The association of duration of mechanical ventilation and
ICU stay with the use of dexmedetomidine as a single or
adjuvant sedative versus other sedatives in critically ill
patients in the multidisciplinary intensive care unit at the

Universitas Academic Hospital in Bloemfontein, 2015
versus 2017, a retrospective cohort analysis.

By
Reinier Swart
Submitted in fulfilment of the requirements for the degree
MAGISTER MEDICINAE (ANAESTHESIOLOGY)
In the Department of Anaesthesiology of the

FACULTY OF HEALTH SCIENCES
UNIVERSITY OF THE FREE STATE

Supervisor: Dr Shaun D. Maasdorp
Head of Clinical Unit: Critical Care
Faculty of Health Sciences
University of the Free State

Co-supervisor: Prof. Gillian Lamacraft
Head of Clinical Unit: Pain Control
Faculty of Health Sciences
University of the Free State

November 2019



Declaration of authorship

|, Reinier Swart, hereby declare that the mini-dissertation titled “The
association of duration of mechanical ventilation and ICU stay with the use of
dexmedetomidine as a single or adjuvant sedative versus other sedatives in
critically ill patients in the multidisciplinary intensive care unit at the
Universitas Academic Hospital in Bloemfontein, 2015 versus 2017, a
retrospective cohort analysis” submitted by me, in fulfilment of the
requirements of the coursework Magister Medicinae (Anaesthesiology)
degree, is based on actual and original work carried out by me. Any references
to work done by any other person or institution or any material obtained from
other sources have been duly cited and referenced.

| further certify that the research paper has not been published or submitted
for publication or in fulfilment of other degree requirements anywhere else.

Researcher’s name: Reinier Swart
Designation: Registrar
Institution: Department of Anaesthesiology,

University of the Free State
Mobile nr: 084 571 4847

Email address: reinier.swart@gmail.com



Acknowledgements

For those who made this mini-dissertation possible, | would like to pay special
thanks to the following individuals:

My supervisors, Dr SD Maasdorp and Prof. G Lamacraft, for their support and
the countless hours spent reading my handiwork.

Prof. G Joubert, Department of Biostatistics, thank you again for the many
hours spent looking at my numbers and helping me and others to make sense
of our past practices.

Matron G Joubert, | would like to thank you for running hither and thither with
all the heavy boxes and helping me to gather all the information of the patients
who helped us to generate this valuable data.



Dedication

This mini-dissertation is dedicated to all the friends and family who stood by
me during the times when | could not be there for them. Through all the
hardships and joy that we wanted to share, but could not as a result of my
endeavours. | love you all even though | was not always there to express it.

Most of all | want to humbly dedicate this work to my loving and resilient wife,
Eleanor Bron-Swart, who endured my silent presence, longing absence and the
times when my words did not convey my utter awe for your unwavering
support.

Reinier



Table of contents

Table of Contents

TH1E Pag.ce e iieeeciiieici it eerrreeesr e e e s srran s eeeassessrrassessennssessennsssssennsssssennsssssennsssssennsssssennsneneennnnnns i
Declaration of authorship.........cciiiiiiiiiiiiiiiii e sassssessssessensssanne ii
ACKNOWIEAZEMENLS...cccuueeiiiiiiiiiiiiiiiiiieiiirrreniieetetteessassssssssetteessssssssssessesssesssssssssssssssesssasssasssnnns iii
=T 1o 1 ' o T iv
Table Of CONTENTS.....ceiiiiiiiiieei s s e s s s s sannnes v
Y 013 1 ot S vi
KEYWOIGS. . cceeuiiiieeeieiieeenierrennnierieensierteenseeresnsseessensseessenssssssenssssssensssssssnnssssssanssssssannsssssssesnnssssennn vii
List of acronyms and abbreviations..........cceeeecceiiiiiiiiiiecccceneerrrreenreeee e e e erensnssseessesesnnnnssssansenns viii
LiSt Of QPPENAICES.....ccceueeecciiiiiiiiiceceee it e et seeeseeeeennansssseesesseessnnssssssssessesesnnnnssssssnesnsssnsennenennnn ix
Chapter 1: Introduction, background and literature review.......c..cc.eeeeeeeireenicrreeenicerrennccerneeseennennees 1
Chapter 2: Publishable ManusCript.........ccccoiiiiieeiiiiieeiicerrecenreeeerreneeeerennseeesennsssesennsseseansseeseans 15
APPENAIX A......ceeiiiiiieeieereeeerrereeennnssseesereeenranssssssssessesesnnsnsssssesseeeennansssssssssssessssasesseessnnnnsssnssnaenees 32
F3Y o] o 1Ty e [ Q- 2PN 34
APPENAIX C..oorrrenneiriiiniiireceeiettrensieetransieerranseessanssssssensssssssnsssssssnsssssesnsssssssnsssssassssssnsssssssnnsssssnnnnnes 35
Y o] e =T e [ Q0 PPN 38
Y o] =T e |G =3P 50
73Y o] o113 e [ QPPN 56
APPENAIX G...oeereerrinenieiiteneneetrennseerrensseereensseessessssesssanssessssnssesssssssssnsssssssnnssessssnsssssanssesssanssessssnssssses 63
Y o] e =T e [ Qo PPN 72



Abstract

Background: Sedation is often used in the intensive care unit (ICU), but can be
harmful if used inappropriately or excessively. Dexmedetomidine offers a favourable,
co-operative sedation profile, despite a higher relative cost compared to other
commonly used sedatives. Dexmedetomidine also has analgesic and opioid-sparing
properties. It is, however, highly protein-bound with known haemodynamic side
effects, such as bradycardia and hypertension. The multidisciplinary ICU at our
central South African hospital adopted the use of dexmedetomidine over the period
of 2016. This study was done to see whether this change in practice affected the ICU
length of stay and duration of mechanical ventilation at this unit.

Methods: This study was done as a retrospective cohort analysis and the files of
patients who were sedated with midazolam and propofol in 2015 and those who
were sedated with dexmedetomidine in 2017, were used to note the sedatives,
demographic data, vital data and treatment. Institutional Ethics (UFS-
HSD2018/0542/2808) and Free State Department of Health approval was obtained.
Funding was obtained from the Research Committee of the Three Schools of
Medicine, UFS to secure a research assistant who helped with collecting file
numbers and files. Group 2015 and Group 2017 were also analysed for possible
confounders, where appropriate, and these confounders were excluded for a re-
analysis to assess for contribution to the primary or secondary outcomes.

Results: There were 52 patients in Group 2015 and 60 patients in Group 2017. No
difference was found in the duration of ICU length of stay (LOS) (median 5 vs 8.5
days, p = 0.1) or mechanical ventilation (median 91 vs 129 hours, p = 0.44). Those
who were sedated with dexmedetomidine had better initial prognoses (median
APACHE 11 13 vs 18), were sedated for greater fractions of their total ICU admission
times (median 46% vs 25%) and had a higher incidence of hypotension and
bradycardia (36.7% vs 11.4%, p < 0.01); which did not relate to a higher mortality.
The findings of more incidences of hypotension may relate to the bradycardia
experienced with the use of dexmedetomidine. Spearman rank correlation
coefficients also showed a weak to moderate association with longer ICU stay and
ventilation duration when the duration of sedation with midazolam or propofol was
shorter.

Conclusion: This study did not show a reduction in ICU LOS or mechanical
ventilation with the advent of dexmedetomidine in our unit. The absence of regular
documentation of sedation levels and scheduled sedation breaks may have
contributed to these results. Dexmedetomidine has a role to play in the ICU setting,
but it should only be used when clearly indicated, with a clear protocol for its use, in
order to warrant its higher cost. Vigilance for hypotension and bradycardia is
required when using dexmedetomidine. More prospective research is required to
validate these findings in a resource-constrained environment, but evidence from
high income countries supports these findings.
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Chapter 1: Introduction. background and literature review

1.1 The purpose of sedation in the intensive care unit

Sedation in the critical care unit is commonplace. The most frequent recollection of a
patient’s Intensive care unit (ICU) stay is pain(1) and this “unpleasant sensory and
emotional experience associated with actual or potential tissue damage, or
described in terms of such damage” (International association for the study of pain /
IASP definition of “pain”)(2) is often associated with agitation resulting in the
accidental removal or disconnection of vital equipment and infusion lines.

At follow-up interview many patients who were admitted to the ICU report delusional
recollections; when they cannot recall specific facts of their ICU stay, nightmares and
feelings of loss of control are often all they can remember.(3) One has to remember
that sedation does not mean a patient is pain-free and analgesia is probably more
important in the critical care setting.(4) Patients in pain and discomfort may become
agitated and ameliorating the precipitants is all that is often needed to calm a patient
instead of applying inappropriate pharmacological or mechanical restraints.(3)

A principal aim of sedation is to render a patient co-operative or unaware in an
artificial environment which is possibly very stimulating to the patient (the intensive
care unit). This can lead to agitation and delirium - which are associated with worse
morbidity and mortality (in up to 27% of mechanically ventilated patients).(5,6)
Thanks to newer ventilators and ventilator modes, ventilator dyssynchrony is a less
common occurrence, but sedation is often required for other reasons (see table I).(1)

Table | — Indications for sedation in ICU(1)

- Physiological difficulty in ventilation

- Difficulty in oxygenation

- Ventilator dyssynchrony (mechanical difficulty in ventilation)

- Neuroprotection

- Severe pain (e.g. lactrodectism, polytrauma or dressing changes in burns)
- Refractory status epilepticus

- Severe neuromuscular diseases (e.g. Guillain-Barre)

1.2  Sedation practices in the intensive care unit

The term sedation is often interpreted to include the spectrum of anxiolysis to deep
procedural sedation, where patients do not move during deeply painful stimuli.(7) As
a result, it is important that the desired level of sedation be clearly defined during
sedation. Many sedation scales have been developed to this end. Probably the most
widely used scale is the Richmond Agitation Sedation Scale (RASS) and a score of
+1 to -2 is often aimed for. An example of the RASS is found in table II.(3)



Table Il - Richmond Agitation Sedation Scale
Score Term Description
+4 | Combative Overtly combative or violent; immediate danger to staff

Pulls on or removes tube(s) or catheter(s) or has aggressive behavior

+3 | Very agitated toward staff

Frequent nonpurposeful movement or patient—ventilator

+2 | Agitated dyssynchrony

+1 | Restless Anxious or apprehensive but movements not aggressive or vigorous
0 Alert and calm Spontaneously pays attention to caregiver

Not fully alert, but has sustained (more than 10 seconds) awakening,

R Drowsy with eye contact, to voice

-2 Light sedation Briefly (less than 10 seconds) awakens with eye contact to voice

Moderate

sedation Any movement (but no eye contact) to voice

-4 Deep sedation No response to voice, but any movement to physical stimulation
-5 Unarousable No response to voice or physical stimulation

Other commonly used scales are the Ramsay score, sedation-agitation-scale (SAS)
and Comfort scale, among others. For fear of inaccuracy due to subjectivity and to
avoid the possibility of oversedation, or as a result of long assessment intervals,
other more physiologically based ways have been proposed to monitor sedation in
the ICU, such as the use of processed EEG monitors.(3,8)

Sedation may be harmful when used inappropriately and may, contrary to the
healthcare provider’'s intention, lead to longer ICU stay and mechanical ventilation,
which is why sedation practice should be targeted. It has also been proven that early
deep sedation leads to longer times to extubation and higher 180 day mortality
rates.(9) It is therefore a requirement to assess the level of a patient’s sedation
frequently and provide regular, scheduled sedation breaks (which are also
associated with lower total sedative dosages).(1,10-12)

Sedation is not always necessary and ancillary methods at addressing the cause of
agitation are often effective in patients where deep sedation is not a requirement (eg
deep sedation is needed in patients who require a reduction of their cerebral
metabolic rate). In fact, seeing to a patient’'s daily feeding and hydration
requirements may go a long way towards avoiding unnecessary sedation.(10) The
Society for Critical Care Medicine (SCCM) has released the ABCDEF bundle for the
assessment, prevention and management of sedation and delirium in the ICU.(13)
This approach encompasses the following important tenets:
- Assess for, prevent and manage pain early and effectively
- Both awakening and spontaneous breathing (implemented daily) should be
common practice
- Choice and targeting of sedation levels (for example deeper levels in patients
with raised intracranial pressure and lighter levels in other patients)



- Delirium monitoring on a regular basis with appropriate management once
identified (which includes nonpharmacological techniques initially and then
dexmedetomidine once the agitated phenotype of delirium is identified)(13—
15)

- Early mobilisation and exercise (although there is not enough evidence to
support this intervention in decreasing the incidence of delirium according to a
recent Cochrane review, it may decrease the incidence of sarcopaenia and
have other health benefits)(16)

- Family engagement in the recovery process of the ICU patient

The ABCDEF bundle has been validated by Pun et al (2018) in over 15 000 patients
to reduce the incidence of death within the first 7 days, next-day mechanical
ventilation, coma, delirium, physical restraint use, ICU readmission, and discharge to
a facility other than home.(17)

Strgm et al (2010) described the benefits of analgosedation in 2010 for the first time.
It was shown that morphine only (as compared to morphine and sedation) reduced
ventilated days.(4) On closer inspection, though, the morphine only group in Strem’s
study did receive occasional sedation, but his findings have been validated over
time.(3)

1.3 Commonly used sedatives in the intensive care unit

The choice of sedative may often be as important as the dosage used and the
lightest level of sedation that is possible and practicable should generally be
targeted. One randomised controlled trial showed that lighter levels of sedation were
associated with shorter ICU stay and duration of mechanical ventilation versus
deeper sedation.(18) Many trials have been conducted in an attempt to prove the
superiority of one sedative over another and none has yet proven to be superior in
large, randomised studies.(1) The Intensive Care Society does, however,
recommend non-benzodiazepine strategies over benzodiazepine strategies, but this
recommendation has not permeated to all units.(3) A few examples of commonly
used sedatives are presented in table .

