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Steroidogenesis

Eric Wong Occurs in:
Sex hormaone version
Sources: Williams Textbook of Endocrinology, 12E
Goldman's Cecil Medicine, 24E
DHEA-S -— SULT2A1 —— DHEA

1. Adrenal cortex
2. Leydig cells of testis
3. Theca cells of ovary

1. LDL (mostly)
2. HDL

3. de novo synthesis via acetyl CoA
(normal adrenal synthesis w/o LDL receptor,
e.g. in familial hypercholesterolemia)

StAR-mediated uptake
of cholesterol

StAR expression is

—

Cholesterol

P450scc -+———

v

-— 17,20 lyase —f

170H-Pregnenclone

— 17,20 lyase —

Pregnenolone

Stimulates androgen secretion; serum levels reflect DHEA
levels if SULTZAL is active; occurs in zona reficularis

T
3B-HSD Major pathway
* (mostly in zona fasiculata)

3B-HSD

theca cells

SlErnulateE byliin > ssviso

Stimulated by
FSHin Estrone

-—— aromatase ——

Androstenedione

Minor pathway
-— 17,20 lyase —

170H-Progesterone

<4— 17,20 lyase —

Progesterone

granulosa cells\ :
17B-HSD

T
21-Hydroxylase

T
21-Hydroxylase

Estradiol

11-Deoxycortisol

11-Deoxycorticosterone

Peripheral conversion
in brain, breast, skin,

blood vessels

Early steps in steroidogenesis is common to the adrenal cortex, Leydig cells of the

Qccurs in granulosa 17ﬁJHSD
cells of ovary and in
peripheral tissue
|-@—— aromatase —— Testosterone
L
z Sa-reductase
Stimulated by *
FSHin

1
11B-Hydroxylase

granulosa cells

Dihydrotestosterone

Cortisol

Corticosterone

* Aldosterone synthase
11B-Hydroxylase

T
Aldosterone synthase

Cortisone

180H-Corticosterone

testes, and theca cells of the ovaries (gray). Subsequent steps are organ specific.
The unshaded steps happen in the adrenal cortex. The yellow steps convert
androgens from the theca cells into estrogens in the granulosa cells of the ovary; the
reactions are carried out by aromatase. This is called the two-cell hypothesis for
ovarian steroidogenesis. Aromatase and 17B-HSD are also found in peripheral
tissues. Finally, the:f_b‘fg_g step happens in peripheral tissues such as skin, prostate,
and epididymis, where testosterone is converted into the more potent DHT.

Enzyme and gene names

P450scc = Cholesterol side-chain cleavage enzyme = CYP11A1

3B-HSD = HSD3B2

17,20 lyase = 17x-Hydroxylase = CYP17Al

21-Hydroxylase = CYP21A2
11B-Hydroxylase = CYP11B1

Aldosterone synthase = CYP11B2

17B-HSD = HSB17B

DHEA sulfotransferase = SULT2A1

Aromatase = P450aro

DHEA: dehydroepiandrosterone

StAR: steroidogenic acute regulatory protein

nSexh
Androgen

Zona reticularis

"Sugar”
Glucocorticoid
Zona fasciculata
Regulation: HPA-axis

T
Aldosterone synthase

Aldosterone

"Salt"
Mineralocorticoid
Zona glomerulosa
Regulation: RAAS

stimulated by LH binding
its receptor in Leydig
cells (testis) and theca
cells {ovaries)

Stimulated by LH
in theca cells

Also secreted by
corpus luteum

T
Aldosterone synthase + 11B-Hydroxylase
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Hormonal regulation at various parts of the menstrual cycle

v

¥

v

Secretes

v

develop

| Release

Stoos hormone production

Y

inhibition

Eric Wong
Adapted from: Silverthorn Human Physiology 4E, figure 26-14
Early to mid-follicular phase Late follicular phase and ovulation Early to mid-luteal phase Late luteal phase
T
g
GnRH GnRH GnRH GnRH g
f———m———— 4 ﬁ l- == ﬁ l- === ’ g—
I 1 1 E
: Positive feedback of : ]
| estrogen causes LH surge bemepadeead-- | :- ------ - .:
| [} | | '
] ]
! ! = = | Tonic =
----1 FSH LH |F=» ——_4| TFSH t11 LH ) 1 FSH lLH | T FSH | secrefions | 1 LH 1
! | I I resume =
] 1 : :
| ! LH surge is required ! LH maintains corous luteum, but L LH I Maintained by hCG in
1 1 for ovulation ) causes rapid atrophy of corpus luteum : pregnancy
] ] I }
I ] ] [}
] ] .
Granulosa Theca ! i Granulosa Theca : ! Nea“é fi(::“tcoles %’
cells cells : ! cells cells : ! g 2
I
] | : |
| ! -
! 1
! 1
! |
]

High estrogen
output

QOvulation =

1 Estrogen
1 Progesterone
T Inhibin

1
lacccec e ==

Progesterane withdrawal
causes menstrual bleed

| Estrogen

1 Progesterone

1 Inhibin
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Premenopausal HPG axis sz wers

Pathophysiology of menopausal transition

Eric Wong

Hypothalamis

—
_|
GnkH
Anterior pituitary
- o
— H

F5H LR

Fellicular Ligeal

priase phase

L :

Ovaries

Estraciol InhibinB |—

b Progesterang Activin

Source: Principles of Gender-Specific Medicine, 2E

Menopause is caused by depletion of primordial follicles in the
ovaries. Females have maximum number of oocytes at 20 weeks
gestation. The follicular pool decreases gradually throughout life
until about age 52, when the pool runs out.

