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True or false?

1- There is an excellent parallelism between the coma Glasgow score and the gag
reflex suppression in a patient with suspected drug-induced coma.

2- The right basal site of aspiration pneumonia is the most common regardless of
the comatose patient’s position.

3- Sp0O, is a better surrogate marker of respiratory depression than PaCO..
4- Benzodiazepines are mainly responsible for a CNS respiratory depression.

5- Naloxone administration is at risk and systematically requires a medical
prescription in a comatose patient with suspected opioid overdose.



The three components

of respiration

a. Central Neural Control
(Respiratory Drive)

controls inhalation and exhalation

b. Sensory Input Systems

impact the rate and depth of respiration
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Physiological regulation of ventilation

Emotions and
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Mechanisms of drug-induced acute respiratory failure

Type 1

: Aspiration pneumonia +++
Alteration of the

ventilation/perfusion ratio @ gleecidi Direct foxicity
Pneumonitis (ARDS) <
: : : : MOF
Hypoxemia + hypo/normocapnia Cardiogenic edema
PaO, <8 kPa / PaCO, <6 kPa <
Type 2 Central apnea
Alveolar hypoventilation Obstructive apnea
: : < Bronchospasm
AP O Neuromuscular blockage
PaO, <8 kPa / PaCO, 56 kPa ' 9
srlf Jay SJ. Am Rev Respir Dis 1975
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Drugs and pathophysiology of respiratory failure

Shunt effect

Alveolar

depression

7
@a’rion pneu@

, ARDS

Cardiogenic edema

@

y 4
Central apnea
< Obstructive apnea

@

Bronchospasm
Neuromuscular blockage

| All sedative drugs
Stabilisants de membrane, paraquat
Cardiotropic drugs

Opioids,|barbiturates, cyanide
Benzodiazepines| ethanol
Inhaled drugs/toxicants

Muscle-paralyzing agents,
anticholinesterase agents
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[ Aspiration pneumonia J

The non drug-specific mechanism of acute respiratory failure



A | Pathogenesis and risk factors for aspiration

Pathogenesis and risk factors for the
development of pneumonia after
macroaspiration

Risk Factors
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X onic limonary aisease

.' ; Bra wing axis
nultiple sclerosis % \ o g axis
parkins nentia %\ \ Oro eal contents
Mechanical ventilation extubatior L s Gas ents

> . —

Impaired consciousness i 2
Neurologic disease: stroke B
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Ger 7 \
Increased chance of gastric contents reaching the lung A P ] A
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Tube feeding ,
Impaired cough reflex v
Medications {

7';-;,_ Mandell LA. NEIM 2019

- Defense mechanisms to prevent aspiration include strong cough reflex,
active mucociliary clearance mechanism, and effective immune system.

- Aspiration results from altered swallowing due fo CNS dysfunction such
as coma. Oropharyngeal or gastric contents can enter the lung. Impaired
cough reflex increases the likelihood that aspirated material reach the lung



A Aspiration pneumonitis in an overdese population:
| frequency, predictors, and outcomes

Patients with aspiration pneumonitis: 1.6% [1.2-2.0]

Higher ICU admission rate

Increased mortality: 8.5% vs. 0.4%; OR, 23 [9-60]; p <.0001)
Prolonged ICU stay (126 h [62-210] vs. 14.7 h [7-23]; p < .0001).

95% Confidence

Predictor Odds Ratio Interval
Age
10.yr increase 1.18 1.01 -1.38
Emesis
No (reference) — —
Yes 2.41 1.34 - 4.34
Ingestion to hospital presentation time

o)

4-24 hrs 2.89 96

=4 Nrs (reference) — n
>24 hrs 4.64 -
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Isbister GK. Crit Care Med 2004



A2 | Risk factors for prolonged ICU stay

in self -poisoned patients

Selected parameters Odds ratio p Value
Demographics and history
Age 1.02 (0.99; 1.04) 0.1
Psychiatric diseases 0.78 (0.38; 1.59) 0.5
Addiction 0.62 (0.31; 1.26) 0.2
Toxicants
Psychotropic drugs 1.18 (0.53; 2.62) 0.7
Cardiotoxicants 0.68 (0.26; 1.73) 0.4
Ethanol 0.28 (0.11; 0.66) 0.005
Multidrug exposure 1.13 (0.52; 2.45) 0.8
Clinical parameters on admission
SAPS I 1.01 (0.99; 1.03) 0.3
Qre 098 (089: 106) 06
Complications
Aspiration pneumonia 8.48 (4.28; 17.3) <0.0u(d
= P9 LYo B pae 2 2 V2
Cardiac contractility impairmentb 0.64 (0.23; 1.76) 0.4
Cardiac arrest 0.15 (0.04; 0.52) 0.003
Seizures 2.49 (0.77; 8.73) 0.1
Acute kidney injury 3.15 (1.36; 7.39) 0.008
Acute liver failure 0.69 (0.25; 1.99) 0.5
Rhabdomyolysis 0.97 (0.44; 2.12) 0.9
Multiple organ failure 8.06 (3.43; 19.9) <0.001
Outcome
Delayed awakening® 8.64 (2.58; 40.7) 0.002
Management

