





















































understand the diurnal variations in admissions of elderly patients to an ICU needs

consideration.

Page 7: There needs to be a definition of day and night

(Note that a previous study in ICU of timing of discharge did not have an independent
association with mortality.) MET events rate: On the wards, this is higher during the day, but,
in ICUs, is higher during the night. ALF was not diurnal, but those with ALF were more likely
to have an unanticipated ICU admission. Suggested diurnal variations in vital signs (weak data
at the moment), there should be more MET calls at night. But either afferent limb failure or

something else.

MET triggers higher during day (actual or just being monitored more frequently). MET triggers
higher during night (actual, but sicker patients arriving at night so greater load of vital signs
at night). MET calls higher during day. No diurnal variation of afferent limb failure (so no
more likely to fail to recognise or delay calling for help), but when is this failure happening
(during the day or during the night, when is it actually being measured)? If there was afferent
limb failure, more likely to have an unanticipated ICU admission (delaying treatment and
ultimately delayed admission to ICU). There are no data looking at diurnal variation on
unanticipated ICU admissions or hospital mortality (as it focuses on weekends as well as night

time).

Given there is no diurnal variation in the afferent limb failure, it is unclear to me how that then
lends the argument of having 24/7 hospital-wide medical service in addition to the critical care
service. It may make sense, but I am not convinced there is a strong argument of why there is a
need. Indeed, ALF is activating the service, not responding to the service. So, perhaps it is the

response part of the service that is the problem, and diurnally related. *

The bottom line is that there are no data to support diurnal variation and impact on afferent
limb failure or performance of critical care/rapid response systems. It is presumed there is a

nexus between circadian rhythms and diurnal variation.

Thanks for your insightful comments. I agree that there are no data to support diurnal variation
in the performance of rapid response systems, as measured by the failure of the afferent limb
response. The lack of diurnal variation is multifactorial—it could be due to the fact that the

numbers are inadequate, that it is probably too coarse a strategy, and that the separation between
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In addition to clinical judgement, abnormal vital parameters are instrumental in predicting
cardiac arrest, unanticipated ICU admission and death.*” The severity of an adverse event
increases proportionally with an increase in the number of deranged vital parameters.® Previous
research indicates that the chance of increased mortality risk when one vital parameter is
abnormal is 16%, which increases to 88% when four or more vital parameters are deranged.
In saying that, most abnormalities in vital parameters resolve without a serious adverse event.®
The sensitivity of abnormal vital parameters (i.e., triggers) is greater than their specificity.
While 21% of those deranged observations resolve with ward treatment alone, the majority

(66%) resolve without any intervention.*

One of the major challenges in recognising and responding to clinical deterioration has been

%10 ysed previously to

the lack of a unifying definition.® While there are several frameworks
define clinical deterioration, for the purpose of this body of research, we defined clinical
deterioration as the presence of physiological instability as described by the calling criteria for
the rapid response system—that is, the patient fulfils the rapid respond team (RRT) criteria
(single parameter trigger). The purported advantages of this approach are that it is real-time,
semi-objective and easy to measure. This framework requires deterioration to be detected
through reliable measurement of vital signs. Previous research indicates patient deterioration is

often not recognised or responded to in a timely manner,”!!

In contrast to critical care units, general wards are less intense environments and designed for
lower patient acuity, with much higher patient-to-staff ratios and less frequent patient
observation. It is within such environments that, when acute clinical deterioration occurs,
patients find themselves in a setting that is less resourced and places them at risk of suboptimal
clinical outcomes.'? Rapid response systems (RRSs) are designed to detect and respond to

clinical deterioration, and are becoming widely adopted in many organisations. RRTs have also
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been designed to respond to clinical deterioration as part of the RRS. The terminologies of
RRTs and medical emergency teams (METSs) have been used interchangeably in the medical
literature. However, at an operational level, RRTs can be nurse or physician led,!* while METs
remain physician led,'* with nursing input for clinical service delivery. RRTs have been
designed to respond to inpatients who acutely clinically deteriorate outside of a critical care
setting and are at risk of suffering a serious adverse event, such as a cardiac arrest, unanticipated
ICU admission or death!4. In recent times, patient- and/or family member-initiated MET calls