Follicle depletion
Early menopause transition +

accelerated
Postmenopause

Y

»| | ovulation

1 recruited follicles

Z !

\d
1 granulosa cells L corpus Lengthening of
luteum cycles

1 estradiol
hormone

A/| v \ v

| 4 inhibin B | | | +iantiz-Mullerlan | 1 progesterone

|
¢ Best indicator of
| 1 negative feedback on follicular reserve

pituitary andilypothalamus 1 SHBG

| 1 FSH | Early in the menopause transition, menstrual cycles become relatively
Overall | in androgen, but shorter and more irregular, leading to accelerated follicular loss in the 10
¢ S . 4 years prior to menopause. Eventually, the follicular pool depletes
raintal {glatlvely high ignificantly, leading to y cycles with only | ovulation.
Earlier follicle recruitment concentrations, esp free Peri women have ol hea (>35 days between cycles)
L and hypomenorrhea (lighter bleeds).

'

Shorter follicular phase of
menstrual cycle

Pre- and post-menopause hormone concentrations

Source: Lentz: Comprehensive Gynecology, 6E

] ey Bl remercpanse
Shorter cycles
faster hepatic D Postmenopause
clearance and Androgen Mainly by
inhibin concentration peripheral

aromatization

from adrenal

and ovarian
androstenedione

wln

Estradiol Estrone Androstenedione  Testosterone

much higher
than estrogen

preferentially
inhibiting FSH

FSH LH

=
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Pathophysiology of menopause organ changes

Eric Wong

Sources: Lentz: Comprehensive Gynecology, 6E

Williams Textbook of Endocrinology, 12E

1 Estradiol

l

+— relative 4 in E2

CNS/
Vasomotor Urogenital mucosa Cardiovascular Bones
instability
T norepinephrine | | T serotonin L Gollagan 4 blood flow in T total cholesterol { prostacyclin 4 osteoclast i ?PGn
thesis vaginal t LDL 1 endothelin apoptosis | | secretion by
s epithelium (e.g. via 4 osteoblast
|_*_‘ 1 HDL 1 NO synthase TGF-B) *
+ + TACE—T Ang T RANK
) Weakening of 1 glycogen ligand
Marrow t.her:m{}or:egullalury setpoint vaginal walls production ; E‘;
B YROEIRRIOS Vasoconstriction
+ T osteoclast
l 1. energy sauree Endothelial maturation
dysfunction i
i for lactobacillus h 4 y ] and S‘f“"“'a'
Hot flashes Incontivanes + 1 secretions i’ *
— T pelvic organ Epithelial 1 risk of
S inal oH " A
Estmogsn | Sjeep disturbance prolapse T vaginal p atrophy sbartaiinrngs Bone resorption > formation
i
Estrogen
Depression T dryness 1 risk of myocardial SERM | os is
; 2 T infarction i 0gEn : teoporos
Daytime fatigue T irritation Bisphosphonates
B ————— T
Vasomotor symptoms occur dug o namowing of the 1 infections Estrogen * Trabecular bone loss > cortical bone in early stages
hypothalamic thermoregulatory “neutral zones." A Dyspareunia = oy if before plague formation (1.2 during = Vertebrae: most easily fractured due to high trabecular
perimenopausal woman easily crosses the upper and lower RS el i - bane turnaver

setponts, leading to vasodilation/sweats (hot fiashes) when
body is slightly warm and chills/shivers when slightly cool
The symptoms are worst at night, leading to frequent wakings
and poor sleep quabty, This effect is due to changes in
estrogen leved rather than absolute deficiency. Unlike other
menapause changes, this will improve aver tme.

* ance atherasclerotic plaques are formed, i
pleques and lead to thrembus formation

| collagen synthasis contributes to csteoparosis as well
Wesght-bearing exescises, vitamin D, and calcium are
impartant lifestyle factors in reducing osteoporosis
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Fetoplacentarni jednotka

Fetoplacentarni jednotka:

- se sklada z placenty, nadledvin plodu a jater plodu. Jedna se o interaktivni endokrinni entitu.
V této jednotce jsou nadledviny fétu primarnim zdrojem dehydroepiandrosteronu. Ten je dale
metabolizovan fetalnimi jatry a placentou na Siroké spektrum estrogenu.

Existuje nékolik nemoci, které mohou postihnout fetalni i matefské nadledviny béhem téhotenstvi.
NejCastéji se jedna o deficit steroid 21-hydroxylazy, coz vede k abnormalitam v sexualnim vyvoji
a muze vést az k ohrozeni zivota novorozence.

Téhotenstvi je poznamenano akteracemi v nekolika endokrinnich systémech, zejména systému
renin-angiotenzin-aldosteron a systému hypothalamus-hypofyza-nadledvina.

Maternalni abnormality jsou asociovany s markantnim rizikem maternalni morbidity a mortality.
Nastesti jsou raritni.
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Corona | OOCYTE AT

e | ovuLaTion: | Rt pear

body

pellucida

FERTILIZATION AND
QOCYTE ACTIVATION

Second [BRONUCLEUS FORMATION
polar BEGINS

®

The sperm is absorbed into

Ovulation releases a secondary
oocyte and the first polar body;
both are surrounded by the corona
radiata.The oocyte is suspendad
in metaphase of meiosis Il.

Acrosomal enzymes from multiple sperm the cytoplasm, and the
create gaps in the corona radiata. fernale pronucleus develops.

A single sperm then makes contact

with the oocyte membrane, and
fusion occurs, triggering cocyte

activation and completion of meiosis.

membrane

CYTOKINESIS
BEGINS

The first cleavage division nears
completion roughly 30 hours after
fertilization. Further events are
diagrammed in Figure 29.2.

