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Background

Unnecessary deep sedation associated with adverse
patient outcomes

Jackson DL et al. Critical care 2010;14:R59.

Early deep sedation (first 48 hours) associated with higher
ICU mortality

Shehabi Y et al. Am J Respir Crit Care Med 2012;186:724-731.
Agitation increases nursing workload, anxiety, and the risk
of adverse events

Everingham K et al. J Clin Nursing;23:694-703.

Pain is prevalent in ICU patients and frequently recalled by
ICU survivors
Chanques G et al. Anesthesiology 2007;107:858-60.
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Background: critically ill patients require life-support technologies such as
mechanical ventilation (breathing machines) and can experience pain, anxiety, and
sleep deprivation related to theirillness. Good pain control and adequate sedation
are important but too much sedative drug can increase the time on breathing
machines and the chance of harmful effects such as pneumonia.

Medications that are available have many properties that make them difficult to use
in critically ill patients. Without careful adjustments these properties can lead to a
build up of drug in the body. These medications are given as continuous infusions,
so that blood levels remain stable, and dose changes are left to clinician judgement.
In order to avoid drug build up, several methods can be used to adjust doses. Some
studies claim that an interruption, or stopping the drug for a period of time each
day, will allow the body to clear the drugs and lead to patients being more awake
and ready for earlier liberation from the breathing machine.

Search date: current to February 2014.

Study characteristics: we included nine studies involving 1282 critically ill patients
receiving mechanical ventilation. Studies compared daily sedation interruption to

strategies that did notinclude an interruption. Studies were conducted worldwide
and involved both medical and surgical critically ill patients.

Key results: we did not find strong evidence that daily sedation interruption
reduced the duration of mechanical ventilation, length of stay in the intensi
unit (ICU) or haspital, death, or the amount of drug used. The effect on adverse
events such as accidental removal of the breathing tube orinvasive devices, or the
rate of delirium was uncertain. However, tracheostomy was performed less often in
those who were managed with daily sedation interruption. Sedation practices are
known to vary worldwide, and as such an analysis of studies conducted in North
America showed a reduction in time on the breathing machine for those who were
managed with daily sedation interruption compared to those who were not.
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Implications of minimising sedation

Tolerance of intubation and invasive
‘ ventilation

* Analgesia
* Antinociception
e Airway reflexes

‘ Minimising risk of delirium

Managing agitation

' Managing Pain/discomfort




Clinical Practice Guidelines for the Management
of Pain, Agitation, and Delirium in Adult Patients
in the Intensive Care Unit
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* Need for integrated approach

* Consider Pain, Agitation, and Delirium

* Need for monitoring/tracking tools to drive quality
improvement

e Current technologies (most studied Bispectral Index;

BIS) not recommended except:
* during neuromuscular paralysis
* therapeutic deep sedation



Table 1. The Richmond Agitation-Sedation Scale (RASS)

Score Term Description
+4  Combative Overtly combative, violent, immediate danger to staff
+3 Very agitated Pulls or removes tube(s) or catheter(s); aggressive
+2  Agitated Frequent nonpurposeful movement, fights ventilator
+1  Restless Anxious but movements not aggressive or vigorous

© Atert-arcreamm

-1 Drowsy Not fully alert, but has sustained awakening 5]
(eye opening/eye contact) to voice (>10 seconds)

-2  Light sedation Briefly awakens with eye contact to voice Verbal
(<10 seconds) stimulation

-3  Moderate Movement or eye opening to voice (but no eye contact)
sedation |

-4  Deep sedation No response to voice, but movement or eye opening Briosti
to physical stimulation hysic

- . - . stimulation
-5 Unarousable No response to voice or physical stimulation =

Procedure for RASS Assessment
1. Observe patient
¢ Patient is alert, restless, or agitated. Score 0 to +4
2. If not alert, state patient’s name and say to open eyes and look
at speaker.
¢ Patient awakens with sustained eye opening and eye Score -1
contact.
¢ Patient awakens with eye opening and eye contact, but not Score -2
sustained.
¢ Patient has any movement in response to voice but no eye Score -3
contact.
3. When no response to verbal stimulation, physically stimulate
patient by shaking shoulder and/or rubbing sternum.
¢ Patient has any movement to physical stimulation. Score -4
¢ Patient has no response to any stimulation. Score -5

Adapted with permission.?®

Ely EW JAMA 2003; 289: 2183
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Relation between BIS and RASS scores
Ely EW et al 2003; 289; 2983
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BIS: importance of facial EMG
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An assessment of the validity of spectral
entropy as a measure of sedation state
in mechanically ventilated critically ill patients

Intensive Care Med (2008) 34:308-313

RO DO 1007 5001 34-007-0858-x

Meodified Ramsay score

TEMG power [1v?] Entropy [%]

Mod. Ramsay

- U WJL\.J\QWLWﬁ

_1I 1 L L L 1 1 L L L 1
14:52 1507 1521 1536 1550 16:04 16:19 16:33 1648 17:02 1716

score

100 r‘“ﬂr”*rnm’mﬂ

T T
\w byl dy !

