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falls In geriatric age



PROBLEM'S PERCEPTION

30% of over 65 ys old subjects
407% of over 80 ys old subjects

more than 60% of istutionalized old
subjects experience at least one fall



WHERE DO THEY FALL?

»60% at the home
»30% in the public area

>10% residential facilities



FALL CONSEQUENCES

65 7% of 75 ys old subjects deceased after fall
skeletric fracture is the likely outcome

75 % of the elderly patients with hip fracture
dies within 1 year



Age related Iincidence of fractures

/

vertebras hip
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IMPORTANT CONCOMITANT
CAUSE OF ELDERLY
FRACTURES IS
OSTEOPOROSIS
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PSYCOLOGICAL CONSEQUENCES

» post-trauma anxiety-depression
»loss of self-confidence

»|oss of functional independence



PREVENTION OF ELDERLY FALLS
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CAUSES OF FALLS IN THE ELDERLY

Accidental falls

Syncope or presyncope



CAUSES OF FALLS IN THE ELDERLY

Syncope or presyncope



RISK FACTORS OF ACCIDENTAL
FALLS IN THE ELDERLY

> Intrinsic factors

» Estrisic factors



Intrinsic Factors RR
Muscle weakness 4 4
History of falls 3
Gait disturbances 2.9
Balance impairment 2.9
Use of mobility aids 2,6
Visual impairment 2,5
Joint diseases 24
ADL reduction 2.3
Depression 2,2
Cognitive impairment 18
Over 80 ys old 1,7




POSTURE AND AGING

» Postural stability
—— perception

»Muscle strength
(sarcopenia)

»Balance perception
»Latency times

(reduction of nerve
conduction velocity)

» Abllity to adapt to
changes in objectives
and supports




Estrinsic factors

Drug therepy (antihypertensive, sedative-
hypnotic, hypoglycaemic drugs...)

Home (lighting, floors, carpets, tables, steps...)

Outdoor (sidewalks, curbs, holes, hollows...)

Clothes (shoes, slippers..)




EVALUATION OF FALL RISK
Chair standing test

Standing Balance Test | Guralnik 1994
Timed Walking

Balance assessment

Gait assessment - Tinetti 1987










CAUSES OF FALLS IN THE ELDERLY

Accidental falls



SYNCOPE DEFINITION

Syncope Is a syndrome characterized
by a transient self-limited episode of
loss of consciousness (LOC) occurring
as a result of a brief interruption of
oxygen supply to the brain.



Pre-Syncopal Symptoms

Pre-syncopal symptoms are characterized by a
sudden sense of generalized weakness with the
patient feeling as If their legs woulden't carry
them anymore, a black vell before the eyes or
blurred vision, tinnitus, sometimes heart
palpitations or sweating. Any or all of these
symptoms appear suddenly concomitantly with
an Imminent fainting sensation but disappear
spontaneously, usually in less than a minute.



CONDITIONS INCORRECTLY
DIAGNOSED AS SYNCOPE

. Epilepsy . Cataplexy

. Metabolic disorders + Drop attacks
including hypoglycemia,| | Falls
hypoxia, - Functional |
hyperventilation with (psychogenic
hypocapnia psedosyncope

. Vertebrobasilar TIA - TIA or carotid origin




Schematic presentation of the distribution of age and
cumulative incidence of first episode of syncope in the
general population from subjects up to 80 years
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CLASSIFICATION AND
PATHOPHYSIOLOGY

Reflex Syncope

low BP/
global cerebral
hypoperfusion

Cardiac Syncope
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INITIAL EVALUATION

THE INITIAL EVALUATION OF A PATIENT
PRESENTING WITH T-LOC CONSISTS OF:

- A CAREFUL HISTORY,

- PHYSICAL EXAMINATION,
- BP MEASUREMENT,

- ECG.



Neurally- | Orthostatic | Arrhitmics| Cardiopulmonary | Neurological
mediated | hypotension | syncope syncope syncope
syncope syncope

« Vasovagal

« Carotid sinus
hypersensitivity

« Situational

* Pure autonomic
failure (PAF, MSA,
m. Parkinson, Lewy

body
dementia

« Secondary
autonomic failure(
diabetes, kidney
failure,...)