have also been widely promulgated!™

Typically, these patients are identified because they meet one or more predefined criteria that
identify clinical deterioration, including aberrations in pulse rate, blood pressure, respiratory
rate and conscious level, and reflect a period of physiological instability.® The presence of any
such criteria, or if a staff member is concerned about the patient, would trigger a prompt
response, usually in the form of an RRT—a team staffed and equipped to provide acute care
not otherwise available on general wards'®. The concept of medical emergency response has
evolved on the basis that serious adverse events, such as deaths, cardiac arrests (CAs) and
unanticipated ICU admissions, are often preceded by an abnormality in vital signs,'® and that
severe clinical deterioration is under-recognised and under-estimated.!”?! Despite
documentation of disturbed physiology, ward staff do not reliably trigger an escalation.'® This
inaction or failure may begin from a substandard chart plan, poor clinical judgement, inability
within the clinical environment to make time-critical clinical decisions, or an imperfect

22,23

administration paradigm”**° in a malfunctioning system.

As alluded to previously, the major challenge in the detection and response to a deteriorating
patient has been the absence of a single unifying definition of clinical deterioration. The
advantage of using the framework of track and trigger response to clinical deterioration based
on patient observations was that it uses a language (i.e., vital signs) to which all healthcare staff

can relate. However, its disadvantages ‘include the reliance on nursing staff for accurate
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measurement and documentation of vital signs, which introduces the possibility of human
factors®* into this equation. In an effort to reduce these factors, there is an emerging body of
evidence® to support the concept of integrating graphically displayed observations and an

integrated colour-based scoring system.

Failure to recognise and respond to patient deterioration and escalate care has led to an
increased risk of adverse events (AEs) in hospitalised patients—events that may have been
avoided if patient deterioration had been recognised and responded to carlier.2®?® There is
increasing awareness of the factors that impede nurses from escalating care for patients who
deteriorate.?®? Failure to respond to these signs appropriately is associated with increased
mortality.>!4% Since the advent of RRSs, CA and associated mortality rates have fallen by up
to 20 to 50% in various institutions, and the variation in the purported benefits of RRT depends

Jargely on the maturity of that system 333

A varying degree of evidence®*37 from observational studies and randomised controlled studies
about the efficacy of RRSs has corroborated the evidence from other studies in terms of their
impact on overall hospital mortality. This evidence has also reiterated the importance of
responding to clinical antecedents as a risk-mitigation strategy®’ in preventing adverse

outcomes, and this is where the role of RRSs becomes very relevant and important.

In the process of early detection and response to a deteriorating patient, there are two key
concepts: ‘afferent limb failure’ (ALF) and ‘efferent limb failure’. The afferent limb of an RRS
is responsible for clinical monitoring of the patient, detecting any clinical deterioration and
triggering an effective response (that response being the efferent limb of the RRS). Detection
of clinical deterioration and subsequent RRT activation for at-risk patients constitutes the
afferent limb of a RRS.38 ALF occurs when patients do not receive an RRT call despite fulfilling
the criteria. Regrettably, the occurrence of ALF is not uncommon and is associated with worse

patient outcomes?®,
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One study that examined ALF found there was at least one observation documented that
should have triggered a call in the preceding 24 hours of an index event (i.e., unanticipated ICU
admission, cardiac arrest or MET call) in 22% of their patients. It has also been shown that, if
a patient has more than one episode of ALF, their mortality increases exponentially.*? It is
known that critically unwell patients who receive early goal-directed therapy have reduced
short-term and long-term mortality rates.** Similarly, delay in transfer of patients requiring
intensive care is associated with higher mortality rates.*’** For example, the United Kingdom
National Confidential Inquiry into Patient Outcomes and Death (NCEPOD)* report, ‘An Acute
Problem’, found that there was sparse documentation in the medical records of patients
(n = 439) who were admitted to the ICU from the medical wards. The documentation included

recording of physiological observation (i.e., type, frequency, modifications, etc.).

In the MERIT study® (n=15,899) conducted in Australia, 81% of patients without a
documented ‘Do Not Attempt Resuscitation” order had an incomplete or absent record of vital
signs (i.e., respiratory rate, pulse rate, blood pressure) in the 15-minute period prior to an index
event (i.e., unanticipated death, unanticipated cardiac arrest or unanticipated admission to the
ICU). The MERIT study also highlighted the fact that, despite patients meeting the criteria for
triggering an RRT (i.e., afferent limb of an RRS) in > 15 minutes before an index event, the

RRT was triggered in only 41% of cases.