(b)

METAPHASE OF FIRST
CLEAVAGE DIVISION

Amphimixis occurs, and
cleavage begins.

SPIMDLE FORMATION AND
CLEAVAGE PREPARATION

Female
pronucleus

The male pronucleus develops, and
spindle fibers appear in preparation
for the first cleavage division.

https://embryology.med.unsw.edu.au/embryology/index.php/




Polar bodies

First cbavage
division

DAY 0:
Fertilization

Implantation in
uterine wall. See
Fig. 29-3

https://embryology.med.unsw.edu.au/embryology/index.php/




Implantace

Priblizneé za 7 dni po oplozeni
Trofoblast se zvetSuje a siri

Matefska krev vtéka do otevienych lakun

Gastrulace

Embryonalni terCik slozeny z nasledujicich vrstev:
Endoderm
Mesoderm
Ektoderm

https://embryology.med.unsw.edu.au/embryology/index.php/
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W y

Vnitrni bunééna masa a gastrulace

ENDOMETRIUM, ~  Amniotic

Superficial
layer .

DAY 10 Blastocoele

The inner cell mass begins as two layers: a superficial layer,
facing the amnictic cavity, and a deep layer, exposed to the
blastocoele. Migration of cells around the amnictic cavity is
the first step in the formation of the amnion. Migration of cells
around the edges of the blastocoele is the first step in yolk
sac formation,

https://embryology.med.unsw.edu.au/embryology/index.php/

DAY 12

Migration of superficial cells into the interior creates a
third layer. From the time this process (gastrulation)
begins, the superficial layer is called ectoderm, the deep
layer endoderm, and the migrating cells mesoderm.




Extraembryonalni membrany

| Amniotic cavity

] ) . | - (containing
|- Syncytial trophoblast ._ ~| amniotic fluid)

' Head fold

of embryo’] : : — Allantois

| Cellular

=—____ Chorionic
villi of placenta

Yolk sac = S

Ko I S T ESEM Blastocoele e B SRR NS
DAY 14 H:n:,;};_?ﬁ? WEEK 3 [RiTat s e aaibeorilen

{a) Migration of mesoderm around the inner surface of the {b) The embryonic disc bulges into the amniotic cavity at the
trophoblast creates the chorion. Mesodermal migration head fold. The allantois, an endodermal extension surrounded
around the outside of the amniotic cavity, between the by mesoderm, extends toward the trophoblast.

ectodermal cells and the trophoblast, forms the amnion.

Mesodermal migration around the endodermal pouch

creates the yolk sac.

https://embryology.med.unsw.edu.au/embryology/index.php/




Tvorba placenty

L Tail fold

gut parietalis '!_.:. |

Decidua
Uterus basalis
.,

Umbilical
stalk

Placenta

Chorionic

™. Embryonic AR villi of
head fold (e placenta
(c) The embryo now has a head fo]d and a tall fold. Decidua -~ \ _ . Yolk sae
Constriction of the connection between the embryo capsularis \ L S

and the surrounding trophoblast narrows the yolk
stalk and body stalk.

https://embryology.med.unsw.edu.au/embryology/index.php/

(d) The developing Embryu and extraembryonic
membranes bulge into the uterine cavity. The
trophoblast pushing out into the uterine lumen
remains covered by endometrium but no longer
participates in nutrient absorption and embryo
support. The embryo moves away from the
placenta, and the body stalk and yolk stalk fuse
to form an umbilical stalk.

Decidua _
parietalis Decidua

basalis

Decidua
capsularis

Chorion

Amnion

Amniotic
cavity

(e) The amnion has expanded greatly, filling
the uterine cavity. The fetus is connected to
the placenta by an elongated umbilical cord
that contains a portion of the allantois, blood
vessels, and the remnants of the yolk stalk.

Placenta

Umbilical
cord




Anatomie embrya

Zloutkovy vacek

Vyznamné misto tvorby krevnich bunék

Amnion
Obklopuje tekutinu, ktera obklopuje embryo

Allantois

Mocovy méchyf

Chorion

https://embryology.med.unsw.edu.au/embryology/index.php/

Decidua Amnion
parietalis :
\

Placenta
Yolk sac

g . - R Umbilical
Chorion—___& G ; cord (cut)
/ = Decidua basalis
Umbilical vein
4 " o Umbilical arteries

Charionic
villi

Area filled
with
maternal
blood

Y Maternal
Syncytial blood vessels
trophoblast




Charakteristické vlastnosti fetoplacentarniho obéhu

« Paralelni usporadani dvou arterialnich systému a odpovidajicich
komor
* Miseni venozniho navratu a preferencniho toku krve.
* Vysoky odpor a nizky prutok plicni cirkulaci
« Nizky odpor a vysoky prutok placentarni cirkulaci.
« Pfitomnost shuntu (3 shunty
- Ductus venosus
- Foramen ovale
- Ductus arteriosus

https://embryology.med.unsw.edu.au/embryology/index.php/




Arch of acrta
Supearior vena cava

DUCTUS ARTERIOSUS
becomes.
Ligamenturm artariossm

Lung
Pulmonary artary
Pulmanary veins

Liver

Umiilicus

Inferior wana cava
Abdominal aorta
Commaon iliac artery

UMBILICAL ARTERIES
become

Urinary bladder

Lirgthra

UMBILICAL CORD

Flacenta

(a) Fetal circulation
https://embryology.med.unsw.edu.au/embryology/index.php/

{b) Circulation at birth

- Oxygenated blood

Mixed cxygenated and
decxygenated biood

-_wﬂ lallatalal




Fetalni krev

Fetalni hemoglobin

Typ Popis Retézce

Hemoglobin F | Fetalni hemoglobin 2 alfa
2 gamma

Hemoglobin A | Metylaci gamma fetézcu 2 alfa
se od 32-34. tydne gestace | 2 petg

tvori HbA
Hemoglobin | U zdravého plodu v malém |2 alfa
A, mnozstvi, po porodu 2 delta

stoupa




Disociacni kfivka kysliku ve fetalni a materske krvi

100 Fotal —_—

90 —|hemoglobin
80 —
70—
60 —
50—
40—
30—
20—
10

Maternal hemoglobin

| I I I I I I I I I |

0 20 40 60 80 100 120
Po, (mm Hg)

