Aus der Klinik fiir Anésthesiologie mit Schwerpunkt operative Intensivmedizin
der Medizinischen Fakultét
Charité — Universitatsmedizin Berlin

DISSERTATION

Delirpravention bei alteren Patienten durch intraoperative Gabe von
Dexmedetomidin bei Hochrisikoeingriffen

Prevention of delirium by intraoperative administration of
Dexmedetomidine to elderly patients during high-risk surgery

zur Erlangung des akademischen Grades
Doctor medicinae (Dr. med.)

vorgelegt der Medizinischen Fakultat
Charité — Universitatsmedizin Berlin

von

Jeroen Rieske (geb. van Norden)

aus Hilversum

Datum der Promotion: 30. 11. 2023



Table of contents

LISt OF T8IIES ... 4
LISE OF FIGUIES ...ttt bbb bbbt et bbb b b 5
LiSt OF @DDIEVIATIONS ...ttt 6
AADSTIACT ... b bbb bt 7
ZUSAMMENTASSUNG ...ttt sttt sttt ettt e et e st et e e st e sbe et e e seesbeesbeeseesbe e beenbeaseesbeenseaneeaneenneas 8
L INEFOAUCTION ...ttt b bbb et b e b e 10
1.1  Postoperative delirium and dexmedetomidine as a possible means for prevention........... 10
1.2 Intraoperative triggers and predisposing factors for delirium..........c.cccoovvviiieieicieenn 11
1.3 The pathophysiology Of delifiUm .......ccooiiiiic e 11
1.4 Dexmedetomidine and its wWorking mechaniSm ...........ccceceviieieeiesiie s 12
1.5  Side effects and SAELY ......cccvcii i 14
T o 1Y/ 010 14 T=T] 1SS OSRRPRSSN 15
2. IMIBENOAS ...t bbb bbbttt a b bt ene s 15
2.1 Study Design OF OUF THIAL ........c.oiiiiiiiieice e 15
2.2 PAITICIPANTS ...ttt bbbttt bbb bbb bbbt beene s 15
2.3 INCIUSTON CIIEBITA. ...ttt bbbttt b e bbb eneas 16
2.4 Ordering of the study drug and randomiSation PrOCESS...........cccererereririeerierieseresiesienieas 17
2.5  Administration of investigational drug ............ccocoiiiiiiiiiie s 17
2.6 Primary endpoint Of OUr trial..........ccooeiiiiieiccc e 18
2.7  PaliENt SATELY ....veiiii it e e ae e re e 19
2.8 SHALISTICS ..ottt 20
2.9  Comparison to the MoSt reCENT RCTS ....coviiiiiiiieiie et 20
B RESUILS ...t 21
4. DISCUSSTON. ...ttt etttk et bbbt bbb e bbbt bbbt bt e e e e e e b e bbbt nne s 26
4.1 SUMMArY OF the TESUILS ..o 26
4.2 Further interpretation 0f the reSUILS..........ccoiieii i 26



4.3  Strengths and limitations Of QU STUAY...........cooiiiriiieicie e 27

4.4 Results in light of the TIHErature ..o 28
4.4.1 Review Of NON-CArdIaC RCTS ..o 32
4.4.2 ReVIEW OF CArdiaC RCTS ....oiiiiiciiiieieie et 35
4.5  Clinical use for our daily PraCtiCe .........cccooiiiiiiiniiieice e 37
5. CONCIUSTON ...t b bbbt b et b et b e 37
B. RETEIBICES ...ttt 39
7. Eidesstattliche VErSiCNEIUNG ........cviiiiiice ettt 46
8. Anteilserklarung an den erfolgten PUbIIKAtionen.............ccoovveii i 47
9. Extract from Journal Summary List for Anesthesiology .........ccccccevieiiiic i 49
10, PUBTICALION. ...ttt bbb et 51
11, CUITICUIUM VBB ... bbbttt bbb 61
12. LiSt OF PUDIICALIONS........ciiiiiietc ettt 63
13, DANKSAGUING ...ttt ettt bbbt et et b ekt b bt b e et et ettt b b n e 64



List of tables
Table 1: baseline characteristics
Table 2: Overview of studies in

Table 3:; Overview of studies in

............................................................................ 22
NON-CardiaC SUMQRIY ... .ttt e 29
CardIAC SUFQBIY ... ettt e e e 31



List of figures

Figure 1: Dexmedetomidine and its mechanism of action...................cocoviiiiiiiiiinnenn.n.. 13
Figure 2: English version of the CAM-ICU screening algorithm........................ooeiinan, 19
Figure 3: Study flow diagram for delirium assesSment...............coooeiiiiiiiriiniiiiiiniinannnn, 21
Figure 4: Number and rate of patients with postoperative delirium................................... 24

Figure 5: Number and rate of postoperative delirium in patients receiving

Deta-DIOCKEr tNErAPY ... .. it 24
Figure 6: Number and rate of postoperative delirium in patients without beta-blocker therapy...25
Figure 7: Number and rate of postoperative delirium in patients receiving major

ADOMINAL SUIGEIY . ...t e 25
Figure 8: Number and rate of postoperative delirium in patients undergoing

OF: 1o [ (o U {0 -] VUSSP 26



List of abbreviations

POD
POCD
CABG
ICU
PACU
RCT
CAM
CAM-ICU
RR
bpm
RASS

min
aMCl

Postoperative Delirium
Postoperative Cognitive Dysfunction
Coronary Artery Bypass Grafting
Intensive Care Unit

Post Anesthesia Care Unit
Randomized Controlled Trial
Confusion Assessment Method
Confusion Assessment Method for the ICU
Risk Ratio

beats per minute

Richmond Agitation-Sedation Scale
hour

minute

amnestic mild cognitive impairment



Abstract

Introduction

Postoperative Delirium (POD) is a fluctuating and faltering state of the brain characterized by
deficits in attention, cognition, and awareness. It forms a major independent predictor for Intensive
Care Unit (ICU)-mortality in elderly people as 1-year ICU survival probability decreases by 10%
for every day spent with POD. Since its introduction in 2011, dexmedetomidine has proven to be
a potent o2-agonist effective in the treatment of delirium on ICUs with translational rat studies
indicating an anti-inflammatory and mortality-reducing effects when given simultaneously to a
systemically induced (neuro-)inflammation. This raises the question whether perioperative
administration of dexmedetomidine (both intra- and postoperative) could reduce the rate of POD.
By the beginning of our trial in July 2014, in which we randomized 63 patients to
dexmedetomidine or placebo, Randomized Controlled Trials (RCTs) regarding this subject had
yet to be published. This dissertation tries to answer this question by discussing our trial and
comparing it to the latest RCTs and literature.

Methods

First an extensive review of the literature was done to explore the facets of delirium, the working
mechanisms of dexmedetomidine and a review of the gold standard delirium screening tool
CAM/CAM-ICU (Confusion Assessment Method for the general and ICU ward respectively).
Then an in-depth review of our trial will follow in which will be focused on the incidence of POD
in our dexmedetomidine and placebo groups and its  -blocker, non- B -blocker, cardiac and non-
cardiac surgery strata, measured by CAM/CAM-ICU. To compare our trial to the latest body of
evidence, a PUBMED search (“(Dexmedetomidine OR Dexdor) AND (Delirium OR delirious)
AND (peri-operative OR perioperative OR intraoperative OR intra-operative)”) was done to

screen for the latest RCTs and meta-analyses.

Results

Including our trial, the majority of non-cardiac RCTs (13 out of 16) showed a significant reduction
of POD in their respective dexmedetomidine groups, with various dosing and timing strategies.
Although 3 out of 6 cardiac RCTs found a significant reduction, there was a lack of
methodologically sound studies to properly evaluate the effect of intraoperative administered

dexmedetomidine for cardiac surgery patients.



Conclusion

The current body of evidence suggests that, when selected for age (> 60 years) and scope of surgery
with a foreseeable longer stay on the ICU, the administration of dexmedetomidine could lead to a
significant reduction in POD for non-cardiac surgery patients. A new meta-analysis is needed to
give a definitive answer. For cardiac surgery though, the evidence remains unclear and more and

especially methodologically sound studies are needed.

