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Background: In hospitals, rapid response systems (RRSs) identify patients who deteriorate and provide
critical care at their bedsides to stabilise and escalate care. Medications, including oral and parenteral
pharmaceutical preparations, are the most common intervention for hospitalised patients and the most
common cause of harm. This connection between clinical deterioration and medication safety is poorly
understood.
Objectives: To inform improvements in prevention and management of clinical deterioration, this review
aimed to examine how medications contributed to clinical deterioration and how medications were used
in RRSs.
Review methods: A scoping review was undertaken of medication data reported in studies of clinical
deterioration or RRSs in diverse hospital settings between 2005 and 2017. Bibliographic database
searches used permutations of “rapid response system,” “medical emergency team,” and keyword
searching with medication-related terms. Independent selection, quality assessment, and data extraction
informed mapping against four medication themes: causes of deterioration, predictors of deterioration,
RRS use, and management.
Results: Thirty articles were reviewed. Quality was low: limited by small samples, observational, single-
centre designs and few primary medication-related outcomes. Adverse drug reactions and potentially
preventable medication errors, involving sedatives, analgesics, and cardiovascular agents, contributed to
clinical deterioration. While sparsely reported, outcomes included death and escalation of care. In
children, administration of antibiotics or nebulised medications appeared to predict subsequent dete-
rioration. Cardiovascular medications, sedatives, and analgesics commonly were used to manage dete-
rioration but further detail was lacking. Despite reported potential for patient harm, evaluation of
medication management systems was limited.
Conclusions: Medications contributed to potentially preventable clinical deterioration, with considerable
harm, and were common interventions for its management. When assessing deteriorating patients or
caring for patients who require escalation to critical care, clinicians should consider medication errors
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and adverse reactions. Studies with more specific medication-related, patient-centred end points could
reduce medication-related deterioration and refine RRS medication use and management.

© 2018 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Acute clinical deterioration of patients during hospital admis-
sion is associated with increased morbidity and mortality.1 The
rapid response system (RRS) is a hospital-wide approach to
improve recognition and response to such deterioration, with the
aim of preventing adverse events such as cardiac arrest.2

Embodying the idea of critical care without walls,3 RRSs are
described as having four components: an afferent limb which in-
volves nurses monitoring patients and detecting deterioration; an
efferent limb which brings critical care expertise to deteriorating
patients outside the intensive care unit (ICU); and quality
improvement and governance limbs.2 The responding arm is a
team of critical care clinicians, usually nurses and doctors, variably
termed the rapid response team (RRT) and medical emergency
team (MET).2,4 The landmark MERIT study was equivocal on the
benetifts of RRS.5 Subsequent analyses have suggested reductions
in in-hospital cardiac arrest6e8 and all cause hospital mortality.8

Internationally, healthcare safety agency mandates have led to
exponential uptake of RRSs.9,10

The mortality of deteriorating patients remains high prompting
further investigation and refinement of RRSs.11 Current research
seeks to prevent deterioration through appreciation of its epide-
miology and causes.1 These efforts are complicated by the hetero-
geneity of RRSs and RRTs. The methods and criteria used to define,
detect, and respond to deterioration continue to be refined. Simi-
larly, there is a diversity in themembership of the teams, their skills
and knowledge requirements, and the interventions they provide
to rescue or stabilise patients.8,12

Medications, including oral and parenteral pharmaceuticals, are
ubiquitous in acute care but are not without risks and harm.13

Adverse drug events include harms from adverse reactions to
medications and errors at any step of the medication management
process from prescribing to dispensing to administration to mon-
itoring.14e16 The risks of adverse drug events are higher in critically
ill patients in the ICU.17,18 Similar to clinical deterioration, medica-
tion safety is a priority in health care.10,19 However, there is limited
exploration of how medications contribute to clinical deterioration
or critical illness outside the ICU and the RRSmore broadly. A better
understanding of these relationships would benefit all clinicians,
especially critical care clinicians who are members of RRTs and
involved in the escalated care for deteriorating patients.