Percent O, saturation of hemoglobin

oyl O FOOF Fagensn ECEaton, h | Dobiareng @i Benjamen Dum g Fi_g e 1 5-1 2

Source: http://www.colorado.edu/intphys/Class/IPHY3430-200/image/18-12.jpg




Arch of acrta
Suparior vena cava

Letft
atrium

DUCTUS ARTERIOSUS
becomes.

ar i Ligamenturm arterioswm a
- * Lurg '
=} Fulmonary artery
Pulmanary veins

I-Ie-a.rt

FORAMEM
CWVALE becomes
Fossa ovalis

Liver
DUCTUS VENOSUS
becam

Umbdilbous
Inferior vena cava
Abdominal aorta
Commaon iliac artery

UMB[E_I.CAL ARTERIES

Mm:lla! umbmcd Fgaments

Urinary bladder

Urathra
UMBILICAL CORD

P i {b) Circulation at birth

SEF £ - Oxygenated blood

(a) Felal circulation

Mixed coygenated and
deoxygenated biood

https://embryology.med.unsw.edu.au/embryology/index.php/ - - —




Tok fetalni krve |

Arterializace v placenté —

Cestou v.umbillicalis do téla
plodu

Zcasti cestou ductus venosus
obchvat jater (zbytek skrze jatra)
Smiseni s vendzni krvi z dolni
poloviny téla (pri vyusténi do
vena cava inferior) — Prava sin
Skrze foramen ovale do levé
siné

Leva komora, Aorta

Tepny hlavy a horni poloviny tela

https://embryology.med.unsw.edu.au/embryology/index.php/

) ~—Arch of aorta
Superior vena cava

Foramen ovale
Fulmonary trunk
Right atrium

Inferior vena cava

Ductus venosu

Liver

Urnbilical vein
Portal vein - Cnam: | -+ Kidney
= - |
L= =N f
[§ h\q =
\ = e e
..\ ".-'_ + it 5 _/
N :
\,_'_' ; : .
Umnbilical cord * Intestine
Umbilical arteries
External
. b iliac artery
e — Internal illac artery
. ~—— Bladder
-\-\-W
Figure 26-27 Fetal circulation.
ns & Wilkins, [nstructor's Resource CTR-ROM 10 Accompany Porik's Pathophvsiology: Concepty of Altered H




Tok fetalni krve |l

Krev z horni poloviny téla (vena cava
superior) do praveé siné

Prava komora

1/3 do plic (truncus pulmonalis,
arteriae pulmonales)

Zbylé 2/3 skrze ductus arteriosus do
aorty

https://embryology.med.unsw.edu.au/embryology/index.php/

Arch of aorta
& — Ductus artenosus

Superior vena cava

Foramen ovale :
Pulmonary trunk Laft atrium
Right atrium

Inferiar vena cava

Abdominal aorta

Urmnbilical vein

Portal vein

Umbilical cord Intestine
Umbilical arteries
External
iliac artery

.2 |ntarnal iliac artery

~— Bladder

Figure 26-27 Fetal circulation.

na & Wilkins. Instmuctor's Resource CT-ROM i Accompany Portl's Padhoplvsiolagy: Concepis of Altered W




Tok fetalni krve lll

Ductus arteriosus (venozni
krev) vustuje do aorty az po
odstupu velkych tepen

Vetsi Ccast cestou
a.umbillicalis do placenty

Zbytek do dolni poloviny tela

Pravé a levé srdce zapojeny
paralelne

https://embryology.med.unsw.edu.au/embryology/index.php/

Arch of aorta

Superior vena cava \ ;
a— Ductus arteriosus

Foramen ovale
Fulmonary trunk
Right atrium

Inferior vena cava

Ductus venosus

Liver i Abdominal aorta

Umbilical vein

Umbilical cord * Intestine

Umbilical artaries
External
iliac artery

Figure 26-27 Fetal circulation.

ns & Wilkins, Instructor's Rescarce CTR-ROM 0 Acoompany Portl's Pathoplvsiodogy: Concepdy of Altered H




Uzaveér shuntu

Shunt FunkCni uzavér | Anatomicky PozUstatek
uzaver

Ductus 10 — 96 hodin po |2 — 3 tydnu po |Ligamentum

arteriosus | porodu porodu arteriosum
Formamen | Néekolik minut po | Rok po porodu | Fossa ovalis
ovale porodu

Ductus Nékolik minut po |3 — 7 dni po Ligamentum
Venosus porodu porodu venosum

Umbilikalni tepny — umbilikalni ligamenta

Umbilikalni zila — Ligamentum teres




Patofyziologie predcasnéeho porodu
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Predcasny porod

* Predcasny porod je definovan jako pocatek
deéloznich kontrakci o dostatecné sile a frekvenci,
kterd zpusobi progresivni dilataci délozniho Cipku
mezi 20. a 37. tydnem téhotenstvi

