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Precocious Puberty : Updated Guidelines
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HORMONE
RESEARCH IN =
PADIATRICS

Use of Gonadotropin-Releasing
Hormone Analogs in Children: Update by
an International Consortium

[

2019 International Consortium

Review article
. apem || = = B
2022 Clinical practice guidelines for central precocious

Central precocious puberty: an Endocrine Society clinical
puberty of Korean children and adolescents .

2022 C{ kA0 21|33 2026 The Endocrine Society

© OHBM MUS YE D UL OOt SULES A U,
14 20| & Q8 B-80| MZCH ALRLR! 2] YUCtD &
= 383 3.0kg NSVD, Oft{Z| 179cm, 0L 168cm
= AF Y, EL UG els
" S5 AOFYOl 5 MFEY B4 91
= MA AE 7| SRS, A 90 2
- Y7 72 7| 0S| 04, AF 0HES HE RIS

8-13M|01| Al2}

O HFHFEF A|RF - 2] = Al (H|CH 2| HFEF
FELI A - Y HIHY E2 Breast (Q 2 Presexual
7t's) bud y hair
!

MR- QML {14 5 (SMR 2-3) Breast {\ ) 3 \ Sexual
Hoo Tro==2 e T elevation [ \ hair
URH|S 57t 27 36748 oo /[ i

mound | [ 4 Y escutcheon
27 - QUL A% 29  (SMR 4) / |

27 0|5 g% 4-10cm (5~7.5cm) contour

Prepubertal ( \[ ) 1

\( ‘ Prepubertal

Adult Female

Y' W escutcheon

The stages of breast and pubic hair development.
(Sperling Pediatric Endocrinology 5th Ed. Fig 16.30)
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CPP(central precocious puberty) 20| A Al&7| RISHO| 37}R] FEH

1. 2430 yisl= Z2, 2T VS SoI0] 27 YH AIRHA|717} 0{0H= 84 O/2H,
HOH= 9 DIRIRIX|E SfeIsict, [A]

- IR T B 40| ME SE2 SO HY T 2UF.

<] pl 58 Aasict. [A]
=> GnRHa X| 22| C{4h 3. F4 NE4Z0 4N Y80 YAMKIE2EYES2E (gonadotropin
releasing hormone, GnRH) A3 ZIAHE Al&5}0{0F Bict. [A]
213d=] =I=H - = 5 =) 218 5 2 =
2) ZZS| RISH @ 6A| O|4te] ofote] E8Ed CPP HAE=F ZEXE 2011 3-1. 2R 40| QIOLF AlE7| RISO| AATS] OISOIKI! 7|24 Hgio| ANSIX] B
H20E 241 3-61E 212102 7|0 HHM AE7| Ty AlehS HABCE [E]
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- S B3 7|2t ¢10] B]2 GnRH XIS AAE Bict. [E)
- Z| 2 HRMH|E 2= _
"‘l - 201 H o => GnRHa ZI _E_E }_I_:é‘_ | RF 7"*‘] O-I E_:IE 3-3. GnRH XS ZAIIA LHZE 5.0 IU/LOI¥22 71519 Ty HESFO2 TICHSt
o. (8]
4. HE4F 5 7RUE YEO| S B T A0| US Ths 7IREO] Chet B
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(Nelson textbook of Pediatrics, 21t Ed., page 2900, Garibaldi L. et al, Disorders of pubertal development) I} ZAIS MEXO2 A3t 4 QlCt. [B)
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2026 The Endocrine Society Recommendation 1

= . « Thelarche is defined as Tanner B2 (ie, Tanner stage Il
o 100" Recommendation 1

Centra precocious puberty: an Endorrine Society cliical

In girls who present with thelarche (Tanner B2) between ages 7.0
and 8.0 years, we suggest watchful waiting via periodic physical
examinations rather than immediately performing evaluation
with laboratory testing and/or radiologic imaging. (2 | ©000)

BH7~84| AO|0fl RO A|ZHE|L OfOLOIA FA| A
H7IHQl NAAES Sot0] FAUH A HE HS BT

Recommendation 2

1: Strong
recommendation
2: Conditional
Recommendation

High DD
Moderate @B B0
Low @00

Very Low @000

In girls younger than age 7 years with initial breast develop-
ment (Tanner B2), we suggest a 4- to 6-month period of obser-
vation to differentiate unsustained or slowly progressive
puberty from rapidly progressive puberty before starting
diagnostic evaluation. (2 | @000)

BH7A| O] 0 SULIEHO| A|ZHE|L OfOO| A = F4] Y
H7IM NH S Soto] O\UA A EE HS WYL,

(Translated by E.G.Yoo)

/

In girls who present with thelarche (Tanner B2) between ages 7.0

and 8 0 years, we suggest watchful waiting via periodic physlcal
rather than i diately performing eval

with laboratory testing andjor radiologic imaging. (2 | ©000)

“watchful waiting” 0|2t 2 (B2 O|Lt BAZAF glo]) 4-6 718 2+

02 YYAEE 2SI ALET| WHO| I O|YO 2 NYSHA| Y|

WIS She 1S Ant,

SUEEO| Tanner 35 O] 4O 2 LIRSIALE MFEE £7A(5
5, AIOFHOl S)0| SUHE 84 0|3t ofof, 2FGHHA F4HO| SutEA

L (@17 434 >6cm) Tanner 357 0|42 2 TYSHE £0H 54] 21

S RS (O 2H| == ST HEIOH 2R HR)

breast development and should be distinguished from lip-
omastia (ie, the accumulation of fatty tissue) on physical
exam by palpation in girls with overweight or obesity.
In this context, “additional evaluation” means laboratory
testing (eg, serum LH and sex steroid concentrations) and
a bone age assessment (ie, hand and wrist radiography),
with subsequent evaluation (eg, GnRH/GnRH agonist
stimulation test) performed when indicated.
In this context, “watchful waiting” means conducting
periodic physical examinations (every 4-6 months), in-
cluding reassessment of growth and Tanner staging, to
identify rapid growth and pubertal progression to
Tanner B3 or greater.
The panel judged that immediate additional diagnostic
evaluation would be appropriate for girls younger than
8 years who present with Tanner B3 or higher, who
progress to Tanner B3 under observation, and/or who
have documented growth acceleration (ie, increasing
height percentiles, pubertal growth velocity >6 cm/year).
This recommendation does not apply to girls with early
thelarche who also exhibit CNS findings (eg, headaches,
seizures, and/or visual field deficits). The guideline-
development panel assumed that such girls should be
promptly evaluated by a pediatric endocrinologist and
other appropriate specialists.
« This recommendation is not intended to discourage pri-
mary care providers from referring these patients to pedi-
atric endocrinologists as needed. /

dZ=3F 7t0|=2tel HHolE
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Girls with onset of breast development

(thelarche) before age 8 years

Age < 7 years

We suggest a 4- to 6-month period of observation
to differentiate unsustained or slowly progressive
puberty from rapidly progressive puberty before
starting diagnostic evaluation. [Rec. 2]

Tanner B3 or greater

Age 7.0-8.0 years

Boys with testicular enlargement

(>4 mL) before age 9 years

We suggest watchful waiting via periodic
physical rather than i diatel
performing evaluation with laboratory testing
or radiologic imaging. [Rec. 1]

Progression to Tanner B3
and/or growth acceleration

Unsustained or slowly
progressive puberty

Continued observation
(watchful waiting)

Progression to Tanner B3
and/or growth acceleration
(prior to age 8 years)

Rapidly progressive puberty

(prior to age 8 years)

|
v

Perform hormonal evaluation

The Journal of Clinical Endocrinology & Metabolism, 2026, Volume 111, Issue 8 ‘
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1: Strong
recommendation
2: Conditional
Recommendation

High @SS ®
Moderate @H@HO
Low @O0

Very Low @000

Recommendation 3

In girls and boys with evidence of precocious puberty, we
suggest an initial evaluation with a basal luteinizing hor-
mone concentration by ultrasensitive assay, rather than
initially performing a gonadotropin-releasing hormone/
gonadotropin-releasing hormone agonist stimulation
test, in order to distinguish those with central precocious
puberty from those without. (2 | §000)

HZ4Z0| OAEL L0[OIN FRHZAS CILE US| Y3 HSLE
GnRH SUZALE SHe % HCHe 7|3 LH 5E8 HA &oIsts 20| §

(Translated by
E.G.Yoo).
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Technical remarks:

« An ultrasensitive LH assay should reliably detect very low
LH concentrations (eg, <0.05-0.1 IU/L).

While first morning (8:00-10:00 aw) basal LH testing may be
optimal, especially in early puberty, the guideline-
development panel judged that it is acceptable to meas-
ure basal LH at any time of the day.

When ultrasensitive basal LH concentrations are low in the
presence of clinical evidence of precocious puberty, a

1: Strong GnRH/GnRH agonist stimulation test would generally be

recommendatidg the next step in diagnostic evaluation, particularly when

2: Conditional the index of suspicion for CPP is high and/or when a rapid

Recommendati diagnosis is needed (eg, in the setting of rapidly progressive
puberty). Otherwise, another option is to repeat an ultrasen-

High DD sitive basal LH concentration, preferably in the early morn-

Moderate @ ing (8:00-10:00 Au).

Low HHO0O

Very Low ©60(

Ultrasensitive LH ZAlE 0| 92 55

(<0.05~0.11U/L)9] LHE A&E 4+ ULt
Ozl (8~10am) 7|# LH ZHArE St 20|

HEERSHL T R0 T2t 10|99 Azt
Y Y 45 Ut

(Translated by E.G.Yoo)

Diurnal variation of gonadotropin levels during pubertal development

Subject 1

Testis vol 2 mL, Age 8.7 yr5 Testis vol 3 mi, Age 11.4yr3

Testis vol d mL, Age 12435 Testis vol 5 mL, Age 43.3 yrs

Testis vol 10 mL, Age 15.1yrs

W
" o 0 0 o
\LJ,‘L\H, W Loy
vi v L4
A B S‘ Wi ML
v ¥
3 o
01 o 01 01 01
T w T TE T T TR TR TR 3
“Time of Day Time of Day Time of Day Time of Day Time of Duy

Fic. 2. LH and FSH profiles in a single boy from 8.7-15.1 yr of age (subject 1) Arraws indicate significant LH pulses detected by the Munro

program. Note the logarithmic scales on the y-axis.

30
FSH FSH
(LER 869) (LER 869)
" 20 H
(LER 960} (LER 960)
ng/ml 10 ng/ml
05

PLASMA
TESTOSTERONE
00"9/190 i

1 2 3 45 ADULTS
STAGE OF PUBERTY

BONE AGE 77 12 137 157

BONEAGE 70 105 W6 130 140

60
40
173 ESTRADI(
pg/ml
20

2 3 4 5
STAGE OF PUBERTY

Box 16.3
Laboratory Criteria for Diagnosis of
Complete Precocious Puberty in Girls

Bone Age Advancement

Bone age > height age > chronological age
Compromised predicted adult height

LH Level Pubertal®

Sleep-associated LH peak > 1.0 U/L

LH (early morning) = 0.6 U/L®

Post-GnRH (1 h) agonist LH = 3.2-5.5 U/L"
Suppressible by chronic GnRH agonist
administration

Sex Hormone Level Pubertal

Estradiol (early morning, cyclically): > 9 pg/mL
a

DHEAS normal for age or early puberty

DHEA, Dehydroepiandrosterone; GnRH, gonadotropin-
releasing hormone; LH, luteinizing hormone.

Laboratory Diagnosis of CPP

 Post-GnRH peak LH > 6.9 U/L :

> 90% accuracy

« In 8~11 year-old girls;

« Early morning basal LH > 0.3~0.6 U/L :
62~95% sensitive and 92~100% specific

92% sensitive and 100% specific
 Post-GnRHa peak LH > 4.0~5.0 U/L :

« In girls <3 years; LH >9 U/L, LH/FSH >0.4

1 hr post-GnRHa LH > 3.2 U/L (85% specific),
> 5.5 U/L (72% sensitive)

Sperling Pediatric Endocrinology, 5 Ed., p571

/
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15 [Ee > remales — Ep Recommendation 4
] ~ oo bt nasocn syt

LH FSH(U/L) Estradiol(pg/mL)

In girls ages 6.0 to 8.0 years and boys ages 8.0 to 9.0 years
with central precocious puberty and without central nervous
system findings, we suggest that brain MRI should not be rou-
tinely performed. (2 | ©000)

(U/L)

LH (mIU/ml)

Peak after GnRH agonist (Leuprolide acetate 10 mcg/kg SC)

Prepubertal, 6-9 | 2= ’ 913313 | =55 |

; L —— 4302 T 6~8K| 0012} 8~9) HOLM MY 270 ¢
2 <= Prepubertal peak : 8.

242
20l= 2HO 2 Brain MRIE £ 22 AASHA| o=kt .

rir

Premenarcheal | 2.8- <= pupertal 5P LH peak 2.8 U/L
pubertal,9-13y | 99

(2]
L

Postmenarcheal, | 30- 16-60 65-260

FSH (mIU/mI)
w
| -y |

early follicular 135 i :écs(:::,:gndaﬁon « This recommendation does not apply to younger patients
phase | 2: Conditional or to patients of any age who present with CNS findings
Recommendation (eg, headaches, seizures, and/or visual field deficits).
Table 16.1 & Fig 16.9, Sperling Pediatric Endocrinology, 5t Ed., p533~4 0 15 30 45 60 90
: High
TIME (min) Mgde%atee;%%@o
Low ®®O0 O] 3= O AP 20t} £&, FH, AOFY0| § B 2A0| U=

Very Low OO0 sHcrs
ry o 220 = sliEstR| =Lt (Translated by E.G.Yoo)

\ / L /

-~ I

2l AULo|E We suggest initial evaluation with a basal LH concentration by ultrasensitive assay, rather Other supportive testing can include basal
than initially performing a GnRH/GnRH agonist stimulation test, in order to distinguish those —{ FSH, total estradiol (girls), total testosterone
2026 The Endocrine Society with CPP from those without CPP. [Rec. 3] (boys), and bone age assessment
The Journal of Clinical Endocrinology & Metabolism, 2026, 111, 2145-2153 -‘ ______________________________ >
https://doi.org/10.1210/clinem/dgag169 !
Published: 13 June 2026 -‘ o X F O R D !
Clinical Practice Guideline Systematic Review ENDOCRINE | Prepubertal or Pubertal basal Girls 6.0-8.0 years In the absence of
SOCIETY indeterminate basal LH concentration . old and boys 8.0-9.0 CNS findings, we
[ LH concentration years old (without CNS [~ | suggest that brain |
H ° H ° H I symptoms and/or signs) MRI should not be
A systematic review supporting the Endocrine Society b routinely performed
e _° H H B H nV N for these age groups.
clinical practice guidelines on central precocious puberty o Contrl Girls < 6 years R
Option: Repeat GnRH or entra old and boys < 8 years
- . N - N early morning GnRH agonist pubertl precocious — old (without CNS
Table 2 Brain MRI findings by age and sex subgroup in children with CPP basal LH stimulation test | Puberta W puberty symptoms and/or signs)
Subgroup analysis Prepubertal concentration BTanNRl
— — stimulated LH Girls and boys of ran
Age group MRI abnormalities Pathogenic lesions Hamartomas Tumors concentration L | any age with CNS
Girls <6y 21% 11.06% (49/443) 9.26% (41/443) 1.81% (8/443) symptoms and/or signs No pathological
Girls 6-8y 9.56% 1.02% (22/2154) 0.37% (8/2154) 0.65% (14/2154) Peripheral CNS findings
Boys <8y 37.41% 28.06% (39/139) 12.95% (18/139) 15.11% (21/139) q )
recocious
Boys 8.9y 2.97% 0% (0/337) 0% (0/337) 0% (0/337) ppubem T#:n?;r?grﬁgtgfmg
S . pathological lesion Idltg):;hlc %
Low @O0 O e O o AP £0ft £5, T, AMOFY0| & P £740| U= g,,,, ——
Very Low 000 ZA20| = B|5IR| O
20 & sHiEstA| S
- - (Translated by E.G.Yoo) ‘ The Journal of Clinical Endocrinology & Metabolism, 2026, Volume 111, Issue 8 ‘

- J .
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2026 The Endocrine Society

St
=

Centra precocious puberty: an Endocrine Society ciical
practice pu

1: Strong
recommendation
2: Conditional
Recommendation

High @0D®
Moderate @HHO
Low HHO0O

Very Low @000

CHetw! ESATE R
=dlel A2z}

Recommendation 6

For many children with central precocious puberty, we sug-
gest gonadotropin-releasing hormone agonist treatment, al-
though certain patient subgroups may not achieve net
benefit with such treatment. (2 | @000)

3

Ol A

ox
rr 4

©2 1T £0(0|A GnRHa |27} 80| & 4 oL}, YR &
|27} 802 £80| H3) %8 & Ut

ool
i O

=
=3
Ap
(Translated by E.G.Yoo)

1: Strong
recommendation
2: Conditional
Recommendation

High @&
Moderate @B B0
Low @00

Very Low @000

Recommendation 10

In children being treated for central precocious puberty, we
suggest against routinely continuing gonadotropin-releasing
hormone agonist treatment beyond chronological age 10.0 to
11.0 years (girls) or 11.0 to 12.0 years (boys) and/or bone age
11.0-12.0 years (girls) or 12.0-13.0 years (boys). (2 | §000)

Fz242 % 2 GnRHa X|2 £ C{ofol 4] 10~114 8 ZT5PLt Holo
2T O7FR|, E OfOf 2 11~124), Yot 2AF 12-134 8
FO7IR] B2 X B8 SAISHE 2 HEH| YECE (rransiated by 6 Yoo)

710| =29l 0|

2026 The Endocrine Society

Central recodous puberty: an Endocrine Society clincal
practic gidetine

Recommendation 6

+ Be

=l pol

1: Strong o I

recommendatid
2: Conditional
Recommendati| * Th
High ®OOD
Moderate ®©® be
Low 600
Very Low ©O(

o Girls and boys who are at or beyond the peak of their

the available evidence was from studies of girls only, as
evidence in boys was lacking.

ance of shared-decision making for all patients with CPP, «
which should include a careful weighing of anticipated

context of each patient’s clinical presentation, patient/
caretaker values, etc.

cause this recommendation was predominantly driven

by the adult height outcome, it may not apply to certain =29 Or S4% §_t,|_l'7|01| Ut (&=
patient subgroups who are not expected to derive an im- o -

slo| E2 E; L oLy A

rtant height benefit, including: AY 7ol S M) D= HH &

o Girls ages 7.0 to 8.0 years who have slowly progressive O[9| AL 2| ZAZ | M S 1HE 7|45}

GEES

pubertal growth spurt (this will be concordant with
their bone age assessment).