Conceptually, there are four potential links between medica-
tions and clinical deterioration. First, clinical deterioration that
activates the RRS may represent a manifestation of harm associated
with an adverse drug event. In addition, the administration of
certain medications may contribute to prediction of impending
deterioration. Furthermore, medications are likely to be common
RRT interventions for the management of deteriorating patients.
Finally, safe and effective rescue of RRT patients is likely to require
reliable and efficient access to the most appropriate medications.
Using these four themes, this review aimed to scope the current
understanding of how medications contribute to clinical deterio-
ration and are used in RRSs. With the objective of guiding clinical
practice and research in medication safety and management for
clinical deterioration and RRSs, specifically it aimed to explore how
medications may cause clinical deterioration, whether use of
medications in certain scenarios could predict impending clinical
deterioration, which medications were used by the RRT, and the
role of medication management systems in RRSs.

2. Methods

Scoping reviews have been developed to allow detailed explo-
ration of the breadth, depth, and range of research activity on a
topic.20,21 This contrasts with systematic reviews and meta-
analyses which address focused questions and limit the type or
quality of studies reviewed.20,21 Through the prescribed processes
of defining a research question, identifying and selecting relevant
studies as well as charting the data, collating, summarising, and
reporting results, often with input from stakeholders, scoping re-
views can be used to disseminate findings and identify gaps in the
existing literature.20,21 The technique is particularly useful in novel
fields of enquiry and where there is diversity in research method-
ologies.21 Given the emerging nature and potential breadth of the
topic of medications and RRSs, a scoping review allowed explora-
tion of the full extent of available evidence from a range of study
types. The methodology also allowed for the available evidence to
be summarised for clinicians to guide rapidly developing RRSs as
well as identification and prioritisation of partially or unanswered
research questions in the field.

2.1. Identification of studies

A structured, comprehensive literature search, as recently
described for scoping reviews,21 was undertaken. Bibliographic
databases were searched: Medline (Ovid), EMBASE (Ovid),
Cochrane CENTRAL, and CINAHL plus. Owing to the maturity of RRS
practice and research in Australia, manual searches were conducted
of Anaesthesia and Intensive Care, Critical Care and Resuscitation,
Australian Critical Care, and Journal of Pharmacy Practice and
Research along with the reference lists of the included papers
(Fig. 1). Searches were limited to January 2005 to December 2017
inclusive to ensure currency as well as capture the period of rapid
growth in RRSs surrounding publication of the MERIT study.5,22

Database-specific subject headings for “rapid response system”

and “medical emergency team” and related keywords were used as
search terms (Supplementary File 1). Search hedges were used to
identify clinical studies.23 Subsequent keyword searching of titles
and abstracts for intervention and medication-related terms (drug,
medicine, medication, therapy, intervention, treatment, pharmac*)
was conducted because of the limited indexing of these as subject
headings.

2.2. Study selection

Abstract selection was undertaken by two independent re-
viewers (BJL & GB) with any disagreement resolved by discussion.
Full texts were reviewed for studies assessed as potentially meeting
the inclusion criteria.

Inclusion criteria were clinical studies which involved patients
who clinically deteriorated or required critical care in the diverse
clinical settings of hospital wards (that is outside critical care areas
such as ICUs and operating theatres), with English full texts
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Fig. 1. Structured literature search and study selection results in PRISMA flow diagram format.70 *includes one study that resulted in 2 articles included in the review. MET ¼
medical emergency team; RRT ¼ rapid response team.
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available, a main subject of RRS or MET or RRT and with medica-
tions explicitly discussed. Research involving adult, paediatric, or
mixed groups of patients were included. Studies conducted in a
prehospital or out-of-hospital environment and those including
only patients requiring psychiatric care were excluded.

2.3. Data presentation and quality assessment

Data charting was undertaken by two researchers (BJL& DJ) and
an independent research assistant. Tabulation facilitated descrip-
tive and thematic analyses. Study quality assessment was per-
formed as an additional step to increase the robustness and
relevance to practice and future research of the review findings.
The Oxford Centre for Evidence-Based Medicine Levels of Evidence
matrix,24,25 which addresses variety in research question and
design,26 was used. Quality assessment was undertaken indepen-
dently by two reviewers (BJL& GB) who resolved any disagreement
by discussion.
2.4. Data collation and analysis

Data were mapped around the four a priori defined major
themes to address the aims of the review: (i) medications as a cause
of deterioration; (ii) medications as predictors of deterioration; (iii)
medications as RRT interventions; and (iv) RRS medication man-
agement systems. The primary analyses were descriptive and
summative. Statistical analyses included counts, frequencies, and
proportions. Distributed data were reported as median, range, and
interquartile range.
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3. Results