* Drugs

« Bradycardia
syndrome (sick
sinus
syndrome)

« Tachicardia
syndrome

e Aortic stenosis
e AMI
 Acute Cor Pulmonale

« Pulmonary hypertension

« Vascular thievery
« TIA

 |ctal bradycardia

56%

2%

20%

3%

1%

JACC 2001; 37: 1921-1928




Stimulus

Pain, emotion /%

Carotid sinus sensitivity |,

Decreased venous
return

Intra-coronary injections

Inferior myocardial infarction

Micturition

Afferent pathway

Higher centres

!

Medullary
vasomotor centre

A

Carotid
5INUS

Aortic
baroreceptors

Efferent response

mPancreatic polypeptide

Para-
sympathetic

Bradycardia

©

Ventricular afferents Sympathetic

Unmyelinated ‘c’ fibres.
Respond to chemical

and mechanical stimuli.
Enhanced activation by
B, receptor stimulation.

e.g. bladder

o D v Norepinephrine

—< vasodilation in resistance

vessels

@ : : T
Other } Epinephrine—vasodilation
viscera \ o gg:g al pInep

in skeletal muscles

Kinsella SM Br J Anaesth. 2001;86(6):859-868







CAROTID SINUS SYNDROME
(CSH)

Recurrent syncope due to excessive bradycardia and/or
hypotension
IN response to carotid sinus stimulation with no other
apparent attributable cause of syncope.

In older people there Is significant overlap between the
symptoms of falls and syncope, this has been particularly
demonstrated in CSH where older people with the
reproducibly abnormal bradycardic response present with
falls rather than syncope.



DIAGNOSTIC TESTS

Carotid sinus
massage (CSM)

- Indications:

- >40 years with syncope of unknown etiology after initial
evaluation.

. Controindications:

- CSM should be avoided in patients with previous TIA or

stroke within the past three months and in patients with

carotid murmurs

- Diagnostic criteria:

CSM Is diagnostic If syncope Is reproduced in presence of
asystole longer than 3s and/or fall in SBP >50 mmHg
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right carotid massage
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Neurally- | Orthostatic | Arrhitmics| Cardiopulmonary | Neurological
mediated | hypotension | syncope syncope syncope
syncope syncope

« Vasovagal

« Carotid sinus
hypersensitivity

« Situational

* Pure autonomic
failure (PAF, MSA,
m. Parkinson, Lewy

body
dementia

« Secondary
autonomic failure(
diabetes, kidney
failure,...)

* Drugs

» Bradycardia
syndrome (sick
sinus
syndrome)

« Tachicardia
syndrome

« Aortic stenosis
« AMI
 Acute Cor Pulmonale,

« Pulmonary hypertension

« Vascular thievery
« TIA

 |ctal bradycardia




Vasovagal syncope

In older adults vagal tone Is
reduced.
Vasodepressor syncope is much
more common without classical
prodromal features such as
nausea, pallor and diaphoresis.



DIAGNOSTIC TEST
Tilt testing

. Indications:

- In case of unexplained single syncopal episode In high-risk
settings or recurrent episodes in the absence of organic
heart disease, after cardiac causes of syncope have been
excluded.

- When it Is needed to demonstrate susceptiblility to reflex
syncope to the patient

- To discriminate reflex and OH syncope.

- For differentiating syncope with jerking movements from
epilepsy

- For evaluating patients with recurrent unexplained falls

- For evaluating patients with frequent syncope and psychiatric
disease



DIAGNOSTIC TEST

Tilt testing
. Methodology

- Supine pre-tilt phase of at least 5 min

- Tilt angle between 60° to 70°, Is recommended

- Passive phase of a minimum of 20 min and a
maximum of 45min, iIs recommended

- For nitroglycerine, a fixed dose off 300/400 mcg
sublingually administered in the upright position, Is
recommended



TILT-TABLE
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Tilt test con risposta vasovagale ﬁgura 1 B
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. . Peripheral Venous Left ventricular
Upright tilt ==>  \enous => " return = volume

pooling |

ﬁ Left ventricular
contractility

=

U

Mechanoreceptor stimulation
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E Vasomotor center %

Il Sympathetic tone 1T Vagal tone
1 1

Peripheral vasodilatation Bradycardia or
asystole
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Hypotension

Syncope




DIAGNOSTIC TEST
Tilt testing

- Dilagnostic criteria
-In patient without structural heart disease:

- reflex syncope

- orthostatic hypotension
-LOC In absence of hypotension and or
bradycardia:

- psychogenic pseudo syncope



Neurally- | Orthostatic | Arrhitmics | Cardiopulmonary | Neurological
mediated | hypotension | syncope syncope syncope
syncope syncope

« Vasovagal

« Carotid sinus
hypersensitivity

e Situational

e Pure autonomic
failure (PAF, MSA,
m. Parkinson, Lewy

body
dementia

« Secondary
autonomic failure(
diabetes, kidney
failure,...)

