Department of Intensive
Care Unit, King Saud
Bin Abdulaziz University
for Health Sciences,
'King Abdulaziz Medical
City, Riyadh, Central
Region, Saudi Arabia

Address for
correspondence:

Dr. Saad Al-Qahtani,

ICU and ER Consultant,
Departement of ICU,

King Saud Bin Abdulaziz
University for Health
Sciences, Riyadh,

Saudi Arabia E-mail:
mcmasterer@hotmail.com

Submission: 04-07-09
Accepted: 20-08-09

DOI:
10.4103/1817-1737.58952

Rapid response systems in acute

hospital care

Saad Al-Qahtani, Hasan M. Al-Dorzi’

Rationale for Rapid Response Systems

edical emergencies frequently occur in

hospitalized patients.'™ They include
unplanned admission to the intensive care unit
(ICU), in-hospital cardiac arrest and death.
These events do not happen without warning.
Several studies indicate that almost all critical
inpatient events are preceded by warning signs
for an average of 6-8 hours.**”l Such warning
signs include: change in vital signs (such as
tachycardia, tachypnea, and hypotension),
acute dyspnea, and change in level of
consciousness.**” Simultaneously, suboptimal
patient care is common. Studies in the US,!
Canada,’® Australia,”’ and the UK estimate
that adverse events occur in 10% of hospitalized
patients with a mortality rate of 5-8%,®* half of
which are judged to be preventable.®! Another
study found that suboptimal care occurred in
54% of the hospitalized patients who required
ICU admission with an ICU mortality of 48%;
almost twice the mortality of well-managed
patients.'”! This contributes to the failure to
rescue at-risk hospitalized patients.

Failure to rescue patients in a healthcare facility
is due to the following problems: failure of
organization, lack of knowledge, failure to
appreciate clinical urgency, lack of supervision,
and failure to seek advice.'” Should at-risk
patients receive early intervention, in the form of
better assessment and aggressive resuscitation,
acute decompensation may be corrected before
critical deterioration leading to improved
outcome. This has triggered initiatives to improve
the quality of care of acutely ill in-hospital
patients. Bringing intensive care expertise to
any acutely ill patient irrespective of location
within the hospital, envisioned as ‘critical care
without walls” is one of these initiatives.[""! This
is reflected by the increasing implementation of
Rapid Response Systems (RRSs), variably named
as medical emergency teams (METs) in Australia,
rapid response teams (RRTs) in the US, critical
care response teams (CCRTs) in Canada, and
critical care outreach teams in the UK.

The most common RRS, is a team of clinicians
who bring critical care expertise to the bedside
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outside the ICU with the aim of intervening
in the hours when patients show first sign of
deterioration, thus, averting critical illness
and cardiac or respiratory arrest.l'>"] The
RRT is based on the notion of early and rapid
intervention and is originally inspired by the
management strategies of severe trauma, which
included two key elements: the early detection
of deterioration coupled to a rapid response.
More recently, deployment of such teams was
one of the main interventions recommended by
the Institute for Healthcare Improvement in its
100,000 Lives Campaign’ that was launched in
2005.31 Since then, thousands of RRTs have been
instituted in North America and worldwide.[™!

Components of the RRS

All RRSs are made up of at least four essential
components.'?¥ The following is a description
of these components:

An afferent limb which consists of ward
healthcare givers who would recognize a
deteriorating patient and activate the
RRT.[> This component is crucial as it links
the actual team with the at-risk patient. Ward
healthcare givers, such as, nurses and respiratory
therapists, should be educated on the early
signs of deterioration and the importance of
early intervention. It should be noted that many
healthcare facilities allow family members to
activate the team.

An efferent limb, which is the actual team,">¥ its
composition depends entirely upon institutional
goals, constraints, and resources. Hence, it can
be either nurse- or physician-led and usually
includes a respiratory therapist.'**/ If nurse-led,
the nurse usually has critical care experience and
would request physician assistance if needed.
When physician-led, the physician can be a
hospitalist, a critical care fellow, an intensivist
or an emergency physician. Regardless of the
team composition, it should have all of the
following: (a) ability and authority to prescribe
medications; (b) advanced airway management
skills, advanced cardiac life support certification
is a must; (c) capability to establish central venous
access; and (d) ability to provide an ICU level of
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care at the bedside.'>"! Other key roles include transferring
patients to ICU if needed and educating the ward staff."*4
Frequently, the team members carry with them medications
and specialized equipment to facilitate the timely treatment
of the deteriorating patient. An essential requirement for the
RRT success is building a friendly relationship with the afferent
limb members. The notion of being ready to help at all times
and the acceptance of soft activations should be part of every
day job.