. LIOo}o] AC | 2 5 1+
e recommendation is for both girls and boys; however, 01| B2 OFA 2| =0f 2t 2717F

o] BZ3t Argo|ch.

e guideline-development panel emphasizes the import-

o
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29| SAHS I EH 22 133t Shared
decision makingO| Z85}C}.

nefits and potential harms of GnRH agonist use in the

Recommendation 10

In children being treated for central precocious puberty, we
suggest against routinely continuing gonadotropin-releasing
hormone agonist treatment beyond chronological age 10.0 to
11.0 years (girls) or 11.0 to 12.0 years (boys) and/or bone age
11.0-12.0 years (girls) or 12.0-13.0 years (boys). (2 | §000)

SFEZ5322 GnRHa 2| & 2 0010l M 10~11M & Zat5t7 L HOorollM
T~124E 2apg m7tA], = ofof AP 11~124|, Hor 2P 12~13M &

1: Strong
recommendation
2: Conditional
Recommendation

High @D
Moderate @H@HO
Low @O0

Very Low @000

im%a" [["77|'Z| -?-ij'j il E'% %Xl%l‘% 3! 2 '-'Horxl ¥ (Translated by E.G.Yoo)

The potential reasons to consider GnRH agonist continu-
ation beyond these recommended ages are highly individ-
ualized and may relate to growth trajectory, psychosocial
considerations, and/or neurocognitive impairment (eg,
developmental delay).
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Girls and boys with an established diagnosis of central precocious

puberty with or without pathological intracranial lesions

This recommendation was predominantly driven by the adult height outcome, S
50 it may not apply to certain patient subgroups who are not expected to derive

GOIIadOtI opin deIICIe"cv
— al portant height benefi udil = Normal
efit, incl g A 7| 2 | of

For many children with central precocious puberty,
we suggest GnRH agonist treatment, although certain
patient subgroups may not achieve net benefit with

such treatment, [Rec. 6] e Girls 7.0 to 8.0 who have slowly progressive CPP

* Girls and bovs who are at or bevond the peak of their pubertal growth spurt

Premature thelarche

= Exaggerated thelarche
Consistentwithl Concern for lack of « BEHYU AR B o S

pubertal suppression pubertal suppression ||y TS
Rapidly progressive CPP

eSS
Continue treatment with GnRH Carefully assess adherence to
agonist therapy. prescribed GnRH agonist treatment; if —
[ adhe:encl(jj ils colnfirrr:;d, gss;:s/gasRal-ll M Hé"al *| X—fﬂ 913 |—|' ;.‘_'I ?;l v
sex steroid levels and/or GnRH-/Gnl
We suggest against routinely agonist-stimulated LH levels to confirm 5| ZIHELL —
continuing GnRH agonist treatment GNRH agonist treatment failure. 5| IsH5t= CPP
beyond a chronological age of T
10.0-11.0 years in girls or 11.0-12.0 -
N . A| RF HHF 2 7-
years in boys and/or a bone age of Adjust GnRH agonist dosing, frequency 2 AAEO BEA i atri ; h Ed. Fi
11.0-12.0 years in girls or 12.0-13.0 of administration and/or formulation L (Sperling Pediatric Endocrinology 5" Ed. Fig 16.31)
years in boys. [Rec. 10] as indicated. Zlest= CPP
The Journal of Clinical Endocrinology & Metabolism, 2026, Volume 111, Issue 8
_ \_ /
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Suggested by E.G.Yoo

The 2D-spectrum of pubertal progression
in girls with early and central precocious puberty

slow progressive early onset CPP rapid progressive early onset CPP

rapid progressive CPP with

slow progressive CPP
onset between age 6-8

with onset between age
6-8

slow progressive early puberty rapid progressive early puberty

“533 AEY WU

A& T@St= 7M0|2 CPP OOF, 9M|O|2H CPP HOF 5! SMR3 O] &0|HA

=> 4-674UZ AHEY| DYAE B 3 AR OF 2

W AR HQ IRE 25-34 FO[0F X7 AlRt

(Krishna KB et al, Use of gonadotropin-releasing hormone analogs in children:

Update by an international consortium. Horm Res Pediatrics 91(6):357-72;2019)

[ A

24

S 7I0|E2(Q! ALl E

Suggested by E.G.Yoo

The 2D-spectrum of pubertal progression
in girls with early and central precocious puberty

slow progressive early onset CPP rapid progressive early onset CPP

E

Individualized follow up

rapid progressive CPP with

slow progressive CPP
onset between age 6-8

with onset between age
6-8

Shared decision making

slow progressive early puberty rapid progressive early puberty

/
7-94] C{OtoI N GnRHa | 29 B35t 15O g At
- 717} BZ 0|40|D] BHYO| FAA WEX YO AT YL HAHUSIY TH540)
EoH, K22 Q) o S7I6HA| g 7540l &L
= ZV[AREVIZ Qo (X EHY Ble 3R Hol, s R0k NER Q3 2E
M7t 22 Aol2td = 4= §itt
= MEZ|7F HED| TS =F0] AYots AKX Ee| LIEILIA| g5 & A0, 4~6
HEZ TYE=E A E= 20| =F0| St
= 9A| o|¥o] ofotoflM = X| 27t Yo =38 F7| Of”CL
(Krishna KB et al, Use of gonadotropin-releasing hormone analogs in children:
Update by an international consortium. Horm Res Pediatrics. Epub July 18, 2019)
o
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NIPT for aneuploidy screening

« Common aneuploidies
* NIPT is the most accurate screening test for the common autosomal

aneuploidies (trisomies 21, 13 and 18) in unselected singleton
populations, and those at known increased probability

 Expanded NIPT

* Massively parallel sequencing techniques that perform genome-wide
sequencing enable the detection of whole chromosome imbalances
in any chromosome

* NIPT for sex chromosome aneuploidies, rare autosomal trisomies, and
microdeletion/microduplication syndromes

/ e::i E::S%mar;gyWOmen'sMedi(alCenter,
Expanded NIPT
: Rare autosomal trisomy2} UPD
2026.11.07
SOAE Y AEOIT 08
o J
p
Rare autosomal trisomies (RATs)
* Rare autosomal trisomies (RATs)
* Trisomies in the autosomes other than chromosomes 21,
13 and 18
« Full trisomies of these autosomes are rarely observed in
live fetuses after the first trimester
. /

Performance characteristics of NIPT

TABLE 2 Cell-free DNA test performance characteristics |1, 48, 49]

Sensitivity Specificity PPV (%) PPV (%) PPV (%) PPV (%)
Condition (%) (%) Age 20 years Age 25 years Age 35 years Age 40 years
Trisomy 21" 992 99.91 48 51 il 93

Trisomy 18* 96.3 99.57 14 15 9 69

Trisomy 13* a9 9987 & 7 21 50

45" 90.3 99.77 32 32 32 32

472000 9.1 99.86 27 27 28 45

47.XXY" 93 99.86 29 29 30 52

A7XYY 93 99.86 7l 71 71 71

2025 SMFM CONSULT SERIES#74

TABLE 4 NIPT Performance for rare autosomal aneuploidies (RAAs), segmental chromosomal abnormalities (CNV > 7 Mb) and
micradeletions (<7 Mh)

P FP TN FN  Sensitivity (95% CI)  Specificity (95% CI)| PPV (95% CI) NPV (95% CI)
RAAS 3336 46623 0 99.99% 99.92% 47,83% 100%
(89.42%-100.00%) (99.89%-99.95%) (35.65%-60.20%)|  (99.99%-100.00%)
CNV27 Mb 20 16 16656 0O 99.99% 99.97% 55.56% 100%
(83.16%-100.00%) (99.96%-99.99%) (38.10%-72.06%)  (99.99%-100.00%)
Microdelotions® (CNV <7 Mb) 5 2 28743 1 8333% 99.99% 7143% 100%
(35.88%-99.58%) (99.99%-10000%)  (37.40%-91.27%)  (99.99%-100.00%)

Monica F. 2023 )

0|#H | Expanded NIPT : Rare autosomal trisomy2t UPD
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False positive rate of NIPT

Table 1 Based on a literature review (Additional file 1 Table 51) here numbers of NIPT-positive cases tested for the five indications
trisarny 13, 18 and 21, SCAs and RATS are given together with false-pasitive and false-negative case-nurmbers

Indication Testedoverall  91.63% of overall tested
all Sindications tested 41472 38,001 460+ 217

b

3 721,157 639378 687 04 13
na 730,253 647,442 1447 268 3
121 752,979 667501 5283 517 3
SCAs 300,894 266,773 ez 66

RATs 158,305 140433 343 280 )

all na. na s951° 2039 s

* All pasitive tested = 10,096-= 1.314%; * checked positve NIPT cases:88.68%

Table 2 Data from Table 1 is translated into percentages: false-positive and false-negative test results are expressed with respect to all
cases tested by MIPT and with respect to all cases having a positive test result after NIPT

with respect to all NIPT tests Table 1 of corresp. tested cases (%] with respect to Table 1 of corresp.

tested cases (%]

Indication NIFT positives

a

all 858 an 00079 a7 065
b

{iE} 0,101 0048 00020 4425 189
s 0228 0041 00046 1852 207
21 079 0077 00046 979 ase
SChs 0448 0248 00004 55.45 008
RATs 0244 0208 00000 8450 000

Liehr T. et al 2022
J

-

ELEE-E]

- Trisomy 21, Trisomy 18, Trisomy 1 R A 014 A O M

ings
Trisomy 21 |

Tnsomy 2 HL-Z0I0l= °F 1653 0182l
Trisomy 18 l S QlatEshs MR & ASLICH

Trisomy 13 |

- Trisomy 9, Trisomy 16, Trisomy 22
g
Trisomy 0

NO
'
2 somy
3
.
5
8
?

Trisomy 16
Trisomy 22
- Sex chromosome aneuploidy
ings
X0 [}
XX 1

- Micro-deletion syndrome
angs
16p12 deletion 1
Prader-Will/Angelman 1
Van der Woude 1
2932.1 deletion [

Guidelines for NIPT

Recommended Strongly recommended Recommended
Recommend offering
. Conditional recommenda
Not routine

tion

Not recommended routinely Insufficient evidence Insufficient evidence

Not recommended routinely Insufficient evidence Insufficient evidence

Not recommended routinely Insufficient evidence Clinical utility uncertain

Insufficient evidence

Not recommended routinely Evidence evolving

Expanded NIPT : Guidelines for RATs

« Full trisomies of these autosomes are rarely observed in live
fetuses after the first trimester

« CPM is a well-recognized biological cause of false positive NIPT
results. This high rate of CPM and the rarity of true fetal RAT is
reflected in low PPVs seen with NIPT

« Especially in the presence of a normal ultrasound, amniocentesis
is the preferred test for diagnostic assessment of the fetus after
a high chance result for a RAT on NIPT

ACMG guideline 2023)

0|#H | Expanded NIPT : Rare autosomal trisomy@t UPD
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Reasons for discordant results:
CPM(Confined Placental Mosaicism)
o Occurs in approximately 1-2% of placental tissues from CVS o
specimens
© Normal cells
[ o
High-risk NIPT Low-risk NIPT High-risk NIPT
\ 2025 SMFM CONSULT SERIES#74 /
e ™
Mihﬁ:‘vs meiotic development of confined placental mosaicism |
Mitotic Meiotic
~D @»...,‘mw, ~ @
Vv oy Voo
[1)) soemn )
& )
Il (ML
)l AL
! !
% oo - o°
I 00 0o & "
t""l I pacem ‘"") |£I|1 O
(1P} ! (] (D] I
N -

-~

Reasons for discordant results:

CPM(Confined Placental Mosaicism)

« Incidence of CPM varies by chromosome of interest

e Chromosomes 13 and X were more likely to be associated with CPM than
chromosomes 18 and 21

o Trisomy 21 is 2%, but for 45X it is as high as 59%

2025 SMFM CONSULT SERIES#74.

¢ 99 discordant NIPT cases in about 34,000 NIP
fetal diagnostic/postnatal testing did not conf
o Placental tissue sampled from multiple sites
o Overall CPM rate : 32.3%(32/99)
* T21:333% (2/6), T13:33.3% (4/12)
* RAT : 37.2% (16/43), SCAs : 38.5% (5/13)

* CNV 16.7% (3/18)

Rosenblum et al. 2024
N\ Y,
. B
Reasons for discordant results
‘Trisomy rescue & Uniparental disomy(UPD)
[ e . = |
Mitotic Meiotic
~ @ — 1: :®
” e ”l T M M P M M P M M P
I i Ill| ] lllllll it x K &
lll |||‘L / \
;Mlllll T: M;:E:w ?"?:j Tl,: Diploid fetus
10 1 (B[} 1ocn 1 S .’:PDP : ’:PDP . MNlIJPSA

AmJ Obstet Gynecol.2024;230(4):381-9 )

Expanded NIPT : Rare autosomal trisomy2t UPD



20263 Kol nFathstu
SIS o|= 712t QJAl =121 AL Z}

S

o
—_

/

Expaned NIPT : Guidelines for RATs & UPD

« Trisomic conception can be rescued by the mitotic loss of one of
the three chromosomes but results in UPD

* Based on CVS and amniocentesis data, the overall risk of UPD in a
pregnancy with a CPM for an imprinted chromosome is 2.1%,
though the specific risk varies among the imprinted chromosomes

« If a euploid fetus is confirmed on amniocentesis, the risk of UPD
must then be considered if the RAT involved one of the imprinted
chromosomes(autosomes 6, 7, 11, 14, 15, and 20)

Reasons for discordant results:

CPM(Confined Placental Mosaicism)

o Uniparental disomy(UPD)
e Most occurrences of UPD result in no phenotypical anomalies

e Autosomes 6, 7, 11, 14, 15, and 20 contain imprinted regions which cause
parent-of-origin differential gene expression

° Unir\nrnnfﬂ inharitanra Af imnrintad Aanac * raciilt in nhnnr)typical anoma

~ Imprinting dsorder  Frequen- _ Associated o
|IeS [Ln) (omim) o locusand gene E bt

UPD(Gpat  Tra atal dabetes  40%  6a242 uthetoacidoss,  [31,32)
o5 (601410) ase, deafress, epipepsy e-

UPD(7mat  Rus
[

Sndrome2 ~7-10%  7p112-13,  IUGR

gt

UPD(Tlpat  Becwith-Wiedemannsyn-  20%  11p15
drome (130650)

33,34

35,36]

UPD(11)mat Russell-Sitver yndrome 3 Veryrare  11p155
(616489)
UPD(14)matTemple syndror

37.38]

16222)  78% 149323 IUGRIPNGF e [39,40]

UPD(14)pat  Kegami-Ogatasyndrome 6% 140323 IUGR, poyhycramrios,large omphaloce 1l
(608149) tory failu i defects, d

UPD(15)matPrader-Will syndrome <30%  15q112-q13 Neonatalh 2,43
(176270} disabiity

UPD(15)pat Angelman syndrome 3% 1sqn2aq13 peech impairment,  [44, 45]
(105830) unmotivated laughing, ataxi, seizur, scoliosi leep disorder

UPD(20)pat  Pseudoh dism  25% 201332  Resistance to parathyroid hormone, hypocalceia, hyperphosphatemia, ereditary osteo- (46
b (10 dys jbeutancous osifi borormal growth patern

UPD(20jmat Mulchandari-Bhoj-Con-  100%  20q1332 falureto (47, 48]
linsyndrome (617352) thrive

Lab Med Onlire. 2023,-13(4):290-&9

Pregnancy outcome according to CPM

 TRIDENT-2 study : 110,739 pregnancies in the Netherlands are offered GW-NIPT

Table 2. The origin and outcomes of additional findings detected
by genome-wide NIPT (n = 402)

Outcome® Pregnancy Outcome

* Adverse perinatal outcome

[ Pregnancy outcome ___|CPM_IRR _|

LB TOP IUFD

i 0

Rare autosomal trisomies (n = 196) | Pre-eclampsm 8.5% 185
Fetal origin (n = 15) Preterm birth 124% 22
Fathogenic (n =9) P8 ! Birth weight <3% 136% 55
VUS/benign (n = 6) 4 2 0 . .

Birth weight 3-10% 13.0% 1.8
(Assumed) CPM origin (n = 179)

i 0

Adverse perinatal outcome yes (n = 94) 86 3 5 Induction of labor 30.5% 13
Adverse perinatal outcome no (n=85) 81 4 Y Planned caesarean section 12.4% 16
Maternal origin (n = 2) NICU admission 62% 2.1

Pathogenic (n = 2) 2 0 [

- CPM may confer an increased risk of adverse obstetric outcomes even after a euploid fetal
karyotype has been confirmed

Pregnancy outcome according to CPM

Lore L. 2024

* 94,542 undergoing a first-tier NIPT in Belgium
* High risk on RATs : 165

* CPM : 150
1504 609 Uncomplicated live birth
140 B Complicated live birth
1304 iay
1204 1 . . .
10 » Complicated live birth
5 o] 1) Preeclampsia : 7.9%
EI 2) Preterm birth : 21.7%
Y 3 3) SGA neonates : 22.4%
3 o
= 5o 20
ol
304
1o
204 I
R ™ _I __--_I -] |
\4‘9‘; ‘:;;\ I RN NN NCNEYY] 4\:;"3’
& F °
It o

/
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Diagnosis of UPD

* Methylation specific PCR(MS-PCR), Methylation specific
multiplex ligation-dependent probe amplification(MS-MLPA)

Amniocyte Matemal DNA_Patemal DNA. Positve CTL. Negative CTL _ Blank Amniocytes (Fetus)
SNRPN (CpG sland) NON 15q11.20
o[ FRT® R, 1
i
B e o ) 3R} I =~
o o
o g o
w w m @ W@ [ORar A ear e
Maternal allele— e e
Patemnal allele— Uncut (only ligation) Cut (Ligation +digestion)
Figure 5, Result of MS-PCR.1 ytes, the pat y the matemal Figare . Resuls o MSMLPA onchomosame 15 the SNAPN and DN genescfchomosome
allleis amplified, e inthe feu

enzymes, s doubled compared to the

normal chromosome. Based on the results of these two tubes, PWS due to maternal UPD can be

diagnosed.

