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FIBROMYALGIA: CURRENT STATUS AND TREATMENT
Michael Lottan
Sheba Medical Center, Israel
lottanml@gmail.com
Fibromyalgia is one of the most common causes of widespread pain.
According to some statistics, Fibromyalgia patients represent 2-4% of the general population
in the United States, 10-20% of patients sent to rheumatologists in Israel, 41% of those who
are seen in the pain clinics.
In the past, this entity was referred to by many names, some of which are: Fibro myositis,
Fibrositis, Muscular Rheumatism, Musculoskeletal Pain Syndrome, non-articular
Rheumatism, Periarticular Fibrositis, Rheumatoid Myositis, Tension Myalgia, etc...
As of January 1st 2019, after many years, the IASP* Classification of Chronic Pain for
the International Classification of Diseases (ICD-11) with the World Health Organization,
Fibromyalgia is recognized to be a “Chronic Primary Pain disease” in its own right, that can
now be the sole or a leading complaint that requires special treatment and care.
A very large number of symptoms are associated with FIBROMYALGIA, the primary being
pain, significant fatigue, insomnia, loss of memory, depression, progressive loss physical
ability, social isolation and anhedonia (loss of all pleasures).
Patients experience tremendous frustration secondary to delayed diagnosis generally
between 2-7 years, since all the tests seem to be normal.
The suffering patients are not only unable to work, but also lose their autonomy.
Most often, drug addiction is due to easy administration of opioids.
Many doctors are not familiar with this entity and still consider these patients at any time, as
having a “psychiatric disorder”. We understand that not every “Brain Dysfunction” is a
psychiatric disease.
The “hypersensitivity” experienced by these chronic pain patients may result from
“hypersensitive brain networks”. In Fibromyalgia patients, brain networks are primed for
rapid, global responses even to minor changes.
This abnormal hypersensitivity causes an exaggerated response any stimulations or any
possible signal: physiologic, pathologic, external, internal, physical, social or mental. These
“disturbing stimuli” should be reduced or stopped.
In order to treat the patients’ pain, we need to correct and reeducate the Brain response and
the C.N.S Disfunction by a multi-dimensional view.
Fibromyalgia is a complex disease that requires compassion and understanding. It requires a
synchronized multi-disciplinary cooperation, much patience, and a long treatment which
might not always be rewarding. Not all doctors are “ready” to deal with this time and
energy consuming entity.

*IASP =International Association for the Study of Pain

1

VISCERAL PAIN:
FROM MECHANISMS TO TREATMENT
Maria Adele Giamberardino
“G. D’Annunzio” University of Chieti, Italy
mag@unich.it
Visceral pain is a very frequent complaint in the medical setting and among the main reasons
for patients’ seeking medical care. Recurrent/chronic forms of visceral pain, in particular,
represent a challenge for the clinician for both diagnosis and treatment as they are often the
result of a complex interaction of generating factors, rather than the expression of a single
visceral pathologic entity. Phenomena of visceral hyperalgesia, referred somatic
hyperalgesia/trophic changes, and viscero-visceral hyperalgesia may, in fact, co-exist in the
same patient giving rise to intricate clinical pictures. The presentations will focus on the
description of these phenomena and the current interpretation of their pathophysiological
mechanisms as the basis to set up adequate therapeutic interventions. Particular emphasis
will be placed on mechanisms and treatment of viscero-visceral and viscero-muscular
interactions, by reporting and discussing the results of recent controlled studies in patients
affected with different forms of viscero-somatic pain syndromes.
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VISCERAL PAIN - MARIA ADELE GIAMBERARDINO

VISCERAL PAIN

VISCERAL PAIN

Pain from any internal organ of thorax, abdomen or pelvis.
It can be acute, recurrent or chronic
Visceral pain is among the main reasons
for patients’ seeking medical care
Community surveys demonstrate that 25% of people
have intermittent abdominal pain,
20% have chest pain and 24% of women have pelvic pain
The prominence of this symptom makes its prompt
recognition mandatory in current medical practice

Maria Adele Giamberardino
Pathophysiology of Pain Laboratory
Department of Medicine and Science of Aging

Halder and Locke III, 2009; Treede et al, 2015; Aziz et al 2019

“G. D’Annunzio” University of Chieti - Italy

VISCERAL PAIN


Myocardial ischemia from atherosclerosis (cardiac pain) is the
most common cause of death in the United States



Kidney and ureteral calculosis (urinary pain) has continuously
increased in prevalence during the 20th century, reaching
values over 20% in developed countries



Irritable bowel syndrome (IBS) (intestinal pain) affects 25%
of many countries’ population, and accounts for 40%-50% of
all gastroenterologic consultations worldwide



Dysmenorrhea (pain from the reproductive organs) affects
over 50% of menstruating women, with at least 30% reporting
no improvement with medical treatment

CO-MORBID VISCERAL PAIN SYNDROMES
High degree of co-occurrence of visceral pain syndromes:
●A history of angina is a significant predictive factor for the
development of biliary stones in men
● Over 50% of women with IBS also have dysmenorrhea
● About 50% of women with dysmenorrhea also have IBS
● 40% to 60% of patients with IBS also exhibit urinary
symptoms, some of which are consistent with Painful Bladder
Syndrome (PBS)
● Up to 52% of patients with PBS also have symptoms
consistent with IBS

Silverman, 1999; Tricheri et al, 2000; Vasavada et al, 2001
Chang, 2004; Mayer, 2002; Rapkin 2005; Mannix 2008; Giamberardno
and Jensen 2012; Giamberardino et al 2014-2019

Zondervan et al 2001; Mayer et al 2005; Altman et al 2006; Bellasi et al 2007; Stanford et al
2007 Choung et al 2010; Ustinova et al 2010; Giamberardino and Jensen 2012

TRUE VISCERAL PAIN
Vague, midline, poorly defined sensation
accompanied by marked neurovegetative signs and emotional reactions.
Additional stimuli on the painful area do not increase the pain. It has limited
duration (minutes-hours) after which
it either ceases or becomes referred

VISCERAL PAIN PHENOMENA
A.
B.
C.
D.
E.

True visceral pain
Referred pain without hyperalgesia
Referred pain with hyperalgesia
Visceral hyperalgesia
Viscero-Visceral hyperalgesia
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REFERRED VISCERAL PAIN
There is usually no correlation
between
the intensity of the pain
and the amount of internal damage

REFERRED PAIN
Pain perceived in an area other than that in which
the noxious stimulation takes place
H. Head, 1883

REFERRED PAIN PATTERNS
Urinary tract

- Pain from
internal organs is
typically referred
to somatic
structures supplied
by the same spinal
segments that
supply the viscera

REFERRED VISCERAL PAIN
Classification

Heart

(1) Referred Pain without Hyperalgesia
Biliary tract

Female reproductive organs

(2) Referred Pain with Hyperalgesia
Hypersensitivity of superficial and/or deep
parietal tissues (skin, subcutis and/or muscle)

REFERRED HYPERALGESIA
BILIARY COLICS

REFERRED PAIN WITH HYPERALGESIA

SYMPTOMATIC GALLBLADDER CALCULOSIS

Studies in pain conditions from:

A. Pain thresholds

digestive tract (biliary colics, IBS)
female reproductive organs (dysmenorrhea, endometriosis)
 urinary tract (urinary colics from calculosis, PBS)
 cardiovascular system (CAD)




B. Tissue thickness
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A. Subcutis Pain Threshold
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Electrical stimulation
 Pressure stimulation
 Chemical stimulation
 Thermal stimulation


Hyperalgesia
vs
Spontaneous Pain

5
mA
4

3

3

2

2

1

1

Giamberardino
et al, 2005
0

0

Vecchiet et al 1989-1992; Arendt-Nielsen et al 2000-2013; Bajaj et al 2001-2005;
Caldarella et al 2006; Giamberardino et al 1994-2019, Stawowy et al 2004

Giamberardino et al
2005
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B. Muscle Pain Threshold
vs Number of Colics
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REFERRED HYPERALGESIA
URINARY COLICS FROM CALCULOSIS

Single
episode

SENSORY CHANGES IN URINARY COLICS

Stone
elimination
after EWSL

Previous studies have shown that 22% of
patients with urinary calculosis who have
spontaneously eliminated the stone still
present colic-like symptoms and 88% of them
still have residual lumbar muscle hyperalgesia
3 years afterwards
Vecchiet et al, 1992

Multiple
episodes
Vecchiet et al 1989-1990
Giamberardino et al 1994

REFERRED HYPERALGESIA
FROM VISCERA
(Repetitive visceral attacks)

REFERRED HYPERALGESIA FROM VISCERA
(Acute/inflammatory visceral attack)
In acute appendicitis (Stawowy et al, 2002)
- increased ratings to pinprick and thermal stimuli, reduced
cutaneous electrical pain thresholds and muscle pressure pain
thresholds in the referred abdominal pain area (McBurney’s
point) versus the contralateral control area
- lower electrical and pressure pain thresholds in the referred pain
area in patients vs the same area in healthy subjects

Referred hyperalgesia
(i) most often involves the muscle, but can extend
upwards to subcutis and skin

In acute cholecystitis (Stawowy et al, 2004)
-hypersensitivity to pinprick, heat, cold, pressure and single and
repeated cutaneous electrical stimulation in the abominal referred
pain area and in contralateral control area
- hypersensitivity normalized after cholecystectomy

(ii) is accentuated by repetition of visceral episodes
(iii) outlasts the spontaneous pain
(iv) persists, though to a lesser extent, after elimination of the
visceral “focus”
Vecchiet et al 1989, 1992; Giamberardino et al 1994-2015

REFERRED HYPERALGESIA FROM VISCERA
is normally accompanied by trophic changes
of the somatic tisssues in the area of referral

Repeated visceral attacks
are probably necessary
to activate the circuit that leads
to the persistence of
referred hyperalgesia



Thickening of subcutis



Decreased thickness of muscle

Procacci et al, 1986; Vecchiet et al., 1990; Giamberardino et al., 1998-2005
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GALLBLADDER
CALCULOSIS
GALLBLADDER CALCULOSIS
GROUP 1b symptomatic
- SYMPTOMATIC FORfor
6 MONTHS
Group1:
6 months

REFERRED TROPHIC CHANGES
Symptomatic Urinary Calculosis

Pain thresholds to electrical stimulation

Subcutis and Muscle Thickness
Ultrasound evaluation
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Giamberardino et al 2005
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GALLBLADDER
CALCULOSIS
GALLBLADDER CALCULOSIS
GROUP 1a - ASYMPTOMATIC FOR 6 MONTHS
Group2:
asymptomatic for 6 months

VISCERAL HYPERALGESIA

Pain thresholds to electrical stimulation
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Hyperalgesia of a viscus from
inflammation and/or excess stimulation
of the same viscus

Referred
Trophic
Changes
vs
Referred
Hyperalgesia
------Evolution
in time

Visceral Hyperalgesia from Inflammation
 Esophageal

and /or gastric pain upon
ingestion of food or liquids
 Vesical pain upon distension of the organ

Clinical examples of Viscero-Visceral Hyperalgesia
Ischemic heart disease
+ Gallbladder Calculosis
[Heart – Gallbladder (T5)]

VISCERO-VISCERAL HYPERALGESIA

Dysmenorrhea/Endometriosis
+ IBS
[Colon -Uterus (T10-L1)]

Phenomena of symptom enhancement between different
viscera sharing part of their sensory innervation

Dysmenorrhea/Endometriosis
+ Urinary Calculosis
[Urinary tract - Uterus (T10-L1)]

Giamberardino et al, PAIN, 2010

Significantly higher levels of:
Spontaneous pain from both conditions
Referred hyperalgesia from both conditions
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IMPACT OF BILIARY CALCULOSIS
ON SYMPTOMS FROM CAD

ISCHEMIC
HEART DISEASE
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IMPACT OF CAD
ON SYMPTOMS FROM BILIARY CALCULOSIS

GALLBLADDER
CALCULOSIS
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EFFECTS OF CHOLECYSTECTOMY ON SYMPTOMS
FROM LEFT URINARY CALCULOSIS

GALLBLADDER CALCULOSIS

plus

EFFECTS OF LEFT URINARY CALCULOSIS TREATMENT (ESWL)
ON SYMPTOMS FROM BILIARY CALCULOSIS

LEFT URINARY CALCULOSIS
[No common sensory projection]

IMPACT OF IBS
ON SYMPTOMS FROM DYSMENORRHEA

DYSMENORRHEA

N umber of painful menstrual cycles
15
n.
10

+

Muscle Pain Thresholds (Abdomen)
5
mA
4

***

|
|
|
|
|
|
|
|
|
|
|

3
2

5

1
0

0
Dys

IB S + Dys

No rm

***
***
***
D ys

IBS + Dys

IMPACT OF DYSMENORRHEA
ON SYMPTOMS FROM IBS

IRRITABLE BOWEL
SYNDROME

Number of IBS Pain Days
100
n

Intensity of IBS Pain
100
mm

***

75

[Uterus - colon (T10-L1)]

50

Muscle Pain T hresholds (Abdomen)
5
mA
4

75

***

|
|
|
|
|
|
|
|
|
|
|

3

50
2

25
0

7

25

IBS

IBS + Dys

0

1

IBS

IBS + Dys

0

Norm

***
***
***
IBS

IBS + Dys

IMPACT OF DYSMENORRHEA
ON SYMPTOMS FROM URINARY CALCULOSIS

DYSMENORRHEA

Number of urinary colics
8
n.
6

***

4

Intensity of Urinary Colics
100
mm
75
50

2

5.0

M uscle P ain Thresholds
(Lumbar area)
|
|
|
|
|
|
|
|
|

mA
2.5

25

0

0
C al

+

*

Cal + Dys

Cal

C al + D ys

0.0

N orm

***
***
***
C al

C al + D ys

IMPACT OF URINARY CALCULOSIS
ON SYMPTOMS FROM DYSMENORRHEA

URINARY CALCULOSIS

Number of painful menstrual cycles
12

[Uterus - urinary tract (T10-L1)]

Muscle Pain Thresholds (Abdomen)
|
|
|
|
|
|
2.5
|
|
|
|
|
0.0
5.0

***

n.

mA

8

***

***

4

***

0
Dys

ASYMPTOMATIC
ENDOMETRIOSIS

Cal + Dys

Norm

Dys

Cal + D ys

EFFECTS OF ASYMTOMATIC ENDOMETRIOSIS
ON SYMPTOMS FROM URINARY CALCULOSIS

+

URINARY CALCULOSIS
[Reproductive organs - Urinary tract (T10-L1)]

Midline, poorly discriminated pain,
accompanied by marked neurovegetative signs, not increased
by compression of the painful area

PRINCIPLES OF DIAGNOSIS

True Visceral Pain
Referred Pain
TRUE VISCERAL PAIN

8

Pain localized in a somatic region, fairly well descriminated, accompanied by
mild neurovegetative signs

Pain in a somatic region
Does local compression increase the pain?

YES

NO

TRUE PARIETAL PAIN

WITHOUT HYPERALGESIA

REFERRED PAIN

Primary somatic pain
Referred pain
with hyperalgesia
PRIMARY SOMATIC PAIN

OR

REFERRED PAIN

PRINCIPLES OF DIAGNOSIS
Clinical

history

Physical

examination

PRINCIPLES OF DIAGNOSIS

Visceral Hyperalgesia
Viscero-Visceral Hyperalgesia

Laboratory

and/or instrumental
examinations targeted to the
suspected structures of pain origin

DIAGNOSIS

Pain for a Physiologic Visceral Stimulus
(e.g., intestinal transit, urinary bladder distension)

Visceral Pain
PROBABLE
VISCERAL HYPERALGESIA



Never underestimate a pain of mild intensity or a
simple sensation of malaise at midline level of thorax
and/or abdomen (!!!)



Visceral Pain and/or Referred Hyperalgesia
abnormally intense
for the ascertained visceral pathology

Always look for the presence of somatic hyperalgesia
in the painful region



Always investigate for the presence of painful visceral
reactions to physiologic visceral stimuli (clinical
history)

PROBABLE
VISCERO-VISCERAL HYPERALGESIA



Always take into account the possibility that more than
one internal organ may be affected
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VISCEROSOMATIC PAIN SYNDROMES – MARIA ADELE GIAMBERARDINO

VISCERAL ABDOMINO-PELVIC PAIN
CLINICAL EXAMPLES

VISCEROSOMATIC PAIN SYNDROMES

Maria Adele Giamberardino
Pathophysiology of Pain Laboratory
Department of Medicine and Science of Aging
“G. D’Annunzio” University of Chieti - Italy

u

Pain from the digestive tract. Gallbladder calculosis affects 12% of
adults, its presence increases with age. Irritable bowel syndrome
(IBS) affects 25% of many countries’ population, and accounts for
40%-50% of all gastroenterologic consultations worldwide

u

Pain from the reproductive organs. Dysmenorrhea affects over 50%
of menstruating women, with at least 30% reporting no
improvement with medical treatment. Endometriosis affects over
10% of women in their reproductive age

u

Pain from the urinary tract. Kidney and ureteral calculosis has
continuously increased in prevalence during the 20th century,
reaching values over 20% in developed countries
Silverman, 1999; Tricheri et al, 2000; Vasavada et al, 2001
Chang, 2004; Mayer, 2002; Rapkin 2005; Mannix 2008; Giamberardno and Jensen 2012;
Giamberardino et al 2015

BILIARY PAIN SYNDROMES

VISCERAL PAIN COMORBIDITIES
l

Gallbladder calculosis affects 12% of
adults. Its presence increases with
age: 20% in adults >40 yrs, 30% in
those > 70 yrs. During the
reproductive years: F/M= 4:1

l

Risk factors for gallstone formation
obesity, diabetes mellitus, estrogen
and pregnancy, cirrhosis

Gallbladder calculosis + Cardiac Pain
● A history of angina is a significant predictive factor for the
development of biliary stones in men
IBS + Dysmenorrhea/endometriosis
● Over 50% of women with IBS also have dysmenorrhea (primary of
secondary to endometriosis)
● About 50% of women with dysmenorrhea also have IBS symptoms

Biliary colic pain in the epigastric or right subcostal regions,
frequently extending to the back at the inferior angle of the scapula.
Subcostal tenderness can develop. Accompanying symptoms: nausea
and distress

Urinary Tract Pain + IBS
● Up to 52% of urinary pain patients also have IBS symptoms
● 40-60% of IBS patients also exhibit urinary pain symptoms
Zondervan et al 2001; Mayer et al 2005; Altman et al 2006; Bellasi et al 2007; Stanford et al 2007
Choung et al 2010; Ustinova et al 2010; Giamberardino and Jensen 2012

Bonica, 2000; Schirmer et al, 2006

REFERRED HYPERALGESIA
BILIARY COLICS
SYM PT OMAT IC

GALLBLAD DER

A. P ain thresholds
5.0

9.0

mA

mm

2.5

C ALC ULOSIS

|
|
|
|
|
|
|
|
|
|
|

**

4.5

**
***

0.0

0.0
skin

subcutis

cy stic point
contralat. side

**

+
B. Muscle Pain Threshold
vs Number of Colics

5
mA
4

5
mA
4

3

3

2

2

1

1

[Heart - Gallbladder (T5)]

Giamberardino
et al, 2005
0

0

Giamberardino et al 2005

GALLBLADDER
CALCULOSIS

subcutis muscle

m uscle

A. Subcutis Pain Threshold
vs Number of Colics

Hyperalgesia
vs
Spontaneous Pain

ISCHEMIC
HEART DISEASE

B . Tissue thickness

0

5

10

15

20 n^ 25

0

5

10

15

20 n^ 25
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EFFECTS OF CHOLECYSTECTOMY
ON SYMPTOMS FROM CAD
Number of angina episodes

Intensity of angina episodes
Mean int. | Maximal int.
|
**
|
|
|
|
|
50
* |
|
25
|
|
|
0
Before After | Before After

100

100
n.

mm

75

75

50

***

25
0
Before
Cholec.

After
Cholec.

PRIMARY DYSMENORRHEA

Muscle Pain Thresholds (Chest)
3
Kg-f

1

0
Before
Cholec.

Cholec. Cholec. Cholec. Cholec.

Number of biliary episodes

Intensity of biliary episodes
100

mm
75

3

***

50

2
25

1

0

0
Before
Revas.

After
Revas.

Mean int. | Maximal int.
|
|
|
|
|
|
***
** ||
|
|
|
Before After | Before After
Revas. Revas. Revas. Revas.

Menstrual pain in the absence of pelvic
pathology. It affects over 50% of
menstruating women in the world

l

Pain location: midportion of lowest
abdomen, also often lower back and upper
thighs. The majority of sufferers have
severe pain

2

After
Cholec.