Table Il — Sedatives often used in ICU(19)

Hypnotics — Ketamine, Propofol, Thiopentone
Benzodiazepines — Midazolam

Tranquilisers — Haloperidol

Opioids — Morphine, Fentanyl

Alpha 2 agonists — dexmedetomidine, clonidine

The pharmacodynamic profile of each of the currently available sedative drugs falls
short of the complete list of properties that would be required of the “ideal sedative”



(table V). This requires tailoring of the sedative strategy to the individual patient,
based on their pharmacological requirements and physiological status quo.(3,8)

Table IV — Properties of the ideal sedative(19)

e Pharmaceutics
o Ease of administration
o Does not promote growth of pathogens
o Easily prepared and long shelf life
e Pharmacodynamics
o Predictable dose-dependent effects with minimal individual variation
o Provides appropriate sedation, anxiolysis, amnesia and analgesia
o No tolerance and withdrawal symptoms
o Provides facilitation of ventilator synchrony and the performance of various
procedures and nursing interventions
e Pharmacokinetics
o Rapid onset of action
o Easily titratable level of adequate sedation
o Short-acting, allowing patient assessment, rapid recovery following
discontinuation, easy weaning from mechanical ventilation, and early
extubation
o Minimal metabolism; not dependent on normal hepatic, renal, or
pulmonary function
o No active or toxic metabolites
o Safe for all ages with no age-related changes in pharmacokinetics
o Lack of accumulation with prolonged administration
e Interactions
o No or minimal interactions with other drugs
e No or few adverse effects
o No anaphylaxis or allergic reaction
No nausea, vomiting, or phlebitis
Minimal respiratory depression
Minimal effect on cardiovascular function
No pain on injection
o No suppression of cortisol production by the adrenal cortex
e Other
o Cost effective
o Lack of abuse potential
o Widely available

O O O O

1.3.1 Dexmedetomidine

Dexmedetomidine is often used either as a primary sedative, or when others have
failed in ICU due to the theory that it causes co-operative sedation.(20)
Dexmedetomidine also has analgesic and opioid-sparing effects through its agonism
of alpha 2C-adrenergic receptors in the central nervous system.(20)

This has led to several small studies which investigated the possible superiority of
dexmedetomidine over other conventional ICU sedatives. Dexmedetomidine seems

4



to have benefits over midazolam with regards to mechanical ventilation, but at the
risk of added side effects.(21,22) Due to this evidence, it was postulated that
dexmedetomidine would perform superiorly when compared head-to-head with other
sedatives in a randomised controlled trial, but the SPICE Il trial did not substantiate
this belief. It was found, however, that when dexmedetomidine was used as a sole
sedative, it was not associated with a better 90 day survival in patients expected to
be ventilated for longer than a ‘calendar day’, as per study criteria, and additional
sedation was more often required to achieve prestated sedation targets.(23) Once
agitated delirium has been diagnosed, though, dexmedetomidine has been shown to
decrease the duration of ventilation.(22)

The pharmacological properties of dexmedetomidine (as an ICU sedative) are listed
in table V.(20)

Table V — Pharmacological properties of Dexmedetomidine

Dose: Loading: 1mcg/kg ivi over 10 — 30 minutes

Maintenance: 0.2 — 0.7 mcg/kg/hour

Contraindications: - Compromised critically ill patients
- Heart block
Caution in:

- Concomitant neuraxial anaesthesia

Adverse effects: - Prolonged infusions may lead to drug accumulation,
emergence delirium, dependence and withdrawal
phenomena.

- Adrenal steroid production may be inhibited.

- Inhibition of insulin secretion.

- Initial hypertension (especially with a loading dose),
followed by hypotension and bradycardia.

- Nausea and dry mouth.

- May potentiate respiratory depression of other
analgesics and sedatives.

Pharmacodynamics: | Alpha 2-adrenergic agonist — meaning it causes presynaptic
auto-inhibition of the autonomic nervous system. Different
types of alpha 2 receptors are located throughout the body
allowing for analgesia, central sympatholysis,
neuroprotection and altered cognition.

Pharmacokinetics: Dexmedetomidine is primarily administered as an
intravenous (1V) infusion during ICU sedation. Its onset of
action is 15 minutes. Dexmedetomidine’s beta half-life is
around 2 hours, meaning that it would take approximately 8
to 10 hours to achieve steady state (and this is why a
loading dose is essential, but could be detrimental to the
critically ill patient if their physiology is too unstable as can
lead to hypotension or reduced cardiac output).




Context-sensitive half-time is estimated at 20 — 30 minutes.

The drug is 94% protein-bound to albumin and alphal-acid
glycoprotein (downward dosage adjustments are required in
patients with low serum albumin levels).

It is extensively metabolised in the liver by the cytochrome
p450 enzyme system (quadrupling beta half-life in liver
failure, and therefore requiring a decrease in maintenance
dose; it also has several drug interactions with other drugs
metabolised by this system, and may potentiate the effects
of other concomitantly administered sedatives) and is 95%
excreted in the kidney (requiring dose adjustment in renal
failure).

The achievement of a more preferable quality of sedation is one of the reasons for
clinicians preferring dexmedetomidine over other sedative agents.(3,9) Patients are
often able to perform psychomotor tasks adequately on awakening and when given
an instruction during dexmedetomidine sedation, therefore the preference.(24)

It is, however, evident from table V that dexmedetomidine is not a cardiovascularly
inert drug and reinforces the point that the prescription of sedative agents should be
individualised rather than routinely prescribing one agent over another.
Dexmedetomidine has been associated with a significant incidence of bradycardia
and the impact it may have on cardiac output in the setting of haemodynamically
labile patients may also affect the utility of this drug in certain patient groups.(25)

1.3.2 Benzodiazepines

Table VI — Pharmacological properties of Midazolam

Dose: 0.25 — Imcg/kg/min
Contraindications: Caution in:
- The elderly

- Co-administration of other sedatives or opioids as
cardiovascular stability may be lost

Adverse effects: - Respiratory depression

- Paradoxical agitation at low dosages

- Due to amnestic effects, some patients may have
dysphoric recollection of the sedation period

- May cause cardiovascular suppression when
administered with other sedatives or opioids

Pharmacodynamics: | GABAa-agonist — potentiates the binding of GABA to its
receptor site and thereby increasing chloride influx and
neuronal membrane hyperpolarisation.




Pharmacokinetics: - Peak effect 2 — 3 minutes (1V)

- 96 — 99% plasma protein binding

- Extensively metabolised in the liver by CYP3A4 and
CYP3A5

- Phase | metabolites are active and are excreted by
the kidneys (thus they may accumulate in renal
failure)

- High interindividual variability in metabolism (thus
unpredictable pharmacokinetics)

- Context-sensitive half-time of 3-15 hours (residual
sedation may be effective during sedation breaks,
thus worsening outcomes)

The use of midazolam (table VI) as a first-line sedative agent for prolonged use in
the ICU has recently been discouraged, with Zaal et al (2015) showing that the
deliriogenic effects of midazolam are dose dependent and are more prevalent with
continuous infusions.(26) Two randomised controlled trials showed that midazolam
was associated with both a higher incidence as well as a longer duration of delirium
when compared to dexmedetomidine.(21,27,28) Lorazepam was also proven to
increase the total duration of coma and delirium in the MENDS study when
compared to dexmedetomidine as a sedative in ICU.(29) It is due to this resounding
agreement of the evidence that benzodiazepines are not recommended by by the
Intensive Care Society (ICS) nor the SCCM as first line sedatives.(3,8)

Despite the condemnation of the use of benzodiazepines for sedation in ICU, their
relative haemodynamic stability when compared to propofol, and the significantly
lower cost of these drugs as compared to dexmedetomidine, give them a significant
advantage in resource-constrained environments. Benzodiazepines also have some
specific indications, such as benzodiazepine withdrawal, delirium tremens and
cocaine intoxication, among others, and as a result these drugs will likely not
disappear from the armamentarium of the modern intensive care unit.(20)

1.3.3 Propofol

After the registration of 2,6-diisopropylphenol (propofol) in Europe in 1986 this drug
quickly gained popularity as a general anaesthetic and sedative (due to its
titratability).(30) Propofol also has other favourable effects such as being an
antiemetic, anticonvulsant and an effective drug for the reduction of the cerebral
metabolic rate (see table VII).(20) It is important to note that, as with any drug,
propofol is not without its risks. Propofol is a potent vasodilator with negative
inotropic and chronotropic effects. It is also associated with propofol-related infusion
syndrome, especially when it is given in excess of 4mg/kg/hr for over 48hours. In
critically ill children, and more so in sepsis, this phenomenon of cardiac failure,
lipaemia and uncoupling of the electron transfer chain in the generation of energy-
rich substrates may be seen at even lower doses per kilogram.(3,20)




Table VII - Pharmacological properties of Propofol

Dose: 25 — 75 mcg/kg/min

Contraindications: - Hypovolaemia

- Hypotension

- Cardiac compromise
Caution in:

- High doses (>5mg/kg/hour) for periods more than 48
hours

- Critically ill with energy depletion

- Critically ill children

- Severe head injury

Adverse effects: - Hypotension

- Myocardial depression

- Emulsion emboli

- Propofol infusion syndrome

- Pancreatitis
- Hyperlipidaemia
Pharmacodynamics: - Prolong the binding of GABA to its receptor
- Blocks central nicotinergic receptors
Pharmacokinetics: - Onset of action 30 seconds

- Time to peak effect after a bolus is 90 — 100 seconds

- Alpha half-life is 2 — 4 minutes and beta half-life is 30
— 60 minutes

- Final elimination is 4 — 23 hours (due to its highly fat-
soluble nature)

- Context sensitive half-time of less than 40 minutes
after 8 hours

- Highly protein-bound (99%)

When compared to midazolam, propofol has been shown to reach sedation targets
earlier with faster recovery after cessation of the infusions.(31) Dexmedetomidine
has also been shown to be non-inferior to propofol with regards to the incidence of
delirium, duration of mechanical ventilation and length of ICU stay.(21,27)

1.3.4 Antipsychotics

Despite the lack of evidence of efficacy, haloperidol is commonly prescribed to
agitated patients in the ICU. A recent randomized controlled trial has however failed
to show that the use of typical or atypical antipsychotics are superior to placebo in
reducing the duration of either hyperactive or hypoactive delirum.(32)

The SCCM’s 2018 Clinical Practice Guidelines for the Prevention and Management
of Pain, Agitation/Sedation, Delirium, Immobility, and Sleep Disruption in Adult
Patients in the ICU also does not support the use of haloperidol in the setting of
established delirium. The practice of administering typical and atypical antipsychotics
in this setting should probably be abandoned until more studies are conducted.(8)




1.4  Motivation for and potential implications of studying sedation practice at
Universitas Academic Hospital’s ICU’s

Since 2015 there has been a 903% increase in the issuing of dexmedetomidine by
the pharmacy at the Universitas Academic Hospital in Bloemfontein (largely
attributed to its use in the multidisciplinary ICU). There has not been a proportionate
expansion of treatment capacity.This suggests that there has been an increased
preference for the use of dexmedetomidine despite the absence of literature
indicating its superiority in many circumstances and despite its greater cost to the
hospital.(10) The cost to the hospital as at 11 May 2018 per ampoule of
dexmedetomidine (200mcg/2ml) was R440.3295. When contrasted with the cost of
midazolam (R3.69 for a 5mg/3ml ampoule — and propofol — R46.15 for a
500mg/50ml ampoule) the cost of dexmedetomidine indicates a possibly significant
financial burden to the hospital.(33)

Although the relative increase in cost seems daunting (a more than 110 fold increase
in cost when compared to midazolam, with a sudden surge in usage of 903% from
the start of 2015); the absolute increase in cost (from R3.69 per ampoule of
midazolam as compared to R440.3295 for dexmedetomidine) may not be significant
if this could be offset by the saving of even one day’s admission to the ICU as shown
in table VIII.