* Predcasny porod je jednou z hlavnich pricin
perinatalni morbidity a mortality

* Predcasny porod ovliviuje témeér 23 %
téhotenstvi v rozvojovych zemich, jako je Indie




Klinicke okolnosti predcasneho
porodu

e Spontanni precasny porod s intaktnimi
membranami

e Predcasny PROM
* |ndikovany predcasny porod

— Maternalni pficiny (napr.
preeklampsie)

— Fetalni priciny (napf.
SGA/poskozeni plodu)




Rizikove faktory

Clinic Factors in preterm Labor

Maternal Past Obstetric History

Low socioeconomic

Uterine Factors

Uterine volume
status

Previous history of increased:
Age <18 years or >40 ) .
years preterm delivery Polyhydramnios,
. . Multifetal gestation
Low pregnancy weight Previous history of . g '
. Uterine anomalies
Smoking second trimester )
rauma
Substance abuse abortion -
Infection
Multiparity

11




Mechanismus precasného
porodu EFE S VT

e Stress Activation of maternal-
ePremature activation fetal HPA-axis
of physiological effectors *CRH - Fetal

adrenal androgens
ePlacental estrogen
and progesterone
e Inflammation and infection e Pro-inflammatory cytokines
e Fetal inflammatory response

syndrome
e |schemia or hemorrhage e Thrombin activation
e Pathological Uterine e|ncreased gap junction along
distension with contraction associated

protiens and upregulation of
prostaglandins and oxytocin
rrrrr receptors




Béezneé znaky porodu v terminu i
predcasnéeho porodu

e Zvysena kontraktilita myometria
e Zmeknuti Cipku

* Decidualni aktivace / aktivace membran

Preterm Labor

[ J
Romero R, Mazor M, Munoz H et al: The Preterm Labor Syndrome. Ann NY Acad Sci 1994;734:414




Synchronni a asynchronni aktivace

porodu
Cervical
Ripening
Uterine Mem!orane-
Decidual

Contractility Y —
| ivati

Preterm

Cervical
Insufficiency

Preterm
PROM

Contractions




Normal Term

Labor
|
Physiologic Pathologic
Activation Activation
\ Y/

Common Terminal Pathway




Co zpusobuje
patologickou aktivaci
terminalni drahy?




[ Maternal stress ] Fetal stress
(uteroplacental insufficiency)

Activation of maternal HPA axis Activation of fetal HPA axis
¢ /a lAacTH
@/ Cortisol < Adrenal
Tcox-2 in amnion / pecidua *
LPGDH in chorion,/ Placenta DHEAS

Membranes

Placenta ¢ Membranes

CRH - Estrogen
® T
¥ 1 :
@ T Myometrial OTR, PGs, MLCK,

Pmstaglandins EE—

calmodulin, gap junctions

Contractions Cervical RUPWTE:N
change membranes




Enflammatiun of decidua / amniochorion]

TIL-6 T FasL
TCRH TIL-8

T Cytokmes (TNFa, IL- 113)

T Uterotonins ) > T Proteases
(PGs, endothelin) (MMPs)
Apoptosis

v
Contractions Cervical
change

Rupture of
membranes




Syndrom predcasného porodu

Uterine Cervical
Overdistension Disease

Vascular

/

Immunological




Intrauterinni infekce |

b4

. ; I Y 4 25 oa I I. [ ] I .t I V 4
e Subklinicka
e Fetalni onemocneéni

* FIRS

e Reakce hostitele




Subklinicka infekce

Klinicka chorioamnionitida

e 12% predcasnych porodu

e 20% pripadu PROM




Syndrom fetalni zanetlivé odpovedi FIRS

Syndrom zanétlivé reakce plodu (FIRS) je definovan jako zvySené hodnoty interleukinu-6
(IL-6) v pupecnikové krvi (IL-6 > 11 pg/ml). FIRS je stavem systémové aktivace
imunitniho systému plodu a je spojena s vy$sim rizikem neonatalni morbidity a
mortality. Plvodné byl FIRS popisovan jako zvysené hodnoty fetdlniho plazmatického IL-
6 u plodd matek s predc¢asnym predcasnym prasknutim blan. Pfed¢asné narozeni
novorozenci s FIRS vykazuji vyssi prevalenci détského syndromu respiracni tisné, sepse,
intraventrikularniho krvaceni (IVH), periventrikularni leukomalacie (PVL),
bronchopulmonalni dysplazie, détské mozkové obrny a umrti.

U FIRS vede uvolfiovani prozanétlivych a protizanétlivych cytokinl k oxidativnimu stresu
vedoucimu k poskozeni mozkovych bunék. Je jiz znamo, Ze IL-6 je rizikovym faktorem
poranéni bilé hmoty. To vyvolava otazku, zda je FIRS spojena s narusenou saturaci
mozkové tkané kyslikem (crSO2) u novorozenc(, coz zhorsuje nepfiznivé ucinky a
poskozeni mozku.
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PRENATAL

Sleep development altered by:

« Preterm birth

» Infection/inflammation

» Hypoxia-ischaemia

« Intrauterine growth restriction
(IUGR)

Delayed sleep state
maturation

Reduced glia and neuron
production/maturation

Impaired neural network
connectivity

Impaired
neurotransmitter
function

POSTNATAL

Sleep development affected by:

- Gestational age at birth, IUGR,
chronic inflammation

= Brain injury —impaired brain
maturation

+ Environmental/socioeconomic
factors, parental input — sleep
training

+ Sleep position

« Sleep disordered breathing —
obstructive sleep apnea, snoring

Placental hormones lost at birth -

important for neurosteroid

production, supporting:

« Neural development

« GABA neurotransmitter regulation
and transition from excitatory to
inhibitory

» Neuroprotection

The Journal of

Physiology

i

« Reduced sleep quantity and
quality

« Delayed sleep onset

« Increased night waking

« Early chronotype?

