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Abstrakt

Vyskyt tyreopatii v gravidité v Ceské republice dosahuje 10-159%. Duraz na véasnou
diagnostiku a 1é¢bu je kladen nejen v pribéhu téhotenstvi, ale i v dobé pied otéhotnénim

z diivodu vlivu tyreopatii na fertilitu, prubéh téhotenstvi, porod a vyvoj plodu.

Cilem préce bylo zhodnotit efektivitu a ekonomické aspekty screeningu tyreopatii t€hotnych
Zen a Zen s poruchou fertility v podminkach Ceské republiky. Praci tvoii ¢tyfi publikované
studie. Prvni je prospektivni prufezova studie 200 pozitivné screenovanych t€hotnych Zen.
Ve studii dochazime k zavéru, ze té¢hotné zeny s vysokym a nizkym rizikem tyreopatii maji
podobné klinické a laboratorni charakteristiky a screening, v sou¢asnosti zaméfeny pouze na
rizikové skupiny, je neefektivni. Druha studie 5 223 téhotnych Zen je studii ptipadi a kontrol.
Zjistujeme, ze veék Zeny nad 30 let neni rizikovym faktorem pro tyreopatie v téhotenstvi,
ackoliv jeho ptfidani do strategie cileného screeningu rizikovych skupin zlepsuje zdchyt a ATA
(American Thyroid Association) jej pridala do svého doporuceni 2011. Tteti publikace je
retrospektivni prufezova studie 188 tehotnych zen léCenych levothyroxinem, které byly
v gravidité pravidelné laboratorné kontrolovany v souladu s doporuc¢enim ATA 2011 a ES
(Endocrine Society) 2012. Dochazime zde ke zjisténi, Ze laboratorni kontrola ve tietim
trimestru nevede k medicinsky odiivodnéné zméné terapie a pouze zvysSuje naklady. Posledni
¢tvrta publikace je prospektivni kohortova studie 258 Zen. Studie ukazala, Zze screening
tyreopatii Zen po spontannim potratu ma pozitivni vliv na nasledné reprodukéni zdravi Zeny

(zlepSuje fertilitu) a Setfi naklady na 1écbu nasledné infertility.

Klicova slova: screening, hypotyredza, t¢hotenstvi, tyreoidalni stimula¢ni hormon, protilatky

proti tyreoidalni peroxidaze, fertilita, naklady, analyza ndkladové efektivity



Abstract

The incidence of thyroid diseases in pregnancy in the Czech Republic reaches 10-15%.
Emphasis on early diagnosis and treatment is laid not only during pregnancy but also in the time
preceding conception due to the impact of thyroid diseases on fertility, the course of pregnancy,
birth and fetal development. The aim of the dissertation was to assess the effectiveness
and economical aspects of screening for thyroid disease in pregnancy and in women with
fertility disorders in the conditions of the Czech Republic. The dissertation consists of four
published studies. The first study is a prospective cross-sectional study of 200 positively
screened pregnant women. In the study we come to conclusion that pregnant women who are
at high- and low-risk for thyroid disease have similar clinical and laboratory characteristics
and screening, currently focused only on risk groups, is ineffective. The second study of 5 223
pregnant women is a case-control study. We find that the age of women over 30 cannot be
regarded as a risk factor for thyroid disease in pregnancy, although addition this age criterion
to the case-finding screening strategy improve its efficiency and ATA (American Thyroid
Association) include it in their guideline 2011. The third publication is a retrospective cross-
sectional study of 188 pregnant women treated with levothyroxine who were followed and
laboratory examined according to the recommended algorithm by ATA 2011 and ES
(Endocrine Society) 2012. We come to a conclusion that laboratory examination in the third
trimester doesn’t leads to medically justified changes of levothyroxine therapy and only
produce high costs. The fourth and last publication is a prospective cohort study of 258 women
after spontaneous abortion. The study showed that screening for thyroid diseases after
spontaneous abortion has positive effect on subsequent reproductive health (improves fertility)

and is cost-saving strategy in terms of lowering subsequent infertility.

Key words: screening, hypothyroidism, pregnancy, thyroid stimulatory hormone, antibodies
against thyreoperoxidase, fertility, costs, cost-effectiveness analysis
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1 Uvod

Problematikou onemocnéni §titné zlazy v gravidité a u zen s poruchou fertility se zabyvam od
roku 2008, kdy jsem jiz béhem svého bakalarského studia zapocala svou aktivni spolupraci
s III. interni klinikou, klinikou endokrinologie a metabolismu VSeobecné fakultni nemocnice
a 1. lékarské fakulty Univerzity Karlovy v Praze (dale jen VFN a 1. LF UK). Vyzkumny tym,
Vv némz pusobim, se této problematice dlouhodobé vénuje a je uznavanym partnerem v diskuzi

1 na mezinarodnim poli.

Za posledni desitky let doslo k vyraznému posunu v porozuméni fyziologie a imunologie Stitné
zlazy spolu s pokrokem jejiho funkéniho testovani. Tyto poznatky vedly k rozpoznani
dulezitosti véasné detekce a zahajeni ptiméfené 1é¢by tyreoidalnich poruch téhotnych zen.
Tyreopatie se Casto prvné manifestuji v gravidité, protoze téhotenstvi S sebou pfinasi zvysené
naroky na produkci hormont §titné zlazy matky. Nelécené nebo nedostatecné 1écené tyreopatie
maji negativni dopad na samotnou schopnost koncepce, na pribéh téhotenstvi, zptisob ukonéeni
te¢hotenstvi, na nasledné zdravi matky, vyvoj plodu a nasledné i ditéte. V soucasné dobé jsou
poruchy §titné Zlazy, v€etné autoimunitnich tyreopatii, nejcastéj$Sim endokrinnim onemocnénim
zen reprodukéniho véku (vék 13-55 let) s prevalenci 2—6 % [1]. V ¢eské populaci téhotnych
zen dosahuje pozitivita tyreoidalnich protilatek dle riznych zdroji az 15 % a sniZenou
tyreoidalni funkci trpi az 5 % vSech t€hotnych Zen [2, 3]. Problematiku podrobnéji rozvadim
v podkapitole 4.1 s nizvem Prevalence tyreopatii v gravidité v CR (str. 8-9).

Zasadnim problémem onemocnéni §titné zlazy zistava, ze muze zustat po dlouhou dobu
nerozpoznano, protoze symptomy tyreopatii jsou snadno zaménitelné s obecnymi té¢hotenskymi
symptomy. V letech 2006 az 2011 realizovala doc. Limanova z Ill. interni kliniky VFN
a 1. LF UK spolu s Ing. Springer z Ustavu klinické biochemie a laboratorni diagnostiky VFN
a 1. LF UK dva zkuSebni screeningové projekty, které celkem zahrnuly pies 8 000 t€hotnych
zen zcelé Ceské republiky. Tento pilotni projekt, podporovany Vseobecnou zdravotni
pojistovnou — odborem prevence — prokazal, e miniméalné 710 % téhotnych Zen v Ceské
republice o svém onemocnéni §titné zlazy nevi [4]. I proto se Ceska endokrinologicka
spolecnost piiklani k zavedeni celoplosného (univerzalniho) screeningu vSech t€hotnych zen,
ato vco nejcasnéjSim stadiu téhotenstvi. Pfesto tento nazor neni jednotny napii¢ vSemi

odbornymi spolecnostmi a je i fada zastanci stfidméjsi varianty screeningu, tedy cilen¢ho
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vyhledavani rizikovych Zen. Ackoliv doporuceni endokrinologickych spolecnosti dosahla
konsenzu v tom, Ze screening tyreopatii v téhotenstvi je potiebny, stale dosud neexistuje
jednotny nazor na jeho konkrétni podobu (forma a na¢asovani screeningu) a na to, jak se maji
zeny s pozitivnim vysledkem screeningu 1é¢it. Podrobnéji se touto problematikou zabyvam
v podkapitole 4. 8 Screening tyreopatii téhotnych Zen (str. 18-21) a také v prvni pfiloZené
publikaci, ktera se zaméfuje na vztah mezi osobni anamnézou, laboratornim nalezem
a sonografii §titné zlazy u zen pozitivnich v ramci univerzalniho screeningu tyreopatii
v téhotenstvi (podkapitola 11.1 Prvni publikace, str. 66—71). Ve druhé piilozené publikaci
se vénuji rizikovym faktorim tyreopatii (konkrétné vék zeny nad 30 let), které jsou uvadény
v doporuc¢eni American Thyroid Association 2011 (podkapitola 11.2 Druha publikace,
str. 72—79). Samotnou problematiku diagnostiky tyreopatii rozpracovavam Vv podkapitole

4.2 VySetiované parametry a cilové hodnoty (str. 9-12).

Spolu s vyzkumnym tymem III. interni kliniky se dale zabyvam vztahem mezi tyreopatii,
fertilitou Zeny a zptuisobem ukonceni té¢hotenstvi v piipadé uspésného otéhotnéni. Hormony
Stitné zlazy ovliviiuji plodnoSt a pfitomnost autoimunitni tyreopatie negativné ovliviiuje
schopnost poceti, prubéh téhotenstvi a zpisob jeho ukonceni (podkapitoly 4.3-4.6, str. 12-15).
Ve své posledni pfiloZzené publikaci se navic podrobnéji zabyvam moZnostmi screeningu
autoimunitnich tyreopatii u Zzen po spontannim potratu jak z pohledu klinického, tak
i ekonomického. V soudasné dobé totiz v Ceské republice nartista zajem o preventivni strategie
(zahrnujici mimo jiné screeningové programy) ze strany pacientll, zdravotnich pojisStoven,
a také ze strany vlady. Jednim z divodi je pretrvavajici snaha o udrzeni ¢i dokonce zlepSeni
zdravotniho stavu obyvatelstva soucasné s usilim 0 snizovani zdravotnickych nakladu.
Z kratkodobé perspektivy jsou screeningy svym rozsahem znacn€ ndkladnou zalezitosti
a zatézuji i zdravé osoby. Z dlouhodobé perspektivy ale mohou vést ke zna¢né tispote naklada.
V takové situaci se ndkladové analyzy screeningovych programt (kapitola 5 Ekonomické
aspekty screeningovych programu, str. 22-34) stavaji nepostradatelnym pomocnikem pro
objektivni posouzeni situace pii rozhodovacich procesech v ramci alokace omezenych zdroju

ve zdravotnictvi.

Potieba komplexniho hodnoceni screeningovych programi je nezbytna nejen pii hodnoceni
ucelnosti investic do vySe zminéného screeningu Zen pO spontannim potratu, ale i do
Vv soucasnosti diskutovaného screeningu tyreopatii t€hotnych zen. V' této oblasti byly dosud

publikovany ¢étyfi studie nakladové efektivity. Vysledky ukazaly, Ze univerzalni screening je



nakladové efektivni jak ve srovnani se screeningem rizikovych skupin zen, tak i ve srovnani
se stavem bez screeningu (podkapitola 5.5 Nakladova efektivita screeningu tyreopatit, str. 28—
32). Presto univerzalni screening neni aktuadlné platnymi mezinarodnimi doporuc¢enimi
tyreoidalnich spole¢nosti podporovan [5-7]. Jako hlavni argument proti zavedeni univerzalniho
screeningu je uvadén nedostatek randomizovanych kontrolnich studii, zaméfenych na efektivitu
1écby subklinické hypotyredzy, kterd tvoii velkou ¢ast tyreopatii v gravidité¢. Dosavadni
poznatky o schopnosti 1écby snizit rizika subklinické hypotyredozy a o efektu 1écby
eutyreoidnich zen s pozitivnimi protilatky proti tyreoidalni peroxidaze jsou nedostacujici
a zaroven kontroverzni (podkapitola 4.7 Lécba hypotyredzy a autoimunitnich tyreopatii
v gravidité a U infertilnich Zen, str. 16-18). V soucasné dob¢ je ale velmi obtizné, aby eticka
komise schvalila zdamémé vynechani 1é€by u onemocnéni, u kterého jiz byl prokézan jasny
negativni dopad a zarovei se dotyka citlivého tématu t¢hotenstvi. Nicmén¢ dv€ randomizované
studie v USA a Cing, zabyvajici se vlivem 1é¢by subklinické hypotyredzy na IQ ditéte, byly jiz
schvaleny (studie NICHD a SHEP; podkapitola 5.7 Probihajici studie, str. 34). Vysledky by
mohly pfinést ¢ast chybéjicich validnich dukaz, nepostradatelnych pro rozhodovani

0 zavedeni univerzalniho screeningu tyreopatii u t€hotnych Zen.

Duraz na dosazeni a udrzeni eutyroidniho stavu je Vv soucasnosti kladen nejen na obdobi
t¢hotenstvi, ale i na dobu jesté pred samotnym otéhotnénim. Jednim z divodu je i vliv tyreopatii
na fertilitu Zen. Dle naSich vysledkt, publikovanych v BMC Pregnancy and Childbirth
(podkapitola 11.4 Ctvrta publikace, str. 90-100), by vsechny Zeny po &asném spontannim
potratu mély byt vySetfeny na onemocnéni §titné zlazy z diivodu nasledného reprodukéniho
zdravi. Ve spolupraci s endokrinology a gynekology jsme vytvofili algoritmus managementu
screeningu tyreopatii a nasledné péce U zen po spontannim potratu, se snahou opét otéhotnét.
Studie zahrnuje nejen klinickou analyzu dat, ale i analyzu nakladové efektivity, ktera
V soucasnosti patii mezi nejpouzivanéjsi typ ekonomickych analyz. Jako hodnoceny efekt jsme

zvolili zptisob ukonéeni nasledného téhotenstvi s ohledem na 1é¢bu.

Samotnym screeningem ale cela problematika nekonéi. VSechny té€hotné zeny (nejen po
spontannim potratu), které byly v ramci v§eobecného screeningu tyreopatii vyhodnoceny jako
pozitivni, je tfeba pravidelné¢ sledovat a prostfednictvim adekvatni 1éCby zajistit, aby
koncentrace tyreoidalniho stimula¢niho hormonu zistala v pozadovaném rozmezi (podkapitola
4.7.1 Uprava davkovani, str. 17-18). Ackoliv se zde diagnosticko-terapeutické schéma

doporuc¢ované odbornymi spole¢nostmi nejevi v principu komplikovan¢, nemusi se jednat



0 feSeni optimalni. V mé tieti piilozené publikaci konfrontujeme doporu¢ovany management
naslednych vySetfeni pii onemocnéni §titné zlazy v t€¢hotenstvi se sou¢asnou klinickou praxi
I se soucasnym stavem poznani, na zaklad¢ vysledkd studie provadime kalkulaci nakladt
a formulujeme navrh na optimalizaci. Jednim z praktickych piinost mé diserta¢ni prace by tak
méla byt optimalizace diagnosticko-terapeutického schématu tyreopatii gravidnich Zen
sohledem na specifické podminky v Ceské republice (podkapitola 11.3 Tfeti publikace,
str. 80—89).



2 Cile prace

Cile disertacni prace jsou:

1)

2)

3)

4)

Zhodnotit prevalenci rizikovych faktorti u Zen s pozitivnim vysledkem screeningu
tyreopatii v t&hotenstvi v Ceské republice a ohodnotit vztah mezi klinickymi daty,

laboratornim nélezem a sonografickym nalezem.

Ovéfit, zda vek zeny ovlivituje riziko autoimunitnich tyreopatii v t€hotenstvi a tudiz

patii mezi rizikové faktory.

Zjistit, jaké jsou naklady na dal$i pé¢i u Zen s pozitivnim vysledkem screeningu
tyreopatii v t¢hotenstvi a zda je mozné tyto ndklady snizit racionalizaci diagnosticko-

terapeutického schématu.

Vytvotit obecny algoritmus univerzalniho screeningu tyreopatii Zen po potratu
s ohledem na klinickou a nakladovou efektivitu. Zjistit, zda ma screening a nasledna
1é¢ba autoimunitni tyreoiditidy a/nebo hypotyredzy u zen po potratu pozitivni vliv na

reprodukéni zdravi, a pokud ano, jaké jsou naklady.



3 Vyzkumné hypotézy

1)

2)

3)

4)

Screening §titné zlazy u t€hotnych Zen, zaméfeny pouze na rizikové skupiny zZen, je
Z hlediska zachytu klinicky vyznamnych tyreopatii neefektivni.

Riziko tyreopatii v téhotenstvi nestoupa s vékem a veék zeny nad 30 let by tedy nemél

byt zatazovan mezi rizikové faktory.

Naklady na dal$i péci o zeny s pozitivnim vysledkem t¢hotenského screeningu lze
snizit racionalizaci nasledného diagnosticko-terapeutického schématu.
Univerzalni screening tyreopatii u Zen po potratu je v podminkach Ceské republiky

Klinicky i nakladové efektivni.



4 Medicinské aspekty screeningu tyreopatii
v gravidité a u zen s poruchami fertility

Stitna Zlaza je endokrinni organ povrchové ulozeny na piedni strané krku mezi §titnou
chrupavkou a jugulem. Jeho hlavni funkci je tvorba hormonu §titné zlazy tyroxinu (T4)
a trijodtyroninu (T3), které hraji klicovou roli v regulaci metabolismu organismu, diferenciaci
a vyvoji tkani v dobé ontogeneze. Hormony §titné zldzy zpétnou vazbou tlumi produkci
tyreoidalniho stimula¢niho hormonu (TSH) adenohypofyzou, ktery stimuluje tyreocyty k jejich
produkci. V fizeni a funkeci $titné zlazy se uplatiuje tiikompartmentovy model osy hypotalamo-

hypofyzo-tyreoidalni u matky, plodu a také placenty.

Matka
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Thyrotropin
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Obr. 1. Pribéh koncentraci tyreoidalnich hormont, TSH a hCG v séru v gravidité u matky (nahofe)

a plodu (dole) (Prevzato z Burrow, 1994 [8])

TSH: tyreoidalni stimulaéni hormon; T4: tyroxin; T3: trijodtyronin; hCG: lidsky choriogonadotropin; TBG:
tyroxin vazajici globulin



Mezi faktory, které v gravidité vyznamné ovliviuji funkci stitné zlazy, fadime zvySenou renalni
clearance jodu, rust sérové koncentrace tyroxin vazajiciho globulinu (TBG) a tyreotropni
aktivitu lidského choriového gonadotropinu (hCG) [9-11].

Fyziologii tyreoidalnich regulaci v prvni polovin¢ té¢hotenstvi ovliviiuje hCG. Uplatiiuje se zde
stimula¢ni efekt na receptorech pro TSH. Vyrazné zvySeni koncentrace hCG spolu s vlivem
estrogent vede k fyziologickému potlaceni koncentrace TSH v prvnim trimestru gravidity [12].
V druhém a tfetim trimestru gravidity koncentrace TSH zacind naopak stoupat a FT4 (volny
tyroxin) klesat [13]. Pti vzestupu cirkulujiciho objemu a pfi zvySeni koncentrace plazmatickych
vazebnych bilkovin pod vlivem estrogeni (Obr. 1, str. 7) [8] stoupaji naroky na produkci
tyreoidalnich hormontl §titnou Zlazou matky. Zeny se sniZenou funkci §titné Zlazy nejsou

schopné na tyto pozadavky reagovat.

Castou pii¢inou nedostatedného vzestupu tvorby T4 v prvnim trimestru je také nedostatek jodu.
V ptitomnosti jodového deficitu je hypotyroxinémie kompenzovéana zvySenou dejodaci T4 na
T3 (volny trijodtyronin) a preferencni sekreci T3. Sérové koncentrace T3 tak zlstavaji normalni

nebo mohou i stoupat, coz brani vzestupu TSH [14].

Stitna zlaza plodu za¢ina tvofit tyreoidalni hormony od 12. gestaéniho tydne, nicméné az do
18.-20. tydne je sekrece nedostatecnd a plod je zavisly na matetském T4. Matetsky T4 je ziejmé
Vv ur¢itém mnozstvi nutny i v dalSich fazich gravidity. Kritické obdobi vyvoje CNS spojené
s radialni migraci neurond do mozkové kiry zacina jiz v 11. gestacnim tydnu, mozna i dfive.

Plod je tedy do 12. tydne zcela a pozdé€ji minimalné ¢astecné zavisly na sekreci T4 matkou [15].

4.1 Prevalence tyreopatii v gravidité v CR

Vysledky dosud provedenych studii na ¢eské populaci t€¢hotnych Zen jsou alarmujici (Tab. 1,
str. 9). Podle riznych studii je hypotyredzou postizeno 4,48-5,10 % vSech téhotnych Zen
a 11,20-15,10 % tehotnych Zen ma pozitivni protilatky proti tyreoidalni peroxidaze (TPOAD)
[2, 3]. Vzhledem K ro¢ni porodnosti kolem 100 000 déti v Ceské republice jde tedy nejméné
0 4 480 tehotnych zen s hypotyredzou a nejméné 11 200 te¢hotnych zen s pozitivitou TPOAb
ro¢né. Kromé toho podle zahrani¢nich tdaji 9-34 % téhotnych Zen ma tyreoidalni uzly [16],
Z nichZ 12-15 % muiZe byt malignich [17-19]. Udaje o stavu uzl pro Ceskou republiku nejsou

dosud k dispozici.



Tab. 1. Prevalence abnormalnich tyreoidalnich laboratornich parametrli u Zen v 1. trimestru

gravidity v CR. (Zdroj [2, 20-22])

Laboratof Minimum (%) Maximum (%)
Zvysené TSH 4,48 5,10
Snizené TSH 2,93 3,60
Snizené FT4 4,30 14,16
Zvysené FT4 2,28 2,50
TPOADb pozitivni 11,20 15,10
Zvysené TSH a TPOADb pozitivni 26,14 44,10
Zvysené TSH a TPOADb negativni 9,10 10,10

TSH: tyreoidalni stimula¢ni hormon; FT4: volny tyroxin; TPOAD: protilatky proti tyreoidalni peroxidaze

4.2 VySetfované parametry a cilové hodnoty

V rutinni praxi spadd mezi zékladni vySetfeni tyreopatii klinické vySetfeni endokrinologem
véetné odbéru anamnézy a laboratorni tyreoidologické testy. Soucasti laboratorniho vySetieni
by mél byt vzdy TSH. Je-li nalezena jeho zvySena hodnota, méla by byt vySetifena koncentrace
TPOADb z dtivodu diagnostiky autoimunitni tyreopatie (AITD). Ve studii 992 Zen sledovanych
pro infertilitu, ¢inila prevalence AITD 16 %. Ztéchto Zen mé&lo 8 % pozitivni TPOAb
i protilatky proti tyreoglobulinu (TgAb), pouze TgAb pozitivnich bylo 5 % a pouze TPOADb
pozitivnich 4 %. Zeny s izolovanou TgAb pozitivitou mély vyznamné vyssi koncentraci TSH
ve srovnani s Zzenami bez AITD [23]. V ptipadé negativity TPOAD je proto doporuc¢ovano
provést vysSetfeni i koncentrace TgAb. Zaroven nesmime zapominat, ze v druhé poloviné
t€hotenstvi dochazi k poklesu sérovych koncentraci tyreoidalnich protilatek v praiméru o 60 %
v dtsledku imunosuprese [24]. V dusledku tohoto poklesu mohou byt u nékterych zen s AITD
tyreoidalni protilatky v pribéhu té€hotenstvi negativni, ale do Sesti mésicli po porodu opét
pozitivni [25].

Casto je tieba doplnit i vysetieni FT4 v séru (je-li patologické TSH) a nékdy i protilatky proti
TSH receptoru (TRAK) v séru, které se vyskytuji u 60-80 % pacientti s Graves-Basedowovou
nemoci [26]. Jen vyjime¢né v nejasnych ptipadech se vySetiuje i volny trijodtyronin (FT3),
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vbézné praxi je ale toto vySetieni nadbyteéné. American Association of Clinical
Endocrinologists (AACE) a Endocrine Society (ES) doporucuji v pfipadé screeningu tyreopatii
u zen planujicich té¢hotenstvi a U Zen v prvnim trimestru t€hotenstvi rutiné vySetiovat pouze

koncentraci TSH [5, 7].

Tab. 2. Orientacni normalni hodnoty tyreoidalnich laboratornich parametrt (upraveno podle [7])

TSH FT4 FT3 TPOAb?; TRAK
(mIu/1) (pmol/l) (pmol/l) (kIU/1; 1U/1)
Dolni hranice  0,4-0,5 9,0-11,0 3,2-3,6
Bézind populace
Horni hranice  4,0-5,0 21,0-24,0 6,1-6,5
Dolni hranice  0,4-0,5 9,0-11,0 O
Zeny prekoncepéné g
Horni hranice 2,5 21,0-24,0 *aE‘a
P
Dolni hranice 0,1 10,7 @O N
1. trimestr gravidity >§ 3
Horni hranice 2,5 16,3 >9n>’_ ©
S =
[J] %)
Dolni hranice 0,2 9,16 f,:, 3
2. trimestr gravidity 0 E;
Horni hranice 3,0 13,5 e~ ot
2 N
Dolni hranice 0,2 9,30
3. trimestr gravidity
Horni hranice 3,0 13,7

1V mych ptiloZenych publikacich byla pouzita pro pozitivitu TPOAD u Zen t&hotnych hranice 143 kIU/I, ktera je
specificka pro nami vyuzivanou laboratot [2].

Normy se mohou mirné liit v jednotlivych laboratotich. Je optimalni, kdyZ existuji pro jednotlivé trimestry
gravidity v konkrétnich laboratofich vlastni normy. Ty je tfeba pouzit, pokud jsou k dispozici.

FT4 je mén¢ spolehlivy parametr nez TSH a vysledky velmi casto nejsou srovnatelné mezi jednotlivymi
laboratofemi.

TSH: tyreoidalni stimulacni hormon; FT4: volny tyroxin; FT3: volny trijodtyronin, TPOAD: protilatky
proti tyreoidalni peroxidaze; TRAK: protilatky proti TSH receptoru

Pokud je u hypotyredzy nebo eutyreoidni autoimunitni tyreoiditidy hmatna struma nebo
uzel/uzly, je nutné doplnit ultrasonografii (USG) stitné zlazy, stejné jako ve vSech ptipadech
hypertyre6zy. V nekterych pripadech ale pozitivita TPOAb nekoreluje s USG nalezem. V nasi

studii z roku 2011 méla témét polovina t€hotnych zen s pozitivnimi TPOAb normalni USG
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nalez. Normalni USG nalez u TPOAD pozitivnich téhotnych zen byl v této studii spojen

S niz$im rizikem pred¢asného porodu [27].