Table VIII — Cost implications of sedatives vs one day in ICU(33,34)

- One ampoule of midazolam 5 mg /3 ml — R3.69

- One vial of propofol 500 mg / 50ml — R46.15

- One vial of dexmedetomidine 200 ug / 2 ml — R440.33

- One day’s stay in ICU (consumables not included) — R10 158

This sudden increase in the usage of dexmedetomidine may also be contributed to
by other departments, such as anaesthesiology, but tracking the paper trail of each
ampoule is difficult. The difficulty arises when ampoules are redispensed to other
units to meet their demands, making initial dispensing numbers unreliable. The drug
control books of the multidisciplinary ICU, however, did show a marked increase in
the dispensing of dexmedetomidine ampoules in alignment with the increased
dispensing by the pharmacy over the same period of time.

1.5 Aim of the study

The aim of this study was to determine if the preferred use of dexmedetomidine at
the Multidisciplinary ICU at Universitas Academic Hospital was associated with a
shorter duration of mechanical ventilation and / or a reduced length of stay in the
ICU.



1.6  Objectives of the study

This study attempted to identify the potentially resource-sparing benefits of using
dexmedetomidine (in contrast to midazolam and / or propofol) by looking at the
following parameters:

Primary objectives:
- To determine whether the use of dexmedetomidine in 2017, as compared to
other sedatives in 2015, had an impact on:
o Duration of mechanical ventilation (hours)
o Length of ICU stay (hours)

Secondary objectives:

- To determine whether dexmedetomidine affected the incidence of adverse
events during sedation (as are identifiable during a retrospective document
review) by looking at blood pressure and heart rate measurements during
sedation to identify:

o Hypotensive incidents (which were defined as any recorded systolic
blood pressure less than 90 mmHg or any mean blood pressure less
than 65 mmHg by the multidisciplinary ICU protocols)

o Bradycardia (which was defined as any heart rate less than 60 bpm)

- To determine if the severity of illness influenced the primary objectives (by
dividing patients into prognostic strata according to their APACHE I
scores)To determine if the patients’ habitus may have influenced the primary
objectivs by recording their estimated weights

- To determine whether the relative fraction of time sedated when compared to
either ICU stay or ventilation duration was different or could have influenced
the primary or secondary objectives

- To determine whether the patients’ means of the upper and lower values of
serum creatinine or the means of the upper and lower values of serum
albumin may have been significantly different

- To determine whether the patients’ final outcomes (death or discharge) may
have differed between the cohorts

The sedation practices of 2015 were contrasted with the patients that were
administered dexmedetomidine in 2017. The reason these two years were being
contrasted to one another is the fact that dexmedetomidine was gradually introduced
into practice in this unit during 2016. Therefore, individual consultants slowly began
using the drug and 2016 was excluded to prevent the selection bias that may have
occurred due to this gradual change in practice from affecting the results.
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1.7 Hypothesis

It was hypothesized that dexmedetomidine as a single or adjuvant sedative agent
would not be associated with a reduced length of ICU stay or duration of mechanical
ventilation compared to alternative sedative agents. Statistical significance was
accepted as a null hypothesis of more than five percent.

11



1.8 References

1.

10.

11.

12.

13.

14.

Reade MC, Finfer S. Sedation and Delirium in the Intensive Care Unit. N Engl
J Med. 2014 Jan 30;370(5):444-54.

International Association for the Study of Pain. International Association for the
Study of Pain - definition of pain [Internet]. Homepage on the internet [cited
2018 Feb 12] p. 1. Available from: https://www.iasp-
pain.org/Taxonomy?navitemNumber=576#Pain

Grounds M, Snelson C, Whitehouse A, Willson J, Tulloch L, Linhartova L, et al.
Intensive Care Society Review of Best Practice for Analgesia and Sedation in
the Critical Care. ICS Guide |. 2014:84.

Devabhakthuni S, Armahizer MJ, Dasta JF, Kane-Gill SL. Analgosedation: A
Paradigm Shift in Intensive Care Unit Sedation Practice. Ann Pharmacother.
2012;46(4):530-40.

Marino PL. The ICU Book. 3rd ed. Philadelphia: Lippincott Williams and
Wilkins; 2007.

Pauley E, Lishmanov A, Schumann S, Gala GJ, Van Diepen S, Katz JN.
Delirium is a robust predictor of morbidity and mortality among critically ill
patients treated in the cardiac intensive care unit. Am Heart J. 2015;170(1):79-
86.

Roelofse J, Piercy J. South African Society of Anaesthesiologists Sedation
Guidelines 2015 Guidelines for the safe use of procedural sedation and
analgesia for diagnostic and. South African J Anaesth Analg. 2015;21(2):1-38.

Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJC, Pandharipande
PP, et al. Clinical Practice Guidelines for the Prevention and Management of
Pain, Agitation/Sedation, Delirium, Immobility, and Sleep Disruption in Adult
Patients in the ICU. Crit Care Med. 2018;46:825-873.

Kress JP, Pohiman AS, O’Connor MF, Hall JB, Grounds M, Snelson C, et al.
Early sedation with dexmedetomidine in critically ill patients. N Engl J Med.
2012;46(4):825-73.

Rowe K, Fletcher S. Sedation in the intensive care unit. Contin Educ
Anaesthesia, Crit Care Pain. 2008;8(2):50-5.

Kress JP, Pohiman AS, O’Connor MF, Hall JB. Daily interruption of sedative
infusions in critically ill patients undergoing mechanical ventilation. N Engl J
Med. 2000;342(20):1471-7.

Girard TD, Kress JP, Fuchs BD, Thomason JW, Schweickert WD, Pun BT, et
al. Efficacy and safety of a paired sedation and ventilator weaning protocol for
mechanically ventilated patients in intensive care (Awakening and Breathing
Controlled trial): a randomised controlled trial. Lancet. 2008
Jan;371(9607):126-34.

Marra A, Ely EW, Pandharipande PP, Patel MB. The ABCDEF Bundle in
Critical Care. Crit Care Clin. 2017;33(2):225-43.

Brummel NE, Vasilevskis EE, Han JH, Boehm L, Pun BT, Ely EW.

12



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Implementing delirium screening in the ICU: Secrets to success. Crit Care
Med. 2013;41(9):2196-208.

Robinson TN, Raeburn CD, Tran Z V., Brenner LA, Moss M. Motor subtypes of
postoperative delirium in older adults. Arch Surg. 2011;146(3):295-300.

Doiron KA, Hoffmann TC, Beller EM. Early intervention (mobilization or active
exercise) for critically ill adults in the intensive care unit. Cochrane Database
Syst Rev. 2018;2018(3):21398-411.

Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr J, et al.
Caring for Critically 1ll Patients with the ABCDEF Bundle: Results of the ICU
Liberation Collaborative in Over 15,000 Adults. Crit Care Med. 2019;47(1):3—
14.

Treggiari M, Romand J, Yanez N. Randomized trial of light versus deep
sedation on mental health after critical illness. Crit Care Med. 2009;(37):2527—
34.

Nickson C. Life in the fast lane - sedation in icu [Internet]. Life in the fast lane.
[cited 2018 Feb 13]. p. 3. Available from:
https://lifeinthefastlane.com/ccc/sedation-in-icu/

Welch E, Milner A, editors. Applied Pharmacology in Anaesthesiology and
Critical Care. 1st ed. Centurion: MedPharm Publications (PTY) LTD; 2012.

Ahmed S, Murugan R. Dexmedetomidine use in the ICU: Are we there yet?
Crit Care. 2013;17(3):2—4.

Reade MC, Eastwood GM, Bellomo R, Bailey M, Bersten A, Cheung B, et al.
Effect of dexmedetomidine added to standard care on ventilator-free time in
patients with agitated delirium a randomized clinical trial. J Am Med Assoc.
2016;315(14):1460-8.

Shehabi Y, Howe BD, Bellomo R, Arabi YM, Bailey M, Bass FE, et al. Early
sedation with dexmedetomidine in critically ill patients. N Engl J Med.
2019;380(26):2506-17.

Pasero D, Sangalli F, Baiocchi M, Blangetti I, Cattaneo S, Paternoster G, et al.
Experienced use of dexmedetomidine in the intensive care unit: A report of a
structured consensus. Turk Anesteziyoloji ve Reanimasyon Dern Derg.
2018;46(3):176-83.

Cruickshank M, Henderson L, MacLennan G, Fraser C, Campbell M,
Blackwood B, et al. Alpha-2 agonists for sedation of mechanically ventilated
adults in intensive care units: A systematic review. Health Technol Assess
(Rockv). 2016;20(25):1-118.

Zaal 1J, Devlin JW, Hazelbag M, Klein Klouwenberg PMC, van der Kooi AW,
Ong DSY, et al. Benzodiazepine-associated delirium in critically ill adults.
Intensive Care Med. 2015;41(12):2130-7.

Garratt C, Bratty JR. Dexmedetomidine vs Midazolam or Propofol for. J Am
Med Assoc. 2012;307(11):1151-60.

Riker RR, Shehabi Y, Bokesch PM, Ceraso D, Wisemandle W, Koura F, et al.

13



29.

30.

31.

32.

33.
34.

Dexmedetomidine vs midazolam for sedation of critically Il patients A
randomized trial. J Am Med Assoc. 2009;301(5):489-99.

Pandharipande PP, Pun BT, Herr DL, Maze M, Girard TD, Miller RR, et al.
Effect of sedation with dexmedetomidine vs lorazepam on acute brain
dysfunction in mechanically ventilated patients: The MENDS randomized
controlled trial. 3 Am Med Assoc. 2007;298(22):2644-53.

Lasker Foundation. Discovery and development of propofol, a widely used
anesthetic [Internet]. 2018 Lasker~DeBakey Clinical Medical Research Award.
2018 [cited 2019 Sep 1]. p. 2. Available from:
http://www.laskerfoundation.org/awards/show/discovery-and-development-
propofol-widely-used-anesthetic/

Hall RI, Sandham D, Cardinal P, Tweeddale M, Moher D, Wang X, et al.
Propofol vs midazolam for ICU sedation: A Canadian multicenter randomized
trial. Chest. 2001;119(4):1151-9.

Reade MC, O’Sullivan K, Bates S, Goldsmith D, Ainslie WRSTJ, Bellomo R.
Dexmedetomidine vs. haloperidol in delirious, agitated, intubated patients: A
randomised open-label trial. Crit Care. 2009;13(3):1-10.

Meyer L. Personal communication. Bloemfontein; 2018.

Maasdorp SD. Personal communication. Bloemfontein; 2019.

14



Chapter 2: Publishable manuscript

Title:

Keywords:

Author:

Contact:

Postal address:

Co-Author 1:

Contact:

Postal address:

Co-Author 2:

Contact:

The association between dexmedetomidine as a single or adjuvant
sedative versus other sedatives and the duration of mechanical
ventilation and ICU stay in critically ill patients in a central South

African ICU.