Zusammenfassung

Einleitung

Das POD ist ein fluktuierender und mangelhafter Zustand des Gehirns, gekennzeichnet durch
Defizite in Aufmerksamkeit, Kognition und Bewusstsein. Jeder Tag, den ein(e) Patientln auf der
Intensivstation mit Delir verbringt, senkt die 1-Jahres-Uberlebenswahrscheinlichkeit um circa
10%. Seit dessen Introduktion im Jahr 2011 hat Dexmedetomidin sich als potenter a2-Agonist und
als effektive Therapie fur das POD erwiesen. Translationale Studien mit Ratten deuten auf anti-
inflammatorische und mortalitatsreduzierende Effekte des Medikaments hin, wenn es gleichzeitig
zu einer systemisch induzierten (Neuro)-Inflammation verabreicht wird. Dies wirft die Frage auf,
ob sich durch perioperative Gabe (sowohl intra- als auch postoperativ) von Dexmedetomidin die
Rate des PODs reduzieren lasst. Vor dem Beginn unserer Studie im Juli 2014, in welcher wir 63
Patienten zur intra- und postoperativen Gabe von Dexmedetomidin oder Placebo randomisierten,
gab es noch keine veroffentlichten RCTs zu diesem Thema. Diese Dissertation versucht anhand

unserer Studie und dem Vergleich der aktuellsten RCTs diese Frage zu beantworten.

Methodik

Zuerst wird ein ausfihrlicher Rickblick der verfugbaren Literatur gegeben, worin die Facetten des
Delirs, die Arbeitsmechanismen des Dexmedetomidins und eine Bewertung des Goldstandard
Delir Screening-Tools CAM/CAM-ICU dargestellt werden. Darauf folgt eine ausfihrliche
Beschreibung unserer Studie, mit Fokus auf die Methodik und POD-Inzidenz unserer
Dexmedetomidin- und Placebo-Gruppen und deren Strata (B -Blocker, ohne - B -Blocker,
kardiochirurgisch und nichtkardiochirurgisch). Zum Recherche der aktuellsten Studienlage wurde
eine PUBMED Suche (“(Dexmedetomidine OR Dexdor) AND (Delirium OR delirious) AND
(peri-operative OR perioperative OR intraoperative OR intra-operative)”) durchgefiihrt, um unsere

Studie mit den letzten RCTs zu vergleichen.



Ergebnisse

Inklusive unserer Studie fand die Mehrheit der nichtkardiochirurgischen RCTs (13 von 16) eine
signifikante Reduktion der POD-Inzidenz in deren Dexmedetomidin-Gruppen. Obwohl 3 von 6
kardiochirurgische RCTs eine signifikante Reduktion der Dexmedetomidin-Gruppe aufwiesen,
mangelte es an Studien mit ausreichender methodischer Qualitat, um fir diese Patienten eine

eindeutige Aussage treffen zu kdnnen.

Schlussfolgerung

Die aktuelle Datenlage deutet darauf hin, dass innerhalb eines vorselektierten Patientenkollektivs
hinsichtlich Patientenalter (> 60 Jahre) und Operation (grof3chirurgische Eingriffe mit einer
voraussichtlich langeren Intensivverweildauer) die Gabe von Dexmedetomidin zu einer
signifikanten Reduktion des PODs fur nichtkardiochirurgische Patienten fiihren kdnnte. Um eine
definitive Aussage fur diese Patienten treffen zu kdnnen, ist allerdings noch eine aktuelle Meta-
Analyse erforderlich. Fur kardiochirurgische Patienten mangelt es derzeit jedoch an qualitativ

verwertbaren Studien, um diese Frage beantworten zu kénnen.



1. Introduction

1.1 Postoperative delirium and dexmedetomidine as a possible means for prevention
POD is a faltering state of the brain, for which especially elderly people are susceptible as
predisposing factors tend to develop with age. Its symptoms are fluctuating during the day,
characterized by an acute onset with deficits in attention, cognition and awareness and usually
peak between postoperative day one to three[1, 2]. As 1- year survival probability of ICU-
patients decreases by 10% for every day spent with POD[3], it forms a major predictor for ICU-
mortality and stresses the importance of early treatment. A recent meta-analysis reviewed 71
studies that compared the odds ratio of ICU-mortality in delirious elderly (>65y) patients to non-
delirious controls[4], in which an odds ratio for mortality of 7.1 to 3.2 respectively was found.
The authors mention that, despite advancements in delirium research, delirium in-hospital odds
of mortality have not changed in the last 30 years. Moreover, it prolongs hospital stay by up to
10 days, worsens treatment outcomes and puts patients at risk for prolonged cognitive

impairment, also known as Postoperative Cognitive Dysfunction (POCD) [5-7].

After its introduction in the European Union 2011[8], dexmedetomidine has proven to be a
potent a2-agonist effective in the symptomatic treatment of delirium on ICU’s [9]. As
translational studies started to show the anti-inflammatory and mortality-reducing properties of
dexmedetomidine in rat models when dexmedetomidine was given simultaneously to a
systemically induced inflammation process [10,11] and a theory about the connection between
systemic inflammation and delirium was developed [12], the curiosity into the prophylactic
potential of dexmedetomidine with regards to POD was piqued. To shed a light on the potential
of intraoperatively administered dexmedetomidine for patients as well our department for
anaesthesiology developed a RCT to answer this question [13]. At the start of our trial in July
2014, RCTs that focused solely on both the intra- and postoperative administration of
dexmedetomidine had yet to be published. This dissertation will provide a more in-depth

analysis of the incidence of POD in our study and will compare it to the latest RCTs.
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1.2 Intraoperative triggers and predisposing factors for delirium

Intraoperatively, delirium can be triggered by any type of inflammation (like systemic
inflammation after major surgeries, sepsis or pre-existing local inflammation or infection), the use
of anticholinergic drugs, sleep deprivation, occurrence and duration of burst-suppression on EEG-
Monitoring [14], pain, electrolyte and acid-base disorders and the use of prodelirogenic medication
like sedatives and opiates [15]. One must be aware though, that as so many different aetiologies
are present, it is very unlikely that a single mechanism is at play. Moreover, predisposing factors
can play a role, such as age above 65 years (especially above 75 years[16]), dehydration and
malnutrition, polypharmacy (5 drugs or more), a history of alcohol or nicotine abuse, acute
intoxications, pre-existing cognitive impairment based on brain injury, psychiatric illness or
dementia, severe audiovisual impairments, as well as other pre-existing comorbidities such as

severe liver or heart failure and chronic kidney disease[17].

1.3 The pathophysiology of delirium

In recent years, more is discovered about its pathophysiology and the self-propelling
neuroinflammatory reaction that, amongst others, lies at the base of the disorder[12]. In their
inflammation hypothesis (later referred to as neuroinflammatory hypothesis), van Gool at al. posed
that pro-inflammatory cytokines, like IL-1B, IL-6, and TNF-a, play an important role in the
activation of microglia after having passed the blood-brain-barrier (see figure 1). As microglia are
the protagonists in the brains innate immune response, they can produce inflammatory mediators
that not only regulate this response, but also weaken the tight junctions between astrocytes and
affect neuronal function. These inflammatory mediators are toxic and can cause collateral damage
to neighbouring neurons. Thus, van Gool et al. postulate that in this manner the brain becomes an
engine of inflammation itself.

So far, several experimental models with rats showed the effects of induced systemic inflammation
on neuroinflammation. For example, Qin et al. demonstrated that a systemically induced
neuroinflammation through the peripheral injection- of lipopolysaccharide led to neuronal loss of
up to 40% of the substantia nigra after 10 months[11].

Furthermore, it is hypothesized that these cytokines and chemokines can initiate a cascade that can
lead to endothelial damage, thrombin formation and microvascular compromise of the brain and
blood-brain barrier[18]. In addition, (after disease processes like trauma or surgery) leukocytes are
released systematically, that adhere to endothelial cells of the blood-brain-barrier and degranulate,

increasing the permeability even further[19].
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In addition, age - especially in patients of 60 years and older - plays a major role in the chance of
developing a POD: there is a decrease in cholinergic function with healthy ageing, being even
more pronounced in Alzheimer’s Disease, which results in less cholinergic inhibition of microglia
and may play an important role in the pathogenesis of delirium[20]. This is also being referred to
as the “neuronal aging hypothesis”[19]. An experimental rat study showed, that in previously
vagotomized rats that received prophylactic administration of dexmedetomidine shortly before
induction of systemic inflammation and neuro-inflammation, no downregulation of the cytokine
response was found[21]. These findings suggests that the anticholinergic anti-inflammatory
pathway plays a major role in downregulating pro-inflammatory cytokines, therefore reducing the
chances of developing a delirium. Blocking the anticholinergic pathway by vagotomy and the
prophylactic administration of dexmedetomidine turns out to be ineffective. This also stresses the
need for careful consideration of the anticholinergic load of medication often used by the elderly

population which can otherwise further increase the incidence of delirium.

Meanwhile, many theories have been posed next to the neuroinflammatory and neuronal aging
hypothesis, e.g., oxidative stress, neurotransmitter deficiency, neuroendocrine diurnal
dysregulation, as well as the network dysconnectivity hypothesis. An elaborate review of these
hypotheses and their possible intersections has been published by Moldonado [19]. As he states in
his article, none of these theories can explain the full etiology and rather must be seen as
complementary. Therefore, the pathophysiology remains highly complex, multifactorial and to

this day not fully understood.