Mezi vySetfeni tyreopatii u téhotnych zen nebo Zen v reprodukénim véku miizeme navic zaradit
koncentraci jodu v moci (jodurie), kterd ma ale vyznam pouze jako ndastroj k zhodnoceni
jodového zasobeni populace v epidemiologickych studiich a v bézné praxi se z davodu velké
variability nevySetiuje. Nizky pfijem jodu mbze vést klatentni hypotyredze
[28, 29], a jak poukazaly mnohé studie, v riziku jsou nejen zeny zijici v oblastech s jodovym
deficitem, ale i zeny ze zemi s dobrou saturaci jodu [30-32]. Mezi né spada dle Svétové

zdravotnické organizace 1 Ceska republika. Proto se u vSech t¢hotnych a kojicich Zen a Zen

planujicich téhotenstvi doporucuje zvysit ptijem elementarniho jodu na 150-500 pg denné [7].

Gravidni Zeny maji odli$né referencni rozmezi a cilové hodnoty tyreoidalnich parametrti oproti
negravidnim Zenam (Tab. 2, str. 10) [2, 33, 34] z divodu vyse popsanych fyziologickych zmén
Stitné zlazy v gravidité (kapitola 4, str. 7-8). Odhad referen¢nich mezi pro gravidni Zeny
uvadény v Tab. 2 vychazi puvodné z publikovanych referenénich intervali Sesti kohort
gravidnich Zen [35]. Ackoliv i soucasna doporuc¢eni American Thyroid Association (ATA)
2011 [5] a Endocrine Society (ES) 2012 [7] upiednostiiuji referen¢ni hranice specifické podle
trimestru, nelze je povazovat za celosvétové platné. Piikladem mohou byt dvé studie z Ciny
[36, 37] a jedna z Indie [38], které zaznamenaly pro kazdy trimestr vyznamné vyssi referenéni
hranice TSH pfi srovnani s mezinarodnim doporu¢enim. Konkrétné Li et al. [37] ve své studii
zjistili, ze ¢inska populace vykazuje v prvnim trimestru té¢hotenstvi referenéni rozmezi TSH
0,12-5,08 mIU/I. P#i pouziti doporucovanych hranic 0,1-2,5 mIU/l by tedy prevalence
hypotyreo6zy ¢inila 28 % oproti 4 % pii pouziti etnicky specifickych referen¢nich rozmezi [39-
41]. Jina studie zpracovava data 3 944 evropskych zen, Gcastnicich se studie Generace R. V této
studii dochazi pifi porovnani prevalence onemocnéni §titné zlazy za pouziti populacné
specifického referen¢niho rozmezi oproti etnicky specifickému rozmezi kK nartistu pozitivniho
nalezu tyreopatii o 18 % [42]. Springer et al. [2] dochazeji ke zjisténi, ze horni hranice
referenéniho intervalu pro TPOAD pozitivity gravidnich Zen v Ceské republice je vice nez
dvojnésobnd ve srovnani s vyrobci doporucovanou referenéni hranici. Pouzivani fixnich misto
lokalnich populacnich referen¢nich mezi tak mize snadno vést ke zbyte¢né 1€cbé ¢i naopak
k nezachyceni vSech zen a to zejména Zen s patologickou koncentraci TSH béhem téhotenstvi.

Nasledna rizika, spojend byt jen s nevyraznou subklinickou poruchou §titné zlazy v obdobi
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t€hotenstvi, jako je potrat nebo piedcasny porod byla dostate¢né popsana v predchozich
kapitolach.

Doporuceni European Thyroid Association (ETA) 2014 [6] jiz bere v uvahu vySe zminéné
studie a upiednostiiuje stanoveni lokalnich referencnich mezi pro TSH a T4 (TT4 nebo FT4)
specifickych pro dany trimestr pied vyuzivanim fixnich referen¢nich rozmezi. ATA 1 ES pfitom
na zaklad¢ doporuceni International Federation of Clinical Chemistry [43] davaji zavérem
prednost stanoveni referen¢nich mezi jako 2,5-97,5 percentili ptislusné populace s ohledem na

dostate¢ny piijem jodu [5, 7].

4.3 Hypotyreoza v gravidité

Subklinicka hypotyredza je definovana zvysenou koncentraci TSH nad horni referen¢ni hranici
a normalni koncentraci T4 [celkového tyroxinu (TT4) nebo FT4]. Prevalence v t€hotenstvi je
odhadovana na 2-2,5 % [2, 44, 45]. Naopak manifestni hypotyredza je definovana poklesem
koncentrace FT4 pod normu se sou¢asnym zvy$enim koncentrace TSH. Prevalence manifestni

hypotyredzy v téhotenstvi se pohybuje okolo 0,2-0,5 % [46].

V rozvojovych zemich je nejCastéjSi pri¢inou hypotyredzy zavazny jodovy deficit,
ve vyspélych zemich se jedna o chronickou autoimunitni tyreoiditidu. Doprovodné symptomy,
jako jsou Uinava, ptfibyvani na vaze, snizeni fyzické vykonnosti ¢i z&cpa jsou Casto zamé&novany
S obecnymi téhotenskymi symptomy. Ztrata vlast, suchd pokozka a bradykardie byvaji
pritomny pouze u nékterych osob. Nelécena hypotyre6za miize vést k abrupci placenty, gestacni
hypertenzi, preeklampsii, potratu, pfed¢asnému porodu a nizké porodni hmotnosti [5, 7].
Porodni komplikace jsou Cast&jsi, je-li hypotyredza diagnostikovéana ptili§ pozdé a/nebo kdyz

substituce levothyroxinem (LT4) béhem téhotenstvi neni adekvatni [47].

V nékterych studiich se autofi v diskuzi zabyvaji vlivem hypotyreézy matky na IQ potomka
[48-52], pricemz tento vliv je castéji spojovan S vyssi koncentraci TSH v krvi [48, 52].
Vyznamnym nedostatkem téchto studii ale je, ze se jedna o retrospektivni studie, kde muze
dojit k vlivu celé fady spolecnych soucasné ptsobicich proménnych (confounding variables)
na vysledky. V roce 1999 publikoval Haddow prospektivni studii vlivu tyreopatie matky na
neuropsychologicky vyvoj plodu [48]. I on je vSak za svou studii kritizovan, nebot nebral
v uvahu IQ rodict. V roce 2014 byla publikovana nizozemska populacni prospektivni studie,

ktera vysetfila a nasledn¢ sledovala 3 727 déti a jejich matek. Vyzkumny tym nalezl v praméru
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0 4,3 bodi nizsi IQ u déti, jejichz matky byly v casnych fazich téhotenstvi hypotyredzni.
Morfologické zmény mozku ditéte nebyly nalezeny. Tato studie vykazuje ale velké nedostatky.
Mateiské tyreoidalni parametry byly vySetieny béhem tehotenstvi pouze jedenkrat, nebyla
vySetiena ¢innost §titné zlazy ditéte a ptipadna farmakologicka 1écba stitné zlazy matky nebyla

pii hodnoceni vysledkl brana v tivahu.

Dalsi studie provedena v roce 2001 nalezla pokles 1Q o 5 bodu i v ptipadé nelécené mirné
hypotyreézy matky [53]. Nasledn¢ vroce 2012 publikovali Lazarus et al. [54] prvni
randomizovanou kontrolovanou studii, ktera se zabyva efektem screeningu a nasledné 1écby
hypotyreoidnich Zen na IQ jejich ditéte. Dosli k zavéru, Ze screening hypotyredzy u téhotnych
zen nevede ke zlepSeni kognitivnich funkci ditéte. Studie ma ale opét fadu omezeni. Mezi hlavni
patii pozdni screeningovy odbér krve (az na konci prvniho nebo dokonce na zacatku druhého
trimestru) a skutecnost, ze ve studii nebyly vySetiovany tyreoidalni protilatky. Je tedy
pravdépodobné, ze 1é€be uniklo nezanedbatelné procento zen, které mély protilatky pozitivni

a u kterych se hypotyredza vyvinula v pozdéjsich fazich t€hotenstvi.

Z vyse zminéného vyplyva, ze vysledky dosud publikovanych praci, zaméfujicich se zejména
na asociaci mezi subklinickou hypotyre6zou v t¢hotenstvi a poruchou neuropsychologického
vyvoje ditéte, jsou znacné nekonsistentni, maji velké mnozstvi nedostatkli a neexistuje jasny
dikaz, ze 1é¢ba LT4 v pribéhu téhotenstvi pozitivné ovlivituje neuropsychologicky vyvoj

ditéte. Je proto tieba, aby v této oblasti byl proveden podrobnéjsi vyzkum.

4.4 Hypertyreoza v gravidité

Subklinickd hypertyredza je definovana jako asymptomatické snizeni koncentrace TSH pii
normalni koncentraci T4, zatimco u manifestni hypertyre6zy dochazi nejen k poklesu TSH, ale
i ke zvySeni FT4. Prevalence hypertyredz se pohybuje v téhotenstvi okolo 0,2 % [46].
Devadesat pét procent vSech hypertyredz tvoii Graves-Basedowova nemoc, kterd spadd mezi
autoimunitni onemocnéni. V diisledku vlivu hCG na S§titnou Zlazu se u téhotnych zZen miize
objevit tranzientni gestaéni hypertyred6za (TGH) ve spojeni s hyperemesis gravidarum

a gestacni pfechodovou tyreotoxikézou [46].

Mezi klinické symptomy fadime tachykardii, nervozitu, ties, zvySené poceni, Spatné snaSeni
tepla, snizeni fyzické vykonnosti, zvySenou Cinnost stfev a hypertenzi. Nelécend manifestni
hypertyre6za muze vést k abrupci placenty, preeklampsii, pfed¢asnému porodu, porodu
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mrtvého plodu, omezenému nitrodéloznimu rastu a poruSe Stitné zlazy ditéte. V piipadé

subklinické hypertyredzy a TGH nejsou znamy negativni dopady na matku ani plod [5, 7].

Jelikoz se tato prace zaméfuje na hypotyredzu a autoimunitni tyreoiditidu s normalni funkci

Stitné zlazy, nebude v dal$im textu hypertyre6za jiz vice rozebirana.

4.5 Poporodni tyreopatie (tyreoiditida)

Poporodni tyreopatie (tyreoiditida) je definovana jako TSH mimo referen¢ni mez v obdobi
prvnich 12 mésict po porodu [55] a ve vétsing pfipadi jsou pritomny TPOAD. Klinicky pribéh
onemocnéni je riznorody: piiblizné u 25 % zen dochdzi k rozvoji hypertyredzy s naslednym
pfechodem do hypotyredzniho stavu, u 43 % Zen se rozvine pouze hypotyredza a u zbylych

32 % naopak hypertyreoza [5].

Klinické symptomy mohou byt snadno zaménovany s poporodni iinavou, poporodni depresi
nebo Graves-Basedowovou nemoci. Zeny s diabetem mellitem 1. typu a Zeny s pozitivnimi

TPOAD a/nebo TgADb maji zvysené riziko rozvoje poporodni tyreoiditidy [56, 57].

4.6 Eufunkc¢ni autoimunitni tyreoiditida v gravidité

Autoimunitni tyreopatie (AITD) jsou definovany pfitomnosti autoimunitniho procesu ve §titné
zlaze stypickym nalezem na USG a/nebo pfitomnosti tyreoidalnich protilatek. Samotna
porucha §titné Zlazy ve smyslu hypotyre6zy nebo hypertyredzy muze, ale také nemusi, byt
pritomna. AITD piedstavuje nejcastéjsi autoimunitni onemocnéni (postihuje 5-10 % Zen
produktivniho véku), které mtze zlstat nediagnostikovano po mnoho let [58], protoze velka
¢ast Zen nemd zadné klinické ptiznaky.

V sir$im slova smyslu patii mezi AITD jak autoimunitni tyreoiditida (AIT), ktera je nejcastéjsi
pric¢inou subklinické ¢i manifestni hypotyre6zy nebo miize probihat bez poruchy tyreoidalni
funkce (eutyreoidni AIT), tak i mnohem vzacnéjsi a jiz zminéna Graves-Basedowova nemoc.
Protoze v této praci bude dale pojednano vyhradné o AIT, bude v dal$im textu pojem AITD

pouzivan ve stejném vyznamu jako AIT.

Mezi negativni dusledky AITD v gravidité¢ tadime riziko infertility, potratu vcetné

opakovaného, pied¢asného porodu a rozvoje poporodni tyreopatie. Tyto negativni dusledky
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u Zen s eufunk¢ni tyreoiditidou jsou vysvétlovany zvySenym rizikem rozvoje subklinické nebo
manifestni hypotyredzy na podkladé jiz existujici mirné dysfunkce §titné zlazy, ktera se muze
Vv pribéhu tehotenstvi zhorSovat. Jinym vysvétlenim je porucha celkové autoimunitni
rovnovahy organismu, kde pozitivni tyreoidalni protilatky piedstavuji markery této

nerovnovahy [24, 59-62].

4.6.1 Autoimunitni tyreopatie a infertilita

Dosavadni studie poukazaly na vyznamnou asociaci mezi piitomnosti pozitivnich TPOAD
ainfertilitou [63], potratem a piedéasnym porodem [60, 64, 65] a také poruchou
psychomotorického vyvoje ditdte u Zen s pozitivnimi protilatkami v gravidité [64, 66]. Zeny
s pozitivnimi TPOAD Vv prvnim trimestru t€hotenstvi jsou také ohrozeny rozvojem subklinické
¢i manifestni hypotyre6zy béhem téhotenstvi [24] a je odhadovano dvakrat az tfikrat vyssi
riziko potratu [67]. Divodem je sniZzena funk¢ni rezerva §titné Zlazy, ktera neni schopna

kompenzovat vzrustajici hormonalni pozadavky t¢hotné zeny.

4.6.2 Autoimunitni tyreopatie a potraty

Jako potrat je oznaovano spontanni ukonceni téhotenstvi pred 20. gestacnim tydnem [68].
Asociace mezi potratem a TPOAD byla prvné zvetejnéna ve studii Stagnara-Greena et al. z roku
1990 [69]. Kratce poté zacali védci vénovat pozornost i Zenam s opakovanymi potraty.
Opakované potraty, definované jako ztrata tfi nebo vice po sob& nasledujicich téhotenstvi,
se vyskytuji ptiblizné¢ u 1 % zen [70]. Mnoho experti povazuje dva po sobé jdouci potraty

za dostacujici pro diagnoézu opakovanych potrata [71, 72].

V roce 2011 Stagnaro-Green [73] provedl metaanalyzu 17 dosud zveifejnénych studii, pfi niz
zjistoval miru TPOADb pozitivity u Zen s opakovanym potratem ve srovnani s kontrolni
skupinou. Studie byly provedeny v péti odlisnych zemich a je zajimavé, Ze tfi negativni studie
ze Ctyt byly provedeny v USA. Zbylych tfinact studii demonstruje vyznamné zvyseni miry
TPOAb pozitivity u Zen s opakovanym potratem. Souhrnné byla u Zen s opakovanymi
spontannimi potraty (SpA) pozitivita protilatek TPOAb od 9 % [74] do 39 % [75] oproti 0 %
[74] az 37 % [76] v kontrolni skupin€. Vyznamnym nedostatkem vétSiny zminénych studii je

absence kontrol pro dal§i potencionalni pfi¢iny potratu.
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4.7 Lécba hypotyreozy a autoimunitnich tyreopatii v gravidité a u
infertilnich Zen

Levothyroxin (LT4), jakoz 1€k prvni volby v pfipadé 1écby hypotyredzy matky [33], je
bezpetnou, ucinnou a levnou lécbou se snadnou monitoraci [7, 77]. Hypotyreézni zeny

V obdobi gravidity vyzaduji obecné vyssi davku LT4, nez je tomu u negravidnich Zen.

Nejasnosti v 1é¢bé LT4 vsak stale pietrvavaji piedev§im u Zen téhotnych s eutyreoidni AITD,
u zen se subklinickou hypotyred6zou a negativnimi TPOAb a u zen s izolovanou
hypotyroxinémii. Management 1écby téchto stavll zlstava kontroverzni jak V piipadé
t€hotenstvi, tak i infertility a ve stavech po SpA. Hlavnim davodem je nedostatek dat
z randomizovanych kontrolovanych studii. Dosud byly provedeny pouze dvé prospektivni
randomizované kontrolované studie 1écby TPOAD pozitivity u eutyreoidnich zen [60, 78].
Vysledky téchto studii demonstruji snizeni poc¢tu potratii u Zzen 1écenych LT4. Lécba se zda byt
efektivni ve snizovani poctu potratl, pokud jsou 1éky podany béhem ¢asnych stadii té¢hotenstvi,

jelikoz k potratu u TPOADb pozitivnich zen dochézi nejcastéji v prvnim trimestru.

V roce 2013 byla publikovana metaanalyza tii randomizovanych kontrolovanych studii, které
se zabyvaji LT4 1é¢bou subklinické hypotyreozy a/nebo AITD u Zen podstupujici asistovanou
reprodukci. Prace dochazi ke shodnému zavéru jako dvé vyse uvedené studie, tj. ze 1écba LT4
u téchto Zen vedla ke statisticky vyznamnému sniZeni poctu potratli a zvySenému poctu porodii

[79].

Tfi malé nerandomizované studie byly publikoviany na téma uZziti intravenozni
imunoglobulinové terapie (IVIG) jako prevence opakovaného potratu u Zen s pozitivnimi
tyreoidalnimi protilatkami (TPOADb a/nebo TgAb) [78, 80, 81]. VSechny dochazeji k zavéru, ze
IVIG terapie vedla ke sniZeni potratovosti. Studie maji ale vyznamné nedostatky: maly vzorek
zen, heterogenni populaci pacientek, nedostatecnou nebo omezenou randomizaci a rozdily

Vv zahdjeni 1éCby.

Souhrnné lze fici, Ze intervencni studie s IVIG nebo LT4 u TPOAb pozitivnich zen

s opakovanym potratem prokazuji sniZeni Cetnosti potratl, ale jsou nedostatecné

z metodologického hlediska. Z toho divodu ATA [5] i ES [7] nedoporucuji u eutyreoidnich zen

S pozitivnimi protilatkami po potratu nebo u zen, které podstupuji IVF (in vitro fertilizace) ani
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1é¢bu LT4, ani IVIG. Piesto v klinické praxi u zen s infertilitou, pfed planovanym cyklem IVF
a u zZen s potraty v anamnéze je pfistupovano k 1é¢beé hrani¢nich stavii Castéji nez u jinak
zdravych tchotnych Zen. Hlavnim divodem je skuteCnost, ze S§titnd zldza postizena
autoimunitnim zanétem nemusi byt schopna piiméfené reagovat na ,,hormonalni boufi, kterou
IVF vyvolava [15].

Rozhodnuti o 1€¢bé hrani¢nich stavii (eutyreoidni AITD, Zeny se subklinickou hypotyredzou
anegativnimi TPOAb a zZeny Sizolovanou hypotyroxinémii) lezi na oSetfujicim
endokrinologovi. Pti rozhodovani je vzdy vhodné zvazit pfitomnost dalSich rizikovych faktori
(Tab. 3, str. 19) a preference samotné vysetfované Zeny. V Ceské republice u Zen s vysokym
titrem protilatek a/nebo patologickym nélezem na USG je tato 1é6¢ba zpravidla ordinovana. Zeny
sizolovan¢ vyssi hodnotou TSH nad horni hranici normy, ktera je naméfena opakované
a s normalnim USG nalezem, je dle doporu¢eni Ceské endokrinologické spolecnosti Ceské
Iékai'ské spoleénosti Jana Evangelisty Purkyné (CES CLS JEP) vhodné 1é¢it [22]. Izolovanou
hypotyroxinémii v gravidité je dle doporuceni CES CLS JEP [15] vhodné 16¢it pouze v piipadé,
vyskytuje-li se pii dostatecném pfijmu jodu a soucasné se nejedna o fyziologickou zménu
vazanou na téhotenstvi (pokles T4 ve druhém a tretim trimestru) (kapitola 4, str. 7-8). V 1é¢bé
zen s vy$8im TSH nez horni hranice pro netéhotné (4-5 mIU/I) panuje celosvétova shoda [82].
Vsem témto Zenam usilujicim o graviditu by m¢l byt podavan jod v davce 100 pg denné,

pti¢emz ES 2012 [7] doporuc¢uje dokonce davkovani o néco vyssi (150-200 pg/den).

4.7.1 Uprava davkovani

Davkovani LT4 ma byt takové, aby TSH zlstalo v referenénim rozmezi pro t€hotné Zeny, které
je specifické pro jednotlivé trimestry. V pfipadé pozitivity TSH >5 mlIU/l je obvykle
vyzadovana vyssi vstupni davka (75-100 ug/den). Presto se velikost vstupni davky v klinické
praxi znacné 1i$i a pouze 41 % dotdzanych endokrinologli zacind s plnou doporucovanou

davkou LT4 [83].

Zeny s jiz diagnostikovanou AITD by mély spliiovat ,,t&hotenskou normu® TSH jesté pred
samotnym otéhotnénim. Jsou-li tyto Zeny jiz 1é¢eny, pak pfi vynechani menstruaéniho cyklu
nebo pfi pozitivnim téhotenském testu ma Zena automaticky zvysit davku LT4 cca o 25-50 %
[33, 84], aby se naplnila zvySena potieba tyreoidalnich hormont v téhotenstvi. Nékteti autori

dokonce doporucuji zvyseni davky az o 50 % [85]. Ptesto by v Latinské Americe pouze 6,7 %
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(v Evropé 5,6 %) dotazanych endokrinologii doporucilo okamzité navyseni davky LT4. VétSina

(53 %) stale preferuje provést nejprve tyreoidalni testy a az poté provést ipravu davkovani [83].

Po porodu je doporuc¢ovano snizit davku LT4 na ptivodni stav pted otéhotnénim. U tyreopatii
diagnostikovanych v pritbehu téhotenstvi je mozné 1€cbu LT4 po porodu ukoncit, pokud TSH

klesne <5 mIU/I a nejsou ptitomny znamky AITD [5, 6].

V ptipadé noveé diagnostikované subklinické hypotyredzy v téhotenstvi dosud neexistuje
dostatek informaci potfebnych pro optimalni nastaveni davky LT4 a doporuceni jednotlivych
studii se lisi [54, 86, 87].

4.8 Screening tyreopatii téhotnych Zen

V soucasné dob¢ jiz neni pochyb o nutnosti screeningu tyreopatii provadéném V ¢asné fazi
t€hotenstvi. AvSak nazory na zpusob, jak screening tyreopatii u téhotnych zen zavést, se lisi
a na odborném poli vedou svétové uznavani odbornici neustale vasnivou debatu. Pfedmétem
spori je pifedevsim forma screeningu (univerzalni vs. u rizikovych osob), otazka kdy maji zeny
screeningoveé vysetteni podstoupit, CO V ramci screeningu vysetfovat a jaké jsou predpokladané
ptinosy a naklady v pfipadé riznych obmén screeningu. Dosud ale nebyla provedena zadna
populacni randomizovand kontrolovana studie, kterd by prokazala zlepSeni vysledkl
te¢hotenstvi jak Vv piipadé cileného, tak univerzalniho screeningu (dosud existuje jedina
randomizovana studie [54], ktera zlepSeni vysledkt neprokazala; studii je ale vy¢itana fada
nedostatkll — viz podkapitolu 4.3 Hypotyreoza v gravidité, str. 12-13). Piesto ATA a ES
pfiznavaji, ze nedostatek dikazi o pfinosu screeningu tyreopatii jeSt€ neznamena jeho
nepiitomnost. Navic design takové randomizované kontrolované studie bude nardZet na eticky
problém ponechani urcité ¢asti téhotnych zen s prokazatelnou klinicky vyznamnou tyreopatii

bez Gc¢inné terapie.

4.8.1 Screening univerzalni vs. u rizikovych osob

Ptestoze v posledni dobé ptibyva studii, kter¢é podporuji univerzalni screening

[22, 88-93], nepromitlo se to zatim do doporuceni svétovych odbornych spole¢nosti.

Nekteré praktické otazky samotné proveditelnosti screeningu jsou stale predmétem diskuzi

aneexistuje na né¢ jednoznacnd odpovéd’. Naptiklad v jaké fazi t€hotenstvi budou Zeny
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podstupovat screening, kdo bude za screening zodpovédny (gynekolog, endokrinolog,
prakticky l€kat), kde bude screening provadén a kdo piebere péci V ptipad€ pozitivity testu?
V soucasné chvili existuje shoda pouze v nezbytnosti screeningu, ktery by mél byt provadén
Vv 5.—6. tydnu gravidity ¢i prekoncepéné. Zaroven ale neexistuje jasna hranice pro subklinickou
hypotyredzu a eutyreoidni AIT, odkdy lécba zacCina byt pifinosnd. Moznost provedeni
randomizované studie, ktera by mohla stanovit jasnou hranici, vSak narazi na vyse zminény

eticky problém.

Davody pro zavedeni univerzalniho screeningu, oproti screeningu zaméfeném pouze ha
rizikové skupiny zen (Tab. 3, str. 19), ale stale pfevazuji. Onemocnéni §titné zlazy v t€hotenstvi
patii mezi druhé nejcastéj$i endokrinopatologie, jsou snadno detekovatelné pomoci krevniho
testu a existuje efektivni, bezpecna a levna lécba. Univerzalni screening AITD tehotnych zen
V prvnim trimestru je nakladové efektivni ve srovnani s cilenym screeningem | ve srovnani

se stavem bez screeningu [88].