An administrative limb, which oversees all system components,
empowers the team to be able to function and provides the
needed resources.'* Support from hospital administration
is crucial for both team success and durability.

A quality improvement limb, which periodically reviews RRT
activations, provides feedback on team function,!>'*! and
monitors certain quality indicators such as staff satisfaction,
monthly cardiac arrests occurring outside the ICU, ICU
utilization, and annual hospital deaths per 1,000 discharges.!>'*!

Activation of the Rapid Response Team

To early recognize the deteriorating patient in hospital wards
and to facilitate the activation of the RRT by the afferent limb,
the physiologic parameters reflecting or preceding clinical
deterioration have been identified and used to formulate
track and trigger warning systems. These are either single- or
multiple-parameter systems, or aggregate weighted scoring
systems.!™! The physiological parameters commonly used in
single-parameter systems for RRT activation!"*'#!¢8 are shown
in Table 1

Multiple-parameter systems involve more than one criterion
being met for the system activation and are rarely used.!"”
The aggregate weighted scoring systems assign weighted
scores to certain physiological parameters such as the heart
rate, respiratory rate and body temperature, and compare the
aggregate score to a predefined trigger threshold. Aggregate
scoring systems are mainly used in the UK hospitals and
most are based on modifications of the Early Warning Score,
developed by Morgan et al.[15%]

A systemic review of physiological track and trigger warning
systems used to identify patients at risk showed that the
commonly used warning systems had little reliability,
validity, and utility.'™ This suggests that they should be
used as adjuncts to clinical judgment as many at-risk patients
will be missed if ward staff only relies on such objective
criteria.'™ Hence, including a subjective activation criterion,
such as serious concern or worry about a patient’s condition is
reasonable." This empowers the ward staff to act upon their
previous experience and clinical intuition in the absence of the
above physiologic abnormalities.!]

When a patient has any of the above criteria, the afferent
limb members would activate the RRT either by overhead
announcement or a dedicated pager or portable phone. The
RRT is expected to reach the at-risk patient within 15 minutes.
Clear communication between the activating healthcare
giver and RRT is important and hence communication using
the situation-background-assessment-recommendation
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Table 1: Indications for rapid response team activation
e Acute change in heart rate <40 or >130 beats per minute

e Acute change in systolic blood
pressure

e Acute change in respiratory rate

<90 mmHg or >200 mm Hg

<8 or >30 per minute
<90% despite O,

e.g., sudden fall in Glascow
coma scale of >2 points

<50 ml in 4 hours

o Acute change in saturation
e Acute change in conscious state

o Acute change in urinary output
o Repeated or prolonged seizures

(SBAR) technique is recommended.? Having medical
records and recent laboratory results readily available to
the RRT facilitates prompt and optimal assessment of the
situation. Documentation of the details of RRT encounter
including assessments and recommendations is essential
and should be part of the patient’s medical record. RRT
communication with the patient’s attending physician or
designee is also beneficial.