1.4 Dexmedetomidine and its working mechanism

Dexmedetomidine is a highly potent a2-agonist with sedative, antisympathetic, coanalgetic and
anxiolytic effects. It has several advantages over other sedatives for the management of delirium:
it displays sedative properties without respiratory depression, has no anticholinergic effects,
reduces the need for prodelirogenic agents such as sedatives, opioids and hypnotics [22—-24] and
promotes a more physiologic sleep-wake cycle in animal models[26]. Its antisympathetic effects
are mirrored by an intraoperatively stable lower heart rate, typically found in these patients during
continuous infusion of dexmedetomidine[13,26]. Furthermore, it reduces the incidence of
postoperative shivering[27], which can drive the bodies metabolic rate up to 400% and can be

especially dangerous for patients with a cardiopulmonary high-risk profile[29]. Its potential for
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symptom control has already been widely investigated, but its potential for the prevention of POD
as prophylactic agent by means of intraoperative administration is still subject of debate.

So far, several rat models were able to demonstrate a neuroprotective effect of
dexmedetomidine[29-31]. By administering dexmedetomidine simultaneously to induction of
systemic inflammation, an attenuation of the neuroinflammatory response could be shown as well
as an attenuation of neurocognitive changes and prevention of excessive microglial
hyperactivation. The exact mechanism of action is not yet fully understood, but inter alia involves
the downregulation of pro-inflammatory cytokines like TNF-a IL1-B, which in turn prevents
activation of the resting microglia and therefore lowering the chance of developing a delirium (see
figure 1)[32,33]. Later, human studies were able to confirm the downregulation of TNF-a by
intraoperative administration of dexmedetomidine as well[34,35]. Furthermore, dexmedetomidine
is shown to work through the cholinergic pathway as well: as shown by mice studies,
dexmedetomidine modulates the secretion of inflammatory cytokines through a2-adrenergic
receptors on macrophages and monocytes and inhibit the synthesis of nuclear factor-xB by

activating the cholinergic anti-inflammatory pathway[36].

________________________________________

Cholinergic inhibition
3. of microglia

v @
TNF-a (Dv
+1L1-B

Postoperative
delirium

Figure 1: Dexmedetomidine and its mechanism of action, authors own depiction

In addition, dexmedetomidine has the potential to promote a physiological sleep-wake cycle and
has inhibitive effects on almost all parts of the brain, especially the nucleus coeruleus[37]. By

acting on the latter, dexmedetomidine inhibits the release of norepinephrine, which causes
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Gamma-aminobutyric acid (GABA) output from the ventrolateral preoptic nucleus and inhibition
of the neurotransmitters of wakefulness to produce a Non-rapid eye movement (NREM) sleep
pattern[38]. Furthermore, dexmedetomidine was shown to have co-analgetic properties by acting
on the ap-receptors of the substantia gelatinosa of the dorsal horn of the spinal cord where it

reduces the release of transmitters involved in nociception[39].

In addition, dexmedetomidine is thought to work through the reduction of serum cortisol levels as
well. Studies have shown that serum levels of cortisol are highly correlated with an increased risk
for POD [40]. Under stressful conditions the brain is known to promote adrenocortical function
via hypothalamic corticotrophin-releasing hormone. This is partially counteracted by a negative
feedback-mechanism on the hypothalamus. There are glucocorticoid receptors on the
hippocampus and frontal lobe that are closely associated with cognition. Glucocorticoids have a
U-shaped dose response relationship: memory is impaired by sustained glucocorticoid levels that
are either too high or too low but improved by proportional glucocorticoid levels[41]. Li et al.
(2016) were able to demonstrate, that serum cortisol levels in patients undergoing open
gastrectomy were significantly lower at the time of coeliac exploration and after extubation in
patients that received dexmedetomidine intraoperatively compared to placebo[42]. This reduction,
however, was not achieved amongst patients in their dexmedetomidine epidural subgroup.
Therefore, the reduction of cortisol shows another mode of action in the prevention of POD,
especially in the absence of epidural anesthesia. This was later confirmed by Lee et al. who were
able to show a significant reduction in 1-hour postoperative serum cortisol levels in patients that
intraoperatively received dexmedetomidine during laparoscopic major non-cardiac surgery [43].

Finally, findings by the study of Xin et al. indicate dexmedetomidine might work through
reduction of the permeability of the blood-brain barrier in patients with mild cognitive
impairment[34]. They therefore argue that this mechanism may play a role in the reduction of

neuroinflammation.

1.5 Side effects and safety

The most common side effects of dexmedetomidine are a result of the biphasic haemodynamic
effects of dexmedetomidine, particularly after a loading dose: it initially might produce
hypertension by acting on the az-receptors of the vascular smooth muscle, followed by
hypotension and bradycardia as a result of central noradrenaline release[44]. In a meta-analysis by
Wang et al. that looked at 18 RCTs with 1730 patients in total, the efficacy and safety of
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perioperative (mainly postoperative) dexmedetomidine administration in cardiac surgery patients
was analysed[45]. They found the incidence of hypotension to be comparable between the
dexmedetomidine and placebo group. Moreover, incidences of POD and myocardial ischaemia
were found to be significantly lower in the dexmedetomidine group. It concluded that
dexmedetomidine can effectively reduce the incidence of early POD and ventricular tachycardia
after cardiac surgery with tolerable adverse events and therefore confirmed its efficacy and safety
for use in the ICU. However, as only studies regarding the post-operative administration of
dexmedetomidine were analysed, an evaluation regarding its efficacy and safety if administered
intra-operatively is still needed. Indeed, 2 out of 6 recent cardiac RCTs with intraoperatively
administered dexmedetomidine did raise some concerns about its safety, as a non-significant (p >

0.05) increase in POD in the dexmedetomidine group was observed[46,47].

1.6 Hypothesis
We hypothesized, that the intraoperative administration of dexmedetomine would lead to a

reduction in POD from 45% to 10% in comparison to the administration of a placebo[48,49].

2. Methods

2.1 Study Design of our trial

To properly study the effects of intraoperative administration of dexmedetomidine a randomized,
double blind controlled phase-1V trial was designed, in which was focused on high-risk patients
undergoing high-risk surgeries. The goal was to achieve neuroprotection with dexmedetomidine
for patients undergoing elective cardiac or abdominal surgery. Hence the trial was registered as
the Neuprodex trial. It was conducted from July 2014 to July 2018 at the department of
anesthesiology and operative Intensive Care Medicine at 2 campuses of the Charité: Charité
Virchow Klinikum and Charité Campus Mitte. The study was approved by the by the Federal
Institute for Drugs and Medical Devices (BfArM) (registration number: 4039307) on September
13th, 2013, and the by Ethics Committee of the Department for Health and Social Affairs
(LaGeSo) (registration number: 13/0491-EK11) on January 30th, 2014 and was registered at
clinicaltrials.gov (NCT02096068).

2.2 Participants
The study focused on high-risk patients of 60 years and older with a foreseeable longer stay on the

ICU because of high-risk surgeries (major elective cardiac or abdominal surgery, see below).
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Patients were randomized into 4 groups according to location of surgery (cardiac and abdominal)
and whether patients were on B-blocker therapy or not. It is known that stimulation of the pB1-
receptor increases intracellular cyclic adenosine monophosphate (CAMP), which can induce a
reduction of inflammatory cytokines like TNF-a and IL-1p and can increase anti-inflammatory
cytokines like 1L-10. [50,51]. To analyse the possible influence of B-blocker therapy on treatment
outcome, patients were stratified according to whether they received B-blocker therapy or not as
well. Eligible patients were asked for study participation during preoperative screening on the
anesthesia outpatient clinic one or several days before surgery by the studies clinical research
physicians. In German these are called ‘Priifirzte” which were physicians that successfully
completed a Good Clinical Practice course (a prerequisiste in Europe to be allowed to perform
clinical trials), in which they learned about all the facets of performing clinical trials and their legal
framework. Patient data and delirium scores (see below) were collected by trained research-

assistants on Case Report Forms (CRFs).

2.3 Inclusion Criteria

Major elective cardiac or abdominal surgery was defined as elective CABG-surgery without valve
surgery, done under cardiopulmonary bypass, with a left ventricular ejection fraction > 30% or
pancreatic, hepatic or intestinal surgery. According to the German Drug Law § 40 (1) 3b patients

were offered information, and written informed consent was obtained prior to study inclusion.