Tab. 3. Zeny se zvy$enym rizikem poruchy $titné Zlazy v téhotenstvi (upraveno podle [7])

e Zenynad 30 let

e Zeny, které mély poruchu §titné Zlazy v minulosti nebo ji maji v rodiné

e Zeny se strumou nebo uzly ve §titné Zlaze

e Zeny s pozitivnimi tyreoidalnimi protilatkami, pfedevsim proti tyreoidalni peroxidaze

e Zeny s klinickymi pfiznaky a laboratornim nalezem svéd&icim pro moznou poruchu &titné Zlazy
e Zeny s cukrovkou 1. typu a jinymi autoimunitnimi chorobami (celiakie, perniciézni anemie a jiné)
e Zeny s infertilitou, po potratu &i pfedéasném porodu

e Zeny, které byly v minulosti Ié&eny ozafovanim

e Zeny, které uzivaji tyroxin

e Zeny, které Ziji v oblasti s jodovym deficitem

Pokud bude screening cilen pouze na rizikové skupiny, zdstane velky pocet zen s klinicky
vyznamnymi tyreopatiemi nediagnostikovano. V roce 2007 publikovali Vaidya et al. [94] studii
zaméfenou na ucinnost cileného screeningu tyreopatii U 1560 Zen v Casnych stadiich
téhotenstvi. Do rizikové skupiny byly zafazeny Zeny s tyreopatii nebo autoimunitnim
onemocnénim v osobni nebo rodinné anamnéze a Zeny, které byly pro tyreopatii 1éCeny. Celkem
8 % (123 zen) mélo pozitivni koncentraci TPOAb a u 2,6 % (40 zen) byla zaznamenana zvySena
sérova koncentrace TSH (>4,2 mIU/I), ktera méla vyznamné vyssi prevalenci ve skupiné Zen
v riziku. Nicméné 30 % (12 Zen) se zvySenou koncentraci TSH tvofily Zeny s nizkym rizikem
tyreopatie. To znamena, Ze v piipadé cileného screeningu ztstane piiblizné¢ jedna tfetina zen
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se subklinickou a zjevnou hypotyre6zou neidentifikovana. Zaroven bylo ve studii zjiSténo, ze

73 % TPOAD pozitivnich Zen bylo eutyredznich.

K vysledkiim podporujicim zavedeni univerzalniho screeningu patii i dvé ceské, dvé ¢inské
ajedna Svédska studie [22, 92, 93, 95, 96], které doSly k zavéru, Ze v ptipadé cileného
screeningu téhotnych zen zustane 53-82 % tyreopatii nediagnostikovano. Univerzalni
screening tak vyznamné snizuje riziko negativniho vlivu tyreopatii na t€¢hotenstvi u zen, které
jsou zafazeny do takzvané ,,low-risk” skupiny a v piipadé cileného screeningu zlstavaji bez

vySetteni.

4.8.2 Doporuceni endokrinologickych spole¢nosti

Jiz v roce 2002 American Health Care Association [97] publikovala doporuceni vySetiovat
téhotné¢ Zeny a zeny, které planuji graviditu, jako preventivni opatfeni, jez ma zabrénit
Skodlivému vlivu nepoznané subklinické hypotyredzy. Soucasné byly prvné definovany
rizikové skupiny Zen, kterym je tiecba vénovat zvySenou pozornost. V roce 2004 byla tato
doporuceni dale rozpracovana na zakladé konsenzu tyreoidalnich spole¢nosti [82] (Tab. 4,

str. 20).

Tab. 4. Doporuceni klicovych svétovych spolecnosti v otazce screeningu tyreopatii v gravidité

Autorita Referencni rozmezi TSH  Screening Univerzdlni TPOAD screening  Zdroj

- 1. trimestr rizikovych screening
skupin Zen

ACOG 2007 Neni zminéno Doporucuje Nedoporuéuje Neni zminéno [98]

ATA 2011 Vlastni. Neni-li dostupné, Doporucuje Nedostatek dukazt Nedostatek dikaza [5]
pouzit 0,1—2,5 mlU/I pro doporuceni pro doporuceni

ES 2012 0,1—2,5 miU/I Doporucuje Neni shoda Nedoporucuje [7]

AACE 2012 Vlastni. Neni-li dostupné, Neni zminéno  Nedoporucuje Pouze v piipadé SH  [99]
pouzit horni limit 2,5 mIU/I

ETA 2014 Vlastni. Neni-li dostupné, Neni zminéno  Nedoporucuje Pouze v pfipadé¢ SH  [6]

pouzit horni limit 2,5 mIU/I

ACOG: American College of Obstetricians and Gynecologists; ATA: American Thyroid Association; AACE:
American Association of Clinical Endocrinologists; ETA: European Thyroid Association; TPOAb: protilatky proti
tyreoidalni peroxiddze; SH: subklinickd hypotyredza
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Soucasn¢ pretrvavajici sporna situace se tyka zejména otazky rozsahu screeningu
a vysetfovanych parametrii. Tento nejednotny stav se odrazi v doporuceni kli¢ovych svétovych
organizacich (Tab. 4) a vede K pocitu frustrace a nejistoty mezi klinickymi 1ékafi [100]. Dle
vyzkumu ¢lentt ETA [84] provadélo v roce 2010 screening tyreopatii vSech t€hotnych zen 42 %
respondenttl, 43 % provad¢lo cileny screening rizikovych skupin Zen a 17 % neprovadélo zadné
rutinni vySetfeni t¢hotnych Zen na tyreopatie. V piipadé referencniho rozmezi pro TSH
V prvnim trimestru téhotenstvi se v Latinské Americe 16 % dotdzanych endokrinologii fidi

vlastnim trimestr specifickym rozmezim a 70 % pouziva horni hladinu koncentrace

TSH 2,5 mIU/I (v Evropé 56,6 %) [83].

I kdyz ETA ve svém doporuceni z roku 2014 [6] nedoporucuje univerzalni screening z divodu
nedostatku diikazi, priklada prvné pod doporuceni poznamku, zZe vétSina odbornikti univerzalni
screening doporucuje. Je to poprvé, kdy je univerzdlni screening podpofen, i kdyz ne jako
oficialni doporuceni. Co se tyce 1é¢by, je ETA jedina organizace, ktera podporuje 1é¢bu LT4

u vSech zen se subklinickou hypotyre6zou pied i béhem téhotenstvi.
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5 Ekonomické aspekty screeningovych programu

Ekonomické hodnoceni screeningovych aktivit je vyznamnou soucasti SirSi oblasti
ekonomického hodnoceni prevence a zabyva se alokaci omezenych zdrojii na screeningové
programy. Jeho hodnota tkvi v odpovédi na zékladni otdzku: ,,Nakolik je screeningovy program
vyhodny, pokud zohlednime jak zdravi, tak finance?* Intervence muze mit statisticky
vyznamny dopad na cilené zdravotni vysledky, ale bez ekonomického ohodnoceni nemutzeme
posoudit, je-li intervence vhodna pro spole¢nost z hlediska limitovanych zdroji v danych
socioekonomickych podminkéch. Pfedpokladem Casto byva, ze zdravotné efektivni preventivni
programy jsou zaroven nakladové efektivni. Tento pfedpoklad se ale mize stat chybnym, pokud
do analyzy zahrneme veskeré naklady programu [101] v¢etn¢ indukované péce. Navic mnoho
programii piedstavuje vydaje v soucasnosti, zatimco benefity piichazi s Casem a v dusledku

casového posunu (diskontovani) maji mensi soucasnou hodnotu.

5.1 Soudasna situace v CR

Samotné principy ekonomickych analyz jsou v Ceské republice v sou¢asné dobé az na nékteré
vyjimky vyuzivany pouze v Iékové politice. Odtud plyne 1 synonymni oznaeni
farmakoekonomika. Farmakoekonomika je interdisciplinarni obor, ktery spojuje metody
farmakologickeé, klinickeé, ekonomické a epidemiologické a mé za cil pfipravit podminky pro
Co nejracionalnéjsi vyuziti omezenych zdroji ve zdravotnictvi a v 1ékové politice [102]. Prvni
naznak vyuziti principti farmakoekonomiky se v ¢eské legislativé objevil v roce 2008 v novele
zékona 48/1997 Sb. o vefejném zdravotnim pojiSténi. Dle Aktudlni informace ¢. 49/2012
Ustavu zdravotnickych informaci a statistiky CR (www.uzis.cz) tvofily ndklady na léky
v Ceské republice pro rok 2011 15,5 % z celkovych vydajii ve zdravotnictvi a v poslednich péti
letech vykazuji plynule klesajici tendenci. Je tedy vhodné zacit uvazovat o §irS§im vyuzivanim
ekonomickych analyz za ucelem komplexni racionalizace nakladi ve zdravotnictvi (lizkova
péce, zdravotnické pomtcky, diagnostika, prevence, ptistroje, apod.).

Uhrada zdravotni péce neprobihd v Ceské republice v plné vysi piimo od pacientt k 1ékafi.
Zakaznik (zde pacient), nezna skute¢nou hodnotu péce, kterd je mu poskytovana. Platby

se uskutecniuji prostrednictvim zprostfedkovatele — zdravotnich pojistoven a z vefejnych

rozpoctl statu. Nepiimy systém financovani vede k nadmérnému Cerpani a plytvani omezenymi
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zdroji bez vyrazné potieby racionalizace a alokace. Tento pfistup lze oznalit za selektivni
pouzivani principt HTA (Hodnoceni zdravotnickych technologii), kam spada i metodika
ekonomickych analyz, respektive farmakoekonomiky. Za zdravotnickou technologii je zde
povazovan lék, material, piistroj, ale i novy lé¢ebny postup, screeningovd metoda, ockovani

a inovativni piistupy v organizaci, distribuci a dostupnosti zdravotni péce (www.htai.org).

Vyznam komplexniho hodnoceni systému zdravotni péce, které neni orientované pouze na léky,
ale i na oblast prevence, je obsazen v zakladnich principech v jiz uvefejnéné technické zpraveé
sit¢ EUnetHTA (www.eunethta.eu). Je zde zdiraznéno, Ze ekonomické analyzy jsou soucasti
SirSi oblasti HTA. Jedna se o multidisciplinarni proces, ktery systematicky hodnoti G¢inek urcité
zdravotnické technologie na zdravi, naroky na rozpocet a rozdéleni zdrojii a ostatni aspekty
vykonnosti zdravotnického systému, jako je vSeobecnd dostupnost a solidarita

(www.eunethta.eu).

V Ceské republice Ize jiz vysledovat silici snahy 0 zménu situace. V listopadu 2012 predlozilo
Ministerstvo zdravotnictvi CR vladé navrh opatieni, ktera zahrnuji doporudeni na zavedeni
hodnoceni zdravotnickych technologii HTA. Piikazem ministra byla nasledné¢ zfizena
Rada HTA a Komise pro zdravotnické technologie. Rada ptipravila vybérové fizeni na
vypracovani metodiky HTA, které vyhrala Academy of Health Care Management. Ta zahajila
v prosinci 2012 pilotni ovéfeni postupt ve Ctyfech oblastech (1é¢ivy prostiedek, zdravotnicky
prostiedek, vykon, prevence). Nasledné v dubnu 2013 dodala finalni vystupy v podobé metodik
a manudll a v srpnu téhoZ roku byl ministersky projekt HTA prezentovan (www.mzcr.cz).
Nelze jej ovsem hodnotit pozitivné, protoze za sebou nezanechal Zzddnou redlnou "stopu"
V legislativé ¢i v metodice. Mira pouzivani HTA se tedy prakticky nezménila a je mimo 1€kovou

oblast miziva.

5.2 Vyznam ekonomickych analyz ve screeningovych programech
- priklady z praxe

Ekonomické hodnoceni miiZze byt definovano jako komparativni analyza alternativnich smért
dvou a vice intervenci, napi. zda provadét ¢i neprovadét screening, vyjadiené v nakladech
a piinosech [103]. Pti rozhodovani o screeningovych programech je tfeba rozvaznosti a znalosti
nejen medicinské, ale i ekonomické problematiky. Nedostate¢né posouzeni obou slozek miize
vést k obrovskému plytvani zdroji.
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Piikladem zanedbani ekonomického aspektu mize byt znama piipadova studie — Sesty stolicovy
Guaiac protokol. Na zaklad¢ klinické studie asymptomatickych nadort tlustého stteva Greegor
[104] doporucila v roce 1969 American Cancer Society provadét Sest sekvencnich testi stolice
na okultni krvaceni. Odhadované naklady na prvni test se pohybovaly okolo 4 USD a na dalsi
nasledujici test 1 USD. American Cancer Society protokol schvalila a uvedla do praxe.
Nasledné Neuhauser a Lewicki [105] provedli v roce 1975 ekonomickou analyzu, ktera byla
zalozena na screeningu 278 lidi a extrapolovana na hypotetickou skupinu 10 000 lidi. Vysledky
odhalily exponencialni rist marginalnich nakladut, pficemz cena Sestého screeningového testu
na zachyceni pravé jednoho ptipadu kolorektalniho karcinomu byla az 20 000 krat vyssi nez
pramérna cena. Divodem byl nizky zachyt v Sestém testu, ktery ¢inil 0,0003 nové zachycenych
ptipadt. Vysledky tak ukazaly, ze dokonce i zdanlivé levny test se mtze stat velmi ndkladnym.

Studie nasledné vedla ke zméné celé oblasti klinického rozhodovani a politiky.

Riziko neadekvatniho posouzeni medicinské slozky ve screeningovych programech se miize
zdat v soucasné dob¢ zanedbatelné. Nékteré studie vSak piinaseji piekvapiva zjisténi. Napiiklad
analyza 40 075 zen s nadorem prsu v Norsku ukazala, ze pfinosy plynouci ze samotného
screeningového procesu jsou minimalni [106]. Ke stejnym zavéram dochazi i analyza dat
0 incidenci nadoru prsu zen z let 1976-2008 [107]. Prokazatelné snizovani mortality Zen
s nadorem prsu se jevi jako disledek kvalitnéjsi 1€cby, ne v§ak samotného screeningu. Vyvstava
tedy zavazna otazka o skute€né hodnoté celoplosného mamografického screeningu nejen
Z pohledu ekonomického, ale i medicinského, pro niz je pomér Zen cerpajicich piinosy
screeningu ku zendm poskozenym v disledku pfilisné diagnostické péce a faleSné pozitivity

testu klidovy.

5.3 Typy ekonomickych analyz

Zakladni zasady ekonomického hodnoceni zdravotni péce byly poprvé formulovany

Williamsem [108] v roce 1974 a dodnes jsou soucasti ekonomicko-zdravotnickych doporuceni
[109].

Ve zdravotnictvi rozliSujeme ¢tyti zakladni typy ekonomickych analyz. Jsou to analyza naklada
a prinosi (CBA), analyza nakladové efektivity (CEA), analyza uzitenosti nakladi (CUA)
a analyza minimalizace nakladd (CMA) [109, 110]. Proces identifikovani nakladt a jejich
nasledné meétfeni v monetdrnich jednotkdch je podobny napfi¢ celym ekonomickym
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hodnocenim. Nicméné povaha piinost vyplyvajicich z hodnocenych alternativnich programi
se mize vyznamné lisit [103] podle toho, jakym zplisobem a v jakych jednotkach méfime

pfinosy.

5.3.1 Analyza nakladi a pFinosu, CBA

Zakladni charakteristikou analyzy nékladi a pfinost (CBA) je penézni vyjadieni piinosi.
Dtivod pro finan¢ni vyjadfeni vstupt i1 vystupl je komplexni charakter vysledkti zdravotni
intervence, které znesnadnuji popis dopadi jednoduchym medicinskym kritériem
(napf. prospésnost vakcinace). Pfistup CBA miizeme pfirovnat k obchodovani s kone¢nym
vysledkem zdravotnické intervence, kdy zjiStujeme, kolik penéz usetiime v€asnym zachytem
a pripadnym uzdravenim [110]. Jestlize prospé$nost programu (benefity) prevysi celkové

naklady (v€etn€ indukované péce), investice do intervence je zadouci.

Hlavni vyhodou CBA je komplexnost, kterd ndm umoZiluje zahrnout Sirokou Skalu vysledki
zdravotni intervence napfi¢ riznymi screeningovymi programy. Daéle bere v uvahu
celospolecenské hledisko, jako jsou napf. naklady na nemocenskou nebo vliv na pracovni dobu,
a tim 1 na vy$i hrubého domadaciho produktu. Vyuziti CBA ve zdravotnictvi je ale Casto
kontroverzni pravé v dusledku nutnosti vyjadiovat hodnotu veskerych benefiti ve finan¢nich
jednotkach jak z divodu praktické proveditelnosti, tak i socialni nevole a pocitu neetického
postupu pii pfevadéni hodnoty zivota a utrpeni do formy penéz [103, 111-113]. Navic CBA je
typ analyzy, ktery v medicinské oblasti dosud nema ustadlenou metodiku a je u ni problematicka

proveditelnost analyzy citlivosti.

5.3.2 Analyza nakladové efektivity, CEA

Nejpouzivangj§im pristupem ve zdravotnictvi je analyza nakladové efektivity (CEA), ktera
se snazi pracovat na stran¢ piinosti s efekty. Vstupy jsou vyjadieny v monetarnich jednotkach
a vystupy v ptirozenych klinickych jednotkach, jako je naptiklad zména krevniho tlaku, snizeni
koncentrace cholesterolu, ziskané roky zivota, nebo snizeni vyskytu komplikaci po 1éCbé.
Sledovany vysledek zdravotni intervence musi byt stejny napfi¢ zvazovanymi alternativami.

To znamend, ze rozdil dopadii dvou a vice zdravotnickych technologii je pouze v rozdilné
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urovni efektli. Analyza srovnava programy v ptidanych (neboli inkrementalnich) nakladech na

ptidanou jednotku sledovaného vysledku zdravotni intervence [114].

V systému hodnoceni zdravotnické péce CEA ziskava prvenstvi a stava se tak podkladem pro
zéavazna rozhodnuti o dostupnosti a vyuzitelnosti 1é¢ebnych i1 diagnostickych postupti. Métfeni
benefitl v pfirozenych jednotkach zjednoduSuje proveditelnost analyzy a ptindsi vysledky,
které jsou pro cilové pfijemce snadnéji srozumitelné a intuitivni. Mezi nevyhody lze zaradit
omezenou moznost srovnani efektivity napfi¢ odliSnymi intervencemi/programy, které
produkuji rozdilné zdravotni vysledky (napt. ockovani proti zloutence versus mamograficky
screening) a potiebu zaméfit se na jediny vystup intervence i piesto, Ze intervence piinasi

mnoho rozlisnych benefita.

5.3.3 Analyza uzite€nosti nakladi, CUA

Tteti metodou ekonomického hodnoceni je analyza uzite¢nosti naklad (CUA), ktera je ve své
podstaté specialni formou CEA. CUA vy¢isluje naklady dvou nebo vice zdravotnickych
technologii vyjadienych v monetarnich jednotkach a vztahuje je nejcastéji k hodnot¢ QALY
(rok zivota pfi plném zdravi) [103]. Hodnota QALY V sobé nese informaci o piirtstku ¢i ztraté
z hlediska kvantity zivota (mortalita) i kvality Zivota (morbidita). Podminka CEA na stejny
zdravotnicky efekt napfi¢ alternativami je zde naplnéna vystupem ve formé¢ QALY. Veskeré
zvazované dopady zdravotnické intervence jsou tak ptevedeny na spole¢nou jednotku. Ptistup
CUA simuluje neexistujici trh. Jedna se o proces obchodovani s hodnotami ve smyslu, kolik
penéz jsme ochotni zaplatit za ziskani zbozi. Na druhou stranu, jedinci nejsou zvykli nakupovat
smysluplného odhadu ceny jednoho QALY se tak stava dulezitou vstupni podminkou pro CUA
[110]. Dale vznika potieba definovat, co je pfijatelna Sance a kolik prosttedkl je spole¢nost
ochotna vynalozit, aby této Sance dosahla. Mluvime o stanoveni horni hranice ochoty platit
(WTP), kterou je spolecnost ochotna platit za pfidané jednotky ucinnosti [115]. (Jedna
se 0 spolecenskou ochotu platit, nikoli o ochotu platit ze strany jednotlivych pacienti.)
Koncepce horni hranice byla navrzena jiz v roce 1973 a vétSina zemi, v nichz byla hranice WPT
stanovena, ma tzv. Sedou zoénu mezi spodni a horni hranici, pfi¢emz spodni hranice znamena
doporudeni piijmout a horni hranice doporueni zamitnout [116]. V Ceské republice

V soucasnosti uplatiuje Statni ustav pro kontrolu 1é¢iv ve spravnich fizeni o stanoveni thrady
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1é¢iv hranici ochoty platit ve vysi trojnasobku hrubého domaciho produktu na obyvatele za
jeden ziskany QALY (vychazi z doporuéeni Svétového zdravotnického reportu 2002 [117]),
tedy 1214 715 CZK/QALY (platné pro rok 2014 dle udajii Ceského statistického ufadu;
WWW.CZz50.cz). Pozadavky zdravotnich pojistoven, které jsou ze zakona ucastniky fizeni
0 stanoveni uhrady, postupné smétuji k pouzivani QALY jako komplexniho indikatoru délky
akvality Zivota. Ceska farmakoekonomicka spoletnost ve svém navrhu doporudeni 2011
oznacuje CUA s ptinosem vyjadienym ve formé QALY jako metodu prvni volby a ta je také
V soucasnosti nejpouzivanéjsSi metodou v radmci zdravotné-ekonomickych analyz Iékové
politiky. Opravnénost a objektivita hodnoceni QALY je ale dosud diskutovana v celosvétovém
méfitku [118-120]. Na zakladé rozsahlého vyzkumu EchOutcome (European Consortium
in Healthcare Outcomes and cost-benefit research; www.echoutcome.eu) bylo v roce 2013
vydano doporuceni, ve kterém byl parametr QALY oznacen jako nevédecky a bylo navrzeno
opustit tento indikator jako vystup v ramci HTA a jako parametr, na zdkladé kterého by se méla
provadét pripadnd posuzovani o nakladové efektivité¢ zdravotnickych intervenci v ¢lenskych

statech Evropské unie [121].

5.3.4 Analyza minimalizace nakladi, CMA

Nejjednodussim typem ekonomické analyzy je analyza minimalizace nakladi (CMA), ktera
fesi otazku, jak co nejlevnéji dosdhnout konkrétniho poZzadovaného cile. Jedna se tak o prosté
finan¢ni srovnani alternativ. Nespornou vyhodou CMA je jeji jednoduchost, pfimocarost
a srozumitelnost vysledkd. Nezbytnou podminkou pro vyuziti CMA jsou ale ekvivalentni
vysledky hodnocenych intervenci. To znamena, Ze pro v§echny hodnocené intervence musi byt
stejné nejen mnozstvi efektu, ale musi byt shodna také kvalita efektu. Pokud cilené zdravotni
vysledky nejsou identické naptic¢ zvazovanymi intervencemi, CMA nam neposkytne validni

vysledky. Pro hodnoceni screeningovych programi se proto vyuziva pouze vyjime¢né.

5.4 Komplexnost hodnoceni systému zdravotni péce

Racionalizace zdravotnictvi je nezbytnd, nevyhnutelnd a musi byt ze vSech hledisek komplexni.

Vetejné minéni a jim vyvolané psychologické ndklady vSak mohou pievazit racionalni uspory

ve zdravotnictvi. Vystupy ekonomickych analyz se tak stavaji jednim z podkladi v systému
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rozhodovani. Samotné vyjadieni pro/proti zavedeni screeningového programu je vysledkem
komplexniho zvazeni zahrnujiciho klinické, ekonomické, organizacni, etické, socialni i pravni
aspekty zdravotnictvi. Racionalizace vyzaduje opatrnd rozhodnuti doprovézena rozumnym
aplikovanim principt a pfiméfenych procedur. Zijeme ve svété, kde potieby jsou na rozdil od
zdroji bezedné, a medicina neni k nasledkiim této reality imunni. Proto by vysledky
ekonomickych analyz mély byt jednim ze zvazovanych faktori pfi tvorbé screeningovych
postuptl. To s sebou pifindsi pozadavek na jednotnou metodologii za ucelem mozného porovnani
vysledkti analyz a stanoveni konceptu horni hranice WTP, tedy hranice spolecensky
pfijatelnych nakladd, ktera v Ceské republice dosud neexistuje. Screeningové programy jsou
pritom oblasti, kde Ize za vynalozené néklady ziskat velké mnozstvi benefitl, které presahuji
ramec beneficienta (pacienta) a maji pozitivni dopad na celou spole¢nost. Prostfednictvim
fungujiciho screeningu mohou byt vynaloZené prostfedky uSetfeny na budouci nakladné;si
1é¢bu, nebot’ 1éEba pacientl diagnostikovanych v ¢asnych stadiich je povétSinou velmi U¢inna
a pritom relativn¢ levna. Vyuziti ekonomickych analyz je zde zarukou relevantnich vystupi,

ve kterych nepievazuje Cisté 1ékarské ani Cist¢ ekonomické hledisko.

5.5 Nakladova efektivita screeningu tyreopatii

V této kapitole se po popisu obecnych metod HTA vénuji jejich vyuziti v oblasti screeningu,

a to pfedevsim screeningu tyreopatii.

Screening je strategie pouzivana v populaci za ucelem detekce onemocnéni u osob
v asymptomatické fazi onemocnéni. Cilem screeningu je snizeni morbidity a mortality [122].
Kazdy screeningovy program by mél splitovat nejen kritéria klinicka, ale i kritéria ekonomicka
nejlépe vyjadiena ve forme nakladové efektivity (obecné podminky pro zavedeni univerzalniho
screeningu — Tab. 5, str. 29). Pti ekonomickém hodnoceni je porovnavana populace, ktera
se screeningu podrobila (intervenéni skupina) s populaci, kterd se screening nepodrobila

(kontrolni skupina).
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Tab. 5. Obecné podminky pro zavedeni univerzalniho screeningu (upraveno podle [123])

e Onemocnéni predstavuje dullezity problém vefejného zdravi

e P¥iCiny a epidemiologicka data onemocnéni jsou pfiméfené prozkoumany

e Existuje efektivni prevence

o Existuje jednoduchy, bezpecny a pfesny screeningovy test

o Existuje jasna hranice pozitivity screeningového testu a je stanoven dalSi postup u osob, které
jsou v testu pozitivni

o Existuje u€inna lécba

¢ Existuje na dlikazech zaloZzena shoda o tom, které osoby maji a které nemaji byt léceny

e Existuje dukaz ziskany randomizovanou kontrolovanou studii o tom, Ze screening zlepSuje
celkovy zdravotni stav populace

e PFinosy screeningu pievazuji nad riziky plynoucimi ze screeningového testu nebo dalSiho
vySetfovani Ci IéCby

e Screening je nakladoveé efektivni

V oblasti nakladové efektivity univerzalniho screeningu tyreopatii u téhotnych zen byly dosud

publikovany ¢tyti studie [88-90, 124].