Since 2008, several studies*-" have found an association between ALF and increased
morbidity and mortality among RRT patients. These studies elucidated patient characteristics
from a medical perspective and reasons for activation or lack thereof of RRT. Recently, it was
shown in a binational study’! examining organ-specific ALF that a significant number of ALF
patients had abnormal vital observations when eventually reviewed by the RRT. From a medical
perspective, ALF as evaluated according to organ systems—correlated to subsequent RRT
observations in about 50% of cases. Respiratory abnormalities in both ALF and RRT

observations significantly increased the odds of in-hospital mortality.
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Factors that contribute to ALF*2 include, from a nursing perspective,?® lack of understanding
about the severity of illness, part-time/agency staff not being familiar with the criteria, nursing
staff who work at multiple hospitals with different criteria, over-reliance on the treating medical
staff (home teams) and fear of being ostracised.’® There is also an adherence to the traditional
system of reporting to the treating team first before seeking the help of the MET.*** In addition,
there are some misperceptions that the RRT system is overworked and that the RRSs are
working under the vagaries of excessive workload and therefore should not be called unless
there is an absolute need.*” Certain obvious factors*® potentially contribute to the afferent limb
of the RRS. These factors include detection, recording and action in response to a deteriorating
patient. The activation of the RRT also shows a circadian pattern, which suggests that the

process of identifying and responding to a deteriorating patient varies throughout the day.
Diurnal Variation versus Circadian Variation

The term ‘circadian variation’ applies to physiological variations over a 24-hour cycle. In
contrast, diurnal variation as a concept applies more appropriately to extrinsic systems.
Circadian variation, as defined by Franz Halberg,® refers to the daily rhythms that are
endogenously regulated and repeated over a period of approximately 24 hours in the absence
of external stimuli. Diurnal variation, on the other hand, refers to the fluctuations that happen
during the day and the variations in the day—night cycle that are not regulated by intrinsic or
endogenous mechanisms, but rather by extraneous factors. Thus, in the setting of the RRS
performance, diurnal variation, rather than circadian variation, is the phenomenon more likely

to be influenced by modifiable hospital processes and organisational dynamics.

Circadian thythm has been demonstrated in an assortment of pathophysiological states. For
example, there is an association between disrupted circadian rhythms and abnormal vital
parameters.*® Serious AEs, particularly acute coronary syndromes and sudden cardiac death

(SCD), are frequently observed in the early morning hours.’™® Epidemiological studies
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indicate between a 30% to three-fold increase in SCD incidence in the morning compared with

the rest of the day.>”-¢!

Circadian rhythm has been demonstrated in an assortment of bodily functions and disease states.
For example, there is an association between disrupted circadian rhythms and abnormal blood
pressure/morning blood pressure surge® and sympatho-adrenal function, as reflected by plasma
catecholamines, irregular pulse rate,* aberrant endothelial function,®® myocardial infarction,
stroke® and sleep disordered breathing.®’ It is well known that the circadian system influences
multiple human biochemical and physiological parameters, including sleep-wake cycles;
thermoregulation; and metabolic, endocrine and immune functions,?®7° which has long-term
consequences of hypertension, heart failure and cognitive impairment.” The elderly patient
population (age > 65 years) are at high risk of suffering from the above pathophysiological

states—higher than younger patients.

There is also evidence to suggest that patients admitted to ICU after-hours and on weekends
have higher than expected mortality.”! Similarly, the elderly patient population are at higher
risk of being refused admission to the ICU than are younger patients,”?7* and hence they are an
important population for further research. My research in this space has involved undertaking
a literature review to further explore the role of diurnal variation in the performance of RRSs,
particularly focusing on ALF. Whether this variation may be on the basis of hospital care
delivery practice or design or on the basis of innate physiological circadian rhythm is not the

primary concern, but would follow the identification of any diurnal variation.