Dexmedetomidine, Propofol, Midazolam, ICU / Intensive care unit,
Sedation, Duration of ventilation, LOS / Length of stay

Reinier Swart

MBChB (Pret.), D.A. (SA), FCA (SA)

Registrar (Anaesthesiology)
University of the Free State
084 571 4847

Postnet Loch Logan Suite 7
Private Bag x16

Brandhof

9324

Gina Joubert

BA, MSc

Associate Professor (Biostatistics)
University of the Free State
051 4013117

Department of Biostatistics
Faculty of Health Sciences
University of the Free State
Bloemfontein

South Africa

Gillian Lamacraft

MBBS, MRCP, FRCA, Cert (Pain Management), PhD

Professor and Head Clinical Unit (Pain Control Unit)

University of the Free State
(051) 436 8136

15




Postal Address: Department of Anaesthesiology
Faculty of Health Sciences
University of the Free State
Bloemfontein
South Africa

Co-Author 3: Shaun Donnovin Maasdorp

MBChB, MMed (Int Med), FCP (SA), Cert (Pulmonology), PG Dip
(Pulmonology)

Head Clinical Unit (Critical Care)
University of the Free State
Contact: (051) 405 3308
Postal Address: Department of Critical Care
Faculty of Health Sciences
University of the Free State
Bloemfontein
South Africa

16



Abstract

Background: Sedation is often used in the intensive care unit (ICU), but can be harmful if
used inappropriately or excessively. Dexmedetomidine offers a favourable, co-operative
sedation profile, despite a higher relative cost. It also has analgesic and opioid-sparing
properties. It is however highly protein-bound with known haemodynamic side effects, such
as bradycardia. The multidisciplinary ICU at our central South African hospital adopted the
use of dexmedetomidine over the period of 2016. This study was done to see whether this
change in practice affected the ICU length of stay and duration of mechanical ventilation at
this unit.

Methods: This study was done as a retrospective cohort analysis and the files of patients who
were sedated with midazolam and propofol in 2015 and those who were sedated with
dexmedetomidine in 2017, were used to note the sedatives, demographic data, vital data and
treatment. Group 2015 and Group 2017 were also analysed for possible confounders, where
appropriate, and these confounders were excluded for a re-analysis.

Results: There were 52 patients in Group 2015 and 60 patients in Group 2017. No difference
was found in the duration of ICU length of stay (LOS) (median 5 vs 8.5 days, p = 0.1) or
mechanical ventilation (median 91 vs 129 hours, p = 0.44) between the 2 groups. Those who
were sedated with dexmedetomidine had better initial prognoses (median APACHE 11 13 vs
18), were sedated for greater fractions of their total ICU admission times (median 46% vs
25%) and had a higher incidence of hypotension and bradycardia (36.7% vs 11.4%, p < 0.01);
which did not relate to a higher mortality. Spearman rank correlation coefficients also showed
a weak to moderate association with longer ICU stay and ventilation duration when the
duration of sedation with midazolam or propofol was shorter.

Conclusion: This study did not show a reduction in ICU LOS or mechanical ventilation with
the advent of dexmedetomidine in our unit. The absence of regular documentation of sedation
levels and scheduled sedation breaks may have contributed to these results.
Dexmedetomidine has a role to play in the ICU setting, but it should only be used when
clearly indicated, with a clear protocol for its use, in order to warrant its higher cost.
Vigilance for hypotension and bradycardia is required when using dexmedetomidine.
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Background

1.1  The purpose of sedation in the intensive care unit

The most frequent recollection of a patient’s Intensive Care Unit (ICU) stay is pain and this is
often associated with the accidental removal or disconnection of vital equipment and infusion
lines during periods of agitation caused by pain or discomfort.2

At follow-up interview, many patients report delusional recollections; when they cannot
remember specific facts of their ICU stay, with nightmares and feelings of loss of control
often being their only recollection of their ICU admission.? Patients in pain and discomfort
may be agitated, and ameliorating these precipitants could be all that is needed to calm a
patient instead of applying pharmacological or mechanical restraints.?

Sedation in the ICU is commonplace (table I). A principal aim of sedation is to render a
patient co-operative or unaware in an artificial environment which is possibly very
stimulating to the patient and which can lead to agitation and delirium - the latter being
associated with worse morbidity and mortality (in up to 27% of mechanically ventilated
patients).*®

Table | — Indications for sedation in ICU 1

- Physiological difficulty in ventilation

- Difficulty in oxygenation

- Ventilator dyssynchrony (mechanical difficulty in ventilation)

- Neuroprotection

- Severe pain (e.g. lactrodectism, polytrauma or dressing changes in burns)

- Refractory status epilepticus

- Severe neuromuscular diseases (e.g.Guillain-Barre)

- Agitation or when a patient becomes a danger to him or herself as a result of agitation

1.2 Sedation practices in the intensive care unit

The term sedation is often interpreted to mean anything from anxiolysis to deep procedural
sedation (where patients do not move during deeply painful stimuli).® As a result, it is
important that the desired level of sedation be clearly defined and regular, scheduled sedation
breaks be provided.}’-® Many sedation scales have been developed to this end. Probably the
most widely used scale is the Richmond Agitation Sedation Scale (RASS), with the sedation
goal being a score of +1 to -2.3 Other more physiologically based targets have been proposed
to monitor sedation in the ICU, such as the use of processed electroencephalography (EEG)
monitors.3%9 It is important to note that sedation may be harmful when used inappropriately
and may, contrary to the healthcare provider’s intention, lead to longer ICU stay and
mechanical ventilation.

Sedation is not always necessary and ancillary methods at addressing the cause of agitation
are often effective in patients where deep sedation is not a requirement. Ensuring that a
patient is receiving adequate nutrition and hydration contributes significantly towards
avoiding unnecessary sedation.” The Society for Critical Care Medicine (SCCM) has released
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the ABCDEF bundle for the assessment, prevention and management of sedation and
delirium in the ICU.X* The ABCDEF bundle encompasses the early treatment of pain,
spontaneous awakening and breathing trials, targeting of sedation, detection and treatment of
delirium, exercise and family engagement. One has to remember that sedation does not
ensure that a patient is pain-free, and analgesia is probably more important than sedation
alone in the critical care setting.'?

1.3 Commonly used sedatives in the intensive care unit

The choice of sedative (table 1l) may often not be as important as the dosage used, and the
lightest level of sedation that is possible and practicable should generally be targeted, if
necessary. Many trials have been conducted to try to prove the superiority of one sedative

over another and none has yet met this expectation.t

Table 11 — Sedatives often used in ICU 13

Hypnotics — Ketamine, Propofol, Thiopentone
Benzodiazepines — Midazolam

Tranquilisers — Haloperidol

Opioids — Morphine, Fentanyl

Alpha 2 agonists — dexmedetomidine, clonidine

Most sedatives are also very highly protein-bound and are excreted by the kidneys, thus the
interaction between the pharmacokinetics and the pharmacodynamics of a drug should
always be borne in mind in critically ill patients with labile biochemistry.*

Despite a condemnation of the use of benzodiazepines for sedation in ICU3, their relative
haemodynamic stability when compared to propofol, and the significantly lower cost of these
drugs as compared to dexmedetomidine, give them an advantage in resource-constrained
environments.

After the registration of 2,6-diisopropylphenol (propofol) in Europe in 1986, this drug
quickly gained popularity as a general anaesthetic and sedative, due to its titratability and
wide range of effects.'® It is important to note that, as with any drug, propofol is not without
its risks, eg hypotension and metabolic acidosis from prolonged use.

Classically haloperidol (a typical antipsychotic) has also been used in agitated delirium, to
settle patients who appear to be a danger to themselves.

Dexmedetomidine is often used either as a primary sedative, or when others have failed in
ICU due to the favourable co-operative sedation profile it provides.®!4 1517
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1.4 Motivation for and potential implications of studying sedation practice at
Universitas Academic Hospital’s (UAH) ICU

Between 2015 and 2017 there was a 903% increase in the issuing of dexmedetomidine by the
pharmacy at the UAH in Bloemfontein, which was largely attributed to its use in the
multidisciplinary ICU. During this time period, the number of ICU beds and staff remained
constant, therefore indicating there was an increased preference by ICU physicians for the use
of dexmedetomidine during this time period, with the associated increase in cost of sedation
related to its use.!® However, the absolute increase in cost, from this increased use of
dexmedetomidine, may have been insignificant if this could have been offset by the saving of
even one day’s admission to the ICU, as shown in table I1I.

Table 111 — Cost implications of sedatives vs one day in ICU 81°

- One ampoule of midazolam 5 mg / 3 ml — R3.69

- One vial of propofol 500 mg / 50ml — R46.15

- One vial of dexmedetomidine 200 pg / 2 ml — R440.33

- One day’s stay in ICU (consumables not included) — R10 158

1.5  Aim of the study

The aim of this study was to evaluate whether the introduction of dexmedetomidine resulted
in a shorter duration of mechanical ventilation or ICU stay to warrant the increase in cost
related to its use.

1.6 Objectives of the study

The objectives of this study were to attempt to identify the potentially resource-sparing
benefits of using dexmedetomidine in group 2017 (in comparison to midazolam and / or
propofol in group 2015) by looking at the following parameters:

Primary outcomes
- Duration of mechanical ventilation
- ICU length of stay (LOS)

Secondary outcomes
Adverse events during sedation: (as are identifiable during a retrospective document
review)
o Hypotensive incidents
o Incidents of bradycardia
- Influence of APACHE Il score on primary outcome
- Average sedation times (also as compared to ventilation periods and duration of ICU
stay)
- Serum creatinine and
- Serum albumin (to see if they were significantly different)
- Outcome (death or discharge)
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Methods

This study was designed as a retrospective cohort analysis. Institutional Ethics (UFS-
HSD2018/0542/2808) and Free State Department of Health approval was obtained. Funding
was obtained from the Research Committee of the Three Schools of Medicine, UFS to secure
a research assistant who helped with collecting file numbers and files. Drug dispensing
registers in the multidisciplinary 1ICU were used to identify patients who were recorded to
have received propofol or midazolam in 2015, as well as patients who were recorded to have
received dexmedetomidine in 2017 (convenience sampling). These patients’ medical records
were collected from the Department of Critical Care at the Universitas Academic Hospital,
Bloemfontein, and their files were searched for: age, sex, weight, prescriptions, daily
treatment and fluid balance charts, doctors’ notes, admission and discharge summary
information (including admission and final diagnoses), APACHE Il score, creatinine and
albumin tests, and heart rate and blood pressure data.

Inclusion criteria
<> All patients 18 years and older.
X2 All patients admitted to the Multidisciplinary ICU from 1 January 2015 to 31
December 2015 and from 1 January 2017 to 31 December 2017.
X All patients that were sedated in the Multidisciplinary ICU (either with
dexmedetomidine in 2017, or with propofol / midazolam in 2015).
Exclusion criteria
X Incomplete or lost files (patients had to be identifiable, have prescription and
flow charts indicating the sedative, dose, entire duration of sedation and
duration of ventilation with complete vitals data for the period of sedation)

The fact that the introduction of dexmedetomidine during 2016 was not protocolised may
have led to a preference in its selection as a sedative drug by some intensivists. This point
was introduced during the planning phase of this study and it was decided, for the sake of
trying to achieve homogeneity in the two cohorts, to compare the sedative practices of 2015
with those in whom dexmedetomidine was used in 2017.

This information was entered into an individual data sheet per patient. Calculations were then
made to determine the following: total doses of sedatives given during admission, doses of
sedatives given per kilogram per hour (maximum and minimum ranges), total hours of
sedation and mechanical ventilation, sedation time per hour of admission and sedation time
per hour of ventilation. Figure 1 shows how many files were included for analysis.
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2015:
67 files assessed
for eligibility

2017:
73 files assessed
for eligibility

[

l

3 did not meet
inclusion criteria
(age <18 years)

5 did not meet
inclusion criteria
(age <18 years)

12 excluded due to

8 excluded due to

_rnissing or missing or
mcomplete incomplete
information information

| I

52 included inthe
final analysis

60 included in the
final analysis

Figure 1 — Files found and excluded from analysis

Patients’ diagnoses were then classified into the following pathological categories (a patient
was classified into multiple categories, if appropriate): sepsis, trauma, postoperative,
oncology, obstetric, neurosurgical, urology, vascular, general surgery, pulmonology,
neurology, cardiology, poisoning, haematology, ENT, plastic surgery, cardiothoracic,
rheumatology. After an initial pilot study with four data sheets, it was decided to rather
identify any incidences of hypotension and bradycardia as single events than to gather
complete information regarding heart rate and blood pressure ranges and means. The reason
for this was that the process to analyse hypotension and bradycardia throughout
(retrospectively) could not be representative of the effects of the sedatives only, the data was
only recorded hourly (thus significant periods of hypotension or bradycardia could have been
missed) and that there were too many confounders that could have affected single readings.
The institutional definitions for hypotension were a systolic blood pressure of less than
90mmHg or a mean pressure of less than 65mmHg; while the institutional definition for
bradycardia was any heart rate less than 60 beats per minute.