Prvni studii zvetejnili Dosiou et al. vroce 2008 [89]. Porovnavany byly tii strategie
univerzalniho screeningu AITD u téhotnych Zen: pomoci TSH, pomoci TPOADb
a stav bez screeningu. Ekonomicky model bere v tivahu jedno screeningové vySetieni na Zenu
V prvnim trimestru t&hotenstvi a V pifipad€ patologického ndlezu jeji pravidelné testovani
a naslednou lécbu. Pouzita byla modifikovana perspektiva spolecnosti, dlouhodoby casovy
horizont (az do konce zivota zeny) a diskontni sazba 3 %. V modelu jsou zahrnuty veskeré
piimé zdravotnické néklady, spojené se screeningem a 1écbou AITD a se zdravotnimi riziky
plynoucimi z onemocnéni, a nepifimé naklady v podob¢ snizeni budouci vydélecné ¢innosti
potomka v piipadé jeho nizsiho 1Q. Mezi potencionalni rizika neléCenych téhotnych Zen
S AITD bylo v modelu pocitano s rizikem poporodni tyreopatie, gestatni hypertenze
a snizenim 1Q potomka. Vysledky prokazaly, ze univerzalni screening pomoci TSH ve srovnani
se stavem bez screeningu Setfi naklady. Dale byla prokazana nakladova efektivita
screeningového programu pomoci TPOADb ve srovnani se screeningem pomoci TSH, pficemz
inkrementalni podil nakladi a piinosi ¢inil 15 182 USD/QALY. Piesna velikost spor pfi
zavedeni univerzalniho screeningu pomoci TSH ve srovnani Se stavem bez screeningu neni

ve studii uvedena.

V roce 2009 publikovali Thung et al. studii zaméfenou na nakladovou efektivitu univerzalniho

screeningu subklinické hypotyredzy [90]. Jeho model zahrnuje screeningové testovani pomoci
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TSH vprvnim trimestru téhotenstvi a program univerzalniho screeningu porovnava
se screeningem cilenym na rizikové skupiny Zen dle doporuceni American College
of Obstetricians and Gynecologists [125]. Byla zohlednéna perspektiva celé spole¢nosti,
dlouhodoby ¢asovy horizont (az do konce Zivota Zeny) a diskontni sazba 3 %. V modelu jsou
zahrnuty ptimé zdravotnické naklady spojené se screeningem a 1é¢bou subklinické hypotyreozy
a zdravotni rizika plynouci z onemocnéni. Mezi zdravotni rizika subklinické hypotyredzy
matky byla zahrnuta porucha psychomotorického vyvoje vedouci k poklesu 1Q potomka.
Z hlediska nakladové efektivity shledava tento model univerzalni screening dominantni
(naklady Setiici) strategii. Jeho zavedeni podle zvoleného modelu povede ve srovnani se stavem

bez screeningu k uspote 8 356 383 USD/100 000 zen a k ziskani 589,3 QALY/100 000 zen.

V roce 2012 zvetejnili Dosiou et al. [88] svou druhou studii nakladové efektivity screeningu
AITD u téhotnych Zen. Tentokrat ve svém modelu stanovili jednotné laboratorni testovani
(sérové koncentrace TSH a TPOAb a vpiipadé zvySeného TSH stanoveni i FT4)
a porovnavali nasledujici tfi strategie: univerzalni screening, screening rizikovych skupin zen
definovanych dle doporuc¢eni ES [82] a stav bez screeningu tyreopatii. Do modelovych
potencionalnich  rizik  tyreopatie u  t€hotnych  zen  pfidali  riziko  potratu
a pred¢asného porodu. Do zakladni analyzy vypoctu primérného piipadu (base-case analysis)
jiz nezahrnuli riziko snizeni IQ potomka, ¢imz z modelu mizi modifikovana spolecenska
perspektiva a jsou uvazované pouze ptimé zdravotnické modelové naklady. Na druhou stranu
je studie vyznamné rozsifena v oblasti analyzy citlivosti — vstupni data jsou zde zna¢né robustni
ana vysledek analyzy nema neptiméfeny vliv ani mozna variabilita v§ech zahrnutych parametra
(chyby ve stanoveni hodnot parametrii), ani rizné hypotetické klinické scénare. | tato studie
dochazi k zavéru, ze screening rizikovych Zen i univerzalni screening jsou nakladoveé efektivni
ve srovnani se stavem bez screeningu, pficemz inkrementdlni podil nékladl a pfinost €ini
6 753 USD/QALY (screening rizikovych skupin zen) a 7 138 USD/QALY (univerzalni
screening). Univerzalni screening byl zaroven shledan nakladové efektivnim ve srovnani

se screeningem  rizikovych  Zen Sinkrementalnim podilem nakladd a pfinost

7 258 USD/QALY.

Ackoliv vSechny tfi vySe zminéné publikace vychdzi ptrevazné z vysledki kontrolovanych
randomizovanych studii, jedna se o studie z riznych zemi, kde pouhé ptevzeti dat bez predchozi
standardizace muze vést ke znaénému zkresleni a neobjektivnim vypoétim. Daéle jsou

ve vypoctech vyuzivany expertni odhady (vcetné¢ odhadu kvality zivota potiebného pro
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nasledny vypocet QALY) a velké mnozstvi vstupnich predpokladi. Mezi né patii i piedpoklad
poklesu 1Q ditéte v piipad¢é neléCené tyreopatie matky. Dosiou et al. z tohoto predpokladu
odvozuji budouci nizsi vydéle¢nou ¢innost potomka, zatimco Thung et al. odvozuji snizeni
kvality Zivota. Pfedpoklad se opira o publikace Haddowa et al. [48] a Popa et al. [49]. Obé tyto
studie ale byly nejednou kritizovany a dosud nebylo jednozna¢né prokazano, zda neléeni
AITD matky opravdu vede k naslednému snizeni IQ potomka, resp. zda 1é¢ba AITD v prabéhu
t¢hotenstvi 1Q potomku zlepsuje. Tento nedostatek Dosiou et al. napravili ve své studii z roku
2012 [88]. Zminuji neexistenci pIné validnich diikazi a v analyze pramérného ptipadu (base-
case analysis) jiz nepocitaji se zlepSenim IQ potomka v ptipadé 1é¢by matky.

I pfes vyse zminéné nedostatky ptinaseji tyto studie vysledky, které jsou vyznamné v otazce
univerzalniho screeningu tyreopatii t¢hotnych zen. Pochybnosti o spravnosti vstupnich dat jsou
zmirnény analyzou citlivosti a v modelech je zohlednéna i pravdépodobnost dodrzovani

lé¢ebného rezimu Zenou.

V roce 2010 byla publikovana zakladni analyza nakladt univerzalniho screeningu onemocnéni
$titné Zlazy u t&hotnych Zen v podminkach Ceské republiky [126]. Studie zpracovava ¢ast dat
(5520 nahodné vybranych téhotnych zen) ziskanych z pilotniho multicentrického projektu
univerzalniho screeningu, ktery probéhl v letech 2006-2011 a byl podpofen VSeobecnou
zdravotni pojiStovnou. Naklady na jeden pozitivni vysledek screeningu (pozitivni TSH a/nebo
TPOADb) byly vyc¢isleny na 2 243 CZK, na zachyt jedné TPOAD pozitivni Zeny na 4 555 CZK
a zachyt jedné hypotyredzy na 1 380 CZK [126]. Jedna se ale o prosté vycCisleni naklada
laboratornich testi bez ekvivalentni komparace ¢i zahrnuti dalSich nakladovych aspektd
onemocnéni. Z téchto diivodil nelze tuto studii oznacit za ekonomickou analyzu ve smyslu
ekonomického hodnoceni zdravotni péce dle ekonomicko-zdravotnickych doporuceni [109].

Doposud posledni zvetejnéna analyza nakladové efektivity screeningu tyreopatii t€hotnych Zen
byla publikovana v roce 2015 a je ze Spanélska [91]. P¥inasi potvrzeni piedchozich studii
0 vyhodnosti univerzalniho screeningu jak ve srovnani s variantou bez screeningu, tak
I ve srovnani se screeningem rizikovych skupin zen. Model zahrnuje screeningové testovani
pomoci TSH a TPOAb a v ptipadé¢ zvySeného TSH i stanoveni FT4 v prvnim trimestru
téhotenstvi. Byl pouzit dlouhodoby ¢asovy horizont (az do konce Zivota Zeny) a diskontni sazba
3%. V modelu jsou zahrnuty pouze piimé zdravotnické naklady. Tento model shledava
univerzalni screening z pohledu nakladové efektivity dominantni strategii Stim, Zze jeho
zavedeni povede ve srovnani se stavem bez screeningu K uspoie 600 000 EUR/100 000 zen
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a k ziskani 140 QALY/100 000 Zen. Ve srovnani se screeningem rizikovych skupin byl
univerzalni screening shledan nakladové efektivni s inkrementalnim podilem nakladu a ptinost

374 EUR/QALY.

5.6 Doporu¢ovany postup screeningu tyreopatii v CR

Pichled univerzalnich screeningovych programi v Ceské republice je uveden v Tab. 6 na
str. 32. Tyto screeningové programy jsou organizovany a garantovany Ministerstvem
zdravotnictvi CR, platci zdravotni péée a odbornymi Iékaiskymi spoleénostmi a jsou hrazeny

prostfednictvim zdravotniho pojisténi.

Tab. 6. Univerzalni screeningové programy v CR

Prenatalni screening téhotenstvim indukovana onemocnéni, infekce, vrozené vyvojové
vady, vyvojové abnormality a malformace plodu, placenty, plodové
vody apod.

Téhotné zZeny screening diabetes mellitus v 1. a 2. trimestru

Novorozenecky screening hyperfenylalaninémie a fenylketonurie

screening screening kongenitalni hypotyreézy

screening kongenitalni adrenalni hyperplazie
screening cystické fibrozy
screening dalSich vzacnych dédi¢nych metabolickych poruch

Screening u dospélé screening nadoru prsu
populace screening nadoru tlustého stfeva a konec€niku
screening nadoru délozniho Cipku

V Ceské republice screening tyreopatii u téhotnych Zen v soudasné dobd systematicky
a jednotn¢ realizovan neni, ackoliv jej vétSina odbornych spolecnosti povazuje za potiebny.
Dosud nebylo dosazeno shody, jakym zptisobem bude screening realizovan. CES CLS JEP
doporucuje univerzalni screening, ktery se ale dosud nepovedlo prosadit. V soucasné dob¢ je
tak v ramci Ceské republiky screening provadén v riiznych regionech rozdilné (vibec
neprovadén, provadén pouze u rizikovych skupin zen - viz Tab. 3 str. 19, provadén
univerzalng). Prvni vysetfeni by mélo byt uskutecnéno pii vstupni gynekologické prohlidce,
idealn¢ v 5.-6. tydnu téhotenstvi, nejpozdéji vSak v ramcei screeningu vrozenych vyvojovych

vad a australského antigenu HBSAQ V prvnim trimestru (9.—11. tyden gravidity). Pokud
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screening v prvnim trimestru neni proveden, pak je vhodné ho realizovat alespon pii vySetieni
v 16. tydnu gravidity pfi odbéru na klasicky ,,triple test*. Tento odbér vSak nezachyti dilezité
obdobi pro vyvoj plodu v prvnim trimestru. V kazdém piipadé by mély byt Zeny o moznosti
vySetieni informovany od svého gynekologa i praktického 1ékaie. Pokud Zena spada do rizikové
skupiny, je ji zdravotni pojistovnou plné hrazeno laboratorni vySetfeni koncentrace TSH
a TPOAD. Jak vsak jiz bylo zminéno vySe, pfi screeningu rizikovych skupin zen unikne
diagnéze minimalné 20-50 % zen s pozitivitou Vv tyreoidalnich laboratornich testech. Proto
CES CLS JEP nadale usiluje o zavedeni univerzalniho screeningu a v roce 2013 vydala seznam
doporuceni pro diagnostiku a 1é¢bu onemocnéni §titné Zlazy v téhotenstvi a u zen s poruchou

fertility [15].

TSH <0.06mIU/I

Levotyroxin 50-100ug/d
(podle vstupniho TSH)
Jodid 100ug/d

Jodid 100 ug/d
nebo

Jodid 100 ug/d
UZ stitné Zlazy
kontrolnf odbér

Jodid 100 ug/d
kontrolnf odbér

TSH >3,5 (2,5 miu/l TPO Ab +++ FT4 snizen pod normu TSH <0.06 miu/l T4 zvvéen
nezavisle na TPO Ab TSHaFT4 " smmen podnormy FT4aTPO Ab e
N . TPO Ab a TSH v normé ; TPO Ab norm.
aFT4 vnormeé vnormé
nebo ++
Levotyroxin 25-50ug/d Viiv HCG

Endokrinolog

jen Jodid 100ug/d + UZ

tyreoiditid®

Kontrolni TSH -
v 10-11. tydnu
¢ UZ normalni

\ _—

TSH za 6-8 tydnud

Kontrolni TSH
v 14.-15. tydnu

'

Kontrolni TSH
ve 20-21. tydnu

'

Kontrolnf TSH ve 28. a7 32
tydnu (moZno vynechat)

'

[ Parod Kor?tro\.m'TS“H’ po
/ Sestinedéli

!

Kontrolni TSH za 3, 6 a 12 mésicl po porodu
Kontrola TPO Ab u vstupné negativnich Zen
s hypotyredzou

Obr. 2. Algoritmus managementu tyreopatii v gravidité. (Prevzato z Potlukova, 2013 [127])
Vychézime z patologickych laboratornich vysledki ze screeningového vysetieni cca v 5.—6. tydnu gravidity.

TSH: tyreoidalni stimula¢ni hormon; FT4: volny tyroxin; FT3: volny trijodtyronin, TPOAb: protilatky
proti tyreoidalni peroxidaze; UZ: ultrazvuk §titné zlazy
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V piipad€¢ pozitivity screeningového vySetfeni musi definitivni diagnézu a rozhodnuti
0 eventualni 1é¢bé ucinit endokrinolog. Farmakologicka 1écba by méla byt zahajena u vSech zen
s manifestni hyper- nebo hypotyre6zou a se subklinickou hypotyredzou s pozitivnimi TPOAb.
Nasledny doporucovany algoritmus managementu tyreopatii v gravidit€¢ pii patologickém

laboratorni vysledku screeningového vysetieni je znazornén na Obr. 2 (str. 33).

5.7 Probihajici studie

vvvvv

vyznamné pro doporuceni zaméfené na onemocnéni $titné zlazy v t€hotenstvi. Studie NICHD
(National Institute of Child Health and Human Development) se zabyva screeningem
subklinické hypotyredzy a hypotyroxinémie v USA. Studie ma byt zaslepena a kontrolovana
placebem. Po porodu bude dité az do véku 5 let podstupovat kazdoroéné 1Q testy za ucelem
zjisténi, zda 1éEba matky v prib&éhu tehotenstvi méla vliv na kognitivni vyvoj ditéte

(http://clinicaltrials.gov/ct2/show/NCT00388297).

V ramci studie TABLET (the Thyroid AntiBodies and LEvoThyroxine) probiha ve Velké
Britanii studie vlivu lécby LT4 na zpiisob ukonceni téhotenstvi. V této dvojité zaslepené,
placebem kontrolované studii probihd nabor eutyreoidnich TPOADb pozitivnich Zen S historii
infertility &i potratu pied a b&hem téhotenstvi. Zeny nidhodné obdrzi 1é¢bu (placebo nebo
50 mcg tyroxinu). Sledovanymi vystupy jsou piedCasny porod a potrat (www.controlled-
trials.com/ISRCTN15948785).

Posledni v soucasnosti probihajici studii je vyzkum v Ciné — SHEP (Subclinical Hypothyroid
and lodine Deficiency in Early Pregnancy and Women Planning for Pregnancy: Screening
and Intervention). Zahrnuje 4 800 Zen, u kterych bude sledovan vliv 1écby subklinické

hypotyre6zy LT4 na vyvoj mozku plodu [128].
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Metodika

Vsechny studie, které jsou predmétem této dizertacni prace, probehly na III. interni klinice VFN
a 1. LF UK, odd¢leni endokrinologiec a metabolismu, a laboratorni vysetfeni byla provadéna
v Ustavu lékai'ské biochemie a laboratorni diagnostiky VFN a 1. LF UK. VySetieni §titné zlazy

zahrnovalo klinicka vySetfeni endokrinologem, laboratorni vysetieni a USG vysetteni.

Nasledujici text predstavuje souhrnnou metodiku Ctyt ptilozenych publikaci. Pro detailni
informace o designu a prubéhu jednotlivych studii jsou publikace pfiloZzeny na konci mé

disertacni prace — kapitola 11 Prilohy (str. 66—100).

5.8 Sbér dat a ucCastnici studie

Data byla sbirana v letech 2006-2014. Prace zahrnovala zejména retrospektivni i prospektivni
vyhledavani a ziskavani dat, jejich zpracovani a naslednou analyzu. Za t¢elem sbéru dat byla
vytvofena databaze (DB) Tyrex, ktera je propojena s nemocni¢nim informac¢nim systémem
(NIS) Medea [129]. Byl tak umoznén import vysledkti z NIS Medea do DB Tyrex (Obr. 3,
str. 36). DB Tyrex byla provozovana jako soucast NIS Medea pro potieby VEN v Praze a bézela
se souhlasem oddéleni informatiky a vedenim VFN v Praze. Data, ktera nebyla k dispozici
v NIS Medea ani v DB Tyrex byla ziskana prostfednictvim telefonu, anonymniho tisténého
a anonymniho elektronického internetového dotazniku a dohleddna v kartotéce. Primérna
navratnost tiSténych dotaznikid zaslanych postou byla 45,9 %, elektronickych dotazniki 76,4 %
a ziskani dat pfi telefonickém kontaktu ¢inilo 98,9 %. Ve vysledku bylo primérné ziskano

84,5 % kompletnich dat z ptivodniho vybéru.

Median véku Zen Ve Ctyfech piilozenych studiich byl 31, 31,1, 32,4 a 32,7 let. Téhotné zeny
podstoupily tyreoidalni screeningové vySetieni v 9.—12. tydnu gravidity a Zeny po SpA
ve 4. tydnu po SpA (median). Zeny asymptomatické, netéhotné a bez historie SpA
v gynekologické anamnéze (minimdln€¢ dva roky po poslednim porodu), které podstoupily
screening tyreopatii u svého praktického lékate a pro abnormalni nalez byly odeslany
k endokrinologovi, tvotily Vv pfipadé¢ prvni studie kontrolni skupinu (kapitola 11.1 Prvni
publikace, str. 67). V ptipad¢ ctvrté studie tvorily kontrolni skupinu Zeny po SpA s negativnim

vysledkem laboratorniho screeningu a negativnim nalezem na USG Stitné zlazy (kapitola 11.4
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Ctvrta publikace, str. 91). Pro ob& vyse zminéné studie byly jako kontrolni skupiny vybrany

zeny se shodnou vékovou strukturou jako ve skupiné zen se sledovanym onemocnénim.

Vsechny zeny obdrzely detailni informace o probihajicim vyzkumu a podepsaly informovany

souhlas se svou ucasti na studii. Studie byly schvaleny etickou komisi 1. LF UK v Praze. Ptesto,

7e Ceska republika spadd mezi zemé s dostate¢nym jodovym zasobenim [130], byla viem

zenam rutinné doporuc¢ovana suplementace jodem prekoncepéné, béhem téhotenstvi i béhem

kojeni v davce 100-150 pg/den.

mie-c-|3 e ——— —_ Tyrex .
e - : o = ) a i — —
Vi it 77 Odebrat fazer = No . Nahradit |8 a
j # Vyjmou ; 1 : @ 7 Pravopis Lﬁ pae AN 1;'.' %;J
- 23 Kopirovat | 7 vybe N7 Piepnoutfiltr‘ =8 Ulozit = Prejitna v
Viozit 7 _ - — | Aktualizovat 1 Dalé Najit Zobrazit cely Plfepnout | B 7 U ==
- ¥3 Upfesnit ~ vie~ ¢ | S \§ Vybrat ~ formuldi  okna~ - I
Schranka Seradit a filtrovat Zaznamy Najit Okno Formatovani textu
[55] Biochemie =
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Obr. 3. Databaze Tyrex

Import vysledkid z nemocni¢niho informaéniho systému Medea do databaze Tyrex byl umoznén pfes stisk tlacitka

Importuj do tabulky*.
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3.6. UZivala jste béhem téhotenstvi léky na stitnou Zlazu?

ano
ne

nevim

Pokud ano, jaké:

3.7. UZivala jste jod pfed/bé&hem téhotenstvi?
ano

ne

nevim

3.8. Napiste datum porodu:

3.9. V jakém tydnu téhotenstvi jste porodila?
pied 38. tydnem (predéasny porod)
38. aZ 42. tyden (porod v terminu)
po 42. tydnu (pozdni porod)
nevim
Pokud vite k pfedhozi otazkce tyden téhotenstvi pfesné,

napiste jej:

3.10. Jaky byl zpilisob Vaseho porodu (ukonéeni
téhotenstvi)?

pfirozeny porod
porod cisafskym Fezem
spontdnni potrat

umélé preruseni

Obr. 4. Anonymni elektronicky internetovy dotaznik — ukazkova strana

5.9 Laboratorni vySetieni

Sérové koncentrace TSH, TPOAb a FT4 byly vysetfovany cheminoluminiscencni metodou na
analyzatoru ADVIA Centaur (Siemens Healthcare Diagnostics Inc., Tarrytown, NY). Horni
hranice pro detekci TPOAb byla 10 000 klU/I. Sérovy FT4 byl méfen pouze tehdy, pokud byla
koncentrace TSH a/nebo TPOAb mimo referen¢ni interval. Ve studiich, kde byly vySetiovany
1 sérové koncentrace TRAK, byla pouzita metoda radioimunoanalyzy DYNO test na
analyzatoru STRATEC SR 300 (Brahms, Berlin, Némecko). Referen¢ni intervaly pro TSH,
FT4 a TPOAD jsou uvedeny v Tab. 2 (str. 10).
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5.10 Ultrazvukové vySetieni

Ultrazvukové vySetieni §titné zlazy bylo provedeno pomoci piistroje s 8-12 MHz linearni
hlavici (EnVisor, Phillips, model PLF-805ST) dovolujici maximalni hloubku vySetieni 40 mm
pfi kmitoc¢tu 19 Hz. Byl zhodnocen objem, textura, vaskularizace a ptfitomnost tyreoidalnich
uzli. Objem jednotlivych lalokt §titné zlazy byl vypocitan jako délka (milimetry) x Sitka
(milimetry) x hloubka (milimetry) x 0,479. Na zaklad¢ téchto hodnot byla stanovena USG
diagn6za a byl pouzit skorovaci bodovy systém a klasifika¢ni schéma, Kk hodnoceni zmén
typickych pro AIT, vytvofeny a prvné pouzity V mé bakalaiské praci a v nasi publikaci z roku
2011 [27, 131]: I. Normalni $titna zlaza; Il. Tyreoidalni uzly; III. Témé&F normalni §titna zlaza;

IV. Lehka AIT; V. Stredné tézka AIT; VI. Tézka AIT.

V ramci jednotlivych studii bylo USG vySetfeni provadéno vzdy jednim zkuSenym

endokrinologem z divodu zamezeni variability interpretace nalezu mezi vySetiujicimi.

5.11Statisticka analyza

Statisticka analyza byla provedena za pouziti softwaru SigmaStat (Jandel Scientific, San Rafael,
CA, USA) a IBM SPSS Statistics (Command Syntax Reference, Chicago, IL, USA). Data jsou
ve studiich vyjadfovana jako pramér + smérodatna odchylka nebo jako median (dolni kvartil —
horni kvartil). Normalita dat byla testovana pomoci kombinovaného testu normality zalozeného
na shod¢ Sikmosti a $picatosti s normalnim rozlozenim testu a pomoci Kolmogorov-Smirnova
testu dobré shody, ktery je pouzitelny i pro malé statistické vybéry. K mezi skupinovému
porovnani rozdili Eetnosti diskrétniho typu byl pouzit y>-test (podminka: 80 % &etnosti je >5),
ptipadné Fischertiv exaktni test. Absolutni hodnoty jednotlivych sledovanych parametri byly
porovnany parametrickym dvouvybérovym t-testem, pfipadné neparametrickym Mannovym-
Whitneyho testem. Pro testovani vyznamnosti rozdili absolutnich hodnot vice skupin byl
pouzit parametricky test ANOVA, ptipadné jeho neparametricka verze — Kruskalav-Wallisav
test. Pti rozhodovani o pouziti parametrické nebo neparametrické verze testu bylo vychazeno
z vysledkil testu normality. V piipad€ testovani vztahu mezi nomindalni zavisle proménnou
a spojitou nezavisle proménnou byla pouzita logisticka regresni analyza. Hladina spolehlivosti
a byla stanovena na 0,05. Vysledky test s P-hodnotou <0,05 byly vyhodnoceny jako statisticky

vyznamné.
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5.12 Ekonomicka analyza a modelovani

Tteti a étvrta publikace (str. 80-100) zahrnovaly ekonomickou analyzu dat a jejich modelovani.
Pro ekonomické zhodnoceni byla pouzita analyza nékladové efektivity (CEA). Hodnoceni
nakladt bylo provedeno z perspektivy platce, tj. zdravotni pojistovny. Délka casového
horizontu byla stanovena v piipadé tieti publikace jako maximalni doba, po kterou byly zeny
sledovany po SpA a V piipadé ¢tvrté publikace jako median doby do dal$iho vysSetieni $titné
7lazy. Na zakladé fiskalniho vyhledu Ministerstva financi CR [132] byla zvolena diskontni
sazba 3 %. Pro vypocet nakladi vynalozenych do budoucna se vychazelo ze soucasné hodnoty
vynalozenych penéz, diskontni sazby a Casového horizontu. Zvazované néklady byly piimé
medicinské naklady, které byly v pfimém vztahu k vySetiované zené. Do nakladu byla zahrnuta
navstéva lékare (oddéleni endokrinologie a gynekologicko-porodnické oddéleni), laboratorni
testy a dalsi vySetfeni (napi. USG, kardiografie), predepsané 1éky a dny hospitalizace. Pro
vypocet ndkladii na medicinské a laboratorni vySetfeni byla pouzita legislativa vydana
Ministerstvem zdravotnictvi CR (vyhlasky &. 439/2014 Sh., 326/2014 Sb., 411/2011 Sh.,
425/2011 Sh., 472/2009 Sh. a 439/2008 Sh.) a vzorec uvedeny ve vyhlasce Ministerstva
zdravotnictvi CR &. 439/2008 Sb. V piipadé nemocniéni péte byly do nakladti zahrnuty
i naklady na dny hospitalizace platné pro VFN v Praze. Pro vypocet nakladu spojenych s 1é¢bou
LT4 byla pouzita databaze Statniho ustavu pro kontrolu 1é¢iv CR. Vsechny néaklady byly
prevedeny z CZK na EUR s ohledem na sménny kurz Ceské narodni banky pro rok 2012,
respektive 2015. VSechny jednotkové naklady jsou uvedeny v piilozenych publikacich
(kapitola 1.4 Ctvrta publikace — Pilozeny soubor 1, str. 99—-100; kapitola 1.3 Tteti publikace —
Tab. 1, str. 85)

V ramci &tvrté publikace (kapitola 11.4 Ctvrta publikace, str. 90-100) byl vytvoien
ve spolupraci s endokrinology model standardizovaného priichodu Zen po potratu tyreoidalnim
screeningem (Obr. 1, str. 92). V ramci tohoto modelu byly poté testovany naklady a efekty
screeningu a 1écby a nasledné byl proveden jejich finalni odhad. Néklady spojené s ukoncenim
t€hotenstvi (Ptilozeny soubor 1, str. 99-100) jsou zaloZeny na modelu standardniho procesu
VFEN v Praze s ohledem na konkrétni zpiisob ukonceni téhotenstvi (SpA, pfedCasny porod,
porod cisafskym fezem, ptirozeny porod v terminu) (Tab. 1, str. 93). Model vypoctu naklada
spojenych s 1é¢bou infertility a hospitalizaci zeny je podrobné popsan ve ¢tvrté publikaci na

strané€ 101.
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6 Vysledky

Nasledujici vysledky jsou souhrnem hlavnich vysledki mé disertacni prace, jejichz plné znéni

je v piilozenych pracich (kapitola 11 Piilohy, str. 66—100), na které se v priub&hu textu odkazuji.