The intraoperative administration of different kinds of medication was standardized: for
premedication and management of postoperative anxiety only benzodiazepines were allowed.
Furthermore, propofol or volatile anesthetics were used as standard hypnotic agents, and
perioperative pain management was done by epidural anesthesia and/or intraoperative
administration of sufentanyl/fentanyl, according to the S3-Guideline on Analgesia, Sedation and
Delirium management in Intensive Care Medicine[52]. Instead of atropine, orciprenaline was used
to avoid extra anticholinergic load (see figure 1).

Patients were excluded in case of known drug intolerance/allergies to ingredients of the placebo
or verum, patient’s objection to the use of their pseudonymized data, accommodation in an
institution due to an official or judicial order, being an employee of the Charité University
Hospital, illiteracy, lack of proficiency in the German language, Minimal mental Status
Examination (MMSE) score below 24, severe hearing loss or visual impairment, acute brain

injury, intracranial hemorrhage within a year before study participation, manifest psychiatric
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disease, known illicit drug abuse, acute intoxication, pregnancy, homelessness, participation in
concurrent interventional clinical trials, hemodynamic insufficiency at the time of inclusion
(defined as a mean arterial pressure below 55 mm Hg despite vasopressors and optimization of
preload), second- or third-degree atrioventricular block (AV-block), bradycardia below 50 bpm
during resting state, spinal cord injury with known autonomic dysfunction, previous
cerebrovascular accidents with neurological residue, liver cirrhosis with Child C or Model of End-
stage Liver Disease (MELD) score above 17, intraoperative administration of remifentanil,
administration of clonidine during administration of the study drug, planned postoperative
sedation of RASS -4 to -5, or additional administration of dexmedetomidine within 3 months after

inclusion.

2.4 Ordering of the study drug and randomisation process

After obtaining written informed consent the study drug was ordered at the hospitals apothecary
on the day prior to surgery or on Fridays if the surgery was scheduled for a Monday. Here the
study drug was prepared, which consisted of a syringe labelled with the patients’ pseudonym,
which was generated by a statistician from the “Institute for Biometrics and Clinical
Epidemiology” (iBikE) at the Charité. The first arm received Dexmedetomidine from a 50ml
syringe which contained 4pg/ml of Dexmedetomidine. The second arm received a 50ml syringe
containing a 0.9% sodium chloride solution. All syringes were also provided with an envelope,
which offered the possibility to unblind in case of emergency.

2.5 Administration of investigational drug

The clinical research physician received the investigational drug by the apothecary’s assistant and
was present during the induction of general anesthesia. The prefilled syringe was put into a
perfusor, connected to the patients’ intravenous access via a perfusor line and started 10 minutes
after induction (successful intubation) of anesthesia. When it contained dexmedetomidine, patients
would receive a starting infusion rate of 0.7 pg-kg*-h* dexmedetomidine with weight calculated
as Adjusted Body Weight (ABW).

ABW was calculated as follows:

ABW = Ideal Body Weight (IBW) + 0.4 x (body weight — IBW)
IBW = 0.9 x (body height in centimeters — 100).
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The infusion rate was reduced 30 minutes prior to the expected extubation time to 0.4 pg-kg*-h.
On arrival on the ICU/PACU further administration rates were adjusted to achieve a Richmond
Agitation-Sedation Scale (RASS) of -1/0. This was achieved by increasing or reducing the infusion
rate in steps of 0.2 ug-kg*-h"* every 20 minutes depending on the presence of oversedation (RASS
< -1) or agitation (RASS > 0), up to a maximum of 1.4 ug-kg*-h,

If intraoperatively bradycardia and/or hypotension was present, and these could not be optimized
by increasing preload and/or the use of vasopressors or orciprenaline, the infusion rate was reduced
to 0.4 ug-kg™*-htand consecutively 0.2 pg-kg™-htif necessary. In this case the infusion rate was
not reduced 30 minutes prior to extubation and only reduced after arrival on the ICU/PACU. If the
patient showed signs of oversedation, the infusion was paused for a maximum of 30 minutes. In
case the patient was not directly extubated postoperatively the infusion rate, after arrival on
PACU/ICU, was titrated with steps of 0.2 pg-kg™*-h to achieve a RASS of -1/0. Dexmedetomidine

administration however was limited to a maximum of 48 hours.

To avoid intraoperative oversedation, every patient received EEG-Monitoring (Sedline®,
Massimo, Irvine, CA, USA). Anesthetists were instructed to keep the Patient State Index above
25, avoid burst suppression, and to adjust the administration of hypnotic agents or opiates
accordingly.

2.6 Primary endpoint of our trial

To be able to quantify the rate of POD we used the screening tool that is the gold standard for the
screening of delirium: the CAM-ICU (Confusion Assessment Method for ICU patients) for
patients on the ICU and the Confusion Assessment Method (CAM) that was modified for
patients residing on a normal ward. Delirium can be subdivided into three forms: hypoactive
(43.5%), hyperactive (1.6%) and mixed (54.9%)[53]. Whereas the hyperactive form goes easily
recognisable, with patients being agitated, uncooperative, aggressive, and combative, hypoactive
delirium and hypoactive phases of the mixed delirium are much harder to detect. These patients
often get unrecognised or are considered sedated or depressed. Therefore, a screening tool is
needed to identify a possible delirium in these patients.

The CAM-ICU enables the physician to screen for delirium within 60-90 seconds and can easily
be learned by ICU-nurses as well[54]. Figure 2 shows the English version[55]. For our German
study population, we used the German adaptation in which the word 'SAVEAHAART" is replaced
by '"ANANASBAUM' and the questions regarding disorganized thinking are translated in German
and 'Kilo' is used instead of 'pound’. In a CAM-ICU validation study by Ely et al. amongst 471
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daily-paired evaluations by two nurses, a sensitivity of 93%-100% and specificity of 98%-100%
was found[56]. This was also evaluated by our colleagues Luetz et al. who published a prospective
cohort validation study amongst 156 surgical patients of 60 years or older and found a sensitivity
of 81% and specificity of 96%][48]. A meta-analysis of Gusmao-Flores et al. evaluating the CAM-
ICU amongst nine studies (n=969) calculated a pooled sensitivity of 80% and a specificity of
95.9%][57]. This is better than the Intensive Care Delirium Screening Checklist (ICDSC) for which
the authors found a pooled sensitivity of 74% and specificity of 81.9%. For this reason, the CAM-
ICU/CAM is the gold standard and used in our study as primary endpoint.

The Screening took place twice a day up to the fifth postoperative day and a last time on either the
day of discharge or on the 14" postoperative day the latest. Additionally, to screen for possible

missed episodes of delirium, a chart review was performed.

1. Acute Change or Fluctuating Course of Mental Status:

CAM-ICU negative
. . — NO #
Is there an acute change from mental status baseline? OR NO DELIRIUM

* Has the patient’s mental status fluctuated during the past 24 hours?

VYES

2. Inattention:

+ “Sgueeze my hand when | say the letter ‘A”.” . -
Read the following sequence of letters: SAVEAHAART fu— 0 2'* CAM-ICU negatlve
ERRORS: No squeeze with ‘A’ & Squeeze on letter other than ‘A’ Errors NO DELIRIUM

* If unable to complete Letters -» Pictures

‘, > 2 Errors
RASS other
Current RASS level (think back to sedation assessment in Step 1) than zero CAM-ICU positive
DELIRIUM Prese
RASS = zero
4. Disorganized Thinking: /
1. Will a stone float on water? > 1 Error
2. Are there fish in the sea?
3. Does one pound weigh more than two?
4. Can you use a hammer to pound a nail? 0-1
Command: “Hold up this many fingers” (Hold up 2 fingers) Error i
“Now do the same thing with the other hand” (Do not demonstrate) D CAM-ICU negative
OR “Add one more finger” (If patient unable to move both arms) NO DELIRIUM

Figure 2: English version of the CAM-ICU screening algorithm[55]

2.7 Patient safety

Adverse reactions (AEs) and Severe Adverse reactions (SAES) were being monitored until the
fifth postoperative day after the first administration of investigational product (verum/placebo)
by the studies clinical research physicians. The clinical research physician reported these on
CRFs which were then discussed with the assigned monitor of the study and incorporated into
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safety reports. AEs are defined as any unexpected medical problem that happens during the
observational window after application of the study drug regardless of whether it is a side effect
of the study drug or not. SAEs are defined as any adverse event that results in death, causes a
life-threatening situation or initiates or prolongs hospitalization, causes disability or permanent
damage or requires intervention to prevent permanent impairment or damage. If a SAE was
present, this was reported to the sponsor’s representative within 24 hours. In case a SAE would
not have been resolved within the 14" postoperative day, the sponsor’s representative would
initiate further follow-up of any possible related events and a follow-up investigation after 3
months. All events were reported to the Federal Institute for Drugs and Medical Devices in
Germany.