Veno-arterial ECMO

0.82 (0.23; 313) Naim 6. Clin Tox 2022



AZ  |Aspiration pneumonia in the poisoned patient:

necessity of early airway management

Association between aspiration pneumonia onset and delayed
intubation until arrival at the ED

Patients with  Patients without

N=72 Aspiration Aspiration
Pneumonia Pneumonia p-Value
Women 12 27 -
Men 9 24 0.75
GCS of 8 or less 15 32 0.48
Emesis 8 7 0.046
Active charcoal 3 1 0-C

Delayed intubation 9 4 @
to ED admission
In unconscious
patient Montassier E. J Emerg Med 2012




Glasgow coma score and risk for aspiration

7 aspiration pneumonia

80

60

v/ No correlation between Glasgow

0 coma score and loss of gag reflex

66,7
Moulton. BMJ, 1992

47,8 N = 310

3 4 5 6 7 8 9 10 11 12 13 14 15
(n=46) (n=34) (n=22) (n=16) (n=13) (n=11) (n=47)
(n=12) (n=40) (n=16) (n=15) (n=15) (n=23)

Glasgow Coma Score Adnet F. Lancet 1996




AZ!f | Relation of body position at the time of
discovery with aspiration pneumonia in the

poisoned comatose patients

Position Aspiration
pheumonia

Prone (n=20) INGYS

Suppine (n=115) 48 (42%)
Left Lateral (n=31) 8 (26%)
Right lateral (n=21) 11 (52%)

Semi-recumbant (n=20) 3 (15%)*

*p<0.01 vs other positions; $p<0.05 vs other positions

Adnet F. Crit Care Med 1999



Relationship between the position of the body position
at the time of discovery and aspiration pneumonia
on chest X-Ray

Position Right Inf. | Right Sup. Left Inf. Left Sup.
Quadrant | Quadrant Quadrant Quadrant

Supine 69% 37% 20% 14%

Left lateral  57% 14% 29% 0%
Right lateral 80% 50% 30% 20%

Adnet F. Crit Care Med 1999




Tracheal intubation difficulty
in the comatose poisoned patient

Difficult intubation is frequent in the pre-hospital setting (~11%). In poisonings,
it averages 20%. Choosing the best sedative drugs for anesthesia induction is

highly difficult Adnet F. Eur J Emerg Med 1998

40%

RST p < 0.0001

30%

Etomidate 47

20%

Propofol

10%

No sedation 14

0% 20% 40% 60%
Difficult intubation

Difficult intubation (%)

0%

3456 8 9101112131415

6CS

Patients

“in between" Adnet F. Acad Emerg Med 1998




Intracuff pressures of endotracheal tubes in the
management of airway emergencies: an observational study

Number of Patients

s-J
] 5

0-13 14-27 28-41 42-55 56-69 70-83 84-97 98-111 >112
Intracuff Pressure (Cm H20)

- First measurement > 27 cmH,0 in 79% patients (85/107)
- Mean value: 56 cm H,0 in the extra-hospital patients and
69 cm H,0 in the transferred patients

- A correction is required in 72% of the patients |(77/107)

“ \S-fl,fj Galinski M. Ann Emerg Med 2006
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’ ' . Laryngeal injuries in relation to | -\~

b | tracheal intubation

Evaluation of post-extubation laryngeal injuries in 209 poisonings

Vocal cord Arytenoid

Epiglottis  Ventricular bands Right Left Right Left  Subglottis  Number of patients (%)

Number of patients
Normal 168 170 102 05 105 110 163 42 (20%)
With injury 41 39 107 114 104 99 46 167 (80%)
Number of separate scored lesions
Mucosal edema 29 37 54 57 86 84 32 135 (65%)
Ulceration I 2 38 38 14 13 10 65 (31%)
Reduced mobility - - 14 11 - - - 25 (12%)
Immobility - ~ | 5 ~ - - 6 (3%)
Granuloma I - 12 10 2 - 4 14 (7%)
Subluxation - - - - 2 2 - 4 (0%
Total* 41 39 119 121 104 99 46 167 (80%)

- Median duration of intubation: 24 h (13-52)
- Non-planed self-extubation : 277%

Mégarbane B. Clin Tox 2010



The main intubation-related laryngeal injuries

| S

Vestibular fold granuloma Tracheomalacia

Liu J. Anesth Analg 2010
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Exposure to an }

ACUTE CHOLINERGIC

—

Full recovery, often
after treatment; no
complications

—>| ASPIRATION |* . )

ACUTE

SYNDROME

. J/
~

* Bradypnea (reduced
central drive)

* Bronchospasm

* Bronchorrhea

* Non-cardiogenic
pulmonary edema

* Increased salivation
and vomiting

p

* Depolarizing NMJ block

RESPIRATORY
FAILURE

J

7

« Often normal consciousness

* Proximal muscle weakness
* Falling tidal volume, until
respiratory arrest occurs

Respiratory system toxicity secondary
to organophosphorus poisoning

~
J/

Chemical
pneumonitis, ARDS;
high risk of
complications

Full recovery
possible if ventilated;
risk of complications

he D SEUNGTION Ventilation over days
after hours to days, vercay
R X : ——— > & weeks; high risk of
Intermediate e
; complications
syndrome