The gathered data was then entered into a single summary sheet for analysis. Analysis was
done with the SAS version 9.4 software. All numerical data was found to have skew
distributions and were therefore summarised by range, interquartile ranges and medians.
Categorical variables were summarised by frequencies and percentages. The statistical
comparison of the two year groups were done using Mann-Whitney tests (numerical
variables) and chi-squared or Fisher’s exact tests (categorical variables). 95% confidence
intervals (CIs) were calculated for main outcome differences.

Spearman rank correlation tests were calculated to ascertain whether sedation time (converted
to days), when calculated as a fraction of either ICU LOS (days) or mechanical ventilation
time (converted to days), influenced the primary outcomes.
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Results

The demographic data (table 1V) indicate that during their periods of sedation in ICU, the
cohorts were similar, except for the interquartile range of estimated weight (95% CI for
median difference 2015-2017 -10, 0), APACHE Il score (95% CI for median difference
2015-2017 1;8) and the lower limits of aloumin levels (with lower troughs being found in the
2017 cohort, 95% CI for median difference 2015-2017 0;5).

Table 1V — Demographics and laboratery values (* = p value < 0.05)

Median 2015 Median 2017 p-value
(interquartile range) | (interquartile range)
Age (years) 40 (26 — 54.5) 32.5(26.5 — 51) 0.50
Weight (kg) 70 (60 — 75) 70 (65— 80) 0.04*
APACHE 11 18 (14.5 — 24) 13 (8- 21) 0.01*
Creatinine lower (umol/L) | 57 (43 —117.5) 48 (35-92) 0.25
Creatinine upper (umol/L) | 103 (73 — 216) 106.5 (72.5 - 213) 0.73
Albumin lower (g/L) 16 (12.5 - 21.5) 14 (11 -17.5) 0.05*
Albumin upper (g/L) 22 (16 — 28) 23 (19.5-27) 0.65
Sex N (%) N (%)
Male 29 (55.8) 27 (45.0) 0.26
Female 23 (44.2) 33 (55.0)

When examining primary outcomes, it is apparent that the cohorts did not significantly differ
in the total duration of ICU LOS (95% CI for median difference 2015-2017 -4; 0) or
mechanical ventilation (95% CI for median difference 2015-2017 -54;24, see figures 2 and
3), although the 2017 cohort did receive sedation for significantly longer, 95% CI for median
difference 2015-2017 -72;-20 (table V).

Table V — Primary outcomes and sedation times (+ = p value < 0.01)

Median 2015 Median 2017 p-value
(interquartile range) (interquartile range)
ICU stay (days) 5(2-14) 8.50 (5-12.50) 0.10
Sedation time (hours) 33.5(15-68) 87 (33.5-162) 0.01+
Ventilation duration (hours) 91 (34 - 272) 129 (58 — 221) 0.44
Sedation per days admitted 0.25(0.13-0.53) 0.46 (0.26 — 0.72) <0.01+t
(fraction)
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Sedation per ventilation time 0.43 (0.18-0.82) 0.94 (0.58 —1.00) <0.01+t
(fraction)

Analysis of pathological categories showed no statistically significant difference between
Group 2015 and Group 2017. However, there was a trend towards more patients for
postoperative stays being admitted in 2015 (11 (21.2%) vs 5 (8.3%), p = 0.05) and more
patients with neurological diagnoses being admitted in 2017 (10 (16.7%) vs 3 (5.8%), p =
0.07). In order to remove the influence of these two pathological categories on the results, the
data was therefore re-analysed, with these patients excluded from the cohorts (postoperative
admissions tend to have shorter ICU LOS, and patients with neurological diagnoses, such as
Guillain-Barre disease, tend to have longer and more complicated ICU admissions).

This re-analysis demonstrated that after excluding the influence of these pathological
categories, the duration of ICU stay was significantly longer in Group 2017 compared to
Group 2015 (median ICU LOS nine days in 2017 vs five days in 2015, p = 0.04). However,
duration of ventilation remained similar (p = 0.35). The fractions of time that patients were
sedated for, as compared to their ICU stay and duration of mechanical ventilation were also
significantly higher in 2017.

ICU stay

100
90
80
70
60
Days 50
40
30
20

10

;I

0 = T 1
2015 2017

Figure 2 — A comparison of length of ICU stay between groups 2015 and 2017
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Figure 3 — A comparison of duration of ventilation between groups 2015 and 2017

Spearman rank correlation coefficients for 2015 were negative when the fraction of sedation
per days admitted was compared to ICU LOS (-0.48, p = <0.01), and the sedation per days
ventilated was compared to duration of mechanical ventilation (-0.51, p = <0.01). The same
was not found with the use of dexmedetomidine in 2017.

Patients who were discharged alive in 2017 (and sedated with dexmedetomidine) were
sedated for significantly longer periods of their ventilation time, as compared to those who
were sedated with propofol or midazolam in 2015 (n = 36 (60.0%) (2017) vs n = 32 (61.5%)
(2015), sedation per ventilation time median 2017 = 0.99 vs 2015 = 0.29, p = 0.02).

Patients who were sedated with dexmedetomidine in 2017 had a higher incidence of
cardiovascular side effects (43.3% vs 11.5%, p < 0.01), which included both bradycardia and
hypotension, as compared to Group 2015.

When patients were stratified according to APACHE 1l scores (0 — 19, 20 — 29 and >30) there
was a trend towards longer ICU stay in 2017 in the cohort with APACHE 11 scores 0 - 19
(median ICU stay 8.5 vs 5, p = 0.07), however duration of mechanical ventilation was not
affected (table VI). The patients’ mortality rates in this study were within the limits of
acceptability as predicted by their APACHE Il scores, and did not differ between the cohorts
(table V1).(20)

Table VI — Mortality per APACHE 11 strata

APACHE II: Mortality 2015 n (%) | Mortality 2017 n (%) | p-value
0-19 7 (25.9) 10 (23.8) 0.84
20 - 29 6 (40) 6 (50) 0.60
>30 4 (66.7) 3 (75) 1.00
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Discussion

This study did not find that there was a reduction in duration of ICU stay or mechanical
ventilation following the introduction of dexmedetomidine for sedation in the
Multidisciplinary ICU. The current body of evidence supports the finding, except when
agitated delirium has been diagnosed or when co-operative sedation is required for other
reasons.?

The results also showed that patients who were sedated on ICU with dexmedetomidine in
2017 tended to have better prognoses than those who were sedated with propofol or
midazolam in 2015, but, nevertheless, were sedated for longer. When those with diagnoses
that could have confounded these findings (patients who were admitted for postoperative
observation or with neurological conditions necessitating ICU admission) were excluded, this
uncovered an association with longer ICU stay in the dexmedetomidine group.

The use of dexmedetomidine (especially at higher ratios to duration of admission or
ventilation — likely due to the more favourable sedation profile clinically) was associated with
a higher incidence of side effects. This practice did not seem to affect mortality. This finding
is in keeping with Mirski et al, who showed that the use of dexmedetomidine was associated
with more incidents of bradycardia.?? This reinforces the point that the choice of sedative for
the individual patient, and how it is used, are likely more important to the outcomes of the
patient than habitual preference of one drug over another.?® The finding that patients who
were discharged alive in Group 2017 with higher ratios of sedation per ventilation time is
also opposed to current literature.?*

Reade et al showed a 17.3 hour improvement in mean ventilator-free time at 7 days when
dexmedetomidine was used in agitated delirium.?* Due to this evidence base, it was
postulated that dexmedetomidine would perform superiorly when compared head-to-head
with other sedatives in a randomised controlled trial, but the SPICE Il trial did not
substantiate this belief.2* Dexmedetomidine has been shown to have benefits over midazolam
with regards to mechanical ventilation, but at the risk of added cardiovascular side
effects.?t%°

Propofol is a potent vasodilator with negative inotropic and chronotropic effects. It is also
associated with propofol-related infusion syndrome.®>'* Dexmedetomidine has also been
shown to be non-inferior to propofol with regards to the incidence of delirium, duration of
mechanical ventilation and length of ICU stay.?>2®

The Intensive Care Society recommends non-benzodiazepine strategies over benzodiazepine
strategies, but this recommendation has not permeated to all units.®> Two randomised
controlled trials showed that midazolam was associated with both a higher incidence and
longer duration of delirium when compared to dexmedetomidine.>%" Zaal et al showed in
2015 that the deliriogenic effects of midazolam are dose-dependent and are more prevalent
with continuous infusions.?® Lorazepam has not escaped this scrutiny, with the MENDS study
showing that dexmedetomidine use was associated with more delirium-free and coma-free
days in ICU.?° When compared to midazolam, propofol has been shown to reach sedation
targets earlier with faster recovery after cessation of the infusions.
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A recent randomised controlled trial has not showed that the use of typical or atypical
antipsychotics are superior to placebo in reducing the duration of either hyperactive or
hypoactive delirium. The use of benzodiazepines is not supported by recent guidelines in
sedation or the management of delirium.1%3!

Early deep sedation has been shown to result in longer times to extubation and higher 180
day mortality rates.®® One randomised controlled trial showed that lighter levels of sedation
were associated with shorter ICU stay and duration of mechanical ventilation versus deeper
sedation.2

Although there was no statistically significant difference in the primary outcomes between
prognostic strata, a trend to longer ICU stay and the use of dexmedetomidine in the APACHE
I1 0 - 19 group is counterintuitive to what most critical care practitioners would hope to
achieve for seemingly healthier individuals.

Stregm et al first described the benefits of analgosedation in 2010. They showed that the use of
morphine alone (as compared to morphine and sedation) reduced ventilated days, and this
reinforced the stance that effective analgesia alone may obviate the need for pure sedatives.'2
This study supported the use of analgesia in ICU (and forms part of the rationale behind the
motivation for adequate analgesia in the current guidelines). The analgesic properties of
dexmedetomidine, and the association with lower opioid requirements when it is used, may
also have led to the belief that it would perform superiorly according to the principles of
analgosedation.4

The ABCDEF bundle has been validated by Pun et al, in over 15 000 patients, to reduce the
incidence of death within the first 7 days, next-day mechanical ventilation, coma, delirium,
physical restraint use, ICU readmission, and discharge to a facility other than home; thus this
bundle should receive strong consideration for implementation in units such as ours.*

The negative Spearman Rank Correlation Coefficients (sedation per days admitted compared
to ICU LOS and sedation per days admitted compared to duration of ventilation) in 2015,
indicate a weak to moderate association with longer ICU LOS and ventilation hours. This
association was when less sedation was given with propofol and / or midazolam per period of
time in ICU. This finding is contrary to current literature indicating that longer sedation times
lead to longer ICU stay and increased morbidity.3*

Limitations

The study design was retrospective in nature and therefore causality is difficult to determine,
due to uncontrolled confounders. The sample size was limited and may have affected the
determination of statistical significance. Vital signs were only recorded every hour and
episodes of hypotension and / or bradycardia may have been missed. As mentioned
previously, selection bias may have played a role in the sedation practices in 2017, as
propofol and midazolam were in use during that year, although analysis did not show a
statistically significant difference in pathological categories. Patients’ weights were often
estimated by their treating physicians and this may have also influenced calculations
regarding the weight-indexed doses of sedatives. Sedation targets were not documented, if
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used, and the lack of scheduled sedation breaks may also have influenced the duration of
mechanical ventilation, ICU length of stay and final outcomes.®*°

The implementation period regarding the use of dexmedetomidine in 2016 may have played a
large role in the decision as to which drug to use to sedate any particular patient by a given
intensivist during the 2016 — 2017 period. This trend may have continued into 2017, but it is
difficult to analyse retrospectively as the decision on which drug to use was neither
protocolised in our unit, nor was the reason for the decision on why to use individual
sedatives routinely recorded.