0 L
14.52 15‘07 15.21 15‘36 15;50 16:04 16;19 18.33 16:48 1?.02 1?‘16

o B W N
S .|

1 1 1 1 ! 1 1 1 1 1
14:52 1507 1521 1536 1550 16:04 16:18 16:33 16:48 17:02 1716

1 | | 1 1 1 |

09:36 10:48 12:00 1312 14:24 15:36 16:48

1000 T T T T L 1 T T

g L T a2

10 J’M & 4

i 09:36 10:48 12:00 1312 14:24 15:36 16:48
g
b 3
5
ot

09:36 10:48 12:00 13:12 14:24 15:36 16:48

Time




Log EMG power
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Responsiveness of the frontal EMG for monitoring the
sedation state of critically ill patients
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The “traffic light” concept

Familiar warning colours to alert clinical staff to
absolute values and trends

Red (RASS -5) =  “warning”

“stop”

“danger”

“be alert” ...etc
Amber — “intermediate state”
Green (RASS = -3) =  “continue”

UGO”
“OK” ...etc



True positive rate

Derivation of “best cut-off values” to discriminate
“higher” from “lower” probability of over-sedation
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Reasons for an “unresponsive “ patient based on
fEMG activity (Red/Amber)

* Muscle paralysis
* Normal sleep

* |lIness associated coma

— Liver failure

— Hypoxic brain injury

— Traumatic brain injury

— Severe metabolic encephalopathy
* Drug-induced coma

— Excessive dosing of sedative drugs

— Accumulation of sedative drugs

* Decreased levels of patient stimulation
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A randomized controlled proof-of-concept

@ CrossMark

trial of early sedation management using
Responsiveness Index monitoring in
mechanically ventilated critically ill patients
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Staff education, regular sedation and analgesia quality > J0AY()
feedback, and a sedation monitoring technology for
improving sedation and analgesia quality for critically ill,

mechanically ventilated patients: a cluster randomised trial

Timat hy 5 Walsh, Kalliopi Kydonaki, Jean Antonelli, Jacqudine Stephen, Robert | Lee, Kirsty Everingham, Janet Hanley, Emma C Phillips,
Kimmo Lutela, Petra Peltola, Stephen Cole, Tara Quasim, James Ruddy, Marcia M cDowgall, Alan Davidson, John Rutherford, Jonatfan Richards,
Christopher | Weir, for the Development and Evaluation of Strategies tol mprove Sedation Practice inlntensive Care (IAESIST) study investigators™

Summary
Background Optimal sedation of patients in intensive care units (ICUs) requires the avoidance of pain, agitation, and  Lancet Respir Med 2016
unnecessary deep sedation, but these outcomes are challenging to achieve. Excessive sedation can prolong ICU stay,  pusiished oaline
whereas light sedation can increase pain and frightening memories, which are commonly recalled by ICU survivors, Jy26.2016 _
We aimed to assess the effectiveness of three interventions to improve sedation and analgesia quality: an online Ef;_?;;::%?;gf
education programme; regular feedback of sedation—analgesia quality data; and use of a novel sedation-monitoring e Ol Comment
technology (the Responsiveness Index [RI]). bt e o g 10,1016/
$2213- 2600161200260



Development of Process Control Methodology for
Tracking the Quality and Safety of Pain, Agitation,
and Sedation Management in Critical Care Units

Timothy S. Walsh, MD!; Kalliopi Kydonaki, PhD'; Robert ]. Lee, MSc?; Kirsty Everingham, PhD';
Jean Antonelli, BSc’; Ronald T. Harkness, BSc®; Stephen Cole, FRCA*; Tara Quasim, MD%;

James Ruddy, FRCA® Marcia McDougall, FRCA”; Alan Davidson, FRCAS®; John Rutherford, FRCA®;

Jonathan Richards, FRCA'Y; Christopher J. Weir, PhD?!%; for the Development and Evaluation of

Strategies to Improve Sedation practice in inTensive care (DESIST) study investigators

Section 1 Date shift started: | | | | | Time of

o I I I e I I I I’

his patient received mechanical ventilation via endotracheal or tracheostomy tube during the past 12 hours?
cirelc).
If YES, procced with section 3. If NO, do not complete the rest of the form.