3.1. Studies identified

Thirty articles, resulting from 29 studies, were selected for re-
view (Fig. 1). Sixteen of these articles were published since 2013.
Nine articles (30%) investigated an aim explicitly involving medi-
cations27e35 (Table 1). Studies predominantly occurred at larger,
tertiary or teaching hospitals in the United States of America (USA)
and usually involved physician-led teams of critical care staff
responding to activations outside critical care areas, such as ICUs,
emergency departments, and operating theatres. Three nursing-led
RRTs reported having no medical responder34,36,37; treatment de-
cisions were ratified with remote medical staff in two of these
studies.36,37

Twenty-six studies (90%) involved adult patients (Table 1),
predominantly males in their late fifties to early seventies. The
Australian, New Zealand, and Belgian studies31,38e45 had older
populations (reported mean ages 66e73 years) and contributed
59% of adult patients. The three paediatric studies30,32,46 explored
the medication causes and predictors of deterioration and did not
contribute to other analyses.

The overall quality of the studies was low (Table 1). Most studies
were single-centre and observational, often in specific populations,
limiting the ability to control for confounders and decreasing
generalisability. Comparative studies were predominantly pre and
postcohort designs with small sample sizes and low rates of key
outcomes, further weakening reliability.

3.2. Medications as a cause of clinical deterioration

Twelve studies identified medications as contributing to acute
clinical deterioration (Table 2). These studies varied in patients
included, definitions of cases, and methodologies of case identifi-
cation, review, and event classification. Medications contributed to
clinical deterioration in up to one in three cases; however, most
reported rates were much lower (Table 2). Medications designated
as high risk,47,48 such as opiates and anticoagulants, were reported
to contribute to deterioration events. Medications not generally
considered high risk, such as bronchodilators and antihyperten-
sives, were also found to contribute to clinical deterioration. Both
medication errors and adverse reactions appeared to contribute to
deterioration, but limited data prevented quantification or detailed
analysis of this and the associated patient outcomes. When medi-
cation management errors, predominantly in prescribing and
administration, contributed to deterioration, it was often judged to
be preventable.

Therewas wide variation in the frequency of medication-related
deterioration reported (Table 2). The lowest rate (2.5%) was re-
ported when responding clinicians identified an association be-
tween medications and deterioration during the RRS activation.31

Interestingly, retrospective case identification in the same study
reported a higher rate (8%).31 The highest rate of medication-
related deterioration was 37% determined retrospectively
amongst surgical patients activating the RRS within 24 hours of
anaesthesia.49

Medications appeared more likely to contribute to RRS activa-
tions for respiratory, mental state, and cardiovascular com-
promise.40,42e44,50 One study also reported worry and high
aggregate early warning system scores as being associated with
adverse medication effects.44 However, the methods of determi-
nation, classification, and presentation of this data prevent further
analysis and may limit generalisability.

The medications most commonly attributed as causes of clinical
deterioration were opiates,31e33,43,49e51 cardiovascular
medications,31,33,37,50e52 and benzodiazepines.31,50 Studies did not
report medication route or other administration details. Further
description and quantification was impaired by the use of conve-
nience classifications of types of medications in almost all studies.
The most recent publication from the Belgian adverse event study33

did use a recognised classification system as recommended for
pharmacoepidemiological studies.53 Studies involving surgical pa-
tients, both adult and paediatric, identified opiates as the predomi-
nant medication causing deterioration.32,49e51 There were
conflicting data regarding the timing of deterioration in relation to
anaesthesia reported for adult postoperative patients.49e51 One
study referred to preoperative opiate use as problematic51 while the
paediatric study explicitly excluded these patients.32 One study cited
treatment decision errors as contributory50 and another highlighted
drug interactions.51

A variety of mechanisms were reported for how medications
contributed to deterioration (Table 2). While no standard classifi-
cation system was used between studies which may have
contributed tomisclassification bias, medication errors and adverse
reactions predominated.