Temporal evolution: pain starts a few hours-days before bleeding,
worsens as menstrual flow begins and can last throughout the entire
period of menses

EFFECTS OF CARDIAC REVASCULARIZATION
ON SYMPTOMS FROM GALLBLADDER CALCULOSIS

5
n.
4

l

***

Muscle Pain Thresholds (Abdomen)
3
mA

Accompanying symptoms: nausea, vomiting, diarrhea, anxiety, changes
in heart rate

***

2

10% of sufferers are unable to carry out normal activity each month and
30% treated medically fail to show any improvement

1

0
Before
Revas.

After
Revas.

Weissman et al, 2004; Rapkin 2005; Mannix 2008; Berkley 2010

REFERRED HYPERALGESIA
MENSTRUAL PAIN

IRRITABLE BOWEL SYNDROME

AB DO M EN
Pain thresholds to electrical stim ulation
4

Left side

mA
3

2

**

***
***

1

0

sk

sb

msc

| Right side
|
|
|
|
|
| **
***
|
|
|
|
sk
sb

Dy s.
Norm.

***

Recurrent episodes of abdomino/pelvic
pain and altered bowel habits (diarrhea
and/or constipation) in the absence of any
identifiable organic cause. Prevalence:
9%- 23% in the adult population, F/M =
4/1

Giamberardino et al
1997, 2001, 2010

Pain thresholds
Rectus abdominis muscle

msc

It commonly recurs for the lifetime of the
patient, with a progressive enlargement of
the painful areas

5.0
mA

2.5

*
*
*

norm

*
*
*

pat/1-2 y ears

*
*
*

pat/4-6 y ears

*
*
*

pat/8-10y ears
pat >10 y ears

Mayer 2005; DuPont and Pasricha 2007; Chang et al, 2010
0.0

REFERRED HYPERALGESIA
INTESTINAL PAIN

DYSMENORRHEA

+
IRRITABLE BOWEL SYNDROME
[Uterus - colon (T10-L1)]

Caldarella MP, Giamberardino MA et al,
Am J Gastroenterol, 2006
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URINARY CALCULOSIS

EFFECTS OF DIETARY TREATMENT OF IBS
ON SYMPTOMS FROM DYSMENORRHEA
N umber of painful menstrual cycles

Group A

6
n.

*

4

2

0

Muscle Pain Thresholds (Abdomen)

Group B

|
|
|
|
|
|
|
|
|
|

1.5
mA

*

Group A

|
|
|
|
|
|
|
|
|
|

*

1.0

0.5

B e fo re
Afte r
B e fo re
IB S tre at. IB S tre at. IBS tre at.

0.0

Afte r
IB S tre a t.

Group B

***

B e fo re
Afte r
B e fo re
IB S tre a t. IB S tre a t. IB S tre a t.

Number of IB S Pain D ays

Muscle Pain T hresholds (Abdomen)

Intensity of IBS Pain

100
n.

3
mA

***

75

***

30

2

**

50
20

Prevalence of urinary stones
continuously increased during the
20th century, with over 80% of
untreated patients experiencing
recurrences within five years

l

Most urinary stones are the cause of
excruciating visceral pain (urinary
colics) ipsilateral to the affected
urinary tract, which may be very
difficult to relieve

Afte r
IBS tre at.

EFFECTS OF HORMONAL TREATMENT OF DYSMENORRHEA
ON SYMPTOMS FROM IBS
50
n.
40

l

1
25

10
0

0

B efore
Dy s tre atm ent

0

Afte r
D ys trea tm e nt

B efore
D ys trea tm e nt

Afte r
Dy s tre atm ent

Be fore
Dy s trea tm e nt

After
Dy s tre atm ent

Trinchieri et al. 2000; Laerum and Murtagh, 2001

REFERRED HYPERALGESIA
URINARY PAIN

DYSMENORRHEA
Single
colic

+
URINARY CALCULOSIS
[Uterus - urinary tract (T10-L1)]

Multiple colics
Vecchiet et al, 1989, 1990

EFFECTS OF HORMONAL TREATMENT OF DYSMENORRHEA
ON SYMPTOMS FROM URINARY CALCULOSIS

Number of urinary colics
5.0

2.5

*

3

M uscle P ain Thresholds
(Lumbar area)

mA
2

***

50

**
0.0

Intensity of Urinary Colics
100
mm
75

n.

ENDOMETRIOSIS
ENDOMETRIOSIS

1

25

Before
After
Dys treatment Dys treatment

0

0
Before
Dys treatment

After
Dys treatment

EFFECTSOF ESWL OF URINARY CALCULOSIS
ON SYMPTOMS FROM DYSMENORRHEA
Number of painful menstrual cycles
6

Muscle Pain Thresholds (Abdomen)

***

2
mA

n.
4

l

Presence of endometrial tissue in abnormal locations in the
abdominal/pelvic cavity. It affects 7-10% of women of
reproductive age in the world

l

Most common sites of endometrial lesions: ovaries, uterine tubes,
cul-de-sac, supporting ligaments of the uterus, pelvic
peritoneum, rectovaginal septum, cervix, bowel surface
(laparoscopy)

Before
After
Dys treatment Dys treatment

***
1

2

0

0
B e fore
ESWL treatme nt

Afte r
ESWL tre atme nt

Be fore
ESWL tre atme nt

After
ESWL tre atme nt

Farquhar 2000; Frackiewicz 2000; Giudice and Kao 2004; Bajaj et al 2003
Laursen et al 2004,2005; Selak et al 2007; Berkley 2010
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Clinical presentation
of Endometriosis

REFERRED MUSCLE HYPERALGESIA from
the female reproductive organs
DYSMENORRHEA/ENDOMETRIOSIS
ABDOMEN
Pain thresholds to electrical stimulation

Sub-fertility/ Infertility
Vaginal Hyperalgesia
Dyschezia

4

Left side

mA
3

2

***

**

1. “Silent endometriosis”

1

2. Secondary Dysmenorrhea

0

sk

sb

| Right side
|
|
|
|
|
| **
***
|
***
|
|
|
msc
sk
sb

Giamberardino et al
1997, 2001, 2010

Dys.
Norm.

Pain thresholds

***

msc

3. Chronic Pelvic Pain

Rectus abdominis muscle
5.0

*
*
*

mA

Somatic abdominopelvic hyperalgesia
2.5

No correlation between extent of the lesions and
presence and intensity of painful symptoms
Farquhar 2000; Frackiewicz 2000; Giudice and Kao 2004; Bajaj et al 2003
Laursen et al 2004,2005; Selak et al 2007; Berkley 2010

norm

*
* *
* *
*

pat/1-2 years
pat/4-6 years
pat/8-10years

*
*
*

pat >10 years

0.0

ASYMPTOMATIC
ENDOMETRIOSIS
EFFECTS OF LASER TREATMENT OF ENDOMETRIOSIS
ON SYMPTOMS FROM URINARY CALCULOSIS
Number of Urinary Colics

+

5.0

2.5

*

3
mA
2

Muscle Pain Thresholds
(Lumbar area)

**

50

**
0.0

Intensity of Urinary Colics
100
mm
75

n.

25

Before
After
laser treatment laser treatment

0

Before
After
laser treatment laser treatment

1
0

Before
After
laser treatment laser treatment

URINARY CALCULOSIS
[Reproductive organs - Urinary tract (T10-L1)]

PALPATION OF THE TRIGGER POINT

Myofascial Trigger Point (TrP)

Sustained digital pressure over various points of the band. The TrP
is the point of maximal tenderness during the manoeuver
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Spot of exquisite tenderness in a muscle or its
fascia, localized in a taut, palpable band of
fibers. It mediates a local twitch response under
snapping palpation and gives rise to pain,
tenderness,
autonomic
phenomena
and
dysfunction in an area (target) usually remote
from its site.

STIMULATION
OF THE TrP

PAIN IN THE
TARGET AREA

Simons et al 1999

Simons et al 1999
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PATHOPHYSIOLOGY OF THE TrP

VISCERAL PAIN SYNDROMES
AND TRIGGER POINTS
(1) Primary Trigger Points
mimicking Visceral Pain Syndromes
(2) Secondary Trigger Points
in areas of Referred Pain from Viscera
similar pattern

Direct stimuli: Traumas or repeated microtraumas
Indirect stimuli: Referred pain processes from internal organs
Gerwin, 2005

Primary TrPs mimicking Visceral Pain Syndromes
LATISSIMUS
DORSI

STERNALIS

EXTERNAL
OBLIQUE

RECTUS ABDOMINIS

Secondary TrPs fromVisceral Pain Syndromes

ILIOCOSTALIS
THORACIS

LATISSIMUS
DORSI

LATERAL
ABDOMINALIS

STERNALIS

EXTERNAL
OBLIQUE

ILIOCOSTALIS
THORACIS

LATERAL
ABDOMINALIS

RECTUS ABDOMINIS

Simons et al 1999

Simons et al 1999

PERSISTENCE OF URINARY PAIN
AFTER STONE ELIMINATION

SECONDARY TRIGGER POINTS
in areas of referred pain from viscera

22% of patients with urinary calculosis who have
spontaneously eliminated the stone still present
colic-like symptoms and 88% of them still have
residual lumbar muscle hyperalgesia
3 years afterwards

These may be responsible for the persistence
of visceral pain symptoms from
one or more internal organs
(viscero-visceral hyperalgesia)
even after the primary
visceral focus has healed

Vecchiet et al 1992, Giamberardino et al 2012
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PERSISTENCE OF VISCERO-VISCERAL HYPERALGESIA
FROM URINARY TRACT AND UTERUS
AFTER URINARY STONE ELIMINATION

PERSISTENCE OF URINARY PAIN
AFTER STONE ELIMINATION

The enhancement of symptoms (VVH) between uterus and
ureter also occurs after one of the organs has healed
(or apparently healed)

Physical examination of the
referred area in these cases
reveals the presence of Trigger
Points - developing as a
consequence of the visceral
process - whose stimulation
reproduces the typical visceral
pain attack and extinction with
local treatment reverts the
visceral pain symptomatology

PRIMARY DYSMENORRHEA

x

plus
PREVIOUS URINARY CALCULOSIS
Giamberardino et al 2015

Vecchiet et al 1992, Giamberardino et al 2012

EFFECTS OF TREATMENT OF THE LUMBAR TrP
FROM PREVIOUS CALCULOSIS
EFFECT S DYSMENORRHEA/ENDOMETRIOSIS
OF LUM BAR T rP T REAT M ENT ON PAIN
ON PAIN FROM

IMPACT OF PREVIOUS URINARY CALCULOSIS
IM PACT OF PREVIO US URINARY CALCULO SIS ON PAIN FRO M
ONDPAIN
FROM DYSMENORRHEA/ENDOMETRIOSIS
YSM ENORRHEA

FRO M DYSM ENO RRHEA

M uscle Pain T hresholds
Abdominal level

Number of painful menstrual cycles (1 year)

***

12
n.

5
mA
4

9

|
|
|
|
|
|
|
|
|
|
|

3
6
2
3
0

1
Dys.

P r. Cal . + D ys

0

No rm

Number of painful menstrual cycles (6 months)
6
n.

*

*

*

mA

4

***

M uscle Pain T hre sholds
Abdominal Le vel

1.5

1.0

2

0.5

***
0

Dys.

Before
TrP treatment

P r. C al . + Dys

After
TrP treatment

0.0
Before
TrP treatment

After
TrP treatment

x

x

PERSISTENCE OF PELVIC PAIN
AFTER LASER REMOVAL OF ENDOMETRIOTIC LESIONS

PERSISTENCE OF PELVIC PAIN
AFTER LASER REMOVAL OF ENDOMETRIOTIC LESIONS
Physical examination of the
referred area in these cases
reveal the presence of Trigger
Points - developing as a
consequence of the visceral
process - whose stimulation
reproduces the typical
spontaneous pain and extinction
with local treatment attenuates
the visceral pain
symptomatology

39% of patients with painful endometriosis
who have been subjected to laser removal of
lesions continue to experience spontaneous pain
and 96% of them still present residual
abdominal muscle hyperalgesia
1 year afterwards
Jarrell et al 2011
Giamberardino et al 2012

x x

Jarrell et al 2011
Giamberardino et al 2012
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PERSISTENCE OF VISCERO-VISCERAL HYPERALGESIA
FROM URINARY TRACT AND UTERUS
AFTER LASER REMOVAL OF ENDOMETRIOTIC LESIONS

IMPACT OF PREVIOUS ENDOMETRIOSIS
ON PAIN FROM CALCULOSIS

The enhancement of symptoms (VVH) between uterus and
ureter also occurs after one of the organs has healed
(or apparently healed)

M uscle Pain T hresholds
Lumbar level

Number of Urinary colics
(6 months)
3
n.

***

5
mA
4

2

|
|
|
|
|
|
|
|
|
|
|

3
2

1

URINARY CALCULOSIS

1
0

0
Cal .

Cal . + P r . Endo

Nor m

***
***
***
Cal .

Cal . + P r . Endo

plus
PREVIOUS ENDOMETRIOSIS
xx

+

Giamberardino et al 2015

EFFECTS OF TREATMENT OF THE ABDOMINAL TrPs
FROM PREVIOUS ENDOMETRIOSIS
ON PAIN FROM CALCULOSIS
Num ber of Urinary C olics
(6 m onths)

M uscle Pain T hresholds
Lumbar Level

2.0
mA

5.0

The presence of Trigger Points
in a referred pain area from an internal organ
can modify pain perception
not only from that organ
but also from other
neuromerically connected organs

**

1.5

n.

**

2.5

1.0
0.5

0.0

0.0
Before
TrP treatment

After
TrP treatment

Before
TrP treatment

+

After
TrP treatment

xx

VISCERO-SOMATIC PAIN SYNDROMES
Complex experience
resulting from multiple phenomena

Global patient evaluation

Optimal treatment
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FRACTURE PAIN:
FROM THE FRACTURE OR NOT
Simon Vulfsons
Rambam Institute for Pain Medicine;
Chairman, Israeli Society for Musculoskeletal Medicine, Israel
s_vulfsons@rambam.health.gov.il
Fractures and fracture pain are common and costly problems usually caused by injury. The
pain can be quite severe and effective treatment of this pain is essential for good repair and
rehabilitation. Stabilization of the fracture is the mainstay of active rehabilitation, but many
patients complain of significant pain despite adequate stabilization. In this lecture I will
highlight the important aspects of fracture pain including some often overlooked
components of the pain experience.
Immediate fracture pain is experienced following the firing of periosteal and mineral bone
mechano-nocicpetors due to bone distortion. Post fracture inflammatory type pain onsets a
few minutes after the fracture due to a strong inflammatory response mediated by increased
release of prostaglandins, bradikinin, endothelial and nerve growth factor (NGF). Nerve
sprouting occurs especially in the callus. Thus the fracture site undergoes peripheral
sensitization expressed by both hyhyperalgesia and allodynia. Under normal conditions,
nerve sprouting will die back as healing progresses but abnormal fracture healing often
results in chronic pain, sometimes with a neuropathic component.
Bones and muscles are intimately attached and these muscles ay spasm after the fracture.
Although muscle spasm per se does not necessarily cause pain, it may pull on the fracture
site causing further distortion of the bone prior to healing.
A few anecdotal cases will be described of patients suffering from post fracture pain treated
by muscle spasm alleviation.
Finally a model for research will be presented.
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CENTRAL PAIN MECHANISMS
Yelena Granovsky
Technion – Israel Institute of Technology; Rambam Health Care Campus
y_granovsky@rambam.health.gov.il
Central pain mechanisms otherwise referred to as endogenous pain modulation is a allembracing term, delineating the entire array of actions that the central nervous system can
use to reduce, or, at times, augment incoming nociceptive messages from the periphery.
Imbalance between pain facilitatory and inhibitory systems, with higher activity in the
former, and lower in the latter, characterizes various chronic pain states and is associated
with: (1) Enhanced central excitability at the level of wide dynamic range (WDR) secondorder neurons, resulting in ascending facilitation of the nociceptive input; (2) Enhanced
activation of descending pain facilitatory pathways, and; (3) Reduced descending inhibition
on the activity of the WDR second order neurons.
Psychophysical evaluation of ascending facilitatory pain pathways can be done using a
temporal summation (TS) protocol, representing the physiological phenomenon of windup —
NMDA-mediated central neuronal sensitization in response to noxious activation. Enhanced
TS has been reported for many idiopathic pain syndromes, such as rheumatoid arthritis and
osteoarthritis, fibromyalgia and musculoskeletal pain, temporo-mandibular disorder and
migraine, and chronic low-back pain, as well as for neuropathic pain states. Whether over
activity of pain facilitatory pathways precedes chronic pain or whether it is a consequence of
pain is still an open question.
There are several main methodologies for assessment of the supraspinally-mediated
descending pain inhibition system:
1. Pain habituation – decrease in psychophysical and physiological responses with repetition
of noxious stimuli. Many chronic pain states are associated with the deficient pain
habituation, tested psychophysically or neurophysiologically.
2. Offset analgesia – a test protocol which utilizes the disproportionately large decreases in
perceived pain intensity following incremental decreases in stimulus temperature,
representing pain inhibition. Deficient or absent offset analgesia was observed in
neuropathic and idiopathic chronic pain states.
3. Conditioned pain modulation (CPM) – the most explored mechanisms of endogenous
analgesia in humans. The CPM paradigm relies on the mechanism of diffuse noxious
inhibitory control which engages ―bottom-up‖ activation of the endogenous analgesia
system where, upon arrival of data to the brainstem, the ascending pain signals activate
descending pain inhibitory pathways, exerting effects on incoming nociceptive inputs.
Along with the enhanced TS, less efficient CPM was described for a variety of idiopathic
and other chronic pain conditions. It is suggested that the efficiency of CPM reflects the
individual capability to "deal" with pain when necessary, rather than relating to the current
pain syndrome. This potentially opens the way of prediction of the likelihood of individual
development of future pain syndromes based on assessment of pain inhibitory pathways.
Based on the above-mentioned scientific evidence, we may conclude that comprehensive
assessment of pain facilitatory and inhibitory pathways characterizes the way an individual
processes pain and potentially allows determination of individual pain modulation
phenotypes. Identifying the individual patients as having pro-nociceptive pain modulation
may suggest about higher risk for acquiring pain, and higher intensity of clinical pain.
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ISCHEMIC OPTIC NEUROPATHY – AKI KAWASAKI

• Ischemic Optic Neuropathy : optic nerve dysfunction
due to insufficiency within posterior ciliary circulation

Ischemic Optic Neuropathy

Aki Kawasaki
Lausanne, Switzerland
Anterior Ischemic Optic Neuropathy (AION) – 90%
Posterior Ischemic Optic Neuropathy (PION) – 10%

Non-arteritic Anterior Ischemic Optic
Neuropathy (NAION)

Anterior Ischemic Optic Neuropathy
• Most common acute optic neuropathy
in adults over age 50 years

Insufficient perfusion
in paraoptic branches
of the short posterior
ciliary arteries

• Presumably insufficient perfusion to
anterior nerve head (disc)
• No evidence of ocular inflammation

Adults over age 50 yr
Vascular risk factors
Painless

Small vessel disease
Only the optic disc is
ischemic

• AION is a clinical diagnosis: there is no
«confirmatory» test
Non-arteritic AION is a local insufficiency

Cranial Arteritis

Arteritic Anterior Ischemic Optic Neuropathy

Preference for carotid arteries
(external and internal)
Inflammation of
medium-sized arteries
Inflammatory occlusion
of trunk of short
posterior
ciliary artery

headache, scalp tenderness,
absent temporal artery pulse,
jaw claudication, dysphagia,
visual loss

Short posterior ciliary
artery supplies optic
disc, retrobulbar optic
nerve, choroid, ciliary
artery (if present)

Arteritic AION is a focal complication of a systemic vasculitis
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Arteritic AION: Fundus Examination

Arteritic AION: Historical Clues
• Very advanced age

• Chalky white, diffuse swelling in eye with
acute visual loss
• Normal or large cup in non-affected eye

• New onset headache
• New constitutional symptoms
• Cranial ischemic symptoms (jaw claudication,
scalp tenderness)
• Episodes of preceding amaurosis before AION

Fluorescein Angiography

• If suspect patient has acute arteritic AION,
start high-dose steroids
begin evaluation to confirm diagnosis

Delayed filling of the choroid consistent with abnormal
circulation in posterior ciliary arteries
Patient with CRAO

• Do not delay steroid treatment

AION and cilioretinal artery occlusion

• Visual loss, once it happens, is usually
severe and irreversible

• Visual loss in the second eye can occur in
25-50% of patients within 1-14 days,
if untreated

NAION: Acute Presentation

Non-arteritic AION

• Unilateral visual loss in adult>50 years
• Segmental edema ± sector of pallor and
splinter hemorrhages in affected eye
• Small cupless « disc at risk » in fellow eye

Painless – 8% report ache

• Field defect; Acuity can be spared
typically arcuate/altitudinal

• RAPD is nearly always present
• Disc edema
typically sectoral
splinter hemorrhages

• Fellow disc is crowded
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NAION Risk Factors

NAION Precipitating Factors

• Vascular factors:
• Acute systemic hypotension
drug-induced, nocturnal

hypertension, diabetes, smoking, lipids
• Associated conditions:
Obstructive sleep apnea syndrome

• Acute ocular hypertension
post intraocular surgery, angle closure

• Structural (congenital): crowded disc
cupless (C/D 0.0 or 0.1)
hypoplastic disc
disc with drusen

• Acute anemia

NAION and Obstructive Sleep Apnea

NAION & PDE5 inhibitors: Is there a link?
Campbell et al. J Sexual Med 2015

• 89 consecutive acute NAION patients
had polysomography
• 75% had OSA; 1/3 moderate, 2/3 severe

• Pfizer: multicenter study 2008-2012
• 673 cases of reported visual loss in PDE5I
users: 57 confirmed as NAION
43 cases occured within 30 days of drug
ingestion
14 cases occured within day or two of drug

Aptel et al JAMA Ophthal 2015

• Risk of NAION in OSA increases over time
• Risk of NAION in OSA is estimated 2 to 6 X greater
than non-OSA subjects

• Conclusion: There is a 2-fold increase risk of
NAION in subjects who used the drug
compared to those who did not
Wu et al, 2016
Yang et al 2018

NAION: Evaluation of Typical Patient

NAION, PDE5 Inhibitors and Clinical Practice
Pomeranz JNO 2016.