Hulse EJ. ATRCCM 2014



Effects of hematogenous (indirect) vs aspirated (direct)
organophosphorus on minipig lung

Hulse EJ. ATRCCM 2014



Imaging to diagnose aspiration pneumonia

Cavitary infiltrate in the right lower lobe

Mandell LA. NEJM 2019



AZ'  Cocaine-induced cardiogenic pulmonary edema

36-yr-old cocaine abuser woman who presented with shortness of
breath and chest pain after smoking crack
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Bilateral heterogeneous opacities

Extensive bilateral heterogeneous

central and parahilar opacities
Restrepo CS. Radiographics 2007



srlf

Crack lung NG,

Acute syndrome after the inhalation of (free base) cocaine
Presentation: Fever, hypoxemia, hemoptysis, respiratory failure

Opacities with peripheral distribution Extensive bilateral ground-glass opacities
and airspace consolidation.

Suggested mechanisms: high femperature
of volatilized drug, impurities, local

vasoconstriction, macrophage activation Restrepo CS. Radiographics 2007



ASPIRATION PNEUMONIA

Suspicion of aspiration pneumonia

in the comatose poisoned patient

ASPIRATION PNEUMONITIS

h‘ Purulent tracheal aspirate )j

Fever Fever Fever Fever
=+ - =+ -
rise of CRP rise of CRP rise of CRP rise of CRP
AND AND AND AND
leukocyte count leukocyte count leukocyte count leukocyte count

aspiration pneumonia highly likely

aspiration pneumonia unlikely

srlf

V

Start antibiotic therapy

¥

Wait

Lauterbach E. Intern Emerg Med 2014
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SENSITIVITY

Value of CRP in the detection of bacterial
contamination at the time of presentation in
drug-induced aspiration pneumonia

—/— TEMPERATURE

0.0
0.0

0.2

0.4 0.6
1-SPECIFICITY

0.8

1.0

CRP >75 mg/L is associated
with aerobic bacterial content
of aspiration pneumonia

(Se=87%, Spe=76%, PPV=78%,
NPV:87O/O).

By contrast to temperature
and WBC, early CRP
measurement is useful for
diagnosis and perhaps in
determining the need for
invasive sampling.

Adnet F. Chest 1997




A

RCT

Impact on antimicrobial consumption of PCT-quided
antibiotics for aspiration pneumonia in comatose
ventilated patients: a randomized controlled study

Suspicion of inhalation : Coma (Glasgow < 8} |

Decision to introduce antibiotic therapy according to PCT {HO)

PCT 20.5 pg/L ——

| PCT < 0.5 pg/L —]

| No antibiotic therapy |

Initiate antibiotic

therapy

Second dosage of PCT at 8h
after firstdosage

therapy initiated

Antibiotic

/

Decrease in PCT
> 80% from the
highest dosage

T

Antibiotic therapy
not initiated

Decreasein PCT
< 80% fromthe
highest dosage

Daily monitoring of PCT
dosage up today 3

.

— | PcT<ospg/L | | PcT20.5 g/ |

Stop
antibiotics

[PCT205pg/L | [PCT <05 g/t

Continue _\ Initiate No antibiotic
antibiotics \ antibiotics therapy

PCT to guide
therapy vs.
clinical,
biological and
radiological
criteria, does
not modify
exposure to
antibiotics in
comatose
intubated
patients

Labro G. Ann Intensive Care 2004



Antibiotic therapy in ventilated comatose patients following
aspiration: differentiating pneumonia from pneumonitis

Prospective cohort study

- Among ventilated comatose patients, those without clinical,
laboratory, or radiologic evidence of bacterial aspiration
pneumonia did not require antibiotics.

- In those with suspected bacterial aspiration pneumonia, stopping
empirical antibiotic therapy when routine telescopic plugged
catheter sampling recovered no microorganisms was nearly always
effective.

- This strategy may be a valid alternative to routine full-course
antibiotic therapy. Only half the patients with suspected bacterial
aspiration pneumonia had confirmed diagnosis.

A

Lascarrou JB. Crit Care Med 2017
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[ Central respiratory depression]
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Alveolar Ventilation (L/min)

TN
o

(&)

Effect of CNS depressant exposure on
the CO, response curve

Awake,
healthy

Asleep,

healthy

.~~~ CNS depressants

25

35 45 55
PaCO, (mm Hg)

Pharmaceuticals and
recreational depressant
drugs can suppress one or
more steps in respiration
and patency.

Common depressors are
opioids and barbiturates,
>> benzodiazepines,

Z drugs, and ethanol.