Diagnostics. 2023 Feb 4;13(4):580

Diagnosis of UPD

-Region of homozygosity(ROH) detected by CMA

* SNP array (CMA)

TABLE 3 Suggested management of cell-free DNA results in pregnancy [62]

Diagnostic testing after NIPT(+) : CVS or

A}IO? may not always be the appropriate test given the potential for confined
placental mosaicism, the rate of which varies with specific aneuploidies.

Chromosome Category

Suggested invasive procedure

Other considerations

Trisomy1,2,3,4.5, 7.8
9,10,12,16,17,19, 22

Rare autosomal trisomy

Trisomy 6, 7,11, 14,15, 20
imprinted genes

Trisomy 13 Common aneuploidy,
high rate of CPM

Trisomy 18, 21 Common aneuploidy,

low rate of CPM

Monosomy X Cormmon aneuploidy,

high rate of CPM

Multiple aneuploidies Risk of maternal

malignancy

Rare autosomal trisomy,

Normal first-trimester ultrasound:

amniocentesis

Abnarmal first-trimester ultrasound: CVS

CVS, followed by amniocentesis if

abnormal -Amniocentesis £ 1
-CVSE 7hsshA| et 0|2
amniocentesis Al 223

Normal first-trimesier ulirasound:

amniocentesis’

Abnormal fisst-trimester ultrasound: CVS§

CVs

Normal firsst-trimester ultrasound:
amniocentesis’

Abnormal fisst-trimester ultrasound: CVS§
Normal first-trimester ulirasound:
amniocentesis

Abnormal fisst-trimester ultrasound: CVS

Third-trimester growth sean
(especially in trisomy 16)

If unaffected fetus with normal
karyotype, consider methylation
studies or testing for uniparental
disotny

Amniocentesis if mosaicism on
Vs

Amniocentesis if mosaicism on
Ccvs

1T unaffected fetus, consider
maternal karyotype for mosaic
Turner syndrome

Il unaffected fetus, consider work
up for maternal malignancy

2025 SMFM CONSULT SERIES#74

- Log2 Ratio
* Homozygosity : AA =2 BB # i i
* Heterozygote : AB
*« ROH : Homozy905|ty ALHo - ittt
2 00X = ¢t Ex
* Long ROH detection - UPD - Allete peaks
detection s Fo f ~ x}w
s & . ! genotype
il " ¥ BB
O OF Oy
Lab Med Online. 2023;13(4):290-300
* Amniocentesis 16+3wks S
+ Conventional karyotyping : normal
« CMA : negative =R — — -

2 Py

DNA §7% % Data §30 £ A ct.

3 ayuuye

NPT Ol 202t

0|#d | Expanded NIPT :
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— Various etiologies + Comorbidities

— Disease stages . .
+ Disease modifying
treatments (DMTs)

e N

8H) X|2H|(mAb) AlC2)
x|0) 2 X|2 Mt

~
2K Tttt X2 E2 OFF oS B4 M Xz Kot HEXEX|EZH (DMt 25
AR LS.
34 7i X2 M| (symptomatic treatments): Acetylcholine esterase inhibitor2 NMDA
TEN ZgHmemantine= S 42 A0SR 2, ADS| 22X QI HE|S HAT|X|= RE.
AHZEXZ R (OMT): 27HH 2T =L Y2 OF220|= Ha|S #H o2 5, ADO|
oot ZE X0 = A X|Of EHAO] YR SXIOIAM YU THE =5
AY HAE XE S5 £7|0ls AX7|s0 SEHY dydE |X|, THE HANM=
dede 7|5 Rt BSH2SHBPSD) HE|7t TR,
Y MM X2 X&H 524 DMT B & Tf42 HMetH oo, o0 st 21X 7|5
% LYHE 715 MIE 2A=AFIRE R
Ciia =txiun Yy,

The Course and Staging model of sporadic Alzheimer disease:
A continuum from normal cognition to dementia

Normal brain ageing

® —
2.1 Early MCI
Duration: decades @

o Amyloid-B accumulation Reversion
c . 2.2 Late MCI to normal
o o Tau hyperphosphorylation cognitive
Q leads toneuronal loss function
5 * No noticeable cognitive
z loss Duration: “7 years R\GCLITTTCITIILT Stable MCI
1S o Biomarkers and genetic SSUB/RESORIC] 3.1 Mild dementia
S profile for AD - the risk * Biomarkers -

aetiological
diagnosis

of disease progression

3.2 Moderate dementia

3.3 Severe dementia

Time Duration: ~7 years; followed by
1. Preclinical stage: asymptomatic, at-risk total loss of independent function
2. Prodromal stage: MCI o Impaired activities of daily living

3. Syndromal stage: dementia Nature Reviews Neurology 2016;12:131-132

Clin Geriatr Med. 2017;33(3):325-337/
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Cholinesterase inhibitors NMDA receptor antagonist
Rivastigmine
Donepeil | . Rivastig ]
Nausea 3%-19%" 2% 17%—47% 2%—4% Not available
Diarrhea 5%-15%* 7% 5%-19% <7% 5%
Constipation 3%-5%
Anorexia 2%-8% 7% (decreased ~ 217% <3% <1%
appetite) 3%-26% (weight 3% (weight gain) (extended-

loss) release formulation)
Vomiting 3%-9% 1% 13%-31% 3%-9% 2%-3%
Insomnia 2%-14% Not available ~ 1%-9% Not available Not available
Headache 3%-10% 7% 4%-17% <4% 6%
Dizziness 2%-8% 8% 6%-21% <6% 5%-7%
Fatigue 1%-8% 4% 4%-9% 2%-4% 2%
Syncope 2% 1% 3% (falling) Not available Not available

6%-12%
Bradycardia 21% 1% <1% <1% <1%
Infection 1% <1% 1%-10% (urinary ot available 4% (influenza)

tract infections)
*Dose-related. /

=

]

£

% - Symptomatic

g T treatments

2T

3

£ Disease-modifying
.\é— treatments

No treatment
Mild cognitive | Mild I Moderate I Severe
impairment (MCI) dementia dementia dementia
Time ® -
o0

AChEls S5 EX

Properties Donepezil Rivastigmine Galatamine
Mode of inhibition Reversible Pseudo-irreversible el el
modulation
Selectivity AChE>>>BChE AChE=BChE AChE>>BChE
tmax (h) 35 08-1.7 05-1.5
Plasma half-life (h) 70 1-2 6
Plasma protein binding (%) High (95) Low (40) Minimal (0-20)
Metabolism CYP2D6, CYP3A4 nonhepatic CYP2D6, CYP3A4
Excretion Urine/feces urine urine
Bioavailability (%) 100 40 85-100
Dose-AUC relationship linear linear linear
Potential for drug interactions Yes Low moderate

Memantine

Half life = 60-80 hrs

Hepatic Cytochrome P4502| THAFE AHX|A| G0 Cif 2 ~HOZ HiH
wor AYBY, BUHE| HI HY

10mg b.id &+ 20mg q.d

- 5mgqd 2802 A%}, A4 15 2HAOR smg¥ B

- 20mg/d7HA| SO RA| 7t

F5&, £5 X|0f (K-MMSE 0~20, CDR 2-3 £+ GDS 4-7)
AchEl H&A| 2IX]7|5 E40f B 2ty

OlddSo: 21t - 54y, 2¢EY

(

C
B
$3g0| 47

BB A 2304 30, BASOIg2l AR
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Combination therapy

2. 2xslojo Etxioiy i2iElnt SUEE S ChE kel Waied d1s

RCT, Randomized Controlled Trial

Modified from / Am Med Assoc 2004;291:317-24 & Alzheimer Dis Assoc Disord 2008;22:209-21 &
Curr Alzheimer Res 2008;5:83-9 & J Neurol Neurosurg Psychiatry 2009;80:600-7

.

o 5 A = orm o
® = wem @ . E8IIH0| T2 %20l ALl &
Taiot,etal  7F0| SUmiE 28301 404 Tl WERWO| x| Js{incon), I 7|ch
(2004) BEZ-SZ(MMSE 5-148) 25 S S0l & Loty 29
o gEslolnl BX 245 tpxgin = = o Opx| oro
o RIPVIE 3N FHE2 WX AS
Avietsl  FE-ESEOlUSpibg 382 W HERWO AKX 7ls THiE
Qo0B) &R HERH Che oAl BT TR o UE A ZT| FH™ A AChEI T
T Y BER|2(standard = 2 #Ho st Q0| 7o
care) HlaL = AHE ZR0IM 58 A8 B2
Paserson, CESWMS8E0ZE- 43 @ ByRs0| % 7k, 4SS HOE A Y2 7Hsd0l 7H =3
otal B5c0| uxsolnig 8l Sxgl B3 Uig O U Uk . N
(2008) uz e K =) . %%5 o|/g9| °E|‘§o|-0|l}| X|I:IH QI_I-
Loper, etal.  AE-ESEo YRSy 93 H5IQ¥0| QA (nursing home) X 01 M B2 ol MMSE 20721
Q009 B HEeW ChE oA DEAR A ARIS TR |-J_| 12820 2B ( =
B 9 OIF) 98Xz g 27, £0t 4010} 59/ 014 ¥ 0|3}0|1 CDR 2 EE+= GDS 4£Ct
2 24 98l 2 W o o
ARl Azl 3o 43 Loy 73_,_)

/

-

~

AP amino acid 1/2|3[4|5|6/(7|8]9|10/11]12|13|14|15|16|17(18|19|20|21|22|23|24|25|26|27|28|29|30|IgG class | Monomer/fibril
numbering preference
Amino acid QK[L|[V[F[FIATE/D|V[G|S|N]K|G|A
Bapineuzumab | | IgG1 M=F
Lecanemab Ep s 1and 16 \ 1gG1 M<<F
Gantenerumab IgG1 M<<F
Aducanumab IgG1 M<<F
Donanemab || | | [ IgG1 M = F*

| b IgG1 M>>>F
Crenezumab [T T TTTTTI1 IgG4 M>F

Table 2| Comparison of properties of anti-Ap antibodies

W Key amino acid epitopes

Drug Normalized Amyloidremoval ~ APOE4 D of N drate of Incid, ARIA-E/

dosage (mg per kg (CL/number of carriers inistration yloid L of ARIA-E  amyloid

per 4 weeks) patients) (weeks) (CL per 4 weeks per (%) (B) removal rate

10 mg per kg) (A) index (=B/A)
Bapineuzumab™® 0.3 ~7¥/12 0 71 0 9 =
Gantenerumab® ~ 13* 42°/27 67 52 25 48° 19.2
Lecanemab’ 20 62°/43 30 52 24 10 42
Aducanumab™ (i 64/109" 67 78 5.5 35 6.4
Donanemab®* 150 67/115 77 24 75 27 36
\ Curr Neurol Neurosci Rep (2021) 21: 39, Nat Rev Drug Discov 21, pages 306-318 (2022)/

Disease-modifying therapy (DMT)
Zsto|o el 22Xl FEfYE| 7|H0| &850 HES 0Lt L X AA7| 1L, 2Y
Mg S3E 48 L X2 X
F9 KB BX AZHE 24T AR BofoHs st B 7| M
- T 2l O{URO0|E B4, B HE MY NFNE 24
- NZYZ 9L HE 24 45, ASAEYA, MEY 24, MR Afepopioss
- MZ 7|5 0]y: OIEZER0F 7|50, Al d
- B 71 HBME A S84 B UESY a8 S
SN Y HE gorY20|E THEEFH QI 27 B =LY RO CHEX Q! DMTO|D,
CHE #2| 7|HE BN Sl= XBYE A7 3

Alzheimer’s & Dementia 2008;4:S109-S118, J Prev Alz Dis 2017;4(2):109-115

Aducanumab: Targeting Alzheimer’s Disease Pathology

Amyoid B
Hagegaion

(o

Baseline

AR

(AR
L‘,ﬁ:

One year

Placebo

Microgia
Aducanumab Treatment:

Reduced Progression of
Alzheimer’s Disease

6mgkg"!

%)
&/

No treatment

10mgkg™

Dysfunctional
Microglia
Nature 537, 50-56 (2016)

In June 2021, the US Food and Drug (FDA) approved .
However, the data provided thus far would not be sufficient to support a positive opinion on the
marketing authorization of aducanumab by EMA (European Medicines Agency, EU).

/
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Longitudinal change from baseline in CDR-SB

2.00 4 EMERGE
§
2
e 1.50 -
o~
55 :
sd
c o
§ £1.00 -
Q
e
Ta
2
5
= 0.50 4
<
Analysis visit (weeks)
0.00 T T 1
0 26 50 78
Placebo n=547 531 42 288
Lowdoseadu  n=543 512 420 289
High dose adu n=547 513 431 299

2.00

ENGAGE
£
2
s 1.50 -
o~
£a
4
co
§ £1.00
[
Eo
33
8
5
2 0.50 -
<
Analysis visit (weeks)
0.00 T T d
0 26 50 78
Placebo n=545 522 455 333
Lowdose adu n=547 529 454 331
High dose adu n=554 532 448 293

Lecanemab

FDA Approves Lecanemab for Alzheimer’s
Disease

0On January 6, 2023, the Food and Drug Administration granted Accelerated Approval to a new
monoclonal antibody—lecanemab (brand name Leqembi)—directed against amyloid for the treatment
of mild Alzheimer's disease (AD) and mild cognitive impairment (MCI). According to the FDA label
treatment with lecanemab should be initiated in patients with mild cognitive impairment or mild

dementia stage of disease, the population in which treatment was initiated in clinical rials. The initial

FDA Greenlights Monthly Lecanemab
Dosing for Alzheimer’s

Updated Jan 27,2025 @ 5MinRead ~ Kelsey Giara, PharmD, RPh

The US Food and Drug Administration (FDA) approved on January 26 the supplemental biologics
license application (sBLA) for once every four weeks intravenous (IV) maintenance dosing of
lecanemab (Leqembi) to treat early-stage Alzheimer's disease (AD) with confirmed presence of
amyloid-8. Indication is for individuals with mild cognitive impairment or mild dementia stage of
AD. Patients who have completed a biweekly initiation phase of 18 months now have the option
totransition to a monthly 10 mg/kg dosing regimen.

(Legembi®)

News| Artile January 14, 2025

FDA Accepts BLA for Subcutaneous Autoinjector Formulation of Lecanemab
* Biologics license application (BLA) for lecanemab-irmb (Leqembi)
subcutaneous autoinjector (SC-Al) for weekly maintenance dosing

The agency has set a PDUFA action date for August 31, 2025, for a
decision to be made. If approved, patients would transition to weekly 360
mg subcutaneous maintenance doses following the biweekly IV initiation
phase, to sustain clinical and biomarker benefits.

FDA Approves First At-home Starting Dose for
Alzheimer’s Disease Treatment

The U.S. Food

regimen ” Legembi
an amyiold beta-directed antbody Indicated forthe reatment of adult patients With

izt Previously with the
P Ougs

]
months of reatment,

home administration by themselves of their caregiver

HE 204, 5. 24.(F)

Ao, 33 ¥2s10|ME 2|24 5%t

20249 18 31Y, OtF7t+3 &k &
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2477 HELPLINE

800.272.3900

Aot News Professionsls Events EnEspail 8 E-News

Alzheimer's & Dementia  Help & Support  Research  Getlnvolved  Local Resources  Search Q

Aducanumab to Be Discontinued as an
Alzheimer’s Treatment

Treatments for Alzheimer's

Navigating Trestment Options

Lecanemab Approved for Treatment

of Early Alzheimer's Disease

Aducanumab to Be Discontinued as

an Alzheimer’s Treatment

€MS Treatment Coverage

Donanemab for Treatment of Early
Alzheimer's Disease — News
Pending FDA Review

Questions for Your Doctor

Medications for Memory and
Thinkina

Aducanumab (Aduhelm®), which received accelerated approval as a treatment for
Alzheimer's disease from the USS. Food and Drug Administration (FDA) in 2021, will be
discontinued by its manufacturer (Biogen) in 2024,

Aducanumab was the first therapy to
demonstrate that removing beta-
amyloid, one of the hallmarks of
Alzheimer's disease, from the brain
reduces cogitive and functional decline

in people living with early Alzheimer'

Aducanumab's approval was a landmark
event for the Alzheimer's field, and

there continue to be many
advancements in treatment

Learn more about other available FDA-approved treatments: Medications for Memory,
Co

Clarity AD primary endpoint: CDR-SB

04

04
§n
Py
c0
Eg 0.8
B2 12
£

= Placebo
= Lecanemab

18-month, multicenter,

LS mean
difference at
18 months: -0.451

27% slowing
by lecanemab
at 18 months

1.6+ e
*p <0.05; ** p <0.01; ** p <0.001; *** p <0.0001
0 3 8 9 2
Visit (months)
(N) Placebo: 875 849 828 813 779 767 757
(N) Lecanemab: 859 824 798 779 765 738 714
2022 CTAD
/
-t AL .
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double-blind, phase 3 trial
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Placebo

Lecanemab

.