V prvni praci (kapitola 11. 1 Prvni publikace, str. 66—71), ktera je prufezovou studii
200 pozitivn¢ screenovanych téhotnych Zen, 41 (21 %) Zen mélo tranzientni gestacni
hypertyre6zu (TGH) a zbylych 159 (79 %) mélo patologicky nalez na §titné zaze [10 (5 %)
manifestni hypotyredzu, 76 (38 %) subklinickou hypotyredzu, 7 (3,5 %) manifestni
hypertyre6zu a 66 (33 %) bylo eutyreoidnich a TPOAD pozitivnich]. Detail diagnéz véetné

porovnani s kontrolni skupinou je znazornén v Tab. 1 (str. 68).

Po vylouceni zen s TGH, pouze 74/159 (46,5 %) bylo klasifikovano jako rizikovych z hlediska
tyreopatii. Zastoupeni jednotlivych rizikovych faktorih mezi zenami S pozitivhim

screeningovym testem je popsano na str. 68.

Pti porovnani klinického a laboratorniho nalezu jsme nenasli vyznamny rozdil mezi Zenami
s nizkym a vysokym rizikem tyreopatii, S vyjimkou vyssi proporce zen s FT4 <75. percentilem
ve skuping rizikovych zen (P=0,008) a vétsim objemem stitné zlazy ve skupiné rizikovych zen
(P=0,04) (Tab. 2 a Obr. 2, str. 69). Ze 126 TPOAD pozitivnich téhotnych Zen mélo nalez
autoimunitniho procesu na USG S§titné zlazy 66 (52,4 %) Zen ve srovnani s 41/49 (83,7 %)
TPOAD pozitivnimi net€hotnymi kontrolami srovnatelného véku (P<0,001) (Obr. 4, str. 70).

Ve druhé pfilozené studii ptipadt a kontrol (kapitola 11.2 Druha publikace, str. 72—79), do které
bylo zahrnuto 5 223 téhotnych Zen, které podstoupily screeningové vysetieni, 857 (16,4 %)
meélo pozitivni nalez na §titné zlaze. Z nich 294 (5,63 %) mélo zvySeny TSH, 146 (2,79 %)
snizeny TSH, 561 (10,74 %) bylo TPOADb pozitivnich a 417 (7,98 %) bylo eutyreoidnich
a TPOAD pozitivnich. Vysledky screeningu se zamétenim na hypotyredzu a primérny vék Zeny

jsou uvedeny v Tab. 1 (str. 73).

Primérny vek zen v souboru byl 31,1 leta 3 400 z 5 223 (65,1 %) bylo véku >30 let. Prevalence
hypotyre6zy byla srovnatelna u zen véku >30 let (5,5 %) respektive <30 let (5,8 %) (P=0,896).
Frekvence a kumulativni proporce pozitivnich laboratornich screeningovych vysledku
ve vztahu k véku v jednoletych intervalech jsou znazornény v Tab. 2 a 3 a Obr. 1 (str. 74-76).

Za pouziti logistické regresni analyzy jsme nenasli Zddnou vyznamnou asociaci mezi vékem
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a poklesem TSH, vzestupem TSH nebo TPOAb pozitivitou (P=0,553, P=0,680 a P=0,056
respektive) nebo mezi vékem a vzestupem TSH a TPOAD pozitivitou (P=0,967).

Vztah mezi pravdépodobnosti pozitivniho screeningového vysledku a vékem je zobrazen na
Obr. 2 (str. 76). Vysoka pravdépodobnost ve skupiné s nizkym vékem byla zptisobena nizkym
poctem zen (pouze Ctyii t¢hotné zeny ve véku <18 let). Proto jsme vyobrazili vztah mezi vékem
a pozitivnim nalezem na screeningu za pomoci graft s pétiletym posuvnym primérem (Obr. 3,
str. 77). Kumulativni proporce vzestupu TSH vzhledem k v€ku jsou zobrazeny na Obr. 4
(str. 77).

V podskupinové analyze rizikovych faktord pro hypotyredzu u 132 hypotyreoidnich Zen,
pridani véku >30 let zvysilo proporci zen zachycenych pomoci rizikového screeningu z 55,3 %

na 85,6 %.

Ve tieti retrospektivni prafezové studii (kapitola 11.3 Tieti publikace, str. 80-89) z celkového
poctu 188 Zen léCenych LT4, 142 (75,5 %) bylo hypotyreoidnich a 46 (24,5 %) bylo
eutyreoidnich a TPOAD pozitivnich. Sto ¢tyfi Zen (55,3 %) podstoupilo tii laboratorni kontroly,
57 (30,3 %) ¢tyii kontroly a 27 (14,4 %) pét kontrol béhem tehotenstvi. Median vstupni davky
LT4 byl 50 pg/den (0-171 pg/den). Celkové bylo davkovani LT4 v pribéhu téhotenstvi
zménéno 306 krat v¢etné vstupniho zahajeni 1é¢by [239 krat (77,3 %) davka zvySena a 70 krat
(22,7 %) davka snizena] a median zmény davky LT4 byl 25 pg/den (4-150 ug/den). Dalsi

charakteristiky souboru jsou uvedeny na str. 82.

Laboratorni vySetfeni v 26.-32. tydnu gestace vedlo ke zméné davkovani LT4 u 18/132
(13,6 %) zen ve srovnani s 61/69 (88,4 %) v 5.—6. tydnu, 131/167 (78,4 %) v 10. tydnu, 55/142
(38,7 %) ve 14. tydnu a 44/165 (26,7 %) v 20. tydnu gestace (P<0,001) (Obr. 1, str. 87).
Z celkem 18 zmén davky LT4 v 26.-32. tydnu, pouze Sest zmén (33,3 %) bylo v souladu
S laboratornim nalezem (dvakrat ddvka navySena a cCtyfikrat snizena). Pocet vySetfeni,
biochemické charakteristiky zen a zmény davek LT4 s ohleden na tyden gestace jsou uvedeny

v Tab. 2 (str. 86).

v

V prvnim trimestru a vyznamné stoupaly ve druhém a tfetim trimestru (34,19 EUR v 5.—
6. tydnu, 34,72 EUR v 10. tydnu, 47,19 EUR ve 14. tydnu, 63,98 EUR ve 20. tydnu
a 127,48 EUR v 26.-32. tydnu gestace) (Obr. 1, str. 88).
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V posledni &tvrté kohortové prospektivni studii (kapitola 11.4 Ctvrta publikace, str. 90-100)
258 Zen po SpA, u kterych byl plosné realizovan screening TSH a TPOADb, mélo 111 (43 %)
zen vysledek screeningu pozitivni a 147 (57 %) negativni. Median doby do dal$iho ot€hotnéni
byl 7 mésicti (1-43 meésicil) a median délky trvani sekundarni infertility byl 26 mésictu (12—
47 mé&sicu). Podrobnéjsi charakteristika souboru Zen po SpA je uvedena na str. 94 a doplnéna
Tab. 2 (str. 94).

Nelécené zeny se subklinickou hypotyredzou nebo s eutyreoidni AIT mély Castéji naslednou
infertilitu [8/38 (21,1 %)] ve srovnani s kontrolni skupinou zdravych Zen bez tyreopatii [16/147
(10,9 %)] i ve srovnani s zenami S tyreopatii, které byly 1éceny LT4 [3/73 (4,1 %)] (P=0,021).
Nenasli jsme vyznamny vliv 1é¢by LT4 na cetnost naslednych SpA, cisafskych ezl
a pred€asnych porodi. Pocet Zen v kazdé skupiné s ohledem na zptisob ukonceni nasledného

t¢hotenstvi je zobrazen v Tab. 1 (str. 93).

Jednotkové naklady na screeningové vysetfeni tyreopatii u zen po SpA (laboratorni a USG
vySetfeni) jsme spocitali na 27,05 EUR na Zenu. Diskontované jednotkové naklady
Z perspektivy Ctyt let jsme vy¢islili ve skupin€ Zen 1é¢enych na 150,94 EUR, u Zen neléCenych
na 107,88 EUR a v kontrolni skupiné¢ na 44,09 EUR. Néklady zahrnovaly naklady na
screeningoveé vysetfeni tyreopatii, pravidelné kontroly endokrinologem vcetné laboratorniho
a USG vySetieni a 1é€bu LT4 (str. 95). Zptsoby ukonceni téhotenstvi a pouzity pfislusny
diskontni faktor jsou uvedeny v Tab. 1 (str. 93).

Celkové ndklady na jedno uspésné ukoncené tchotenstvi jsme spocitali na 1189 EUR
U kontrolnich zdravych Zen, 1 564 EUR u zen 1é¢enych a 2 488 EUR u Zen nelécenych (Obr. 2,
str. 95). Lécba LT4 byla spojena s vyss§im poctem tspé$né ukoncenych naslednych téhotenstvi

(prirastek 6 novorozenct na 100 Zen) a vedla k tspote 19 539 EUR/100 zen.
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7 Diskuze

Diky aktivité odborné veiejnosti v &ele s CES CLS JEP se informovanost eskych Zen
o0 problematice tyreopatii Vv t€hotenstvi a pii poruchach reprodukce za posledni léta vyrazné
zvysila. Jasnym diikazem je i rostouci pocet zen, které samy o screeningové vysetieni aktivné
zadaji své 1ékare (prekoncepcné, v gravidité, po potratu nebo pii infertilit€). Mezi odborniky
vsak stale existuje velké mnozstvi neshod a nejasnosti. Cilem prace bylo zhodnotit prevalenci
rizikovych faktora tyreopatii, oveéfit zda vék matky skutecné patii mezi rizikové faktory, vy¢islit
naklady na naslednou péci téhotnych zen pozitivné screenovanych a vytvorit obecny algoritmus

univerzalniho screeningu tyreopatii u Zen po SpA.

7.1 Prevalence rizikovych faktora u gravidnich Zen s pozitivhim

tyreoidalnim screeningem

Ackoliv je zachyt tyreopatii v gravidité Casty a existuje vSeobecné shoda na tom, Ze nelécené
tyreopatie maji vyznamny negativni vliv na pribéh t€¢hotenstvi a vyvoj plodu, zlistdva screening
tyreopatii V té¢hotenstvi prozatim nedofeSenou otazkou. Jedna se 0 dlouhodobé a celosvétove
diskutované téma, kde neni dosud zcela jasné, kdy a kym ma byt screening realizovan, kdy ma
byt provadén, kdo ho ma hradit a pfedev§im zda ma byt ploSny, nebo cileny jen na rizikové
skupiny zen. Doporuceni jednotlivych autorit se 1i$i. Negro et al. ve studii z roku 2010 nenalezli
rozdil mezi univerzalnim screeningem a screeningem rizikovych skupin Zen z pohledu sniZeni
negativniho dopadu tyreopatii na t&€hotenstvi. V téze studii ale zjistili, ze 1é¢ba hypo-
a hypertyredzy vedla ke sniZeni negativnich dopadii na téhotenstvi, a to 1 ve skupin€ Zen
s nizkym rizikem [133]. V roce 2007 Vaidya et al. publikovali, Ze v piipad¢ cileného screeningu
zustane piiblizné jedna tfetina téhotnych Zen se subklinickou a zjevnou hypotyre6zou
nezachycena [94]. Nasleduje jedna ¢eska, dvé Cinské a jedna Svédska studie z roku 2010 [22],
2011 [92, 93] a 2014 [96], které dosly k zavéru, ze v piipadé cileného screeningu ziistane az
55-80 % tehotnych Zen s tyreopatiemi nediagnostikovano. Vysledky nasi studie (kapitola 11.1
Prvni publikace, str. 66—71) se shoduji s vysledky vySe zminénych studii (Vaidya [94], Horac¢ek
[22], Wang [92], Chang [93], Granfors [96]). Ve studii jsme nalezli nizkou prevalenci
rizikovych faktorti v osobni/rodinné anamnéze mezi zenami s pozitivnim ScCreeningovym

vysledkem, kde by bylo mozné klasifikovat pouze 47 % zen jako rizikovych. Ostatni Zeny
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s patologickymi laboratornimi testy (53 %) by tudiz cilenym téhotenskym screeningem nebyly
zachyceny. Na zakladé¢ dat znasi studie a piedchozich studii mizeme anticipovat, ze
nadpoloviéni vétSina zen s hypotyre6zou a/nebo TPOAb pozitivnich zlstane nezachycena
Vv piipadé téhotenského screenigu cileného pouze na rizikové Zeny. Nizkou prevalenci
rizikovych faktori mezi t€hotnymi Zenami S pozitivnim screeningem V nasi studii Ize ale
vysvétlit nizkou senzitivitou cileného screeningu realizovaného ustnim dotazovanim
vysetfovanych zen na rizikové faktory v osobni a rodinné anamnéze. Efektivné;jsi variantou by
mohl byt tistény dotaznik. Druhym moznym vysvétlenim je naopak nizka specificita
laboratornich testi a ptili§ uzké referen¢ni rozmezi pro t€hotné zeny. To mliZze generovat vysoké
mnozstvi fale$né pozitivnich vysledkti u osob, které jsou bez klinicky vyznamné tyreopatie,
a tedy i bez rizikovych faktorii v anamnéze. Lze predpokladat, ze pfi pouziti ptili§ nizké horni
hranice referen¢niho rozmezi pro TSH (napf. méné nez 3,67 mlU/I, jak tomu bylo v nasi studii)
by se screening cileny pouze na rizikové skupiny Zen stal znacné€ neefektivnim a minimalné
polovina zen se zvySenou koncentraci TSH a/nebo pozitivnim TPOAD by zlstala nezachycena
(doporuceni obvykle navrhuji pouzivat jako horni hranici TSH v prvnim trimestru hodnotu
2,5 mIU/I). Definitivni odpoveéd’ na tyto otazky mohou dat pouze prospektivni randomizované
studie s pfesnym hodnocenim konkrétnich negativnich dopadu hrani¢nich laboratornich hodnot
na prub¢h téhotenstvi a vyvoj plodu. Jejich realizace vSak Casto nardzi na eticky problém,

kterym je nutnost ponechat ¢ast t¢hotnych Zen bez u¢inné 1éCby.

V nasi praci jsme dale zjistili, Ze sérové hodnoty TSH, FT4 a TPOAD se mezi skupinami zen
Snizkym a vysokym rizikem tyreopatii v té¢hotenstvi vyznamné neliSily, stejné¢ tak jako
se nelisila prevalence znamek AITD na USG stitné zlazy (Tab. 2, str. 69). Jedinym rozdilem
byl vyznamné vétsi objem Stitné Zlazy a vétsi pocet zen s FT4 pod 75. percentilem ve skupiné
Zen S vysokym rizikem (Obr. 2 a 3, str. 69-70). Tento nalez je v souladu s nazorem nékterych
odborniku, ktefi vefi, ze snizeni koncentrace FT4 pod referencni mez Vv téhotenstvi miize mit
negativni dopad na prub¢h téhotenstvi a vyvoj plodu [49, 134]. FT4 je ale povazovan za méné
spolehlivy parametr ve srovnani s TSH a dosud nejsou jasné stanovené jeho referen¢ni rozmezi
pro jednotlivé trimestry gravidity a pro jednotlivé metody stanoveni, stejné jako neni jasny
skute¢ny dopad mirn¢ snizené nebo zvysené (v ramci referencniho rozmezi) koncentrace FT4
v tehotenstvi [135-137]. Nekteré nedavné prace ukazuji, ze nejen pokles, ale i neadekvatni
vzestup FT4 zptisobeny neodiivodnéné vysokymi davkami LT4, by mohl mit negativni dopad
[138].
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7.2 VéEK jako rizikovy faktor AI'TD a hypotyreozy v gravidité

V druhé piilozené publikaci (kapitola 11.2 Druha publikace, str. 72—79) jsme demonstrovali
na skupiné 5 223 téhotnych Zen, které podstoupily tyreoidalni screening, Ze neexistuje vztah
mezi vékem a pravdépodobnosti pozitivniho vysledku screeningu u zen ve véku 16-44 let. To
je v8ak v rozporu s doporucenim ATA 2011, kde byl vék Zeny nad 30 let ptidan mezi rizikové
faktory rozvoje hypotyredzy v gravidité [5]. V nasi studii se ale vyssi riziko hypotyredzy a/nebo
TPOADb pozitivity u zen >30 let v porovnani se skupinou Zzen <30 let véku neprokazalo. Po
provedeni analyzy rizikovych faktord u 132 hypotyreoidnich zen v gravidité jsme nicméné
zjistili, ze ptidani ve€ku do seznamu rizikovych faktort muze vést k vyznamnému zlepSeni
ucinnosti screeningu cilené¢ho na rizikové skupiny. Dlivodem je vyrazné navyseni celkového
poctu zen, které by podstoupily screening. Pti dodrzovani doporuceni z roku 2007 [82], kde
vek nad 30 let neni uvadén jako rizikovy faktor, by v naSem souboru doslo k zachytu 55,1 %
hypotyreoidnich a/nebo TPOAb pozitivnich t€hotnych Zen. Pfidanim véku nad 30 let jako
rizikového faktoru se hodnota zachytu zvysi na 85,6 %. To je v uzké souvislosti s primérnym
vékem téhotnych Zen v dobé screeningového vySetteni. V piedchozich studiich
se predpokladalo, ze v bézné populaci roste prevalence AITD s veékem [139, 140]. Zavéry
studie Pearce et al. [141] hovoti o zvySeni horni hranice TSH 0 0,03 mIU/I s kazdym rokem
véku gravidnich Zen (studie zahrnovala 688 Zen). Nase studie ale tyto vysledky nepotvrdila a je
naopak v souladu s vysledky s novéjsi Spanélskou studii z roku 2014, ktera byla realizovana
Vv reakci na nasSi publikaci. Domnivame se, Ze vySe popsany rast incidence AITD s vé€kem je
pfitomen zejména u Zen v postmenopauze a naopak vyssi prevalence AITD u mladSich Zen

mize byt ovlivnéna nardstem jodové suplementace v poslednim desetileti [130].

Sila nasi studie je ve vysokém poctu zatazenych zen, u kterych byla vSechna méfeni provedena
stejnou metodou a v jednom laboratornim centru. Jako horni hranici referen¢niho rozmezi pro
TSH v prvnim trimestru gravidity jsme pouzili 3,67 mlU/l, coz je horni hranice specificka pro
prvni trimestr v naSi laboratofi [2]. Tato hranice je vys$i, nez doporucuje ATA 2011
(2,5 mIU/N), ale zaroven shodna s hranici, kterou uzivaji Lazarus et al. [54] ve své kontrolované
studii zaméfené na t€hotensky screening zen. Pti pouziti této referencni hranice pro TSH jsme
v souboru identifikovali 5,63 % hypotyreoidnich Zen, coz je vyssi procento, nez je udavano
Vv ostatnich zemich s dostatecnym zasobenim jodem [94, 142, 143]. Pokud bychom ale pouzili

hranici 2,5 mIU/I, procento hypotyreoidnich Zen v gravidité dale stoupne az na 16,7 %. Ackoliv
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je tato hodnota v souladu s nedavnou studii Blatt et al. [144], vétSina piedchozich praci udava
prevalenci hypotyredzy v gravidité nizsi. Tento model ukazuje, Ze je velmi vyznamné, jaké
referencni rozmezi pro hodnotu TSH bude v gravidité zvoleno. Pokud bude horni hranice
zvolena piili§ nizko, stava se screening méné efektivnim se zachytem velkého mnozstvi
odchylek, které nemusi mit zadny klinicky vyznam. Trva tedy potfeba individualnich
referen¢nich rozmezi pro jednotlivé laboratofe a trimestry, stanovené jako 2,5-97,5 percentil
piislusné referencni populace (zeny s negativnimi TPOAD, bez tyreopatii v osobni a rodinné
anamnéze a s dostatecnym jodovym zasobenim) (kapitola 4.2 Vysetiované parametry a cilové

hodnoty, str. 9-12).

7.3 Racionalizace algoritmu aprav 1écby levothyroxinem Vv
gravidité

Je-li vysledek screeningu onemocnéni §titné zlazy v t€hotenstvi pozitivni, nebo jsou-li jiz zeny
LT4 lécené, nasleduje systém pravidelnych kontrol, laboratornich vysetieni a ptipadné zahéjeni
nebo Uprava 1écby. Soucasné odborné debaty se staci k tématu spravného nastaveni davky LT4
za UCelem dosazeni eutyroidniho stavu nejen v pribéhu tchotenstvi, ale 1 v obdobi pted
samotnym ot¢hotnénim [87, 145, 146]. To nabyva dal na vyznamu v souvislosti se zjisténim,
Ze i nadmérna davka LT4 by mohla mit na pribéh gravidity a zejména na vyvoj plodu negativni
vliv [138]. Nase dalsi studie (kapitola 11.3 Tieti publikace, str. 80-89) piedstavuje prvni
analyzu  nakladové efektivity —doporucované Cetnosti naslednych laboratornich

kontrol v t€hotenstvi u Zen 1é¢enych LT4.

V letech 2011 a 2012 byla publikovana doporuceni pro management onemocnéni §titné Zlazy
Vv t€hotenstvi dvou spole¢nosti — ATA a ES [5, 6]. Ob¢é obsahuji i doporuceni tykajici
se zahajeni lécby LT4 a Cetnosti naslednych kontrol stitné zlazy v ptipadé, je-1i 1écba zapocata
nebo byly-li Zeny jiz 1éené v minulosti. Mezi doporucenimi existuje vysoky stupeni shody:
Stitna zlaza by méla byt testovana pomoci TSH kazdy 4.—6. tyden v pritbéhu prvniho trimestru
t¢hotenstvi. V druhém a tfetim trimestru ES navrhuje pokracovat v testovani kazdy 4.—6. tyden,
zatimco ATA doporucuje provést kontrolu TSH béhem tohoto obdobi pouze dvakrat (jedenkrat
ve druhém trimestru a jedenkrat ve tietim trimestru). S ohledem na fyziologii §titné zlazy
Vv téhotenstvi, kdy zavislost plodu na tyreoidalnich hormonech matky v prub¢hu té€hotenstvi
klesa, se zdaji byt specifické Cetnosti kontrol podle trimestrd, jak navrhuje ATA, vhodné&jsim
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postupem. Vyssi Cetnost kontrol v prvnim trimestru, béhem kterych by méla byt davka LT4
nastavena tak, aby bylo dosazeno optimalni koncentrace TSH, podporuje i nedavna studie
Tayloraetal. zroku 2014 [147]. Dosud ale nebyla provedena zadna studie zabyvajici
se efektivnosti doporucované cetnosti kontrol ve druhém a tfetim trimestru u Zen
s nekomplikovanym pritbéhem onemocnéni.

V nasi studii bylo vySetfeno 188 téhotnych zen lécenych LT4, které byly nasledné sledovany
a opakovan¢ vySetiovany v souladu s doporuc¢enim ATA 2011. V prvnim trimestru téhotenstvi
jsme nenalezli téméf zadny rozdil mezi vySetfenim v 5.-6. tydnu a v 10. tydnu gestace:
prumérné celkové naklady na Zenu byly nejvyssi ze vsech (30,22 EUR a 27,23 EUR), stejné
jako Cetnost zmén davek LT4 na Zenu byla nejvyssi (0,88 a 0,78) (Obr. 1, str. 87). Vysoké
naklady jsou zde zplsobeny zejména vstupnim endokrinologickym vySetfenim, jehoz cena je
vice nez dvojnasobna (13,31 EUR) ve srovnani s naslednymi endokrinologickymi kontrolami
(6,06 EUR) (Tab. 1, str. 85). Hlavnim divodem je, ze vstupni test zahrnuje nejen laboratorni
vySetieni koncentrace TSH, ale velmi ¢asto i vySetieni koncentrace TPOADb a FT4. Vysoka
cetnost zmén davek LT4 v prvni trimestru vyplyva ze skutecnosti, Zze pro vétSinu zen bylo
vySetfeni v 5.—6. tydnu nebo v 10. tydnu gestace prvnim vySetfenim §titné zlazy v t€hotenstvi
a 1écba LT4 byla nové zapocata, anebo se jednalo o zenu jiz 1é¢enou, kde je tieba davku LT4

navysit z divodu t€hotenstvi.