Webster LR. Pain Ther 2020



%

Psychotherapeutic and

CNS Pharmaceuticals,

Opioids

391

301

291

201

15+

10+

Opioid Analgesic
(h=16651)

the first cause of toxic death

Op|0|ds

ngh risk opioid users || Fatal overdoses
1 3 million '
Oploids are found 0

Drug treatment requests B1%:¢ mmu verdoses

630 000

e Nl ubstitution
n 2015

In Europe

TOM
PETTY

1950-2017

Principal drug in about
38% of all diug
veatment requests

n the European Union
tmatm ENt In

Antiepileptic and Benzodiazepines ~ Barbiturates ~ Antidepressants  Antipsychotic Other
Antiparkinsonism ~ (n=6497) (n=296) (n=3889) and Neuroleptic ~ Psychotropic
Drugs (n=1717) Drugs (n=1351)  Drugs (n=24)

Jones CM. JAMA 2013



The US Opioid-Overdose Epidemic
Opioid sales, admissions for opioid-abuse treatment
and deaths due to opioid overdose, 1999-2010

E_
?_
6 Deaths due to opioid
= Kilograms of opioids overdose (per 100,000)
2 sold (per 10,000)
& 5
=]
a
g
q 47
-
£ 3
o Admissions for opioid-abuse
- treatment (per 10,000)
2_
1_
Volkow ND. NEJM 2014
0 | | | | | | | | | | | |
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010




A Opioid-prescribing patterns of emergency

» % physicians and risk of long-term use
'”-I

1.4+

- Rates of opioid prescribing varies
widely between low-intensity and
high-intensity prescribers

H - (7.3% vs. 24.1%).

1.2+ - Long-term opioid use is higher
among patients treated by high-
intensity prescribers than among
patients tfreated by low-intensity
prescribers (adjusted OR, 1.30
SR ! I ! [1.23 to 1.37]; P<0.001)

rd

1.1+

Odds Ratio for Long-Term Opioid Use

(Low intensity, (High

reference) intensity)
Prescriber Quartile

Barnett ML. NEJM 2017



A 1980 NEJM letter on the risk of opioid addiction
when prescribed for chronic pain

A 5-sentence letter published in the NEJM in 1980 was uncritically cited as
evidence that addiction was rare with long-term opioid therapy [439/608 (72%)]

35+ Leung PTM. NEJM 2017
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Porter J, Jick H. Addiction rare in patients treated with narcotics. NEJM 1980;302:123



The role of Big Pharma:
Accused of causing 3 million deaths

“] couldn’t get through
my day without it!”

The 19t wealthiest family in the US
with a fortune of $13 billion in 2016

Y]

Purdue Pharma advert |

obinars
W8 United States Veterans

eﬂ‘betz
and Pain Care

EDUCATIONAL WEBINARS FOR HEALTHCARE PROFESSIONALS
PRESENTED BY PURDUE PHARMA L.P. MEDICAL LIAISONS




Opioid-related deaths in the US

Drug overdose deaths per 100,000
residents in 2015 and 2016

Of the 21 statas that reported the highast
quality data for 2016, the stespeast riges were
In Delaware, Florida and Maryiand

- A
{ 0 Vo= wul ponN D L
T el <2 e’

| Fentanyl and Fen"'anyl

(2000-2022) | 5
~ 641000 deaths / year

|I
| a0 Heroin
| .,'l A Heroin

/222?9 Prescription
/= analgesics

/w Cocaine




Chemistry of fentanyl derivatives

Replacement of nitrogen atom for carbon

Replacement of 4-N benzene ring Fusion of the propionylanilido group to
for substituted aromatic (heterocyclic) the orto- position of anilido phenyl ring

and non-aromatic groups
Replacement of carbonyl group
: . for thiocarbonyl or methylene group
Insertion of substituents into the
second, third and fourth position Replacement of propionyl group
of piperidine ring for other acyl substituents

Replacement substituents at nitrogen Synthesis of open-chain structures
atom, as well as its replacement of Replacement of piperidine ring for
nitrogen atom for oxygen, sulfur or carbon pyrrolidine, azepine and other

heterocyclic rings

Introduction of different substituents Introduction of substituents into
into the first and second position of benzene ring. Replacement of benzene
ethylene linking group ring for other (heterocyclic) groups



Presentation of illicitly
produced designer fentanyls

25 mg butyrfentanyl labeled bottles,
each spray yields 0.25 mg and the
content is sufficient for 95-105 puffs.

(A)

LE i le)

(B)

(C)




1, Respiratory depression

2. Miosis

3. Stupor

4, Hepatic injury from acetaminophen or hypoxemia
5. Myoglobinuric renal failure

6. Rhabdomyolysis

7. Absent or hypoactive bowe! sounds

8. Compartment syndrome

9. Hypothermia !
10. Possible presence of one or more fentanyl patches

All opioids produce a
similar toxidrome in
excessive dosing.

SpO, and RR are
surrogate indicators
of ventilatory drive
but provide limited

information

on drug-related

effects on ventilatory
control

PaCO,and V,,
are direct measures of
ventilation but
difficult to assess
continuously



Identification by
analytical
techniques

combining liquid

chromatography
+ mass
spectrometry
(LC-HRMS,
LC-MS/MS,
LC-HRMS/MS)

%)

Relative abundance (

100 317

RT:3.49

3.17e8
Acetylfentanyl AA: 734028751
(m/z 323.2118)
0
RT:2.36
10077 307e8
Nor-acetylfentanyl AA- 1025988672
(m/z 219.1492)
0
RT: 3.97
100 ) gsse7
Furanyifentanyl AA: 211859261
(m/z 375.2067)
0
RT:2.88
100y 4.18E5
Nor-furanyifentanyl AA- 1050307
(m/z 271.1441)
0
RT-4.32
100 - 5.19E8
1 4-MeO-butyrfentanyl AA: 1357006448
i (m/z 381.2536)
0
RT: 347
10077 2.04e8
1 Nor-4-MeO-butyrfentanyl AA: 604073890
(m/z 277.1910)
0 - T - - - ; - - : - - ;
00 05 10 15 20 25 30 35 40 45 50 55 60