1. Acuity, color, pupil, IOP, fields, fundus
2. OCT RNFL and macular ganglion cell
3. Check blood pressure
4. Labs: CBC, platelets, glucose, lipid profile,
sedimentation rate, C-reactive protein

• In the patient with acute NAION, ask about
PDE5 inhibitor use .
• If yes, advise of 2x increased NAION risk to
opposite eye with continued drug use

*In typical NAION, imaging is not needed
(no carotid studies, cardiac ECHO or MRI)

• If yes, notify prescribing doctor
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NAION: Clinical Evolution

In the patient with NAION,
screen for obstructive sleep
apnea

• 1/3 have progressive visual loss in first month
• 40% recover > 2 lines acuity over 6 months
• Patients say no improvement in vision (probably
because field defect does not change)
• Resolution of edema in 4-10 weeks

Ask about nighttime snoring
and daytime fatigue
Screening questionnaire
(STOPBANG) of 8 factors
Score > 3, risk of OSA
refer for polysomnography

NAION: Often Asked Questions

NAION: Treatment

• Once optic atrophy is present, vision does
not change

• No Class I evidence of treatment to reverse
visual loss in the affected eye
• Many retrospective or nonrandomized small
trials
Radial neurotomy
Vitrectomy
Topical brimonidine
Anti-vascular endothelial growth factor
L-dopa
Pentoxyfylline
Erythropoeitein

• Risk of recurrent NAION to same eye:
very small - about 5%

• Risk to contralateral eye:
15% in 5 years
(25- 40% lifetime risk)
ION Decompression Trial
Arch Ophthal 2000

NAION: Oral Steroid Study

NAION: Oral Steroid Study

Hayreh and Zimmerman.
Graefes Arch Ophthal 2008

Saxena et al. Ophthal 2018

• 38 eyes over one year
• 50% oral steroids (80 mg x 2 wks then taper) within 1 mo
• 50% placebo

• 696 eyes, seen over 28 years
• patient –choice model; steroids offered in first 2 weeks
• 51% took steroids, 49% declined – no diff in visual loss
between two groups

• Results:
acuity improved in both groups
no difference in final visual acuity
faster reduction of edema on OCT
no difference in final RNFL on OCT

• Results:
Initial acuity 20/70 or worse – 70% on steroids
improved acuity (>3 lines) vs.40% no-steroids
Moderate-severe field defects (Goldmann) –
40% on steroids improved vs 25% no-steroids

no difference in early vs late onset steroids
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First neuroprotection trial for NAION:
Quark Study

NAION and Aspirin

• Active agent, QPI-1007, is small interfering ribonucleic
acid that blocks caspase 2 (which promotes apoptosis)

• Retrospective studies have not found
protective effect of aspirin on fellow eye
NAION

• Randomized double blind study for acute NAION (patients
seen in first two weeks of visual loss)

• Patients with NAION have 3.35 increased risk
of ischemic stroke and this might be one
argument for aspirin use in NAION

• Countries recruiting: USA, Israel, China, Australia, India,
Germany , Italy

Lee YC. AJO 2016

• Recruitment until 2020

Posterior Ischemic Optic Neuropathy
(PION)

Posterior Ischemic Optic Neuropathy
(PION)

•

•
•
•
•

acute visual loss
RAPD if unilateral visual loss
poor pupil light reflex if bilateral visual loss
normal funduscopy

•

exclusion of other causes of optic neuropathy

•

development of optic nerve pallor or atrophy in
4-8 weeks from visual loss

•
•
•

Insufficient perfusion in the intraorbital
portion of optic nerve
acute painless visual loss
RAPD ( if unilateral )
normal fundus exam at time of visual loss

• 38 year old accountant hospitalized for broken
back and broken leg from car accident
After surgery, headache and new visual loss
Hand motion OU, Normal fundus

Perioperative Visual Loss

Posterior Ischemic Optic Neuropathy
• Rare disorder
• Usually in one of following settings:
• Giant cell arteritis
• Acute anemia from massive hemorrhage
• Following non-ocular surgery
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•
•

Visual loss in 24-28 hours of procedure
Most common following cardiac surgery
(0.09%) and following spinal fusion (0,03%)

•

Cardiac surgery: retinal artery occlusion is
most common cause of visual loss (77%),
second consideration is AION

•

Spine surgery: PION is most common cause

Perioperative AION

Perioperative PION

• More common after cardiac bypass surgery
than spine surgery

• Patients aged 12 to 81 years
•Typically severe visual loss
(range 0.25 to no light perception)

• Reported following prostatectomy, liposuction,
vascular surgeries, orthopedic procedures

• Bilateral visual loss in 60% - confused with
cortical visual loss (bilateral occipital
stroke) or functional visual loss

• Like retinal artery occlusion, edema is visible
on fundus exam at day 1 so this is not a
diagnosis of exclusion or confusion

Pathophysiology of Perioperative ION is
Multifactorial

Factors Associated with Perioperative
Ischemic Optic Neuropathy (ION)

•

• Age over 45 years
• Diabetes, Peripheral vascular disease
• Intraoperative blood loss > 1 litre and/or
intraoperative overhydration
• Anemia
• Hypotension
• Long duration surgery - over 6 hrs
• Prone position, especially in Trendelenburg
• Wilson headframe

Perioperative ischemic optic neuropathy
• No proven strategies for prevention
avoid hypotension and hemodilution
avoid venous hypertension
keep head neutral position
minimize length of surgery
• No proven treatment for visual recovery
• For PION: mild spontaneous improvement in
up to 58% but significant visual recovery is
rare
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Most but not all patients demonstrate
post-operative anemia and hypotension
yet very few patients develop periop ION

DIFFERENTIATING MS, MOG & AQP4 OPTIC NEURITIS
Hadas Stiebel-Kalish
Rabin Medical Center, Israel
kalishhadas@gmail.com
Both AQP4 and MOG-antibody associated disease are not new. The first case history was
described as early as 1770. However, the discovery of the two antibodies associated with
these disease entities revolutionized Neurology and Ophthalmology.
This talk will outline important clinical clues which can help differentiate MOG, AQP and
MS-related optic neuritis. These clues include disease progression during the first few days,
the extent of visual loss, funduscopic and radiological characteristics.
We will show that early recognition is important for preventing permanent visual disability.
While acute treatment is similar in all three forms of optic neuritis, long-term management
differs. AQP4 and MOG optic neuritis share similarities but may have different prognoses
and different treatment response patterns.
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NYSTAGMUS
Caroline Tilikete
Hospices Civils de Lyon; Université Claude Bernard Lyon;
Centre de Recherche en Neurosciences de Lyon, France
caroline.tilikete@inserm.fr
Acquired neurological nystagmus and other abnormal eye movements may be valuable
diagnostic tools. The identification of abnormal eye movement is based on close observation
of the slow or quick phase, direction, monocular or binocular characteristic, frequency,
regularity and of the general pathological context. In case of precise and correct
identification, it can be a challenging tool to establish a topology, etiology or prognosis of
some neurological diseases. Here, we provide a "practical'' approach, with the objective of
highlighting for neurologists the importance of abnormal eye movement observation in
order to improve the subtlety of clinical diagnosis.
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DEBATE: EARLY NEUROIMAGING IN ACUTE ISOLATED OCULAR MOTOR NERVE PALSIES –
NITZA GOLDENBERG-COHEN

Why to wait with imaging?
• No MRI in our hospital
– Low risk, high cost

Debate: Early neuroimaging in acute
isolated ocular motor nerve palsies

• Save from radiation
• Do a complete neuroophthalmological exam
• Save imaging to the specific cases that are
indicated:
– No vascular risk factors
– Progressive
– Recurrent

Nitza Goldenberg‐Cohen, MD
Bnai Zion Medical Center, Haifa
Technion, Faculty of Medicine, Haifa

CNVI palsy in brief

Spontaneous recovery CNVI palsy
• Trauma ‐ 88%
• Vascular ‐ 62%

Most common extra‐ocular muscle palsy
Incidence of 11:100,000
Peak incidence is between 60‐70 years
Diplopia is due to unopposed action of medial
rectus
• Up to 30% of cases remain idiopathic

•
•
•
•

The most common cause is
microvascular insufficiency,
risk factors:
• DM
• HTN
• Vascular

Elder, Curr Neurol Neurosci Rep, 2016

Elder, Curr Neurol Neurosci Rep, 2016

Is brain imaging necessary in the workup of
pts with isolated mononeuropathy?
• Need to do more MRI?
• The accumulation of
various case reports or
small series of pts.
regarding causes of CNVI
palsy
• Is MRI being underused?
• Does the traditional
teaching miss causes
detected on MRI?

Threshold levels

• No need to use MRI in all
cases

Threshold levels combine
• Information about the risk of disease
• The sensitivity and specificity of the test
• The likelihood of the test affecting the
physician’s treatment plan

• No , it is not underused
• Traditional teaching is
still relevant!

Murchison Arch Ophthalmol. 2011;129(3):301‐305
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Can MRI identify lesions
causing acute mono‐neuropathy?

The threshold approach
• If the pretest likelihood
of disease is above a
certain threshold level,
diagnostic testing is
warranted

• The rate of finding an underlying cause for an acute mono‐
neuropathy is low, with reports ranging up to 14%

• If the pretest likelihood
of disease is below a
certain threshold level,
the diagnostic test is
not necessary

• The pre‐imaging era risks & pain
–
–
–
–

skull radiography
polytomography
Pneumoencephalography
catheter arteriography

• Can MRI identify lesions causing acute mono‐neuropathy
that would not have been detectable in the pre‐imaging
era?

Microvascular RF in older patients
• Despite modern neuroimaging, rates of CNVI
palsy of “undetermined etiology” in adult
series remain fairly high

• Microvascular infarction:
common cause in pts > 50yo
with microvascular RF
• Pain present >54% of cases, usually severe and
localized around the affected eye
• Neuroimaging is unrevealing
• The palsy typically spontaneously resolves over
10–12 weeks

– 22–30 %

• Similar to rates reported in the “undetermined
etiology” category in the 1950s–1970s.

Elder, Curr Neurol Neurosci Rep, 2016

Elder, Curr Neurol Neurosci Rep, 2016

The need for MRI of all acute mono‐
neuropathies cannot be demonstrated

When to use the MRI
• mono‐neuropathy with
microvascular RF can be
safely followed

Perform an MRI only when the
imaging will add to the
patient’s care

Consider:
• Patient’s age
• Medical history
• Other neurologic findings
• Whether the lesion
identified was truly
causative of the diplopia

Perform an MRI when
• Pt. is <50 years
• Has other neurologic
findings
• Progressive course of
diplopia
• Known history of cancer

• Murchison , 2011
• Perform an MRI when the
imaging will add to the
patient’s care

• Bendszus. 2001

• Isolated with microvascular
disease can be safely followed

• But all are the exceptions!

The exceptions
• Younger than 50 years
• With other neurologic findings
• Progressive course of diplopia
• Known history of cancer

The exceptions
• Median age of 43 years
• Not isolated CN VI palsy
• Systemic inflammation
• Known cancer

Murchison, Arch Ophthalmol, 2011
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• MRI revealed lesions in
63% (27 of 43 Pts)!

Bendszus et al. MRI in isolated sixth nerve
palsies. Neuroradiology. 2001

Cost & Benefit?
2011

• 4/93 Pts. had lesions on MRI
• Only 1/93 Pt. had a lesion related to the
cranial mono‐neuropathy
• The total modeled cost of imaging for these 93
patients was $131,688 to determine an
underlying cause in 1 patient with no change
in treatment

Murchison, Arch Ophthalmol, 2011

Murchison, Arch Ophthalmol, 2011

Brain MRI or “wait‐and‐see”

Cost of imaging

• To proceed with immediate brain MRI or the
“wait‐and‐see” approach?
• What is the risk of missing an alternative
diagnosis if imaging is delayed or not
obtained at all?

• Action thresholds describe the number of positive
scans that a physician believes outweighs the costs of
imaging all patients with a low pretest probability
• The costs of negative scan results to find 1 positive
scan result
Murchison, Arch Ophthalmol, 2011

No need to image immediately!

Patel, Ophthalmology 2004
•
•
•
•
•

• Formal recommendation of the wait‐and‐see
approach was made in 2004 based on a
retrospective, population‐based case series of all
newly diagnosed CNVI palsies over a 15‐years period
1.
2.
3.
4.

Patel et al. Incidence, associations, and evaluation of 6 CN palsy using a
population‐based method. Ophthalmology 2004
Bendszus et al. MRI in isolated sixth nerve palsies.
Neuroradiology. 2001
Lee AG, Eggenberger E, Golnik K, Miller NR. MRI in isolated sixth nerve palsies.
Neuroradiology 2002
Chi & Bhatti. The diagnostic dilemma of neuro‐imaging in acute isolated sixth
nerve palsy. Curr Opin Ophthalmol. 2009

137 cases,
7th decade of life
93/137 patients had isolated, non‐traumatic 6 CN palsy
78/93 were associated with pre‐existing HTN and/or DM
26/32 from an unknown cause had unremarkable MRI or
CT and experienced spontaneous, complete resolution

Conclusion

• Older patients with non‐traumatic, neurologically
isolated CNVI palsy be carefully observed clinically
without neuroimaging unless progression occurred
or the palsy failed to resolve
Patel et al, Ophthalmology. 2004

29

Tamhankar, Ophthalmology, 2013

Rare causes

• MRI plays an important role in acute management,
even in the presence of vascular RF, but….
• Multicenter, prospective study
• 109 patients over age> 50 yrs with isolated cranial
neuropathy

Unusual clinical manifestations:
• Pituitary apoplexy that manifested as an
isolated CNVI palsy… does not remain isolated
• Brainstem infarction‐ very uncommon

• 12/62 patients with isolated 6 CN palsy were due to non‐
microvascular causes :
Brainstem infarction (1)
Petroclival meningioma (1)
Cavernous sinus (1)
B cell lymphoma (1)
Giant cell arteritis (3)

•
•
•
•
•

Tamhankar, Ophthalmology. 2013
Elder, Curr Neurol Neurosci Rep, 2016

No need for MRI in isolated
mononeuropathy with RF

Who to scan and why

• Low prevalence of causative lesions in pts.
with a low pretest probability
• Only 1 of 93 pts. had a potentially causative
lesion on MRI
• 3 lesions unrelated to the diplopia that did not
require treatment:
– 1 meningioma
– 1 acoustic neuroma
– 1 inverted papilloma without extrasinus extension
Volpe, NANOS meeting
Murchison, Arch Ophthalmol, 2011

In summary:
Arguments not to image
•
•
•
•

Risks/benefits
Limitations…

Pre test probability
Low yield
Image when they fail to recover
Socioeconomic issues related to over utilization
of neuroimaging

MRI scanning is often not an option
• Metallic foreign bodies (pacemakers) in this
elderly cohort
• Renal function ‐ Gadolinium injection

• The decision is based on each physician’s
individual experience and the patient’s
willingness to undergo testing or accept the risk
of missed or delayed diagnoses
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Conclusion
Acute isolated mono‐neuropathy
• Safe to be followed by experienced neuro‐
ophthalmologist
• Recognize when atypical features are present
• Avoid missing potentially life‐threatening or
catastrophic diagnoses

Nair et al, Indian J Ophthalmol 2014
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DEBATE: EARLY NEUROIMAGING IN ACUTE ISOLATED OCULAR MOTOR NERVE PALSIES –
AINAT KLEIN

Walsh and Hoyt's Clinical Neuro‐
ophthalmology, Volume 3

Is brain imaging
necessary in the workup
of patients with isolated
6th nerve palsy?

Neil R. Miller, Frank Burton Walsh, William Fletcher Hoyt
Lippincott Williams & Wilkins, 2005

Ainat Klein

AAO BCSC, Neuro‐Ophthalmology
2015‐2016

Etiologies of CN VI palsy categorized by
anatomical location

Background
• Microvascular ischemia ‐frequent cause of acute
isolated CN VI palsy
• Alternative etiologies with grave neurological
implications often cannot be excluded without
neuroimaging
• Obtaining neuro‐imaging for every patient presenting
with an acute, isolated CN VI palsy is a costly diagnostic
paradigm
• Recent studies have sought to delineate the risk factors
for microvascular ischemic ocular motor cranial
neuropathies and to investigate the utility of
neuroimaging in the initial evaluation of such cases

The diagnostic dilemma of neuro‐imaging in acute isolated sixth nerve palsy.
Chi, Sulene; Bhatti, M
Current Opinion in Ophthalmology. 20(6):423‐429, November 2009

32

Microvascular ischemic
ophthalmoplegia
•
•
•
•

• Jacobson et al. 1994‐ progression of ophthalmoplegia
in patients with acute microvascular ischemic CN VI
palsy over the first 2–3 weeks

Abrupt onset
Transitory pain
Absence of other neurological findings
Spontaneous resolution over several months

• Chou et al. 2008‐ 66 patients‐ time to maximal diplopia
did not differ significantly between patients with
microvascular ischemia and other etiologies
• Wilker et al. 2009‐ 87 patients‐ no statistical
difference between the incidences of pain in diabetic
patients compared with nondiabetic patients
• Sanders et al. 59 patients‐ 14% had incomplete
recovery, and 30% experienced a subsequent episode

Way to Answer?

Level of Evidence

• What is the level of evidence?
• How much do we miss?
• What diagnosis might we miss? Is it
important?

•
•
•
•

•
•
•
•

Case reports
Case series
Retrospective studies
Prospective studies

• Prospective
• 66 patients, age>50
• 14% ‐ CNS lesion‐
Brainstem and skull base neoplasms
Brainstem infarcts
Demyelinating disease
Pituitary apoplexy
• 56%‐ one or more microvascular ischemic risk
factors

Prospective
43 Patients, average age 43
63%‐ CNS lesion
15%‐ Vasculopathic risk factors were present

Neuroradiology. 2001
MRI in isolated sixth nerve palsies.
Bendszus et al

J Neurol Sci. 2004.
Acute ocular motor mononeuropathies: prospective study of
the roles of neuroimaging and clinical assessment.
Chou et al
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Prospective, multicenter
109 patients, age>50
Group1‐ m/p vasculopathic
Group2‐ m/p other cause
Group1‐ 10% were found to have other causes;
midbrain infarction, neoplasms, inflammation,
pituitary apoplexy, GCA
• By excluding patients with 3rd CN palsies and /or
GCA, incidence of other causes ‐ 4.7%
• 6th CN‐ more common, and had the highest
incidence of other causes
•
•
•
•
•

Prospective
93 patients, age>60
All patients had gadolinium‐enhanced MRI
Cost analysis
Only 1 of the 93 patients had a lesion related
to the cranial mononeuropathy
• $131,688 to determine an underlying cause in
1 patient with no change in treatment

•
•
•
•
•

Ophthalmology. 2013.
Isolated third, fourth, and sixth cranial nerve palsies from presumed microvascular versus
other causes: a prospective study.

Arch Ophthalmol. 2011 Mar;129(3):301‐5.
Neuroimaging and acute ocular motor mononeuropathies: a prospective study.
Murchison et al

Tamhankar et al

Brainstem Infarct

Way to Answer?
• Is there evidence?