Almost all medication-related clinical deteriorationwas deemed
preventable in the two studies which explicitly measured it.41,52

The Belgian adverse event study found 100% of “drug therapy
adverse events,” which described medication errors and drug in-
teractions, examined to be preventable.41 In the more detailed
analysis of these events, predictors of preventable events were
reported as the number of medications prescribed before admis-
sion, physical wellness defined by American Society of Anesthesi-
ologists score, and age.33 A similar preventability result was seen in
a surgical case series looking specifically for errors leading to
deterioration.52

The outcomes of medication-related deterioration reported in
two studies with limited generalisability and two in more general
populations appeared moderately severe (Table 2). It was not
possible to compare these outcomes to deterioration from other
causes. In-hospital mortality was reported for one of 18 (5.6%)
medication-related hypotension events in a recent Australian
cohort of RRT and arrest calls.43 Transfer to a higher level of care
was themost commonly reported outcome, although the definition
was inconsistent.32,41,50 While all cases they examined required a
higher level of care, Marquet et al reported that 111MET activations
in 50 patients did not result in transfer to the ICU;41 the breakdown
of these as medication-related was not reported. In studies that
used the definition of “transfer to high dependency or ICU” the
rates were 20%32 and 80%.50 These studies, conducted in specialist
populations of paediatric and otolaryngology surgery patients,
were unlikely to be representative of more general populations of
deteriorating patients.

3.3. Medications as predictors of deterioration

In contrast to causing deterioration, some medications have
been reported to indicate or predict impending deterioration,
usually in conjunction with other physiological abnormalities. Two
included studies of paediatric patients found some antibiotics, di-
uretics, corticosteroids, anti-inflammatories, sedatives, analgesics,
and nebulised airway dilators may be useful in augmenting triggers
for RRS activation.30,46

The smaller study46 identified potential indicators of future
deterioration from interventions and investigations performed in
the emergency department (Table 1). Patients who required RRS
activation within 24 hours after admission to the ward commonly
had been administered, in the emergency department, nebulised
hypertonic saline, salbutamol or epinephrine, or intravenous anti-
biotics.46 No specific antibiotics were detailed. While the limitation
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that some of these children were probably incorrectly triaged from
the emergency department is acknowledged, the finding of intra-
venous antibiotics indicating future deterioration is replicated in
the larger study which explicitly excluded patients admitted to the
ward for less the 24 hours.30 This more robust study found strong
associations between administration of some intravenous antibi-
otics and deterioration within the next 72 hours (Table 1). Vanco-
mycin and anaerobic antibiotics led to a greater than five-fold
increased risk of clinical deterioration, while third and fourth
generation cephalosporins and aminoglycosides increased the risk
well over two-fold.30 Associations were also established with cor-
ticosteroids and other anti-inflammatory medications, some psy-
chotropic agents, full opioid analgesics, loop diuretics, and
diphenhydramine.30

These medications were administered as treatments for condi-
tions that may progress, such as infection, airway restriction or
oedema, before detection of the patients' deterioration through the
established physiological triggers. Hence, some medications, such
as vancomycin and other intravenous antibiotics, may be useful in
helping to predict impending deterioration in specific clinical sce-
narios for paediatric medical patients. No studies were identified in
adult patients. No reviewed studies incorporated medications into
RRS activation criteria in clinical practice.

3.4. Medications as a RRT intervention

The overall rate of medication use as a RRT intervention varied
from about 40% of calls in recent studies of consecutive calls35,44 to
100% in more selected samples of calls28 (Table 3). Both life-saving
intravenous and less acute medication interventions often were
used by RRTs; however, specific types of medications and frequency
of use varied (Table 3). The heterogeneous nature of the RRS acti-
vations sampled and the diversity in medication classification
limited quantitative analysis of the incidence of specific medication
interventions. This heterogeneity was useful in providing some
perspective of the clinical circumstances of specific medication use
because without this there was very limited data reported about
the specific indications for medication use.

Cardiovascular medications, including electrolytes and di-
uretics, were used in most studies reporting RRT medication in-
terventions (Table 3). Diuretic use in surgical activations had the
highest frequency of medication use reported (88%). In this case
series, injudicious fluid administration was reported as the most
common physician error leading to RRS activation.52 In general
populations, medications to manage blood pressure, particularly
vasoactive agents, along with antiarrhythmics were more
commonly used than diuretics. Despite the high frequency of
antiarrhythmic use reported, reporting of electrolyte administra-
tion was low. One study reported medication use by activation
trigger: at 64% of calls for tachycardia, 29% of calls for hypotension,
and 35% of calls for bradycardia.44 Although not specifically linked,
the authors also reported antiarrhythmic agent use at 13%, beta-
blocker and frusemide use both at 9.5%, and electrolyte replace-
ment at 8.5% of all calls.