Retention time (min)



Sleep disordered breathing
and chronic respiratory failure
in patients with chronic pain on

long-term opioid therapy
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Apnea hypopnea index (events/h)

Ll
o r?=0.251, p=0.013

o

100 200 300 400 500

o

Morphine equivalent dose (mg/day)
Rose AR. J Clin Sleep Med 2014

AZL,

Risk of death from opioid

600
deaths

500
deaths

400
deaths

300
deaths

200
deaths

100
deaths

0

overdose in relation to
the treatment duration

51x
46x

30x

General Population 3 to 5 months 6 to 11 months 12 months
of opioids of opioids of opioids

AGO graph from Massachusetts Department of Public Health data




Risk factors for severe respiratory
depression from prescription opioid overdose

Prescription opioid ~ SRD rate (%) RR (descending) 95% CI
Tapentadol 2/2 (100) 27.0 3.9-185
Fentanyl 5/6 (83.3) 22.5 3.2-159
Oxymorphone 2/3 (66.7) 18.0 2.2-144
Methadone 59/116 (50.9) 13.7 2.0-95
Hydromorphone  4/9 (44 .4) 12.0 1.5-94
Morphine 5/12 (41.7) 11.3 1.5-86
Oxycodone 40/124 (32.3) 8.7 1.3-60
Hydrocodone 9/31 (29.0) 7.8 1.0-58
Buprenorphine 2/7 (28.6) 74 0.8-73
Tramadol 3/12 (25.0) 6.8 0.8-58
Codeine 1/27 (3.7) 1.0 (ref) —

Fox LM. Addiction 2018




Opioid-attributed death: role of the dose?

Methadone poisonings ‘ Buprenorphine poisonings Buprenorphine poisonings

Number of cases

e B B TH ——

Other methadone related deaths

—
L ]

Other causes of death
Other causes of death

Number of cases

b4y 1

|
Methadone (mgq /1) Buprenorphine concentration (ugll) 00 10 20 30 40 50 60 70 80 90 100

5

00 10 20 30 40 50 60 70 B0 80 100 g

Methadone-related deaths Buprenorphine-related deaths

Hdkkinen M. Forensic Sci Int 2012 Hdkkinen M. Eur J Clin Pharmacol 2011



Could chest wall rigidity be a factor in the

rapid death from illicit fentanyl abuse?
(N= 48)

Acute chest wall rigidity is a well-recognized complication

1- Deaths occurred with fentanyl in the therapeutic range (1-2 ng/ml) in
apparent non-naive opiate abusers

questioning the onset of dose-dependent respiratory arrest as
mechanism of death

2- Lack of measurable norfentanyl in half of the cases despite high fentanyl
- No correlation between elevated fentanyl and rises in norfentanyl

C suggesting a very rapid death, consistent with acute chest rigidity

Burns G. Clin Tox 2016



Drug-drug interactions

Zolpsdem-
Oxycodone-
Methamphetamine+

MDMAA Based on segmental hair analysis,
Ketamine-

; continuous exposure of methadone
-acetyimorphine+

Ketobemidone suggested that reduced tolerance
Tramado!

Zopicione - of methadone is not a critical factor
Seisaonh among methadone-related fatalities.

'JUUJUU

Flunitrazepam
Nordiazepam
Cocaine

Codeine
Amphetamine
Morphine
Chlordiazepoxide

In contrast, a high abundance of co-
ingested CNS depressants

el - suggested that adverse effects
Bromazepan ‘ from drug-drug interactions are

Diazepam . 5
Clonazepam f— more important risk factors for
Methadon e - ———————— fatal outcome

0 20 40 60 80 100
Relative frequency (%)

Abundance of hypnotics and drugs of abuse . . .
in blood (black) and proximal hair segments ~ Nielsen MK. Forensic Sci Int 2015

(white) in 99 methadone-related fatalities.



Vulnerability related to gene polymorphism:
Near-fatal tramadol cardiotoxicity in a CYP2D6
ultrarapid metabolizer

== Tramadol
2986
2.0 \ 231 o M1 (O-desmethyl tramadol)

~— mg/L Tr‘amado I

—t M2 (N-desmethyl tramadol)
ma/L

- CYP2D6 . CYP2B6/CYP3A4
2 1.5 \ 29 \\
2 \\ \1.03

O-desmethyltramadol N-desmethyltramadol
(M1) (M2)

fons [mgAL)
N
o

Plasma conc
(=]

0 5 7 15 17 24 34 48 58 72 96 120 144 168
Time (hours) since ICU admission

- Ultrarapid metabolizer phenotype suggested by tramadol/M1 metabolic ratio
- Heterozygous for duplicated wt allele predictive of CYP2D6 ultrarapid
metabolizer phenotype

+ Ketoconazole at inhibitory concentration of CYP3A/CYPB6 (200 ng/ml)

Elkalioubie A. Eur J Clin Pharmacol 2011



The role of tolerance and abstinence

Tolerance theory Abstinence theory

; ‘//___ 5
i[/ ' A Abstinence
- ‘

Tolerance decrease

Tolerance

(1 !