Safety Outcomes
B Amyloid Burden on PET € ADAS Coglé Scors Any Adverse Event
Less amyloid Worsening. 100
e o ] 88.9 )
H H £ 819 €
) T ! i 3 80 798898 g
83 s (—" £ 8
i i ! £ H
8 £33 g o0 &
iy HH b «
z 5 _§ 4 ° o
3 © 40 @
23 s i s Pacebo @ »
2 P00 at18mo 2 P<0001 at 18mo k] g
i el T o £ £
[ N 2 18 o 3 6 9 122 15 18 g $
Visit (mo) Visit (mo) & 2
No. of Participants. No. of Participants
Lecanemab s 2% s 7 210 | Lecanemab som m o om m om0 Lecanemab  Placebo
Pacebo woow % 35 05 | Placcbo mow om oW om
D ADcoms E ADCS-MCI-ADL Score. Infusion-Related
Infusion-Relate
Worsening Worsening h
Reaction
g 0 £ o
& & )
: o [ 9 2
g oo Lecanemab 3 £ Lecanemab H H
58 % 53 o a
3 o 2 ] g
29 - £ £
I o : L 8 K
% . <000 at 18 mo Fecxbo % P<0.00 at 18 mo Placebo’ ‘s ‘s
o 3 & 5 1 1 1 i 12 1 & &
" 8 8
Visit (mo) Visit (mo) £ &
No. of Paticipants No. of Participants g g
Leanemab 8 B0 M6 7 79 B M | Lenemb  m 7% s i H H
Placebo s 87 2 38 M5 74 M9 Placebo % kel 79 207 o a

Serious Adverse Event

Lecanemab  Placebo

Amyloid-Related
Imaging Abnormalities with
Edema or Effusions

Placebo

Lecanemab

N Engl J Med 2023;388:9—21/

OLE following 18-month core study
Even after plaque clearance, AD continues to progress when treatment is stopped.

Three years of continuous lecacanemab treatment reduced clinical decline by -0.95 on CDR-SB
showing continuous clinical and personally meaningful benefit for early AD patients.

~

CDR-SB
2 4 Core Flup Gap OLE
3 (no treatment) (lecanemab
2 10mg/kg bi-weekly)’
e
§ 3 £
8 o
5 H
g EY
H ]
4 2 §_=
H it
i
o 1 3£
H i
= L
o0
i : 1 ‘ ;
0369121518 | aM 1M 1M 5 b 15 1¢ .
FiUp OLE Bassline 0 3 6 9 12 15v_ _mM . 4 0 3
Visit (months) it (Month)
Core Troamert: N(Delayed start): 875 849 828 813 779 767 757 662 602 549
lacebo: 40 40 39 39 39 35 35 35 w ¥ B N(Earlystart): 859 824 798 779 765 738 714 659 613 569
10 hi-Wuskiy 31 31 30 30 20 29 20 28 3 30 27 24 N (ADNI): 436 410 401 121 301 173 173
Study 201 Clarity AD

Presented at AAIC 2024/

Adverse Events Of Special Interest :::;;5;7 Le(c“:;r:)a D

(Pooled preferred terms [PTs]) " % . . . ) .
Infusion related reaction 74 ot Adverse events leading to discontinuation of the trial
ERIAE 12 20 agent occurred in 6.9% in the lecanemab group and
ARIA-H (pooled PTs) 9.0 17.3 .

Isolated ARIA-H (pooled PTs) 78 8.9 2.9% in the placebo group.

Placebo

Lecanemab

~

ARIA-E (Clarity AD) Hie
(N=897) (N=898)
nIN (%) niN (%) EE EE-F5CARA 91%
ARIA-E 15/897 (17)  113/898 (12.6) 234 78%

ARIA-E by ApoE4 genotype j;|§_ A| 37H_9,J 0| |_H uMu 71%

ApoE4 noncarrier 1286 (0.3) 15278 (54)

AsoE4 carrier 14611 (23) 981620 (15.8) daz ol 2 8%
ApoE4 heterozygote 94T8(19) 521479 (10.9) headache, visual 2.8%
ApoE4 homozygote 5133 (38)  46/141(326) disturbance, confusion ’

Symptomatic ARIA-E* 0 25/898 (2.8)

ApoE4 noncarrier 0 40278 (14) Infusion-related reaction, ARIA-E, and rare

ApoE4 carrier 0 21620 (34) macrohemorrhage are important adverse events
ApoE4 heterozygote 0 LT (L) that can be seen with lecanemab treatment.
ApoE4 homozygote 0 13/141 (9.2)

*Symptomatic concurrent ARIA-E and ARIA-H were included under ARIA-E.

2022 CTAD
L /

e N

Titration-free dosing from the start

Once every four weeks Maintenance Dosing for the Treatment of Early AD (FDA approved, Jan 27,
2025). Alzheimer's disease progression does not stop after plaque clearance; ongoing treatment
with LEQEMBI can slow disease progression and prolong the benefits of therapy

= .
Abaseline MRI is required ta initiate therapy." a Only LEQEMBI offers titration-free dosing

After 18 months

Consider maintenance
treatment schedule*

from the start—the recommended initial
dosage is 10 mg/kg IV infusion over
approximately 1 hour, twice monthly’

First 18 months

Initial treatment schedule’

i
|
|
|
|
|
Twice ;
monthly i
(once evsryz weeks) |
i
I
I
I
I
|
|
|
|
i
i
i
i

After 18 months, consider transitioning to

Once once-monthly maintenance dosing '

monthly [/

(once svelle weeks) No amyloid level testing required to
transition to maintenzance therapy

No additional MRIs required, unless
symptoms experienced

Duration of therapy is up to the discretion of
the HCP and patient

03 MRIs

Obtain an MRI prior to the
51, 7th, and 14th infusions
o monitor for ARIA! . .
arter , Patients who continue on therapy beyond
18 months may be able to maintain treatment

Afer 18 months, patients may continue with twice-monthly dosing, benefits for longer!

MONTHS
oratransition to once-monthly dosing may be considered.!

Throughout treatment, if a patient experiences symptoms

suggastive of ARIA, clinical evaluation should be
performed, including an MRI if indicated.!

o /
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DND 2024 Oct;23(4):165-1 89

Donanemab (Kisunla®)

an 1gG1 monoclonal antibody targeting N-terminal pyroglutamate-modified forms of AB
appropriate candidates

- mild cognitive impairment or mild dementia due to AD (Clinical Stages 3-4, MMSE 20-30)

- biomarker confirmation of AD pathology by PET or CSF

- Apolipoprotein E genotyping to inform an individual's risk of developing ARIA
Pre-treatment MRI, no more than 12 months prior to treatment

- Exclusion: >4 cerebral microbleeds, cortical superficial siderosis or a major vascular
contribution to cognitive impairment

Administered as a monthly intravenous infusion

Surveillance MRIs to evaluate for ARIA, prior to the 2nd, 3rd, 4th and 7th infusions, prior to
the 12th dose in higher risk individuals; at any time ARIA is suspected clinically.

Clinicians may consider discontinuing treatment if amyloid clearance is demonstrated by
amyloid PET, typically obtained 12-18 months after initiating treatment.

Donanemab: Appropriate use recommendations.
Journal of Prevention of Alzheimer's Disease, 2025, 12(5)/

Donanemab (kisunla®)

https://www.fda.gov/drugs/news-events-human-

a B Content current as of:
drugs/fda-approves-treatment-adults-alzheimers-disease

07/0212024
The U.S. Food and Drug Administration has approved Kisunla (donanemab-azbt) injection

for the treatment of Alzheimer’s disease. Treatment with Kisunla should be initiated in Regulated Produc(s)

Drugs
patients with mild cognitive impairment or mild dementia stage of disease, the population ¢
in which treatment was studied in the clinical trials.
.+ 2026 5€ 7IE 0|5, 2, g3, T3, 2F FHALEY), 2912, LT SS Zatot W MA &

487 X| 90 52

¢ REAE(EV)S ZET I8 XH0| M= APOE e4 SET R AHed/ed)E KB THAOIM H 2l
Dosing Instructions
The recommended dosage of KISUNLA is 700 mg every four
weeks for three doses, then 1400 mg every four weeks (see
Table 1). KISUNLA is administered every four weeks as an
intravenous infusion over approximately 30 minutes.
Consider stopping dosing with KISUNLA based on reduction of
amyloid plaques to minimal levels on amyloid PET imaging.

Table 1: Dosing Schedule

Intravenous Infusion KISUNLA Dosage

(every 4 weeks)
Infusions 1, 2, and 3 700 mg

Infusion 4 and beyond 1400 mg

(administered over approximately 30 minutes)

iADRS CDR-SB
L 22% slowing 007
by donanemab N
24 at 76 weeks NN
g g% N\
E 44 E .
By o B 210 "
i Es iy R
g $§ 4 § E H \
H 4 2 154 N
H B N
g .04 N g N
H N\ bE } £.070
124 ‘\ 292
I e e e e L
0 12 kol » 82 L] % o 12 E ] ® 52 & %

6 3B 693 B 653
M2 665 6% 579 583

Placebo 8% i 78 672
— Donanemab 784 TT4 731 682 650 603 508

Abbreviations: AACI = IST-MC-AACI; iADRS = integrated Alzheimer’s Disease Rating Scale; CDR-SB = Clinical

Dementia Rating Scale — Sum of Boxes: SE = standard error.

Note: ¥* p<0.01, ¥*% p<0.001, *#*¥ p<0.0001.

784

Clinical Pharmacology Summary
*  PKand PD results support the proposed recommended dosing regimen, including the option for
prescribers to potentially stop treatment based on amyloid pathology.
*  Amyloid plaque re-accumulation is slow at 2.8 CL per year
*  Patients who completed active treatment by 6 months are not expected to become amyloid positive for
up to 5 years

Donanemab for the treatment of patients with early
Symptomatic Alzheimer's disease.
PCNS Advisory Committee Briefing Document. June 10, 2024/

¥ | Kof ZA| X=X (mAb) AlCHS| ofE X2 T2t
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B INAN Kisunia D=0Vl Lecerti ol c oo - . . .
._?f [ [ XLE0EVE! b Ot 20|E EHMAEX: Kisunla vs. Legembi TABLE 11-2 Comparison of Key Efficacy and Safety Outcomes for Lecanemab and
% Donanemab
Kisunla binds to plague =1
EEE = R | cE
Gl GRS se sacl qgzols el BuEs WA
Approval July2. 2024 SHOIY 20| EH|E CHU S 25HA X2 (anti- -AB monoclonal Efficacy measure
Infusions 1/ marth 2/month antlbody, mADb) Clinical Rating Scale-Sum of Boxes (CDR-$B) % slowing 27% 29%
If scans shows sudstzntial Often OK to step traatmen: CDR-SB points difference 0.45 0.67
Gearing ofbrain a'tor6- 1€ months Continue treatment anyway ) Bk
o Mean baseline amyloid (centiloids) 78 104
cost $32000 year 526000/ year OFXBI0|HE RIS LEL kO AS A XSO0
x = X
ey ‘EU( 7 DiES E,;Lfo'x Jlto| MatE Zol A ojL Mean amyloid clearance (centiloids) 5 86
ingroved cognitive cecline 35% 30% BRI 1A= S Zetoh AR5 l 1 e e+ /s
’ e X Centiloid reduction 66% 83%
Vore Convenient Injectable Version o Expecied mic-2025 2 7|th (2Y Z2A|, disease- modifying drugs) e
Patients amyloid negative at 18 months 68% 76%
Offial # of Fatients Treated 0 3000 N
=9l safety measures
Cost 20 patientwith Medicare About 20% 3'. o= o
Part B, besides non-drug costs) (Around $6.400 / year) Kisunla: Net amyloid-related imaging abnormalities due to hemorrhage (ARIA-H) {treated-placebo) 8% 12%
H 7g 20
USA. Japan. China, South Garea, 20244 7€ FDA 59! Net amyloid-related imaging abnormalities due to cerebral edema or effusion (ARIA-E) 1% 2%
Isrzel Hong Kong. Jnited Arab Leqembl. (trested-placebo)
Aoproved In USA(Jul2024) Japan (Se2 2024)  Enirstes, England
20234 7€ FDA $9l: 2024H 58 KFDA 59l ARIA-E by genotype (raw)
Varketed n USA Japen, China
No Government Assistance Englend EOF 3| A | OlAK S3e3 5 5%
4. 5% 3 & G4
Under Regulatory Review: In 7 Countries ) £3/e4 % 21%
Kisunla: 4/ca 3% 36%
Tt 13| Z=Al £4/e
Disspprovedy 1213 FA
lisapproved by 0|'D|EO| C E| D‘ ; =c} gMMlaoﬂ)\.i EoF =rC} ARIA-H by genotype (raw)
Advantages: Le S =2 L PET ( ) SdC - oofMa T o
e e N e x L o3| o
CE I ¢ 7V G 27 5 55 X5 ois g0 85
Adverss Events 4% 23% Legembi: N Sk 1 528
= =\ 9] EOt & 1= 18
ARIA (Amyloid-Reltec 23 1H FAL 1871 B 213 192 HY 4/ca 0% 50%
Imeging Abnormalties) 7% 2%
CONTINUUM (MINNEAP MINN) 2024;30(6, DEMENTIA):1823-1844.

Brain swelling 25% 12.6% / \

s N B
V2 R L bl= °—° OHZZ0IC 2E B4 012 (ARIA)OIE? ] . .
S 3 0t oL o ek, ) ST Mechanistic implications

3% 22221 G1(Immunoglobulin 61, IgG1) HUSE 8| B Oy, .
(monoclonal antibody, mAb)2JLCt. :;ﬂgﬂ:‘:li:\:r;e:silsja:: :\Z}::M:I:E‘igi Mﬂijam&girjm Ove rV I e W

Bz Pl 22 SlofLIc™

a Normal b Alzheimer disease pathology
ARIAS )2 — AB plaque
ERELICL ARIA-ESt ARIA-HE S0 L4 - glguirt?

Antibody-initiated removal of

W 2IE A8l Z0l= ofUR0IS B B4 0|2 (amyloid-related AB — exacerbate CAA

imaging abnormalities, ARIA)O[2t2 £2|= EXXQI 21580 Brdin parenchyma - Parenchymal A S5 AR
LiERE 4 laLict. " ARIAIZR 2 M i o + AR antibody binding to the
272 A8 T ARIAS| S0 el S22 0fshet CHS MRI ARAE ARAH Pecirteril ! ! | Reduced vascular AB in CAA — a series
- el EESGTA g ofovns o vasoaramyo
iR R e A ! A depstinsnd 3 % ; remodeling, increased vessel
Jr— Araryvel| S e B ] permeability, complement
P Rp——— B Nerylmen| Evdothlileel - activation, inflammation
+ YYHOR K|B A7|0f WS, AEXRE &3 71710] LHHLE ZATH TS Veenontege e © Early immunization d Repeated immunization
+ ARIA-ES} ARIA-HE SA0 i = 2lgLirt LA TS ) %
+ ARIA 24 $0] SHEHIZE TIE 22, ARIAS] THAB 21451 202 i sl ] 0 # owzIg sy N \
- ARIA-ER| B2 HE GAEDI MOS0, 5, 4 o2, LEEuEE B B Rlnmicies i3 e
7531 75 50| 2ALITL 58 40t 1j=, Aofa, w0l S0| LiFfd £ 98T 4" - e e e SR | J
- E2 F50| LAt S40| Uield + 2(00((0): H|9E, 34 UZaEEY Uy, [ . =7 X
[ HET| & el status epilepticus) 5), 2 #3 £IZ7} BRE + USLIC ap Eap] B4 B3 vasogenic edema)' uEE(Ee
(01: ZEAH 28, w|T2M, ARZ0|E A, BRA ol )40 e p . Smoatsc
. ARIAL AIZFIT AIBEY & QIALICL? DB (sulcal effusions) (0F: HE)* (R HHAE, superficial sderosis) e p b i e
sBEw FINREFEEES e e f.:‘;f!:;:‘:‘.ﬁ?ﬁ.’l:‘(&:ﬂ(.am

OO B (922 A Cogrrt o 201

0 felfuir; ARAH, .
\ ORE, e 8 s, MRL B SONSIC agn T, T / \\ Nat Rev Neurol 16, 30-42 (2020)/
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0., Use Hospital mplant antibiotic protocol, e
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g ey e osnai ey By 8 pt i Geriaricina
500 m of oo or 5 ays ahe surgery

1. Abdominal transverse incision 2. Dissect the fat and expose
of 4cm at the midiine, 2 fingers  the fascia of the anterior rectal
over the pubic symphysis.

3. Longitudinal incision of around 4. Para-urethral dissection and
2 cm at the anterior vaginal wall  needle introduction from vaginal

5. Check the bladder integrity 6. Introduce the traction threads

performing a cystoscopy.  into the holes of the needles and
pull the needles until the traction
thread is on the abdominal site.

e

> e

$: Clomn e threads wity 8 10. The suture threads will
gauze soaked with Gentamicine.  pass out through the central
Align the Varitensor holes and  exit hole (fixation screw).
pass the traction threads through

the Varitensor lateral holes.

at level. incision to abdominal site.

7. Pull the traction threads unti the mesh 8. Close vaginal incision and
is d in jth change gloves

the middle urethra, without any space. to the abdominal site.

Fix the mesh at suburethral tissue with

o reabsodiable sufme knoks: Go back to the abdominal site.

mﬁ

11. Maintain the Varitensorin  12. Screw the central fixation screw to

the midiine, 10 cm over the fix the threads. Cut the excess thread

fascia of the abdominal rectal  and start winding the traction thread

muscles. into the Varitensor by tuming clockwise
the manipulator while puling up slightly
the Varitensor.
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13. Tum the manipulator

14. Close the abdominal

<

3- Inject 250-300 cc of 4- Withdrawthe urethral 5. Ask the patient to perform 6 If sl leaking apply three %* E.:." )8 2 AEI E.L
saline into the bladder catheter and ask the Valsalva maneuvers. If leaking, tum manipulator clockwise complete
(just up to the patient's patienttostand upovera  the manipulator three complete clock-  turs and ask the patient to
first voiding sensation). floor pad. wise tums and ask the patientto per-  perform Valsalva maneuvers N N _
e WOl $520| YA E Te YT ThE oA WaE D HAH Ol 7t
) \ I\ Jl = oo BFTFS H| 2| = 7| 2|3l TS ALOISL T HITMA XS
81 /‘ \ / \,/’ J TEs O 7| {20 &S HYF7| sl 222 M elstn a3
3 = SEA [Syey =] 2 A|BHS
§, g} SdA7E A2 R RE AAE
Y ' ; DHIXLY| EFES a| = & S| HFDFZE T | AH QI
& SHET| 2#ES0ILEL HE M IS, & A0l oo HaE MY
7. Repeatthe step6untl 8 When the patient s continent, 9-Askthe patientto goto 10~ If residual isless than 42 0|0 Cist MAESH K| 27 SME|OfOF &
the patient s continent. we know that three complete tums  the toilet for voiding and 100-150cc., disconnect the
before she was incontinent (so the ‘measure the residual. manipulator and discharge
sling is at the minimum uretral support the patient (go to point 13).

level for continence, and no more).
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Department of Orthopaedic Surgery, Bundang CHA Medical Center,
CHA University

.