• Prompt initiation of antiplatelet therapy or
anticoagulation
• Search for cardiac sources of emboli or large
vessel thromboembolic disease
• Immediate evaluation and control of blood
pressure in the setting of hemorrhage
represent

• How much do we miss?
• What do we miss? Is it important?

MS

SOL

• Isolated ocular motor palsies may be a
manifestation of multiple sclerosis
• Early initiation of immunomodulatory therapy
should be strongly considered in patients with
lesions that correlate with dysfunction
identified on MRI scan

• Advances in the management of neoplasms
make early diagnosis and treatment of these
conditions more important than in the past‐
micro/radiosurgery, cheomtherapy, radiation
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Is Brain Imaging
Necessary In The
Workup Of Patients With
Isolated 6th Nerve Palsy?

The Patient is in the Center
• A normal MRI obtained ‐ allay anxiety and
fears of brain tumor or other serious disease
• Significant social, psychological and even
economic benefit in terms of productivity

YES IT IS
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CENTRAL OCULAR MOTOR PALSY
Caroline Tilikete
Hospices Civils de Lyon; Université Claude Bernard Lyon;
Centre de Recherche en Neurosciences de Lyon, France
caroline.tilikete@inserm.fr
Gaze palsies result from dysfunction of the central region controlling conjugate ocular
motility. The anatomofunctional organisation of the ocular motility in the central nervous
system dissociates the networks for version and vergence eye movements, horizontal and
vertical movements, for quick exploration movements (saccades) and for slow stabilisation
movements (smooth pursuit, oculocephalic reflex). Therefore, gaze palsies have the
particularity of showing dissociations in affected eye movements, allowing distinguishing
them from peripheral oculomotor palsies. The most characteristic syndromes are represented
by internuclear ophthalmoplegia, abducens nucleus syndrome, oculomotor nucleus
syndrome, vertical supranuclear gaze palsy and oculomotor apraxia. The clinical
examination is of capital importance and should systematically look for the different types of
ocular movements to show dissociated impairments. The recognition of these gaze palsies is
essential as it shows the central origin of the disease and helps in establishing a precise
topographical diagnosis in most cases.
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UPDATE ON IDIOPATHIC INTRACRANIAL HYPERTENSION – RUTH HUNA-BARON

Case 1
* 19 years old female
* Headache and tinnitus -1 month
* Presented to ER with visual obscurations
* Medical history: nothing significant
* BMI: 43

Ruth Huna–Baron MD
Neuro-Ophthalmology Unit
Goldschleger Eye Institute
Sheba Medical Center

Case 1
* Visual acuity: RE 6/6 (20/20) ;LE 6/9 (20/30)
* Color Vision: Normal
* Pupils: No APD
* Discs:

*Diagnostic criteria
*IIHTT : Diamox, diet, VF, optic disc OCT
*Venous stenting
*Fulminant IIH
*IIH and pregnancy

*

IIHTT

* A. Papilledema
* B. Normal neurological examination except for cranial nerve abnormalities
* C. Neuro-imaging: Normal parenchyma without hydrocephalus, mass, or

*Acetazolamide: effect, safety and tolerability
*Papilledema vs. CSF opening pressure
*Visual field
*OCT
*Headache
*Quality of life
*Risk factors for poor visual outcome
*Genetic survey
*IOP (intraocular pressure)

structural lesion and no abnormal meningeal enhancement on MRI/CT with
and without contrast, for typical patients (female and obese), and MRI/CT
venography for others.
* D. Normal CSF composition
* E. Elevated LP opening pressure in a properly performed lumbar puncture*
>250 mm CSF in adults and
>280 mm CSF in children [>250 mm CSF if the child is not sedated and
not obese]
“probable” if criteria A-D are
“definite” if the patient fulfills criteria A-E

Neurology 2013;81:1159-1165
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IIHTT

Case2

* INTERVENTIONS Low-sodium weight-reduction diet plus the

 44 year old male

maximally tolerated dosage of acetazolamide (up to 4 g/d) or
matching placebo for 6 months.
* MAIN OUTCOMES AND MEASURES The planned primary outcome
variable was the change in PMD from baseline to month 6 in the
most affected eye, as measured by Humphrey Field Analyzer.
Perimetric mean deviation is a measure of global visual field loss
(mean deviation from age-corrected normal values), with a range of
2 to −32 dB; larger negative values indicate greater vision loss.
* Secondary outcome variables included changes in papilledema
grade, quality of life (Visual Function Questionnaire 25 [VFQ-25]
and 36-Item Short Form Health Survey), headache disability, and
weight at month 6.
* RESULTS The mean improvement in PMD was greater with
acetazolamide

 Diagnosed 3 years previous with PTC
Headache
 Tinnitus

 Treated with Diamox
 Have been seen by number of NO
 Fistula suspected and he was referred to angiogram

Case 2

Case 2

Visual acuity : 6/6 each eye
Color vision: full
Fundi: bilateral mild disc swelling
Visual field: enlarged blind spots
BMI: 26

Case 2

Venous stenosis

 Angiogram result :

 1995 King et al demonstrated venous hypertension in of 7 patients with IIH
 1996 Karahalios found dural sinus outflow obstruction in only 5/10 patients
with IIH but 8/8 patients who underwent manometry demonstrated
elevated venous sinus pressures, suggesting that venous hypertension is
common in IIH

King JO, Neurology 1995
Karahalios DG, Neurology 1996.
http://weillcornellbrainandspine.org/
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Pro’s

Con’s
 2007 Rohr et al :arguing that in these patients the stenosis is
secondary to the elevated ICP, and cautioning that venous sinus
stenting should not be performed in such patients

Rohr A et al.: Am J Neuroradiol 2007

Results

Complications

 Headache: Resolved or improved 85%

Stent:

 Visual acuity: Improved 73%

 Restenosis

 Visual Field: Improved 69% (33)

 Thrombosis
 Perforation

 Papilledema: resolved 90%
 ICP- Improved 97% (33)

Anesthesia

Back to our case 1

Limitations

* Treatment

:

*Acetozolamide up to 3 gr /d
No prospective randomized placebo-control trials

*Weight reduction of 17 Kg now BMI

Small case series reported

*Optic nerve fenestration

Lack of long term follow-up
Lack of data regarding visual field
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Case 3

Case 3

*35 YOW transferred from another hospital

* Day 5th : VA RE 6/12(20/40) LE FC and APD

*One week headache and visual blur

Bilateral abdusence palsy

*Primary ophthalmologist found VA 20/40, disc edema

•Referred for fenestration (at noon)

*ER-CT normal

•Admission : VA RE 6/60 (20/200) LE LP

* LP 500mmH2O , normal composition

*LE APD
*Bilateral VI

Case 3

Case 3
IV Methylprednisolone ,Fusid 40 mg

Subjective improvement : headache

Optic nerve sheath fenestration (20 hours)

Visual acuity : RE 6/20 (20/70) LE HM

VP shunt (44 hours)

US of optic nerve – no peripappilary fluids

Fulminant (malignant) IIH
 Definition fulminant (malignant)

Fulminant (malignant) IIH

IIH

♦16 cases out of 572 -2.8%

*acute onset of symptoms and signs of

♦all were obese or overweight

intracranial hypertension
* less than 4 weeks between onset of
initial symptoms and severe visual loss
*rapid worsening of visual loss over a
few days

♦Severe loss of visual acuity and severe bilateral

papilledema at presentation in all cases
♦Visual loss was very rapidly progressive in all patients

Neurology 2007; 68:229-232
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Results

Fulminant (malignant) IIH
♦Repeat lumbar punctures resulted in only

Headache resolution
Vision improvement in 14/16
Still 50% legally blind

transient improvement of symptoms and signs

♦surgical treatment :
*optic nerve sheath fenestration-5

All 8 with good results surgery
done hours to 4 days

*CSF shunting procedure 11

IIH and pregnancy

Epidemiology
*Pregnancy is not an etiologic factor
*5 % prevalence of pregnancy in IIH

* Epidemiology
* Imaging
* Treatment - acetazolamide
* Labor
* anesthesia

women

*Prevalence of IIH among pregnant
women

2%-12%

Digre & al Neurology 1984;34: 721–729
Huna-Baron &Kupersmith J Neurol 2002; 249: 1078-81

Acetazolamide

Imaging Guidelines
*MRI is regarded as safe ≤ 3T MRI in the first
trimester.

*The use of gadolinium contrast with MRI should

*Report of teratoma 1978
*The teratogenic potential of acetazolamide was established in

*Breastfeeding should not be interrupted after

*Metabolic acidosis , hypocalcemia , hypomagnesemia 1990
*no adverse pregnancy outcome no major or minor congenital

be limited; only if it is expected to improve fetal
or maternal outcome

rats, hamsters and mice, but not in monkeys

malformations were noted (12) 2005

gadolinium administration.
*Less than 0.04% of an intravascular dose of
gadolinium contrast is excreted into the breast
milk within the first 24 hours. Of this amount,
the infant will absorb less than 1% from his or
her gastrointestinal tract.

*No anomalies among 158 pregnancies 2013
JAMA 1978;240:251-252
Eur J Obstet Gynecol Reprod Biol, 35 (1990) 85-88
Am J Ophthalmol 2005; 139: 855-9
J Neuro-ophthalmol. 2013;.12–33:9

the American College of Obstetricians and Gynecologists’ Committee 2017
Radiological Society of North America 2018 JAMA 2016;316:952–61
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To Conclude

Labor
* Active labor does not generally place woman with IIH at a high

* Criteria

risk for visual loss

* Acetazolamide : proved efficacy and tolerance

* If there is concern for ICP during the second stage of labor,

* Rare cases with fulminant course need aggressive

* There is no contraindication in patients with IIH to either

* Stenting is another treatment option in certain cases

low outlet forceps can be used

management

spinal or epidural anesthetic techniques

* Pregnancy: is not a complication, rather a challenge

Headache. 2000;40:495–497
Am J Ophthalmol 2005;139:855–859
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PUPIL DISORDERS: AFFERENT AND EFFERENT – AKI KAWASAKI

Relative Afferent Pupillary Defect (RAPD)

Pupil Disorders:
Afferent and Efferent

Pupil light reflex : An objective measure of light input
to one eye
RAPD: The difference in light input between the
right eye and the left eye

Aki Kawasaki
Hôpital Ophtalmique Jules Gonin
University of Lausanne
Switzerland

Size of RAPD is generally proportionate to
visual loss

How to Look for an RAPD:
The Alternating Light Test

Tips : Alternating Light Test
•
•
•
•
•

Right pupil

RE

LE

RE

LE

Left pupil

Darken the room / Do not use weak penlight
Ensure that patient is fixating at distance
Maintain regular rhythm
Keep light aligned along visual axis
Watch the initial constriction and re-dilation

Patient has a left RAPD

Significance of an RAPD
• In patient with optic tract lesion and homonymous
hemianopsia, there is often an RAPD in the eye
with temporal defect – how is this possible?

• RAPD is not seen with visual loss due to corneal,
lenticular or vitreal disorders
• RAPD generally indicates optic nerve damage (or
severe,obvious retinal damage e.g. CRAO)
• RAPD is present with chiasmal disorders , if the
visual loss is asymmetric

Right homonymous hemianopsia
Right RAPD
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MRI view
Right eye

• Hemifield (dim) stimulation

The RAPD is still a useful clinical tool

Left eye

x
xx

x
x
x

• LTH and RNH show pupil deficit
which correspond to lesion of
left optic tract

• RAPD is not seen with visual loss due to corneal,
lenticular or vitreal disorders

Optic tract

• Asymmetry of two WORKING
retinal hemifields (RTH and LNH)

• RAPD generally indicates optic nerve damage (or
severe, obvious retinal damage e.g. CRAO)

• Nasal retina gives stronger
pupil responses than
temporal retina

• RAPD + HH localizes to contralateral optic tract
• RAPD with no visual loss localizes to midbrain

• Basis for RAPD in
optic tract lesions

General Guidelines
1. examine the iris structure

Evaluation of Anisocoria
(Efferent pupil disorders)

2. check the pupil light reflex
if abnormal, check the near reflex
3. measure anisocoria in darkness and
in bright lights
4. perform pharmacologic testing (if needed)

Iris Defects and Abnormal Pupils

Structural Iris Defects
•Congenital or Acquired
•Easy to detect when pupil shape is deformed

•Pupils that do not maximally constrict or dilate to
keyhole pupil
Iris coloboma

multiple pupils
Iris dysgenesis

direct –acting topical agents are mechanically restricted

star pupil
Iris synechiae from
recurrent iritis
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Once iris disorders are ruled out,
consider neurologic causes of anisocoria

Anisocoria that increases in bright light
Larger pupil has poor light reflex

•Check the pupillary
light reflex of each eye

• Oculomotor nerve palsy
• Tonic pupil
• Pharmacologic mydriasis
• Damaged iris sphincter

•Measure the anisocoria
in light and in darkness

•In acute phase of tonic pupil , short ciliary n. damaged
sphincter is denervated, ciliary m. is denervated

If you determine it is isolated unilateral pupil
palsy, consider tonic pupil
Postganglionic parasympathetic palsy

mydriasis

•Acute denervation: injury to short ciliary nerves

(pupil fibers and accommodation fibers) denervates iris
sphincter and ciliary muscle

poor near vision

poor or no light reflex
poor or no near reflex

•Aberrant re-innervation: accommodative fibers

•May look like pharmacologic mydriasis

innervate iris sphincter

Pearls and Pitfalls of Dilute Pilocarpine Test

•Light –near dissociation is a subacute/chronic

• Dilute pilocarpine is «homemade»

phase finding in tonic pupil

• Use one drop in EACH eye (control pupil should not constrict to
dilute solution)

• Do not examine pupils in bright roomlight after pilocarpine

•Appears 8 weeks after denervation

• Positive result is not specific for tonic pupil

•Sign of aberrant reinnervation

(can be positive in third nerve palsy)

(accommodative fibers mistakenly innervate
sphincter)

• Negative result does not rule out parasympatic denervation
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Pharmacologic Mydriasis

Anisocoria Increases in Darkness

• Iris is normal
• Isolated mydriasis
• Pupil does not constrict to light or near
• Pupil does not constrict to dilute 0.1% pilocarpine
• Pupil does not constrict to full-strength 2% pilocarpine

Pupil Light Reflex Normal Both Eyes

•Physiologic anisocoria
•Horner syndrome
•Pharmacologic miosis
•Iris adhesions

Horner Syndrome:
Defect in Oculo-Sympathetic Pathway

Absent Flushing and Sweating «Harlequin Sign»

•Ptosis – mild; absent in
12% of patients

•Anhidrosis – variable
•Miosis – anisocoria less

than 1mm; more apparent
in dim lighting

Cocaine Test for Horner Syndrome

Apraclonidine Test for Horner Syndrome

•Cocaine inhibits

• Test for adrenergic
denervation supersensitivity

re-uptake of
norepinephrine at
synaptic junction

•Apraclonidine is weak

α-1adrenergic agonist

•Anisocoria increases
•Normal pupil dilates
•Horner pupil fails to

•Anisocoria reverses
•Normal pupil - no effect
•Horner pupil dilates

dilate

46

Warning for Apraclonidine test:

When is Horner Syndrome an Emergency?

not for use in children under age 1 year

•Acute onset (less than 2 weeks)
•Pain, particularly in head, face, neck
•Diagnosis: Acute carotid dissection

Horner Syndrome in Child

Acute Carotid Dissection

•Acquired, non-traumatic Horner syndrome

•High risk of ocular or cerebral ischemia (67-86 %)

with no known etiology: rule out neuroblastoma

•Majority of ischemic events occur in the first week
of symptomatic dissection

•
•
•

general physical examination
MRI - head, neck, and chest
random urine studies for HVA and VMA

Peripheral Autonomic Neuropathy

ANISOCORIA

•Usually other evidence of autonomic dysfunction

Pupil light reflex is poor / absent in both eyes
check near reflex

(orthostasis, anhidrosis, dry mouth, constipation)

•Diabetes - common neuropathy involving pupils
•Acute neuropathies – Miller Fisher, Guillain-Barre

Light reflex and near response are equally poor,
likely a peripheral neuropathy

acute dysautonomia, paraneoplastic neuropathy

•Botulism - toxinopathy
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If light reflexes are poor, but near
response is better
Bilateral light-near dissociation is
a dorsal midbrain lesion until
proven otherwise

48

HYPOTHESES OF TRIGGER POINT FORMATION: NEW THOUGHTS – ROBERT D. GERWIN

New Hypotheses of trigger point formation

Hypotheses of Trigger Point
Formation: New Thoughts

1. Review of Trigger points and trigger point myofascial pain
syndrome
2. What is known about trigger points
3. The Taut band:Calcium and muscle contraction
4. Genetic polymorphisms and new models of the trigger point

Robert D. Gerwin MD, FAAN
Department of Neurology
Johns Hopkins University

The Taut Band: the basis of the Myofascial Pain Syndrome

Muscle Overload

referred pain

1
local Tenderness

twitch response

hypersensitivity/allodynia

motor

weakness

2 sensory

autonomic phenomena

Two Major
Symptom
Classes

restricted range of
motion

referred
pain
local tenderness

Muscle Overload
The Current Dogma:
Segmental Sarcomere
Contraction > taut band

1. Cinderella Hypothesis: small muscle fibers start first,
stop last (Hägg)
2. Rotation Theory: all fibers work, but rotate on and off
3. Shortened relaxation Time: As fibers contract for a
longer period of time, they may relax for shorter periods,
causing malfunction (Mirebi & Vulfson)
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Contraction knot in human myalgic
trapezius muscle

Trigger Point EMG
active
contraction

resting
activity

Gerwin R, DeMeulemeesen K, Cagnie B, et al. 2019

Ultrasound
images
confirming
the
presence of
the taut
band

Phentolamine
An Alpha-adrenergic (sympathetic) blocking agent

Courtesy of Siddhartha Sikdar, PhD

Reduction of AIS (average
integrated signal) by an
average of 60%

Exerc Sport Sci Rev 2014;42(3):126-35

Note absence of higher amplitude
discharges but persistence of low
amplitude activity

Sikdar et al. Arch. Phys.
Med., 2009

Hong CZ and associates

Ultrasound and MTrP:
Note the small arterial passing through the taut band

Sikdar S, Ortiz R, Gebreab T, Gerber LH, Shah JP, Understanding the
vascular environment of myofascial trigger points using ultrasonic
imaging and computational modeling. Conf Proc IEEE Eng Med Biol Soc
1: 5302-5, 2010.
Blood is shunted away from the TrP causing hypoxia and ischemia

Blood shunted away from TrP

50

O2- tissue saturation in TrPs
HYPOXIA

Low
pH

Myogelosises (i.e., circumscript tautness in muscles, that, contrary to fibromyalgic muscles, do not relax under

CGRP is also elevated at the
trigger point

general anesthesia) showed low tissue-pO2 values and even hypoxia in the core.
Brückle, W., et al., Gewebe-pO2-Messung in der verspannten Rückenmuskulatur (m. erector spinae).
Z. Rheumatol., 1990. 49: p. .208-216

Pay attention
to the signs

Development of the Taut Band

And ask: Why do some people develop
symptomatic taut bands and others do not?

Neuromuscular Junction
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Neuromuscular
junction

motor nerve terminal

1. Acetylcholine (ACh) at NMJ depolarizes membrane;
causes action potential
2. Excitation-Contraction Coupling (ECC):
A. Action potential causes electrical impulse in T-tubule
B. DHPR converts electrical impulse to opening RyR
C. Activated RyR releases calcium from Sarcoplasmic
Reticulum resulting in muscle contraction

motor end plate

Muscle
Contraction

ACh release
Membrane Depolarization
Ca2+ release
Muscle contraction

ACh Release:
Stimulus-evoked or
Spontaneous;
Spontaneous
release of ACh:
1. Graded, not
quantal.
2. inhibited by
Mg2+ via NO and
purine pathways

ECC

(NO: nitric oxide)

•

Spontaneous ACh leakage

•

Subthreshold levels of ACh at NMJ

•

localized, non-propogated depolarization

•

local sarcomere contraction

Contraction
Knot

Localized muscle fiber contraction postulated
by David Simons

Circ Res. 1987 Oct;61(4):498‐503.

Synchronous occurrence of spontaneous localized calcium release from the sarcoplasmic
reticulum generates action potentials in rat cardiac ventricular myocytes at normal resting
membrane potential.
Capogrossi MC1, Houser SR, Bahinski A, Lakatta EG.
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Simons Integrated Hypothesis of
the Trigger Point
•

Key to muscle contraction, and therefore the taut band of
the TrP: intracytosolic Ca2+

•

Integrated Theory of Simons :

•

muscle overload
Pain

ischemia

decreased ATP

inability to remove
Ca2+

increased ACh at the neuromuscular junction and lower
[ATP] (energy crisis) increases intracytosolic calcium
and the taut band

taut band
(Sarcomere
contraction)

persistent actin-myosin
cross-bridging

“Rigor Mortis” Effect
Ischemia
Hypoxia
Sustained
muscle fiber
contraction
Sustained Cross-bridging
actin-myosin

How might this happen?