* Drugs

« Bradycardia
syndrome (sick
sinus
syndrome)

« Tachicardia
syndrome

« Aortic stenosis
« AMI
« Pulmonary heart failure

* Pulmonary hypertension

« Vascular thievery
« TIA

 |ctal bradycardia




DIAGNOSTIC TEST

Active standing

- Indications:
- manual intermittent determination of BP supine and during
active standing for 3 min

- Diagnostic criteria:

- The test Is diagnostic when there Is a symptomatic or
asymptomatic fall in SBP from baseline value >20 mmHg or
DBP > 10 mmHg or a decrease of SBP to <90 mmHg




/7 Secondi
(sec. )




SYNDROMES OF ORTHOSTATIC
INTOLERANCE ABLE TO CAUSE SYNCOPE

Initial OH

Beat-to-beat
SBP on
lying-to-standing
test (active
standing)

Mismatch betwen CO and
SVR

Lighteadedness/dizziness,
visual disturbances a few
seconds after standing up,
(syncope rare).

Young asthenic subjects,
old age, drug induced
(a-blockers), CSS

Classical OH
(classical
autonomic
failure)

Lying-to-
standing test
(active standing)
or tilt table.

30 -3 min

Impaired increase in SVR

In autonomic failure resulting
In pooling of blood/or severe
volume depletion over-riding
reflex adjustments

Dizziness, pre-syncope,
fatigue, weakness,
palpitations, visual and
hearing disturbances
(syncope rare).

Old age, drug induced
(any vasoactive drugs
and diuretics)

Delayed
(progressive)
OH

Lying-to-
standing test
(active standing)
or tilt table.

3-30 min

Progressive fall in venous
return: low CO, diminished
vasoconstriction capacity
(falling adaptation reflex),
no reflex bradycardia.

Prolonged prodrome
(dizziness, fatigue,
weakness, palpitations, visual
and hearing disturbances
hyperhydrosis, low back pain,

Old age, autonomic
failure, drug induced
(any vasoactive drugs
and diuretics),
co-morbidities




DIAGNOSTIC TEST
OTHER METHODIC

. Holter ECG

- ILR and ELR

. Electrophysiological study
- Echocardiography

. EXercise testing

. Psychiatric evaluation

- Neurological evaluation



Neurally-
mediated
syncope

Orthostatic
hypotension
syncope

Arrhitmics
syncope

Cardiopulmonary
syncope

Neurological
syncope

« Vasovagal

« Carotid sinus
hypersensitivity

e Sijtuational

* Pure autonomic
failure (PAF, MSA,
m. Parkinson, Lewy

body
dementia

« Secondary
autonomic failure(
diabetes, kidney
failure,...)

* Drugs

« Bradycardia
syndrome (sick
sinus
syndrome)

« Tachicardia
syndrome

* Aortic stenosis
« AMI
 Acute Cor Pulmonale

« Pulmonary hypertension

« Vascular thievery

 TIA




Cardiac Syncope
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Sick sinus syndrome



Cardiac Syncope

Table 2. Arrhythmias in Patients with Sick
Sinus Syndrome

Bradyarrhythmias
Ectopic atrial bradycardia
Greater than three-second pause following carotid massage
Long pause following cardioversion of atrial tachyarrhythmias
Sinoatrial exit block
Mobitz type | block (Wenckebach block)
Mobitz type Il block
Sinus arrest (with or without junctional escape)
Sinus bradycardia
Tachyarrhythmias
Atrial fibrillation
Atrial flutter
Atrial tachycardia
Paroxysmal supraventricular tachycardia
Alternating bradyarrhythmias and tachyarrhythmias
Tachycardia-bradycardia syndrome

Adapted with permission from Wahls SA. Sick sinus syndrome. Am Fam
Physician. 1985,31(3):120, with additional information from reference 3.