Disc degeneration

Figure 4. Macroscopic age-related disc changes

Grade I: normal juvenile disc

 nucleus pulposus and anulus fibrosus can clearly be distinguished

* the nucleus pulpo: ageHike is highly

hydrated
it

. discrete lamell
Rl > b,

‘Grade II: normal adult disc

= peripheral appearance of white, fibrous tissue in the nucleus pulpo-
sus

* mucinous material is found between the lamellae of the anulus

rosus
 thickness of the cartilage endplate is irregular

Grade lii: early stage

fibr ue in
« demarcation between nucleus pulposus and anulus fibrosus is lost
and extensive mucinous infiltration in the anulus fibrosus is

observed
 cartilage endplates show focal defects

‘Grade IV: advanced stage

» dlefts in the nucleus pulposus appear, usually parallel to the end-
plate

. i found in the

5 S =3 = Sane ke
larities and focal sclerosis are found in the subchondral bone

Grade V: end stage

* typical disc structure may be lost completely

 dlefts extend through nucleus pulposus and anulus fibrosus
 endplates display diffuse sclerosis

ing life (modified from [138]).

/
Introduction

Grade 0 Grade 1 Grade 2 Grade 3
degeneration degeneration degeneration degeneration

Grade 0 Grade 1 Grade 2 Grade 3

N Facet degeneration

Introduction

Aging Spinal Canal With Stenosis
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disc protrusion

Spinal stenosis

re
flul
rd
Nl
4
m
0%t
0z
jla]
riot
10
ek
>
20)
I



2026 Kto|ufstistn
2= Q= I8 QAL =2I2! AL

/

Advanced degenerative changes (type of associated pain)
SUPERIOR VIEW

Facet hypertrophy

Central canal stenosis ) \f

ral pain)
3,
/

Thi ing and

of the posterior
longitudinal ligament
and ligamentum flavum

P Foraminal stenosis
\ ' (radicular pain)
Lateral recess
stenosis A\ U
(radicular pain) |\
_Loss of nucleus

a Schmorl node
e pulposus

SUPEROLATERAL
VIEW
Thickening and

calcification of
ligamentum flavum

POSTERIOR VIEW OF FACET JOINT
(CAPSULE REMOVED)

Enlarged capsule

.
Introduction
R.F. McLain et al. / The Spine Journal 5 (2005) 191-201
IL-1
- .
Facet Joint Eicosanoids™
Bradykinin
DRG Serotonin

<

o«
\SnbstanceP

CGRP
VIP

Intervertebral
Disc

ML MBS

surrounding facet
\Face« hypertrophy hypertrophy
Introduction

RF. McLain et al. / The Spine Journal 5 (2005) 191-201 195

Tissue Injury
Nerve Injury Disc Injury
Bradykinin
Neuropeptides In(erleul_(ln 1
——({E)>—> | Serotonin ——@\
Norepinephrine Phospholipase
A2 (PLA2)
A Vascular permeability / r
Vasodilitation —+ r's )
Arachidonic Acid Platelet Activating
Factor

Nocicepter
Sensitization

NSAIDS

&

Lipoxygenase

Hyperalgesic
leukotrienes

Cyclooxygenase

Hyperalgesic
Prostaglandins
Tl

and Pain

3 3o 2ista R, HE FAR S E FH|of 25 FH 21X

BH USE AU =N S 2ASIE 7| E

4>
30
n
s

242 Y, 532 Y Sofl w2 oS Al 22N, §52

St +E2Q FH (facet joint),

ganglion) 50| = CH&o| ElC}L (M
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Steroids

Steroids

Paramethasone PIO
Dexamethasonc |5 e 10
Betamethasone —0 35
) s
Triamcinolone g
: s
Methylprednisolone [ 0.5
] s
Prednisolone 08
_ 4
Prednisone [N

Cortisone

L
Hydrocortisone .{

g
w

10 15 20 25
Relative potency

°
el

W Anti-inflammatory M Salt-retaining
2HZ20|E HHE Fott X A-ZspLpof| et A Zats HAHO[LL, D|FES
o3| So| AnE A& 1F Ol UHHS = AS ASHH A0f A8 A+= A 3~63]
ojst A Astu QArt. (M= uts} 53

Yl

.

Methylprednisolone (Depo) 40 mg
Triamcinolone 40 mg
Betamethasone 6 mg

Dexamethasone 7.5 mg

Approximately equivalent doses c

E

/
Cervical fluoroscopic guided block

» Cervical epidural block

Vertebral artery Dens Lateral
in transverse atlantoaxial joint

foramen
Spinous
process
Vertebral C1 spinal Atlas (C1)
Lamina 2 foramen nerve
Axis (C2)
Spinal (‘ Dorsal
cord Vertebral
— artery
Superior £niie i
artpi'cular oot i
; X process
acet )
Bersal oot s Spinal nerve

Transverse

2 7

(spinal)

ganglion C5 spinal " process

Ventral neive

ramus Spinal

Vertebral Vertebral Transverse C7 spinal 25[‘2(,&5'”

artery body process nerve

Transverse Uncinate
a foramen process b Vertebral body (C7)

H
Dexamethasone O| non particulate steroid
/
N
Cervical fluoroscopic guided block
+ Cervical epidural block
J
OIENZ | A= B3 Weto| FAt R
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Cervical fluoroscopic guided block

+ Cervical transforaminal epidural block

/

Cervical fluoroscopic guided block

» Cervical transforaminal epidural block

/

Cervical fluoroscopic guided block

 Cervical transforaminal epidural block

Trajectory
view

e

/ —~C3IVF|

Multiplanar (

view

Safety view | __— = /A

M cave |

Multiplanar|

P
/7, cavB
view R

/ (?6 IVlV=

[l _cevB |

/
Cervical fluoroscopic guided block
+ Cervical transforaminal epidural block
N 2B MPRCET FA 0, eSSl
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Lumbar transforaminal epidural block

LUMBAR
SPINE

Anesthetic

Lumbar transforaminal epidural block

Pediculus

Processus transversus

‘Save’ triangle
Ganglion spinale (DRG)

Ramus ventralis

o2
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Lumbar transforaminal epidural block

Lumbar transforaminal epidural block

~
Lumbar transforaminal epidural block
Safe triangle Radicular artery
\
Exiting nerve root Exiting n;rve root \
Kambin triangle
J
. . N
Lumbar transforaminal epidural block
J
QHERZ | M3 Bl 2o A RY
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Transforaminal epidural block (S1)

Anterior

Posteior

Transforaminal epidural block (S1)

Transforaminal epidural block (S1)
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Caudal epidural block

Cauda equina

—8 Epidural fat

1st sacral n.

Venous plexus

Spinal dura mater

Dorsal branch of
3rd sacral n.

Ventral branch of

4th sacral n. Sacral comu

Coccygeal n.
External filum terminale

Cocecyx

g
Caudal epidural block

Sacrococcygeal ligament

Epidural space

Epidural veins

Sacrococcygeal joint

Filum terminale

Dura/arachnoid

* Fig. 115.2 The triangular sacrum consists of the five fused sacral vertebrae, which are dorsally convex.
The sacrum inserts in a wedgelike manner between the two iliac bones, articulating superiorly with the
fifth lumbar vertebra and caudad with the coccyx.

_

e
Caudal epidural block

Sacral hiatus
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Caudal epidural block

Contrast dye

-~

N

Caudal epidural block with a catheter

Original Article | i @E ok

Caudal Epidural Injection with a Catheter in Patients
with Failure of Conventional Epidural Blocks

Tac-Keun Ahn, M.D., James Sungwook Yang, M.D., Tac-Ho Kim, M.D.. Min-Wook Kim, M.D.,
Dong-Eun Shin, M.D., Ph.D.
Department of Orthopaedic Surgery, CHA Bunding Medscal Center, CHA University

‘Study Design: Retrospective study.
Objectives: The purpose of this study was to analyze and report the results of caudal epidural injections using a catheter in patients in
‘whom conventional epidural block had failed.

‘Summary of Literature Review: Epidural nerve block is often used to treat chranic back pain and radicular pain in degenerative lumbar
disease, and percutaneous epidural neuroplasty or surgery may be an alternative if it fails

Material and Methods: In total, 145 patients who were treated with caudal epidural block using a catheter were recruited for this
study from January 1, 2015 1o June 30, 2019_ Forty-five patients who had not undergone any epidural block in the past were excluded
from the study Amang patients who did not have a fracture and were followed up for at least 1 month, the medical records of 61 patients
with degenerative disc hemiation, spondylosis, and stenosis were reviewed retrospectively. Visual analogue scale (VAS) scores were
evaluated before and after the pracedure.

Results: Of the 61 patients who had undergone epidural block through a wransforaminal caudal approach with no pain control effect,
there were 18 males and 43 females. Their mean age was 66.3 years and the average follow-up period was 264 months. There were
46 cases of spinal stenosis, 33 cases of spondylosis, 2 cases of spondylolisthesis, S cases of disc herniation and 1 case of ankylosing
‘spondylitis. The mean number of epidural blocks was 5.85 (times) before the procedure. The mean initial VAS score was 5.34 and the
final follow-up VAS score was 2.70. There was a significant difference between befare and after the procedure (p<0.05). The mean
duration of effect after the procedure was 1.84 months and the mean number of procedures was 2.30. After the procedure, there were 4
cases of surgical treatment, 2 cases of neuroplasty, and 3 cases of epidural block using other methods over more than 1 year of follow-
up.

Conclusions: The result of ths clinical study suggests that caudal epidural injections using a catheter may be effective for patients with
low back pain who have not responde to previous epidural blocks before surgical treatment

Key words: Back pain, Catheter, Epidural block. Caudal block

-~

Caudal epidural block with a catheter
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PEN History
* 1989, Gabor Racz named percutaneous epidural adhesiolysis
— Tx goal : remove fibrous adhesion in post spinal surgery syndrome and
spinal stenosis
— 60% of the causes of symptom recurrence after spinal surgery is due to
epidural adhesion
+ 1999, Gabor Racz renamed of the procedure as percutaneous
epidural neuroplasty (PEN)
— broadened indications including post spinal surgery syndrome, herniated
lumbar disc, annular tear, and chronic spinal pain
\
a

Racz catheter

~
Racz catheter
Racz catheter
MK A
J
R
Navigation catheter
e
¢
,\ P - =
¥’H{'—v—v—\
HIH| A O] Z}EH|Ef (navigation catheter), 7}E|E] EIo| WaFE ZHSI0] (3tatE) FE
gta| R st K2 4E WS BO|stA & 5= ULt
%
OFEf | = E|g ko] FAl @Y
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Balloon neuroplasty catheter

ET T

7|1Z2| Hio|A 0| FtHH R0 Y It SM0| (2tekE) Y E FHEH

.

~
Procedures (Neuroplasty)
« Setting

C-arm
monitor

@ Assistant

operator @ 25
: Scrub Nurse ‘
I Back Table |

/
Procedures

Procedures




Racz catheter (F/52)
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Racz catheter (F/52)

Procedures
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PEN with navigation catheter (M/69)
QF SR WALS 8kt MY KT = we
/
\_

~
PEN with navigation catheter (M/69)

/

~

%
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Balloon epidural neuroplasty (M/57)

-~

Balloon

epidural neuroplasty (M/57)

SELD (M/30)

o2t
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Procedure related complications

+ Infection
— Can occur in any invasive procedure

« Discitis, spondylitis, meningitis, epidural abscess etc.

* Bleeding complications

— Epidural hematoma, paraspinal hematoma etc.

* Neurologic complications
— Cervical, thoracic cord infarct, vertebrobasilar brain infarct, transient
ischemic attack
— Epidural abscess, hematoma

— Intrathecal or subdural injection

Procedure related complications

Spinal Epidural Ballon Decompression and Adhesiolysis, Shin, Springer

/

r N
Procedure related complications
* Dural puncture
N GEEEETH
~ A& 3 CSFleak QI3 £E0| 24 7hs
- OB FYUA MF &4, MM, NEY, MWK, LEEINK BT 5
- mEp FY MRS AE S HEA HO B
« ZYHIE F0{5l0] QtEA| Myelogram LIELLIX| =X & 2l
+ Myelogram EQIA|
- Mg B
- ZHA CHE B9I0IM AlE
\_ /
r N
Procedure related complications
Zo NA S MEW Qa: FATE ERS Y ZFD B 0fojo] SYo| B
ElCt
- /
QHERZ | M3 Bl 2o A RY
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Procedure related complications

A= ZH Y BHEH NS (fluid level)O| ZHE M H Zote| S2Hof

Summary

01 Targeted epidural block

Select the optimal route (TFESI or caudal) based on anatomy, symptoms, and treatm
ent goals.

02 Contrast confirmation is essential

Verify epidural spread and exclude vascular or intrathecal injection before medication
delivery.

03 PEN: a selective next-step option

Consider catheter-directed drug delivery + adhesiolysis for persistent radicular pain in
selected patients.

04 Safety takes priority

Recognize dural puncture, infection, bleeding, and neurologic complications; use met
iculous image-guided technique.

e N
Procedure related complications
\_ /
r.‘.'.:‘ :— ? “
il = \ 2
HW 7
RN =
s B e
Ja ' == = —
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2025 Seoul Consensus Focused Update

Huh et al. J Neurogastroenterol Motil. 2026;32:7-18

2| biE 2} S

« 428 ZIChof| Lyon Consensus 2.0 Bt

o
O

«P-CABS %7|- QX|X|22| ME{X|2 H3t

=

ERD- &% EE- 53 EEO| 2 K| 2

o MEH|ARH S4Q| 671 Statement

27 X297 QAR E 242 2

Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128

02/15

« PubMed-Embase- Cochrane Library Z{A4
o ZAMECHAR 2024 12874X] SEHEI RCT
+ GRADEE 2AFEW ML E BIt

« 27} 599, Delphi | 7|Z 80% 0|4

THSEI HANZEE HER oY

Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128 03/15

<5mm
=2 2}7| Ato| ZZ 2ry| Aol
HAE ol HE S

LAA/B= ZB EE,LAC/D=E S5 EE

Spechler et al. CGH 2024. CC BY 4.0. X< : BSG guidance 2026, Fig. 10.
£5 7IZ: Lundell et al. Gut 1999;45:172-180. doi:10.1136/gut.45.2.172

1>

I 22| >75%
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Proven GERDQI AEH S5

et Ayt Xz F5EE 7=

LA grade Proven GERD NE 2R

A C= S0 258 dSEE
B g HBEE
c/D ol S5 EE

o

F7h2A: Barrett A, ARY A 9L WA AR HA

LA BE proven GERDO| i stX| 3t ZS EER £7

Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128

05/15

PPI2t P-CAB2| Z27|H

Lansoprazole?t vonoprazan®| B{H| X & H|1
PPI: lansoprazole

Y H*

Hep R H/K+-ATPase (proton pump)

A EH[A 20N 20

]
oo Hte 392

s
+

Oshima T, Miwa H. J Neurogastroenterol Motil 2018;24:334-344, Fig. 2 t&t Ij'd 43,
doi:10.5056/jnm18029. CC BY-NC 4.0,

P-CAB: vonoprazan

06/15

.
/
B WE Xx7| X2
222 1Y 13| £0f
NERD £ LAA/B PPI < P-CAB 48% High / Strong
LAC/D P-CAB = PPI 8 High / Weak
E3 EE0|M= P-CABC) H2t 1|9 0|HE 13
Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128 07/15
_

J
= o| A0 oL
BB EEQ HU KR E
P-CAB vs PPI, 77H RCTS| Z5 EE 24
4% 1.01 0.97-1.06
8+ 1.00 0.99-1.02
RR>1: P-CABOIA X|RE0| =5
FZ EENM = F AIZ2 X2 0|7} ol=x|
Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128 08/15
/
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NERD 23 EE2Q| on-demand §X|2%

27{3& Moderate / #1012 = Weak
«PPIE=P-CABS LR A B2
«PPIEQ Al vs IfE: Z7|FETHRR1.17 (0.65-2.13)
LR ZHOJEY £ 8: P=8T%

+ P-CAB on-demand?| &7| 27{= H|$t%

0| 242 | Z M= Y RXIQH| Z7|5E

Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128 10/15

/
XX (o] o
=5 E EO'IM‘I P'CAB—I x| L 0 ﬁ
8% X|28 forest plot. RR > 10|™ P-CABO|| &2
B PCAB PPI Risk ratio Risk ratio
Study Events Total Events Total Weight MH, random, 95% CI MH, random, 95% CI
Ashida et al. (2015) 50 50 43 46 20.7% 1.07 [0.98-1.17] o
Ashida et al. (2016) 75 75 63 72 20.3% 1.14 [1.04-1.25] =
Xiao et al. (2020) 64 76 55 68 14.7% 1.04 [0.90-1.21] —3—
Chen et al. (2022) 22 24 20 25 9.4% 1.15[0.91-1.44] -8
Laine et al. (2023) 160 177 125 174 18.9% 1.26 [1.13-1.40] B
Zhuang et al. (2024) 4 51 43 47 13.9% 0.88 [0.75-1.03] —&H
Oh et al. (2024) 6 6 4 6 2.1% 1.44 [0.80-2.60] —_—t
Total (95% CI) 459 438 100.0% 1.10 [1.00-1.20] >
Heterogeneity: Tau” = 0.008; Chi’ = 16.77, df = 6 (P = 0.010); I’ = 64% ——
Test for overall effect: Z = 2.05 (P = 0.040) 0.5 1 2
"It ME X{ERR 95% CI
43 1.14 1.03-1.26
8 110 1.00-1.20
22M 27| E3| vonoprazanO|A| SEZE
Huh et al, J Neurogastroenterol Motil 2026;32:7-18, Fig, 18 (1), 18+ 28 (E)., CC BY-NC 4. 09/15
/
xx o : o I EH
53 EEQ| continuous FX|24H
2H4F Low / #1ZE Weak
[ A
«LAC/DO= OHE X|& RX[2 H|ot
« PPI E£= P-CABO 2 R of et
XCIS =0 >
Az FHT 2L H 0
= o= 3
S 2P HY X GE LM It
X|&Q otoflA] 2|4 RE S MY
Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128 11/15

FXXE 5245 A= TR

53 EEQ| 247 T forest plot. RR < 10| P-CABOI| 22|

B PCAB PPI Risk ratio Risk ratio
Study Events Total Events Total Weight MH, random, 95% CI MH, random, 95% CI
Ashida et al. (2018) 5 38 17 4 12.9% 0.32 [0.13-0.78] —_—
Cho et al. (2022) 2 8 4 10 5.1% 0.62 [0.15-2.59] —_—
Laine et al. (2023) 24 95 37 96 56.2% 0.66 [0.43-1.01] —E—
Xiao et al. (2024) 1 39 15 36 25.8% 0.68 [0.36-1.27] — 8
Total (95% CI) 180 183 100.0% 0.60 [0.44-0.83] -
Heterogeneity: Tau’ = 0; Chi’ = 2.29, df = 3 (P = 0.514); I = 0% —_———
Test for overall effect: Z = -3.11 (P = 0.002) 0125 025 05 1 2

2 95%Ci

B3 EE 0.60 0.38-0.94

E5EE 0.60 0.44-0.83

of| 2t Bl ZIE FX|QY YAl Hlmet 72

Huh et al. J Neurogastroenterol Motil 2026;32:7-18. Fig. 5B (22), 5A- 5B (). CC BY-NC 4.0. 12/15
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Bvs PPI: 83 TEAE RR 1.04 (0.94-1.15)
«P-CABS| &7| QY Rtz £H R

Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128 13/15

« LA B: proven GERDO|| s{{&dt= 2S5 EE
«NERD-LAA/B: £7| 4-8%, R X on-demand
«LAC/D: 8F K& S Y RXI2H

<AIIX 20 HRYH £ S MYt
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A 370 AT SEE0 2 %N
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Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128

14/15

79tz

« Huh CW, et al. 2025 Focused Update of the Seoul Consensus on GERD. J Neurogastroenterol Motil.
2026;32:7-18. doi:10.5056/jnm25128

« Jung HK, et al. 2020 Seoul Consensus on the Diagnosis and Management of GERD. J Neurogastroenterol
Motil. 2021;27:453-481.