The use of sedatives, analgesics, and neuromuscular blockers
varied widely and was absent in eight studies (Table 3). In early
postoperative patients, analgesia tended to be more commonly
used than sedatives.51,54 Use of neuromuscular blocking agents was
reported only from observation of an established USA MET that
included some arrest calls.28

Other commonly reported types of medications, including
bronchodilators and antimicrobials, were distributed widely across
all types of populations (Table 3). Studies that included small
numbers of arrest calls tended to report similar rates of reversal
agent and antidote use.28,49,51,55 The nurse-led RRT specifically for



Table 2
Studies reporting medications as a cause of clinical deterioration and rapid response system activation.

Study Populationa Number
of events

Type of events Frequency of medications as cause (%) Mechanism of
medication causes
of deterioration (%)

Types of
medication
identified as causes

Preventability of
events with
medication causes

Outcome of events
caused by
medication

Husband et al,
201440

Ward patients 82 Respiratory arrests Identified by MET during the
call

14.6 NR NR NR NR

Kaplan et al, 200952 Surgical ward
patients

82 MET calls NR Omission 22%
Treatment decision
11%
Administration
error 2%

Beta-blockers
Diuretics
Antiarrythmics
Alcohol withdrawal
treatments

~90% preventable NR

Lasak-Myell et al,
201227

Ward patients 34 Arrest & MET calls Pharmacist recommendation
to discontinue therapy

6 NR NR NR NR

Marquet et al,
201541

Marquet et al,
201733

Ward patients 830 UIA or MET calls Drug therapy adverse event 25.6 (n ¼ 134) Incorrect dose 47%
Omission 34%
Inappropriate drug
8%
Contraindication 6%
Other (timing,
interactions,
known side-effect)
4.5%

Antibiotics (J01)b

25.4%
Antithrombotic
agents (B01) 23.1%
Blood substitutes &
perfusion solutions
(B05) 9%
Diuretics (C03) 8.2%
Analgesics (N02)
3.7%
Cardiac therapy
(C01) 3.7%
Drugs used in
diabetes (A10) 3.7%
Beta-blocking
agents (C07) 3%

100% highly
preventable

All required higher
level care
(MET call included
as higher level of
care)
Temporary harm
53.8%
Permanent harm/
care 18.1%
All-cause mortality
28.1%

Medication or fluid
adverse reaction

5.0 (n ¼ 26) Side-effect (NR)
Allergic reaction
(NR)
Anaphylaxis (NR)

Antineoplastic
agents (L01)b 23.1%
Antithrombotic
agents (B01) 15.4%
Contrast media
(V08) 15.4%
Antibiotics (J01)
7.7%
Diuretics (C03) 7.7%
Blood substitutes &
perfusion solutions
(B05) 7.7%
Beta-blocking
agents (C07) 7.7%)

None highly
preventable

Anaesthesia adverse event 2.7 (n ¼ 14) NR Anaesthetic agents 28% highly
preventable

All required higher
level care
(MET call included
as higher level of
care)

Mullins and
Psirides,201644

Ward patients 795 MET calls Diagnosis identified by MET during the call 5.9 Adverse medication
effect 5.9%

NR NR NR

Oliver et al, 200950 Otolaryngeal
surgical ward
patients

67 MET calls Respiratory trigger 6 Treatment
decisions (NR)

Opiates
Benzodiazepines

NR 80% required ICU
admissionMental state trigger 18

Cardiovascular trigger 6 Omission (NR) Cardiovascular NR Remained on ward
Rayan et al, 201137 Ward patients 115 Hyperkalaemia RRT

calls
Hyperkalaemia NR Adverse effect (NR) ARB/ACE inhibitor

Spironolactone
NR NR

Sarani et al, 201149 Ward patients 1082 MET calls Within 24 h after anaesthesia 37 NR Opiates NR NR
Smith et al, 201743 Ward patients 937 Arrest & MET calls Diagnosis from retrospective

review
11.6 Adverse drug

reaction 0.9%
Spinal anaesthesia/
epidural 2.7%
Sedation or opiates
4.8%

NR One diagnosis of
medication-related
hypotension
resulted in in-

(continued on next page)
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hyperkalaemia37 demonstrated a different profile of medication
use to other studies.