Sick sinus syndrome



Intrinsic causes
Degenerative fibrosis
Infiltrative disease processes
Amyloidosis
Connective tissue diseases
Hemochromatosis
Sarcoidosis
lon channel dysfunction
Remodeling of the sinoatrial
node
Extrinsic factors that mimic

or exacerbate sick sinus
syndrome

Autonomic dysfunction
Carotid sinus
hypersensitivity
Neurocardiogenic syncope
Vasovagal syncope
Increased vagal tone (occurs
in athletes and during sleep)

Cardiac Syncope

Table 1. Causes of Sick Sinus Syndrome

Extrinsic factors that mimic or exacerbate
sick sinus syndrome (continued)

Metabolic disturbances
Hyperkalemia
Hypocalcemia
Hypokalemia
Hypothermia
Hypothyroidism
Hypoxia

Obstructive sleep apnea

Pharmacologic agents
Antiarrhythmic medications (class | and Ilf)
Beta blockers
Calcium channel blockers

(nondihydropyridine)
Digoxin
Lithium
Sympatholytic medications
Toxins

Sick sinus syndrome



Cardlac Syncope

Sustained Ventricular tachycardia



Brugada's syndrome
type |



Cardiac Syncope

Brugada’'s syndrome



Cardiac Syncope
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BRADICARDIA SINUSALE
Freq. Ventricolare 48 POSSIBILE INGRANDIMENTO ATRIALE DESTRO
Interv. PR 141 ANOMALIE DELL'ONDA T ASPECIFICHE
Sesso: Sconosciuta Durata QRS 88 ECG ANORMALE
; QT/QTc 453/418

QTc Bazett 405 Nota: Probabile posizionamento elettrodi periferici sul torace
QTc Fridericia 420
Asse P-R-T 70 -14 56
RR Medio 1246 NON CONFERMAT

I
v

|v3

j I

| | | |
H ~ ” e
e | Pawno=2as2 S2REN0N, “ Jml L eiEasseRneE ‘ ‘,f"" e AN free j\vl\'//—

| | | |

I

{ I

k(| 285e)|ERann SRRt ness) 0

e

f
A \ 7t | =t
AT A

[
|
i

ECG: 10 mm/mV, 25 mm/s, Sito#0, Telemetria 7, [0.05 - 15(




Cardiac Syncope
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Sesso: Sconosciuta

15/10/2009 07:07:40

Freq. Ventricolare 56
Interv. PR 140
Durata QRS 88
QT/QTc 486/476
QTc Bazett 469
QTc Fridericia 475
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Ventricular

Rhythm

Inheritance

Locus

lon channel

Long (T syndrome (RW)
LOTI
LOT2

Q15

QT4

Q15

Q16

Q17

Q18

Long QT syndrome (JLN)

]
]
]
]
]
]

Brugada syndrome

Short QT syndrome
ST
SUT2
SOT3
Catecholaminergic VT
CPVT
CPVITL

Tdp

(Andersen-Tawil syndrome]
(Timothy syndrome)

Tdp

AD

= e [ He= e ] =
=] = = uha T WL —
5 Y - Y . TR . [d g Ll P
Lo Dot [odd [ A1 = L1 —
ikt bt e LN

JIE--:L:

RCNQT, KvLOT
KRCNHZ, HERG
Ni, 1.5, SCNSA
ANKE, ANKZ
RCNET, mink
RCNEZ, MIRP]
KRCNJ2, Kir 2.1
Ca,l.2, CACNAIC
RCNOT, KvLOT
RCNET, mink
Na, 1.5, SCN5A

KRCNHZ, HERG
KCNQI, KeLQT1

KCNJZ, Kird 1

RyR.Z
CASQ

Antzelevitch C, Int J Med 2006; 259: 48-58




Lethal cardiac events according to 3 classified triggers in 3 genotypes

] Exercise

B Emotion

B Sleep, rest without arousal
% Other

64%

14%
9% 9%
2

AN

Schwartz, P. J. et al. Circulation 2001;103:89-95



Repolarization reserve

DNA polymorphisms of ionic channels
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Female gender
SCN 5A Hypokalaemia Hypomagnesaemia

(51102Y, Drugs
H558R) Bradycardia

KCNE1L Hypertrophy
(D85N) CHF

OTc: 0.400 sec QTec: 0.500-0.600 sec Torsades de
Pointes

S C D Rosen MR, Int J Med 2006; 259: 7-23



D85N  KCNEIL 2% black white
S1102Y SCN5A 6-7% black
H558R SCN5A 29% black
23% Hispanic
20% white
9% Asiatic