The arbitrary limits that were defined for hypotension and bradycardia are controversial, but
for the sake of uniformity limits had to be defined.*

While the APACHE 11 score, as a physiologically-based prognostic score, has its limitations
and has been largely replaced by newer scores, its simplicity and ease of use make it a
regularly utilised tool in our unit.3®

Conclusion

This study did not show a reduction in ICU LOS or mechanical ventilation with the advent of
dexmedetomidine in our unit. This study showed a significant association with longer time of
sedation with the use of dexmedetomidine in 2017 as compared to propofol and / or
midazolam in 2015. This finding was contrary to the belief that introducing the use of
dexmedetomidine more regularly in our unit would lead to shorter ICU LOS and mechanical
ventilation. There was also a significantly higher incidence of side effects with the use of
dexmedetomidine, although mortality was unaffected. It should be noted that
dexmedetomidine has a definite place in the management of the critically ill patient. Sedation
in the ICU (with any drug) should be 1) indicated, 2) targeted and 3) withdrawn or
interrupted, where appropriate As a result, it is a recommendation of this study that sedation
be practiced as outlined in the Society of Critical Care Medicine’s Clinical Practice Guideline
for the Prevention and Management of Pain, Agitation and Delirium.*°

The findings of this study, in the face of its appreciable limitations and retrospective nature,
should by no means serve to remove the use of dexmedetomidine in the critical care unit.
These findings should serve as a warning against the indiscriminate use of dexmedetomidine
sedation in 1CU.3%0 In developing countries, where resources are sparse, newer and more
expensive drugs should be used as alternatives to cheaper sedative agents only where their
higher cost could potentially be offset in other areas. More prospective research is needed in
this area in developing countries to determine whether the appropriate use of
dexmedetomidine may be linked with such benefits.
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TITLE

The possible association of shorter mechanical ventilation and / or ICU stay with the
use of dexmedetomidine as a single or adjuvant sedative versus other sedatives in
critically ill patients in the multidisciplinary intensive care unit at the Universitas
Academic Hospital in Bloemfontein, 2015 versus 2017.

RESEARCHERS

Researcher: R. Swart

Study Leader: Dr S. Maasdorp (Department Critical care)
Co-supervisor: Prof. G Lamacraft (Department Anaesthesiology)
Data collectors: R. Swart, Sr G Joubert (research assistant)
Biostatistician: Prof. G Joubert

INTRODUCTION

Sedation in the critical care unit is a very commonplace practice. The most frequent
recollection of a patient's ICU stay is pain(1) and this “unpleasant sensory and
emotional experience associated with actual or potential tissue damage, or
described in terms of such damage” (International association for the study of pain
definition of “pain”)(2) is often associated with the accidental removal or
disconnection of vital equipment and lines.

One has to remember that sedation does not mean a patient is pain-free, and
analgesia is equally important in the critical care setting. The principal aim of
sedation is often to render a patient co-operative or unaware in an artificial
environment which is possibly very stimulating to the patient (the intensive care unit)
and which can lead to agitation, deliium - which are associated with worse
morbidity and mortality (in up to 27% of mechanically ventilated patients).(3,4)
Thanks to newer ventilators and ventilator modes, ventilator dyssynchrony is a less
common occurrence, but sedation is often required for other reasons (see table 1).(1)

Table | — Indications for sedation in ICU(1)

- Difficulty in ventilation

- Ventilator dysynchrony

- Neuroprotection for raised intracranial pressure

- Difficulty in oxygenation

- Increased work of breathing

- Severe pain (e.g. lactrodectism, polytrauma or dressing changes)
- Refractory status epilepticus

- Severe neuromuscular diseases (e.g.Guillain-Barre)
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Sedation is not always necessary and ancillary methods at anxiolysis are often
effective in patients where deep sedation is not a requirement. In fact, seeing to a
patient's daily feeding and hydration requirements may go a long way towards
avoiding unnecessary sedation.(5) Deep and unnecessary sedation is also
associated with worse morbidity and mortality and prolonged mechanical ventilation
in ICU. It is therefore a requirement to assess the level of a patient’s sedation
frequently and provide regular, scheduled sedation breaks (which are also
associated with lower total sedative dosages).(1,5)

The choice of sedative may often be as important as the dosage used and the
lightest level of sedation that is possible and practicable should generally be
targeted. One randomised controlled trial showed that lighter levels of sedation were
associated with shorter ICU stay and duration of mechanical ventilation versus
deeper sedation.(6) Many trials have been conducted to try to prove the superiority
of one sedative over another and none has yet proven to be superior in large,
randomised studies.(1) A few examples of commonly used sedatives are presented
in table II.

Table Il — Sedatives often used in ICU(7)

Hypnotics — Ketamine, Propofol, Thiopentone
Benzodiazepines — Midazolam

Tranquilisers — Haloperidol

Opioids — Morphine, Fentanyl

Alpha 2 agonists — dexmedetomidine

Table Ill — Properties of the ideal sedative(7)

o Pharmaceutics
o Ease of administration
o Does not promote growth of pathogens
« Easily prepared and long shelf life
Pharmacodynamics
Predictable dose-dependent effects with minimal individual variation
Provides appropriate sedation, anxiolysis, amnesia and analgesia
No tolerance and withdrawal symptoms
Provides facilitation of ventilator synchrony and the performance of various
procedures and nursing interventions
Pharmacokinetics
« Rapid onset of action
« Easily titratable level of adequate sedation
« Short-acting, allowing patient assessment, rapid recovery following
discontinuation, easy weaning from mechanical ventilation, and early
extubation
« Minimal metabolism; not dependent on normal hepatic, renal, or
pulmonary function
« No active or toxic metabolites
« Safe for all ages with no age-related changes in pharmacokinetics
o Lack of accumulation with prolonged administration
Interactions
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e No or minimal interactions with other drugs
No or few adverse effects

« No anaphylaxis or allergic reaction

« No nausea, vomiting, or phlebitis

e Minimal respiratory depression

« Minimal effect on cardiovascular function

« No pain on injection

« No suppression of cortisol production by the adrenal cortex
Other
o Cost effective
« Lack of abuse potential
e Widely available

Dexmedetomidine is often used either as a primary sedative, or when others have
failed in ICU due to the theory that it causes co-operative sedation.(8) This has led to
several small studies which have tried to investigate the possible superiority of
dexmedetomidine over other conventional ICU sedatives, but the literature is
currently inconclusive. Dexmedetomidine seems to have benefits over Midazolam
with regards to mechanical ventilation, but at the risk of added side effects - for
example cardiovascular instability in a population that is vulnerable to
haemodynamic compromise.(9)

The pharmacological properties of dexemedetomidine (as an ICU sedative) are listed
in the table below (as well as dosing guidelines and contraindications):(8)

Table IV — Pharmacokinetics of Dexmedetomidine

Dose: Loading: 1mcg/kg ivi over 10 — 30 minutes
Maintenance: 0.2 — 0.7 mcg/kg/hour
Contraindications: - Compromised critically ill patients
- Heart block
Caution in:
- Concomitant neuraxial anaesthesia
Adverse effects: - Prolonged infusions may lead to drug accumulation,
emergence delirium, dependence and withdrawal
phenomena.

- Adrenal steroid production may be inhibited.

- Inhibition of insulin secretion.

- Initial hypertension (especially with a loading dose),
followed by hypotension and bradycardia.

- Nausea and dry mouth.

- May potentiate respiratory depression of other
analgesics and sedatives.

Pharmacodynamics: | Alpha2-adrenergic agonist — meaning it causes presynaptic
auto-inhibition of the autonomic nervous system. Different
types of alpha 2 receptors are located throughout the body

allowing for analgesia, central sympatholysis,
neuroprotection and altered cognition.
Pharmacokinetics: Dexemedetomidine is primarily administered as an IV

infusion during ICU sedation. Its onset of action is 15
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minutes. Its beta half-life is around 2 hours, meaning that it
would take approximately 8 to 10 hours to achieve steady
state (and this is why a loading dose is essential, but could
be detrimental to the critically ill patient if their physiology is
too unstable).

Context-sensitive half-time is estimated at 20 — 30 minutes.
The drug is also 94% protein-bound to albumin and alphal-
acid glycoprotein (so downward dosage adjustments are
required in patients with low albumin levels).

It is extensively metabolised in the liver y the cytochrome
p450 enzyme system (quadrupling beta half-life in liver
failure, and therefore requiring a decrease in maintenance
dose; it also has several drug interactions with other drugs
metabolised by this system, and may potentiate the effects
of other concomitantly administered sedatives) and then
95% excreted in the kidney (and therefore requiring a
decreased loading dose).

It is evident from the above table that dexmedetomidine is not a cardiovascularly
inert drug and this strengthens the point that the choice of sedative and how it is
used is likely more important to the outcomes of the patient than blind superiority of
one drug over another.

Below are tables detailing the pharmacological properties of midazolam and propofol
as ICU sedatives — the other two drugs commonly used in the multidisciplinary ICU
at Universitas Academic Hospital for the purposes of sedation:(8)

Table V — Pharmacokinetics of Midazolam

Dose: 0.25 — 1mcg/kg/min
Contraindications: Caution in:
- The elderly

- Co-administration of other sedatives or opioids as
cardiovascular stability may be lost

Adverse effects: - Respiratory depression

- Paradoxical agitation at low dosages

- Due to amnestic effects, some patients may have
dysphoric recollection of the sedation period

- May cause cardiovascular suppression when
administered with other sedatives or opioids

Pharmacodynamics: | GABAa-agonist — potentiates the binding of GABA toits
receptor site and thereby increasing chloride influx and
neuronal membrane hyperpolarisation.

Pharmacokinetics: - Peak effect 2 — 3 minutes (1V)

- 96 — 99% plasma protein binding

- Extensively metabolised in the liver by CYP3A4 and
CYP3AS5

- Phase | metabolites are active and are excreted by
the kidneys (thus they may accumulate in renal
failure)
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- High interindividual variability in metabolism (thus
unpredictable pharmacokinetics)

- Context-sensitive half-time of 3-15 hours (residual
sedation may be effective during sedation breaks,
thus worsening outcomes)

Table VI — Pharmacokinetics of Propofol

Dose: 25 — 75 mcg/kg/min

Contraindications: - Hypovolaemia
- Hypotension
- Cardiac compromise
Caution in:
- High doses (>5ml/kg/hour)
- Critically ill with energy depletion
- Critically ill children
- Severe head injury

Adverse effects: - Hypotension

- Myocardial depression

- Emulsion emboli

- Propofol infusion syndrome

- Pancreatitis
- Hyperlipidaemia
Pharmacodynamics: - Prolong the binding of GABA to its receptor
- Blocks central nicotinergic receptors
Pharmacokinetics: - Onset of action 30 seconds

- Time to peak effect after a bolus is 90 — 100 seconds

- Alpha half-life is 2 — 4 minutes and beta half-life is 30
— 60 minutes

- Final elimination is 4 - 23hours (due to its highlyfat-
soluble nature)

- Context sensitive half-time of less than 40minutes
after 8hours

- Highly protein-bound (99%)

Since 2015 there has been a 903% increase in the pharmacy issuing of
dexmedetomidine at the Universitas Academic Hospital in Bloemfontein (largely
attributed to its use in the multidisciplinary ICU). There has not been a proportionate
expansion of treatment capacity, indicating an increased preference for the use of
dexmedetomidine despite the absence of literature indicating its superiority in most
circumstances and despite its greater cost to the hospital.(10) This practice will then
have to be offset by other potential benefits and this study aims to identify the
possible association with shorter mechanical ventilation and / or ICU stay which may
warrant the use of dexmedetomidine as a preffered agent in this setting. The reason
these two years are being contrasted to one another is the fact that
dexmedetomidine was gradually introduced into practice in this unit during 2016.
Therefore, individual consultants slowly began using the drug and 2016 was
excluded to prevent the selection bias that may have occurred due to this gradual
change in practice from affecting the results.
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AIM

The aim of the study is to determine if there is an association with shorter duration of
mechanical ventilation and / or length of ICU stay in patients admitted to the
multidisciplinary intensive care unit at Universitas Academic Hospital from 1 January
2015 to 31 December 2015 versus those admitted from 1 January 2017 — 31
December 2017 when dexemedetomidine has been used as a single or adjuvant
sedative in the critically ill.

Primary outcomes:
- Duration of mechanical ventilation
- Length of ICU stay

Secondary outcomes:
- Adverse events during sedation: (as are identifiable during a retrospective
document review)
o Hypotensive incidents
- Influence of APACHE Il score on primary outcome
- Dose per weight
- Average sedation breaks
- Mean creatinine
- Mean albumin
- Outcome (death or discharge)

METHODOLOGY

This study design will be a retrospective document review.