The Evidence for RRS

The deployment of RRS in hospitals appears to be intuitive
as it is inherently associated with better care, which is the
goal of all healthcare givers. Several studies have evaluated
the effectiveness of RRT. The majority of these studies are
nonrandomized, before-and-after trials. Some of these studies
suggested an outcome benefit in terms of reduced deaths,
cardiac arrests, hospital length of stay, ICU length of stay, and
cost.l"1821l For example, Buist et al. reported a reduction in
unexpected death in hospital from 3.77 to 2.05 per 1,000 hospital
admissions after implementation of MET.!"*! The mortality
from in-hospital cardiac arrest decreased in parallel from 77% to
56% 191 Similarly, Bellomo et al. showed that after implementation
of MET, there were reductions in cardiac arrests by 65%
(P = 0.001), deaths from cardiac arrest by 56% (P = 0.005),
duration of ICU stay post arrest by 80% (P = 0.001), and
inpatient deaths by 25% (P = 0.004)."”) Similar findings have
been seen in pediatric patients.? In a cohort before-and-
after study, implementation of an RRT was associated with
a statistically significant reduction in hospital-wide monthly
mortality rate by 18% and code rate outside of the pediatric
ICU setting by 71%.21 On the other hand, other studies showed
neutral or negative effects of RRS implementation.”>?! Bristow
et al. evaluated the outcomes of patients at three hospital, one
of which introduced MET, and found no significant difference
in the rates of cardiac arrest or total deaths between the three
hospitals.” Chan and colleagues prospectively assessed pre-
and post-RRT outcomes in 24,193 and 24,978 adult patient
admissions respectively and found no significant reduction
in hospital-wide code rates [adjusted odds ratio (OR) = 0.76;
95% confidence interval (CI), 0.57-1.01; P = 0.06), and mortality
(3.22 vs. 3.09 per 100 admissions; adjusted OR = 0.95; 95% ClI,
0.81-1.11; P = 0.52).” Jones and colleagues found a significant
increase in hospital mortality in medical patients after MET
implementation.” In a retrospective before-and-after MET
review, Brilli et al. found no significant difference in the
incidence of pediatric cardiopulmonary arrests (risk ratio= 0.39;
95% CI, 0-1.4, P = 0.11) or hospital mortality (0.43 vs. 0.24 per
1,000 nonICU admits; risk ratio 0.55; 95% CI, 0-2.1, P = 0.23).1"]
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Up-to-date, there are two cluster randomized controlled
trials that evaluated RRS in the management of hospitalized
adult patients.®*! Priestley and colleagues matched and
randomized 16 hospital wards of a single nonteaching hospital
in England to have either criticalcare outreach or standard
care. They found that critical care outreach was associated
with a reduced in-hospital mortality (adjusted OR = 0.52;
95% CI, 0.32-0.85) and with an increased mean length of stay
(hazard ratio = 0.91; 95% CI, 0.84-0.99).%! The other trial by
Hillman and colleagues was done in 23 public hospitals across
Australia and New Zealand and is known as the MERIT
trial.®! After two-month baseline period, 12 hospitals
introduced METs (experimental hospitals) and 11 hospitals
continued the usual management of patients using cardiac
arrest teams (control hospitals) for four months. This was
followed by six-month study period. Results showed that both
groups of hospitals had a statistically significant 30% reduction
in mortality compared to the baseline period. Moreover,
the trial found no differences in the incidence of cardiac
arrests, unplanned ICU admissions and unexpected deaths
in the two groups of hospitals at the end of the intervention
period.®! Despite its robust design (cluster randomization),
number of issues may have contributed to the trial inability
to show a significant effect of METs.[>* These included: (a)
incomplete and inconsistent implementation of METs in the
experimental hospitals, as METs were activated for only 30%
of patients who had physiologic deterioration according to
MET activation criteria;!">**! (b) possible implementation
of RRSs by the control hospitals, which was not accounted
for. This may have occurred as many of the hospitals were
teaching hospitals;">* (c) insufficient monitoring of relevant
physiological variables in general ward patients;!">*! and (d)
low experimental power to detect improvements by MET
because there were fewer events than expected and greater
inter-institutional variability in event rates than anticipated
when the trial was designed.>*" The latter point required the
participation of higher number of hospitals to detect difference
in outcomes.!>*!

More recently, a systemic review of two randomized controlled
trials, 16 uncontrolled before and after studies, three quasi-
experimental studies, one controlled before and after study and
one post-only controlled study, all done between 1996 to 2004,
showed mixed results with respect to the following outcomes:
mortality, cardiac arrest, unplanned critical care admissions
from wards, length of stay, and critical care readmission rates.
This suggested that the evidence for RRSs on improving the
outcomes of hospitalized patients remains inconclusive.?
Another systemic review showed that when comparing RRSs
to control, the pooled relative risk for hospital mortality was
0.76 (95% CI, 0.39-1.48) in the same two randomized trials
and 0.87 (95% CI, 0.73-1.04) in five observational studies. In
addition, the pooled relative risk for cardiac arrest was 0.94
(95% CI, 0.79-1.13) in one of the randomized studies and
0.70 (95% CI, 0.56-0.92) in four observational studies, and for
unanticipated ICU admissions was 0.84 (95% CI, 0.55-1.26) in
four observational studies.’” The authors concluded that the
evidence that RRSs are associated with a reduction in hospital
mortality and cardiac arrest rates is weak and that limitations
in the quality of the original studies, the wide confidence
intervals, and the presence of heterogeneity limited their ability
to conclude that RRSs are effective interventions.
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Obviously, research evaluating the effectiveness of RRS faces
multiple challenges and difficulties.®® Most of the studies
done have been observational, nonrandomized and had
before-and-after design. Before-and-after studies lack rigor
and generalizability.”® Moreover, the magnitude of the effect
of a RRS may be influenced by the team structure, which
is variable among hospitals and depends on institutional
policies and available resources. It is also difficult to avoid
the Hawthorne effect.® This may improve the care of control
patients and reduce the differences in outcomes. Finally, cluster
randomization of hospitals, which is the ideal methodology for
RRS evaluation, requires the participation of large numbers of
centers, which is difficult.*?