Table 1 Overview of mutations and functional polymorphisms in cLQTS genes that have been reported in acquired LQTS patients. n.s.
Not specified

Gene

Base pair
change

Amino acid

change

Drugs

Age
(years)

Sex

Additional nsk
factors

Symptoms

Reference

KCNE]

KCNE?2

KCNH2

KCNQI

SCN3A

253G—A
253G—A

22A—0
22A—0
22A—0
25C—=G

161T—=C
170T—=C
347C-=T

1039C—T

1048C—=T
2350C—=T

944A—G
1663C—T
1747C—T
1844G—A
1852C—T
3748T—C
5474T—C

DE5N
DE5N

T8A
T8A
T8A
QYE

M54T
I57T
AlI6V

P3478

R328C
R784W

Y315C
R555C
R583C

GO615E
L618F
F1250L
L1825P

Sotalol
Quinidine

Amiodarone
Quinidine
Sulfametoxazole
Clarithromycin

Procainamide
Oxatomide
Quinidine,
mexiletine

Cisapnide,
clarithromycin
n.s.
Amiodarone

Cisapride
Terfenadine
Dofetilide
Quinidine
Quinidine
Sotalol
Cisapride

a0
71

12

=

1.5.
45
76

Female
Male
Male
1.5,
Male
Female

1.5.
1.5.
Female

Female

Male
1n.s.
Female

Female
1.5.

Mn.s.
Mn.s.
Mn.s.
Female

Hypokalaemia

Hypokalaemia,
diabetic, history
of stroke

History of cardiac
arrest

Hypokalaemia
cLQTS famuly

TdP
TdP

TdP

TdP
QTc=600 ms
TdP, VF

TdP
TdP
Syncope with
TdP

TdP

TdP
TdP
Cardiac arrest
Sudden death
TdP

TdP
TdP
TdP

Tdp

This study
This study
This study
13
14
13

14
14
14

21, this study

15
16

17

i

16

Paulussen AD, J Mol Med 2004: 82: 182-188
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Cardiac Syncope

QT 0.258
QTc (Bazett) 0.281
QTc (Friedericia) 0.273
QTc (Malik) 0.275
QTec (Lilly) 0.276
QTc (Framingham) 0.282
frequenza(HR) 70.98
QT(msec) 258
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Neurally-
mediated
syncope

Orthostatic
hypotension
syncope

Arrhitmics
syncope

Cardiopulmonary
syncope

Neurological
syncope

« Vasovagal

« Carotid sinus
hypersensitivity

e Sijtuational

* Pure autonomic
failure (PAF, MSA,
m. Parkinson, Lewy

body
dementia

« Secondary
autonomic failure(
diabetes, kidney
failure,...)

* Drugs

« Bradycardia
syndrome (sick
sinus
syndrome)

« Tachicardia
syndrome

* Aortic stenosis
« AMI
 Acute Cor Pulmonale

« Pulmonary hypertension

« Vascular thievery

 TIA
 |ctal bradycardia




A Hemodynamic Flow Across the Aortic Valve

Systole Aortic Valve Closure Diastole

pressure end

diastolic
pressure

outflow
oscillatory t

shear stress tensile tensile

stretch stretch
echo-

cardiographic
ulsatile bending view of aortic
bending Fs)hear atieas stretch valve leaflet

stretch mﬂow in end diastole

B Cellular Architecture of the Aortic Valve C Calcified Nodules Via

Aortic Side (outflow) ﬁs\tﬁggg;'lc Gene Regulation

Endothelial Cells = D~ @ Dl D

—_— Sox 9
Interstitial Cells (VIC) @ Msx 2
: Fibrosa
f\N NS\

Runx 2/Cbfa1
Osterix

Collagen

Interstitial Cells Osteoblasts

Glycosaminoglycans 5SS ) Spongiosa

(GAGs) Osteopontin

Osteocalcin

Interstitial Cells (VIC) Ventricularis | Osteoclasts

Elastin Osteonectin

Mineralized

Endothelial Cells Matrix

Ventricular side (inflow)







Short axis views from
above sortic valves

Left parasternal Aortic arch

long axis view

Stenotic aortic valve

Senile aortic stenosis







Heart Team:
geriatrician’s role

-Heart team: group of specialists who visit the patient,
evaluating their eligibility for the TAVR procedure

-1t Is composed by: cardiologist, heart surgeon, anesthetist, vascular surgeon,
geriatrician

- The geriatrician performs a specific multidimensional assessment
(MMSE, CIRS, ADL, IADL, MNA, Rockwood, SF36 for QoL,
Chair test and Afilalo criteria).