!

» Impaired learning, memory and
cognition

- Behavioural and emotional
difficulties
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Waking up too early —
the consequences of
preterm birth on
sleep development
Laura Bennet

David W. Walker
Rosemary S. C. Horne
First published: 24 April
2018
https://doi.org/10.1113/
JP274950
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42

Rupture of
membranes




Hypertensive disorders of pregnancy

« Hypertenze se vyskytuje priblizné u 10 % tehotnych
zen, nejcasteji az v poslednim mesici tehotenstvi.

« Gestacni hypertenze se vyskytuje vyrazné Casteji
nez preexistujici (chronicka) hypertenze.

« Incidence preeklampsie v CR je odhadem 4—6 %,

« Casnou formu (do tydne téhotenstvi 34+0) ma asi 1
% vsech téhotnych.

* Incidence eklampsie je 0,05 % (vyskyt je tedy 50-60
pripadu/rok/CR).




Definice

Arterialni hypertenze je charakterizovana zvySenim systolického
krevniho tlaku = 140 mmHg a/nebo diastolického krevniho tlaku = 90
mmHg. ZvySené hodnoty bychom méli zjistit alespon ve dvou
nasledujicich mérenich krevniho tlaku.

Jednou naméfena hodnota diastolického tlaku = 110 mmHg je jasnym
kritériem hypertenze a neni potfeba kontrolnino méreni. Tato hodnota
tlaku je vzdy indikaci k nasazeni antinypertenzni |éCby.

Spise vyjimecCné se lze setkat s hodnotou tzv. stfedniho arterialniho
tlaku, ktera se vypocitava z namerenych hodnot krevniho tlaku podle
vzorce: (systolicky TK + 2 diastolicky TK)/3.

Za hypertenzi je pak povazovan stfedni arterialni tlak (MAP) = 105
mmHg.

Za signifikantni proteinurii v t€hotenstvi povazujeme ztratu bilkovin
moCi = 0,3 g/24 hodin (dUCB) nebo hodnotu poméru
albumin/kreatinin v jednom vzorku moc¢i = 30 mg/mmol (ACR)
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Klasifikace

Preexistujici/chronicka hypertenze

Eryala systodicks | Giasiedoka tw perlenzrd charoba 2jEREna ofad shotensivinm

nedo Py pertenze diagnosikdyana pred 20, Pedoem tehatenst

neba hyperterize 2idténd v (eholenslvi & perzistuiel déle nek 6-B tydnd po paracy
Dalirms |l i gsanciding (nazidme eliclode) 4 sekurdarmi

Preeklampsie superponovana na chronickou hypertenzi
SUperpodice presklampse na cierykediy deuh pregxisiupo Dyperienze

Gestatni hypertenze
hwperfenze bex Sigrifikanini pralemurie, Y2k po
200 bypdrsy tematenstvi

Preeklampsie
hypertense = proteimar v2miagic! po 20, Pednu lEhotersivi
Dedirme || ra midrned a [E2kou

Eklampsie
rachval Llanicka-Klohickych kpedi navadupcich na te2kou nebo
SuUpSrpOavanou preeklampsii, nemapd podinu ¥ ing moskove pEbolodgil




Preeclampsia

* Preeklampsie je multisystemova progresivni porucha
charakterizovana novym nastupem hypertenze a
proteinurie nebo hypertenze a dysfunkce koncovych
organu s proteinurii nebo bez ni v posledni poloviné
tehotenstvi nebo po porodu.

« Porucha je zpusobena placentarni a matefskou
vaskularni dysfunkci a po porodu vzdy odezni

« Ackoli vetSina postizenych téhotenstvi porodi v
terminu nebo v blizkém terminu s dobrymi materskymi
a fetalnimi vysledky, u téchto téhotenstvi je zvySene
riziko materské a/nebo fetalni mortality nebo zavazné
morbidity

. Zeny s preeklampsii jsou navic vystaveny zvysenemu
riziku budoucich kardiovaskularnich onemocnéni.
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Klasifikace preeklampsie podle doby
nastupu onemocnéni

Klasifikace preeklampsie podle doby nastupu onemocnéni

Casna preeklampsie (nastup: tyden téhotenstvi < 34+0)

porucha fetoplacentarni jednotky, ktera je typicky spojena s:

intrauterinni rdstovou restrikci plodu, resp. nizkou porodni vahou plodu

snizenym objemem placentarni tkané

abnormalnimi nalezy pratoku pfi dopplerovském vySetfeni na uterinnich a umbilikalnich tepnach,
zavaznou materskou a neonatalni morbiditou a mortalitou

Pozdni preeklampsie (nastup: tyden téhotenstvi = 34+0)

vétSinou vznika na podkladé chronického onemocnéni matky a je spojena s:
normalnim objemem placentarni tkané

fyziologickym rlstem plodu i normalni porodni vahou novorozence
fyziologickym nalezem pratoku pfi dopplerovskych vySetfenich

pfiznivou prognézou pro matku i plod
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Klasifikace preeklampsie dle zavaznosti

Preeklampsie hypertenze s proteinurii vznikajici po 20. tydnu téhotenstvi

hypertenze (TK = 140/90 mm Hg)

proteinurie (ACR = 30 mg/mmol nebo dUCB = 0,3 g/24 hodin)