Four studies demonstrated a positive impact of RRTs on inter-
vention timeliness and appropriate antibiotic selection for patients
with sepsis.29,36,56,57 One study published the antibiotic algorithm
tested; based on the local hospital antibiogram, it included cefe-
pime, levofloxacin, aztreonam, meroperem, amikacin, vancomycin,
metronidazole, and caspofungin.29 The frequency of use of the in-
dividual agents was not reported. The types or appropriateness of
antibiotics administered to patients in the remaining studies were
not reported.36,56,57 Protocoled care appeared to be the common
factor in the benefits observed. In two cohort studies, automated
abnormal vital sign alerts through electronic medical record sys-
tems combined with treatment algorithms significantly reduced
the time to antibiotic and other sepsis treatment administra-
tion.36,57 In settings without the use of an automated afferent limb
for detection of deterioration, protocoled treatment improved the
selection of appropriate antibiotics29 and decreased mortality for
septic patients who triggered RRS activations.56

3.5. RRS medication management systems

Eight studies reported data covering the aspects of medication
supply,27,34,35,42,55,58 prescription,27,28,55 preparation, and adminis-
tration.28,45,58 No single study provided a comprehensive evalua-
tion of medication management systems. While nursing staff
appeared predominantly responsible for medication management,
pharmacists supported them in several USA studies. Team dy-
namics were observed as important contributors to delays in
medication access and administration in RRS.58

In two USA studies, pharmacists were responsible for transfer of
the emergency trolley with specialist medications to the
bedside27,55; in an Australian study, this was the responsibility of
emergency department nurses.42 Two USA studies reported the
improved timeliness of medication access when pharmacists
worked with RRT nurses to source medications from automated
dispensing cabinets and other locations.34,35 Medication prepara-
tion and administration, predominantly intravenous infusions,
represented the majority of technical work completed by RRT
nurses.45 While nurses felt confident and competent, there was a
wide diversity of tasks and competing demands they needed to
complete. The frequency and high implementation rate of phar-
macist interventions to optimise medication selection and dosing
suggested prescribing during RRT activations required further
refinement.27,34,35,55 These findings were supported by the delays
and medication errors with potential for patient harm reported
throughout medication supply, prescribing, preparation, and
administration.28,58

4. Discussion

4.1. Summary of major findings

This review of 30 publications examined how medications
contribute to clinical deterioration and are used in RRSs. The review
findings were limited by inconsistent reporting and weakness of
the studies. Medications contributed to, on average, about a tenth,
but up to one-third, of clinical deteriorations. This appeared to vary
with types of medications: opiates, benzodiazepines, and cardio-
vascular agents predominated. While few links were made be-
tween how specific medications contributed to deterioration,
adverse drug reactions, drug interactions, and medications errors,
involving treatment decisions, omission, and administration, were
reported. Only errors were judged as preventable. Despite the
outcomes of deterioration with medication contributions being



Table 3
Studies that report the frequency of medications as interventions at rapid response system activations.

Study Call sample Overall rate of
medication use
(% of calls)

Medication interventions (reported frequency of use at rapid response team calls %)

Cardiovascular Sedative Other

Anti-
arrhythmic

Anti-
hypertensive

Vaso-
active

Diuretic Electro-
lyte

Sedation Analgesia NMB Anti-
microbial

Reversal
agent

Anti-
epileptic

Broncho-
dilator

Sodium
Bicarb

Insulin/
Glucose

Other

Flabouris
201038

all calls at MET
hospitals

e 11.2 e 6.1 e e 7 e e e e 27 2.7 e e e

Taguti 201354 all MET calls e 3.3 1.3 19.2 4.7 e 6.6 8.6 e 17.9 e 4 6 e 3.3 e

Mullins 201644 all MET calls 42.5 13.1 9.5 e 9.5 8.5 e 10.3 e e e e e e e e

White 201642 all MET calls e 6.1 e 3.4 e e e e e e e 1.8 e e e e

Feih 201735 all MET calls Pre ¼ 45
Post ¼ 37

12.5 X e e e X 7.7 e 8.1 7.4 8.1 e e e e

Smith 201743 all MET calls~ e 9.1 e 10.8 9.3 11.2 e e e 7.0 e e e e e 4.3
Sarani 201149 medical patient MET