2.8 Statistics

After the safety documentation and documentation of possible protocol violations of the last
patient was complete (last patient, last visit), the data were unblinded. Data were only transferred
to the database after careful plausibility check by the clinical research physician and approval by
the assigned monitor of the study. After completion of the database a double check was performed
by a second independent assessor.

Statistical analysis of the primary endpoint was performed with the Fischer-Boschloo test because
this test has greater statistical power than the Fischer’s Exact test while enabling the same level of
type 1 error. Statistical significance was defined by a two-sided alpha of 5%. For the primary
endpoint the statistical program R 4.1.2 was used as the Fischer-Boschloo Test is not available in
IBM® SPSS 25. For all other statistical calculations IBM® SPSS 25 was used.

Analysis of baseline characteristics as possible confounding factors was done by determining its
statistical significance using a Chi-square Test for nominal data and Mann-Whitney-U Test for
ordinal data. Means and standard deviations of baseline characteristics were calculated by using

an independent sample T-test.

2.9 Comparison to the most recent RCTs

To compare the results of our study to the most recent RCTs published on the intra- and
postoperative administration of dexmedetomidine, the following PUBMED search was used:
“(Dexmedetomidine OR Dexdor) AND (Delirium OR delirious) AND (peri-operative OR
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perioperative OR intraoperative OR intra-operative)”. Furthermore cross-references of the latest
meta-analyses and RCTs were checked to screen for additional studies.

3. Results

We assessed 484 patients for eligibility between July 2014 and July 2018 of which 63 were
enrolled and 60 were analysed on an intention-to-treat basis. The selection process is displayed
in the study flow diagram of figure 3. The 253 patients that had to be excluded because of other
reasons were mainly of logistical origin: it happened more often that two patients were eligible
but scheduled at the same day around the same time. Also, patients could not be included when
informed consent could not be obtained timely, prior to apothecary closing hours. Moreover,
sometimes the patient was not available at the time of screening (e.g. because the patient was
undergoing additional studies). Finally, it could happen that the research physician or research
assistants were not available on the day an eligible patient was scheduled for surgery.

Baseline characteristics of the patients can be found in table 1.

issessed for eligibility (n = 484)

Exchuced (n = 421)

E j ' Mot maeseting indusion oritesia (n= 11%)
[ ] Dreclirvad to paerticipate (f= 4%]
Crkar redsons (n = I53)

L

sariorrased (n = &3)

:

3 [ Alocation | 1
1 I
Allecated to dexmedetomdine (n = 30] Allocated to placebo (n = 33)
Recetved allocated intenvention (n= 28] Recoived allocated irtervertion [n= 12
Chad et recerve allocated inferventon (n= 2| Dhd ret recestve allocated inferventsion(n = 1)
Mo surgery (n = 1] Emrargency cparateon {n = 1)
Refused hurther participation (n= 1)
s Analyih |
Anadypad (h = 28] Aruhysasd (i =32 ]
Par protocol (n= 15) Par protoced (no= 21)
Iitgennioan-to-rest {m = 13) Fibenion-to-resl (n = 11)

Figure 3: Study flow diagram for delirium assessment, modified to van Norden et al.[13]
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Table 1: baseline characteristics, authors own table, authors own depiction

Baseline characteristics of the 60 patients included according to intention-to-treat analysis

Dexmedetomidine Placebo P-value
(n=28) (n=32)
Age; years, mean 70.43(7.14) 70.5 (6.23) 0.882
(SD)
Female; n (%) 9(32.2) 9(28.1) 0.735
BMI; kg.m?, mean | 26.97 (4.93) 28.03 (4.66) 0.505
(SD)
Site of surgery; n (%)
Pancreatic 13 (46.4) 16 (50.0)
Surgery 9(32.1) 8 (25.0) 0.823
intra-
abdominal 6 (21.4) 8 (25.0)
other than
pancreatic
surgery
Cardiac
ASA Status, n (%)
10r2 14 (50.0) 16 (50.0) 0.636
3or4 14 (50.0) 16 (50.0)
B -blocker yes, n (%) | 15 (52.6) 18 (56.3) 0.835

SD = standard deviation, n = number of patients

As can be seen, no significant differences were found between the baseline characteristics of the
two groups. Most patients were male and approximately 70 years old. The main type of surgery in
our study was pancreatic surgery. There were 3 drop-outs: one patient was unexpectedly scheduled
for emergency surgery, prior to the originally planned surgery and therefore had to be excluded.
Furthermore, 2 other patients withdrew informed consent: one withdrew shortly after giving
informed consent, prior to surgery and a second patient, undergoing cardiac surgery, withdrew

postoperatively. In total, 28 Patients were randomized in the dexmedetomidine group and 32 in
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the placebo group. Of these patients, 46 underwent major abdominal surgery and 14 underwent
CABG-surgery (See table 1).

36 Patients (60%) were treated according to study protocol and in 24 patients protocol violations
were reported. Major protocol violations concerned randomization in the wrong treatment group,
variation in the length of dexmedetomidine administration and subsequent occurrence of an
exclusion or violation of an inclusion criterion. The occurrence of protocol violations was
compared between the two groups and did not lead to any significant differences between the two
groups.

Our study showed a significant reduction of POD from 43.8% in the placebo group to 17.9% in
the dexmedetomidine group. The relative risk ratio (RR) for POD in the dexmedetomidine group
was 0.41. Analysis of the B -blocker strata did not reveal any statistically significant differences:
the reduction of POD in the B-blocker therapy stratum was 56% to 20% (p=0.0504) and 29% to
15% in the stratum without B-blocker therapy (p=0.5632).

Amongst patients undergoing cardiac surgery 3 (21.4%) patients in the dexmedetomidine group
and 6 (42.9%) in the placebo group developed a POD (p=0.049). Within the group of patients
undergoing abdominal surgery 2 (4.3%) patients in the dexmedetomidine group and 8 patients
(17.4%) in the placebo group developed a POD (p=0.057).

The bar graph in figure 4 displays the number of patients developing a POD in the
dexmedetomidine and placebo group for both cardiac and non-cardiac surgery patients. The bar
graphs of figure 5 to 8 then further differentiate into the B-blocker strata and into the individual
intra-abdominal and cardiac surgery strata.

With regards to safety, the incidence of bradycardia reported in the dexmedetomidine (20 patients
(33.9%) was comparable to that of the placebo group (21 patients (35.6%). Of the 324 reported
AEs, 44 were noted as possibly related to the study drug: 22 patients in both the dexmedetomidine
and placebo group (6.8% vs 6.8%) and therefore the difference was not statistically significant. In
total 18 SAEs were reported, of which the difference between the dexmedetomidine group (n=8,

44.4%) and placebo group (n=10, 55.6%) was not statistically significant (p=0.871).
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E Placebo B Dexmedetomidine

25 . isher-
23 (82.1%) p-value Fisher

Boschloo test:
0.037494
20 18 (56.3%) RR: 0.41
15 14 (43.8%)
10
5 (17.9%)
| %
0
No delirium Delirium

Figure 4: Number and rate of patients with postoperative delirium, authors own depiction
RR = Relative Risk

E Placebo B Dexmedetomidine

14

12 (80%)
12  —

10 (56%)

10

8 (44%)

3 (20%)

No delirium Delirium

Figure 5: Number and rate of postoperative delirium in patients receiving beta-blocker therapy,

authors own depiction

24



E Placebo ® Dexmedetomidine

12

11 (85%)

10 (71%)
10 E—

4 (29%)

2 (15%)

L

No delirium Delirium

Figure 6: Number and rate of postoperative delirium in patients without beta-blocker therapy,

authors own depiction

E Placebo = Dexmedetomidine

25

20 (91%)
20 I

16 (66.6%)
15

10
8 (33.3%)

2 (9%)

—

No delirium Delirium

Figure 7: Number and rate of postoperative delirium in patients receiving major abdominal
surgery, authors own depiction
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E Placebo = Dexmedetomidine

6 (75%)

3 (50%)

3 (50%)

2 (25%)

No delirium Delirium

Figure 8: Number and rate of postoperative delirium in patients undergoing cardiac surgery,

authors own depiction

4. Discussion

4.1 Summary of the results

Amongst elderly (>60 years) patients and high-risk surgeries with a foreseeable longer stay on the
ICU our trial found a significant reduction of POD of 44% in the placebo group to 18% in the
dexmedetomidine group for all patients. Furthermore, the safety analysis showed a comparable
incidence of AEs and SAEs in both the dexmedetomidine and placebo group. Except for the
cardiac surgery stratum, no statistically significant difference in in POD incidence was found

amongst the other strata (B-blocker, no-p-blocker and non-cardiac surgery).