Re-consumption

Dose increase

il y

Death Death

White JM. Addiction 1999 Druid H. Forensic Sci Int 2007



Naloxone: pharmacology properties

- Pure opioid antagonist at mu (high affinity), kappa, and delta receptors
- No agonist properties

- High first-pass metabolism (poor oral bioavialability)
- Short-plasma half-life 50 min

- Duration of action: 1-4 h

- Administered IV, IM, SC, IN

Widely used to reverse opioid toxicity
Dose-dependent reversal of opioid agonist effects
High dose may precipitate acute opioid withdrawal syndrome



Comparison of heroin, methadone and BUP overdoses

Heroin Buprenorphine Methadone p

(N = 26) (N = 39) (N = 19)
Suicide 12% 18% 58% 0.0007
Co-ingestions 73% 95% 89% 0.04
Glasgow Coma Score 5[3-9] 7 [4 - 10] 4 [3-10] 0.1
Respiratory rate 10 [6 - 13] 12 [8 - 15] 10 [6 - 13] 0.4
SpO, (%) 82 [64 - 95] 94 [87 - 98] 91[82 - 97] 0.05
pH 7.29 [7.17-7.34] || 7.35[7.24-7.38)| 7.33[7.23-7.42]| 0.07
PaCO, (mmHg) 51 [45 - 55] 50 [45 - 66] 50 [36 - 57] 0.7
Mechanical ventilation 46% 41% 47% 0.6
Response to naloxone 81% 0% 71% <0.0001
Response to flumazenil 0% 87% 60% 0.02

Mégarbane B. JSAT 2010



Preventing opioid overdose deaths . .-
With take-home naloxone L -

= Death from opioid overdose occurs frequently at
home, 1-3 h after exposure and often in the

presence of bystanders (80%)
= BCLS by bystanders are generally not sufficient

Number of Number of Number of Number of reported
programs of naloxone vials program opioid overdose
nqlox.one. distributed over  participants reversals
distribution one year

136 140 053 152 283 26 463

Wheeler E. MMWR Morb Mortal Wkly Rep 2015
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[ Peripheral respiratory depression ]




=" . | Mechanisms of respiratory insufficiency

in coma involving benzodiazepines

Obstructive apnea

o s 1 Non-
. —D.DDSSLE inTU bGTed
D.I'mm 1.2 ] p<0,01 VS m‘ryba’red
|©oocono patients
-0.00988 ~ " befor-e
) flumazenil
V)0'75
Q
| .
53.92191 30'5
31.950955
5 : : —51.950';“ |
0. 000 S.000 se]:?:uﬁl?:ll?s 15.00 . I |,:
Non-intubated patient before flumazenil Non infubated _Intubated

Increase in the

. ; ; resistive load and
Gueye P. J Toxicol Clin Toxicol 2002 respiratory work



A Obstructive mechanism of respiratory
__insufficiency in benzodiazepine-induced coma

Flumazenil injection

Gueye P. J Toxicol Clin Toxicol 2002



Hypothesis: PD interaction
with addition of different physiological effects

Mégarbane B. Forensic Int Sci 2011

Benzodiazepines :
- Alteration of Upper Airways Dilators (GABA ,)
=> hypopnea, obstructive apnea

Diaphragmatic dysfunction

se of The workload of breathing
The combination
of effects
may result in
respiratory
depression and
death

- Decrease of the ventilatory response to
Inspiratory load
Hypoxia
Hypercapnia

Depression of the ventilation centres



Should we use flumazenil in presumed toxic coma? (1)

Favours control

Favours Flumazenil

. ' H Jmazenil Placebo RR (random) Weight RR (random)
Patient's awakening "7 o2 i g s
O'Sullivan 1987%¢ 19/31 6/29 —— 30.24 2,96 [1.38, 6.37]
Spivey 1993%° 48/87 10/83 & 43.24 4.58 (2.48, B8.44)
Hojer 1990'° 27/53 3/52 — 15.29 8.83 [(2.85, 27.33]
Ritz et al 22 6/13 0/10 & » 24D 10,21 [0.64, 162.34]
Weinbroum 19967 14/17 1/14 _ 5.72 11.83 [1.72, 77.20]
Barnett 1999%° 19/41 0/22 ———f) 2.76  21.36 [1.35, 337.67]
Total (5% Cl) 242 210 >3 100.00 4.99 [3.14, 7.92]
Total events: 133 (Flumazenil), 20 (Placebo)
Test for heterogeneity: Chi* =5.46, df =5 (P =0.36), I* =8.4%
Test for overall effect: Z=6.82 (P < 0,00001)
001 01 1 10 100
Favours Placebo Favours Flumazenil
H umnazenl Control SMD {fixed) Weight SMD (fixed)
CGS 'mprovemen Mean (SD) N Mean (SD) 95% Cl % 95% Cl
Bamett 1589 18 11.80(4.10! 22 a 3.60 |— 4%.89 0.82 [0.38, 1.45]
Spivey 1993 46 12.25{2.56) 10 3.5012.75 - 37.51 1.05 [0.34, 1.75)
Ritz 1088 11 10.79042.70) Lo 5 (L.80) —— 1€ .62 a.13 [1.08, 23.19]
Total (95% ClI) ap 42 $ 100 .00 1.1z [0.89, 1.%58]
Test for heterogenolty Ghi =432 df =2(P=012) P=537%
Test for overall effect. Z = 5.06 (P < 0.00001)
10 5 0 B 10