TTa

(Plea

Section 2

|
|
Section 3 [
[
|

Yes No

Has this patient received continuous intravenous infusionfintenmittent bolus of sedative during past12 hours?
Yes  No

(Please circle)

Scetion 4 | Has this patient received continuous intravenous infusion/intermittent bolus of analgesic dmg during past 12

hours? (Please circler Yes  No
Section S Is this patient currently receiving neuromuscular paralysis? (Ploase cirde)
HYES, proceed to section 9. Yes No

— A A A

Please choose the option that best describes your patient. Tick ONLY ONE response for each question:

Section &

What is the patient’s facial expression over the previous hour?
relaxed most of the time

frowning most of the time

facial grimacing most of the time

In response to moving the patient, how are their limbs over the previous hour?
casy to move most of the time
difficult to move most of the time
actively resisting movement most of the time
limb movement contraindicated clinically

How compliant is the patient with the ventilator over the previous hour?
not currently on ventilator
Lolerating venlilation well most of the time

tolerating ventilation but coughing/gapring freq
unable to control ventilation due to poor patient synchronisation despite different
modcs tesied

Please tick ONLY ONE of the following boxes that best represents your patient at this

Tick ONE box

Scction 7 On observalion patient is currently alert and calm

On observation patient is currently combative or violent or dangerous/aggressive towards
staff or pulling/removing tubes, catheters or drains

On observation patient s anxious or apprehensive; or displaying frequent non-purposeful
movement

My patient opens (heir eves i response (o me calling their name

Movement is observed in response Lo me calling their name but they do nol open their eyes
My palient does not respond Lo their name being called bul movement is observed in
response to physical stimulation

My patient shows ne response o physical stimulation

During the past 12 hours, frem yvour knowledge of this paticnt, has the paticnt
displayed any of the following behaviours (please tick):

Combative or violenl; dangerous or aggressive lowards stall; pulling or removing Llubes,
catheters or drains?

If YES to above, was this in association with a sedation hold

Section 8

Has the paticnt recei Yes
ease tick)

Advanced ventilator modes (prone ventilation; high frequency oscillatory ventilation;

nitric oxide; APRV; PEEP = 15 ¢m H,0) and/or Therapeutic hypothermia

ycd any of the following therapeutic interventions in the lasi 12

hours?

Scetion 9

Please place the form in the DESIST box once completed
DESIST study, Sedation Qualily Assessment Tool (SQAT] version 3, 2 {09:02/ 2012)

Crit Care Med 2016
doi: 10.1097/CCM.0000000000001463

Sedation Quality Assessment Tool (SQAT)

Domains

Denominator data

Pain behaviours: facial expression; limb
relaxation; ventilator synchrony

Sedation state: agitation; calm/cooperative;
unresponsive

Clinical status justifying deep sedation:
advanced ventilation; therapeutic cooling;
brain injury

Completed for every 12 hours (nursing shift)
“DESIST care period” (unit of quality)



Primary outcome

Proportion of DESIST care periods with optimum sedation

Care period without agitation, excessive sedation, poor limb relaxation, or poor
ventilator synchronisation

Secondary outcomes

A Primary outcome sedation quality components
Proportion of all DESIST care periods with:

1. agitation

2. excessive sedation

3. poor relaxation

4. poor ventilator synchronisation

B Patient-level sedation outcomes

Number of DESIST care periods per mechanically ventilated patient with:
1. optimum sedation

2. agitation

3. excessive sedation

4. poor relaxation

5. poor ventilator synchronisation



Study Design: modified cluster randomised trial
Setting: 8 ICUs in Scotland

45 weeks 8 weeks 45 weeks

Group 1:
g Education package
Existing local feedback

Implementation | |
phase Group 2:
Education package

Enhanced process feedback
introduced into ICU

Pre-implementation baseline period

Group 3:
Education package
> Existing local feedback
Responsiveness technology
introduced into ICU

Group 4:
Education package
Enhanced process feedback
introduced into ICU
Responsiveness technology
introduced into ICU




Sample size

e 1600 patients (800 per study period; target 100 per site per
period)

 Modelled with various ICC values

* Assumed 70% optimum sedation rate pre-intervention,
detecting 25% improvement at patient level (80% power; P =
0.05)

Analysis
 multilevel generalised linear regression mixed model

 3levels
— ICU
— Patient
— DESIST care period

e Adjustment for ICU; time period (pre-intervention or post-
implementation); ICU by time period interaction; age, sex and
APACHE Il score



DESIST Responsiveness monitoring

* Monitoring supplied to all ICUs (sufficient for all
ventilated patients)

* Training of staff and subsequent support available

e Staff encouraged to use “red” Rl as trigger to explore
potential deep sedation (prompts on screen)

* No formal protocol linking Rl number to sedative drug
use
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DESIST

DESIST Consort Diagram

(Study totals)