SAMPLE

All adult patients who were admitted and also sedated in the multidisciplinary
intensive care unit at Universitas Academic Hospital over the period from 1 January
2015 to 31 December 2015 and 1 January 2017 — 31 December 2017 are to be
included in this study. Two cohorts will thus be created to compare to each other.

Inclusion criteria

<> All patients 18 years and older.

X All patients admitted to the multidisciplinary intensive care unit over 1
January 2015 - 31 December 2015 and 1 January 2017 - 31
December 2017.

X2 All patients that were sedated (either with dexemedetomidine, propofol
or any benzodiazepine).

Exclusion criteria

K/
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R/
L X4

Incomplete or lost files.

Assuming a bed occupancy rate of 85.7% per day (6/7 beds) with an average ICU
length of stay of 7 days — with approximately 4 /6 patients requiring sedation, the
total sample size is estimated at 416 patients.

MEASUREMENT

The medical records of all patients in the multidisciplinary intensive care unit at the
Universitas Academic Hospital will be reviewed for all patients admitted from 1
January 2015 to 31 December 2015 and 1 January 2017 — 31 December 2017. The
following information will be collected from these records (on individual data
collection sheets):

- Demographic data:

@)
@)
@)
@)
@)

Age

Gender

Length of ICU stay

Weight

Patient identifier (not to be included in the final reporting of data)

- Clinical data:

®)
®)

0 O O O O O O

Primary diagnosis
Mechanical ventilation (Yes / No)
= Duration of mechanical ventilation (hours)
* Reintubated (Yes / No)
Sedation (Yes / No)
= Duration of sedation (hours)
= Average sedation breaks
Sedative:
= Drug (s)
= Dosing range (mcg/kg/min)
= Total dose
Side effects of drugs
Hypotensive incidents (as defined by Universitas Multidisciplinary ICU)
Indication for sedation
Mean albumin during sedation
Mean creatinine (or eGFR, if available) during sedation
APACHE Il score
Outcome (death or discharge)

Medical records will be investigated for the following information:
- Times of initiation and completion of sedation
- Times of intubation and extubation
- Infusion rates of drugs
- Haemodynamic data
- Indications for sedation
- Side effects of sedatives
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- APACHE Il score
Laboratory flow charts will be investigated for biochemical data.
This data will be collected by both the research assistant, as well as the primary
investigator.

METHODOLOGICAL AND MEASUREMENT ERRORS

This study is dependent on the accurate and complete reporting of clinical
information by the healthcare professionals involved in the care of the critically ill
patients. Critically ill patients require frequent and continuous monitoring, therefore
this data should be readily and accurately available, but when emergencies in the
unit occur the documentation of times may be slightly inaccurate due to delayed
reporting. If laboratory data is missing or lacking, this may confound the finding of
adverse events.

This study can also only determine if there is an association and causality will have
to be determined by a later prospective, randomised controlled trial.

PILOT STUDY

The first 4 cases will be considered the pilot study to assess the applicability of the
data collection sheet and completeness of information (although the author has
worked in the intensive care unit prior to this study and believes the information
should be adequate) and will be included in the final data analysis.

ANALYSIS

The researcher will enter the data into an Excel spread sheet. Statistical analysis
will be done by the Department of Biostatistics of the University of the Free State.
Results will be summarised by means and standard deviations or percentages
depending on data distributions for continuous variables (e.g. length of mechanical
ventilation) and categorical variables will be summarised in terms of median, mode
and range. The groups will be compared using a 95 % confidence interval for
differences in means, medians or percentages (with appropriate hypothesis testing).

The two cohorts will also be stratified according to APACHE Il scores and compared
for primary and secondary outcomes to be able to more accurately exclude
prognosis from influencing the final analysis. The groups will be stratified into three
categories:

APACHE Il score 0 — 19 (overall approximate mortality < 30%)

APACHE Il score 20 — 29 (overall approximate mortality < 50%)

APACHE Il score >30 (overall approximate mortality >50%)

IMPLEMENTATION OF FINDINGS
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From this data we will determine whether the recent change in practice to the
addition of dexmedetomidine as a primary or adjuvant sedative is associated with a
decrease in ICU length of stay and / or mechanical ventilation at the multidisciplinary
intensive care unit at the Universitas Academic Hospital (and, by implication, the
added cost of the drug). These findings may also lead to the production and
implementation of a sedation checklist (Appendix H) and recommendations at the
Universitas Academic Hospital’s multidisciplinary intensive care unit.

These findings will be presented for publication in the South African Journal of
Anaesthesia and Analgesia.

TIME SCHEDULE

After obtaining approval from the ethics committee and relevant authorities data will
be collected.

HSREC approval — obtained 3 August 2018 (final approval)
FS DoH approval — obtained 30 July 2018

Data collection will take approximately 2 months (1 December 2018 — 31 January
2019) and analysis in the range of 1 month (February 2019).

BUDGET

A data collection sheet costs 50c to print in monochrome from the Department of
Anaesthesiology. If any adverse events are identified that page will be copied and
kept as a drug adverse event example in the research database.

Data sheets - R0.50 incl. VAT

Estimate of 416 samples

Provision for the possibility of adverse events — 100 samples

Pens (pack of 20 black — Bic) - R125 from Takealot.com
Research assistant - R 4000
Total cost - R 4383 (724x R00.50 + R125 + R4000)

Currently the South African Society of Anaesthesiologists sponsors publications in
the South African Journal of Anaesthesia and Analgesia, so no publication fees are
being made provision for.

The Department of Anaesthesiology and the University of the Free State provide
funding for research up to R10 000 and application will be made to the department
and university to cover these costs.
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ETHICAL ASPECTS

This is a retrospective analysis of the clinical records of patients that had already
been admitted to the multidisciplinary intensive care unit at the Universitas Academic
Hospital. While all due care and responsibility will be taken to ensure that no patient
identifiers are published or made known outside of the clinical records and the
researchers, no other ethical problems are foreseeable in this retrospective
document review. Informed consent for treatment was already obtained from patients
and / or clinical managers and / or family prior to admission to and treatment in the
intensive care unit.

The roles of the research assistant will be as follows:

- Collection of files

- Entry of data into data sheet

- Reporting to primary investigator all data sheets for review

- Assigning unique identifiers to files to mask patient identity in the following
format (unique identifiers not to appear in final report): 15/d/0001 (15 — year of
admission; d — dexmedetomidine, m — midazolam, p — propofol; 0001 —
unique number for patient record)

The research assistant has consented to the above roles and will maintain patient
confidentiality by only examining files on hospital premises and by consenting to not
sharing any information outside of this study.

If any adverse events regarding patient sedation and / or the use of specific
sedatives are identified, they will be reported to the Medicines Control Council and
the relevant unit manager.
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Appendix E

Research data sheet: Dexmedetomidine vs sedatives Data sheet number

/

Number:

Identifier:

Age:

Gender:

ICU stay (days):

Weight:

Diagnosis:

Sedative:

Why sedate?

Dose range:

Total dose:

Sedation time (hours):

Vent (y/n):

Vent duration (hours):

Reintubated (y/n):

Side effect (y/n):

Side effect:

APACHE Il

Creat/eGFR

Albumin

Incidents of hypotension

(sBP <90mmHg, or mBp

<65mmHg)

Sedation break

Outcome

Vasoactive medications
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Data summary sheet:

Mumber:

Gender:

ICU stay [days):

Weight:

Diagnosis:

Category

Sepsis

Trauma

Postoperative
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Sedative:

Dose range:

Oncology

Obstetric

Meurological

Lower

Upper

Lower

Upper
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Data summary sheet

Total dose: Sedation time [hours):  [Vent [y/n): |[Vent duration (hours):  |Reintubated [y/n):

Drug 1 Drrug 2
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Side effect (y/n):

APACHE N

Creat/eGFR

Albumin

Side effect 1

Side effect 2

Side effect 3

Lower

Upper

Lowwer

Upper

54




Incidents of hypotension

Outcome

Vasoactive medications

Comment

Med 1

Med 2

Med 3

Med 4
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Appendix F

Submission Preparation Checklist

As part of the submission process, authors are required to check off their
submission's compliance with all of the following items, and submissions may be
returned to authors that do not adhere to these guidelines.

This manuscript has currently only been submitted to SAJAA and has not been
published previously.

This work is original and all third party contributions (images, ideas and results) have
been duly attributed to the originator(s).

Permission to publish licensed material (tables, figures, graphs) has been obtained
and the letter of approval and proof of payment for royalties have been submitted as
supplementary files.

The submitting/corresponding author is duly authorised to herewith assign copyright
to the South African Society of Anaesthesiologists (SASA).

All co-authors have made significant contributions to the manuscript to qualify as co-
authors.

Ethics committee approval has been obtained for original studies and is clearly
stated in the methodology.

A conflict of interest statement has been included where appropriate.

The submission adheres to the instructions to authors in terms of all technical
aspects of the manuscript.

Plagiarism

The submitting author acknowledges that the Editorial Board reserves the right to
use plagiarism detection software on any submitted material.

Author Guidelines

How to submit your paper online:

1. Registered authors must login to submit a paper

« REGISTER HERE if you do not have a username and password
e LOGIN HERE if you have already registered with SAJAA

Select Author

Click on CLICK HERE TO FOLLOW THE FIVE STEPS TO SUBMIT YOUR
MANUSCRIPT

3. Follow the five steps to submit your paper

4. To view a video on how to submit a paper online CLICK HERE
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Review policy and timelines

Immediate notification if submitted successfully

Notification within 3 weeks if not accepted for further review
Notification within 3 months if accepted for publication, if revisions are
required or if rejected by both reviewers.

4. Publication within 6 months after submission.

R

Aims, scope and review policy

The SA Journal of Anaesthesia and Analgesia aims to publish original research and
review articles of relevance and interest to the anaesthetist in academia, public
sector and private practice. Papers are peer reviewed to ensure that the contents are
understandable, valid, important, interesting and enjoyed. All manuscripts must be
submitted online.

SAJAA is accredited by the Department of Education for the measurement of
research output of public higher institutions of South Africa (SAPSE accredited). All
articles in SAJAA will be peer reviewed.

Article sections and length

The following contributions are accepted (word counts exclude abstracts, tables and
references):

* Original research (2 800 — 3 200 words/ 4-5 pages)
* Clinical Reviews (2 400 words/ 3-4 pages)

* Drug Reviews (2 400 words/ 3-4 pages)

* Case Studies (1 800 words/ 3 pages)

* Scientific Letters (2 400 words/ 3-4 pages)

* Letters to the Editor (400-800words]

Please see the journal’s section policies section policies for further details.

FULL AUTHOR GUIDELINES

Title page

All articles must have a title page with the following information and in this particular
order: Title of the article; surname, initials, qualifications and affiliation of each
author; The name, postal address, e-mail address and telephonic contact details of
the corresponding author and at least 5 keywords.
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Abstract

All articles should include an abstract. The structured abstract for an Original
Research article should be between 300 words and should consist of four
paragraphs labelled Background, Methods, Results, and Conclusions. It should
briefly describe the problem or issue being addressed in the study, how the study
was performed, the major results, and what the authors conclude from these results.
The abstracts for other types of articles should be no longer than 250 words and
need not follow the structured abstract format.

Keywords
All articles should include keywords. Up to five words or short phrases should be

used. Use terms from the Medical Subject Headings (MeSH) of Index Medicus when
available and appropriate. Key words are used to index the article and may be
published with the abstract.
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in numerical order, not alphabetically.

The style for references should follow the format set forth in the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals
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are responsible for the accuracy of all references. Personal communications and
unpublished data should not be referenced. If essential, such material should be
incorporated in the appropriate place in the text.
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List all authors when there are six or fewer; when there are seven or more, list the
first three, then ";et al."; When citing URLs to web documents, place in the reference
list, and use the following format: Authors of document (if available). Title of
document (if available). URL. (Accessed [date]).
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numbered in Roman numerals (I, II, etc) in order of its appearance as called out in
text. Tables must be inserted in the correct position in the text. Authors should place
explanatory matter in footnotes, not in the heading. Explain in footnotes all non-
standard abbreviations.

For footnotes use the following symbols, in sequence:*,t,1,8,|,**,T1.,1F
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59


http://www.journals.uchicago.edu/ICHE/journal/issues/v27n1/2004069/2004069.web.pdf
http://www.journals.uchicago.edu/ICHE/journal/issues/v27n1/2004069/2004069.web.pdf
http://www.nlm.nih.gov/bsd/uniform_requirements.html

subject. The position of photographs and images should be clearly indicated in the
text. Electronic images should be saved as either jpeg or gif files. All photographs
should be scanned at a high resolution (300dpi, print optimised). Please number the
images appropriately.