4.2 Further interpretation of the results

Interestingly, although without statistical significance, the highest reduction of POD in our study,
amongst al subgroups, was found in patients receiving B-blocker therapy (56% to 20%). A possible
explanation might lie in the lower and stabler heart rate, found amongst patients with a
combination of B-blocker therapy and dexmedetomidine: a recent study by Singh et al. done
amongst CABG-surgery patients looked at the sympathomimetic response during laryngoscopy

and intubation [57]. Patients were randomized into 3 subgroups (all n=30): a group that received
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an additional combination of dexmedetomidine and esmolol (DE) during induction and two other
subgroups that received either dexmedetomdine (D) or esmolol (E). They found a significantly
lower and stabler heart rate in the combination group during all time intervals (from study drug
infusion until 5 minutes after intubation) compared to the other two groups. A higher heart rate
means increased metabolic demand. This can already be a limiting factor for coronary blood flow
in patients with stenoses of moderate severity [58] and can therefore result in myocardial ischemia
and reduction in cardiac output and might explain why the reduction in POD is greater in patients
that are on B-blocker therapy. Furthermore, as mentioned earlier, stimulation of the B1-receptor
increases intracellular cAMP which can induce a reduction of inflammatory cytokines like TNF-
a and IL-1P and can increase anti-inflammatory cytokines like IL-10. [50, 51].

4.3 Strengths and limitations of our study

The major limitation of our study was a relatively small sample size, in comparison to many other
RCTs. This was especially the case in cardiac surgery patient stratum (n=14), despite the finding
of a significant reduction POD incidence in the dexmedetomidine group for this stratum, as the
study was not statistically powered for this subgroup only. This greatly limits its generalizability
of the study for cardiac surgery patients. Nevertheless our study has incorporated several aspects
that are very important with respect to a methodologically sound RCT that investigates the
intraoperative use of dexmedetomidine: the use of the goldstandard screening tool CAM/CAM-
ICU, preselection of age, use of neuromonitoring and focus on high-risk surgeries with a
foreseeable longer stay on the ICU.

Preselection of age is important as the highest incidence of delirium and therefore the maximal
potential of dexmedetomidine can be found amongst people of 60 years and older, further
increasing with the progression of age, especially in patients with pre-existing cognitive
impairments [16]. Furthermore, dexmedetomidine is a co-sedative and has sparing properties on
prodelirogenic drugs like hypnotics and opiates. Therefore, the use of neuromonitoring is
important to avoid oversedation or even burst-suppression (which can be observed as the absence
of EEG-waves during neuromonitoring as a consequence of oversedation). This is especially
important in patients from the verum group, as the cosedative effects of dexmedetomidine
harbours the risk of oversedation.

Finally, a focus on major surgeries with a foreseeable longer stay on the ICU is important as these
are surgeries that can yield the highest rates of POD. The bigger the surgery, the more pro-

inflammatory cytokines will be released systemically and cross the blood brain barrier, and
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therefore the more microglial cells will be activated, increasing the risk for POD. If these aspects
are not factored in, this might negate the effects of intraoperatively administered
dexmedetomidine. Mainly looking at an RCTs sample size without looking at these aspects might

therefore be misleading.

4.4 Results in light of the literature

So far, quite a few meta-analyses have been done looking at the perioperative administration of
dexmedetomidine for the prevention of POD [59-66] of which the meta-analysis of Lin et al. was
the latest. They looked at studies amongst cardiac- as well as non-cardiac surgery patients and
identified 11 trials in which dexmedetomidine was given perioperatively (9 intra- and 2 intra- and
postoperatively) in which our trial was not yet included. One RCT however (Cheng et al.
Anesthesia 2019) had to be retracted by the publisher because of inauthentic data[67]. In recent
years, especially since 2018, the body of evidence regarding the perioperative administration of
dexmedetomidine for delirium prophylaxis has grown substantially. After checking cross-
references of meta-analyses and RCTs, taking out the retracted study and doing a thorough search
on PUBMED 16 non-cardiac and 6 cardiac RCTs were identified that focused on the intraoperative
administration of dexmedetomidine for the prevention of POD. This amounts to 10 additional non-
cardiac and 3 additional cardiac RCTs that were published after our article and that were not yet
reviewed in our discussion at the time. In the following reviews, these new articles will be

discussed. An overview of all the articles can be found in tables 2 and 3.
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Table 2: Overview of studies in non-cardiac surgery, authors own depiction

RCTs on intraoperative dexmedetomidine administration for the prevention of POD in non-

cardiac surgery patients

Van
Norden et
al. 2021
[13]

Zhang et
al. 2020
[35]

Li et al.
2020 [22]

Xin et al.
2020 [34]

Kim et al.
2019 [68]

Mei et al.
2018 [69]

Lee et al.
2018 [43]

Huyan et
al. 2018
[70]

60 (>60)

240 (>65)

619 (>60)

60 patients
with MCI
(=65)

120 (18-75)

296 (>65)

318 (>65)

173 (>65)

Major cardiac /
non-cardiac

Hip fracture
surgery

Intrathoracic/abd
ominal/spinal

Laparoscopic
cholecystectomy

Thoracosopic
lung resection

Hip arthroplasty
(under regional
anesthesia)

Laparoscopic
surgery

Lung cancer
surgery

0.7 pug-kgt-ht

0.5 ug-kgt-ht

0.6 ng-kg* + 0.5
ng-kg*-ht

0.5 ug-kg*+0.4
ng-kg*-ht

0.5 pg-kgt-h

0.8-1.0 pg-kg* + 0.1-

0.5 ug-kgt-ht

1 ug-kg* +0.2-0.7
ng-kg™-ht

0.5 ug-kg*+0.1
ng-kg™-ht

17.9% vs. 43.8%
(p=0.04)

18.2% vs. 30.6
(p=0.03)

5.5% vs. 10.3%
(p = 0.03)

10% vs. 33.3%
(p=0.03)

25% vs. 25%
(p =1.00)

7% vs. 16% (p =
0.03)

9.5% vs. 18.4%
(Bolus only) vs.
24.8% (placebo)
(p <0.017)

Significant
reduction in
dexmedetomidin
e group on

Small sample
size

No
neuromonitori

ng

Dex stopped 1
h before end
of surgery

-Dex stopped
30 min before
end of surgery
-Small sample
size

-No
neuromonitori
ng

-No
neuromonitori
ng

-No focus on
elderly
patients

No
neuromonitori

ng

No fixed rate
of
dexmedetomi
dine. Titration
based on
hemodynamic
changes.

-No CAM-
ICU but
ICDSC
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He et al.
2018
[24]

Tang et
al. 2018
[26]

Deiner et
al. 2017
[71]

Yu et al.
2017 [72]

Liu et al.
2016 [16]

Naik et
al. 2016
[23]

90 (75-90)

120 (18-70)

390 (>68)

92 (>60)

197 (>65)
(subanalysi
s 65-75 and
>75
between
aMCI and
non-aMCl
patients)

131 (18-80)

Orthopaedic
surgery

Intracranial
aneurysm
embolization

Thoracic,
orthopaedic,
urologic, spine

Thoracic surgery

Hip/knee/shoulde
r surgery

thoracic and/or
lumbar spine
surgery

0.5 ug-kg*+0.4
ng-kg™-ht

1 ug-kgt + 0.4 pg-kg
1Lht

0.5 pg-kgt-h

0.2-0.7 ug-kg*t-ht

0.2-0.4 pg-kg-ht

1 ug-kgt+ 0.5 ug-kg
1.h1

postoperative
day 1-5 (No raw
data available)

Significant
reduction in
dexmedetomdine
group on
postoperative
day 1-5 (No raw
data available)

15% vs. 23%
(p = 0.038)

11.8% vs. 12.2%
(p=0.94)

6.5% vs. 21.7%
(Dex vs.
Midazolam)

(p < 0.05)

aMCI group:
-65-75 years:
22.6% vs. 43.3%
(p<0.01)

—75 years: 37.5
vs. 90%
(p<0.01)
Non-aMClI
group:

-65-75 years:
11.9% vs. 30.8%
(p<0.01)

—75 years:
16.7% vs. 36.8%
(p<0.01)

1.6% vs. 4.5%
(p=0.62)

-Dex stopped
30 min before
surgery

Small sample
size

-No focus on
elderly
patients

-Major
Surgery only
defined as
hospitalisatio
n of at least 2
days

-No
neuromonitori
ng

-Timing of
administration
not properly
described
-Small sample
size

-No
neuromonitori
ng

No
neuromonitori

ng

No focus on
elderly
patients
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Yang et 79 (18-80) Free flap surgery 0.5 pug-kg* 5.1% vs 12.5% -Small sample

al. 2015 +0.2-0.7 pg-kgt-h? (p=0.43) size

[73] -No focus on
elderly
patients
-No
neuromonitori
ng

Maetal. 90 (>60) Orthopaedic 1ug-kgt+05ug-kg 6.7% vs 26.7% -Original
2013 [74] surgery Lpt (p <0.05) article not
(Ketamine + dex  available in
vs. Ketamine English
only) -Small sample
size
-No
neuromonitori
ng

aMCI = amnestic mild cognitive impairment. n = number of patients. h = hour. min = minutes. vs. =
versus. MCI = mild cognitive impairment. Dex = dexmedetomidine. In some studies p-values for the
incidence of POD cannot be reported because raw data was not offered in the paper.