Cell membrane
permeability to Ca2+
No available
ATP

No Ca2+
uptake to SR

Increased release of ACh
from Motor Nerve Terminal
Co-release of CGRP
Increased ACh effect
at NMJ

Modulation of Acetylcholine
Release

Inhibition
of
AChesterase
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increased AChR

Potential Causes of
Increased ACh Effect
at the NMJ

•

•

Effect of increased [ACh] at the endplate:
1. increase in cytosolic Ca2+
2. facilitates actin-myosin interaction and
contraction

•

in endplate region

•

in peri-endplate zone

•

•

The taut band persists in resting muscle

•

EMG activity of the trigger point persists in resting muscle

NQR produces MEPP that vary in frequency with Amount
of NQR of ACh

10. Vyskočil F, Malomouzh AI, Nikolsky EE. Non-quantal acetylcholine release at the neuromuscular junction .
11. Physiol Res. 2009;58(6):763-784. (review(

Nerve-evoked Quantal ACh Release
Modulation
Inhibitory
Facilitory
Receptors:
Receptors :
A1 & M2
A2A & M1

Non-quantal release of ACh occurs:

•

Non-Quantal release (NQR) of ACh is predominant in
resting muscle (90-98% of ACh release)

ATP
release
increases
with MEPP
frequency

where there is less acetylcholinesterase

High
[Adenosine]
activates
A2A R

Facilitation from Adenosine is balanced by Inhibition from ACh
1. Oliveira L, Timóteo MA, Correia-de-Sá P. Modulation by adenosine of both muscarinic M1-facilitation and M2-inhibition of
[3H]-acetylcholine release from the rat motor nerve terminals. Eur J Neurosci. 2002;15(11):1728-1736.

EFFECT OF HYPOXIA
•

ATP has a profound effect on NQR of ACh

•

ATP depresses NQR independently of Ca2+
Hypoxia: decreases [ATP], increases NQR‐ACh, and
increases MEPP frequency

•

Hypoxia
Lowered ATP

peri-endplate zones

Increased ACh at endplate
and peri-endplate zones
impaired opening of mutated KATP

Increased MEPP frequency
increased local
depolarization

Increased Ca2+ from SR

endplate zone
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Taut Band

SUMMARY
muscle overload

local muscle fiber
contraction
subthreshold, local,
membrane
depolarization

ischemia & hypoxia

increased
NQR of ACh

localized sarcomere
contraction

decreased
ATP

Effect of Acetylcholinesterase
Inhibition

increased MEPP and
EPS discharge
frequency

ATP
1. increases AChE
1. via P2Y1
nucleotide
receptor
2. increases
AChR*
3. Overall Result:
increased ACh
effect at motor
endplate

Acetylcholinesterase (AChE)
A

B

PEAK NOOTROPICS

78Steps Health Journal

1.AChE: soluble (A) and membrane-fixed (B)
2.AChE is inhibited by acidic environment and by CGRP
3.AChE inhibition increases [ACh] at the endplate
4.CGRP induces synthesis of AChR, increasing their number at the
endplate

EFFECT IS TO INCREASE ACh ACTIVITY AT THE
ENDPLATE ZONE

*less AChE effect in the peri-endplate zone where
new AChR are situated

Effect of AChesterase Inhibitor:

Effect of AChEsterase Inhibition
in Rodent Muscle, 2019

Foci of intense
sarcomere
contraction (A & B,
arrows); normal
sarcomeres (B.
large arrowhead);
neuromuscular
junction, (A. small
black arrowhead)

Margalef et al. Experimental myofascial trigger point creation in
rodents. J Appl Physiol 2019;Jan 1:160-69. doi:
10.1152/japplphysiol.00248.2018. Epub 2018 Oct 11

Mense et al. J Appl Physiol (1985). 2003
Jun;94(6):2494‐501
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Genetic Polymorphisms

Increased Cytosolic Ca2+
([Ca2+]c):
Causes of increased Cytosolic Ca+2
Mechanisms that increase
intracellular Ca2+

Single nucleotide polymorphisms
nucleotide insertions
deletion inversion
chromosomal translations

Angata T. Glycobiology. 2014; 24(9):785-793

Genetic Polymorphisms

Genetic Polymorphisms

Candidate gene-based study: hypothesis
driven
Genome-wide association study (GWAS):
hypothesis-free

genotype-phenotype association depends on
frequency of minor alleles, effect size, and
whether a disease manifests a genetic trait

Angata T. Glycobiology. 2014; 24(9):785-793

Angata T. Glycobiology. 2014; 24(9):785-793

Genetic Polymorphisms
Association of polymorphisms with a
particular disease does not constitute
causation .
Association can be
related to disease
irrelevant
a downstream effect

A Genetic Polymorphism I

Angata T. Glycobiology. 2014; 24(9):785-793
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RyR1 mutation effects
RyR1 subunit
mutation

gain of function

(over 300 known)

prolonged opening
of ion channels
prolonged muscle
fiber contraction
Ca2+ reuptake
into SR

A Genetic Polymorphism II

[Ca2+]c
ATP
depletion

Heat
ATP activity in Ca2+ reuptake
releases heat

The KATP mutation Hypothesis

The KATP Hypothesis

•

Open channels: membrane hyperpolarization

•

K+ channel that is ATP sensitive (an energy sensor)

•

shortened, lower amplitude, action potential

•

The ion channel is closed when ATP levels are
physiologic

•

inhibits Ca2+ release from SR into cytosol

•

•

reduces actin/myosin cross-bridging

A fall in ATP (as in ischemia/hypoxia) opens KATP
channels

•

weakness, increased fatigue

•

(so far, does not seem to be related to taut bands)
2

1

The KATP Hypothesis

•

The KATP Hypothesis

KATP channel is opened by:

•

Protons (H+) or acid environment

•

Low ATP

•

•

KATP-deficient mice :

•

increase in unstimulated (non-quantal) [Ca2+]c

•

super-contracted regions of single muscle fiber

phentolamine lowers ATP levels
4

3
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The KATP Hypothesis

The KATP Hypothesis

•

KATP subunits: SUR-1, 2A/B, Kir 6.2

•

•

Subunit mutations

•

muscle fiber damage: pain

•

•

prolonged actin/myosin cross-bridging

loss of function, impaired Ca2+ regulation with

•

Impaired KATP channel function

•

intense or repetitive exercise

prolonged muscle fiber contraction
6

5

Excessive
Muscle activity

KATP subunit mutation
loss of KATP function
loss of [Ca2+] regulation
with intensive or repetitive
exercise

muscle injury

KATP subunit mutation

KATP activation
CO2 generation
lactate

nociception (pain)

altered (impaired) function

normal function
decreased ATP

prolonged actin-myosin
cross-bridging
prolonged muscle
contraction

muscle fiber damage

open KATP channels

nociception and pain

muscle fatigue
impaired energy metabolism
ATP production
to meet energy needs

Are Ion Channel Genetic
Polymorhpisms
a Credible Concept?

deficient KATP channel opening

decreased Ca2+ influx
from sarcoplasmic reticulum (SR)

continued Ca2+ influx from SR

muscle fiber relaxation

continued muscle fiber contraction
taut band

recovery of force

slow or impaired recovery of force

1. Hypoxia and altered KATP & ATP
function
2. Altered RyR1 function
3. α & β adrenergic modulation
4. Static stiffness
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CONCLUSION
•
•
•
•

Several Possible Mechanisms :
Each alone or several in combination could
initiate the taut band;
Possible ion channel mutation or
polymorphism;
Ultimately, all involve increased [Ca2+]c.
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VISCEROSOMATIC PAIN MECHANISMS – MARIA ADELE GIAMBERARDINO

VISCERAL PAIN

VISCEROSOMATIC PAIN MECHANISMS

Adequate Stimuli
1. Abnormal distension and contraction of muscle walls of
hollow viscera
2. Rapid stretching of capsule of solid viscera
3. Abrupt anoxemia of visceral muscle
4. Formation and accumulation of pain-producing substances
5. Direct actions of chemical stimuli
6. Traction or compression of ligaments and vessels
7. Necrosis of some structures
8. Inflammatory states

Maria Adele Giamberardino
Pathophysiology of Pain Laboratory
Department of Medicine and Science of Aging

Ayala, 1937; Lunedei and Galletti, 1953; Procacci et al, 1978

“G. D’Annunzio” University of Chieti - Italy

PAIN RECEPTORS
IN VISCERA

VISCERAL AFFERENT FIBERS

Ureter, Biliary Tract
Small Bowel, Uterus
Lungs/Airways

Nociceptors

1. Sensory fibers in viscera: constituents of the spinal and
cranial nerves [cell bodies in the posterior root ganglia of
spinal nerves or ganglia of cranial nerves]. High proportion
of small fibers; A/C fibers ratio: 1:2 in dorsal root and 1:10 in
visceral nerves

Heart, Colon, Urinary Bladder

Intensity receptors

Testes
Heart, Colon, Urinary Bladder

Silent nociceptors

Heart, Urinary Bladder

2. Density of innervation of viscera by spinal afferents: small
compared
to
that
of
somatic
structures
3.
Extensive functional divergence of visceral afferent
input in the CNS: visceral afferents compose 5-15% of the
neuronal cell bodies in the dorsal root ganglia at the spinal
segments receiving maximal input, however the relative
number of neurons that respond to visceral afferent input at
these same segments is 56-75%

VISCERO-SOMATIC
CONVERGENCE
 Spinal

cord

 Supraspinal

Centers

VISCERO-VISCERAL
CONVERGENCE

Superficial dorsal horn
(neurons with visceral and
superficial somatic input)
Deep dorsal horn
(neurons with visceral and
deep somatic input)

Colon/rectum - Urinary bladder
- Vagina - Uterine cervix
DeGroat et al., 1987; Berkley et al., 1993; Ness
and Gebhart, 1990

Brain stem, Thalamus, Cortex
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CENTRAL PATHWAYS

VISCERAL PAIN PHENOMENA

Ascending pathways involved in the transmission of
visceral nocieptive information

A.
B.
C.
D.
E.

- in the ventrolateral quadrant of the spinal cord:
spinothalamic tract (STT), spinoreticular tract,
spinohypothalamic tract, spinomesencephalic tract
- in the dorsal columns
Willis and Westlund 2001, Al-Chaer and Willis, 2008

MECHANISMS
of
TRUE VISCERAL PAIN

REFERRED VISCERAL PAIN
Classification

1.

Bilateral sensory innervation (mostly)

2.

Low density of sensory innervation

3.

Extensive functional divergence of
visceral input within the CNS

4.

Viscero-visceral convergence in the CNS

(1) Referred Pain without Hyperalgesia

(2) Referred Pain with Hyperalgesia

MECHANISMS OF REFERRED
PAIN
WITH HYPERALGESIA

MECHANISMS OF REFERRED PAIN
WITHOUT HYPERALGESIA
Convergence-Projection Theory

True visceral pain
Referred pain without hyperalgesia
Referred pain with hyperalgesia
Visceral hyperalgesia
Viscero-Visceral hyperalgesia

(Ruch, 1960)

2.Convergence-facilitation
(Sturge, 1883; Ross, 1887; Mackenzie, 1909)
Viscus

2. Reflex arc
Somatic area
of referral

(Penfield, 1925; Davis & Pollock, 1930; Galletti et al,
1963; Procacci, 1969)

Cervero 1987-2000
Foreman 1984-2001
Gebhart 1990-2012
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MECHANISMS OF REFERRED PAIN WITH
HYPERALGESIA

CENTRAL SENSITIZATION

Convergence-Facilitation Theory

enhanced excitability of dorsal horn neurons

“Sensitized” viscero-somatic
convergent neuron

Viscus

 Increased

spontaneous activity

 Enlarged

receptive field areas

 Increase

in response evoked by large and
small caliber primary afferent fibers
from Li et al, 1999

Somatic area
of referral
(Sturge, 1883; Ross, 1887; Mackenzie, 1909)

Artificial ureteral calculosis

ANIMAL MODEL OF
ARTIFICIAL URETERAL CALCULOSIS

Vocalization thresholds
to electrical stimulation

Giamberardino et al, Pain, 1990, 1995

Area of Referred
Muscle Hyperalgesia

NMDA RECEPTORS
and
REFERRED HYPERALGESIA

REFERRED MUSCLE HYPERALGESIA
FROM URETERIC CALCULOSIS
Electrophysiological studies at spinal cord level


Changes in excitability of dorsal horn neurons with
input from the hyperalgesic muscle (Giamberardino et al,

NMDA receptors have been shown to play an
important role in generating the changes in
central hyperexcitability that mediate referred
hyperalgesia from viscera

1996)


Changes in excitability of dorsal horn neurons with
input from the affected ureter (Laird et al.,1998; Roza et
al., 1998)

Cervero, 2002
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MECHANISMS OF REFERRED PAIN WITH
HYPERALGESIA

MECHANISMS OF REFERRED
PAIN
WITH HYPERALGESIA
1.

Reflex arc theory

Convergence-facilitation
(Sturge, 1883; Ross, 1887; Mackenzie, 1909)

2.

Reflex arc
(Penfield, 1925; Davis & Pollock, 1930; Galletti et al,
1963; Procacci, 1969)

(Penfield, 1925; Davis & Pollock, 1930; Galletti et al., 1963; Procacci, 1969; Zimmermann, 1974)

REFERRED MUSCLE HYPERALGESIA FROM
URETERAL CALCULOSIS

C-Fos expression in the
spinal cord in rats with
ureteral calculosis

Morphofunctional indices of contraction
In the hyperalgesic muscle vs the contralateral muscle:
1. Decreased I band length/sarcomere length
ratio (ultrastructural contraction index)
2. Increased muscle cell
membrane fluidity

3. Increased SR Ca++ uptake capacity
(measured as Ca++ - Mg++ ATPase activity)
Aloisi et al, 2004
4. Decreased SR Ca++ release capacity
(measured as ryanodine binding)
Giamberardino et al 2003, 2012

Persistence of the central changes
in spite of elimination of the
peripheral drive from the visceral focus
Sensitized (++++)
viscero-somatic
Convergent neuron

MECHANISMS OF PERSISTENCE
OF REFERRED HYPERALGESIA
AFTER ELIMINATION OF THE VISCERAL FOCUS

X
X

Stone elimination

Algogenic focus
in Viscus

Somatic area
of pain referral
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Cholecystectomy

Persistence of the central changes
due to persistence of the peripheral drive
(in spite of elimination of the
macroscopic visceral focus)

Reversal of the state of central sensitization
after complete removal of the organ

X

Sensitized (++++)
Viscero-somatic
Convergent neuron

Sensitized (++++)
viscero-somatic
Convergent neuron

X

X

Stone elimination
Algogenic focus
in Viscus

X

Algogenic focus
in Viscus

Cholecystectomy

Somatic area
of pain referral

Somatic area
of pain referral

VISCERAL HYPERALGESIA
FROM INFLAMMATION

VISCERAL HYPERALGESIA

Hyperalgesia of a viscus from
inflammation and/or excess
stimulation of the same
viscus

Esophageal

and /or gastric pain
upon ingestion of food or liquids

Vesical

pain upon distension of the

organ

MECHANISMS OF VISCERAL
HYPERALGESIA

VISCERO-VISCERAL HYPERALGESIA

Peripheral sensitization
-lowering in threshold of “high threshold”
receptors
- activation of previously unresponsive receptors

Phenomena of symptom enhancement between different
viscera sharing part of their sensory innervation
Giamberardino et al, PAIN, 2010

Central sensitization
changes in excitability of central neurons
Mayer & Gebhart, 1994-2010; Cervero, 1995-2009
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POSSIBLE MECHANISMS

POSSIBLE MECHANISMS
OF VISCERO-VISCERAL HYPERALGESIA

of
VISCERO- VISCERAL HYPERALGESIA

Central sensitization

Central sensitization

viscero-viscero-somatic
convergent neurons

(viscero-viscero-somatic convergent neurons)

Reflex arc

Reflex arc activation

leading to TrP formation in
muscles of the referred area

(Increased extent and/or duration of muscle
contraction in the referred area sensitization
of muscle nociceptors?)

Viscero-visceral convergence:
Colon/rectum - Urinary bladder –
-Vagina - Uterine cervix

ENDOMETRIOSIS + STONE

ENDOMETRIOSIS + URETERAL CALCULOSIS IN RATS

Pharmacologic Treatment

VISCERO-VISCERAL HYPERALGESIA
ENHANCED VISCERAL PAIN BEHAVIOR

DeGroat et al, 1987; Berkley et al, 1993;
Ness and Gebhart, 1990
Foreman et al 1984, 2000

ENHANCED
MUSCLE HYPERAGESIA

Ureteral Pain behavior

Uterine Pain behavior
Giamberadino, Berkley et al 2002,2010

ELECTROPHYSIOLOGY
IN THE SPINAL CORD
In rats with endo plus stone vs
controls and rats with a stone
only

Deep only
30



Increased percentage of neurons
displaying a receptive field in the
hyperalgesic muscle

Morphofunctional indices of
contraction
In the hyperalgesic muscle with
respect to the contralateral muscle
***

%
20

controls
stone
endo+ stone

Similar results in
rats with a stone
only, sham-endo
pus stone and rats
with endo plus stone

10

***



Increased percentage of neurons
with muscle input displaying
spontaneous activity



Decreased threshold of neuronal
activation of neurons with
muscle input



Enlarged receptive fields
neurons with muscle input

0

of

Giamberardino,
Affaitati et al 2019

Affaitati et al 2019
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C-Fos expression in the spinal cord in
endometriosis + ureteral calculosis

REFERRED MUSCLE HYPERALGESIA FROM
ENDOMETRIOSIS + URETERAL CALCULOSIS

Morphofunctional indices of contraction
Difference between hyperalgesic and non hyperalgesic muscle
CONTRACTION INDEX
[I band
length/sarcomere
difference
between hyperalgesic
and nonhyperalgesic muscle
length ratio]

VENTRAL HORN

Ca++-Mg++-ATPase
difference between hyperalgesic
and nonhyperalgesic muscle
ACTIVITY
PO4 /mg/min