An RRS can be evaluated on the basis of the performance of its afferent and/or efferent limbs.
ALF is characterised as reported calling criteria for activation of an RRT, but no related call.
ALF is not an uncommon occurrence and is associated with deleterious patient outcomes. ALF
is one measure of the performance of the afferent limb (though this measure is itself prone to

being confounded, such as by the frequency of observations being taken and by ICU admission
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being only one measure of detection of failure occurring). ALF also assumes that vital sign
deterioration reliably predicts patient deterioration, but the validity of this assumption is beyond

the scope of this thesis to explore in depth.

The quality of decision-making at the time of an RRT response can be harder to measure. One
could make an argument that the number of older patients being admitted to the ICU should not
alter diurnally. If it does alter, it might be on the basis of an exaggerated circadian rhythm or
that the efferent limb of the RRS is affected by time-dependent changes in staffing levels or
seniority within the RRT. For example, junior doctors may be more likely to staff the RRT at

night and may have a lower threshold for admitting patients to ICU at night than during the day.

Thus, to this point, the literature has left many areas of uncertainty when it comes to the
performance assessment of RRSs over the whole day. Broadly speaking, because research’>®
in this arena is sparse in considering the basic measures of patient outcomes, could diurnal
variations in RRS performance be detected? In designing work to answer this question, there
are several immediate problems. There is a lack of consensus regarding the definitions of
daytime and night-time, of clinical deterioration, of standard RRS design and MET
composition, and even of ALF and efferent limb failure, as well as the ideal measures of afferent

and efferent limb performance of the RRS and their respective boundaries regarding where the

afferent limb ends and the efferent limb begins.

It has also been shown previously””’® that almost 30% of in-hospital CAs that happened after-
hours had delays in defibrillation, and the subsequent survival from cardiac arrest was noted to
be lower for those patients who suffered cardiac arrest during the nights or over the weekend.
This parallels the inference that emerged from the MERIT study, wherein one-third of the RRT
calls were activated late and these delayed RRT calls had a high preponderance to occur after-

hours. Similar findings were also noted in a retrospective study”’
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Recent studies® have also confirmed the non-uniform pattern of activation of the RRT. Singh
et al.% reported that 45% of the total RRT calls were tri ggered during the 10-hour peﬁod from
08:00 to 17:59 hours. These results were similar to those observed by Psirides et al.,}! where
43.4% of RRT calls occurred during work hours. Diurnal variation in the activity of the RRS
was also highlighted in the recent study by Churpek et al.,** which was a large retrospective
study examining 282,710 RRT calls from 274 hospitals in a 10-year period (2005 to 2015) from
the United States. Interestingly, they reported less frequent activation of the RRT during early
morning hours, with a spike in mortality. These findings corroborate the findings from similar
areas of research undertaken previously,®® which unequivocally concluded that failure to rescue

deteriorating patients is a prevalent issue overnight.

Strategies aimed at improving RRT utilisation during these vulnerable hours may improve
patient outcomes. It has also been previously shown®# that there is a diurnal variation in the
prevalence of CAs in a 24-hour cycle, with an increasing frequency occurring after-hours and
mortality being higher in this patient cohort. Jones et al.®* found an inverse relationship between
RRT activity and cardiac arrest rates, as RRT activity slowed between 24:00 and 08:00 hours,
while cardiac arrest rates increased. In a recent study by Singh et al® a similar phenomenon

was observed, with higher mortality of CAs between 04:00 and 05:59 hours.

It has also been previously shown® that there is diurnal variation in the response of the efferent
limb of the RRS. A high proportion of patients are admitted to the ICU post-RRT call. A
previous study®” noted that close to 57% of patients were admitted to the ICU after-hours (17:00
to 08:00 hours). However, this finding was not reproduced in another study,®® which found that

there was a high probability of patients being admitted to the ICU during daylight hours.

It has also been shown previously®® that after-hours RRT calls had a higher risk of mortality,
especially if the RRT was triggered between 23:00 and 24:00 hours. There was a lead-in period

between symptom onset and the subsequent triggering and response of the RRT, and this is an
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important area that needs to be explored to determine if this was due to a diurnal variation in
the activation of the afferent limb of the rapid response team. This led to the subsequent
question in terms of diurnal variation in the identification of clinical deterioration and the
observation of vital signs. Evaluating the diurnal variation in the efferent limb response of the

RRT was beyond the scope of this study.