+ Gyawali CP, et al. Updates to the modern diagnosis of GERD: Lyon consensus 2.0. Gut. 2024;73:361-371.

« Katz PO, et al. ACG Clinical Guideline: Diagnosis and Management of GERD. Am J Gastroenterol.
2022;117:27-56.

Huh et al. J Neurogastroenterol Motil 2026;32:7-18. doi:10.5056/jnm25128 15/15
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2t 1 720) X FODMAPZ1H HEH 40|91 |2

Goyal 2022 - FD 105%

Z - SF-NDI 4+ =50%

100%
75% 66.7%
50%
25%

0%
X FODMAP

EIPN

56.9%

HEH 4o

£

P=0.32

FEIEL S

20.5% 7|Z. Shiha @1719] IBS SEHE 63%

2 T Qtofl A H|iot, EHRt ot WIL7|ES S e etrt

B2 412 HZH: Goyal et al. JGH 2022;37:301-309. doi:10.1111/jgh. 15694,

Shiha et al. CGH 2026. doi:10.1016/j.cgh.2026.06.006.
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dyslipidemia
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~
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01 Trends & Up-to-date Guidelines in dyslipidemia
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03 Lipid management with New medications
/
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2022 Dyslipidemia Fact sheets in Korea
Crude prevalence of_ Crude prevalence of
:lyeercholesterolemla hypercholesterolemia by sex
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2019-2020
average

2022 Dyslipidemia Fact sheets in Korea

Summary of management
of hypercholesterolemia Wooa Wwen Wvomen
1;;:)) Awareness rate Treatment rate Control rate “piﬁj:‘:;gln.r:;e;:;°::em

2019-2020 2019-2020 20192020 2019-2020

Data; 2019-2020 KNHANES 2
Hypercholesterolemia: total
Aware eported physician-diag ypercholesterole

Treatment: seff-reporied use of alipid-owering drug.

d 20+ years with hyperchol
240 Control: total cholesterol <200 mg/dL.

KSoLA. Dyslipidemia Fact Sheets in Korea, zy/

~

2020 Dyslipidemia Fact sheets in Korea

Use of dual therapy is steadily increasing up to 18.6% in 2018.
“In 2018, the proportion of monotherapy, dual therapy and triple therapy, respectively, was 80.3%,
18.6% and 1.1%."

Estimated Number of People With Dyslipidemia
1000 persons] by Treatment Strategy
10000

Changes in Prescriptions of P e
Lipid-Lowering Drugs Cp e
i
H

KSolA. Dyslpidemia Fact Sheets in Korea, z@/

e N

2016-2020
. o . o average
2022 Dyslipidemia Fact sheets in Korea
Prevalence of dyslipidemia and
its components
- Hyper-LDL- . Hyper- Hypo-HDL-
(%)
60 M Dyslipidemiat M Dyslipidemia2
B Totalt W Total2
w14 482 47,4990 B Men | Womeni [l Women2
40.2
33.0
30 -
0
Hypo-HDL-cholesterolemia 2: HDL-cholesterol <40 mg/dL in m¢ mg/dLin women. ‘

\ KSoLA. Dyslipidemia Fact Sheets in Korea, 2@/

e N

2020 Dyslipidemia Fact sheets in Korea

"Three out of 4 people treated for dyslipidemia are concurrently treated for hypertension or
diabetes.”

Estimated Number o People Teated for Dyslipidemia
[ plus Hypertension and/or Diabetes

Treatment for Hypertension and Diabetes § o, miimisicais i
Among Persons Treated for Dyslipidemia ; § T, T

[

I

L

\ KSolA. Dyslipidemia Fact Sheets in Korea, zc/zq/
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+ LDL-C Goals Have Become More Intensive With Ezetimibe Combination Over Time
2013 2015 2016 2016 2016 2017 2018 2019 /2022 2025
ESC/EAS ESCIEAS
ACCIAHA KSoLa ESC/EAS  ACC update NICE AACEIACE  ACCIAHA ;ksol'a/ ADA Focused Update
' \%2 O \%2 \%2 Y O ' O
Very-high-risk pts ~ Veery-high-risk pts Extreme-high-risk pts Very-high-risk pts Extreme-risk pts
Goal: Goal: : : Goal: Goal:
Goal: N Goal :
! n H <! <
No Goal <70T9/T|, <T0mgldL 10 evidencet <55mgldLs Recommand 55)mgl:ﬂ.1 : 40>mg/:1|_1 \
or 250% or 250%1 Recommend adding Ezetimibe | ML and 2 50%}4°
- Ezetimibe in in ASCVD pts with | [Recommend
Consider statin-intolerant LDL-C 270 mg/dL | | Ezetimibe when
Ezelirpibe or or inadequately despite maximally | | statin goals are
PCSK9 inhibitor* controlled pts® tolerated statins’ unmet.?
Recommendation Class for Ezetimibe in the 2025 Guidelines
ADA ACC/AHAT) | ESC/EAS?
Primary Prevention Secondary Prevention
For people with diabetes aged 40-75 years at | I patients with ACS who are already on | Initiating combination therapy with high-
higher cardiovascular risk, especially those with | maximally tolerated statin therapy with low | In patients with ACS, the concurrent initiation | _intensity statin plus ezetimibe during index
multple additional ASCVD risk factors and an | density lipoprotein cholesterol (LDL-C)270 | of ezetimibe in combination with maximally | hospitalization for ACS should be considered in
LDL cholesterol270 m/dL (21.8 mmol/L), it may | mg/dL (21.8 mmol/L), adding a nonstatin lipid-  tolerated statin may be considered to reduce | patients who were treatment-naive and are not
be reasonable to add ezetimibe or a PCSK9 lowering agent is recommended to further the risk of MACE. expected to achieve the LDL-C goal with statin
inhibitor to maximum tolerated statin therapy. reduce the risk of MACE | — [COR 2b, LOE B-R] therapy alone.
- [Grade B] —~[COR1,LOEA] | — [Class lla, Level B]
- o suisnkon ypa o NIGE.Ntonal st for e an
g

/

AR RS 1A} 32K} O BhE AEE] AL IT0)A
LDL-CO| H25 |ezralst A Z25 2Y

I @ vpreventionstatin @) 2°prevention statin 45

O r°prevention placebo Q) 2°prevention placebo [o) Secondary
2 25 Prevention
" 20 b
2 (0]
g CARE _LIPID Qurp
& RACING  IDEAL IDEAL Ocare
< (RSV 20mg) (ATV) (SIM) 3 WOSCOPS
@l 10 - RAC1I 0Aome) @ (5) TNT(ATV 10mg) AFCAPS 0 Pri
@ [Rosuzet10/10mg) ps  PROVE-T(PRV) rimary
Ce s !

ATV 80 —.‘_'__.'—UASCOT WOSCOPS
0 ( mg) ASCOT  arcaps
0 40 60 80 100 120 140 160 180 200
I LDL-C (mg/dL)
LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarctior

o 04921269279, 16) Loosa IC et al. ¥ Engl ) Med. 20053520141142 gersen T, et o JAMA 2005254(19)2437-2

« ESC/EAS 2025 Dyslipidemia Guideline (Focused Update)

CVD 91 0]% 22(SCORE2’ & SCORE-OP) = %
‘Extreme risk’ 2EX10] CH3H 22| 7|1E 2=

from
baseline

Treatment goal
for LDL-C
1
1 Ymgpers (O e | 1 COESSEON O 0%
i
30 mmoit. 1 SRR | B o
(I 1emeidl) ary Bt o a0
< . ot s g o
Lo i 1« Moderate KD (eGFR 30-59 mUmi1 73 )
ey - Dhwiowoctonin g i M st 0y
Pt o o sk e Gasl i o e
Do TCo8 e (10l J
s
B oo
Nadene O G o 3, hcerol
* DM wlo arge argan damage weh DM fonbee
G oo e ek e

Low _ Moderate High __Very high CV Risk

SCORE2, Systematic Coronary Risk Evaluation 2; **SCORE-OP, Systematic Coronary Risk Evaluation 2-Older Persons

LDL-C, low-density lipoprotein cholestero

2023 ESC - ACS guideline
NPT AEEl 25| A0/ IZE DB AELEIEZE EE 1

Recommendations for lipid-lowering therapy in ACS patients m
Itis recommended that high-dose statin therapy is initiated or continued as early as possible, regardless of initial LDL-C --
values.

Itis recommended to aim to achieve an LDL-C level of <55 mg/dL and to reduce LDL-C by 250% from baseline.

If the LDL-C goal is not achieved despite maximally tolerated statin therapy after 4-6 weeks, the addition of ezetimibe is
recommended.

If the LDL-C goal is not achieved despite maximally tolerated statin therapy and ezetimibe after 4-6 weeks, the addition of
a PCSK9 inhibitor is recommended.

It is recommended to intensify lipid-lowering therapy* during the index ACS hospitalization for patients who were on lipid-
lowering therapy before admission.

c

For patients with a recurrent atherothrombotic event (recurrence within 2 years of first ACS episode) while taking
maximally tolerated statin-based therapy, an LDL-C goal of <40 mg/dL may be considered.

Combination therapy with high-dose statin plus ezetimibe may be considered during index hospitalization. -

the patient -potency/ ), the patient athighest , o the patient
e ooy A “poses, Lovelet dene.
\ o i s, oo 1202 urkars
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2025 ACC/AHA - ACS guidelines
TZEAELEl 4218| A 1/%7|2E| TZTAEIEI/EZE WL 17

Recommendations for Lipid Management

In patients with ACS, high-intensity statin therapy is recommended to reduce the risk of MACE.

In patients with ACS who are already on maximally tolerated statin therapy with LDL-C 270 mg/dL (=1.8 mmol/L), adding a
nonstatin lipid-lowering agent is recommended to further reduce the risk of MACE."

In patients with ACS who are statin intolerant, nonstatin lipid-I to lower LDL-C and

reduce the risk of MACE.

ing therapy is

In patients with ACS who are already on maximally tolerated statin therapy with LDL-C 55 to 69 mg/dL (21.4 to <1.8
mmol/L), adding a nonstatin lipid-lowering agent is reasonable to reduce the risk of MACE."

In patients with ACS, the concurrent initiation of imibe in ination with
considered to reduce the risk of MACE.

y tolerated statin may be

2025 ESC/EAS - Dyslipidemia guideline focused update
AEHE naive ACS EXH0|A X7|RE] DZE=AEEI/EZE HE 17

Recommendations for lij

wering therapy in ACS p:

Intensification of lipid-lowering therapy during the index ACS hospitalization is recommended
for patients who were on any | lowering therapy before admission in order to further lower LDL-C levels.

ACC, ay; AHA, iation; ACS, Y1 2 , Maj , class of , level of evidence
R’:’ ::n‘;VTODnrmghue Mll,”Rue\ M, etal. 2025 ACC/AHA/ th \ Patient fith e AReport of the Heart ti Joint Committee on
thcs\?vz:uce Guidelines. Circulation. 2025;151(13):771-e862.
€ ESC/EAS O|ARIZES B 7to|=2tol
4 it CFk O| A
LDL-C S Ed ¢loll X|CH LHof 8o AEIEI #1

g Total CV risk assessment 0
. Baseline LDL-C levels . -
In selected low- and moderate-risk patients

| Risk modifiers imaging (subclinical
N atherosclerosis) Risk Reclassification?
Indication for drug therapy?

YES | NO |

Define treatment goal Lifestyle advice/Lifestyle intervention

High potency statin at highest recommended
[tolerable dose to reach the goal
|
LDL-C goal reached?

— YES NO“

Follow-up annually, Add ezetimibe
or more frequently if |

gtz LDL-C goal reached?
[ — YES 4L NO —
e Aol Add PCSK9 inhibitor
or more frequently if |

indicated Consider adding PCSK9 inhibitor

+ Secondary prevention (very-high-risk)
« Primary prevention: patients with FH and
another major risk factor (very-high risk)

* Primary prevention: patients at very-high rsk
but without FH

Initiating therapy with high-intensity statin plus imibe during index hospitalization for ACS should be
considered in patients who were ive and are not to achieve the LDL-C goal with statin therapy lla
alone.
Esc, & Acs, SLevelof evidence.
Eur Heart J. 29, 2025.

Qal Mach F, Koskinas KC, Roeters van Lennep JE, et al. 2026 Focused Update of the 2019 v
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A prospective, multi-national, observational study (SANTORINI)
9,044 patients 218 years at high or very high CV risk between 2020 and 20211in 14 European countries

Risk classification as reported by physician Risk classification based on 2019 ESC/EAS guideline

n High CVrisk = Very high CV risk n High CVrisk = Very high CV risk

6.5%

91.0%

'SANTORINI, Treatment of high and very high iSk

Qe! Ray KK, Haq , et al. Treatment gaps in the LDL cholesterol control very high-risk p in Europe between 2020 and 2021 Lancet Reg Health Eur. 202329

/

I M2 ZMS BRfe| LDL-C +4], SH HYE 30|

A retrospective analysis of the de-identified database (KAMIR-NIH 2011-2015, KAMIR-V 2016-2020)
26,751 AMI patients (mean age 63.6 years; male 76.2%)

Temporal trends in LDL-C levels and LDL-C goal attainment (2011-2020
LDL-C level (mg/dL) LDL-C goal attainment (%)
—e—During index hospitalization —e—1-year after AMI —8—LDL-C <70 mg/dL —e—>50% from baseline —e—Either one —@—Both
150.0 80.0%
68.5%
1300 w an S 6
1160 1151 6:3%
3.0
- me n28 M8 ms 1123 1104 = oo 58.2%
< moo = N 57.2%
£ H 586% 596%
= 8
& w00 B 5009
° 782 8 ¢ a0y 395%
9 20 775 a4 g3 94 oar 679 § 400% | o0 430% N o
: A 677 g H 337% g 332 367%
3 0 662 8§ a1.8% 6.7
5%
0.8% 20.6% 29.9%
50.0
20.0% o 24.5%
30.0 16.5% 16.0%
10.0 0.0%
201 2012 2013 2014 2015 2016 2017 2018 2019 2020 201 2012 2013 2014 2015 2016 2017 2018 2019 2020
KAMIR-NIH, Korea Acute Institutes of v -V, Korea Registry-V; AMI,

QP' Ohs, Cho K, Kim M, et al Ten-year trends i ipid management among patients after myocardialnfarction n South Korea. PLoS One. 2024;19(10):60304710. Published 2024 Oct 3

~

- b | |
S8, 19["/X09" &ixie| LDL-C S8 HME 20.1%
g, LTla/Z=LlTia ! 'E (1}
SCVD status and LLT
u Patients at LDL-C goals Patients not at LDL-C goals Unknown
(median LDL-C, 46 mg/dL)  (median LDL-C, 93 mg/dL) (median LDL-C, 93 mg/dL)
100.0%
6.6% 5.9% 7.8% 6.2% 7.8% 80% 4.0%
80.0%
*®
H oo 637%
g 733% 755% 68.2% 731% 739% 702%
]
§
T 400%
e
&
20.0%
- . - <
0.0%
Overall Very high risk High risk ASCVD No ASCVD Monotherapy’  Combination therapy®
(N=9044) (n=6401) (n=2637) (n=6954) (n=2089) (n=4902) (n=2169)
8imgdl |  77mgfll |  93mgll |  77mgldl |  0imgldl |  ssmgll |  7amglal |
KSi alone; ; any other oral LLT alone; + ezetimibe; ; ny other
terapy; SANTORNI Trestment of high and very igh Sk ASOVD, e