3.5

3-

0.075
a.v.
0.050

C-FOS Expression
Lamina IX

stone only
endo + stone

3.0
2.5
2.0
1.5
1.0
0.5

0.025

4

0.0
0

0.000
Stone only

1
5
number of crises

9

Ryanodine Binding

1000

stone vs endo + stone
left p<0.05

*
**

2

stone only
endo + stone

s/min
750

Endo + Stone

3

ENHANCED
MUSCLE HYPERAGESIA

difference between hyperalgesic
and nonhyperalgesic muscle

Stone

n°

Endo + Stone

1

500
250
0

0

1

3
5
11
number of crises

0

12

Slightly higher values (not significant)
in endo plus stone vs stone only

right

Giamberardino,
Affaitati et al 2019

Phenomena of central sensitization
seem to play a crucial role in the
occurrence/persistence
of viscero-visceral hyperalgesia
This finding has the important clinical implication that
suppression of input from one district results
in significant improvement of symptoms from the other
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left

right

left

Affaitati et al 2019

CARDIAC AND NON-CARDIAC THORACIC
VISCEROSOMATIC PAIN SYNDROMES
John Kent
Rambam Health Care Campus, Israel
kent_nm@netvision.net.il
“My patient was in the cardiac ICU for three days and had both cardiac and non-cardiac
chest pain (NCCP) ruled out. He was discharged to my care, with the same complaints that
prompted his hospitalization. Now what do I do?”
Both this lecture and the practical demonstration and hands-on workshop that follow it,
focus on clinical presentations, the causes seen but perhaps unrecognized in everyday
practice. What else causes “coronary angina” pain with referral to the arm and neck as well
as the chest? Is there really a trigger point that can cause atrial premature beats? How does
one differentiate between Trigger Point pain and cardiac angina? If myofascial pain is the
most common cause of pain complaints, why didn’t we learn about it in medical school?
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THE PECTORALIS MAJOR MUSCLE
IN VISCERO-SOMATIC SYNDROMES
Simon Vulfsons
Rambam Institute for Pain Medicine;
Chairman, Israeli Society for Musculoskeletal Medicine, Israel
s_vulfsons@rambam.health.gov.il
The Pectoralis major muscle is a multipennate muscle with two distinct divisions. Its main
action is adduction and flexion of the upper arm and internal rotation of the humerus. It
works with many synergistic muscles depending on the particular motor movement and is
commonly involved in a few distinct referred pain patterns.
The most common pain patterns, as will be discussed in this lecture include anterior
shoulder pain, upper chest pain with radiating pain symptoms down the medial aspect of
the arm, a "mastalgia" like pain pattern and a pre-sternal pain pattern. Also described, by
Travell, is a trigger point zone that has a somato-visceral effect called the "arrhythmia point".
Examination of the pectoralis muscle for tender areas and trigger points requires an
understanding, not only of this muscles' attachments, but also surrounding muscles such as
the pectoralis minor, deltoid, biceps, latissimus dorsi, teres major and subscapularis muscles.
These muscles, as mentioned above, may be synergistic in certain movements and may
contribute to myofascial pain syndromes of the pectoralis major muscle.
Treatment will consist of deactivation of this muscle trigger points with various techniques
such as myofascial release, muscle energy and counterstrain manual methods and dry
needling.
In this lecture, I will demonstrate dry needling of the lateral portion of the muscle as well as
a method for needling the more medial portion of the muscle. I will also describe various
modern therapies using ultrasound guidance such as pec blocks.
The scope of this lecture is introductory and cannot replace a formal training program in the
treatment of pectoralis myofascial pain syndrome.
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ULTRASOUND-GUIDED DEEP DRY NEEDLING
OF THE ABDOMINAL WALL
Simon Vulfsons1, Ronen Cozacov2
1 Rambam Institute for Pain Medicine;
Chairman, Israeli Society for Musculoskeletal Medicine, Israel
2 Rambam Health Care Campus, Israel
s_vulfsons@rambam.health.gov.il
The abdominal wall is intimately involved in somatovisceral pain syndromes and has well
been described in these syndromes. Not only are there somatovisceral syndromes, but
trigger points in the abdominal musculature may mimic intraabdominal pathology. Thus it is
important to be able to diagnose and treat such trigger points.
Prior to the advent of ultrasound guided therapy, injections and needling of the abdominal
wall was very imprecise, it being almost impossible to differentiate between the different
layers of abdominal wall and to isolate areas of importance such as the confluence of the
anterior wall muscles and the quadratus lumborum muscle.
The primary objectives of this workshop are:
a. To give an anatomic-pathologic overview of abdominal wall pain syndromes
b. To demonstrate the practicality of ultrasound guidance in treating these problems
In this workshop we will:
a. Briefly describe the anatomy and myofascial pathology of the anterior abdominal wall.
b. Demonstrate the anatomy of important associated structures such as the large bowel,
peritoneum, confluent muscles such as the quadratus lumborum and the latissimus
dorsi and the fascial planes.
c. Demonstrate dry needling under ultrasound guidance of the abdominal wall
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MEETING THE THERAPEUTIC CHALLENGE
OF HUNTINGTON’S DISEASE
Sarah J. Tabrizi
UCL Queen Square Institute of Neurology, UK
s.tabrizi@ucl.ac.uk
Huntington’s disease (HD) is a devastating autosomal dominantly inherited
neurodegenerative disease for which there is currently no effective disease modifying
therapy. The genetic predictability of HD provides an opportunity for early therapeutic
intervention many years before overt symptom onset and at a time when reversal or
prevention of neural dysfunction may still be possible. As HD is monogenetic, fully
penetrant, and characterised by a long premanifest phase, it is emerging as a potential model
for studying therapeutic intervention in other neurodegenerative conditions such as
Alzheimer’s or Parkinson’s disease where no preclinical diagnostic tests exist. In addition,
HD manifests with a broad range of clinical symptoms and signs, many of them common to
these other diseases, and involves widespread pathology throughout most of the brain.
Understanding of HD pathogenesis is evolving, and I will present our recent findings on
identifying novel genetic modifiers of disease progression, and their relevance for designing
new therapeutics. In the main body of my lecture, I will give an overview of important
approaches in development for targeting mutant HTT DNA and RNA, and in particular I
will focus on the recent successful phase 1b/2a clinical trial testing the effects of RG6042
(formerly known as IONIS HTT Rx) in patients with early Huntington’s Disease. I will
present the results of the first successful HTT-lowering drug trial, and the first successful
trial of antisense mediated suppression of a toxic protein in the brains of adults with a
neurodegenerative disease.
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DRUG INDUCED PARKINSONISM
Gilad Yahalom
Sheba Medical Center, Israel
gyahalom@gmail.com
Drug induced parkinsonism (DIP) is the second most common parkinsonian disorder after
idiopathic Parkinsonism (IPD). Neuroleptics are the most common cause of DIP. DIP can
develop shortly after the initiation of the offender or years after drug exposure.
DIP can persist in 10-50% even after cessation of the offender, sometimes unmasking PD.
While DIP was thought to be a symmetric disorder, 30-50% of DIP are asymmetric. Upper
limb involvement predominates. Non-motor features such as hyposmia or REM sleep
behavior disorder are not characteristic. Common risk factors associated with DIP are old
age, female gender, cognitive impairment and long treatment duration with high dose first
generation neuroleptics. Also, co-administration of medication known as risk of DIP, such as
valproate and ca-antagonists are risk factors to develop DIP.
The natural course of DIP is versatile: following discontinuation of the offender, some
patients recover fully, some have persistent but not progressive extrapyramidal signs (EPS),
some have persistent and progressive EPS and some show full remission but later
reappearance of EPS.
In this lecture, we shall discuss the drugs associated with DIP. In addition, role of
DAT/FDOPA scans in the context of DIP, as well as the treatment strategy will be discussed.
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DRUG INDUCED PARKINSONISM AND TREMOR – GILAD YAHALOM

DRUG-INDUCED PARKINSONISM - DIP

DRUG INDUCED
PARKINSONISM AND
TREMOR

• Second most common form of parkinsonism, second to PD.
• Neuroleptics – most common cause (neuroleptic induced parkinsonism NIP)

Gilad Yahalom

• DIP can develop shortly after the initiation of the offender or years after

The Movement Disorders Institute

drug exposure.

Sheba Medical Center

• DIP can persist in 10-50% (Shin et al. 2012) even after cessation of the
offender, sometimes unmasking PD.

HISTORY
•
•
•
•
•
•
•
•
•
•
•
•

Clinical characteristics of DIP - timing

1952 – Introduction of chlorpromazine

• May start days to months after drug initiation (Ward, Neurol Trer 2018).
• 50-75% starting within first month, 90% of cases within 3 months.

1954 – chlorpromazine and parkinsonian side effect
1971 – first case of lithium-induced tremor
1973 – lithium-induced parkinsonism
1979 –first description of tremor in VPA
1979 – tetrabenazine and parkinsonism
1984 - first case of DIP d/t Ca-antagonist
1987 – amiodarone and tremor
1989 – first case of amiodarone-induced parkinsonism
1989 – first case of VPA-induced parkinsonism
Late 1980s – clozapine was introduced
1990s – atypical neuroleptics: risperidone, olanzapine, quetiapine – still parkinsonian SE.

DIP – phenomenology & pathophysiology

Clinical characteristics of DIP - distribution
• Usually symmetric
• However, 30-50% asymmetric (Shin et al. 2012)
• Upper limbs predominance (Hassin-baer 2001)

• Hyposmia and RBD – not characteristic (Morley et al. 2014)
• 6 out of 7 subjects with DIP have at autopsy pathological findings
compatible with PD

• More than 80% of D2R – occupied in patients with EPS – correlation to PD
striato-degeneration
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PROGNOSIS

Risk factors of DIP
•
•
•
•
•
•

•
•
•
•

Older age
Female gender
Previous EPS related to neuroleptics
Family history of PD
Cognitive impairment
Higher potency and longer duration

Full and longlasting recovery
Persistent but not progressive
Persistent and progressive

Permanent DRBAinduced damage to
DA-receptor

Full remission but later reappearance despite

Possible
early stage
of PD

discontinuation of offending drug

neuroleptic use

• Use of agents like VPA, metoclopramide,
ca-antagonists and anti-depressants.

Persistent vs. reversible DIP

Neuroleptics
• Typical (Haloperidol, thioridazine)– effect on dopamine receptor
- Treat positive symptoms

• Atypical (Clozapine, olanzapine)– effect on both dopamine & serotonine receptor
- Treat negative symptoms better

•
•
•
•

Third generation (Aripiprazole)
All neuroleptics except clozapine can cause EPS
Quetiapine – “the best of the least”.
Why atypical neuroleptics cause less EPS?
•

“Fast off ” - Rapid dissociation from D2R

• Therapy duration – not correlated

First versus second generation neuroleptics

Neuroleptic induced parkinsonism - NIP
• Most common neuroleptic-induced movement disorder
• Mechanism of action - reversible dopamine receptor blockade. Reduced

• 2nd generation
 fast dissociation, lower D2 affinity
 5-HT1A 5-HT2A agonism

FGA

thalamocortical activity.

D2 partial agonist

D2 antagonists

 5-HT2A antagonism

• SE related to the degree of mental disorder severity (polypharmacy, higher
SGA

SGA

doses needed)

APZ

• Less tremor
• Tardive dyskinesia in 25-40%
D2

5-HT2A

D2

D2

73

Tetrabenazine

Cinnarizine (Stunarone)
Calcium channel blocker
Anti-histaminic effects
Anti-serotoninergic effects
Anti-dopaminergic activity
 Direct action on D2
 Reducing dopamine neurotransmission
• Risk factors: - elderly women

•
•
•
•

• INDICATIONS
• Vesicular monoamine transporter 2 (VMAT2) inhibitor
• VMAT2
– integral membrane protein
– transports monoamines, including dopamine from cellular cytosol into synaptic vesicles.

• Decreasing the amount of dopamine released into the synapses (Susatia, Neurology 2009)
• Newer VMAT2: valbenazine, deutetrabenazine – probably less DIP

- essential tremor

N=7186
N=66638

Persistent cinnarazine induced PD

GI motility drugs
•
•
•
•

Valproic acid

Metocloparmide, levosulpiride, domperidone

• Mechanism of action – Unclear
 probably inhibition of GABA degradation enzymes OR

Metoclopramide – more TD

 Direct GABA increment in the brain

Levosulpiride – more parkinsonism

• Mechanism of action of DIP – unclear

Domperidone – causes rarely acute dystonic reaction

 Oxidative stress and mitochondrial dysfunction?

• Tremor – 25%
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DIFFERENTIATION BETWEEN PD AND
DIP

Lithium
• Mechanism of action – poorly understood
• Decreasing dopamine in the striatum

• Remove offender.
• If impossible – DAT/F-DOPA scan?
• Datscan – pathological in 42% of DIP (Tinazzi 2012)

 Reducing pre-synaptic dopamine release?
 Increasing cholinergic activity by cholinesterase inhibition?

• Action tremor – most prominent

The role of DAT SCAN in DIP
(incl. neuroleptics, mood stabilizers)

FP-CIT SPECT IMAGING IN DIP

Yomyoob et al. PRD 2018

•
•
•
•
•
•
•
•
•

75

Avoiding DRBA’s

Treatment

Lowering to minimal effective dose
Minimal duration of therapy
Changing to lower D2 affinity neuroleptics or to second generation
Clozapine
Wash-out period: weeks to months (up to 6mo)
Anticholinergics
Amantadine
Levodopa? Can exacerbate psychosis

Levodopa in DIP
Amantadine vs. anticholinergics
• 44 physically healthy adult schizophrenics who had developed NIP
• Amantadine (100 mg 2-4 times/day) was comparable in effect to benztropine
mesylate (2 mg 2-4 times/day)

• Amantadine had fewer side effects.
• The potential role of amantadine may be in the treatment of patients with
drug-induced EPS for whom medication with anticholinergic properties is
contraindicated.
Dimascio et al. Arch Gen Psychiatry 1976
Change after 3 months
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DRUG-INDUCED MOVEMENT DISORDERS II:
ACUTE AND TARDIVE SYNDROMES
Sharon Hassin-Baer
Sheba Medical Center, Israel
shassin@tauex.tau.ac.il
Both acute and chronically persistent drug-induced hyperkinetic movement disorders
(DIHMDs) can be elicited by several kinds of pharmaceutical agents and the major groups
include antipsychotics [dopamine-receptor-blocking drugs (DRBDs)], antidepressants,
antiepileptics, antimicrobials, antiarrhythmics, mood stabilisers and gastrointestinal drugs
among others.
Acute drug-induced hyperkinetic movement disorders share features that should make them
easy to identify, including a clear temporal relationship between medication initiation and
symptom onset, a dose-effect, and usually complete resolution after discontinuation of the
offending agent. They include acute dystonic reactions, akathisia, myoclonus, serotonin,
syndrome, DIHMDs associated with the use of recreational drugs. Underlying mechanisms
involve blockade, facilitation or imbalance of dopamine, serotonin, noradrenaline and
cholinergic neurotransmission in the basal ganglia.
Tardive syndrome is a group of DIHMDs caused by DRBDs consisting of tardive dyskinesia,
as well as tardive akathisia, dystonia, tics, chorea, or as a combination of different types of
abnormal involuntary movements. The pathophysiology is still poorly understood, and
treatment of these conditions is often challenging, leaving the victims of prolonged exposure
persistently disabled or with reduced quality of life.
As the indications and off-label uses for DRBDs have expanded over the last 2 decades
beyond psychotic disorders, larger number of patients are receiving them than in the past.
The change from the "first generation" to the "second generation" antipsychotics has reduced
the incidence of TS, however the decreased risk is not as great as was originally expected and
prospective research studies have not supported that contention.
In this update lecture I will review the phenomenology, nomenclature and epidemiology
and provide some new information on the pathophysiology, treatment and prevention of
some of these disorders.
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NEUROSURGICAL INTERVENTIONS FOR HYPERKINETIC DISORDERS – SIMON ISRAELI-KORN

Structure of talk
• The common hyperkinetic movement disorders for DBS

Neurosurgical interventions for
hyperkinetic disorders

– Tremor Essential Tremor
– Chorea Levodopa induced dyskinesias (PD)
– Dystonia Primary Generalized

• The rare hyperkinetic movement disorders for DBS

Simon Israeli‐Korn
Movement Disorders Institute
Department of Neurology
Sheba Medical Center

19 Feb 2019

–
–
–
–
–

Tremor orthostatic, Holmes’
Dystonia myoclonus‐dystonia, Meige, tardive dyskinesia
Chorea neuroacanthocytosis, HD
Tourette
Other

I5th Annual Neurology and Neurophysiology Conference
Tel‐Aviv, Israel

Some History:
The DBS (neuromodulation) era

Patient selection criteria
for DBS (for tremor)
• Reach correct diagnosis

• 1991, Alim
Benabid,
Grenoble
• Thalamic (Vim)
DBS for tremor

– Is it tremor? (or ataxia, myoclonus)
– What kind of tremor? (exclude functional tremor)

• Tremor condition is functionally disabling
and/or severely stigmatizing
• Medical treatment proved insufficient
• No contraindication for DBS surgery
(significant comorbidities, brain atrophy, age)

Benabid, The Lancet 1991

Essential tremor: clinical
characteristics

Frequencies and
activations of
different tremors

• Most frequent movement disorder (1‐6%)
• Posture, action, intention
• Hands 95%, head 35%, voice 15%, legs 10%,
trunk 3%
• Frequency 4‐12 Hz
• 50% responsive to alcohol intake
• 50‐60% positive family history

Elble and Deuschl, MDJ 2011
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ET: Ix
•
•
•
•
•

ET: Patient selection for DBS
• Inclusion criteria

Neurological examination
Lab exams
Tremor analysis
MRI Scan
DAT Scan

– Medication refractory
– Functionally disabling in ADL (eating, drinking,
writing)
– Social stigma
– Realistic expectations

• Exclusion criteria
–
–
–
–

ET: comparison of treatments

ET: Medical treatment
• Propranolol: 30– 320 mg/d

Significant cognitive impairment
Relevant psychiatric comorbidity
Severe brain atrophy
Medical condition interfering with surgery or
associated with limited life expectancy

• Topiramate: 400– 800 mg/d
Drug

Effective daily
dosage

Propranolol
Primidone
Topiramate
Gapapentin
VIM‐DBS

• Primidone: 30– 500 mg/d
• Gabapentin: 1800–2400 mg/d
• Botulinum toxin for head
tremor
• Botulinum toxin for voice
• Combination:
tremor
Propranolol + Primidone

Estimated improvement
in tremor amplitude

60‐240 mg
~ 150 mg
100‐333 mg
1200‐1400 mg

68%
60%
40%
39%
90%

Recommendation
according to EFNS criteria

A
A
B
B
B

Guidelines of German Society of Neurology 2015

DBS for Essential Tremor (ET)

ET: Vim DBS targeting

• 1st movement disorder indication for which
DBS was approved by the FDA in 1997 (1), and,
after its efficacy was proved in numerous
studies, it has become a routine treatment (2).

Axial
Medio‐lateral face‐arm‐leg gradient:
Strick, 1976; Asanuma et al., 1983b; Vitek et al., 1994, 1996; Ohye, 1997

Sagittal

1. Benabid, Appl. Neurophysiol 1987
2. Hariz, JNNP 2008

Morigaki, InTech, 2011
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3. Schuurman, Mov. Disord. 2008

Safety of DBS

ET: Vim DBS challenges
Tolerance, rebound and ataxia

• A foreign body such as an electrode used for DBS
implanted in the brain is usually well tolerated in
the long term.
• Autopsy studies have demonstrated minimal
pathological changes around the electrodes
16 months and 12 years after the implantation
surgery, with minimal foreign body reaction,
gliosis and lymphocyte infiltration (1,2).

Habituation, dysarthria and gait ataxia in a subset of patients after several years
of chronic stimulation.
Strategies:
Post‐operatively DBS holiday, night cycling, on‐demand DBS, closed‐loop
DBS, current steering, interleaving, bipolar stimulation.
Pre‐operatively (patient selection) Identifying pre‐op those at risk of
stimulation induced ataxia or tremor recurrence.

1. Boockvar, J Neurosurg 2000
2. DiLorenzo, Mov Disord 2010

Hariz, SFN 1999

ET: Vim DBS challenges

ET: Vim DBS challenges

Habituation

Stimulation induced ataxia

Barbe, J Neurol 2011

Short pulse effects on tremor, ataxia, and
paresthesia with the lowest contacts

ET: Vim DBS challenges
Possible approaches to avoid and/or
troubleshoot when there is ataxia

• N=8
• Stable
post‐op
bilat VIM‐
DBS
• >3 months
post‐op

Choe, Neurology 2018
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Short pulse effects on tremor, ataxia, and
paresthesia with the lowest segmented contacts

Directional steering effects on tremor, ataxia,
and paresthesia

• N=8
• Stable
post‐op
bilat VIM‐
DBS
• >3 months
post‐op

• N=8
• Stable
post‐op
bilat VIM‐
DBS
• >3 months
post‐op

Choe, Neurology 2018

Choe, Neurology 2018

ET: alternatives to the Vim target
for DBS

Double‐target DBS for essential tremor: 8‐contact lead
for cZI and Vim aligned in the same trajectory

Plaha, Brain 2006
Blomstedt, JNNP 2017

Ghilardi, Neurolgy 2018

Neurosurgical interventions:

Neurosurgical interventions:

Lesioning vs stimulation

Lesioning vs stimulation

Technique

Targeting

Radiofrequency
Lesioning

Deep Brain
Stimulation

Gamma Knife
Radio Surgery

MR‐guided fUS

A probe inserted into
the brain is used to
burn neurons in a
selected area to
create a focal lesion

One or more electrodes
are inserted into the brain
and are then connected to
a implantable pulse
generator providing
constant electrical
stimulation to modulate
neuronal activity in the
targeted brain region

Ionizing radiations
are transmitted
through the intact
skull to generate a
permanent lesion
in a specific brain
region

Ultrasound waves are
transmitted through
the intact skull to
generate a permanent
lesion in a specific
brain region

Neuroimaging,
neuronal recording,
intra‐operative
stimulation,
intraoperative test
lesions

Neuroimaging, neuronal Neuroimaging
recording, intra‐operative
stimulation, (real‐time
MRI guidance in selected
centers)

Radiofrequency
Lesioning

Worldwide experience

Neuroimaging,
thermic maps, real‐
time MRI guidance,
intraoperative test
lesions

Rohani ,Tremor Other Hyperkinet Mov 2017

Deep Brain
Stimulation

MR‐guided fUS

Over 50 years

Over 30 years

Over 15 years

4 years

Ablation (irreversible
effects)

Yes

No

Yes

Yes

Use of general
anesthesia

No

Yes

No

No

Invasive/incisions

Yes

Yes

No

No

Possibility of bilateral
procedure

No

Yes

No

No

Device implantation

No

Yes

No

No

Benefit onset

Immediate

Delayed (when
programming is completed,
up to 6 months)

Delayed (up to 1
year)

Immediate

Rohani ,Tremor Other Hyperkinet Mov 2017
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Gamma Knife
Radio Surgery

Neurosurgical interventions:

Neurosurgical interventions:

Lesioning vs stimulation

Lesioning vs stimulation

Radiofrequency
Lesioning

Deep Brain
Stimulation

Gamma Knife
Radio Surgery

MR‐guided fUS

Experience

278 patients since
1986

1093 patients since 1998

360 patients since
2007

151 patients since
2013

Level of Evidence

Levels 2–4

Level 2

Level 4

Level 1

Tremor control, 12‐
month follow‐up

Unilateral:
74%–90%
Bilateral:
no data

Unilateral:
53.4%–62.8%
Bilateral
66%–78%

Unilateral:
48%–63%
Bilateral:
no data

Unilateral:
35%–75%
Bilateral:
no data

Tremor control,
long‐term follow‐up

Unilateral:
74%–90%

Unilateral:
60%–75%
Bilat: 75%

Unilateral:
3%–63%

Unilateral:
56%

Quality of life
improvements

47%

57.9%–82%

65%

37%–73%

Radiofrequency
Lesioning

Complications
(range, transient
and permanent)
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Deep Brain
Stimulation

Gamma Knife
Radio Surgery

MR‐guided fUS

Unilateral, bilateral

Dysarthria

4.6%‐29%

11%‐39%,
22%‐75%

1%‐3%

3%

Ataxia/gait

5%‐27%

9%‐17%,
56%‐86%

0%‐17%

23%

Paraesthesia

6%‐42%

5%,
5.9%

1%‐9%

14%‐25%

Hemiparesis

0%‐34%

4.5%‐6.7%

0%‐8%

2%‐7%
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GPi‐DBS for Idiopathic
generalized/segmental dystonia
• Level I evidence for benefit of DBS in
inherited/idiopathic
generalized/segmental dystonia (Vidailheit, NEJM 2005,
Kupsch, NEJM 2006)
– 40% to 50% improvement after 3 months in sham
controlled, double‐blind evaluations

DYSTONIA

• 50% to 60% improvement 3 years and 5 years after
surgery
(Volkmann, Lancet Neurol 2012)

Dystonia:
Gpi DBS – long‐term follow‐up

Dystonia: Gpi DBS – the first trial
• Prospective, controlled, multicenter study.
• 22 patients with primary generalized dystonia.