Given the context described above, I sought to analyse the inter-relationship between the
circadian variation in human physiology (intrinsic) and the organisational matrix of the RRS
(extrinsic). The organisational issues revolved around the variation in patient-physician ratio
between day and night and the variation in the clinical workload between day and night,
particularly with reference to the completeness of vital sign recording and documentation. With
this distinction in mind, could a diurnal variation in detection and response to clinical
deterioration be demonstrated? To answer this question, I undertook a point prevalence study
across 41 ICUs in Australia and New Zealand, not only to determine the diurnal variation in the
detection and response to acute patient deterioration as measured by ALF, and the completeness
of patient observations (respiratory rate, pulse rate, systolic blood pressure and conscious state),
but also to explore the consequences of ALF in unanticipated admissions to the ICU from the

ward.

Following on from this study, I examined the specific subset of the elderly patient cohort
(defined as age > 65 years) to assess whether they were at high risk of admission to the ICU
following a rapid response team call. Previous studies®” have demonstrated that elderly patients
are less likely to be admitted to the ICU following an RRT call and are vulnerable to healthcare
rationing in a 1'esou1‘¢e~constrained environment. Elderly and very elderly patients are also more
likely to exert pressure on critical care resources by virtue of their frailty, burden of disease,

and disease complexity and acuity.?®’!
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My aim was to further explore if there was diurnal variation in that cohort of elderly patients
with regard to ALF because that population is vulnerable and high in volume, and this question
has not been answered previously, based upon a review of the published literature on RRS. The
rationale for this line of research was that, overnight, when the staffing ratio is skewed, with
fewer experienced staff on duty, the elderly patient is at risk of receiving less frequent and less
intense monitoring. This risk may be compounded by the failure of staff to respond to triggers
in escalating care for this older cohort in particular.”*** This could potentially represent a
‘canary in the coal-mine situation’; therefore, this particular cohort of patients was singled out

for our study.

The final paper in my MPhil degree involved expanding on the scoping review I had undertaken
and expanding the pool of patients in terms of identifying diurnal variation in the performance

of the RRSs across more than one tier of escalation for RRSs that are multi-tiered.

The hospital inpatient observation and response charts help in the track, trigger and response
component of the RRS. Currently, in South Australia, we use the rapid detection and response
(RDR) charts, which apply the human factor principle in the design and the concept of ‘between
the flags’, and have a colour-coded and graded-escalation response®®° to encompass three
tiers—senior nursing review, multidisciplinary team review and medical emergency response
review—in response to clinical deterioration. The purported benefits of this colour-coded
integrated scoring system include its ability to identify abnormal vital signs in a timely manner
preceding their requirement for critical care services,”®® thereby reducing the margin of etror

in ALF.

In this context, I sought to explore whether there was diurnal variation across not just one but
three tiers of the RDR chart, and to expand the definition of ALF to include the graded-
escalation response across all tiers in relation to senior nurse review, multidisciplinary team

review and medical emergency response review. The methodology employed was based on the
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injtial point prevalence study (n = 48) I had previously undertaken, yet now with a much larger
sample size (n = 733). Finally, since the commencement of my research in this domain and the
submission of my thesis and resubmission of my revised thesis, there have been several studies
undertaken. The emerging body of research reaffirms the findings from previous studies in
relation to the physiological triggers, documentation (or lack thereof) of vital signs, delay in
identifying clinical deterioration, delay in activating the afferent limb of the RRS, and role of
warning scores in predicting clinical deterioration and eventual outcome. The relevant
additional references'®''? have been summarised as a table and added as an appendix to the

introduction chapter.

In summary, this thesis explored diurnal variation in the performance of RRSs and used the
methodologies of a multi-centre point prevalence study and other observational, retrospective
single-centre work to address this. Performance of the afferent limb of the RRS was assessed
by completion of patient observations (respiratory rate, pulse rate and systolic blood pressure),
ICU admission rates and the prevalence of ALF. The thesis also singled out ageing patients
within the system because elderly patients are most vulnerable to the effects of circadian
variation and possibly also more vulnerable to altered care delivery decisions than are younger

patients.

The research conducted as part of this higher degree also explored the existence of diurnal
varijation within a multi-layered track and trigger system when it comes to identifying clinical
deterioration and activating RRSs within those three layers. Finally, the results of the studies
undertaken allow reflection on the limitations of this body of work and identify opportunities

for improvement when further exploring this domain.
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