Ve druhém trimestru se ¢etnost zmén davek LT4 vyznamné snizila na 0,39 na zenu ve 14. tydnu
a na 0,27 na zenu ve 20. tydnu gestace. Jinak fe¢eno, u 61 % Zen ve 14. tydnu a u 73 % zZen
ve 20. tydnu téhotenstvi byla davka LT4 jiZ optimalné nastavena tak, ze koncentrace TSH
dosahla optimalni hodnoty a nemeénila se. Zaroven Se prumérné celkové naklady na Zzenu
ve 14. a 20. tydnu snizily na 18,27 EUR a 17,06 EUR respektive, protoze vétsina laboratornich
testdl jiz nezahrnovala vySetteni TPOAb a FT4 (Obr. 1, str. 87).

cvwr

ze vSech (0,14). Primérné celkové naklady na Zenu byly podobné nédkladim ve druhém
trimestru (17,38 EUR ve tfetim trimestru vs. 17,06 EUR ve druhém trimestru). Naopak celkové
naklady na zménu davky LT4 ve tfetim trimestru byly dvojndsobné ve srovnani s druhym
trimestrem (127,48 EUR vs. 63,98 EUR) a témé¢f Ctyinasobné ve srovnani s prvnim trimestrem
(34,19 EUR v 5. tydnu a 34,72 EUR v 10. tydnu) (Obr. 1, str. 88). Ackoliv ve tfetim trimestru
byla davka LT4 u 18 ze 132 zen zménéna (13,6 %) (Tab. 2, str. 86), pouze u Sesti ze 132 Zen

(4,5 %) byla zména spojena s TSH mimo referenéni interval (dvakrat davka zvySena a Ctyfikrat
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snizena), a Ize tedy hovofit 0 medicinsky odavodnitelné zméné. Vezmeme-li navic v uvahu, ze
negativni dopady mirného poklesu koncentrace TSH pod referen¢ni rozmezi na pribéh
téhotenstvi a vyvoj plodu neni prokdzan, neni nutné snizeni davky LT4 ve tfetim trimestru
Vv téchto piipadech povazovat za zcela nezbytné. V 98,5 % mizeme tedy testovani v 26.—
32. tydnu gravidity oznacit z pohledu zmény davkovani LT4 za nadbyteé¢né. Ve zbylych dvou
ptipadech, kde davka L.T4 byla ve tfetim trimestru navySena, piekrocila koncentrace TSH horni
limit pro tieti trimestr 3 mIU/l (4,55 mIU/l a 3,95 mIU/l), nicméné nebylo piekroceno
referen¢ni rozmezi pro neté¢hotné zeny (pod 5 mlU/I). Dosud neexistuje zadny dikaz, ze by
mély hodnoty TSH mezi 3-5 mIU/I ve tietim trimestru (na rozdil od prvni poloviny t€hotenstvi)
negativni dopad na pribéh t&hotenstvi a vyvoj plodu/ditéte. Stitna z1aza plodu je v tomto obdobi
jiz plné vyvinuta a sama pravdépodobné produkuje jiz dostate¢né mnozstvi tyreoidalnich
hormont [148]. Navic u obou Zen byla koncentrace FT4 v referen¢nim rozmezi a vSem zenam
ve studované populaci byla podavana adekvatni davka jodu po celou dobu téhotenstvi.
Medicinska rizika, plynouci z vynechani laboratorni kontroly ve tietim trimestru, mtizeme tedy
vyhodnotit jako zanedbatelna a z pohledu zmén davky LT4 Ize hovotit o nadbyteéném testovani
zen. Vysledek je v souladu s prospektivni studii Alexandera et al. [33]. V nasi studii jsme tedy
prokazali, ze je-li béhem prvnich 16 az 20 tydnt gestace davka LT4 dobie titrovana, dochazi

nasledné K jeji stabilizaci a neni potieba dalSich zmén davkovani.

Sila této studie je tom, ze v ekonomickém modelu vychazime z realnych dat pacienti misto
z vysledkd jinych studii a expertnich odhadd. Diky tomu jsme zohlednili nejen individualni
charakteristiky pacientli, jakymi jsou laboratorni nélez, individudlni reakce na 1écbu LT4,
dodrzovani léCebného planu a doba zahdjeni 1écby, ale 1 specifické charakteristiky, které
se mohou liSit v ramci riznych geografickych oblasti. Dale jsme v modelu vzali v uvahu
skute¢né vySetfované biochemické parametry. V mnoha piipadech nebyl vySetien pouze TSH,
jak zminuje ve svém doporuceni ATA, ale i FT4 a/nebo TPOAD. Stejné tak v samotné kalkulaci
nakladii jsme vychazeli ze skute¢né¢ vykazovanych nemocni¢nich néklad, které vychazely
ze soucasné platné vyhlasky Ministerstva zdravotnictvi CR. Nase studie mé ale i nékolik
omezeni, které je nutné zminit. Jedna se zejména o maly pocet zen v souboru (n=188). Soubor
ale zahrnuje vSechny téhotné Zeny v obdobi let 2004—2014, které byly 1éCeny pro zvySenou
koncentraci TSH a/nebo pozitivitu TPOAD, byly sledovany a vysetfovany na III. interni klinice
VFEN v souladu s doporu¢ovanym postupem ATA [5], podstoupili minimalné tii navstévy
I¢kafe spolu s laboratorni kontrolou a mély nekomplikovany pribéh onemocnéni. Dalsim

omezenim nasi studie je, ze jSme Zeny, které podstoupily tii, ¢tyfi anebo pét laboratornich
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vySetieni, analyzovali dohromady. Bez tohoto kroku bychom ale neziskali dostate¢né velky
soubor pro statistické zpracovani. Jelikoz jednotlivé podskupiny (tfi, Ctyfi anebo pét
laboratornich vysetfeni) mély stejné zakladni statistické charakteristiky, jejich spole¢na analyza

neovlivnila dalsi vysledky.

7.4 Tyreoidalni screening Zen po potratu

V posledni ptilozené publikaci (kapitola 11. 4 Ctvrta publikace, str. 90-100) jsme se zabyvali
nakladovou efektivitou screeningu tyreopatii Zen po SpA, kde odborna doporuceni uvadéji
potiebu tyreoidalniho screeningu pouze v piipadé opakovanych potrati a navic doporucuji
vySetfeni pouze sérového TSH [5]. Pfitom SpA patii mezi negativni dusledky jak nelécené
hypotyreozy, tak i AITD s normalni tyreoidalni funkci. Jelikoz se studie nakladové efektivity
dosud zabyvaly pouze screeningem tyreopatii Vv téhotenstvi [88-90, 124], ptedstavuje nase

studie prvni analyzu ndkladové efektivity screeningu tyreopatii Zen po SpA.

I kdyZ Zeny po SpA s patologickym vysledkem screeningu nemély vyznamné vyssi ¢etnost
nasledné infertility ve srovnani s Zenami s negativnim screeningem, v sub-analyze zaméfené na
1é¢bu LT4 Zen s AITD a/nebo hypotyre6zou jsme zjistili, ze 1é¢ené Zzeny mély vyznamné nizsi
Cetnost nasledné infertility (4,1 % vs. 21,1 %) a vyssi Cetnost uspésné ukonceného té€hotenstvi
(ptirozeny porod v terminu byl vys§i o 6 novorozencii na 100 Zen) ve srovnani s neléCenymi

zenami. Lécba L T4 navic vedla k uspote 19 539 EUR/100 zen v ¢asovém horizontu Ctyf let.

Nase vysledky jsou v souladu s vysledky studie Kima et al. [149], které¢ ukazaly, ze Zeny 1éCené
LT4 pro subklinickou hypotyredzu maji vyznamné vyssi Cetnost uspé$né implantace embrya
a vyssi pocet narozenych déti. Zhung et al. zhodnotili celkem 766 infertilnich zen, 90 TPOAb
pozitivnich a 676 TPOAb negativnich, které podstoupily IVF. Prokazali, ze pozitivita TPOAb
snizuje fertilitu a schopnost implantace embrya [150]. Zaroven nékolik autord zaznamenalo
zvySené riziko potratu po asistované reprodukci u zen TPOAb pozitivnich [58, 75]. Ke
shodnym zavérum dospéla i metaanalyza Ctyi prospektivnich observacnich studii z roku 2010
[151]. Byly vsak publikovany i studie, které asociaci nenasly [152, 153]. Pacientky, které
podstoupily asistovanou reprodukci z dtvodu infertility, vykazuji mnoho pfi¢in neplodnosti,

coz muze vysvétlovat konfliktni data.
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Na rozdil od Negra et al. [60] jsme nenalezli Zadny vyznamny Vliv 1é¢by LT4 na sniZeni
incidence pted¢asnych porodi a opakovanych SpA. Nase studie ale nebyla na studium téchto

efektti koncipovana a nebyla randomizovana.

Ackoliv mnohé prace ukazaly, Ze tyreopatie jsou spojeny se zvySenym rizikem opakovanych
SpA [154-156] a infertilitou [155, 157, 158] v nasi studii byla ¢etnost infertility a opakovanych
SpA u Zen s pozitivnimi TPOAb a nebo hypotyredzou, ve srovnani s Zzenami s normalnimi
nalezy, zvySena jen nevyznamng. TO muize byt pravdépodobné zplsobeno tim, ze jsme
analyzovali dohromady Zeny 1é¢ené LT4 jiz pted SpA spolu s zenami S nové diagnostikovanou
tyreopatii. Sekundéarni infertilita byla niz8i ve skupiné Zen lé¢enych oproti kontrolni skupiné
zen, které tyreopatii viilbec nemély. Predpokladame proto, ze tento nalez nebyl zptsoben pouze
1écbou LT4, ale i lepsim zasobenim jédem ve skupiné 1écenych Zen ve srovnani se skupinou
neléCenych zen a kontrolni skupinou. Lééené Zeny byly pod trvalou kontrolou endokrinologa,
coz mohlo vést k lepSimu dodrZzovani 1é€ebného rezimu, nejen co se tyce LT4, ale i jodové
suplementace. Je totiz prokazano, ze suplementace jédem pted a béhem t¢hotenstvi zlepSuje

fertilitu a prab¢h téhotenstvi [28, 159].

Hlavnim tématem této studie byla nakladova efektivita screeningu tyreopatii Zen po SpA. Pro
¢asovy horizont ¢tyt let jsme provedli kalkulaci nakladd Screeningu, naslednych vySetteni,
1écby a nakladi spojenych se specifickym zptisobem ukonceni t€hotenstvi (SpA, predCasny
porod, porod cisafskym fezem, piirozeny porod v terminu). Naklady na jedno screeningové
vysetieni (TSH, TPOAb a USG) jsme vypocitali na 27,05 EUR/zenu. V klinické praxi by ale
screening pravdépodobné zahrnoval pouze vySetreni TSH a TPOADb. Néklady na jedno
screeningové vySetieni by se tak snizily na 18,36 EUR/Zenu (PtiloZeny soubor 1, str. 99-100).
8,98 EUR na zenu a rok. Naklady na nasledna vySetieni endokrinologem u Zen s pozitivnim
vysledkem screeningu byly prvni rok 35,09 EUR/Zenu a kazdy nasledny rok 13,21 EUR/zenu.
Celkové naklady spojené se screeningem a lécbou AITD a/nebo hypotyredzou jsou tedy
vyrazné niz8§i ve srovnani s 1é¢bou infertility, kde byly nejvyssi naklady spojené s metodou
asistované reprodukce. Napiiklad jeden cyklus IVF stoji 1 586 EUR/Zenu. Oproti tomu lé¢ba
LT4 vedla nejen ke zvySeni cetnosti uspé$né¢ ukoncenych téhotenstvi (6 déti/100 zen;
ve srovnani s zenami neléCenymi), ale i k uspore 19 539 EUR/100 Zen v ¢asovém horizontu
Ctyt let (Obr. 2, str. 95).
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Hlavni pozitiva této studie spocivaji vV pouziti realnych dat pacientli, zatimco Ostatni dosud
publikované analyzy nakladové efektivity screeningu tyreopatii vychazeji z vysledkt jinych
studii a z expertnich odhadt [88-90, 124]. Pii pouziti realnych dat jsme vzali v ivahu nejen
individualni charakteristiky pacientt, jakymi jsou laboratorni nalezy, USG, a pocty Zen, které
podstoupily asistovanou reprodukci, ale také specifické charakteristiky, které jsou dané
zemépisnou polohou. Dale jsme se v kalkulaci nakladia opirali o skute¢né naklady z pohledu
zdravotni pojistovny a vychazeli z momentéalné platné vyhlasky Ministerstva zdravotnictvi CR.
Nakladovou efektivitu screeningu a 1é¢by tyreopatii jsme pravdépodobné v této studii lehce
podhodnotili, jelikoz jsme do modelu nezahrnuli nékteré potencionalni piinosy
tzv. ,,nevycislitelné™ (napf. zlepsSeni kvality zivota 1é¢enych zen [160]). Kromé toho jsou nami
vypoctené ndklady na piedCasny porod velmi nizké a téméf srovnatelné¢ s naklady na
fyziologicky porod v terminu. To je v rozporu s publikacemi, které popisuji, ze predCasny
porod je spojen s enormnimi naklady [161]. Pfi¢inou tohoto rozporu pravdépodobné je, Ze jsme
v praci hodnotili pouze naklady, které maji pfimou spojitost s zenou. Nezahrnuli jsme tak nejen
péci neonatologa o pied¢asné narozené dité, ale ani ndklady spojené se zvySenou tmrtnosti

pred¢asné narozenych déti a s jejich pozd€jsimi problémy s uc¢enim a chovanim [162].

Studie ma ale i urc¢ité nedostatky. Designe nasi studie byl nerandomizovany a pocet Zen
ve studii relativné maly (n=258). Studovana skupina Zen ale predstavovala vSechny Zeny, které
prodélaly SpA pied 12. tydnem gestace v dob¢ projektu (2008-2011) a byly nasledné vysetieny
V nasSem centru. Dal§im omezenim je, Ze skupinu Zen, které byly léeny LT4 jesté pied SpA,
jsme analyzovali dohromady se skupinou zen, kde 1é¢ba LT4 byla zapocata az po SpA. Hlavnim
davodem pro to bylo dosaZeni dostatecné velké skupiny Zen pro adekvatni statistické analyzy.
Jelikoz nasim zamérem bylo vytvofit jasny a Citelny model, provedli jsme ve studii také
zjednoduseni 1é¢by LT4 a nebrali v Givahu piipadné budouci upravy davkovani. Jak ale zminuji
v diskuzi vyse, naklady vynakladané na lécbu LT4 jsou minoritni, a tak miizeme predpokladat,
ze by vynechani ptipadné budouci upravy davky LT4 v nasem modelu nemélo vyznamny vliv

na vysledky.
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8 Zavér

Vysoka prevalence tyreopatii V t€hotenstvi a potieba systematického screeningu a jeho
ckonomického ohodnoceni jak v gravidité, tak u zen s poruchou fertility m¢ vedla K napsani
této prace. Prace se vedle tradicnich medicinskych aspektli zabyva také ekonomickymi
disledky ve specifickych podminkach Ceské republiky. V prvni piilozené publikaci jsme
prokézali, Ze tyreoidalni screening, zaméfeny pouze na rizikové t€hotné zeny neni dostatecné
efektivni. Méné nez polovina Zen s pozitivnim vysledkem screeningu méla pozitivni rizikové
faktory tyreopatii a témét polovina z téchto zen neméla nalez autoimunitniho procesu na §titné
zlaze pii ultrasonografickém vySetteni. Tedy vice nez polovina Zen S pozitivnim vysledkem
screeningu by ze screeningu cileného pouze na rizikové skupiny Zzen unikla. Takto vysoké ¢islo
by mohlo byt vysvétleno ivlivem piili§ Gzkého referenéniho rozmezi tyreoidalnich
laboratornich parametrd v gravidité. Definitivni odpovéd’ nam mohou piinést pouze
kontrolované randomizované studie s vyhodnocenim vlivu tyreopatii a jejich piipadné 1é¢by

nejen na prub¢h téhotenstvi, ale i na neurokognitivni funkce potomka.

Druha studie ukazala, ze v€k zeny nad 30 let neni rizikovym faktorem hypotyredzy a/nebo
TPOADb pozitivity v te€hotenstvi, ackoli je podle doporuc¢eni American Thyroid Association
2011 mezi nimi uvadén. Nenalezli jsme zadnou vyznamnou asociaci mezi vékem a TSH a/nebo
TPOADb pozitivitou. Pfidani véku nad 30 let jako rizikového faktoru, vSak vedlo k naristu
zachytu tyreopatii z 55,3 % na 85,6 %. ZvySeni vytéznosti nebylo v tomto pifipadé ovlivnéno
ani tak samotnym zafazenim dalSiho rizikového faktoru, jako zvySenim celkového poctu

vysetfovanych t€hotnych Zen.

Ve studii zabyvajici se pééi 0 téhotné zeny lécené levothyroxinem z dtvodu pozitivniho
tyreoidalniho screeningu, nebo jiz 1é¢ené v minulosti, jsme dosli k zavéru, Ze laboratorni
tyreoidalni kontrola ve tfetim trimestru je nadbytecna. Pouze u 4,5 % zen vedlo vySetfeni
ve tietim trimestru ke zméné davkovani levothyroxinu a pouze u 1,5 % zen se jednalo
onavyseni davky. Domnivame se, ze kontroly v pozdnich fazich téhotenstvi vedou
k neadekvatné vysokym zdravotnickym nakladim z pohledu zmén davkovani levothyroxinu.
Muzeme tak o¢ekavat, Ze vynechani laboratorni kontroly §titné zlazy ve téetim trimestru u Zen
1é¢enych levothyroxinem povede ke snizeni zdravotnickych nakladt a k celkové racionalizaci

diagnosticko-terapeutického schématu.
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V posledni piilozené studii jsme dosli K zavéru, ze screening a nasledna 1é¢ba autoimunitnich
tyreopatii a/nebo hypotyre6zy ma u zen po spontannim potratu pozitivni vliv na nasledné
reprodukéni zdravi. Lécba levothyroxinem muize vést ke sniZzeni potfeby vyuzivani metod
asistované reprodukce pii snaze opét otéhotnét. Zarazeni systematického screeningu
tyreoidalniho stimula¢niho hormonu a protilatek proti tyreoidalni peroxidaze do standartni péce
u zen po spontannim potratu tak muze vést nejen k navratu vynalozenych finanénich
prostiedki, ale 1 K finanénim tGsporam ve smyslu dlouhodobé perspektivy z pohledu

zdravotnich pojistoven.

Samotné vyjadieni pro nebo proti zavedeni univerzalniho screeningového programu by mélo
byt vzdy vysledkem komplexni analyzy zahrnujici klinické, ekonomické, organizacni, etické,
socialni 1 pravni aspekty. Zaroven nesmime zapomenout, Ze vzhledem ke specificnosti
tyreoidalnich onemocnéni, je nutna znalost a respektovani zdravotné-socioekonomickych
podminek dané zemé. Direktivni zavedeni jakéhokoliv vSeobecného screeningu [163] bez
predchozich medicinskych a ekonomickych analyz nemusi byt vzdy tou nejlepsi cestou.
Takovy postup je sice nejrychlejsi, nicméné mize piinaset fadu nevyhod (neodivodnéné
plytvani financemi ¢i nadbyte¢né testovani a 1éCeni jinak zdravych Zen). Vérime tedy, Ze
s rostoucim podétem studii, zamétenych na efektivitu screeningu a management tyreopatii
v gravidit¢ a u zen s poruchou fertility, bude dochazet k postupnému a rozvaznému
sjednocovani odbornych doporudeni a klinické praxe v Ceské republice a Ze dostate¢né
ekonomické zhodnoceni zdravotnickych regulaci ¢i procest Se jednou stane samoziejmym

krokem na cesté k jejich piijeti v obecnou platnost.
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Abstract

v

Eackgreund: It is controversial whether screen-
ing program for thyroid disorders in pregnancy
should be universal or targeted case-finding.

Aim:  To evaluate the relationship between his-
tory, laboratory parameters and thyroid ultra-
sound (TUS) in pregnant women positive in
universal screening.

Subjects and metheds: The screening included
investigation of serum TSH (thyroid stimulating
hermone) and TPOAD (antithyroperoxidase anti-
bodies) in 5520 unselected pregnant women in
the 9-11% gestational week. In 822 the screening
‘was positive: abnormal TSH (>3.67 or <0.06mIU/1)
and/or positive TPOAD (> 143kIU(1). 200 consecu-
tive women with positive screening were included
itthe study.

Results: 41 women (21%) had transient gesta-
tional hyperthyroidism (TGH) and 159 (79%) had a
thyroid pathology: 10 (5%) overt hypothyroidism;

76 (38%) subclinical hypothyroidism, 7 (3.5%)
overt hyperthyroidism and 66 (33 %) euthyroid
TPOAD positivity. After exclusion of TGH, only
74/159 (47 %) women were classified as high-risk
for thyroid disease according to their history.
There were no significant clinical and laboratory
differences between the high- ws. low-risk
women, except for higher proportion of FT4 <75
percentile (P=0.008) and larger thyroid volume
in the high-risk group (P=0.04). Finally, only
66/126 (52%) of TPOAb-positive pregnant
‘women had autoimmune pattern in TUS in com-
parison with 41/49 (84 %) TPOAb-positive non-
pregnant control women of comparable age
(P<0.001).

Concluzionz: Less than half of the positively
screened pregnant women can be classified as
high-risk and almost half of them had not
autoimmune pattern in TUS. High- and low-risk
pregnant women have similar clinical and labo-
ratory characteristics.

Introduction

v

Questions concerning thyroid diseases in preg-
nancy and postpartum have been repeatedly dis-
cussed in the recent years. The negative impact of
untreated thyroid diseases on fertility, course of
pregnancy and postpartum period and develop-
ment of offspring has been well described.
The complications include mainly miscarriage
(Clinoer et al., 1991; Negro et al., 2006; Poppe
et al, 2008: Kaprara and Krassas, 2008: and
Benhadi et al, 2009), preterm delivery (Casey
etal, 2005 and Stagnaro-Green etal, 2005) post-
partum thyroiditis and neurocognitive dysfunc
tion in offspring (Hollowell et al, 1999;
Smallridge and Ladensen, 2001; Pop et al., 2003;
and Mitchell and Klein, 2004), Therefore, screen-
ing for thyroid disorders in pregnancy
has been recommended (Morreale de Escobar

et al., 2004; Lazarus and Premawardhana, 2005;
Abalovich et al, 2007: and Vaidya et al., 2007).
Nevertheless, the particular method of the
screening remains controversial. There is a con-
siderable uncertainty whether the screening
should be universal or targeted at high-risk
women and which laboratory parameters should
be used for the screening program (thyroid stim-
ulating hormone — TSH, antibodies to thyroper-
oxidase — TPOAD and free thyroxine — FT4).

The aim of our study was to determine the preva-
lence of anamnestic risk-factors for thyroid dis-
orders in a group of positively screened pregnant
‘women and to evaluate the relationship between
clinical data, laboratory parameters and thyroid
ultrasound (TUS).
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5520 nonselected
pregnant women

: | !

‘ 822 “screening positive” | 4698 “screening negative”
, ]
200 consecutive women of those 822 “screening
positive” were enrolled in the study

Fig. 1 Recruitment flow chart. Screening positive: the pregnant women
with TSH out of the reference interval 0.06-3.67 miUf] andfor with
TFOAD >143kIUJL

Subjects and Methods
L J

subjects

The study was performed at the Outpatient endocrinological
department of the 3™ Department of Medicine of the General
University Hospital and 1* Medical Faculty, Charles University
in Prague. It was designed as a prospective study. The subjects
were recruited from January 2006 to December 2009. The
screening consisted of an assessment of serum TSH and TPOAD
in the 9-11" gestational week and it was performed in 5520
non-selected preznant women from iedine sufficient area in
Czech Republic. As “screening positive” [positively screened) the
pregnant women with TSH out of the reference interval 0.06-
3.67 mIU/l andor with TPOAD more than 143 kIU|l were consid-
ered. The reference interval for TSH (2.5-97.5% percentile in
group of women with negative TPOAb and without history of
thyroid diseases) and the cut of for TPOAb (90™ percentile in
group of women with TSH within reference interval and without
history of thyroid diseases) were determined in our previous
study (Springer et al, 2009). At all 822/5220 (14.9%) women
‘were “screening positive”. 200 consecutive women (median age
31 years) of those 822 “screening positive” were enrolled in the
present study (o Fig. 1). Within 2-8 weeks after the screening
laboratory test they underwent a detailed endocrinological
examination including TUS. The information abeut risk factors
for thyroid diseases in pregnancy was obtained orally. The risk
factors were all included in The Endocrine Society’s guidelines
for management of thyroid diseases in pregnancy (Abalevich
et al, 2007). According to the studies by Vaidva, Negro and
Horacek (Vaidya et al., 2007; Negro et al, 2010; and Horacek
et al., 2010) we classified the women as high-riskif they had any
of the following risk factors: family andfor personal history of
thyroid disease (including presence of goitre and sizns and
sympioms suggestive for thyreid dysfunction), family and/or
personal history for autoimmune disease, history of neck irra-
diation, previous miscarriages and preterm deliveries.

To compare TUS the control group was formed of 67 randomly
chosen, asymptomatic, age-comparable (median age 30 vears),
nen-pregnant and non-postpartum | at least 2 years after the last
pregnancy) women which were laboratory screened for thyroid
disorders by general practitioners and referred to an endocrinol-
ogist due to abnormal tests. Only the patients with TSH and|or

Jizkra | et al. Thyerid History and Pregnancy... Exp Clin Endocringl Diabetes

TPOAD out of the reference range applied for pregnant women
(TPOAD = 143 kUl and/or TSH <0.06 or = 3.67 mIU/I) were enrolled.
All women received detailed information about the study and
they have given their written informed consent to participate.
The study was approved by local Ethical Committee of the 1%
Faculty of Medicine of the Charles University in Prague.

Laboratory methods

Serum concentrations of TSH and TPOAb were determined by
chemiluminiscence method (ADVIA® Centaur™, Bayer, Germany).
If TSH and/or TPOAD out of the reference interval were found,
serum concentrations of FT4 were measured (chemiluminis-
cence method, ADVIA® Centaur™, Bayer, Germany). In clinically
and laboratory hyperthyroid patients serum concentrations of
TRAb {antibodies to TSH-receptor) by radioimmunoassay DYNO
test on a STRATEC SR 300 analyser (Brahms, Berlin, Germany)
were determined.

Thyroid ultrasound

The TUS was performed by an ultrasound equipment (EnVisor
by Phillips) with the 12-5MHz linear probe (model PLF-8055T),
allowing a maximum examination depth of 40mm at a frame
rate of 19Hz. The thyreid volume, texture, vascularization and
presence of nodules were evaluated. To eliminate the inter-indi-
vidual variability examinations were performed by 2 single
experienced physician. The volume of each thyroid lobe was cal-
culated as length (millimeters) x width (millimeters) x depth
(millimeters) x 0.479. The ultrasound diagnosis of autoimmune
thyroiditis was made on the basis of diffuse hypoechogenicity or
hypoechogenic areas and irregular echo pattern. The TUS find-
ings were classified as following: normal thyroid gland, autoim-
mune pattern (with or without nodules) and thyroid nodules
(without autoimmune pattern).