Permission

Permission should be obtained from the author and publisher for the use of quotes,
illustrations, tables, and other materials taken from previously published works,
which are not in the public domain. The author is responsible for the payment of any
copyright fee(s) if these have not been waived. The letters of permission should
accompany the manuscript. The original source(s) should be mentioned in the figure
legend or as a footnote to a table.

Review and action

Manuscripts are initially examined by the editorial staff and are usually sent to
independent reviewers who are not informed of the identity of the author(s). When
publication in its original form is not recommended, the reviewers' comments (without
the identity of the reviewer being disclosed) may be passed to the first author and
may include suggested revisions. Manuscripts not approved for publication will not
be returned.

Ethical considerations

Papers based on original research must adhere to the Declaration of Helsinki on
"Ethical Principles for Medical Research Involving Human Subjects” and must
specify from which recognised ethics committee approval for the research was
obtained.

Conflict of interest

Authors must declare all financial contributions to their work or other forms of conflict
of interest, which may prevent them from executing and publishing unbiased
research. [Conflict of interest exists when an author (or the author's institution), has
financial or personal relationships with other persons or organisations that
inappropriately influence (bias) his or her opinions or actions.]* *Modified from:
Davidoff F, et al. Sponsorship, Authorship, and Accountability. (Editorial) JAMA
2001: 286(10) The following declaration may be used if appropriate: "l declare that |
have no financial or personal relationship(s) which may have inappropriately
influenced me in writing this paper.”

60



Submissions and correspondence

All submissions must be made online at www.sajaa.co.za and correspondence

regarding manuscripts should be addressed to:

The Editor, SAJAA, E-mail: toc@sajaa.co.za

Note: Ensure that the article ID [reference] number is included in the subject of your

email correspondence.

Electronic submissions by post or via email

Authors with no e-mail or internet connection can mail their submissions on a CD to:
SAJAA, PO Box 14804, Lyttelton Manor, 0140, Gauteng, South Africa.

All manuscripts will be processed online. Submissions by post or by e-mail must be

accompanied by a signed copy of the following indemnity and copyright form.

Submissions by email should be sent as an attachment to toc@sajaa.co.za

Tips on Preparing your manuscript

1.

2.

N o

9.

Please consult the “Uniform requirements for manuscripts submitted to
biomedical journals” at www.icmje.org

Please consult the guide on Vancouver referencing methods

at: http://www.ncbi.nlm.nih.gov/books/bv.fcgi?rid=citmed.TOC&depth=2

The submission must be in UK English, typed in Microsoft Word with no
double spaces after the full stops, 1.5 paragraph spacing, font size 12 and
font type: Times New Roman.

All author details (Full names, Qualifications, Affiliation and ORCID) must be
provided.

The full contact details of corresponding author (Tel, email address, postal
address) must be on the manuscript.

There must be an abstract and keywords.

References must strictly be in Vancouver format. (Reference numbers must
be strictly numerical and be typed in superscript, not be in brackets and must
be placed AFTER the full stop or comma.)

It must be clear where every figure and table should be placed in the text. If
possible, tables and figures must be placed in the text where appropriate. If
too large or impractical, they may be featured at the end of the manuscript or
uploaded as separate supplementary files.

All photographs must be at 300dpi and clearly marked according to the figure
numbers in the text. (Figure 1, Table I, etc.)

10. All numbers below ten, without percentages or units, must be written in words.

61


http://www.sajaa.co.za/index.php/sajaa/author/submit/1
mailto:toc@sajaa.co.za
mailto:toc@sajaa.co.za
http://www.icmje.org/
http://www.sajaa.co.za/index.php/SAJAA/about/

11.Figure numbers: Arabic, table numbers: Roman

Copyright Notice

By submitting manuscripts to SAJAA, authors of original articles are assigning
copyright to the SA Society of Anaesthesiologists. Authors may use their own work
after publication without written permission, provided they acknowledge the original
source. Individuals and academic institutions may freely copy and distribute articles
published in SAJAA for educational and research purposes without obtaining
permission.

Privacy Statement

The names and email addresses entered in this journal site will be used exclusively
for the stated purposes of this journal and will not be made available for any other
purpose or to any other party.

62



Appendix G

turnitina))
Digital Receipt

This receipt acknowledges that Turnitin received your paper. Below you will find the receipt
information regarding your submission.

The first page of your submissions is displayed below.

Submission author:
Assignment title:
Submission title:

Flle name:

File size:

Page count:
Word count:
Character count:
Submission date:
Submission ID:

REINIER SWART

Final Submission

MMed Mini-Dissertation_2019
Swart_R_MMed_dissertation_final_...
248.41K

44

9,302

53,889

14-Nov-2019 12:09PM (UTC+0200)
1213607434

™ o o -
FEU Wy WIS ot e G4 Basrmmie b e 8 8 Wl e
""“‘"""“"L“"f"!"'“"‘éf‘

W e DAt ient of A Mtcbop o Te

FACLLTY OF e SCOw0s
INETRATY OF THE MRS ATAE

Separraar B0 Shaan D NsOwy
Haad of Chotonl Lindk; Gl Conn
Facuivy of ess Scancen
Uity of T Note Wate

ot ol Silas Lerao Wy
Srad o Chedst Dt P Santod
Facuty of Hehh Scamomn
LW ey of e Foee s

On L 33TV

63




MMed Mini=Dissertation_2019

OR|GINALITY REFORT

16, 11 10+ 12

SIMILARITY INDEX INTERMET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY S0URCES

H

lifeinthefastlane.com

Internet Sounce

29

]

en.wikipedia.org

Inteerniet Source

1

g B B

&MNA:. "Abstracts :", Critical Care Medicine,
12/2009

Fublication

Submitted to Cardiff University

Student Paper

icm-experimental.springeropen,.com
Internat Sourca

1

1
1

annalsofintensivecare.springeropen.com
Internat Sourca

1o

Hﬂ

eltai.in

Intsrnet Sourca

1o

"Pediatric Sedation Outside of the Operating
Room", Springer Nature, 2015

Publication

'='-11%

64



Submitted to University of Southampton

E Student Paper tY g {1 q;"'rﬂ
Submitted to Jacksonville Universi

Student Paper t'f ‘::1 %

issuu.com {1
Internat Source Yo
archive.org

Internet Source < 1 %o
journals.sagepub.com

Internel Source < 1 %o
cyberleninka.org

Internet Source ‘: 1 %

Submitted to Ghana Technology University {1 %
College ¢
Student Paper

Jessica J, Grahl, Joanna L. Stollings, Shayan {1 .
Rakhit, Anna K. Person et al. "Antimicrobial o
exposure and the risk of delirium in critically ill
patients", Critical Care, 2018
Publication

"Surgical Intensive Care Medicine", Springer ‘:1 .
Mature, 2016 o
Publication
Submitted to University of Bath

Student Paper {1 %

65



Submitted to University of Leeds

Student Paper tyr {1 ﬂ!’"rﬂ
Submitted to The Robert Gordon Universi

E Student Paper t‘-"'r {1 ﬂf“r:'
Submitted to Loma Linda Universit

Studenl Pagpear }r IlIl"'.“l‘1 ﬂ.-";-D
www_blm.gov

E Fiternel Source g {:1 ﬂf"ln
Jen A. Tan, Kwok M. Ho. "Use of

. : : <%
dexmedetomidine as a sedative and analgesic
agent in critically ill adult patients: a meta-
analysis"”, Intensive Care Medicine, 2010
Publication
Venkatakrishna Rajajee, Becky Riggs, David B.

- - < 1%
Seder. "Emergency Neurological Life Support:
Airway, Ventilation, and Sedation", Neurocritical
Care, 2017
Publication

E "“Trauma and Combat Critical Care in Clinical {1 ”
Practice", Springer Science and Business Media °
LLC, 2016
Publication
theses,ucalgary.ca

E Internat Source ‘:1 ﬂ.l'l;:l

ccforum. bliomedcentral.com

66



Internat Source

&MNA:. "Abstracts”, Critical Care Medicine,

12/2008

Fublication

'€1%

{1%

www. true-sale-international.com

Internel Source

*i1%

www.ajol.info

Iternel Source

<19

1

£ad Cad
o]

B B

Submitted to Wright State University

Studanst Papar

Adrian T. Ruiz, Patrick Thiam, Friedhelm
Schwenker, Giinther Palm, "Chapter 11 A
$PkS5-Nearest Neighbor Based Algorithm for
Multi-Instance Multi=Label Active Learning",
Springer Science and Business Media LLC,

2018

Fublication

Submitted to University of Brighton

Student Faper

"Principles and Practice of Geriatric Psychiatry",

Wiley, 2010

Pubdlication

"Principles of Adult Surgical Critical Care”,

Springer Nature, 2016

67

*‘ﬂ%

<1+

-::1%

{1%

<1+



gﬁg?:it::d to Western Governors University {1 %,
gﬂfﬂﬂﬁd to Royal Melbourne Hospital {-1 %
E "Eupplemm_ar?t 2 September 2011", Intensive {1 %

Care Medicine, 2011

Publication
s vaukcom <1,
40 it <14
o ou-eom <1%
E ﬁ;ige?:nau!icnre.DDDwehhnstapp.cnm {.1 "
e <1y
boplcsaciencediect com <14
E gﬂfﬂﬂﬁd to University of Colorado, Denver ‘:1 %
m gﬂ?ﬂlﬂﬁd to University of Sheffield {-1 %

68



Submitted to Grand Canyon Universit
Siudent Faper g y {1 Yo
m Satoshi Ono, "Effects of Neutrophil Elastase {1 .
Inhibitor on Progression of Acute Lung Injury o
Following Esophagectomy”, World Journal of
Surgery, 09/13/2007
Publication
Submitted to University of New England
m Student Paper tY d {1 ﬂa"'rﬂ
E B. T. Pun, "The Importance of Diagnosing and {1 o
Managing ICU Delirium", Chest, 08/01/2007 s
Publication
Akarsu Ayazoglu, zden Nih. "Chapter 1 {-1 o
Intensive Care Management of the Traumatic °
Brain Injury”, InTech, 2012
Publication
scholar.ufs.ac.za:8080
E Internet Source < 1 %
jintensivecare.biomedcentral.com
E Llﬂ:'nr:t SOUGE { 1 %
&NA:;, . "Abstracts of Posters presented at the {1 %

2013 Annual Meeting of the International
Anesthesia Research Society San Diego
California, USA May 4-7, 2013 :", Anesthesia &
Analgesia, 2013.

Publicalian

69



docslide.us

E knternet Source ﬂ: 1 nf"rn

E "Abstracts”, International Journal of Disaster {1 ”
Medicine, 2009 ’
Fublication
www.scribd,.com

Internet Source { 1 QJ"IL
Submitted to Glasgow Caledonian Universit

E Student Paper g F ‘:1 %

Abbas ﬁ_u.l-(]amar.],. Michael Lyinn Ault. Pz_nn {1 o
Control in the Critically lll Patient”, Elsevier BY,
2018
Publicatian
Submitted to Texas Wesleyan Universit

E Student Paper F y { 1 n..'"::u

gspace.library.queensu,ca {:1
Internet Source ﬂ.-'"rﬂ
WWwWw.sajaa.co.za

E Internat Source I': 1 ﬂ-"'::l
core,ac.uk

Internat Source { 1 ﬂf"::l
Submitted to University of Nottingham

m Student Paper t}f g {1 ﬂ*"l‘r:'

70



Exdude quolas on Exchide malchas < T words
Exdude bibliography ~ ©On

71



Appendix H

Daily sedation and delirium checklist and plan

Patient sticker:

Current sedation plan:
(include — sedative, indication
and planned stopping date
and time)

Was there a planned
sedation break and
spontaneous breathing trial?
If no, supply reason.

Is there an acute change /
fluctuating course of mental
status?

If so, do CAM-ICU.

Positive / Negative

If positive — orientate patient,
provide analgesia, ensure all
sensory demands are met

Mental state normalised:

. , . Yes / No
(eg hearing aid / reading
glasses)
Type of delirium Agitated / Hypoactive
Is sedation indicated? (First
consider exercise, family
Yes / No

engagement and non-
pharmacological treatment)

Next 24 hours’ sedation plan:
(Consider dexmedetomidine
if agitated delirium present)
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