Table 3: Overview of studies in cardiac surgery, authors own depiction

RCTs on intraoperative dexmedetomidine administration for the prevention of POD in cardiac
surgery patients

Likhvantsev 169 (>45) CABG and/or 0.7 pg-kgt-ht 7.1%vs. 18.8%  -No focus on
et al. 2021 valve (intraoperative) (p=0.02) elderly patients
[75] replacement 0.4 ug-kgt-ht -No
(ICU) neuromonitoring
Turan et al. 794 (18-85) CABG-surgery  0.1-0.4 ug-kgt-h?  17%vs. 12% (p  -No focus on
2020 [46] (intraoperatively) > 0.05) elderly patients
-No
neuromonitoring
Shi et al. 164 (>66) CABG and/or 0.4-0.6 pug-kg*-h*  39.3% vs. -No
2019 [47] valve 26.35% neuromonitoring
replacement (p=0.08) -Timing of
and administration not
replacement of properly described

ascending aorta
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Massoumi et
al. 2019 [76]

88 (40-80)

Sheikh et al.
2018 [77]

60 (15-60)

Li et al.
2017 [78]

285 (>60)

CABG-surgery

Elective open
heart surgery

CABG and/or
valve
replacement

1 ug-kg!+0.2-0.7
ng-kg*-h

1 pg-kg™ +0.2-0.6
ng-kg™-ht

0.4-0.6 pg-kg-ht

9.1% vs. 20.5%
(p=0.04)

3.3% vs. 23.3%
(p=0.02)

4.9% vs.7.7%
(p = 0.34)

-Small sample size
-No focus on
elderly patients
-No description of
delirium
assessment method
-Timing of
administration not
properly described

-Small sample size
-No focus on
elderly patients
-No delirium
detection tool used
-Timing of
administration not
properly described
-No
neuromonitoring

No
neuromonitoring

CABG = coronary artery bypass graft. n = number of patients. Dex = dexmedetomidine. h = hour. vs.

= versus.

4.4.1 Review of non-cardiac RCTs

The majority of non-cardiac studies (13 out of 16, see table 1) showed a significant reduction in
the incidence of POD in the dexmedetomidine group. Timing and dosage of dexmedetomidine
administration, with or without prior bolus, varied widely between studies. Five studies included
more than 200 patients. The biggest and one of the newest studies amongst them was done by Li
et al. (2020), who included 619 patients of 60 years and older[22]. They were scheduled for major
surgery (intrathoracic, abdominal or spinal surgery expected to last more than 2 hours) and
randomized into a dexmedetomidine (n=309) and placebo group (n=310). Patients were
administered a loading dose of 0.6 pg'kg™ given 10 minutes prior to induction, followed by a
continuous infusion of 0.5 ug-kg™*-h until the end of surgery. POD was monitored twice daily by
CAM until POD 5, and BIS was used as neuromonitoring with a target range of 40-60. CAM
testing physicians were trained by psychiatrists before the study begun and after 4- and 6-months
intervals - including simulation training courses with patient-actors. A significant reduction was
found in POD from 10.3% (n=32) in the placebo group to 5.5% (n=17) in the dexmedetomidine
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group. Moreover, a significant reduction in non-delirium complications (26.1% to 19.4%) was
found, in particular surgery-related complications such as gastro-intestinal bleeding and sepsis.

Zhang et al.[35] randomized 240 patients of 65 years and older, scheduled for hip arthroplasty,
into a dexmedetomidine (n=120) and intervention group (n=120). CAM was used to screen for
POD once daily and this study was the first to look at the effects of perioperative administration
of dexmedetomidine on inflammatory markers such as TNF-o, IL-1 B and IL-6. They found that,
when administering patients 0.5 ug-kg™-h'* 30 minutes before the start of induction, which was
then adjusted to 0.3 pg-kg*-h? intraoperatively, the incidence of POD could be significantly
reduced from 30.6% to 18.2% (p=0.03). And just like in the study of Xin et al. [34]which came
out less than a year later, they were able to show a significant reduction in postoperative levels of
TNF-a by dexmedetomidine, which was measured at the time of suture as well as 30 min
postoperatively (in the study of Xin et al. they found a significant reduction was found on the
second and third postoperative day). This confirms that dexmedetomidine is indeed able to
downregulate the concentration of TNF-a as earlier found in animal studies, when a systemic

inflammatory trigger such as surgery is present [21,30].

Including our own study, there were 11 other smaller non-cardiac RCTs (n<200). Of these three
are interesting to highlight: two studies that offer insight in the prophylactic potential of
dexmedetomidine with regards to radical versus minimally-invasive surgery and a third study that
did a subgroup analysis on patients with mild cognitive impairment. Huyan et al., randomized 173
patients of 65 years and older, undergoing radical pulmonary resection as treatment for lung
cancer, into a dexmedetomidine (n=173) and placebo group (n=173)[70]. Twenty Minutes before
the start of surgery patients in the intervention group were given a loading dose of 0.5 ug'kg™
followed by a continuous low-dose infusion of 0.1 pg-kg*-h™ until 30 minutes before the end of
surgery. POD was assessed once daily by ICDSC for the first 7 postoperative days and
neuromonitoring was used with a BIS-target range of 40-60. In the results they mention a
significant reduction in the intervention group for POD 1-5, displaying this in a figure although
raw data was not offered. Their study suggests that even a low-dose strategy in these patients might
be effective.

Another non-cardiac RCT by Kim et al. (n=120, patients aged 18 to 75 years) [68] looked at
minimally invasive thoracoscopic lung cancer surgery (video-assisted thoracoscopic

lobectomy/segmentectomy) They did not find a reduction in the incidence of POD but as their
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study lacked a focus on elderly patients and only looked at minimally invasive thoracoscopic
surgery the absence of this preselection might have negated the effects of dexmedetomidine.

Liu et al. performed an interesting study that not only randomized patients, but also did a subgroup
analysis on mild cognitively impaired patients[16]. This was the first study so far to do this. They
randomized 197 orthopaedic patients (hip, knee and shoulder surgery) of 65 years and older into
a group with amnestic mild cognitive impairment (aMCI) (n=59) and a group without (n=118).
Two subgroups from both groups were randomized into a dexmedetomidine and placebo group:
an aMCI DEX group (n=39), an aMCI placebo group (n=40), a non-aMCI DEX group (n=60) and
a non-aMCI control group (n=58). Moreover, these groups were then stratified into two age
categories (65-75 years and 75 years and older) to investigate the correlation between age and
POD incidence. Patients were administered an infusion rate from 0.2-0.4 pg-kg*-h™ shortly after
induction of anesthesia and stopped 20 minutes before the expected end of surgery. CAM was
used to screen for delirium, however only once daily on postoperative day 1, 3 and 7. No
neuromonitoring was used. For both aMCI and non-aMCI groups a significant reduction of POD
was found compared with their respective placebo groups. Furthermore, they found that in the
aMCI control group, there was a linear correlation between age and the incidence of POD. In
addition, incidences of POD were significantly higher in the aMCI control group in comparison to
the non-aMCI control group and the reduction of POD by dexmedetomidine was the greatest in
the aMCI >75 years subgroup (90% in the placebo vs. 37.5% in the dexmedetomidine group).
These results suggest that the incidence of POD increases with the progression of age and that
especially elderly patients with aMCI seem to be susceptible for the development of delirium. A
later study, done by Xin et al. also found an almost threefold reduction of POD by intraoperatively

administered dexmedetomidine amongst patients with mild cognitively impairment[34].