- If the patient, independently from the performance obtained in the tests,
has a life expectancy lower than one year, or an MMSE of less than 24,
IS not eligible for the procedure.
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25 QTc Zang una derivazione (Bazett-Friedencia-Malic-Lilly-Framingham- Nermogramma) - Cqg

HOME INSERISCI LAYOUT DI PAGINA FORMULE DATI REVISIONE VISUALLZZA

= .
=# Testo a capo Generale - :
" El

N —— —— - - - & £ 0 00 [ f_
Incolla | : 5= [ Uniscieallineaal centro = 2= - 9 o0 2 92 Formattazione Fo

% =2 : ..
- condizionale -

Appunti s Carattere Allineamento P Mumeri

=POTENZA(F5;0.3333)

B C D E - G H
mmQaQT mmRR QT(sec) RR(sec)QTms RRms
25 0.35 0.8 350 800
25 0.35 0.8 350 800
25 0.35 0.8 350 a00

QT 035 0.8 RR
QTc (Bazett) 0.3913 0.894427

QTc (Friedericia) 0.377]| 0928325

QTc (Malik) 0.3301 0.920753
QTc (Lilly) 0.3827 o916

QTc (Framingham) 03308 0.0308

frequenza(HR) 75

QT({msec) 350




Maschi adufti Femmine adulte
Normale <430 <450
Borderling A3(0-450 A50-410
Patologico > 45 il
Aoattata da: Yap YG, Camm AJ. Heart 2004,89:1363

\
e




Dal potenziale d’azione all’ECG

Vena cava

Overshoot

Tricuspid [V a A Waw! -
valve A A W 4 ‘\“‘Resting Potential

Mitral
valve

Ventricle

Action potential phases
0: Upstroke

1. Early-fast repolarization
2. Plateau

3. Repolarization

4. Diastole




Fast Response Action Potential
Phase 0: Upstroke
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rast Response Action Potential
Phase 1 Early Repolarization
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Membrane 0
: >
Potential ¢

~_-4(0

-80

100 200
Time (msec)




Fast Response Action Potential
Phase 2: Plateau
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Fast Response Action Potential
Phase 3: Final Repolarization
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Fast Response Action Potential
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Phase 4: Rest
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T arrze (rrezzz) OITVRR siope SIDRR (ms)

— 60 0-032 ' 43-2
—3-7s. 0-043 37-3
— 40 O-068 56-8
0-026 , 40-5
0-018 25-3
0-293 33-1

Singh JP, Heart 1997






Chromosome Gene Protein lon current Trigger Special features/
affected occurrence
LOQTS type
1 11p15.5 KCNQ1 v LQT1 - Exercise (swimming), A42-54%
(Kwv7.1) emotion
2 7q35-236 KCNH 2 HERG, o Rest, emotion, exercise 35-45%
(Kv11l.1) (acoustic, post partum)
3 3Ip24-21 SCNSA Mavl.5 ha Rest, sleep, emotion 1-7-8%; High
lethality
4 4q24-27 ANK2 Ankyrin-B 1. Lhaoo e  Exercise <1%
5 21q22 KCNE1 MinkK l,.. Exercise, emotion =1%
G 21q22 KCMNE 2 MiRP1 ., Rest, exercise =1%
7 1723 KCNJ2 Kir2.1 I,y Rest, exercise Periodic paralysis,
dysmorphic feature
a8 12pl13.3 CACNA1C Cavl.2 I Exercise, emotion Rare, syndactyly
Q 3p25.3 CAV3 Caveolin-3 |, Mon-exertional, sleep Rare
10 11g23.32 SCN4B NaV B4 | ys Exercise, post partum <0-1%
Short QT syndrome type
1 793536 KCMNH 2 HERG r Exercise, rest (acoustic)
(Kwv11l.1)
2 11p15.5 KCNQ1 KvLQT1 -
(Kwv7.1)
3 17923 KCNJ2 Kir2.1 I,y Sleep
4 12p13.3 CACNA1C Cavl.2 I,
5 10p12.33 CACNB2b CaVvp2b ..
Jervell and Lange-Nielsen syndrome type
1 11p1l5.5 KCNQ1 KvLQT1 . Exercise (swimming), 1-7%; deafness
(Kv/.1) emotion
2 21qg22 KCNE1 MinkK Exercise (swimming), =1%; deafness

Ks

emotion

l..=rectifier K" current, slow component. |l .=rectifier K current, rapid component. |l .=inward Na" current. l,..=MNa™-K"

ATPase current. I

=MNa-Ca* exchanger current. I_=inward rectifier K* channel. |_=Ca? current.