Conclusions

In summary, RRSs take the skills and expertise of the critical
care team beyond the walls of the ICU within minutes to
the bedside of deteriorating patients, whose condition may
well progress to cardiac or respiratory arrest. RRSs would
stabilize patients, prevent development of critical illness or
cardiopulmonary arrest and contribute to the optimization
of the care of other patients through education of healthcare
givers working in the general medical and surgical wards. Their
implementation requires significant resources and involves
a change in the culture of healthcare provision. Although
their merits look obvious and thus their deployment in
hospitals seems to be intuitive, the available evidence for their
effectiveness in improving the outcomes of such patients is
weak and of suboptimal quality. Whether they should become
the standard of acute hospital care needs to be answered.

References

1. Kohn LT, Corrigan JM, Donaldson MS. To Err is Human: Building a
Safer Health System. Washington DC: National Academy Press, 2000.

2. Hillman K, Parr M, Flabouris A, Bishop G, Stewart A. Redefining
in-hospital resuscitation: the concept of the medical emergency
team. Resuscitation 2001;48:105-10.

3. Hillman KM, Bristow PJ, Chey T, Daffurn K, Jacques T, Norman
SL, et al. Duration of life-threatening antecedents prior to intensive
care admission. Intensive Care Med 2002;28:1629-34.

4. Kause ], Smith G, Prytherch D, Parr M, Flabouris A, Hillman
K, et al. A comparison of antecedents to cardiac arrests, deaths
and emergency intensive care admissions in Australia and New
Zealand, and the United Kingdom--the ACADEMIA study.
Resuscitation 2004;62:275-82.

5. Braithwaite RS, DeVita MA, Mahidhara R, Simmons RL, StuartS,
Foraida M, et al. Use of medical emergency team (MET) responses
to detect medical errors. Qual Saf Health Care 2004;13:255-9.

6.  Schein RM, Hazday N, Pena M, Ruben BH, Sprung CL. Clinical
antecedents to in-hospital cardiopulmonary arrest. Chest
1990,98:1388-92.

7. Goldhill DR, White SA, Sumner A. Physiological values and
procedures in the 24 h before ICU admission from the ward.
Anaesthesia 1999;54:529-34.

8.  Baker GR, Norton PG, Flintoft V, Blais R, Brown A, CoxJ, et al. The
Canadian Adverse Events Study: the incidence of adverse events
among hospital patients in Canada. CMA] 2004;170:1678-86.

9. Wilson RM, Runciman WB, Gibberd RW, Harrison BT, Newby L,
Hamilton JD. The quality in Australian health care study. Med |
Aust 1995;163:458-71.

10. McQuillan P, Pilkington S, Allan A, Taylor B, Short A, Morgan G,

3



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Al-Qahtani and Al-Dorzi: Rapid response system

et al. Confidential inquiry into quality of care before admission to
intensive care. BM] 1998;316:1853-8.

Hillman K. Critical care without walls. Curr Opin Crit Care
2002;8:594-9.

Devita MA, Bellomo R, Hillman K, Kellum J, Rotondi A, Teres
D, et al. Findings of the first consensus conference on medical
emergency teams. Crit Care Med 2006;34:2463-78.

Million Lives Campaign. Getting Started Kit: Rapid Response
Teams. Cambridge, MA: Institute for Healthcare Improvement;
2008. [cited may 4, 2009]. Available from: http:/ /www.ihi.org
Fanning RM, Lighthall GK. Rapid Response Systems: Bringing
Critical Care Medicine Out of the ICU. PCCU volume 21, lesson
2 [Internet]. Northbrook, Illinois: American College of Chest
Physicians; ¢:1999-2009. [published 2007, cited May 4, 2009].
Available from: http:/ /www.chestnet.org.

Gao H, McDonnell A, Harrison DA, Moore T, Adam S, Daly K,
et al. Systematic review and evaluation of physiological track and
trigger warning systems for identifying at-risk patients on the
ward. Intensive Care Med 2007;33:667-79.