Ngo AS. Resuscitation 2007



Should we use flumazenil in presumed toxic coma? (2)

Major ADR

Anxiety

Vomisiting

Minor ADR

Sudy Flumazen|
of sub-category niN

Control

niN

RR (toed)
95% Cl %

Weight

01 Major (Fits)
Weinbroum 1996
Ritz 1988
O'Sullivan 1987
Kmsdsen 1988
Hojer 1990
Bamett 1999
Spovay 1992 I
Subtotal (95% CI) 236
Total evente: 1 (Flumazenil), 0 (Cantrol)

Test for heterogeneily. not spplicabl

Test for overall effect: 2 =~ 065 (P = 0.52)

02 Minor events (Anxiety)
Ritz 1588

Knudsen 1958
O'Sullivan 1987
Weinbroumn 1996
Spevey 1993

Hojer 1990

Subtotal {95% C1)

Total events: 20 (Flumazent), 6 (Control)

Test for heterogeneity: Chiv = 220 df = 4 (P=0.70), ¥ = 0%
Test for averall effect: 2 =257 (P=0.01)

03 Minor events (vomiting)
Weinbreum 1996 /17
Ritz 1983 /13
Knudsen 1988
Hojer 1980 1781
Q'Sullivan 1987 4/31
Spwvey 1993 1/07
Subtotal (95% CI) 217

Total events: 8 (Flumazend), 1 (Control)

Test lor heterogeneity; Chi* = 0,16, df = 2(P = 0.92), F = 0%
Test for overall effect: 2 = 1.89 (P = 0.06)

04 Other side effects

Weinbroum 1996 /14 - »
Knudsen 1958 »
Spivey 1993 ——
O'Sullivan 1987 RN N — Y
Hojer 1990 3 —_—t 3
Subtatal (95% CI) 204 184 P = 112 £.73]
Total events: 46 (Flumszend), 11 {Control)
Test for heterogeneity: Chif = 0.52 df = 4 (P = 0,97), F = 0%
Test for overad] effect: 2 = 4 18 (P < 0.0001)
Total (95% CI) a74 328 e 47 (2.32, 5.43
Tatal events: 75 (Flumazend), 18 (Control)
Test for heterogeneity: Chid w 3.63, df » 13 (P » 0.09), ¥ = 0%
Test lor averal| effect: 2 = 5 45 (P < 0.00001)
01 02 05 1 2 5 10

Favours Flumazenil

Fawvours Placebo

Resuscitation 2007



Flumazenil does not increase the global costs of
patient management in the ICU

Factor Flumazenil Placebo p Value

Number 19 22

Emergency room 244 = 106 276 = 111 NS
Nursing 140 + 59 151 + 51 NS
ER physician fee 93 = 29 98 + 33 NS
Drug 101 = 57 b £+ 2 <.001
[npatient 402 = 1920 1258 + 1100 NS
Medical consult 148 + 77 109 + 27 NS
ICU consult 400 = 71 276 + 63 NS

1] 97 &+ 2414 DAS b
*Canadian dollar = 0.73 United States dollar; "sample size inadequate to compare costs.

L 3 Barnett R. Crit Care Med 1999
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Guidelines for routine flumazenil use

- 0.1 t0 0.3 mg IV bolus

- Titration to avoid withdrawal syndrome

- More elevated dosage regimen if multi-drug poisoning: up to 2 mg bolus

- Efficient in poisonings with assimilated molecules (zopicolone and zolpidem)

- Caution if tricyclic antidepressants or carbamazepine co-ingestion

- Add bolus or continuous infusion (0.3-0.5 mg/h) to maintain consciousness

- Significant improvement in respiratory conditions to avoid tracheal intubation

- Debated utilization in ethanol poisoning or liver encephalopathy
- Efficient and safe utilization in elderly, children, babies, pregnant women
Weinbroum AA. Drug Safety 1997

Flumazenil in children:
- 10-20 pg/kg IV bolus
- Experience (N=83; 2 years [3 months,12 yrs]): excellent tolerance, no convulsion

Kreshak AA. Pediatr Emerg Care 2012



‘ Administer
flumazenil

E Clinical fmdmgs —

N tonus
N reflexes

Plantar R: flexor 7 reflexes Q No 7 tonus,
' brormal plantar R
ECG: normal Plantar R: extension D A ey

Agitation BZD-related coma :
7 tonus

| Membrane stabilizing No Babinski

Life-threatening condition —
BP <80mmHg

Absent : S .
(HR, BP: N) RR >30/min

— | Cyanosis

A non-complicated

BZD poisoning does

not result in life-
threatening conditions

I

Non specific complications -1 —

‘ Complications may
Absent Hypothermia <34°C require specific
| Aspiration PN, hypoxemia treatment
I : : The most frequent
Past history of seizure : . T
- Sosent ' Convulsive toxicants mlxed.mtoxwaﬂon '
antidepressant

| (antidepressants)

|

Gueye PN. Ann Emerg Med 1996 e
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[ The GHB threat ]




issue of drug-facilitated sexual assaults

“‘m Recreational GHB/GBL use and overwhelming
")