Qe Ray KK, Haq, etal, Tremmemcauwmmpememauoncumcnmesxem\commw among high- and very high-rsk patints n Europe between 2020 and 2021 the mltinational observational SANTORINI study. Lancet Reg Health Eur 2023,28:100624, /

N
2| ACS EHXte| X|E! 2ta| $Z - oAl Ol vs, SA

A prospective multicenter i i study (OLA-K, K-PATH survey)
1,053 patients hospitalized for a new ACS event and 35 investigators
Follow-up : mean 22.3 months

Physician expectation vs. Actual LDL-C goal attainm
mmm Achieved Not achieved Unknown  —e—Expected LDL-C goal achievement
100.0% 90.0°
——— 80% 80,0
80.0% s 0.0
g2 597% 597%
600
60.0% Gap: 50.2% N
20.9%
———40% o
200% Voap: 34%
18.8% 106% 106% 200
36.6% :
29.8% 29.8%

20.0% 25.5%

100%
00% 00
1 month 6 months 12 months. 24 months
oLAK, L aRisks in in Kore; K-PATH, Path survey
\ie' Lee JY, Yoon CH, Hwang JY, et al. Current Status of Lipid Management and Subsequent Cardiovascular Events After Acute Coronary Syndrome in d Finding b aland Survey Studies. J Cardiova 2025 Junde24 /
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LDL-C goal achievement & CVD event rates AELE! CHER Ut XIZXHA| HEQHo| 23 30
+ In South Korea, LDL-C goal achievement among patients with very high or high CV risk was SHATAME, YA OISR AEOR ksl ABtEl QU AIAZEA HReWe| 2714 42 (2020118 - 2025 42)
suboptimal. ——
100% (@) —e— 244 2ZM4Z (statin mono) —o— a3 (statin mono) —e— OHB{EAIRE (statin mono)
- —8- ZHUIZNE (combi) 8- Y4E (combi) - SRS (combi)
i 82.4% 9000000 ‘combi
80%
2
£ 0% 66.9% saozmo
H
§ o Approximately half of the patients
g oS 46 g with dyslipidemia (47.6%) achieved —
§ aow their recommended LDL-C goal. nge
S a0% '
=] . N
< 17.6% The achievement rates were s comsi
10% I substantially different across CV risk someo -
% levels (17.6%, 47.2%, 66.9%, and oo
Al patients ~ Very high risk High risk group Moderate risk  Low risk group 0 b hinhe B
oo it 82.4% for very high-, high-, .
L i moderate-, and low-risk groups,
respectively; P<0.0001). ,
Methods This was a retrospective cohort study using the National Health Insurance Service-National Health Screening Cohort (NHIS-HEALS) database from 2006 to 2013. 20201Q 2Q 3Q 4Q  20211Q Q2 Q3 Q4 20221Q 2Q 3Q 4Q 202310 2Q 3Q 4Q 20241Q 2Q 3Q 4Q 20251Q 2025
Patients who had a health examination with LDL-C measurement between January 1, 2007, and December 31, 2011 were identified. Patients were required to have at least one April
diagnosis of dyslipidemia during the 1 year before the index date, defined as the first date of LDL-C measurement. The 2015 Korean guidelines were used to measure LDL-C - 871202 § U2 Uisin), 202511 4W2 Y ¥ Y
goal achievement based on the CV risk level. Crude CV event rates were calculated for total and individual CV events as the number of events divided by person-years (PYs) (HMG C ), C10BA (C:
during the follow-up period. CV events included acute coronary syndrome, ischemic stroke, peripheral artery disease, CV death, and all-cause death. - YIS A120 (HYE), A121 (M2ZME), A125 (s zeay)
K Kim S, et al. PloS One. 2020’15(1)502284y QE‘ AZSHNAIIE ATCRE 4TS B (N2, 5, 4188 B2, 2212|2UI00[EHEAI AT, Published October 2, 2025. Accessed September 24, 2025 at https:/fopendata hira.or.kr/op/opc/olapAtcdinfoTabl.dofnone /

. .
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“The Earlier, The Better”

Temporal trends in the prescription fill rates of statins (2011-2020)

Statin Ezetimibe —e—High intensity statin —e—High intensity statin/Eze =n| . AlSiTIXISIO] Ol&io o & >
o SUZBH AEHALO| %S FHE LDL-CO| B0 W2} 57
» o ‘ 96. e n
92.9% ) s 951 % 94.7%
P —— LDL-C200mg/dL | 16%
E ol e | DL-C 125 mg/dL
o ° ' = (DL-C 80 mg/dL - 8%
. 23 ¥ B Bz M U 12 i
681% High intensity statin 5 ﬁ ?r’l- i 3 g N}
o
] ) 3
500 o8 il Loy 2
Eo i i
ws w0
e ® cqOCREYAR| &
a0 e Kl o = Q
225% Ezetimibe e i z
200% Ik gy <0
Bl 128% o i
na 9.3%  High intensity statin 2
45 [Ezetimibe
o-i’:___‘___'i"__,__q/‘ T T T T T T T T T o2y
oo 20y 40y 60y 80y (@)
201 2012 2013 2014 2015 2016 2017 2018 2019 2020
LDL-C, low-density lipoprotein cholesterol; MI, myocardial inf
st ON'S, Cho KH, Kim MC, et al. Ten-year trends in lipid management among patients after myocardial infarction in South Korea. PLoS One. 2024;19(10):0304710. Published 2024 Oct 3 / \\ . . /
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1. Lipid management with New medications

Targets of Therapeutic Strategies in Central Dogma

Target Organ

DNA mRNA Protein

4 4

Transcription Translation

A<

DNA therapies RNA therapies Conventional therapies

* Regulating mRNA + Inhibitors or agonists of

« Knockdown proteins

« RNAi, ASO, RNA aptamer, + Biologics inhibitors or mimics
INcRNA etc. of proteins

« Editing DNA sequence
+ Knockout

+ Gene replacement

+ CRISPR-Cas9, TALENs

~
EVOLOCUMAB (| Z231H)°| 28 7|H
(Mechanism of Action)
1. PCSK92| HAH A2 (LDL +24| £l % LDL-C 45 2. H|E23 30| A2 (PCSK9 UA| % LDL-C Z4)
oy LDL ZAHZ PCSK9 £ -t olEg23e oE2g
o Owcsy (gt conetase M ) Y0 — @Y oo 58
O O \ Subtilisin/Kexin Type 9) — /
LDL-C o= ol PCSK92| LDLR
1oL 484 1oL 484 A )
(LDLR) (LDLR)
=2 \
(ZHE) NEU oS [t ) (ZHHE) ( ) ;im_g
(Eﬁlilil %8)
2L HE B LDL-C HTI ks
PCSKog) el 12 24
LDL £84 254 LbL #8424 (Lysaﬂsf?nie) z_mg Foig)
(Degradation) & LDL #8457
2AE (Increased LDLR
Elfl.yﬁs:slg :SBI OOOO(% 8 (Lysosome)  onsurface)
ﬁw LDL Iill_ill-l
ol L LDL | AHE 45
(Elevated Blood LDL-C) ) (Slgnmcantkeduchonm
J
C | D |
J
ZMZ | OIMXEES 2[4l Jt0|=2tRlof| WhHE AEREN X2 TEf



2026 Kto|ufstistn
2= Q= I8 QAL =2I2! AL

/

& Inclisiran (Q1Z2[A|2H) =8 7|H
( Inclilsiralza o) J 3
SIRNA-GalNAC % Hlzet O ¥5LDL ZHALE 24
N/ & QL o) Z7}8¢ LDLRO| & Lf
4 /‘\ HER o LDL ZEAE|Z
- (LDL-C) Y%HE 8o
GalNAc 84 ﬁ © PCSKO mRNA BX{31 2 4] Zajol] HHER 8
(ASGPR) 4 RISC7} S0 PCSK9 0 7
mRNAO| ZE5101 PCSK9 @)
mRNAS BE A 2N g 1pLsanas VNSO 3 O
e UAE PCSKISZ Qlsf
© Inclisiran 4 % 4% HYRISC ZE BRAO| LDL K|
(iRNA-GalNAC 5E1H) M., PCSKS =955 A
—; mRNA ' gz
HYRISCEEA"  E )= || LDLC
@ RisC 5215 2y SE2IPCSKO MRNA / W B
SiRNA7} RISC (RNA-Induced % PCSK9 LDL 84|
Silencing Complex)0il Zsto| (LDLR)
70|E 71t (8H SIRNA)DH S,
"R RISC 2L E4E

QI 2|Al2te] 27| H:
HLTO| BH|HE PCSKI MRNAS HiC phentie
) WE it

Zhang Fei at /
Eight-foot Serpent

GalNAc ligand

Inclisiran
(siRNA)

; -W’
Zndlisiran ‘S\

| (SIRNA) =
i e
Hepatocyte
ASGPR

Cao Cao’s forces

—_—

QIZ2|A[2te] XZ7|: FHIO| YH|XE PCSK mRNAS HICt
1. GalNAc &% — 2. RISC &4 — 3. mRNA HTt — 4, PCSK9 Z4 — 5. LDL &% 57} - 6. LDL-C Z4

;= MRNA Cleavage
_(Gene Silencing)

LDL 48
(LDL Receptor)

2z

ey
(5 IL 2 ) //
A% PCSKIOR 918
X BRAO| LDL 284
(LDLR) &3{7} %I &, A
LDLRO| £7/& {
(ZHE B0 22 //
LDLR EA|)
ESC/EAS O|&X|HEZ #2| 70| =atel

(=] =2
LDL-C S 2'g ?Iof ZICH L4 82| AE(E A

. Total CV risk assessment p
N Baseline LDL-C levels y In selected low- and moderate-risk patients
Risk modifiers imaging (subclinical

!
= atherosclerosis) Risk Reclassification?
Indication for drug therapy? )

YES NO ]
Lifestyle advice/Lifestyle intervention

+  Define treatment goal -

High potency statin at highest
recommended /tolerable dose to reach
the Poal

LDL-C goal reached?
— YES 4‘; NO —
Follow-up annually, Add ezetimibe
or more frequently if

indicated LDL-C goal reached?
1 + Secondary prevention (very-high-risk)
YES No  Primary prevention: patients with FH and
ellanop IR Add PCSK9 inhibitor ;r;fi;her major risk factor (very-high
or more frequently if . J .
indicated Consider adding PCSK9 S AT ey B
inhibitor risk but without FH

PCSKS, Proprotein convertase sublilsin/kexin type 9
Ref. Mach F, et al. Eur Heart ). 2020 141(1):111-188

ESC/EAS O X HEZ 22| 70| =2t
1

=2
LDL-C S & d [l £ L2t 8o AEIEl A1

b Total CV risk assessment: 3
N Baseline LDL-C levels y In selected low- and moderate-risk patients
Risk modifiers imaging (sublinical

!
Indication for drug therapy?
|

atherosclerosis) Risk Reclassification?

*  Define treatment goal

Moderate potency statin with
ezetimibe

LDL-C goal reached?

yiVES#NO“

Add PCSK9 inhibitor

YES

Follow-up annually,

or more frequently if
indicated Consider aJding PCSK9
inhibitor

NO ]
Lifestyle advice/Lifestyle intervention

+ Secondary prevention (very-high-risk)

« Primary prevention: patients vith FH and
another major risk factor (very-high
risk)

« Primary prevention: patients at very-high
risk but without FH
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Dysphagia

The term “dysphagia” is derived from the Greek words dys (with

difficulty) and phagia (to eat).

It is characterized by abnormal transfer of food from mouth to the

stomach,

which may involve the oral, pharyngeal, or esophageal stages of

swallowing.
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Pharynx

Airway

Soft palate yyula

Tongue
base

Mandible

Hyoid bone//

Vallecular sinus

Vocal fold

Trachea

Normal swallowing reflex

Soft palate blocks
the nasal cavity

Breathing

Bolus of

Tongue blocks \ e Al— UES
food the oral cavity \ UES \ W re-closes
Uppehr esoph(:ngegl \ oPenD \ .\
sphincter ) Esophagus
is cidbad Epiglottis blocks phag

the larynx

Oral phase

=
22EH7| 77| 4E7|
Oral preparatory Oral Esophageal
2ol S0l
FARE oLt FAE oLt
oM FHat A {7} bolusE 2EAY2SI B
g oiz|(bolus) BHE7| = F2 2of 2 UES 23
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* Presbyphagia

* Frailty
+ Comorbidities

N Dysphagia i

* Dehydration

* Malnutrition

* Pneumonia

* Poor quality of life
» Caregiver burden

@ Pathology JE N
*Readmission

* Morbidity
*Increased cost
*Mortality

"

<Rogus-Pulia et al., 2018, JAMDA>
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/
E : (=3 irati
& & (Penetration) 2t S 2l (Aspiration)
. O > .
SRS =g 54 8¢
Penetration Aspiration Silent aspiration
sS40 25 °'-’r‘§ =0 S410] L oz, S200| =A==
ﬁII 7| 2Ktrachea)7kA| LH2d 2 71&-Atg g-S0l elE
g I:H(vocal fold) 2ol of
_l_
CH7H ‘MOt AHL} ChA] & HiE@el EFEQl Zo Rz HOo|X| giot
A4 pENoRE E3
718 ot St Mt WERCH = colojA JRSHX| & LICH
Lohe| ES X0 EEH - =5 A2t 71 BAL Mot - 23 g2 St
\_
/
I N3 ol O == C}
ASIE O 7t e ™ F 0| XLt
mHEoZ YRS 70M Ol =0l 134 HEH g
% 22.9% 55.4%
55% 9% 4%
L Al olg| 302 MEE 19 MEE
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<Cabré et al, Age Ageing. 2010>
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Incidence

« 65A Of&k: T QI7L2| X|CH 13%
o 70~79AMl: 16%
« 80A O| & 33%

ZNFHY 46.4%
o AZAA Hzo| Qe Ol BRI M TPR £g s
. 2N Hstoz YABH = Ol BX} A|CH 47%
o =9l QR HFKXIO| 50% O| A0l A Fek 2 e

20234 7|F - 9500HRH x 0.13 = 1230HRH (2.39%) 950
20504 7|& - 19002HH x 0.13 = 2472HH (5.21%)

2023 2030 2040 2050 2060 2070
[V EHEES =R =]

<Rainer et al., Dovepress 2016>

Table 1
Prevalence of OD in Several Phenotypes of Older People
Phenotype Target Population Evaluation Method Prevalence, ¥ References
Older patients Community Screening. 11.4-337 Holland G 2011'%
(questionnaires) Roy N 2007*"
Bloem BR 1990°!
Kawashima K 2004
Yang E] 2013%
Barczi SR 2000°
Clinical exploration (V-VST) 23 Serra-Prat M 20117
Hospitalized AGU Not specified] 29.4-470 Lee A 1999
water swallow test/ Cabré M 2014°
V-VsT
Hospitalized with CAP Water swallow test/V-VST 550-917 Cabré M 2010°°
Almirall j 2012'
Instrumental exploration 75 Almirall ] 20127
Mursing home residents Screening (questionnaires) 40 Nogueira D 20137
Water swallow test 38
Screening + clinical exploration 51 Lin LC 2002
NDD Parkinson disease Reported by patients 35 Kalf JG 2012%
Objective exploration 82
Alzheimer disease Instrumental exploration 57-84 Langmare SE 2007
Homner ] 1994°%
Dementia Reported by caregivers 19-30 Langmare SE 2007
Ticeda M 2002°"
Instrumental exploration 57-84 Suh MK 2009°?

Langmore SE 2007
Homer ] 19947

Multiple sclerosis Sereening (questionnaires) 24 De Pauw A 2002+
Instrumental exploration 343 Calcagno P 2002*4
ALS Clinical and instrumental explorations 47-86 Chen A 2005
Ruoppolo G 2013
smoke Acute phase Screening (questionnaires) 37-45 Martino 2005"7
Clinical exploration 51-55
Instrumental exploration 64-78
Chronic phase Clinical exploration 25-45
Instrumental exploration 40-81

ALS, amyotrophic lateral sclerosis; NDD, neurodegenerative diseases; V-VST, Volume-Viscosity Swallowing Test.
Adapted from Clavé et al 2015

<Ortega et al., JAMDA. 2017>

F(_:od Nephiobid H_e_alth_ and Posi(éve and Childrgn Green e_aﬁng S‘elf-‘
fusiness nutrition interest motivated memories behaviour monitoring

Physical and function
Smoke and alcohol
intake
ed

Psychological

factors Old age

Female

3
.'q

Biological and

Situational

factors factors

Trust in regolatory
framework

ELDERLY
FOOD
CHOICES Cooking skills

Physically active

Preventing disease

Emotional/informational
community support

Retired

Intrinsic
product
characteristics

Socio-cultural
factors

Occupation class

Country/area

Extrinsic
product
characteristics

Education
Income

Cultivation of

i garden
ce health claim

<Caso et al,. Food Res Int. 2022>

Sensory Taste and Certification P
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Aging
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Systems Complicating Dysphagia

Neurologic

« Decreased nerve velocity and sensory processing resulting in
neurodegredation

« Decreased Blood flow in Brain MRI

- Slower afferent sensory signal transmission > slower pharyngeal
response to a food bolus

* Diseases

— Stroke: 400,000 to 500,000 people in the US annually

— Dementia and mild cognitive impairment: prevalence 10% and
22% among the elderly population, nearly 50% have dysphagia

— Amyotrophic lateral sclerosis, multiple sclerosis, and Parkinson’s
disease

<Hunter et al., Otolaryngol Clin North Am.2024>

~
=1t 42}|ola 4zt
+ FE E0}
=B S~ Cl
Ho| Justice | Definition
5! 2! o
Function Ils EEy
Differentiation| ~ XH& 02
=0| soM| S0| 2L =
J
N
Systems Complicating Dysphagia
Fig. 2. Number of synapses per NN\ 0
ncurone in adult, old and de- Dentate gyrus B Cerebeilum
it oo [(ms:  ©oc B |
(@) groups, respectively,
senile dementia of the Alzheimer's type: SDAT
<Bertoni—Freddari et al., Gerontology. 1996>
%
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Systems Complicating Dysphagia

+ Aged 65 and older

* Retrospective study

+ 731 participants
v" Young old (65-74)
v Older old (75-84)
v Oldest old (85-)

dysphagic patients with different underlying
Prolonged VR Rezidue in Acpiration after Delayed Lp Acpiration during PPE Acpiration before
oTT PS swallow PSR ewallow swallow

HNG 56.82% s295%  64.77% 35.23% 61.36% 65.91% | 6.59% 56.82%  9.00%

Stroke 66.42% 78.36%  62.69% 29.10% 72.39% 70.15% | 36.57% 61.94%  7.46%

Dementia 68.70% se2s% o107 25.95% 67.94% 7a.81% | 38.93% ca70%  7.03%

Otherwise 54.17% 8576%  60.40% 22.92% 57.29% 67.71% | 27.78% 51.04%  6.60%

Healthy
p value 005" 0222 0446 0120 <0.05" 0434 <0.005" 005" 0885

HNC = Head and neck cancer, OTT = Oral wansit time, VR = vallecular residue, PS = Pyriform sinuses, PSR = Pharyngeal swallow response, LP = Laryngeal
penetration, PPE = Premature Pharyngeal entry.
* stavistically significant.