Total number of Screened

Excluded patients = 340

Patient died 244
Age <16 years 71
For Palliative care 25

Patients
n = 9427
Inclusion Criteria not met = 5960
Patient not receiving mechanical ventilation via ET tube or tracheostomy 3877
ﬁ
Patient has received mechanical ventilation but has been discontinued at the time of screening 1132
Extubation anticipated in the next 4 hours at time of screening 678
Patient in whom the decision to withdraw treatment has been made at time of screening 194
Patient already enrolled in the study in current hospital admission 79
v
Eligible patients Unconsented patients
n=3127 » n =1450
Reasons for not obtaining consent:
o No one available to give consent 270
e Lack of research staff 133
e Not approached 243
»l Clinician refusal 109
e Consent not obtained within 48 hours of admission 380
e Other 355
Includes: Refusals
v Transferred out of ICU/hospital prior to consent

Consented patients
n = 1637

Patients with a primary neurological diagnosis
Family distress/inappropriate to approach
NOK had cognitive issues




Primary outcome and sedation quality outcomes at the DESIST

care period level by intervention
Odds Ratio (95% Cl)

01 050710 1520 10
Odd= ratio

03 050710 1520 30
Oelcs ratia

03 050710 1520 30
Oelds ratio

Education Process feedbad Responsiveness monitoring
Free from
Excessive sedation s 1-08 (07 8-1-51) - 65 (0-45-0-04 - 159 (109-2-31)
Agitation e 113 (0-69-1-84) I P 137 (074-215) . 084 (051-1:39)
Poar relxction —— 083 (H50-1-15) I 08 (D-58-1-41 T 126 (-88-1-80)
Poor synchronisation —— 1-04 (07 4-1-50) 001 [H51-1-35) —— 155 [1-05-2-30)
Optimum sedation —T— 113 (0-56-1-48) —— 074 {O-54-1-000) —— 144 (107-1-95)
[primary outoome) p=0-302 p=0-052 p=HN7F
Diay with sedaticn-related S — 0457 (0-30-0-02) N " 108 [07-2-043] —— 17H(004-337)
sty erse o ert
Patient had sedation-related — 056 (0-32-0-00) N 15 (H51-2-15) —a——  1491(1-02-3-5H)
adverse event

Figure 3: Estimiates of effects of each Intervention on sedatien-analgesia quality measures at the care period level, and sedation-related adverse events
Figure shows ORlswith 5% Os. For the sedation-analgesia guality measures, OR -1 indicates an increase in the outcome with the intervention {improvement); fior the sedation-related adverse event
outcomes, 2n OR «1 indicates a decreass in the outcome with the intervention (improvement). Data from all IUswere combined in a single statistical model 1 explore the independent effects of each
of the three interventions. Results ara from multilevel generalized linear mode! to estimate the effects of each intervention. OR=-odds mtio.




Process evaluation

* DESIST Responsiveness monitoring

— time between intubation and starting monitoring median 21
hours (IQR: 11, 34)

— median duration of monitoring was 66 hours (27, 139).

— First Rl recorded was: red 59% (range 50-66% across ICUs),
amber 12% (range 4-17%), and green 28% (range 25-38%).

— Median time to first recording green RI 9 hours (4, 23).
— Rl value red for 35% of monitoring time (range 23-48% across
|ICUs)

e (Qualitative data

— Perceived by many as user friendly and a useful bedside prompt
to all staff to review sedation management.

— Mixed views

— Some staff did not understand the concept and questioned its
utility and validity.

— Some found its presence at the bedside intrusive.



Baseline Eduecation Eduvation plus Education plus
process feedbadk responshveness
maonitonng
Sedation-analgesia gquality measure at care perlod level
Primary outcome
Oiptimal sedation 61-6% 64-4% Ei-1% 72-3%
Components of primary cutcoms
Free from excessive sedation g45-0% d6-0% B0-6% 91-0%
Free from agitation 97-3% o7-6% 08-1% 97-I%
Free from poor relaation g0-3% 33-6% a28-4% 00-7%
Free from poor synchronisation 04-5% 94-B% 94-3% 0b-b%
Sedation-related adverse events
Proportion of days on which a 2-0% 1-1% 1-1% 1-9%
seration-related adverss event
occurred
Patient expenanced a sedation-related  17-6% 10-7% 12-1% 1B-6%

adverse event

Predictions are for the average patient in the intensive care unit enroded in the study (age 60 years, B0% male,

APACHE Il score 22}

Table4: Predicted percentages from modelling effects of Interventions on sedatlon-analgesia guality

measueres at care period level and sedation-related adverse events




Conclusions

* Continuous Responsiveness Index monitoring is a
promising novel technology to assist decision-
making during ICU sedation-analgesia

* Rl has been specifically developed to detect
deeper sedation states and encourage sedation
review and reduction

e Future trials should test its effects on other
important outcomes such as duration of
ventilation and assess cost-effectiveness.
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