GHB: colorless and odorless slightly salty/bitter lliquid

GBL: colorless oily water-soluble liquid
Dosage: 2-5 g /dose with 1-3h interdoses, difficult calibration

qoert 0%
ran®
.»""'

meate
s ea e
GEBT auon i anS‘e““ "
\.acof\5°mm\a““w
c,‘:ma e AT v

e ] A |

OllIDS parisiens

r AFP — 17 avril 2018 & 13:56

w Ave Tkt 38 Apet 2018 13 Oy

Un jeune homme meurt d’une
overdose de GBL

Un drame qui met en lumiére le grand retour, i _} J" =
dans le milieu de la nuit, de ce produit i ;-al = |
particuliérement dangereux. Enquéte. ) r Jl_ | __},-\,'-' )




Toxicity attributed to GHB

Dose- and concentration-effect relationships

Dose (mg/Kg) Symptoms

10 Amnesia, myorelaxation, hypotonic, dizziness, myoclonus

20 - 30 Euphoria followed by sleepiness

30-50 Sedation, nausea/vomitig

Non-reactive coma (G-hole), respiratory depression, seizures,

50 - 100 bradycardia, hypotension, nystagmus, myosis/mydriasis

Tight therapeutic index

Inter-individual variability

Tolerance development if repeated use
Aspiration, MK+, &4 WBC, ACK, AVB
Withdrawal: 1-6h, peak 24h, duration 14d

Shep LJ. Clin Tox 2012
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s g Ho)gabmm:"m Pharmacodynamics
apparentées '
=7 g GBL: No biological activity

GABA

GABA, . | ") T 1@

owon ||

= acide acide .
=3 succinique —>» succinique ——» COz+ eau
semi-aldéhyde

® ®
GBL «—=— THF
@ gamma- tetra-

butyrolactone hydrofurane
GHBR =
‘ alcool ——|(6)
1,4-BD
o 1 4-butanediol
Ho/\/\/OH

Endogenous GHB (blood < 5 pg/mL and urine < 10 pg/mL)



GABA || 6HB/EGBL metabolism

Activity half-life: 1-3 h
‘ Consciousness impairment <3h
T GABA aminotransferase Detection: 8h (plasma) et 12h (urine)
Succinicv .. ) C02
i} I ] e A
O on > HOM/O“ — Krebs Cycle

A 0

GHB dehydrogenase succinic semialdehyde
reductase

OH

peripheral
«

HO 0 alcohol PN
dehydrogenase HO l f
1,4-butanediol p \S_r _




Odds Ratio (95% CI)
More frequent in g—— — More Ireguent in

GHBIGEL anly GHB/GEL with
Croup co-intoxicants
0 1 rous 10
Gender (man) 0] [
|
Age (=24 y-o) L
' ]
Severely reduced consciousness |GLSH) ] -
Other neuralagical symptorms (apart from altered GCS) . -
Any behaviour abnormality L -

Hyzotension (<30 mmHg) . - M ixed
Bradycardia (<60 bpm) - . GH B/GBL

Other cardiovascular symptoms L
| ° °
Bradyonoes (<10 bor) o poisonings
Other respiratory symotams [including dyspneal ] =
Hypatharmia [<355C) L
| -
Gatraintestinal syrmproms (vomiting) - L] | |
Treatment (any) # =
] GHE
Use of antidotes * |
u :
Meed for mechanical ventilation . -
Meed for prolonged ED stay {12 hours) : L 2
—a— FEuro-DEN current series —J— Galicia et al. past series Mif‘O O TOX Le t t 2017
[multicentre, multinaticnal) (unicentre) c




Rapidity of awakening in GHB poisoning

15/21: positive GHB screening
Plasma [GHB] : 212 ug/ml (112 - 430)
14/15: multi-drug ingestions

GCS <8 during 90 min (30 - 105)
GCS change from <8 to »12: 30 min (10 - !

Patient subgroup with GCS =3:
Remained at GCS 3 during 60 min (30 - 110) R
GCS change from 3 to 15 in 30 min (20 - 60)

C No patient was further intubated

Van Sassenbroek D. Clin Tox 2007
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Ta ke ho me messa g es ) "SESSIONS
A

PARAMEDICALES

Aspiration pneumonia is common in the comatose patient. Risk factors include
impairment of swallowing & alteration in consciousness. Aspiration pneumonia is
associated with severity, prolonged ICU stay, and increased mortality.

Drug-induced respiratory depression is frequent. CNS depression attributed to
opioid and GHB represents a growing concern. Diagnosis at the bedside is based
on respiratory rate, SpO, and blood gas. Management is supportive.

In patients with GCS <8, tracheal intubation should not be systematic. Decision
should take into account the drug properties and its PK as well as the level of
encephalopathy and respiratory/circulatory findings.

Antidotes (naloxone and flumazenil, according to the toxidrom) can avoid
intubation in selected patients. Their use is safe if respecting contra-indications.

Adjunctive role of the physiotherapist to prevent and treat complications
resulting from drug-related neuro-respiratory effects
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