calls
e 6 e 6 e e e e e 7 8 e e e e e

surgical patient MET
calls

e 7 e 7 e e e e e 10 5 e e e e e

Wong 200539 surgical patient MET
calls

61.5 e e e e e e e e e e e e e e e

Kaplan 200952 surgical patient MET
calls

e 58 e e 88 e e e e 17 e e 44 e e e

Weingarten
201251

surgical patient MET
calls

e 2 1 3 1 e 2 7 e e 10 e 3 e 1 e

Oliver 200950 otolaryngeal surgical
patient
MET calls

e X X X X X e e e e X e e e e e

Rayan 201137 RRT calls for
hyperkalaemia

e e e e 19 44 e e e e e e 5 24 57 54

Kim 201471 MET calls requiring
intubation

e e e 36.7 X e e e e e e e X e e e

Gokhman
201228

weekday daytime MET
calls

100 8.6 3.8 28 1.1 5.9 16.1 5.8 8 e 5.9 1.1 e 9.1 1.6 3.2

Groth 201634 Pharmacist-attended
weekday
daytime RRT calls

65.6 31.1 20 e 17.8 e 13.3 4.4 e e 13.3

Topple 201645 Nursing tasks at all MET
calls

Prepare ¼ 19.7
Administer ¼
22

e e e e e e e e e e e 6.8 e e 1

Cooper 200755 Pharmacist
interventions at all
MET calls

e 4.3 11 4.3 6.5 e 2.2 e e e 6.5 e e e e e

Lasak-Myell
201227

Pharmacist
interventions at
weekday daytime MET
calls

e e e 15 7 7 21 7 e 21 e 11 e e 7 e

- not reported; X medication use reported but frequency not reported; ~ data excludes arrest calls.
Calls: activations; NMB e neuromuscular blocker; Sodium Bicarb e sodium bicarbonate.
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sparsely and inconsistently reported, the limited data suggested
moderately severe outcomes, including rare fatalities. No actions to
prospectively identify or address medication-related causes of
deterioration were found.

Incorporation of medications into the activation criteria of RRSs
has not occurred in clinical practice but paediatric studies have
identified viable candidates in vancomycin and potentially other
intravenous antibiotics. Identification of nebulised bronchodilators
administered in the emergency department and diuretics, seda-
tives, and anti-inflammatory agents administered in the ward
setting as other potential indicators highlighted the association
between clinical setting and timing of medication administration
and clinical deterioration. Considerable crossover withmedications
which contribute to deterioration was identified. Along with the
complexities of triage failure and unrecognised deterioration,
careful examination of these relationships is required before
medications can be added to trigger tools.

Medications were frequently used as RRT interventions.
Considerable diversity in the acuity of medication types used was
observed. Cardiovascular agents, principally antiarrhythmics and
vasoactive agents, were most common, with sedatives and anal-
gesics and antimicrobials also widely used. Studies in specific
populations and selected samples may have over-represented use
of diuretics, antimicrobials, and potassium-lowering agents. Spe-
cific detail on clinical scenarios and indications for use along with
appropriateness and outcome data was very limited.

While medication errors and delays in access and administra-
tion during RRS activations had reported potential for patient harm,
systems for medication management in RRSs have not been fully
evaluated. Possible solutions, including protocoled care for com-
mon clinical deterioration syndromes and delegation of medication
roles for RRT members, demonstrated improvement in medication
use for the deteriorating patient.

4.2. Comparison with other literature

Medications have been consistently reported as a leading cause
of harm in hospitals.13,59,60 Clinical deterioration and RRS activa-
tions have been recognised as markers of error and adverse
events.61,62 However, the link between medications and clinical
deterioration or RRSs previously had not been reviewed.

The contribution of medications in up to a third of clinical
deterioration events was higher than other current estimates of
medication-related harm in hospitals which sit at 10e15% of
adverse events.13,59,60 This discrepancy may be due in part to the
difficulties in capturing and reporting medication errors and other
adverse drug events and establishing the relationship to patient
harm.13 RRS patients also may represent an at-risk group. Clinical
deterioration and RRS activation imply harm has occurred and have
been used as measures of such for other causes of clinical deteri-
oration.62 Medication-related RRS activation could be used in a
similar way, as a quantifiable measure of harm due to medications
in clinical practice and research.