Statistical analysis

Throughout the text, data are expressed as meanztstandard
deviation or median (lower quartile—upper quartile). The Chi-
square test, Fisher test, t-test, Mann-Whitney U-test, Kruskal-
‘Wallis test and ANOVA on ranks (Dunn's methed) were used to
compare the proportions, means and medians of variables
between the groups. All reported P-values are two-sided and
P<0.05 was considered as statistically significant. Statistical
software Sigmastat (Jandel Scientific, San Rafael, CA, USA) was
used for data analysis.

Results

v

Of the 200 women analyzed, 41 (21%) were diagnosed as having
transient gestational hyperthyroidism (TCH) (median TSH
0.02 mIU(L, FT4 17.6 pmol/l and TPOAD 46.5 kIU1). It was defined
as suppressed TSH, normal or elevated FT4, negative TPOAD,
negative TRAD, normal thyroid TUS and absence of clinical
symptoms of hyperthyroidism. The rest of the women [159
(79%)] were diagnosed with a thyroid disease, in most cases in
need of therapy. 10 (5%) women presented with overt hypo-
thyroidism (median TSH 16.7 mIU/l, FT4 8.4 pmol/l and TPOAD
3176 KkIUJ), 76 (38%) with subclinical hypothyroidism (median
TSH 5.2 mIUJL, FT4 13.2 pmol/l and TPOAD 184 KIU/1) 2nd 7 (3.5%)
with overt hyperthyroidism (median TSH 0.008 miIUjl, FT4
28.1 pmoljl, TPOAb 386kIUfl). The diagnoses in detail as
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Table 1 Clinical diagnoses of 200 positively screened pregnant women with detailed examination as compared with the whole group of women screemed.
Positive in screening with Positive in screening All screened
detailed examination pregnant women

number of women 200 822 5520
hypathyroidisr 86 (43%) 299 (36.4%) 299 (5.42%)
overt hypothyroidism 10({5%) 49 (6%) 49(0.89%)
subdinical hypaothyroidism 76 (38%) 250(30.4%) 250 (4.53%)
TPOAb+ hypothyroidism 54 (27%) 144(17.5%) 144 (261%)
TPOAb- hypothyroidizm 32 (16%) 155 (18.9%) 155 (2.81%)
transient gestational hyperthyroidism 41(21%) 99 (12%) 99(1.8%)
hyperthyroidism 7(35%) 141 (17.2%) 141 (2.55%)
overt hyperthyraidism 7(35%) 19(2.3%) 19 (0.34%)
subdinical hyperthyroidism 0 122 (14.8%) 122 (2.21%)
TPOAb+ hyperthyroidism 7(35%) 23{28%) 23 (0.42%)
TPOAb- hyperthyraidism o 118 (14:4%) 118 (2.14%)
TPOAb positivity (= 143 kiUl 126 (63%) 549 (66.8%) 549 (9.95%)
euthyroid TPOAB= 66 (33%) 376 (45.7%) I76(6.81%)
euthyroid TROAD+|TUS+ 30(15%) TUS not performed
euthyroid TPOADL+|TUS- 36(18%) TUS not performed
TPOAk+. narmal TSH, decreased FT4 2(1%) 5{061%) 5 (0.09%)
TPOAb+, narmal TSH. elevated FT4 0 1{0.12%) 1({0.02%)

Hypothyroidism was defined as TSH > 3,67 mil]l {overt with decreased FT4 < 10.0 prol | and subdinical with normal FT)
Hyperthyraidism was defined as TSH <0,06miL|] {overt with FT4>23.0 pmiod [l and subsdinical with normal FT4) if transient gestational hyperthyroidism was exduded
Transient gesational hyperthyroidism was defined as TSH <0.06 miLl, normal FT4, negative TPOAD and (inwomen with detailed examination) normal thyroid witrasownd and

absence of dinical syrmptoms of hyperthyroidism

TUS#: with autimmune pattem in thyroid ulrasound, TUS—: without auteimmune pattem in thyroid ulrasound

compared to the whole group of screened pregnant women are
shown in © Tabla 1.

At the time of the examination, 14 women were treated with
levothyroxine. We started the treatment de novo in 118 women
(86 hypothyroid women, 32 euthyroid TPOAb+ high-risk women
or women with low FT4 andfor with autoimmune pattern in
TUS). 34 euthyroid TPOAb+ women were followed without
treatment. Of the 7 hyperthyroid women, we started to treat 2
with propylthiouracyl and we closely monitored the rest with-
out treatment.

Risk factors for thyroid disease in the history

Owerall less than half of the positively screened pregnant women
had at least one risk factor for thyreid disease in the history, i.e.,
were classified as high-risk. Particularly, it were 94/200 (47.0%)
women with positive combined screening (abnormal TSH and/
or positive TPOAD), 64/134 (47.8 %) women with abnormal TSH
and 60/126 (47.6%) women with positive TPOAb). Among the
women with positive combined screening 38 had family history
of thyroid disease, 2 family histery of non-thyroid autoimmu-
nity, 14 personal history of thyroid disease, 4 personal history of
non-thyreid autoimmunity, 4 personal histery of infertility, 42
personal history of miscarriages (8 had recurrent miscarriage).
52 of the 200 women (26.0%) had an cbstetrical risk facvor
(infertility and/or miscarriage) and the same proportion had a
non-obstetrical risk factor (personal and/er family history of
thyroid and/or autoimmune disease). Only 18/200 (9.0%) had
more then one risk factor in the history. Similar results were
obtained after exclusion of the 41 women with transient gesta-
tional hyperthyroidism: only 74/159 (46.54%) women were
classified as high-risk.

Risk factors in history vs. laboratory parameters

There were no significant differences of the laboratory parame-
ters between high- and low-risk women, except for the serum
levels of FT4 in the first trimester of pregnancy. We found a
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higher rate of women with FT4 below the 75% percentile
(16.1 pmol/l) among pregnant women classified as high-risk in
comparison to the low-risk women (¢ Table 2, © Fig. 2). Con-
sistently, there was a higher proportion of high-risk women in
the group with FT4 <75% percentile in comparison with women
with FT4 =75 percentile [74/140 (52.9%) vs. 1244 (27.3%),
P=0.005] (C Fig. 2).

The prevalence of high-risk women was comparable in women
with decreased, normal and elevated TSH and in women with
negative and positive TPOAD. Amoeng 30 women with abnormal
both TSH and TPOAb only 15 were high risk. All 6 women with
abnormal TSH, TPOAb as well as FT4 had abnormal TUS, but only
2 of them were high risk.

Thyroid ultrasound in high- vs. low-risk pregnant
women

Positively screened pregnant women had generally less pro-
nounced autoimmune changes in the TUS than the control group
of non-pregnant young women with pathological TSH and/or
positive TPOAD. We found an autoimmune pattern in TUS only in
89/200 (44.5%) of the positively screened pregnant women in
comparison with 49/67 (73.1%) of the control women
(P<0.001, ¢ Fig. 4). Of the positively screened and clinically
high-risk women, only 28/94 (29.8%) had autcimmune pattern
in TUS. After exclusion of women with transient gestational
hyperthyroidism, only 66/126 (52.4%) of TPOAb+ pregnant
women had autoimmune pattern in TUS in comparison with
41/49 (83.7%) TPOAb+ controls (P<0.001) (© Fig. 4). Positively
screened high-risk pregnant women had a2 significantly larger
thyroid volume as compared to the low-risk pregnant women
(= Table 2). The prevalence of thyroid nodules and autoimmune
pattern in TUS did not significantly differ between the high- and
low-risk women (C Table 2).
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High-risk Lowe-risk Pamlge Table2 Thyroid laboratory and ultrasound
nurmber o T3 parameters of the high-isk vs. lowsrisk positively
age (years) = = e screened pregnant women.

TSH' (miUfl, N=151) 41(20.52) 46(2.3..5.7) n.s.

TPOAL? (KILJI, N=159) 624 (283..2062) 923 (337...1973) n.s.

FT4" (pmel/l, N=151) 127+1.96 1312247 n.s.

TSH >2.5miljl 54 (57.5%) 53 (54.7%) n.s.

TSH >3.67miUfl 44 (46.5%) 44 (415%) ns

TSH = 10.0miUfl 5(6.4%) 2(1.9%) ns.

TPOAb > 143kUjI 60 (63.8%) 66 (62.3%) ns.

TPOAb >500KUJI 21(22.3%) 26 (24.5%) n.s.

TPOAL >1000kIUJ| 17 (18.1%) 21(19.8%) n.s.

FT4 <11.8 pmol/l (25% percentile) 26(27.7%) 24(22.6%) n.s.

FT4 <13.8 pmalfl (50 percentile) 43(51.1%) 44(41.5%) n.s.

FT4 <16.1 pmol|l {75™percentile) 74(78.7%) 4 (60.4%) 0.008

transient gestational hyperthyroidism 20(213%) 21(19.8%) n.s.

thyroid volume {mil) 10.0 (7.8...11.6) B(7.2..9.0) 0.042

autnimmune pattemn in TUS 28 (362%) 43 (46.2%) n.s.

thyroid nedules in TUS 10 (10.6%) 21 (19.8%) n.s.

High risk=at least one risk facter in the personal or family history

'wormen with autsimrmne and transient gestational hyperthyroidism were exduded

“wiarnen with ransient gastational hyperthyroidisnn wers excluded

Tus: thyroid wltrasound
Discussion
- 100 -
Efficacy of universal thyroid laboratory screening in comparison P-0.008
with targeted case-finding in pregnancy remains controversial, -od 37
Some authorities recommended the first, others the latter. Negro
et al. referred universal screening compared with case-finding s -
did not result in a decrease in adverse outcomes of pregnancy. 60
Inconsistently, in the same study treatment of hypo- and hyper-

x %8 %2

thyroidism lowered the rate of adverse outcomes even in the aLs
low-risk groups (Negro et al, 2010). Vaidya et al. showed that 40+ 362
targeted case-finding may miss about one third of hypethyroid
pregnant women (Vaidya et al,, 2007). Consistently, over half of 21 ij
women with thyroid laboratory abnormalities would be missed 2
if only high-risk women were examined (Horacek et al., 2010).
Owr study was performed in the similar way as the ones and the f
same criteria for risk-assessment were used. In addition to 1abo- ToH p;’:“"b TEHME THMRR g‘;ﬁ Poulihe TIS

ratory and clinical parameters we focused also on the thyroid
morphology and ultrasound texture. We examined in detail 200
pregnant women screened positive in a universal screening pro-
gram for thyroid dizorders in pregnancy. Women were seen by
an endocrinologist whe took history, performed TUS and
decided on therapy within 2-8 weeks of the pathological result
in the screening test. This group of women was a representative
sample of all 822 positively screened women. Consistently with
previous reports (Vaidya et al., 2007 and Horacek et al., 2010) we
found a low prevalence of risk factors in the personal{family his-
tory among the positively screened women. Only 48 % of women
with positive thyroid laboratory screening (regardless whether
TSH, TPOAD or both were included in the analysis) could be clas-
sified as high-risk. Based on our data and the data of previous
studies, we can anticipate that a targeted case-finding screening
for thyroid disorders in pregnancy may miss at least one half of
women with hypothyroidism and for euthyroid TPOAD positivity.

Moreover, there were no significant differences of serum TSH,
TPOAbL and FT4 and rates of women with differently elevated
T5H and TPOAb between high- and low-risk pregnant women
(o Table 2). The only differences between the high- vs. low-risk
women were a significantly larger thyroid volume and a higher

Jiskra | et al. Thyorid History and Pregnancy ... Exp Clin Endocrinol Diabetes

O Lowerisk

W Highr isk

Fig. 2 Prevalence of hypothyroidism, TROAD positivity, transient
gestational hyperthyroidism and autoimmune pattern in thyroid ulta-
sound in pregnant women with high-vs. low-risk for thyroid disorders.
TCH: transient gestational hyperthyroidism; positive TUS: autoimmune
patterniin thyroid ultrasound.

proportion of women with FT4 below the 75 percentile in the
high-risk group (& Fig. 2, 2). This is consistent with the opinion
of some experts who believe that low FT4 in pregnancy (even
within normal non-pregnant limits) may have a negative impact
on the course of pregnancy and the development of the offspring
(Pop et al., 2003 and Mitchell and Klein, 2004). Nevertheless, FT4
in pregnancy is considered a less reliable parameter; the normal
range of FT4 and the relevance of lower FT4 (within normal nen-
pregnant limits) are unclear (Hamm et al., 2009: Lee et al., 2009;
and Krassas et al, 2010).

If TUS was analyzed, we found an autoimmune pattern in TUS
only in half (52 %) of the TPOAD+ pregnant women and only in
45 % of women with positive combined (T5H and TPOAb) screen-
ing. This is significantly less than in age-comparable neon-
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P-0.005 Fig. 3 Proportion of
100% wormen with high-vs.
lowe-risk for thyroid
0% disorders according
to the levels of FT4in
the first trimester of
0% pregnancy.
%
0%
b1
0%
T4 bedow 75th FT4 ahove 75th
percentile percentile
0O Lowrisk W High-risk
100 P 001 Pl 001 Fig. 4 Autoimmune
. pattem in thyroid
50 ultrasound in pregnant
.1 wornen and controls.
G0 524
% 445

40

20

—
Abnormal TSH and[or  Positive TPDAD
positive TPOAL

W Pregnant women 0 Cantrols

pregnant controls (G Fig. 4). The prevalence of TUS autoimmune
pattern did not significantly differ between high- and low-risk
WOMEn.

There are 2 hypotheses to explain the relatively low prevalence
of high-risk ameng positively screened pregnant women. The
first is a low sensitivity of targeted case-finding as compared to
universal, It may be determined by low efficacy of oral form of
looking for the risk factors in personal and family history. Per-
haps a written form of data collecting with use of questionnaire
may be more effective. The second hypothesis may be a low spe-
cificity of the laboratory tests and too tight “normal limits” in
pregnancy. It can generate great portion of false positive results
in subjects without clinically relevant thyroid disease, and natu-
rally without risk factors in history and without autcimmune
pattern in TUS. Maybe both of them take a part in explanation of
these contradictions. We can presume that if a too low upper
limit of TSH (e.g., less then 3.67mlIU[l as in our study) will be
accepted then targeted case-finding screening will be probably
ineffective and at least one half of women with elevated TSH
and/or positive TPOAb will be miszed (guidelines usually recom-
mended 2.5mIUjl as upper limit of TSH in the 1¥ trimester of
pregnancy). Similarly, low prevalence of autoimmune pattern in
TUS among TPOAb-positive pregnant women may be explained
by low specificity of TPOAD in pregnancy. Otherwise, activation
of immunity in the 1% trimester of pregnancy may be a cause of
slightly elevated TPOAD titers. As well an initial stage of Hashi-
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moto's thyroiditis without morphological changes of thyroid tis-
sue can explain it

We can conclude that less than half of the positively screened
pregnant women can be classified as high-risk and almost half of
them had not autoimmune pattern in TUS. High- and low-risk
pregnant women have similar clinical and laboratory character-
istics. It may be cause by low effectiveness of the targeted case-
finding screening and low sensitivity of TUS or by too tight
“normal limits” of thyroid laboratory parameters in pregnancy.
Only ongoing controlled randomized studies with evaluation of
ocutcome of pregnancy and neurocognitive functions of the off-
spring may give a definite answer to the questions regarding
screening for thyreid diserders in pregnancy.
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Is Age a Risk Factor for Hypothyroidism in Pregnancy?
An Analysis of 5223 Pregnant Women
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University in Prague, 128 08 Prague, Czech Republic; and Department of Management (0.P.),
Faculty of Business Administration, University of Economics Prague, 130 67 Prague, Czech Republic

Context: The guidelines of American Thyroid Association from 2011 include age over 30 as one of
the risk factors for hypothyroidism in pregnancy.

Objective: Our objective was to verify whether age increases the risk of autoimmune thyroid
disease in pregnancy.

Design: We performed a cross-sectional study in 20062008 with laboratory assessment in a single
center using primary care gynecological ambulances in cooperation with a referral center.

Patients: The study included 5223 consecutive pregnant women in gestational wk 9-12.

Main Outcome Measure: \We assessed the occurrence of pathological serum concentrations of TSH
and/or antibodies against thyroperoxidase (TPOADR) with regard to age. Reference interval for TSH
was 0.06-3.67 mWliter; the upper cutoff value for TPOAL was 143 kU/iter.

Results: Overall, 857 women (16.4%) were positively screened. Of these, 294 (5.63%) had TSH eleva-
tion, 146 (2.79%) had TSH suppression, 561 (10.74%) were TPOAb positive, and 417 (7.98%) were
euthyroid and TPOAbL positive. The average age of women was 31.1 yr. The prevalence of hypothy-
roidism was 5.5 and 5.8% in women aged 30 or older and those under 30 yr, respectively (P value
nonsignificant). Using a logistic regression model, we didn't find any significant association between
age and serum TSH suppression, TSH elevation, or TROAD positivity (P = 0.553, P=0.680, and P= 0.05&,
respectively) or between age and TSH elevation with TPOAb positivity (P = 0.967). In a subgroup
analysis of risk factors for hypothyroidism in 132 hypothyroid women, addition of age 30 or older
increased the proportion of women identified in a case-finding screening strategy from 55.3to 85.6%.

Conclusions: Prevalence of autoimmune thyroid disease does not increase with age in pregnant
women; however, addition of age 30 or over to the case-finding screening strategy may substan-
tially improve its efficiency due to a larger number of women screened. (J Clin Endocrinol Metab
97: 0000-0000, 2012)

bout 10% of pregnant women are positive for auto-
antibodies against thyroperoxidase (TPOAb) (1-3)

and between 2 and 4.5% suffer subclinical or overt hy-
pothyroidism (3-5). Thyroid dysfunction in pregnancy
has a negative impact on the course of pregnancy and the
development of cognitive functions of the offspring (6-8);
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and according to some authors, even the mere positivity of
TPOADb in euthyroid pregnant women may negatively in-
fluence the psychomotor development of the child
(9). Moreover, up to one half of the TPOAb-positive
(TPOADL™ ) pregnant women develop postpartum thyroid-
itis, which can lead to persistent hypothyroidism in one

Abbreviations: AITD, Autcimmune thyroid disease; FT,, frae T,; TPOAb. autoantibodies
against thyroperoxidase.
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third to one half of cases (10, 11). If unrecognized, late
postpartum thyroid dysfunction may adversely affect not
only the mother’s health but also the next pregnancies.

Although early treatment of overtly hypothyroid mothers
is associated with an improved neuropsychological develop-
ment of the offspring (6), implementation of universal
screening for thyroid disorders in pregnancy has been con-
troversial. The latest guidelines of the American Thyroid As-
sociation (ATA) did not find enough evidence for implemen-
tation of universal screening. They again recommend only a
case-finding screening targeted at high-risk women (12), but
in comparison with the previous guidelines from 2007 from
The Endocrine Society (13), age over 30 yr was added among
the risk factors. The prevalence of hypothyroidism increases
after 40 yr of age, and about 10% of women over age 55
suffer from Hashimoto's thyroiditis (14, 15). However, to
our knowledge, no large study focused on the relationship
between age and prevalence of autoimmune thyroid disease
(AITD) in pregnant women until now.

The aim of our study was to perform a detailed analysis
of age as a risk factor for AITD in pregnancy in a large
cohort of consecutively screened unselected women in the
first trimester of pregnancy.

Subjects and Methods

Participants of the study
This study presents an analysis of a part of data gained in an
experimental universal screening for AITD performed in years

1 Clin Endocringl Matab, June 2012, 97(6):0000—0000

2006-2009 (gestational wk 9-12) (3). It consisted of measure-
ment of TPOAb, TSH, and free T, (FT,). FT, was assessed only
in women with pathological TSH and/or positive TPOAb. The
laboratory assessment was performed in a single center (The
Institute for Clinical Biochemistry and Laboratory Medicine,
General University Hospital in Prague). For the age analysis, we
used data of 5223 conmsecutive pregnant women who were
screened between 2006 and 2008. The cohort of screened
women consisted of all pregnant women who primarily under-
went screening for chromosomal abnormalities in the 9-12th
gestational weeks in the cooperating gynecological centers; the
screening for chromosomal abnormalities is routinely performed
in Czech pregnant women. Women were screened for AITD re-
gardless of their history or symptoms. Ninety-nine percent of the
women were of Caucasian origin. All participating women
signed an informed consent form. The study was approved by the
Ethical Committee of the General University Hospital and the
First Medical Faculty of the Charles University in Prague.

Recruitment of clinical data

After delivery, we asked the positively screened women by the
means of a letter to fill in a detailed questionnaire. It consisted of
questions targeted at the following areas: family and personal
history of thyroid disease, diabetes, and other immune-mediated
disorders; gynecological history including conception, course of
pregnancy, delivery, previous pregnancies, abortions, and com-
plications; and health of the offspring. The questionnaire was
internet based and encrypted with a high degree of personal data
protection. Women without access to internet could fill out a
paper form of the questionnaire. In case of women examined and
treated in our Department of Endocrinology, we also extracted
data from the hospital computer database.

TABLE 1. Results of screening for AITD in women in gestational wk 9-12 of pregnancy with focus on

hypothyroidism
Mean Number of women Number of women
age (yr)  (TSH upper cutoff 3.67 mU/liter)  (TSH upper cutoff 2.5 mU/liter)
All screened pregnant women E 5223 5223
Negative in screening El 4366 3899
Positive in screening 31 857 (16.4%) 1324 (25.3%)
Hypothyroidism EYl 294 (5.63%) 873 (16.7%)
Overt hypothyroidism 32 39 (0.75%) 40 (0.76%)
TSH =10 miiter; normal FT, 32 18 (0.3%) 18 (0.34%)
TSH =10 miter; FT, <9.8 20 10(0.19%) 10 (0.19%)
pmaolfiter
TSH =3.67 and <10 mU/iter; 32 111(0.21%) 12 (0.23%)
FT, <9.8 pmolfiter
Subclinical hypothyroidism
TSH =367 and < 10.0 mU/iter 31 185 (3.54%) 264 (5.05%)
with normal FT,
Unknown form of hypothyroidism
TSH =3.67 and < 10.0 mU/iter EX 70(1.34%) 569 (10.9%)
with unknown FT,
(unavailable)
TPOAb™ hypathyroidism 31 127 (2.43%) 239 (4.6%)
TPOAb~ hypathyroidism EYl 167 (3.19%) 634 (12.1%)

The screened parameters induded TSH, TPOAb, and FT, (FT,, was determined only in case of TSH <0.06 or =267 mU/iter and/or TPOAD =143

kWliter). The differences in age were not statistically significant.
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Serological analysis and reference intervals

Serum samples were collected at the time point of inclusion after
anovernight fastand stored in aliquots frozen at — 20 C until further
use. TPOAb were measured using chemiluminescence on the
ADVIA Centaur Analyzer (Siemens Healthcare Diagnostics Inc.,
Tarrytown, NY). The upper limit of detection of TPOAb was at
10000 kUlizer. Similardy, TSH and FT, were assayed by ADVIA Cen-
taur analyzer (Siemens) with chemiluminometric detection. TSH was
determined by sandwich immunocanalysis with direct chemilumino-
metric technology; for FTy, competitive immunoanalysis with direct
chemiluminometric technology was used.

Owr reference intervals for TSH and TPOAb in pregnancy dif-
fered from the values stated by the manufacturer. Springer et al. (3)
determined the reference intervals for TSH in the first trimester of
pregnancy in 2009 as the 2.5th and 97.5th percentile of TSH values
in a selected group of 4337 women without thyroid disease. This
calculation yielded the following reference interval: 0.06-3.67
mlWliter. Similarly, Springer et al. determined the upper limit for
TPOAD levels at 143 kUlliter as the 90th percentile of TPOAb values
in 5281 selected pregnant women with normal TSH levels; the man-
ufacturer’s cutoff was 60 kUlliter. The reference interval for FT, was
determined ina similar way; the numbers obtained corresponded to the
manufacturer’s reference interval: 9.8-23.1 pmol/liter.

jcem.endaojournals.org 3

Statistics

For statistical analysis, we used IBM SPSS Statistics version 19. A
pasitive screening result was defined as TSH below 0.06 or above 3.67
mUliter or TPOAb above 143 mUiiter. To test the relationship be-
tween age and probability of a positive screening result (positive = 1,
negative = 0), we used a logistic regression model. The following pa-
rameters were tested: any positive screening result, TSH elevation, TSH
suppression, positivity of TPOAb (TPOAb™), and combination of
TSH elevation and TPOAB™.

Furthermore, we separately calculated the probabilities of
positive screening result in each age subgroup (in 1-yr intervals).
To circumvent the problem of a low number of cases in age
subgroups below 20 and over 40 yr of age, we used 5-yr moving
averages for visualization of the relationship between the se-
lected probabilities and age of pregnant women.