• BFMDRS
• Disability score

Before Surgery
46.3±21.3
11.6±5.5

12 months post‐op
21.0±14.1
6.5±4.9

Sig.
<0.001
<0.001

• General health and physical functioning were significantly improved at month
12; there were no significant changes in measures of mood and cognition.
• There were five adverse events (in three patients); all resolved without
permanent sequelae.

Vidailhet, NEJM 2005

Volkmann, Lancet Neurol 2012
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Dystonia: Predictive factors for Gpi‐
DBS efficacy

Dystonia: CD
• Class I randomised, sham‐controlled trial: 26 %
reduction of CD severity and related disability (Volkmann,

Isaias, Brain 2008
• 39 patients
• Shorter disease duration: predicts good postoperative outcome
• Age at onset, age at surgery and severity of the disease: no
significant influence.
• Fixed skeletal deformities may also be associated with a poorer
outcome.

Lancet Neurol 2014)

• Four class III studies: N=32, F‐U 12‐60 months, 50%
improvement in the TWSTRS (Kiss, Neurosurg
Focus 2004; Pretto, J Neurosurg 2008; Skogseid, Eur J Neurol 2012; Walsh,
Brain 2013)

Cif, Mov Dis 2010
• 40 patients
• Lower BMFRS score and younger age at surgery: predicts good
postoperative outcome

• Generally well‐tolerated procedure
– Dysarthria, transient neuropsychiatric symptoms

Witt, MDJ 2013
• Younger age at time of surgery, shorter duration and less severe
dystonia

Movement disorders induced by DBS

Movement disorders induced by DBS

Baizabal‐Carvallo, PRD 2016

Baizabal‐Carvallo, PRD 2016

General comments before I start

Tardive Dyskinesia – which target?
Globus pallidus internus (GPi)
• Well described dyskinesia control in PD patients (1).
• Improves dystonia in primary dystonia patients (2).
‐>
Creates the rationale for considering GPi as
the main target candidate to start exploring
the efficacy of DBS in this disease.

• Several heterogeneous features, but …
• They all represent significant sources of severe
disability and are poorly responsive to
pharmacological interventions.
• CAVEAT: Evidence is based on: case reports, case
series, and retrospective studies.

• TD seems to respond well to GPi DBS, especially when
the main component of the involuntary movement is
phasic, rather than fixed, dystonia.

• i.e., these conditions are rare but they pose
unique challenges

1. Moro, Mov Dis 2010
2. Kupsch, NEJM 2006
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Dystonia: GPI‐DBS for TD…. The
evidence

Dystonia: Patient selection
• Primary segmental/generalized or cervical dystonia
• All types of dystonia can principally be considered
• Symptoms should be disabling enough
• Generalized/segmental dystonia: failure of anticholinergic
drugs, benzodiazepines, and levodopa
• Cranial and cervical dystonia: failure of Btx
• In general, not mandatory to have tried all available
medications
• No widely accepted consensus about which type of medication,
which dose or how many trials before surgery, which scales to use, or
which threshold scores for disability, dystonia, and pain severity
• Dedicated multi‐disciplinary movement disorder center

• Class II evidence for GPi‐DBS
– Severe pharmacoresistant TD (N=19)

Pouclet‐Courtemanche, Neurology 2016

Secondary dystonia

Dystonia: pre‐op work‐up
• Brain MRI scan

• In general, less evidence for the effectiveness of DBS in
secondary and neurodegenerative dystonias than for
idiopathic focal generalized/segmental forms.

– support the diagnosis of idiopathic or secondary dystonia
– presence of minor structural abnormalities in the basal ganglia in idiopathic dystonia
is not a contraindication for DBS

• Initial improvement often followed by worsening related to
disease progression

• Cervical spine MRI scan may be useful in cervical dystonia
– to assess the degree of cervical spondylosis and any need for spinal surgery before
or after DBS

• Risk of side effects from DBS seems greater

• Skeletal imaging
– to quantify spinal deformities that are common in DYT‐1 dystonia

• Currently no specific and clear guidelines defining suitable
patients with secondary dystonia

• Complete neuropsychology/psychiatric assessment

Secondary dystonia: NBIA

Dystonia: Gpi‐DBS for Meige syndrome

Level 4 evidence that GPi‐DBS may reduce dystonia movement severity
(BFMDRS‐M) 1 year postoperatively.
atypical > classic type of NBIA, but translates into improvement in dystonia
disability (BFMDRS‐D) only in atypical cases.
sample size remains relatively small,
and we cannot exclude bias mainly originating from (1) lack of genetic
confirmation of diagnosis, (2) surgical patient selection, (3) nonblinded
evaluations, and (4) higher likelihood of publication and longer follow‐up in
cases with better outcome. Collaborative, multicenter databases with blinded
long‐term follow‐up will be necessary to address the outcome of DBS for PKAN
dystonia with a higher level of evidence.

N=16
Mean age (± SD) at symptom onset: 46.7 ± 10.1 years
Mean disease duration: 5.9 ± 4.1 years.
In 12 patients, the initial symptom was blepharospasm
In 4 patients presented with cervical dystonia.
Mean postoperative follow‐up period was 66.6 ± 40.7
months (range 13‐150 months).
• The mean total BFMDRS‐M scores at the 3 time points were
16.3 ± 5.5 (before), 5.5 ± 5.6 (3 months post‐op, 66.3%
improvement, p < 0.001), and 6.7 ± 7.3 (last FU, 58.9%
improvement, p < 0.001).
•
•
•
•
•
•

Horisawa, J Neurosurg 2018
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Dystonia: STN‐DBS for Meige
syndrome

Tremor: Orthostatic tremor

• N=14 consecutive patients
• BFMDS improved: 19.3 ± 7.6 (mean ± standard
deviation) before surgery to 5.5 ± 4.5 at final
follow‐up (28.5 ± 16.5 months), with a mean
improvement of 74% (p < 0.05).
• The disability subscore improved from 15.6 ±
4.9 before surgery to 6.1 ± 3.5 at final follow‐
up (p < 0.05).

• Orthostatic tremor (OT) is a rare disorder
characterized by a high frequency tremor (13–
18 Hz) of weight‐bearing muscles, typically
triggered by isometric muscle activation after
standing.

Zhan, J Neurosurg 2018

GPI‐DBS in hyperkinetic MD:
chorea‐acanthocytosis

Holmes’ tremor
• Rest, postural and action tremor
• Large, irregular amplitude, low frequency (<3–4 Hz)
• Often proximal upper extremities
• Medical treatment often unsatisfactory
• Occurrence weeks or years after causative lesion
Case reports and small series with thalamic DBS
• Overall improvement in tremor 76%
• Average age: 41 years
• Average follow‐up of 3 years
• No specific patient selection criteria
A multiple target approach with the combination of VIM stimulation with one
or two others targets (GPi, STN, PSA, cZi, and VO), could increase the DBS
success rate.
(di Biase, Ex Rev Neurother 2016)

GPI‐DBS in hyperkinetic MD:
chorea‐acanthocytosis

GPI‐DBS in hyperkinetic MD:
chorea‐acanthocytosis
36 M

85

slurred speech, orofaciolingual
dyskinesia, tongue and lip biting,
choreiform movements of the
head and neck, and gait
disturbance

3y

Good results with
high frequency stim

Confirmed Lee

Tourette – international registry for
DBS

Dystonic tremor
• Tremor occurring in a patient with dystonia
– (1) associated dystonic posture
– (2) irregular amplitudes and frequency (usually <7 Hz)
– (3) postural/intentional tremor rather than resting tremor

• Tremor associated with dystonia
– In a body part not affected by dystonia
– Irregular, below 5 Hz.

• Deep brain stimulation was associated with
symptomatic improvement in patients with Tourette
syndrome but also with important adverse events.
• A publicly available website on outcomes of DBS in
patients with Tourette syndrome has been provided.

• Case reports and small series of VIM DBS
– Mixed but generally positive results
– GPi DBS seems less effective
– No specific patient selection criteria

Martinez‐Ramirez, JAMA 2018

FXTAS – Fragile X Tremor Ataxia
Syndrome

MS associated tremor

• Inherited, X‐linked, adult‐onset neurodegenerative disorder
• Caused by a expanded trinucleotide repeat IN fragile X
mental retardation 1 (FMR1) gene.
• Occurs predominantly in men
• Action tremor, gait and limb ataxia
• Cognitive and neuropsychiatric dysfunction
• Parkinsonism, dysautonomia, and peripheral neuropathy

• High prevalence of tremor in the MS population (25 to
58%)
• Most commonly postural tremor and/or intention
tremor.
• Small case series and reports on thalamic stimulation:
– Initial improvement tends to diminish beyond 1 year
– Tremor reduction not readily associated with improvement
in disability scores
– Complication rate tends to be higher:

VIM stimulation in several patients with tremor
improvement ranging from 30% to 70%

• Perioperative seizures 8%
• New neurological deficits 7%
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MS Tremor: recommendations for
patient selection

Thalamic deep brain stimulation for the treatment of tremor due
to multiple sclerosis: a prospective study of tremor and quality of
life. Berk et al. J Neurosurg. 2002 Oct;97(4):815‐20

• Only in very selected cases
• Tremor should be the main cause of disability
• Neurological deficits other than tremor must be
considered
• Differentiate between tremor and ataxia (which
typically does not respond)
• MS disease activity should be stabile in last year
• Functional improvement is usually less than
tremor reduction

• Prospective study, N=12
– Significant tremor reduction after 2 and 12
months
– Functional improvement only after 2 months
– Functional health and well‐being (SF‐36) not
improved

Summary of DBS targets for less
common movement disorders

Clinical decision making
• Multidisciplinary
approach
• Involvement of family
members in counseling
the patient and
achieving realistic
expectations / patient
goals
• The role of uncertainty
• Will algorithms /
clinical decision
support systems help?

di Biase, Expert Review of Neurotherapeutics 2016
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PHARMACOLOGICAL INTERVENTIONS
FOR HYPERKINETIC MOVEMENT DISORDERS
Tanya Gurevich
Tel-Aviv Sourasky Medical Center; Tel-Aviv University, Israel
tanyag@tlvmc.gov.il