A recent review of RRT interventions around end of life care also
reported diversity in the acuity of medications used.12 This supports
our finding that RRTs use a broad range of medications, not only life-
saving critical care medications. While the medications frequently
reported appeared to correspond to common RRS triggers and syn-
dromes,1,63 there has been no investigation of this association nor
evaluation of appropriateness or efficacy. The success observed with
algorithms for sepsis care by RRTs favours standardisation of medi-
cation interventions for common deterioration syndromes. This
could achieve similar patient safety and outcome improvements to
those seen in cardiac arrest resuscitation through protocols of care
and associated training of providers.64 Extrapolation of electronic
health record decision support to RRT treatment pathways must be
cautious. As in RRT sepsis care, benefit has been demonstrated in
acute trauma and anaesthesia when implemented as part of a larger
improvement initiative;65,66 the same was not found for acute
stroke.67

Standardised protocols for advanced cardiac life support and
anaesthesia also translated into medication management systems
to increase patient safety and provider efficiency.66,68 These ben-
efits seem logical and were highlighted early in RRS develop-
ment.62 Better matching of medication management systems to
treatment needs may prevent patient harm associated with errors
and delays by pre-empting requirements and providing clinicians
with rapid and reliable access to medications commonly used by
the RRT. Given the heterogeneity of RRTs and their patients,
especially across institutions, any algorithms, systems, or training
for medication use by RRTs should incorporate a local perspective1

through optimisation and utilisation of the data collected in the
RRS. Routinely collected data should identify the most common
deterioration scenarios2 and could be extended to include medi-
cations used. Increasingly, this data may be linked or extracted
from electronic health records, although reliable use in these
emergency situations and data integrity first need to be
established.
4.3. Implications for practice and opportunities for research

Clinicians and researchers should consider medications in
deterioration and its management to improve RRSs and patient
outcomes. While all clinicians have a role in the prevention,
detection, and care of deteriorating patients, currently critical care
clinicians staff RRTs in most institutions. As such, critical care cli-
nicians need to include medications as a part of differential di-
agnoses when assessing a deteriorating patient. This increased
awareness alone may increase detection and improve management
of medication-related deterioration. Critical care clinicians working
in RRTs, trained in advanced life support and crisis team manage-
ment and familiar with the efficiency of advanced cardiac life
support protocols, are also well placed to drive improvement in
standardisation and medication management systems to better
meet their needs and the needs of their patients.

The most urgent research priority is high quality, generalisable
studies to understand which medications in what clinical context
contribute to deterioration. The results would facilitate develop-
ment and assessment of prevention strategies for medication-
related clinical deterioration which could eventually reduce RRS
activation and the not insignificant burden of RRT staffing, gener-
ally carried by ICUs. However, the low rates of medication-related
deterioration identified by clinicians during RRS activations sug-
gest detection is the first step. Robust definitions of medication-
related deterioration with clinical meaning and relevance must be
introduced, along with the use of recommended classification
systems for medications, as demonstrated by Marquet et al.33 This
will allow accurate capture, quantification, description, and syn-
thesis in clinical practice and research.

Given the high degree of preventability observed for some
medication-related deterioration events, earlier recognition and a
coordinated management system may improve outcomes as
observed with acute stroke.69 These require a better global un-
derstanding of which medications are used by RRTs and why, along
with local data from the quality improvement arm of the RRS. Again
this data must be captured and described using recognised classi-
fications to optimise its use.53 Clinical deterioration and activation
of the RRS may prove useful markers of medication-related harm in
the hospital setting for future research.
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4.4. Limitations

While the structured search strategy strengthens this review by
providing a comprehensive view of the available literature, the
weak evidence available limited the insights made. Furthermore,
keyword searching was used to overcome the challenge of limited
indexing of medications; however, this may still have decreased the
yield of studies. Studies published only as conference abstracts
without peer-reviewed full texts were excluded introducing po-
tential for publication bias. Case identification methods, settings,
populations and end points were heterogeneous. Medication
findings were usually secondary or incidental and not uniformly
classified further limiting comparisons. Gaps in understanding
were identified by the multidisciplinary team of authors without
the optional scoping review step of consultation.20 Given these
limitations, the findings of this review should be interpreted as
cautious suggestions of how medications contribute to and are
used in RRSs.
5. Conclusion

Medications contribute to potentially preventable clinical
deterioration and are common interventions for its management.
While these emerging data lack detail, there is potential for critical
care clinicians at this clinical convergence of RRSs and medication
safety to improve practice, systems, and patient outcomes. Despite
limited evidence, medications appear important in clinical deteri-
oration and RRSs, and clinical studies with well-defined and
reproducible medication-related, patient-centred outcomes are a
priority.
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