Table 2.

Variant
LaTH
LAT2
LAT3
LOT4

LOTS

LOTE

LOTY, Andersen
syndrome

LOTA, Timothy
syndrome

LOTY

LQT10

KCNET
KCNE2

KCNJZ2

CACNATe

KCNJS

Napolitano et al

Protein
KvLOTH
HERG
Nav1.5

Ankyrin B

Mink
MIRP
Kir2.1

Cavi.?

Cardiac
caveolin gene

sodium channel
B, subunit

Yotiao

Synirophin

Kird.4/GIRK4

Circulation

Genes Involved in the Long-0T Syndrome

Effect of Mutations
Reduced f,
Reduced £,
Increased f,,

Reduced membrane

expression of Na™ and
Ca’* channels
Reduced /.
Reduced £,

Reduced outward i,
Increased /-,

Increased §,, resulting
from altered gating
kinetic
Reduced subunit
exXpression causing
increased fy,
Impaired . activation by
catecholamines
Reduced NaVi.5
nitrosylation and
increased current
Reduced A,
acetylcholine-dependent
potassium cument

April 24, 2012




Table 1 Risk factors lor drug-induced torsades de pointes

Female gender

Hypokalaemia

Hypomagnesaemia

Bradycardia

Shortly alter conversion ol atrial fibrillation
Congestive heart failure

Lelt ventricular hypertrophy

High drug concentrations (exception: quinidine)
Unrecognized congenital long QT syndrome
Predisposing DNA polymorphisms

Rosen MR, Int J Med 2006: 259: 7-23




Repolarization reserve

DNA polymorphisms of ionic channels



Polimorfismo Genetico
del Canall lonici

Q1¢c<0.40 sec

Rosen MR, Int J Med 2006; 259: 7-23



Polimorfismo deil Canali lonici

SCN.SA Ipokalemia

(S1102Y, Farmaci
H558R) Ischemia
KCNE1 Ipertrofia

EE CHF

)Tc: 0.400 sec—®Tc: 0.500-0.600 sec T.d1 Punta

I\/I U I - Rosen MR, Int J Med 2006; 259: 7-23









Ipokalemia

Ikr



' ‘
i : - » + * + - -

t rsaée

No block |,

N \

25% block Iy,

)

50% block I,

-

75% block Iy,

nlawski |,Science 2002: 297: 1333-133 J\‘Lh




Arrhythmia cases Controls Odds ratio

Genotype (n = 23) (%) (h = 100) (%) (95% CI)’

Y.Y
S,Y

7) 0 (0.00)
8) 3(13.0)
5) 87 (87.0)
56.5) 3(13.0) 8.7 (3.2-23.9) 0.000028

*Odds ratio for the likelihood of arrhythmia in Y carriers (S,Y + Y,Y) versus noncarriers (S,S). TP value for the
comparison of carriers (S,Y + Y,Y) and noncarriers (S,S) in cases and controls (Fisher's exact test).

2(8.

11 (47.
S,S 10 (43.
SY + Y,Y 13 (

Splawski I,Science 2002; 297: 1333-1335



Table 1 Overview of mutations and functional polymorphisms in cLQTS genes that have been reported in acquired LQTS patients. n.s.
Not specified

Gene

Base pair
change

Amino acid

change

Drugs

Age
(years)

Sex

Additional nsk
factors

Symptoms

Reference

KCNE]