The remaining 8 smaller non-cardiac RCTs varied in study group size around 100 patients (n 60-
131). Of all RCTs our study[13] was the only one to look at both non-cardiac and cardiac surgery
patients. One study performed in orthopaedic surgery patients older than 60 years randomized
patients into a ketamine + dexmedetomidine (n=30), ketamine (n=30) and a control group
(n=30)[74]. Patients in the first group were given an additional bolus of dexmedetomidine of 1
ug-kg* 10 minutes prior to induction, followed by a continuous infusion of dexmedetomidine of
0.5 pg-kg*-h"t until 30 minutes before the end of surgery. POD was assessed once daily by CAM
at 1 hour postoperatively, and on postoperative day 1 and 3. No neuromonitoring was done. They

found a significant reduction in POD in the ketamine + dexmedetomidine group (0% (n=0)) in
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comparison to the ketamine only group (26.7% (n=8)). They therefore argue that
dexmedetomidine might be able to alleviate the side effects of ketamine. Further details on the

remaining non-cardiac RCTs can be found in table 2.

4.4.2 Review of cardiac RCTs

In total, there were 6 non-cardiac RCTs that also focused on intraoperative administration of
dexmedetomidine. Of these, by far the biggest cardiac RCT - and RCT in general - was the
DECADE trial, a multi-center RCT done by Turan et al[46]. They analysed 794 patients of 18-85
years, undergoing CABG-surgery into a dexmedetomidine (n=397) and a placebo group (n=395).
POD was assessed by CAM-ICU twice daily and by additional chart review. No neuromonitoring
was done. Patients in the dexmedetomidine group received 0.1 ugkg™hr! from the time of
incision, followed by an increase to 0.2 pg-kg-h™ at the end of bypass. Postoperatively, the dose
was increased to 0.4 ug-kg™-h* which was then continued for 24 hours. The trial was terminated
per protocol after futility boundaries were reached. POD was found in 17% of patients (n=67) in
the dexmedetomidine group and 12% of patients in the placebo group (n=46) (no statistical
significance). The authors state, that this might also partially be explained by the higher incidence
of clinically important hypotension in the dexmedetomidine group of 57% versus 36% in the
placebo group, which might explain the higher incidence of delirium, found in this group as well.
Moreover, a possible dexmedetomidine induced hypotension could be worsened by the already
profound atherosclerotic vascular status. Although coronary autoregulation is able to preserve
myocardial perfusion in stenoses of moderate severity, increased metabolic demand can be a
limiting factor for coronary blood flow [78]. This then might worsen the already existing
hypotension by means of myocardial ischaemia and reduction of cardiac output. They state that
dexmedetomidine infusion did not reduce delirium in patients recovering from cardiac surgery and
that it should not be infused in these patients.

However, there were some major methodological issues in this study which might have negated
the effect of dexmedetomidine. The intraoperative dose of dexmedetomidine might have been
subtherapeutic as most RCTs published so far use higher doses. No preselection of age took place.
Furthermore, no definition of clinically important hypotension was given. As the safety meta-
analysis of Wang et al. [45] (18 RCTs, 1730 patients with mainly postoperative administration of
dexmedetomidine) did not find a higher incidence of hypotension by dexmedetomidine, it is not
unlikely that other mechanisms might be at play. This should have been addressed and further

evaluated in the article. Finally, no neuromonitoring was used.
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Likhantsev et al. analysed 169 patients of 45 years and older undergoing CABG and/or valve
surgery[75]. They were randomized into a dexmedetomidine (n=84) and placebo group (n=85).
Patients received a continuous administration of dexmedetomidine of 0.7 ug’kg™h™, starting from
the time of induction which was then adjusted to 0.4 ug-kg*-h™ upon arrival on the ICU. POD was
tested by CAM-ICU twice daily and was also assessed by ICDSC as secondary endpoint. No
neuromonitoring was used. They found a significant reduction of POD in the dexmedetomidine
group from 18.8% (n=16) to 7.1% (n=6) in the placebo group (n=0.02). Moreover, a slight but
significant reduction in ICU and hospital length of stay was observed. The authors state that a
crucial point in their study for the prevention of POD might have been the starting timing of
dexmedetomidine prior to cardiopulmonary bypass because its action might be mediated by
preconditioning properties[79]. At this point only 6 cardiac RCTs have been done, of which only
three have properly described the starting timing of dexmedetomidine [46,75,78]. All of these
started dexmedetomidine at induction and therefore prior to cardiopulmonary bypass. Therefore,

further studies will be needed to elucidate this standpoint.

Shi et al. analysed 164 patients of 60 years and older undergoing various types of cardiac surgery
but mainly CABG-surgery (65%) [47]. Patients were given a continuous intraoperative infusion
of dexmedetomidine of 0.4-0.6 pg-kg*-h™ although exact timing was not properly described. Like
Turan et al. they also found a non-significantly increased risk of POD amongst patients in the
dexmedetomidine group ((39.3%), n=33) in comparison to the placebo group ((26.3%), n=21),
p=0.08).

So far, the evidence for the intraoperative administration of dexmedetomidine in cardiac patients
for the prevention of POD remains controversial. Turan et al. and Shi et al., two of the bigger
cardiac RCTs found a non-significantly increased incidence of POD in the dexmedetomidine
groups[46,47]. However, the low-dose strategy used by Turan et al. might have been
subtherapeutic. Only 2 out of 6 cardiac RCTs focused on elderly patients - in contrast with 12 out
of 16 in non-cardiac RCTs - and only 1 study used neuromonitoring. Li et al. (2017) found an
unexpected low incidence of POD in both the dexmedetomidine and placebo group, therefore not
being able to find an effect of intraoperatively administered dexmedetomidine[78]. Likhantsev et
al. was the only bigger RCT that found a significant reduction in POD amongst cardiac patients

together with the two smaller sized and lower quality RCTs of Massoumi et al. and Sheikh et
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al.[75-77]. Therefore, further methodologically sound cardiac RCTs that focus on elderly patients
are needed to shed a brighter light on the efficacy and safety of dexmedetomidine in these patients.

4.5 Clinical use for our daily practice

Current studies indicate that a bolus-only strategy is most likely not sufficient and that different
dosing strategies, varying from 0.1-0.7 pg-kg*-h! with or without bolus, have shown to be
successful in the prevention of POD. Our study [13] indicates that the perioperative administration
of dexmedetomidine in non-cardiac patients seems to be safe, not in the least because of the
perioperatively carefully monitored setting of the operating room and ICU. Considering the high
and incremental mortality rate resulting from each day with a delirium, the benefits of
intraoperative administration of dexmedetomidine in non-cardiac surgery patients could outweigh
the risks. In our university hospital high-risk intrathoracic or intra-abdominal invasive surgeries
amongst elderly patients are done on a daily basis. A multitude of physiological derangements like
intraoperative volume-shifts and metabolic disorders, release of pro-inflammatory cytokines, pre-
existent mild cognitive impairment together with age above 65 years and other predisposing
factors make these patients especially prone to develop a POD. Therefore, as shown by numerous
RCTs, when carefully selected for age and scope of surgery and when neuromonitored to prevent
oversedation, the use of dexmedetomidine could reduce the rate of POD in non-cardiac patients
and could therefore reduce postoperative mortality as well. An new meta-analysis regarding both
the intra- and postoperative prophylactic use of dexmedetomidine in non-cardiac surgery patients

would provide a better answer, which then could be incorporated into the newest guidelines.

5. Conclusion

The current body of evidence regarding the intraoperative administration of dexmedetomidine for
neuroprotection is indicative of a significant reduction in POD for non-cardiac surgery patients as
13 out of 16 non-cardiac surgery with intraoperatively administered dexmedetomidine found a
significant reduction of POD. Our trial found a significant reduction of POD from 43.8% to
17.9%. and was the first to look at the clinical implications of intra- and postoperative
administration of dexmedetomidine in both non-cardiac and cardiac high-risk patients. If the
intraoperative administration of dexmedetomidine is tailored to the age and scope of surgery and
oversedation by neuromonitoring is carefully avoided, it could yield a significant reduction in POD
amongst non-cardiac surgery patients. To this regard, a newer meta-analysis including these latest

studies is needed to give a better answer. Also, a sedation-only strategy as adjunct to regional
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anesthesia seems to be a promising modality [69]. By now, a case for the intraoperative use of
dexmedetomidine in elderly non-cardiac patients undergoing high-risk surgeries has been made,
especially in the eldest patients (>75 years) with or without the presence of aMCI [16]. Preselection
of age, high-risk surgeries with a foreseeable longer stay on the ICU and the use of
neuromonitoring are important elements to optimize effectivity of dexmedetomidine. Although 3
out of 6 cardiac surgery RCTs found a significant reduction POD after intraoperatively
administered dexmedetomidine, 2 of these were of poor methodological quality. Moreover, the
RCTs of Turan et al. and Shi et al. have cast some doubt on the safety of the intraoperative use of
dexmedetomdine in cardiac patients[46,47]. Therefore, further methodologically sound studies for
cardiac surgery patients are needed to properly evaluate its efficacy and safety as a preventive
modality.
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