<Mehraban—Far et al., Am J Otolaryngol. 2021>

Systems Complicating Dysphagia

Musculoskeletal Strength

Progressive loss of total body muscle mass
Sarcopenia: affecting approximately 10% to 40%
Weaker tongue pressure and pharyngeal muscle contraction

Impaired mastication, poor dentition, and pain with chewing
> food avoidance, further perpetuating sarcopenia

<Hunter et al., Otolaryngol Clin North Am.2024>

/

Systems Complicating Dysphagia

Table 2. Overall sarcopenia prevalence estimates.

Definition Number of suudics  Participants (4 Forcstplot Prevalence estimate (%) 95% CI Hererogencity
EWGSOP/AWGS 83 58283 - 129 99,159
WGS 12 10381 — 9.9 32,166
FNIH 16 6467 —_— 18.6 118,255
ALM/height 68 9135 — 304 204, 4.3
ALM/weight 27 18985 — 404 195, 61.2
ALM regression 6 16899 — - 30.4 204, 40.3
ALM/BMI 8 4984 . 242 183, 30.1
Other 6 9243 = 18.0 73,288
(i L )

<Mayhew et al., Age and Ageing. 2019>

Systems Complicating Dysphagia

Table 3. Lingual Volume (cm?®) at Baseline and After 8-
Week Lingual Exercise Regimen

Baseline 8 week
_— Change
Subject cm® 3
74-year-old man 78.7 871 110.68
84-year-old woman 58.5 602 1291
71-year-old woman 714 729 12186
75-year-old woman 89.1 93.3 T 4.67

98.32 + 23.0 cm?®

<Robbins et al., J Am Geriatr Soc. 2005>
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Systems Complicating Dysphagia

+ Aged 65 and older
« Suspected swallowing disorder
« 55 participants (18 men, 37 women)
v' Aged 68 to 102 (mean 854 + 7.7)

Table 1. Correlations Between the Measured Variables

Variable MUAC Albumin Physical Activity ~ Communication Ability Age
Graded water-swallowing test 048° 0.10 0.18 012 0.17
MIAG 0.0 0.43° 038 006
Albumin 015 0.15 —0.04
Physical activity 048° —0.10
Communication ability —0.16

<01,
MUAC = mid-upper arm circumference.

MUAC was used instead of body mass index (BMI) as an indicator

<Kuroda et al., J Am Geriatr Soc. 2012>

Systems Complicating Dysphagia

Pulmonary clearance

» True vocal fold atrophy > glottic insufficiency > ineffective
coughing > risk of aspiration pneumonia

» Reduced lung compliance and impaired mucociliary clearance

<Hunter et al., Otolaryngol Clin North Am.2024>

/

Systems Complicating Dysphagia

Polypharmacy

« More than 33% of patients over the age of 65: prescribed 5 or more
prescription medications

« Sedating properties > swallowing, cough reflexes

- Side effect : antihypertensives, proton pump inhibitors,
anticholinergics, and antidepressants > xerostomia

<Hunter et al., Otolaryngol Clin North Am.2024>

Systems Complicating Dysphagia

Mechanical or functional obstruction

» Increased thickness or tone of the circular CP musculature
contributing to incomplete opening of the UES > UES dysfunction or
CP dysfunction

» Cervical spine osteophytes (most commonly between C5 andC7)
> posterior pharyngeal wall ledge

» Zenker’s diverticulum > regurgitation, aspiration, and weight loss
» Head and neck malignancy

<Hunter et al., Otolaryngol Clin North Am.2024>
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Figure 1. CT of neck with IV contrast (bone window) showing anterior flow-
ing of bridging osteophytes (arrows) from C3-C8, indicative of DISH.

<Krishnarasa et al., Clin Med Insights Arthritis Musculoskelet
Disord. 2011>

Effects of Aging on Swallowing

Oral phase changes

» Cognitive processing: textures, volume, taste, temperature

» Loss of dentition: up to 50% prolongs the length of time, oral residue
» Decrease muscles of mastication

* Decreased salivary production

<Hunter et al., Otolaryngol Clin North Am.2024>

Effects of Aging on Swallowing

Pharyngeal phase changes

« Pharyngeal constrictor muscles, esophageal sphincter (UES)
weakness

« Hyolaryngeal elevation slower
« Cannot reach Full range of motion before the bolus passes

* Incomplete elevation of the larynx, Opening of the UES
> Food bolus to pool in the pyriform sinuses,
Increases the risk of pharyngeal stasis and subsequent aspiration

<Hunter et al., Otolaryngol Clin North Am.2024>

21-to 31 . 21- to 31-year-old
14 0 61-to74 42 L 0 61- to 74-year-old
0 12 1 r r L @ 75 to 89-year-old
Sos - e NS
2
> 06
E
E 04
02
0
Oro. Hypo. UES
pressure  pressure  relaxation
0 duration duration duration
Pharynx Oropharynx Hypo|
Fig. 8. Duration of positive pressure in the pharynx and relaxation at
Fig. 6. Bolus transit time at each site. Each of the UES. The oropharyngeal (Oro) and hypopharyngeal (Hypo) pres-
times was signfficantly Increased in the elde Sure durations were signficantly inoreased in the elderly. * P < .05
way factorial ANOVA and Fisher's post hac 1 bY one-way factorial ANOVA and Fisher's post hoc test. NS = not
statistically significant by ANOVA.
<Yokoyama et al., Laryngoscope. 2000>
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‘| Age: 77.4%
Young

Canonical variate 2
Canonical variate 2

Swallow Phase: 18.74% y
Oral: Young, T

Canonical variate 1

Pharyngeal: ,0ld

Canonical variate 1

suggest

<Kletzien et al., Exp Gerontol. 2019>

Effects of Aging on Swallowing

Esophageal phase changes

» Lower density of striated muscle

» Decreased amplitude of esophageal contractions

» Slower esophageal transit

» Higher sensory thresholds because of nerve degeneration

<Hunter et al., Otolaryngol Clin North Am.2024>

/

Effects of Aging on Swallowing

TABLE 1. Changes in Esophagea
Upper esophageal sphincter (UES) and 1
Impaired coordination
Lower UES pressure
Incomplete UES relaxation with swall
Esophageal body
Impaired secondary peristalsis
Increased frequency of failed primary
More patients with ineffective esopha;
Lower esophageal sphincter (LES)
More hiatal hernias (subsequently low
Sensory function
Impaired sensation with balloon distes
Impaired sensation with acid perfusio
Impaired pharyngeal sensation (decre:

|

3

S O PR T R 1 ) A XTI, ) TP T T

oise
20

.

| ool mgm mEx koo
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FIGURE 1. Esophageal manometry showing very weak peri-
stalsis in a 90-year-old with dysphagia. This figure has four
swallows. The first and third have no evidence of a peristaltic
wave while the other two have very weak, ineffective
contractions.

<Achem et al., J Clin Gastroenterol. 2005>

Presbyphagia

Cognitive function |

s 5
S i
Taste, olfaction| ) =

Number of teeth] — = a1
" VA

) i 2
Muscl strength, /'/' L/ ‘ Soft palate flexibility | =4
Saliva secretion |

<Feng et al., WJCC 2023>
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=R Tongue root retraction] = " Pharyngeal constriction and sensation|
Esophageal v Laryngeal adductor reflex| ) ‘\
peristalsis| Incomplete opening of the UES
Altered anatonical position

Coordination of breathing e
o
and swallowing] ﬁg

Cough and swallowiing reflexes|

<Feng et al., WJCC 2023>

Aging (Presbyphagia)

l Lingual pressures

l Tension in UES

l Efficiency of
nutrient absorption

l Swallow response

l Sensation

l Functional reserve

Swallow apnea
duration

I Sarcopenia

l Lung elasticity
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<Humbert & Robbins, Phys Med Rehabil Clin N Am. 2008>
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Evaluation

1. Medical history
* As a screening test

« Comorbidity

« State of consciousness, endurance, and cardiopulmonary function,

family support
« Eating situation (Caregivers)

Evaluation

2. PIEx
A
@ 414 (Offactory, CN 1) HANE 22 2 AKX HALELICE
@ A2 (Optic, CN 1) S4]0] E0|E=X|E E0{&LCt
ole B 5| MOIXHS{ 2 2= =

@ AHMY (Facial, CN VII)

ol ojgLz 2

_9_}
2
o
o

ZbefLict. o2t YBkA| 5o ol

© Sol=MA ‘oratn UsHA ot Sl S YS BEYLICL P HERE SUXE 58 HZol A
(Glossopharyngeal, CN 1X) =X|2 ZApEHL|CH
® DIF4Y (Vagus, CN X) LY 7S Hotsta &l 542 RFE B
S5 %02 WUA St SZYS BRELICE o] 0jZtof el 2ELCEL P HERS
7 UM " ™ 7} 5 3 k=3
C(\Hy:o:g\ososal N X HYRR XS5t 7 BHALS HoteUCh HE £ g7 5t =52 SAYe 2E
StL|Ch.
2

Evaluation

2. P/IEx
Py 27
* ojot gigel of4olLt mBHOLALIgt iLle] M) HEfE BBt
* 7% o] 84120l ot LR oS B
* Mefol R2L 7L Mool dejE BB
7let 27
* EHIO| 2ot 912 Bt HZo| ElSX| BotELICL
*HERO| S5 T 25 Welo) Mo YA ofet 222 BILICH
* HEE 75 /S WML

Evaluation

3. Screening test

(1) 3 oz water test
(2) Repetitive Saliva Swallowing Test (RSST)
(3) Methylene blue test
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Evaluation Evaluation

3. Screening test 3. Screening test
(1) 3 oz water test (1) 3 oz water test
Fecforming the Swatlow Screen (2) Repetitive Saliva Swallowing Test (RSST)
4. Instruct patient to drink entire 30z cup of water, ~ Staff may assist the patient by holding the cup

with or without a straw, in sequential swallows and/or the straw.
without interruption.

. During and after swallowing, assess for Coughing or choking are overt signs of dysphagia.
coughing or choking.
Hyoid —
. Determine if patient passed or failed the Criteria for failure are:
screening. « Inability to drink the 30z in its entirety z 3 /
« Interrupted drinking Thyroid cartilage
*  Coughing during drinking
*  Coughing immediately after completion of
drinking 30z of water

Evaluation MEZAABHEO| 27|

> Screening o = e ==

(1) 3 oz water test
(2) Repetitive Saliva Swallo

w

o

o
)IO 3™ o4 2-3%, Q- Y& ofCiALt

3) Methylene blue test 30% S0 A HHEsA o ole 20| =a gig
() Methy RSST  wopi otm 25 Adg an 280 oIx| Xt Al of2i g
3-0z = 90 mLE 4| g3 Bt oA = 352 g9 ULE 96.5%
B A AN B Ho oA P S0l% 487%
Methylene 7| 2= ehRtol| M 7| gelgo o SIxL B
blue test 4% 42 4 H4 = gol FoA wol Tlaay a o

o

MEHAE “BXIX| 7] fI8t HAb — SIS oty 2, HufstR H L HAKVFSS/FEES)2

T

<Belafsky et al., 2008; Suiter & Leder, Dysphagia 2008>

\ ' J L y,

dEE | =29 doryole gotet £F



20264 Ko nt=thstn ESAIEE
2= Q= I8 QAL =2I2! AL

/
Evaluation

4. Gold standard

(1) Video Fluoroscopic Swallowing Study (VFSS)

(2) Fiberoptic Endoscopic Evaluation of Swallowing (FEES)
\_
/
_

bN|
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A oBerst Borapay Mg sty
VFS S J—I_I' Xo'l Videofluoroscopic Swallowing Study
AAL AR O upright O side lying [ headup [head neutral [ head down
1. Oral Phase
Lip closurs 1. Intact 2. Inad 3. none
(=18 Bolus formation 1. Intact 2. Inadeq 3. none
= Fesidue in the oral cavity 1. Intact 2. Inad 3. none
Dysphagia | \ Oral transit tme L = 13sec 2.+ 13
H KD = 2. Pharyngeal Phase
Dysphagia Il ?
i Nasal penetration 1= 10% 2.10.50% 3.>50%
Dysphagia lll
ysphag oF Swallowing reflex 1. Nomal 2. Delayed
[e] Laryngeal clevation and epiglottic closure 1. Normal 2. Reduced
QEY (nectar) Residue m the Valleculze 1= 10% 2.10-50% 3.=50%
Residue i the Pyriform sinus 1. = 10% 2.10-50% 3= 50%
XEA Coating of pharyngeal wall after swallow 1. No 2 Yes
= (Liquid) Pharyngeal transit time 1= 10sec 2> 10sec
. Cricopharymgesl dysfunction 1. Normal 2. Impaired
2cc — 22| 2 p
5cc — 22|
s 3. Esophageal Phase
Drinking
Mechanical obstruction 1. Ne 2. Yes
Delayed passaps 1. No 2. Yes
Gastr P reflux 1. No 2. Yes

VFSS Nasal Penetration

Normal swallowing Presbyphagia

WALLOWING STUDY
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Penetration/Aspiration VFSS Z1} 27|: Penetration—Aspiration Sc
Ol /L% /CHY ale

1 7|=2 SO0{7tX| %= — e
2 TE2 S0y, 4O 2o RS e HE
3 52 S0, Hof flo oiRE B o g as
Tongue 4
base 2 ELO 4 goifol|l F= HiEE oE
jandidle 5 ool 28 Bl o g As
6 ‘gehf ot = L E Hi= & g
Hyoid bone
. 7 ‘3oi or2H= L2 HiE 3ol o) el
Vallecular sinus
8 ‘goff or2f= e = =5 gls U (#3Y
Vocal fold
Trachea

<Rosenbek et al,, Dysphagia. 1996>

Cricopharyngeal Dysfunction F E E S
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VFSS2t FEES H| 1t

- VFSS (HIC|EA| ASIZ AL FEES (LHAlZ H3stZHAD

HAF BA EAl HYA (R} 0|S TY) HakQlef (015 of2{2 At 7tHs)
AR AS (ZGH A2 34 SUS (AF A A8 7tS)
Hol= ¥l  7EI - AR - A=T| M by QIE-2F (M7|= =7t 2eol 7taid)

ereT Zolo| Al 2ol el 2| 19 B 22 B}

eE RENA0] Histol HIHE bl Al ure 2Armlze Fotol |2l

Hg Hx e AN Ta HlZ 2HY, 2L =] BT A
S Cf Gold standard — SHAt AEQL TR0 B3 MeEYSs 4T HekE ZA}

Compensatory Techniques

TABLE 26-10 Indications for Compensatory Techniques in Patients with Dysphagia

Clinical Compensatory
Clinical Diagnosis Observations Technique
Delayed swallow reflex Coughing before the swallow Chin tuck
Aspiration Supraglottic swallow
Decreased pharyngeal peristalsis Unilateral pooling in the pharyngeal Turning of head to weaker side
(unilaterally) region Tilting of head to stronger side

Decreased pharyngeal ‘eristalsis

Decreased laryngeal closure

Decreased opening of cricopharyngeal
region

Coughing after the swallow
Coughing after the swallow

Coughing during or after the
swallow

Coughing after the swallow

Pooling in the pyriform sinus

Effortful swallow

Double swallow

Alternating liquids and swallows
Chin tuck

Supraglottic swallow
Mendelsohn’s maneuver
Turning of head to weaker side

66

Chin Tuck

SWALLOWING STUDY

Double Swallowing

WALLOWING

STUDY
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VFSS 1+
1.4 %S
2. 2 Ho
2+ A2
= Aol HH
Dysphagia | o - o2 HEF (/R
Dysphagia Il = . mzla
Dysphagia 1l - ZUNY oA
OF
o
2 E72| (nectar) Peristalsis, Reflex &
HAL 2 A
Lo XEAl
= (Liquid)
2¢cc & X, B3 Xt compliance
5cc
Drinking
N ' J /
-~
1. Surmsto] £ Take-home Messages
2. Lo
3. VFsS ZAt Zit o ot - xlo olmis
- . | AGIEO= =311 S S|
S>> 2._FI|'/5_'2X|'2| Goal ol A }o H|_ = I'-LT|=| |' }'
X ALS] =91 2T 1/3, YAl Het 0|4 - HH YAMEAYDL X7
~gd = ° L 3}(Presbyphagia)= HHO0| OfL| x| 2k o 77} QiCt
‘G 0‘0 24 TehopS 0| CR| B # HstHof2 HojY
9 z o Sl
S S [ Effects of Aging on Swallowing 7|1&o| gict QHHBt 242 OfLCt
Eapenie = PS4 B0 — Mo 2ap|, 20 BE W U= HHS TR
+ 65Hl 0|4 ___ ' ’
. 70~79A: Esophagea e 3 =
" aox ol4] I OlAl L ME L HUAA
- uzA o 24 TI & Dt EAT-10 / RSST / 2 A2 AL — VFSS - FEES
- 3438
o ol eQy
202348 s v o o |3 ERE= SXLES Xt BHH| Metct
20508 i e e e SUrEE Lo|, ZAl ZHE 2712 "BYE OfFA H2A" 2
Epuolesd o i) ° talsis in a 90-year-old with dysphagia. This figure has four ! '
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