Buist MD, Moore GE, Bernard SA, Waxman BP, Anderson JN,
Nguyen TV. Effects of a medical emergency team on reduction
of incidence of and mortality from unexpected cardiac arrests in
hospital: preliminary study. BMJ 2002;324:1-6.

Bellomo R, Goldsmith D, Uchino S, Buckmaster J, Hart GK,
Opdam H, et al. A prospective before-and-after trial of a medical
emergency team. Med ] Aust 2003;179:283-7.

Bellomo R, Goldsmith D, Uchino S, Buckmaster J, Hart G, Opdam
H, et al. Prospective controlled trial of effect of medical emergency
team on postoperative morbidity and mortality rates. Crit Care
Med 2004;32:916-21.

Morgan RJM, Williams F, Wright MM. An early warning scoring
system for detecting developing critical illness. Clinical Intensive
Care1997;8:100.

Haig KM, Sutton S, Whittington J. SBAR: A shared mental model
for improving communication between clinicians. Jt Comm ] Qual
Patient Saf 2006;32:167-75.

Sharek PJ, Parast LM, Leong K, Coombs J, Earnest K, Sullivan J,
et al. Effect of a rapid response team on hospital-wide mortality
and code rates outside the ICU in a Children’s Hospital. JAMA
2007;298:2267-74.

Bristow PJ, Hillman KM, Chey T, Daffurn K, Jacques TC, Norman
SL, et al. Rates of in-hospital arrests, deaths and intensive care
admissions: the effect of a medical emergency team. Med ] Aust
2000;173:236-40.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Kenward G, Castle N, Hodgetts T, Shaikh L. Evaluation of
a medical emergency team one year after implementation.
Resuscitation 2004;61:257-63.

Chan PS, Khalid A, Longmore LS, Berg RA, Kosiborod M, Spertus
JA. Hospital-wide code rates and mortality before and after
implementation of a rapid response team. JAMA 2008;300:2506-13.
Jones D, Opdam H, Egi M, Goldsmith D, Bates S, Gutteridge G,
etal. Long-term effect of a Medical Emergency Team on mortality
in a teaching hospital. Resuscitation 2007;74:235-41.

Zenker P, Schlesinger A, Hauck M, Spencer S, Hellmich T,
Finkelstein M, et al. Implementation and impact of a rapid
response team in a children’s hospital. Jt Comm ] Qual Patient
Saf 20071;33:418-25.

Brilli R], Gibson R, Luria JW, Wheeler TA, Shaw J, Linam M, et al.
Implementation of a medical emergency team in a large pediatric
teaching hospital prevents respiratory and cardiopulmonary
arrests outside the intensive care unit. Pediatr Crit Care Med
2007;8:236-46

Priestley G, Watson W, Rashidian A, Mozley C, Russell D, Wilson
J, et al. Introducing Critical Care Outreach: a ward-randomised
trial of phased introduction in a general hospital. Intensive Care
Med 2004;30:1398-404.

Hillman K, Chen ], Cretikos M, Bellomo R, Brown D, Doig G,
et al. MERIT study investigators. Introduction of the medical
emergency team (MET) system: A cluster-randomised controlled
trial. Lancet 2005;365:2091-7.

The “MERIT” Trial of Medical Emergency Teams in Australia: An
Analysis of Findings emergency teams.Crit Care. 2008;12:205and
Implications for the 100,000 Lives Campaign. [Internet].
Cambridge, MA: Institute for Healthcare Improvement; 2007.
[cited April 24, 2007]. Available from: http:// www.ihi.org
Esmonde L, McDonnell A, Ball C, Waskett C, Morgan R, Rashidian
A, et al. Investigating the effectiveness of critical care outreach
services: a systematic review. Intensive Care Med 2006;32:1713-21.
Winters BD, Pham JC, Hunt EA, Guallar E, Berenholtz S,
Pronovost PJ. Rapid response systems: A systematic review. Crit
Care Med 2007;35:1238-43.

Tee A, Calzavacca P, Licari E, Goldsmith D, Bellomo R. Bench-
to-bedside review: The MET syndrome--the challenges of
researching and adopting medical emergency teams. Crit Care
2008;12:205.

Source of Support: Nil, Conflict of Interest: None declared.

Annals of Thoracic Medicine - Vol 5, Issue 1, January-March 2010