KCNE?2

KCNH2

KCNQI

SCN3A

253G—A
253G—A

22A—0
22A—0
22A—0
25C—=G

161T—=C
170T—=C
347C-=T

1039C—T

1048C—=T
2350C—=T

944A—G
1663C—T
1747C—T
1844G—A
1852C—T
3748T—C
5474T—C

DE5N
DE5N

T8A
T8A
T8A
QYE

M54T
I57T
AlI6V

P3478

R328C
R784W

Y315C
R555C
R583C

GO615E
L618F
F1250L
L1825P

Sotalol
Quinidine

Amiodarone
Quinidine
Sulfametoxazole
Clarithromycin

Procainamide
Oxatomide
Quinidine,
mexiletine

Cisapnide,
clarithromycin
n.s.
Amiodarone

Cisapride
Terfenadine
Dofetilide
Quinidine
Quinidine
Sotalol
Cisapride

a0
71

12

=

1.5.
45
76

Female
Male
Male
1.5,
Male
Female

1.5.
1.5.
Female

Female

Male
1n.s.
Female

Female
1.5.

Mn.s.
Mn.s.
Mn.s.
Female

Hypokalaemia

Hypokalaemia,
diabetic, history
of stroke

History of cardiac
arrest

Hypokalaemia
cLQTS famuly

TdP
TdP

TdP

TdP
QTc=600 ms
TdP, VF

TdP
TdP
Syncope with
TdP

TdP

TdP
TdP
Cardiac arrest
Sudden death
TdP

TdP
TdP
TdP

Tdp

This study
This study
This study
13
14
13

14
14
14

21, this study

15
16

17

i

16

Paulussen AD, J Mol Med 2004

32: 182-188




Farmaci che allungano 1l QT

. chinidina, procainamide,
disopiramide

: amiodarone, dofetilide,
Ibutilide, sotalolo

. bepridil, mibefranil, terodilina

Antzelevitch C, Int J Med 2006; 259: 70-80



Farmaci che allungano 1l QT

Terfenadina

Astemizole

Difenitlidramina

Antzelevitch C, Int J Med 2006; 259: 70-80



Farmaci che allungano il QT

Eritromicina, Azitromicina, Claritromicina

Trimethoprim-sulfametolaxazolo

Ciprofloxacina, Grepafloxacina, Sparfloxacina

Chetoconazolo

Pentamidina

Clorochina. Alofantrina

Antzelevitch C, Int J Med 2006; 259: 70-80




Farmaci che allungano il QT

Aloperidolo, Droperidolo

Clorpromazina

Tioridazina

PIMozlI

ae

Risperidone, Amisulpride, Quetiapina

Sertino

ole

Antide

oressivi triciclicl e tetraciclicl

Inibito

I del reuptake della serotonina

Antzelevitch C, Int J Med 2006; 259: 70-80




Farmaci che allungano il QT

Bepridil

Lidoflazine

Ketanserina

Prentlamina

Antzelevitch C, Int J Med 2006; 259: 70-80



Farmaci che allungano 1l QT

Probucol

Cisapride

Sildenafil

Antzelevitch C, Int J Med 2006; 259: 70-80




1. Farmaci associati a rischio

2. Farmaci potenzialmente

3. Farmaci da evitare in pazienti

di TdP

Farmaci che sono generalmente
accetiati dalle autorita regolatorie
come a rischio di causare TdP
Aloperidolo

Amiodarone

Arsenico triossido

Chinidina

Clorpromazina
Claritromicina

Disopiramide

Domperidone

Droperidolo

Eritromicina

Ibutilide

Metadone

Pentamidina

Pimozide

Procainamide

Sotalolo

Tioridazina

associati a rischio di TdP

Farmaci che, in qualche segnalazione
sono associati a TdE ma per i quali
mancano ancora sostanziali evidenze
Amantadina

AzItromicina

Cloralio idrato

Dolasetron

Felbamato

Flecainide

Foscarnet

Grasinetron

Indapamide

Isradimina

Levofloxacina

Litio

Moexipril-idroclorotiazide
Moxifloxacina

Nicardipina

Ocreotide

Ondasentron

Quetiapina

Risperidone

Salmeterolo

Tacrolimus

Tamoxifene

Telitromicina

Tizanidina

Venflaxina

Voriconazolo

affetti o sospetti di LQTS cong.

Farmaci da evitare in pazienti con
L QTS congenita diagnosticata o
sospetta (anche gruppo 1, 2 e 4)
Albuterclo

Chinidina

Cocaina

Dobutamina

Dopamina

Droperidolo

Efedrina

Epinefrina

Fenilefrina
Fenilpropanolamina
Midodrina

Pseudoefedrina

Ritodrina

Sibutramina

Terbutalina
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