Mirna hodnoty TK 140/90 az 159/109 mm Hg

bez znamek tézké preeklampsie

Tézka TK =160/110, oligurie <400 ml/24 hodin, znamky HELLP syndromu

(epigastricka bolest &i bolest v pravém hypochondriu, trombocytopenie < 100x10°/1 a/nebo elevace
jaternich enzymu: AST, ALT), plicni edém, znamky progredujiciho renalniho selhavani, nové vzniklé
bolesti hlavy a poruchy vizu

(pfi splnéni = 1 z téchto vyjmenovanych kritérii)




Diagnostic Criteria for Preeclampsia (ACOG, 2013)

e 2 140 mm Hg systolic or 2 90 mm Hg diastolic one 2 occasions at least 4 hrs
apart notmoreihan 1wkapae after 20 wks GA in women with a previously normal BP

Blood Pressure
e 2 160 mm Hg systolic or 2 110 mm Hg diastolic, confirmed within a short
interval {minutes) to facilitate timely antihypertensive therapy
And
e 2 300mg per 24-hr urine collection (or this amount extrapolated from a timed
collection)
Proteinuria

Or
e Proteinfcreatinine ratio 2 0.3 mg/dL
» Dipstick reading of 2 1+ {used enly if other quantitative methods not available)

on at least two occasions at least 4 hours apart but no more than 1 week apart

Or in the absence of proteinuria, new-onset hypertension with the new onset of

one or more of the following:

Thrombocytopenia

e Platelet count < 100,000/uL

Renal insufficiency

e Serum creatinine > 1.1 mg/dL or a doubling of the serum creatinine in the
abzence of other renal disease

Impaired liver
function

& Elevated blood levels of liver transaminases to twice normal concentrations

Pulmonary edema

Cerebral or visual
symptoms




Eklampsie

Za eklampsii Ize povazovat kfeCovy stav v t€hotenstvi, za porodu a
10 dnu po porodu splnujici alespon dvé z nasledujicich kritérii
diagnostikovanych do 24 hodin od zachvatu:

hypertenze, proteinurie, trombocytopenie a vzestup sérové hladiny
AST.

Eklampticky zachvat ma obvykle Ctyri stadia:

fazi prodromu, tonickych kreci, klonickych kfe¢i a poruchy védomi s
naslednou amnézii.

Kauzalni Ié€bou eklampsie je okamzité ukoncCeni tehotenstvi bez
ohledu na stafri téhotenstvi a vitalitu plodu, pfi souCasné stabilizaci
zakladnich vitalnich funkci pacientky.




HELLP Syndrom

 HELLP syndrom je velmi vazna komplikace
téhotenstvi s vyraznou mortalitou a morbiditou (az 40
%). Nazev vznikl z anglickych slov Hemolysis,
Elevated Liver enzymes, Low Platelets. Je
popisovan bud jako samostatné onemocneni nebo
Jako komplikace preeklampsie. Jedna se o stav tezké
preeklampsie komplikovany hemolyzou,
trombocytopénii, abnormalnim natérem periferni krve
a patologickymi jaternimi testy.

* Incidence: U 2—-12 % preeklampsii, nejCastéji u
multipar kolem 25. roku, nejCastéji ve 36. tydnu, v
70 % pred porodem, ve 30 % po porodu.

« Patogeneze - nejasna, patrne generalizovany
vazospazmus s naslednym MODS (hlavne jater,
ledvin) a aktivaci koagulace. Vysledkem je
mikroangiopaticka trombocytopenie.




Patofyziologie

* Presny mechanismus pro rozvoj preeklampsie je neznamy

« Patofyziologie preeklampsie pravdépodobné zahrnuje jak
materske, tak fetalni/placentarni faktory.

» Hlavni slozkou rozvoje preeklampsie je nadmérna placentarni
produkce antagonistl jak vaskularnich epitelialnich rlstovych
faktora (VEGF), tak transformacniho rustového faktoru B
(TGF-B).

« Tito antagonisté VEGF a TGF-B narusuji endotelialni a renalni
glomerularni funkci, coz vede k edému, hypertenzi a
proteinurii

« Krome toho se zda, ze existuje dédicna slozka a oxidacni
stres a abnormalni implantace placenty mohou dale zvysit
riziko rozvoje onemocnéni




Patofyziologie preeklampsie

Proposed pathways

» 4 Nitric oxide * Oxidative stress
Stage | » JHeme oxygenase + Genetic/environmental
* AT1-AA immunologic factors

I 4COMT

™~

\

v

Stage Il ' » TsFlit-1/sVEGFR1/sEng .

Placental Abnormal « }Circulating VEGF/ PIGF1 Inappropriate

ischemia placentation » Misfolded placental proteins spiral artery
» Unknown matemnal factors remodeling

v y Y y v

*HTN « Capillary leak * Headache «TLFTs « Activated coagulation
* Proteinuria * Pulmonary * Seizure * Hepatic system
= AKI edema * PRES infarction » Thrombocytopenia

Elizabeth Phipps, Devika Prasanna,
Wunnie Brima and Belinda Jim
CJASN June 2016, 11 (6) 1102-1113; DOI:
https://doi.org/10.2215/CIN.12081115
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~Placenta
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| \ Impaired placentation I Clinical manifestation
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— U i Pedal 7 g 5 B ¢ =i Trophoblast
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Stress - 6 : - | myometrium
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; ! HELLP ~ Placenta
Genetic Factors - ' i Syndrome
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R
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Aspirin in the prevention of preeclampsia: the conundrum of how, who and when. Lina Bergman, Cerebral biomarkers in women with
Shanmugalingam R, Hennessy A, Makris A. preeclampsia