Hyperkinetic movement disorders include tremors, dystonia, chorea, ballismus, tics,
myoclonus, restless legs syndrome, drug-induced dyskinesias, psychogenic movement
disorders and others. Although important progress has been made in research on motor and
cognitive control and in the understanding of the role of the basal ganglia in the
pathophysiology of involuntary movements, we still lack etiopathogenetic therapies for
them and most of the treatment options are based on symptoms and not etiologies. Effective
management of hyperkinetic disorders is nevertheless possible due to the assortment of
symptomatic treatments, including pharmacological formulations as well as a
neuromodulation strategy, such as botulinum injections, deep brain stimulation, intrathecal
baclofen infusions and focused ultrasound thalamotomy. The topic of this presentation is
pharmacological treatment of hyperkinetic movement disorders. The of pharmacological
treatments was significantly extended in 2017 with the approval of 3 new medications for
various kinds of involuntary movements. The currently available pharmacological options
and their combinations, side effects, tips and pitfalls in the treatment of hyperkinetic
movement disorders will be discussed. Special attention will be paid to the mechanism of
action and the advantages of new vesicle monoamine transporter-2 (VMAT-2) inhibitors.
Modern approaches to the treatment of widespread movement disorders, such as tremor,
dystonia, chorea, Tourette syndrome, and others will be discussed. Treatment options that
are currently under investigation will also be described.
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PRODROMAL PARKINSON
Claudia Trenkwalder
University Medical Center of Goettingen; Paracelsus-Elena Klinik, Germany
claudia.trenkwalder@med.uni-goettingen.de
The diagnosis of Parkinson’s disease (PD) continues to be established only by the presence of
two of the three cardinal motor features: hypokinesia, tremor and rigidity, according to UK
Brain Bank Criteria. While in recent years our knowledge about the complexity of both the
variety of motor symptoms in PD, and its non-motor features has increased, how these
symptoms develop over time provides an insight into the mechanisms of PD itself.
Currently, it seems that motor symptoms are not the first but the last symptoms to emerge.
Recently, there is an initiative of Parkinson experts worldwide, to look for pre-motor
symptoms before definite motor symptoms evolve, and one possibility to denominate this
stage is “prodromal Parkinson”. The apparition of the first signs in the gastrointestinal
system, in sleep-wake regulation, and in the autonomic nervous system, changes in pain
perception and psychological changes have already altered a future PD patient’s quality of
life. When motor symptoms start, more than 50% of dopaminergic neurons are already
degenerated, and long before the affection of these midbrain areas α-synuclein positive
pathology occurs in the lower brainstem and olfactory bulb.
Some lessons about the premotor stage of the disease can be learned from the Honolulu-Asia
Aging Study and now several other US and European cohort studies investigating
prospectively the evolving prodromal phase of Parkinson. Part of the prodromal phase is:
(1) Impaired olfaction, (2) autonomic disturbances i.e. constipation and orthostatic
hypotension, (3) cognitive alterations such as slow reaction time and impaired executive
function, (4) sleep disorders such as excessive daytime sleepiness, insomnia and most
specifically REM-sleep behavior disorder (RBD).
There is now also direct evidence that hyposmia, rapid eye movement (REM) sleep behavior
disorder (RBD), constipation and depression can be present in the premotor period of PD.
These observations were made years ago in clinical cohorts that developed idiopathic RBD,
and now, with a more than 18-year follow-up more than 80% of the subjects of the cohort
have developed a neurodegenerative disease. But even subtle motor features may precede
the cardinal motor signs of PD. Despite controversial discussions in the literature, some
publications report an increased prevalence of postural tremor preceding rest tremor in early
PD by many years. As slowness of movements and general bradykinesia may go along with
advancing age, it is extremely difficult to disentangle motor slowness due to ageing from
subtle slowness of movements preceding PD, as the majority of PD patients are older than 60
years.
Although many of the above described features can be part of a premotor parkinson phase,
unfortunatley none of these parameters could be shown in each single PD patient, some PD
patients even miss many of these non-motor features or develop them later in the disease.
Therefore the term “Prodromal Parkinson” has still to be elucidated by larger studies to
delineate the most specific pattern of premotor signs.
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DEVELOPMENT OF TARGETED THERAPIES
FOR PARKINSON'S DISEASE
Nirit Lev
Meir Medical Center; Sackler Faculty of Medicine, Tel Aviv University, Israel
niritle@clalit.org.il
Parkinson's disease (PD) is a progressive neurodegenerative disorder characterized by motor
and non-motor symptoms. Pathologically the disease is characterized by neuronal loss,
including the death of dopaminergic neurons in the substantia nigra, and accumulation of
pathological protein aggregates, named Lewy bodies. To develop therapeutic strategies to
halt or slow the neurodegenerative process, it is imperative that we understand the
pathogenesis of PD. Several pathological processes such as mitochondrial dysfunction,
oxidative stress, neuroinflammation, apoptotic pathway dysfunction, and neuro-toxins have
been implicated in causing neuronal death in PD.
Discovery of genetic causes of PD and novel understanding of the mechanisms involved
enables exploration of novel therapeutic avenues. Preserving or rescuing dopamine neuron
health and function is of paramount importance, but this alone fails to capture the
underlying neurobiology of non-motor symptoms. Insight into the complete landscape of
disease-related abnormalities and the context in which they arise can be gathered from a
more comprehensive consideration of the PARK genes that are known to cause PD. Thereby
identifying mechanisms conferring resilience or susceptibility of some cells and systems over
others, and manipulating it to the benefit of our patients.
In the recent years several novel targeted therapies for PD are been developed. Drug
repositioning is also a new venue as an alternative to molecular target based drug discovery.
It is a relatively inexpensive pathway due to availability of previous pharmacological and
safety data. Repositioning of drugs that were developed for other diseases, such as
dipeptidyl peptidase-4 inhibitors and glucagon like peptide-1 receptor agonists and
chemotherapy drugs, are also been explored in PD.
This talk will review the promising pathophysiological mechanisms discovered and the
recent advances in drug development in PD.
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DAYTIME SLEEPINESS AND SLEEP DISORDERS
IN PARKINSON DISEASE
Claudia Trenkwalder
University Medical Center of Goettingen; Paracelsus-Elena Klinik, Germany
claudia.trenkwalder@med.uni-goettingen.de
Excessive daytime sleepiness (EDS) in PD is defined as an inappropriate increased sleep
propensity or increased need of time spent asleep, and is measured with the Epworth
Sleepiness Scale (positive if score >10). EDS significantly intervenes with daily activities in
PD patients, their social lives and with the patients’ driving abilities. Other causes for EDS as
the disease itself are the potential sedating effects of dopaminergic medication, especially
dopamine agonists, as well as secondary increased sleep propensity during daytime due to
dysregulated and insufficient night time sleep.
Major problems of nocturnal sleep in PD consist of nocturnal akinesia—with or without
early morning dystonia,—insomnia, sleep fragmentation with increased periods of
wakefulness during the night, rapid eye movement sleep behavior disorder (RBD), restless
legs syndrome (RLS), hallucinations and other neuropsychiatric disturbances, sleep apnea
syndromes and nocturia. To evaluate sleep disorders in PD more specifically, currently
existing sleep scales such as PDSS-2 or SCOPA-Sleep may be applied in addition to a sleep
history. This is important, because treatment of sleep disorders may be substiantially
different related to the problems existing. Whereas the majority of PD patients in advanced
stages suffer from nocturnal akinesia and or RLS, and need an increase of dopaminergic
therapy at night, RBD should be treated possibly with clonazepam. Nocturnal hallucinations
should be managed with reducing dopaminergic medications during daytime and at night
or adding a neuroleptic medication such as quetiapine or clozapine. The major problems of
sleep fragmentation and insomnia originate most likely by the neurodegenerative process
itself and can only partially be improved.
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NUCLEAR IMAGING IN PARKINSONISM
Haim Golan
Assaf Harofeh Medical Center, Israel
hmgolan@gmail.com
The diagnosis of Parkinson's disease (PD), parkinsonian syndromes and many movement
disorders relies mostly on clinical criteria. However, the accuracy of clinical diagnosis
remains insufficient and highly dependent on the level of expertise, experience of the
clinician and duration of follow-up.
Functional imaging with [123I]-Ioflupane SPECT or [18F]-DOPA PET demonstrate very high
specificity, comprised between 97 and 100%, in ruling out essential or non-parkinsonian
tremor, therefore provide an excellent imaging tool to distinguish tremor from presynaptic
parkinsonism whatever its subtype (PD, PSP, MSA) and can correct clinically over diagnosed
PD.
Nuclear functional imaging have greatly improved our ability to assess normal functions of
the basal ganglia, diagnose parkinsonian syndromes, understand the pathophysiology of
parkinsonism and other movement disorders, and detect and monitor disease progression.
Radionuclide imaging is the best way to detect and monitor dopamine deficiency, and will
probably continue to be the best biomarker for diagnosis and assessment of the effects of
disease-modifying therapies.
Radionuclide imaging is useful to show the dopaminergic basis for both motor and
behavioral complications of Parkinson's disease and its treatment, and alterations in nondopaminergic systems.
Functional imaging is increasingly used to assess underlying pathological processes such as
neuroinflammation and abnormal TAU and α-synuclein protein deposition. This imaging is
another promising approach to assess the effects of treatments designed to slow disease
progression.
The aim of this presentation is to give an overview on the role of available nuclear molecular
imaging tools in routine clinical practice nowadays and in the future.
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ALGORITHM FOR TREATMENT OF
ADVANCED PARKINSON'S DISEASE
Ruth Djaldetti
Rabin Medical Center, Israel
Ruthdjal@clalit.org.il
Parkinson's disease (PD) is characterized by motor and non-motor symptoms. The symptoms
can be managed adequately in early stage of the disease. However, after several years of
treatment with levodopa preparations, motor fluctuations and dyskinesias emerge. In
addition, symptoms that are non-responsive to levodopa treatment, i.e., freezing gait,
recurrent falls, autonomic symptoms, drooling, cognitive decline and psychiatric problems
emerge. These symptoms might impair quality of life even more than the motor symptoms.
The challenge of treatment in late stage disease is to increase daily "on" hours, to ameliorate
dyskinesias and address each non-motor symptom. This can be achieved by addition of
dopamine agonists, MAO-B inhibitors, COMT inhibitors, A2A adrenergic antagonists and
apomorphine injections. Continuous administration of levodopa via intrajejunal pump or
subcutaneous apomorphine pump is another strategy to ameliorate motor complications.
DBS of the subthalamic nucleus or the pallidum in selected patients is effective as well. Near
future therapies will include inhaled dopaminergic preparations, improved pumps and
novel sites for DBS surgeries.
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TREATMENT OF GAIT DISTURBANCES IN PARKINSONISM
Nir Giladi
Tel Aviv Sourasky Medical Center, Tel-Aviv University, Israel
nirg@tlvmc.gov.il
Gait is essential for mobility and independency. Advanced Parkinsonism is classically
characterized by gait disturbances and postural instability. Treatment of gait disturbances in
advanced parkinsonism is challenged and mostly not responding to levodopa treatment.
Over the past decade increasing effort has been devoted to the development of new
modalities to maintain safe and independent mobility.
New medical treatments to improve gait and decrease falls are focused to improve executive
function using methyphenidate or choline estherase inhibitors. Another approach is medical
cannabis which is gaining increasing interest.
Functional neurosurgery has long been focused on STN and GPi DBS with short term good
improvement but long term deterioration of gait and balance. Recently, the potential role of
PPN DBS and spinal cord stimulation has gained increasing interest as potential future
approach.
Non-invasive brain stimulation by TMS or tDCS is another new area of experimental
treatment for gait. Preliminary results of relatively small scale studies demonstrated
encouraging results. Examples of TMS and tDCS studies for freezing of gait and metaanalysis will be presented.
Neuro-rehabilitation is already an evidence based intervention for gait in parkinsonism with
treadmill and virtual reality as well confirmed interventions. The advantage of multimodality neuro-rehabilitation approach has recently been gaining increasing attention. An
example of such program in Israel will be discussed.
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NEUROPHYSIOLOGICAL STUDY OF THE PATHOGENESIS
OF THE CHRONIC TENSION-TYPE HEADACHE
Evgeniya Ekusheva1, Vladislav Voitenkov2,Alexandr Palchik3, Natalia Skripchenko2
1 Advanced Training Institute of the Federal Medical Biological Agency, Russia
2 Pediatric Research and Clinical Center for Infectious Diseases, Russia
3 Almazov National Medical Research Centre, Russia
ekushevaev@mail.ru
Background. Tension-type headache is the most common variant of cephalgia. There are
unclear issues in the underlying mechanisms of the development and chronization of the
chronic tension-type headache (CTTH).
Objective. Our objective was to study the pathogenesis of the CCTH.
Methods. 84 patients (age 39.2±6.1 years) with CTTH and 25 healthy controls were enrolled.
Clinico-neurological examination, nociceptive flexor reflex (RIII reflex), blink reflex, and
transcranial magnetic stimulation were performed. All patients were examined before the
therapy with drugs with proven efficacy taken at therapeutic doses for three months. After
the treatment all patients were divided into 2 groups: 1 with a good response to the therapy
(decrease in frequency and intensity of headache) and 2 with minimal effect/its absence.
Results. A comparative neurophysiological analysis of the data obtained in patients before
the course of preventive treatment, showed significant differences between them with
significantly greater reduction in pain threshold (6.3±4.1) and pain threshold/threshold
reflex (0.78±0.12) - RIII reflex; significantly greater decrease in threshold of R3 (7.9±2.3) and
disruption of component's sensitivity to blink reflex in 2 group comparison with other
subjects (р≤0,01). Activation of the central links of nociception in patients of the second
group was indicated by decrease in the thresholds of MEPs (42.3±3.3 on the right and 41.7±
2.3 on the left, respectively) compared with 1 group (47.6±2.5 on the right and 47.2±2.1 on the
left, respectively) and controls (respectively 49.2±3.1 on the right and 48.6±2.5 on the left).
Conclusion. Our study of patients with CTTH showed significant violations of integral
mechanisms of pain control in patients with low efficacy of standard preventive therapy or
its absence. This calls to the neurophysiological examination prior to the treatment and the
possible use of anticonvulsants on hyperexcitability of neurons of the motor cortex in CTTN
cases.
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EARLY LIFE STRESS INDUCES
SUBMISSIVE BEHAVIOR IN ADULT RATS
Dmitry Frank, Julia Grinshpun, Ruslan Kuts,
Dmitry Natanel, Matthew Boyko, Alexander Zlotnik
Soroka Medical Center, Ben-Gurion University of the Negev, Israel
berkut84@mail.ru
Introduction: Maternal deprivation of rodent pups is a relevant and widely used rat model
of early-life stress. The effect of maternal deprivation in rat pups on has been studied in the
context of depression, anxiety and learning, however few studies have focused on the
consequences of early life stress on social behavior. In social groups a mood disorder of a
member can affect a change in hierarchical relations. Dominance and submissiveness are
important functional elements in maintaining the social hierarchy which has the advantage
of limiting the amount of violence in a group. In the current study, dominant-submissive
behavior was examined in adult rats following maternal deprivation.
Methods: Sprague-Dawley pups were separated from the dam for 6 hours each day during
the first 3 weeks of life and underwent a battery of behavioral tests at 3 months of age.
Results: We found that rodents exposed to postnatal maternal deprivation displayed
submissive behavior in resident-intruder and dominant-submissive tests than control rats.
Significant changes in learning, memory and depressive behavior were not detected.
Conclusion: The main finding of this study was that the early stress caused by maternal
deprivation of pups leads to submissive behavior in the population of rats in adulthood. This
conclusion was based on the assessment of Dominant–Submissive behavior and the
Resident-Intruder paradigm. The impact of stress during early postnatal development on
antisocial and submissive behavior suggests that exposure to stress during infancy and
childhood could interfere with the ability of an individual to benefit from social support in a
stressful situation. The mechanism of the long term effects on social interactions and
submissive behavior requires further investigation.
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THE EFFECT OF MATERNAL DEPRIVATION ON
COGNITIVE AND EMOTIONAL BEHAVIOR IN ADULT RATS
Demitry Frank, Julia Grinshpun, Ruslan Kuts,
Demitry Natanel, Matthew Boyko, Alexander Zlotnik
Soroka Medical Center, Ben-Gurion University of the Negev, Israel
berkut84@mail.ru
Introduction: Early life stress comprised of various forms of child abuse and physical and
emotional neglect has been shown to exert profound short- and long-term effects on human
physiology both in the central nervous system and peripherally. Since absence of maternal
stimulation and care is considered a major stressor early in life, the paradigm of maternal
separation was used in order to investigate effects of early stress on behavior. Maternal
deprivation is widely used as a rat model for the study of mood disorders, which has been
studied in the context of long-term effects on cognition, memory, depressive and social
behavior. In the present study, anxiety and depression behavior was examined, in
conjunction with a battery of tests of cognitive and emotional behavior in adult rats
following maternal deprivation.
Methods: 30 Sprague-Dawley male pups were separated from the dam for 6 hours each day
during the first 3 weeks of life and another 30 male pups leave permanently with their
mothers and underwent a battery of behavioral tests at 3 months of age.
Results: We found that rodents exposed to postnatal maternal deprivation displayed
significantly high level of anxiety than control rats as was confirmed by five different
behavioral tests, based on spontaneous (unconditioned) and conditioned responses.
Significant changes in learning, memory and depressive behavior were not detected.
Conclusion: The maternal separation using as an early life stress model allows research on
behavioral disturbances and can be used to understand the integrative processing of
appropriate sensory input, CNS function and end-organ physiology required to maintain
normal development. The mechanism of the long term effects on anxiety requires further
investigations.
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CORRELATION BETWEEN STRIATAL CIT UPTAKE
AND COGNITIVE FUNCTION IN PARKINSON’S DISEASE
Oh Dae Kwon
Catholic University of Daegu School of Medicine, South Korea
dolbaeke@cu.ac.kr
Objective: This study was performed to identify any relationship between the amount of
decline of receptor uptake of CIT and cognitive symptoms in Parkinson’s disease.
Background: Dopamine receptor imaging is useful in the diagnosis of Parkinson’s disease.
We want to know whether the degree of striatal uptake of CIT can expect the degree of
cognitive decline in patients with Parkinson’s disease.
Methods: Fifty-one patients with Parkinson’s disease were recruited from the CIT-PET
registry of Daegu Catholic University Medical Center. Diagnosis of Parkinson’s disease was
based on United Kingdom Parkinson’s Disease Brain Bank Criteria and the result of CITPET. The striatum was divided into 4 parts; right caudate nucleus, left caudate nucleus, right
putamen, left putamen. Uptake of CIT were measured with visual assessment by a nuclear
physician and the scores were summed in each patient. Cognitive symptoms including
attention, language, visuospatial function, memory, frontal executive function were
measured with Seoul Neuropsychological Screening Battery by neuropsychologist. We
investigated any correlation between the sum of CIT uptake and cognitive decline using
statistical analysis.
Results: There was a positive correlation between the decline of CIT uptake and cognitive
decline especially in visuospatial function, memory, and frontal executive function.
Conclusion: We found decline of striatal CIT uptake has correlation with cognitive
dysfunctions in patients with Parkinson’s disease.
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THE USE OF LOW-DOSE NALTREXONE (LDN) FOR
CHRONIC TINNITUS AND THE ABILITY TO COPE WITH IT:
A CASE STUDY AND REVIEW OF THE LITERATURE
Rachael Murphy1, Jeeha Park1, Todd Antin2
1 St. George's University, Grenada
2 PACT Atlanta, USA
rmurphy1@sgu.edu
Tinnitus is a phantom auditory sensation in the absence of external sounds. Normally
referred to as “ringing in the ears”, most sufferers seeking medical advice for this condition
are limited to therapies consisting of various behavioral coping strategies, as there is no
current standard drug treatment available. Tinnitus is highly complex and challenging to
treat since the underlying mechanisms remain elusive. Accumulating evidence suggests that
low-dose naltrexone (LDN) can promote health-supporting immune-modulation and is
being used as an experimental treatment to reduce inflammatory autoimmune and
oncogenic processes in a number of diseases. Because LDN can up-regulate endogenous
opioid activity, it may play a role in the amelioration of tinnitus as opioid receptor activity is
involved in neural transmission within the inner ear, the auditory pathway, and other brain
regions which have been implicated in tinnitus generation. Although consolidating our
understanding of the cause for tinnitus is difficult due to limited available studies, in this
case report we illustrate the potential effect of LDN therapy for chronic tinnitus. A 63 year
old male experienced continuous bilateral tinnitus for 10 years that is worse in the left ear
and not explained by another existing medical condition. Benzodiazepines had up to this
point been used for occasional mild relief of anxiety and distress associated with tinnitus;
however, the perceived symptoms in fact had worsened in persistence and intensity over the
course of a year on the same regimen. There was significant symptomatic improvement
compared to his standard treatment when initiated on 4.5mg LDN after increased doses
starting from 1.5mg. Further, we discuss the implications of this case and possible future
outcomes with increased treatment dosage in lieu of the current literature on LDN and the
pathophysiology of tinnitus.
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TACROLIMUS OPTIC NEUROPATHY
Benjamin Osborne
Medstar Georgetown University Hospital, USA
benjamin.osborne@gmail.com
In this case report I will highlight a patient with an optic neuropathy presumably due to
tacrolimus.
A 41 yo female presented with acute onset painless vision loss in the right eye. She has a
medical history significant for HIV, diabetic proliferative retinopathy, hypertension,
diabetes, and s/p pancreas and kidney transplant (9/25/18). Her post-operative course was
complicated by an intraabdominal hematoma and ileus. One week prior to her vision loss
she was hospitalized for dehydration. After discharge from the hospital on 10/16/18 she
noted the vision loss. She denied eye pain, headache, flashes, floaters, jaw pain, or scalp
tenderness. She saw her retina doctor after the vision loss began and had no new changes in
the retina.
Visual acuity: LP OD and 20/80 OS. There was a right APD. IOP: 13 OD and 13 OS.
Dilated fundus exam showed stable PRP. The right optic nerve was flat with mild pallor; the
left optic nerve was flat without pallor.
LP OP was 12.5 and the CSF was unremarkable: WBC 4, RBC 0, Glucose 45, Protein 45. The
following were negative: Crypto Ag, India ink, OCB, CMV PCR, HSV PCR, VDRL, ACE and
VZV PCR. AFB and fungal culture NGTD.
MRA head and neck were normal. MRI Brain showed hyperintense T2 signal in the right
optic nerve without enhancement.
Serum: ANA neg, ANCA neg, ACE 21, CRP 83, ESR > 85.
B12 488, Vitamin A 0.13 (low), Vitamin B1 222 (low)
Vision improved to 20/400 OD two weeks later.
While it is possible she had posterior ischemic optic neuropathy, it is not clear why it would
occur weeks after surgery. She does have vitamin A and B1 deficiencies but those would be
expected to cause bilateral vision loss. She started tacrolimus post-operatively which has
been reported to cause optic neuropathy.
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EEG FEATURES OF INFANTILE
NON-EPILEPTIC PAROXYSMAL EVENTS
Alexander Palchik1, Valeria Privorotskaya1,2, Gleb Mashevsky3
1 State Paediatric Medical University, Russia
2 St. Olga Children’s Hospital, Russia
3 State Electrotechnical University, Russia
xander57@mail.ru
Introduction. Prevalence of paroxysmal disorders of consciousness and movements in
infants equals to 9% approximately. 70% of all cases are non-epileptic paroxysmal events
(NEPE).
Materials and methods. In specialized neurological department of Children’s Hospital we
observed 94 babies with NEPE, aged from 1 to 48 months. All children underwent physical,
neurological and brain neuroimaging (ultrasound, MRI) examination. Alongside with
routine study EEG and video-EEG were performed.
Results. We diagnosed typical NEPE in 54 infants, undifferentiated NEPE – in 40 cases.
EEG assessment demonstrated non-epileptic activity in all infants. Babies with benign
paroxysmal torticollis had significant increase of EEG amplitude (r = 0.259, t = 2.578, p =
0.01). Infants with benign infantile dyskinesia showed transient wave slowing-down (r =
0.33, t = 3.40, p = 0.000997). What is interesting is that children in this group had gestational
age over 40 weeks (r = 0.22, t = 2.16, p = 0.03).
Despite of age range in children with breath-holding spells (2–16 months) this group had
strict positive correlation with alpha-like activity (r = 0.32, t = 3.22, p = 0.001) and occipital
rhythm in EEG (r = 0.22, t = 2.34, p = 0.028). Other findings were mostly controversial agerelated.
Conclusions. Infants with NEPE demonstrated polymorphic non-epileptic EEG features, but
some of these events had specific EEG patterns.
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CASE OF RARE ENTITY – PARRY-ROMBERG SYNDROME
Vladislav Voitenkov1, Evgeniya Ekusheva2,
Alexandr Palchick3, Natalia Skripchenko1
1 Pediatric Research and Clinical Center for Infectious Diseases, Russia
2 Advanced Training Institute of the Federal Medical Biological Agency, Russia
3 Almazov National Research Center, Russia
vlad203@inbox.ru
Parry-Romberg syndrome (PRS), also known as progressive facial hemyatrophy is a rare
clinical entity with prevalence of 1 case on 250 000 of general population [1-3]. Course of this
syndrome ends in atrophy of subcutaneous fat with skin changes, in some cases facial
muscles wasting, ophthalmic and nervous systems involvement [4]. We present the case of a
classic PRS in a woman aged 43. First signs developed when she was 20 years old, it started
from the darkening of the skin on the forehead with a slow progression in the next 10 years;
classic en coup de sabre sign appeared, with total wasting of subcutaneous fat tissue on the
left side of the face. Our patient had total blindness on the left eye, according to the
ophthalmologist examination. According to the conduction studies, including here the
vegetative nervous system examination, there were no deviations from the normal data.
Needle myography of the m.Orbicularis Oculi et m.Orbicularis oris also obtained normal
data. Infrared thermography revealed changes of the facial temperature on the side of the
lesion with the local hypothermia over the left cheekbone. Brain MRI (1.5 Tesla Philips
Ingénue device) revealed left enophthalmos, subcutaneous fat wasting, hypotrophy of the
left m. Masseter, left-eyed wasting of the intraorbital fat and unspecific periventricular
lesions in the brain. Head CT (Philips 128 Ingenuity device) revealed no bones involvement.
Thus, here we present a rare clinical entity of Parry-Romberg Syndrome with far developed
and final deformations of the face and eye involvement. Attempts to treat the deformities
would be taken with a reconstructive surgery (subcutaneous fillings) and left eye prosthetics
applications.
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A NEW PHENOTYPE OF EPISODIC ATAXIA TYPE 6 IN
ASSOCIATION WITH A NOVEL MUTATION IN SLC1A3
So Hoon Yoon1, Jae-Hwan Choi2, Hyo-Jung Kim3, Jeong-Yoon Choi3, Ji-Soo Kim3
1 Severance Hospital, Yonsei University College of Medicine, South Korea
2 Pusan National University School of Medicine,
Pusan National University Yangsan Hospital, South Korea
3 Seoul National University Bundang Hospital, South Korea
drsohoon@gmail.com
Background: Episodic ataxia refers to autosomal dominant channelopathies that are
characterized by intermittent ataxia with or without interictal symptoms such as myokymia,
nystagmus, epilepsy, or tinnitus. EA type 6 (EA6) was first described in 2005 in a child
presenting episodic ataxia, alternating hemiplegia, migraine, and seizures. EA6 has been
ascribed to mutations involving the solute carrier family 1 member 3 (SLC1A3) encoding the
excitatory amino acid transporter 1, a glial glutamate transporter. So far, five different
mutations of SLC1A3 are known to cause EA6. We describe here a new phenotype of EA6, in
association with a novel mutation of SLC1A3.
Subject: A 45-years-old man presented with episodic dizziness, dysarthria, and unsteadiness
for seven years. The episodes lasted one to three hours mostly in the morning. He denied
other past medical history and family history of neurological disorders. Between the
episodes, the patient showed right beating spontaneous nystagmus without fixation,
horizontal and vertical gaze-evoked nystagmus, downbeat nystagmus on lateral gazes to
either side, impaired smooth pursuit, hypermetric horizontal saccades to either direction,
and positive bedside horizontal head impulse tests (HITs). Video-oculographic recording of
HITs further confirmed decreased gains for the horizontal and posterior semicircular canals
on both sides. Of note, the patient showed upward deviation of the eyes during horizontal
HITs and downward corrective catch-up saccades. Caloric responses were symmetric and
normal. Korean Wechsler Adult Intelligence Scale-IV documented intellectual disability with
an intelligence quotient of 53. Brain MRIs were normal, but interictal positron emission
tomography showed bilaterally decreased hypometabolism of the cerebellum.
Whole exome sequencing from the genomic DNA of peripheral blood found heterozygous
c.952A>G mutation in the exon 7 of SLC1A3 gene on chromosome 5. This mutation was not
detected in >100 in-house genome data and predicted to be deleterious by two in silico
analysis tools.
Conclusion: A new phenotype of EA6 showing abnormal vestibulo-ocular reflex and
impaired intellectual ability has been found with a novel mutation in SLC1A3.
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