes in mortality or discharge home/self-
care and hospice care, those who had an RRT activated but who did 
not transfer to a higher level of care seemed to have more favourable 
outcomes. This is potentially because of heightened care post-RRT 
on the general ward. All these results represent an earlier detection of 
clinical deterioration and improvement of outcomes. 

Additionally, there was a drop in the total number of code blues 
called in the hospital after implementation of MEWS. This further 
confirms the thought that was stated in the Journal on Quality and 
Patients Safety [17], that code blue events could be prevented using 
MEWS. However, there was no significant changes seen in the number of 
code blues called in the patients in whom an RRT was called suggesting 
that although RRT could prevent code blues from happening, they can 
still precede a cardiopulmonary arrest.

Our study has several limitations. First, this was done in a single 
institution with 24-hr internal medicine resident coverage, which would 
not be applicable in a general hospital. Also, being a retrospective study, 
our findings could be confounded by other unknown variables that 
could affect in-hospital mortality. There is also the fact that although 
the authors made all attempts to verify all data corrected, especially in 

Pre-MEWS Era Post-MEWS Era p-value
Mean Age (in years) 70 67 < 0.05

Male 217 (53.8%) 243 (49.1%) 0.15
Co-morbidities

 Cancer 98 119 0.41
  Hypertension 298 352 < 0.05

  Diabetes Mellitus 157 204 0.49

Table 1. Demographic data in Pre- and Post-MEWS Era patient population

Pre-MEWS 
Era

Post-MEWS 
Era p-value

Total Admissions 30713 25819
Number of RRT calls 403 (1.31%) 495 (1.97%) 0.03
Average MEWS score at time of RRT 4.39 3.95 0.0004
Time to RRT call from admission (in min) 114.87 94.7 0.1
RRT transferred to higher care 245 (60.04%) 213 (43.04%) 0.003
Mean outcome (per 100 RRT)
Mortality 19.95 16.4 0.2
Home 39.83 45 0.2
Hospice 40.2 38.4 0.4
Total Code Blue (per 100 admissions) 1.4 1.2 0.015

Table 2. Results

RRT: Rapid Response

Pre-MEWS Era Post-MEWS Era p-value
Mortality 17.9 9.4 0.12

Home 39.6 51.9 0.05
Hospice 42.4 38.5 0.3

Table 3. Outcomes in patients who did not transfer to higher care unit
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the Pre-MEWS group, some data were incomplete and respiratory rate 
is poorly assessed and might not be accurate.

Conclusion
Implementation of MEWS has provided a systematic way to identify 

at-risk patients and assist with RRT calls. Compared to a Pre-MEWS 
Era, MEWS implementation causes an increase in the percentage of 
admission for which an RRT is called and those for whom an RRT 
is called have a lower MEWS suggesting earlier identification of at-
risk patients. MEWS systems affect mortality and discharge to home/
self-care and hospice but there is no statistically significant difference 
compared to a pre-MEWS period. Finally, total-in hospital cardiac 
arrests reduced although there was no statically significant difference in 
code blue calls after an RRT.
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