J Hum Hypertens. 2019 Jan;33(1):1-9. doi: 10.1038/s41371-018-0113-7. October 2017 DOI: 10.131g2/RG.2.2.30083.81445




Poruchy poporodni adaptace

Porucha poporodni adaptace (s nutnosti stimulace a kratkodobé
insuflace) se vyskytuje u 5—-10 % novorozencu. Potreba
resuscitace donosenych novorozencl s porodni hmotnosti nad
2500 gramu je relativné mala (kolem 1 %). Priblizné 8 déti z 1000
narozenych vyzaduje ventilaci maskou a 2 déti z 1000 narozenych
intubaci. Potreba stabilizace a re- suscitace narusta u
novorozencu velmi nizké a extrémné nizké porodni hmotnosti a u
déti s vrozenymi vyvojovymi vadami.
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Eliminace amnialni tekutiny v plicich

Mechanismy evakuace a reabsorpce amnialni tekutiny z bronchopulmonalniho
prostredi jsou zasadni v patofyziologii poruch poporodni adaptace u novorozencu.
Klicovou roli pri preméné kapalného prostredi in utero na prostredi plynné ex
utero ma plicni epitel. Pasivnimi mechanismy jsou komprese hrudniku pfi
prichodu porodnimi cestami (s naslednou evakuaci amnialni tekutiny) a ndsledné
rozpeéeti hrudniku.

Pokles parcialniho tlaku kysliku po preruseni pupecniku, svétlo, hluk, chlad a
gravitacni sily indukuji a stimuluji dechové centrum novorozence k respiracnimu
usili a navozeni rytmickeé dechové aktivity. Indukovana dechova aktivita
novorozence vede k resorpci fetalni amnialni tekutiny, ustanoveni celkového
plicniho objemu, ustanoveni funkcni rezidualni kapacity a dechového objemu. Pri
dechové aktivité novorozence dochazi finalné k poklesu plicni vaskularni

rezistence a prestavbé fetalni cirkulace.
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Adaptace cirkulace

Intrauterinné dochazi k vymeéné krevnich plynt placentou, ktera je nizko-
rezistentnim recistém. Pritok krve plicemi je u plodu minimalni (5-10 %
srdecniho vydeje). Po preruseni pupecniku a indukci dechové aktivity
novorozence dochazi k poklesu plicni vaskuldrni rezistence, zvyseni pratoku krve
plicemi, zvySeni systémového tlaku a uzavreni pravo-levych zkratu.

Po porodu je provadéno hodnoceni podle Apgarové. Hodnoti se v 1., 5. a 10. minuté po narozeni. Nizké
hodnoty skore koreluji u donosenych novorozencl s vyssi morbiditou a mortalitou.

Nevyhodou skore podle Apgarové je velmi subjektivni vnimani jednotlivych polozek

kromé srdecni akce (jediny méreny parametr).

Podle charaktearu periferniho prokrveni (barvy ditéte) nelze napf. validné odhadnout oxygenaci. Zdravy,
fyziologicky a spontdnné dychajici novorozenec vétsinou zrlzovi béhem 30 sekund po porodu. Mirna
(prevainé periferni) cyandza mize pretrvavat nékolik minut po porodu. Fyziologicky donoseny
novorozenec ma hodnoty saturace kyslikem (Sp0O2) v pribéhu porodu kolem 60 %. Hodnota SpO2
postupné stoupa (> 90 %) béhem deseti minut. Periferni cyandza je velmi ¢astym symptomem a pfi
izolovaném vyskytu neni znamkou hypoxémie.
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Kontext




Bila tukova tkan (WAT)

Adipokiny:

— Terminology overlap with cytokines, also referred to as ,,adipocytokines”:

— sensu stricto definition: ,cytokines produced in WAT“
— sensu lato: ,various substances, including cytokines and hormones, produced in WAT“
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Znamé ucéinky adipokinu v ramci rizeni reprodukce u zen a v
ramci rozvoje trofoblastu

HYPOTHALAMUS

[ 1 GnRh production
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Znamé ucinky adipokinti v ramci obezity u

zen

* [nsulin resistance

* Obesity
Role for insulin-
sensitising agents?
Endocrine Metabolic
manifestations manifestations
Raised insulin * (Glucose intolerance
4 Y \ » Dyslipidaemia
Liver Ovary Adrenals * Vascular dysfunction
Y
Reduced
SHBG
N Y
Raised androgen activity
Clinical Long term
presentation Y Y sequelae
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SHBG=sex hormone binding globulin

Ramsay, J. E et al. BMJ 2006
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Fetalni programovani?
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Vyvojova plasticita?

Deprivovdno

Prekazky, napf. podvyZiva,
prenastaveni metabolickych
setpointl

Zdravy (match)

Zdédény genotyp a
fenotyp

~

Zvysené riziko
metabolického
onemocnéni
(mismatch)

Zdravy (match)

Pfimérené
Prostfedi béhem vyvoje Prostfedi v dospélosti

. . ENDOCRINE
Hochberg Z et al. Endocrine Reviews 2011;32:159-224
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Vyvojova plasticita — Ize zmenit viohy?

Vyvojova plasticita v case

Perinatalni Funkéni Strukturalni
modelovani reprogramovani reprogramovani

Vysledny fenotyp

Braam B et al. (2007) Technology Insight: innovative options for end-stage renal disease—from kidney refurbishment to  nature CLNCAL PRACTICE

artificial kidney Nat Clin Pract Nephrol 3: 564—-572 doi:10.1038/ncpneph0600 NEPHROLOGY




DOHAD - Developmental Origins of Health and Disease
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