Allvalues are expressed as median and range unless otherwise
stated. Differences were considered as significant for P < (.05,

Results

Results of the screening
Of the 5223 pregnant women screened, 857 (16.4%)
were screened positive. Notably, 294 pregnant women

TABLE 2. Absolute frequencies of pregnant women screened for thyroid disorders according to age and laboratory

findings

Age TSH suppressed, TSH elevated, TSH normal. TSH suppressed, TSH elevated, Total Total

(yr) TPOAD™ TPOAD™ TPOAD™ TPOAD™ TPOAD™ positive negative Total
16 0 0 0 0 0 0 1 1
17 0 0 2 0 0 2 1 3
18 0 0 0 0 0 0 7 7
19 1 0 0 0 0 1 10 1
20 1 1] 0 0 0 1 10 1
21 1 2 1 0 3 7 38 45
22 2 4 4 0 1 mn 46 57
23 0 2 13 0 0 15 L& [l
24 3 1] 4 0 1 8 100 108
25 8 9 4 0 4 25 106 131
26 3 14 1 3 3 34 145 179
27 5 7 20 a ] 38 265 303
28 10 9 7 4] 16 62 336 398
29 10 10 45 4] 14 79 419 498
30 12 19 51 2 8 92 482 574
Ell 10 10 35 3 15 73 453 526
32 13 16 41 2 14 86 402 488
33 7 16 30 4] 6 59 325 384
34 15 12 3 1 13 72 280 352
35 - 16 23 2 ks 49 236 285
36 B 1 18 3 9 49 199 248
37 8 5 17 0 4 34 145 179
38 2 1 17 0 2 22 99 121
39 3 2 B 1] 0 13 74 87
40 3 0 13 0 2 18 61 79
a1 1 2 0 0 0 3 33 36
42 0 0 2 0 0 2 11 13
43 0 0 0 0 0 0 12 12
44 0 0 0 0 2 2 10 12
45 0 0 0 0 0 0 2 2
46 0 0 0 0 0 0 2 2
Total 130 167 a7 16 127 8L7 4366 5223

The values are stated as numbers of women in age subgroups. TSH suppression is TSH below 0.06 mU/liter; TSH elevation is TSH above

3.67 mUfliter; and TPOAD™ is TPOAD abowe143 kU/fiter.
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(5.63%) had subclinical or overt hypothyroidism.
Twenty-one women (0.4% ) had overt hyperthyroidism.
TSH suppression with normal values of FTin TPOAb -
women was present in 130 women (2.49% ). TSH sup-
pression in TPOAb™ women was found in 16 women
(0.31%). TPOAbD positivity was present in 561 women
(10.7%). Results of the screening with focus on hypo-
thyroidism and the average age of women are shown in
Table 1.

Age analysis

The average age of women screened was 31.1 yr and
3400 of 5223 (65.1%) were 30 yr of age or older. The
prevalence of hypothyroidism was 5.5 and 5.8% in
women aged 30 yrand older and those younger than 30 yr,
respectively (P value nonsignificant). Of the 294 women
with hypothyroidism, 189 (64.3% ) were at least 30 yr old
at the time of screening: 110 TPOAb™ and 79 TPOAB™
ones. The frequencies and cumulative proportions of pos-
itive screening results according to age subgroups in 1-yr
intervals are shown in Tables 2 and 3 and Fig. 1.

Using logistic regression analysis, we didn’t find any
significant relationship between age and any of the pa-

1 Clin Endocringl Matab, June 2012, 97(6):0000 -0000

rameters tested. The probability of any positive screening
result did not change with advancing age (P = 0.132).
Similarly, it did not change either in case of TSH (for TSH
suppression and TSH elevation P = 0.553 and 0.680, re-
spectively), TPOAD (P = 0.056), or combination of path-
ological TSH and TPOAb (P = 0.967).

The relationship between probability of a positive
screening test and age is visualized in Fig. 2. The high
probability in the low age groups was misleading due to
low numbers (only four pregnant women below 18 yr);
therefore, we illustrated the relationship between age and
positivity in screening with the use of 5-yr moving averages
(Fig. 3). The cumulative proportions of TSH elevation
according to age are shown on Fig. 4.

We also calculated the proportions of women with
AITD identified according to age of screening imple-
mented and screening parameters used (TSH and TPOAD
vs. TSH alone). Overall, 67% of women with thyroid pa-
thology (i.e. thyroid dysfunction and/or TPOAb positiv-
ity) would be identified if all pregnant women 30 yr of age
or older were screened with TSH and TPOAb regardless of
the risk factors of hypothyroidism in pregnancy. If only

TABLE 3. Cumulative percentages of pregnant women screened for thyroid disorders according to age and

laboratory findings

Age TSH suppressed, TSH elevated, TSH normal, TSH suppressed, TSH elevated, Total Total

{yr) TPOAb™ TPOAb™ TPOAD* TPOAD* TPOAb*  positive negative Total
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 0.0 0.0 0.5 0.0 0.0 0.2 0.0 0.1
18 0.0 0.0 0.5 0.0 0.0 0.2 0.2 0.2
19 0.8 0.0 0.5 0.0 0.0 0.4 0.4 0.4
20 1.5 0.0 0.5 0.0 0.0 0.5 07 0.6
21 2.3 1.2 0.7 0.0 24 1.3 1.5 1.5
22 33 36 1.7 0.0 31 26 2.6 26
23 33 4.8 4.8 0.0 31 4.3 39 39
24 6.2 4.8 5.8 0.0 39 53 6.2 6.0
25 12.3 10.2 6.7 0.0 71 82 86 85
26 14.6 186 9.4 188 94 121 119 19
27 185 228 14.1 18.8 14.2 16.6 18.0 17.7
28 6.2 281 206 188 268 238 257 254
29 338 341 314 188 378 330 353 349
30 431 455 436 313 44, 438 46. 459
E) 0.8 515 520 L0.0 559 523 5e.7 56.0
32 60.8 61.1 61.9 62.5 66.9 62.3 65.9 65.3
33 66.2 707 69.1 62.5 7.3 69.2 733 127
34 7.7 Ti8 76.5 6E.8 819 176 798 794
35 80.8 B7.4 82.0 813 850 233 85.2 249
36 869 94.0 86.3 100.0 921 29.0 897 296
37 931 97.0 90.4 100.0 953 93.0 93.0 93.0
I8 946 976 945 100.0 96.9 956 953 953
39 96.9 988 96.4 100.0 96.9 97.1 97.0 97.0
40 99.2 988 99.5 100.0 98.4 99.2 984 98.5
41 100.0 100.0 99.5 100.0 98.4 995 99.2 992
42 100.0 100.0 100.0 100.0 98.4 99.8 99.4 995
43 100.0 100.0 100.0 100.0 98.4 99.8 99.7 99.7
L 100.0 100.0 100.0 100.0 100.0 100.0 99.9 99.9
45 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
46 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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FIG. 1. Absolute frequencies of 857 pregnant women positively
screened for AITD according to age.

TSH was used as a sole initial screening parameter, the
proportion of women with thyroid pathology identified
would decrease to 33.6% (Table 4).

Analysis of risk factors for hypothyroidism

Data on risk factors for hypothyroidism in pregnancy
were available in 132 women screened hypothyroid in
pregnancy; 78 women filled in the questionnaire, and in 54
women, we used data extracted from the hospital data-
base. Fifteen (11.4% ) women were treated by levothyrox-
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=—TSH elevation
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= Puositive in screening
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FIG. 2. Probability of a positive screening test for AITD in pragnancy
according to age. The mean age of all women screened was 31 years.
The probability was artifidally high in the age subgroup < 18 years
due to small numbers {only four women).
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ine before pregnancy, none by antithyroid drugs. Thyroid
disease in a first-degree relative was reported in 47 women
(35.6%). Goiter was reported by nine women (6.8%), and
one had had a total thyroidectomy before the pregnancy.
One woman had diabetes type 1, and seven (5.3%) suf-
fered from other autoimmune disease. Eleven women
(8.3%) were treated for infertility, and 21 {15.9%) had a
spontaneous abortion in history. All women lived in an
iodine-sufficient area. There were no cases of head/neck
irradiation, history of lithium or amiodarone treatment,
or morbid obesity. Commonly, several individual risk fac-
tors occurred in combination. There were five twin preg-
nancies (3.8%) in this group.

Overall, 73 hypothyroid pregnant women (55.3% Jhad
at least one risk factor except age of 30 or older. Of the 59
women without any risk factor excluding age, 40 were at
least 30 yr old. Thus, from the 132 hypothyroid pregnant
women analyzed, 113 (85.6%) had at least one risk factor
according to the new guidelines of the ATA.

Discussion

In our study, we demonstrate on a large cohort of pregnant
women screened for AITD thart there is no relationship
between age and the probability of a positive screening
result in women between 16 and 44 yr of age. This is in
contradiction to the guidelines of ATA from 2011 that
recommend to screen all pregnant women over 30 yr of age
for TSH as a part of a case-finding screening strategy for
women in high risk for hypothyroidism in pregnancy
(12). According to our results, women over 30 are not
at a higher risk of hypothyroidism than women below
30 yr of age. However, we also show in a subgroup
analysis of risk factors in 132 hypothyroid pregnant
women that the addition of the age criterion may sub-
stantially improve the efficiency of the case-finding
screening strategy due to a larger number of women
screened. Although only 55.1% of pregnant hypothy-
roid women would have been identified by the risk fac-
tors advocated in the guidelines from 2007 (13}, addi-
tion of age 30 or older improved this proportion to
85.6%. This is closely related to the average age of the
pregnant population screened. In our case, it was 31.1
yr, with the proportion of women 30 yr or older being
6£5.1% in all women and 64.3% in the hypothyroid
women. However, we realize that the clinical data have
been obtained only in a minority of women included;
therefore, they might be subject to bias, and they should
be confirmed in additional studies.

The strength of this study lies in the large number of
women analyzed and in the fact that all the measurements
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FIG. 3. Five-years moving averages of probability of positive screening tests for AITD in the first trimester of pregnancy in a cohort of 5223
women. A, Probability of TSH elevation; B, probability of TSH suppression; C, probability of positive TROAb; D, probability of combination of TSH

elevation and TPOAb-positivity.

were performed in a single laboratory using a well-estab-
lished technique. The upper cutoff value of normal TSH in
the first trimester of pregnancy represents the controversy
of our study. We used the upper cutoff for TSH at 3.67
mU/liter, which is higher than the currently recommended
value by ATA of 2.5 mU/liter but similar to the cutoff used
by Lazarus ef al. (16) in the controlled antenatal thyroid
study. With this higher cutoff, we identified 5.63% of

itd

a ) T T
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FIG. 4. The cumulative proportions of TSH elavation in pregnant
women according to age.

Czech pregnant women as having subclinical or overt hy-
pothyroidism, which is higher than in other iodine-replete
countries (4, 5, 17). If we used the cutoff at 2.5 mU/liter,
16.7% of pregnant women would have been identified as
having TSH elevation, which is in line with the recent
findings of Blatt ef al. (18). The Czech Republic has been an
iodine-sufficient country for several decades (19), and we
have no explanation for the high incidence of subclinical
hypothyroidism among pregnant women. It is known that
most of the cases of TSH elevation are due to an underlying
thyroid autoimmunity; however, there might also be other
reasons like relative iodine deficiency, an individually set
TSH value, etc.

Pregnant women with modest TSH elevation have an
increase in maternal-fetal adverse outcomes in compari-
son with euthyroid women (20, 21); however, it is ques-
tionable whether treatment by levothyroxine leads to an
improvement of the outcome of pregnancy. According to
the controlled antenatal thyroid study, treatment of preg-
nant women with TSH over 3.65 mU/liter and/or hypo-
thyroxinemia below 8.4 pmol/liter didn’t lead to an im-
provement in the cognitive function of the offspring at 3 yr
of age (16). However, this study has several limitations,
and according to Lazarus himself, treatment of hypothy-
roid pregnant women might be able to prevent adverse
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TABLE 4. Relationship between age of pregnant women screened for AITD and proportion of women identified
according to screening parameters used
Age group (yr)
Total =28 =29 =30 =31 =32

Number of women 100,000 82,752 74,631 £5,007 £4,107 44036

Proportion of positively screened (total) (%) 16.4 137 125 11.0 92 78

Proportion of women with thyroid pathology 1000 834 76.2 67.0 56.2 477

identified (TSH and TPOAD) (%)
Proportion of women with thyroid pathology 51.3 4.7 376 336 288 244

identified (TSH only) (%)

The numbers of women represent a model situation; the birth rate in the Czech Republic is roughly 100,000 per year.

obstetric outcomes (22). Another study focused on the
child cognitive functions with intervention initiated earlier
in pregnancy is currently being conducted by the National
Institutes of Health. Its results may change the view on the
question of whether and when to screen pregnant women
for thyroid disorders.

We haven’t found any comparably large study focusing
on the relationship between positivity in screening for
AITD and age in pregnant women. Previously, it is has
been postulated that the prevalence of AITD increases
with age in the general population (15, 23), and Pearce et
al. (24) have shown that TSH increases 0.03 mU/liter for
every year of maternal age (in a group of 668 pregnant
women). We didn’t confirm these findings. Therefore, we
can speculate that the previously described rise in AITD
incidence with age is present mainly in postmenopausal
women. Moreover, the prevalence of AITD among the
younger generation may be influenced by increased iodine
supplementation in recent decades (19). Thus, to our
knowledge, this is the first large study to show that the
prevalence of AITD does not increase with age in pregnant
women and age over 30 cannot be regarded as a risk factor
for hypothyroidism in pregnancy.

However, we also show that if the physician deciding
whether to screen or not considers the 11 risk factors plus
age 30 yr or older, 85% of all pregnant hypothyroid
women will be identified due to a larger number of women
screened. This high proportion is valid only for a popu-
lation of pregnant women with average age of 31 yr. In
case of a lower average age, the proportion of hypothyroid
women identified by the screening will decrease.

The addition of the age criterion might partially over-
come the drawbacks of the case-finding screening strategy.
It has been reported that this strategy may miss even more
than one half of pregnant women in comparison with uni-
versal screening (5, 25-27), and it is difficult to perform in
the routine practice (28).

Recently, individual decision of the informed patient
has been introduced to other forms of screening (29). We
suggest that screening for AITD in pregnancy be regarded
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in a similar way and that pregnant women be given the
opportunity of the screening, especially if they are ready to
bear the financial burden connected. Thanks to the activ-
ities of the Czech Endocrine Society, the knowledge of
Czech women on this topic has increasingly improved in
the recent years, and a growing number of women ask for
the screening. The question of which laboratory parame-
ters should be screened remains controversial. The Guide-
lines of ATA advocate screening of TSH as a sole param-
eter. Due to the clinical value of TPOAD in pregnancy
(decreased thyroid functional reserve) and in the postpar-
tum period (postpartum thyroiditis with long-term thy-
roid dysfunction), we propose that measurement of
TPOAD be offered on voluntary basis.

In conclusion, our results demonstrate that age over 30
yr cannot be regarded as a risk factor for hypothyroidism
in pregnancy. However, addition of this age criterion to
the case-finding screening strategy may substantially im-
prove its efficiency due to a larger number of women
screened.
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Abstract

Background: Laboratory check-up every four weeks during the first half of pregnancy and at least once in
the 3™ trimester among pregnant women treated with levothyroxine is recommended by the guidelines of
American Thyroid Association 2011

Objective: To examine whether thyroid laboratory check-up in 3™ trimester of gestation is beneficial in
terms of levothyroxine dosage changes.

Subjects and methods: The retrospective non-randomized cross-sectional study was performed in 188
pregnant women freated with levothyroxine for hypothyroidism and/or positive autoantibodies against
thyroid peroxidase who were followed and examined according to the recommended algorithm by American
Thyroid Association 2011. We evaluated changes of levothyroxine dosage made on the basis of serum TSH
results with regard to week of pregnancy.

Results: The laboratory check-up in 3™ trimester led to levothyroxine dosage change in 18/132 (13.6%)
women in comparison to 131/167 (78.4%) in 107 week, 55/142 (38.725) in 14™ week and 44/165 (26. 7%) in
20™ gestational weeks (p=0.001). Total average costs per LT4 dose change per woman were €34.19 in 5"—
6" week, €34.72 in 10™ week, €47.19 in 14™ week, €63.98 in 20™ week and €127.48 in 26"-30™ gestarion
week. In only 6/132 (4.5%) cases did a thyroid check-up berween the 26™-32" gestational weeks lead to a
change in levothyroxine therapy and in only two of these cases (1.5%) was the dose increased.

Conclusion: Thyroid check-up in the 3™ trimester of gestation in women treated with levothyroxine seems fo
be redundant, leads to overtesting and produces inadeguately high costs in terms of levothyroxine dosage
changes.

Key words: Thyroid Disorders, Pregnancy, Levothyroxine, Antibodies to Thyroid Peroxidase, Thyroid
Stimulatory Hormone
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INTRODUCTION

During normal gestation, hermoenal changes and metabelic
demands result in prefound alterations in the biochemical
parameters of thyroid function in order to meet the increased
physiological demands of the growing fetal placental unit.
For the endocrinologist, pregnancy can be wviewed as a
prolonged physiological condition in which a combination
of events concur to modify the thyroidal economy
U However, these physiological changes may lead to
thyroid disorders of the pregnant women. Subclinical or
overt hypothyroidism during pregnancy affects 2—4.3%
pregnant Women G.9
the first trimester are positive for autoantibodies against
thyroid peroxidase (TPOAB)™ 7.

The recentpmidelines of American Thyreid Association
(ATA) 2011 recommend in hypothyroid and'or TPOAbL
positive pregnant women treated with levothyroxine (LT4)
check-up of thyroid biochemucal tests every fouwr weeks
during the first half of pregnancy and at least once between
the 26™-32*! gestational weeks™ However, in ovr
experience in the 3™ trimester of pregnancy, thyroid status
becomes more stabilized and changes in LT4 therapy are
less common To ow kmowledge, there is no study
evaluating the real necessity of the 3™ trimester check-up
among pregnant women treated with LT4. and overtesting
itself is still a relatively understudied topic 7.

and about 10% of pregnant women in

The aim of cur study was to verify whether thyreid check-up
between 26°-32*% gestational weeks in pregnant women
treated with LT4 with uncomplicated disease cowrse is
beneficial and cost effective in terms of resultant LT4

dosage changes.

Methodology

Farticipants of the study

The study was performed in the settings of Departments of
Endocrinology of the General University Hospital and the
First Medical Faculty of the Charles University in Prague. It
was designed as a retrospective non-randomized cross-

sectional study. The study was performed in 188 pregnant
women of Caucasian origin treated for hypothyroidism
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[defined as elevated serum concenfration of thyroid
stimmlating hormone (TSH)] and/or positive TPOAb who
were followed and examined according to the recommended
algorithm by ATA 2011%with at least three medical and
laberatery check-ups during their pregnancy and had
uncomplicated disease course. Serum free thyroxine (FT4)
was measured only when TSH and/or TPOAD were out of
the reference ranges. Of the 188 pregnant women analyzed.
77 had already been treated before inclusion in the study and
111 were newly diagnosed in their 5°-12* gestational

weeks.

All women were advised to be supplemented with 100-130
ug of iodine daily in pregnancy ®.

As it was a non-randomized non-interventional study
analyzing retrospectively standard management protecel in
pregnant women treated with LT4, informed consent as well
as ethical committee approval was not required.

Laboratory methods

The laberatory assessment was performed in a single center
(Instinste  of Medical Biochemistry and Laberatory
Diagnostics, General University Hospital in Prague). Serum
concentrations of TSH. TPOAb and FT4 were determined
by chemuluminiscence method (ADVIA® Centaur TM,
Bayer, Germany). Based on ATA Guidelines 2011%the
reference ranges were determined as TSH between 0.1-25
mlU/1 in the first and 0.2-3.0 mIU/ in the 2* and 3°
trimester of pregnancy and FT4 between 11.5-22.7 pmol/l
Based on our previous study, cut-off for positive TPOAD mn
preguancy was 143 KU1 %),

Statistical analysis

Statistical software IBM SPSS Statistics 22 (Command
Syntax Reference, Chicago. IL, USA) was used for data
analysis. The assumption of normality was tested by
examining the level of skewness and kurtosis of the
frequency and Kolmogerov-Smimov Test. The Chi-square
test of homogeneity, Fisher test and ANOVA on ranks
(Dunn’s method) were used to compare the proportions.
means and medians between the groups. All reported p-
values are two-side and p<0.05 was considered as

EI|AMERICANIT



AITCSR-457

statistically significant Throughout the text, data are
expressed as mean (= standard dewviation) or as median

(range).

Economic analysis

We nsed the cost-effectiveness analysis (CEA) for economic
evaluation. CEA compares the costs and health effects of an
intervention in order to assess the extent to which it can be
regarded as providing valve for money. The costs were
estimated from the payer’s (health insurance) perspective.
We determined the time horizon as the median time to the
next thyroid check-up prospectively (30, 28, 42, 70 and 101
days in the 5°-6", 10% 14® 20" and the 26®-30® week of
pregnancy. respectively). The considered costs were defined
as the medical costs directly related to management of an
individual woman The costs included medical visits (Depts.
of Endocrinclogy) and laboratory tests. We calculated the
costs of medical check-ups and laboratory tests based on
data extracted from the legislation administered by the
Czech Ministry of Health (Decree No. 324/2014; Decree
No. 326/2014; Decree No. 439/2008) and we also used the
payment algorithm (Decree No. 439/2008) of the same
Ministry. In order to calculate the prices of LT4 dose
change, we used the database of The State Institute of Diug
Czech Republic
[http:/fwanwr. sukl. cz'modules/medication/search phpTlang=1

] and extracted the stated unit price of LT4. All unit costs at
2015 prices are stated in Table 1. All costs were converted
to EUR. with an approximate exchange rate in 2015 (1CZK
=0.035 EUR). Women who undergo less than three medical

Control in

check-ups during their pregnancy. as well as women with
complicated disease cowse (total thyroidectomy during
pregnancy. abortion etc.) were excluded from the economic

evaluation.

Results

Of the 188 women analyzed. 142 (73.5%) were hypothyroid
and 46 (24.5%) were euthyroid but TPOAb positive.
Seventy seven (41.0%) had already been treated for
hypothyroidism and/or positive TPOAb before inchision in
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the study and 111 (39.0%) were newly diagnosed. Of the
111 newly 84 (757%) had
hypothyroidism and 27 (24.3%) had positive TPOAb and
normal TSH. Mean age at the first trunester of pregnancy
was 32.4=37 wyears and BMI 23.1=34. In 19 (10.1%)
women, there was history of infertility, 32 (17.0%) had

diagnosed women

previous history of one or more spontanecus abortion (22
one muscarriage, 6 two miscarriages, 4 three or more
muscarriages) and no woman had previous history of preterm
delivery. Sixty four (34.0%) and 67 (35.6%) women had
posttive family and personal history of thyroid disease,
respectively, and 17 (9.0%) and 7 (3.7%) women had
positive family and personal history of autoimmune disease,
respectively.

Overall, 104 women (55.3%) undergo three laboratory
check-ups, 57 (30.3%) four check-ups and 27 (14.4%) five
check-ups duning pregnancy. The median entrance dose of
LT4 was 30pg/day (range 0-171 pg per day). In total,
including therapy introduction the LT4 dose was changed
306 times dwring pregnancy [239 (77.3%) dose increases
and 70 (22.7%) dose decreases)] and in these cases, median
dose change of LT4 was 25 pg/day (range 4-150 pg/day). In
women undergoing three, four or five lab check-ups. the
mumber of check-ups had no statistically significant effect
on either the number of LT4 dosage changes prescriibed, or
the magnitude of those dosage changes.

The check-up between the 26™-32*" gestational weeks was
associated with a significantly lower number of LT4 dose
change - 18132 (13.6%) - in comparison with 61/69
(88.4%) in the 5®6® week 131/167 (78.4%) in the 10
week, 55/142 (38.7%) in the 14 week and 44/165 (26.7%)
in the 20% gestational weeks (p=0.001) (Table 2). Moreover,
among the 18 changes of LT4 dose in 26®-32% week, only 6
(33.3%) changes were vis a vis the laboratory results (two
dose increase and four dese decrease). Therefore, the
medically justifiable changes were in 6/132 (4.5%) cases
and dose increase only in 2/132 (1.5%) cases. Number of
check-ups, biochemical characteristics and LT4 dosage
changes by week of gestation are shown in Table 2.

Costs and costs-gffectiveness analysis

BRIAMERICANIT
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From the perspective of health insurance, average unit costs
of entrance examination for thyroid disease in first trimester
of pregnancy (medical visit and thyroid laberatory) were
€30.03 per woman.

The total average cost per woman was calculated to be
€30.22, £27.24, €18.28. €17.06 and £17.38 in the 5%-6%
10%, 14 20® and the 26-30® weeks of pregmancy,
respectively. The costs included the cost for medical wvisit,
thyroid biochemical tests (TSH. FT4 and TPOAb) and costs
associated with LT4 treatment change (Figure 1 B).

Total average cost per LT4 dose change per woman was
£€34.19 in the 5%—6= week, €34.72 in the 10® week €47.19
in the 14 week €63.98 in the 20* week and €127 48 in the
26%-30% gestation weelks (Figwe 1 C).

Discussion

Thyroid dysfonction during pregnancy is associated with
adverse maternal and fetal outcomes 1%, During the past
vears owr understanding of how to interpret thyroid function
results during pregnancy, and the best way to treat it. have
mmproved. Debate about the pros and cons of universal
screening for thyroid dysfonction during pregnancy is still
ongoing®¥and the discussion about setting adequate LT4
therapy to maintain euthyroid state pre-conception and
during pregnancy is a leading topic™®. However, up to
date studies focusing on an appropriate follow-up frequency
for thyroid disorders during pregnancy are lacking Cur
study presents the first analysis of ATA's recommended

frequency of thyroid check-ups among pregnant women on
LT4 treatment during gestation.

In 2011 and 2012 two gwidelines from ATA and Endocrine
Society for the management of thyreid disease in pregnancy
were pub]ished.cﬁ' D Both of them contain recommendations
for frequency of thyroid disorder monitoring either when the
LT4 treatment is started or the women are left without
treatment. There 15 a high degree of consistency between
the guidelines in case of first trimester monitoring: thyroid
function should be tested by TSH every 4-6 weeks On the
contrary, there 15 a discrepancy in  management
recommendations during 2 and 3% trimesters. While
Endocrine society recommends testing every 4-6 weeks
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during the whole pregnancy, ATA distingnishes between
trimesters and suggests checking TSH level ence during the
?™and once during the 3™ trimester. With respect to the
thyroid physiology dwring pregnancy when the fetus
dependency on the availability of maternal thyroxin is
changing. the trimester specific recommendation of the ATA
seems to be more reasonable. Sinularly. the frequent first
trumester thyroid check during which the dose of LT4 should
be titrated to reach and maintain optimal TSH serum
concentration also supports the recent study from 2014 a8
Nevertheless, until now no effort has been made to support
or disprove the real necessity of the recommended or 3
trumester thyroid check among regularly followed women

with uncomplicated disease course.

In owr study of 188 pregnant women treated with LT4 for
hypothyroidism and/or positive TPOAb, we demonstrated
the relationship between costs of each gestational week-
specific thyroid check-up and the number of resulting 1T4
dosage changes.

In the first trimester there is almost no difference between
the 56" week and the 10%week check-up: average fotal
costs per woman are higher than in any other check-up
mntervals (€30.22 and €27.23) as are the number of LT4 dose
changes per woman (0.88 and 0.78). This 15 mainly due the
fact that the price of the entrance endocrine examination is
almost double (€13.31) compare with follow-up endocrine
examinations (€6.06) and the entrance laboratory test
coverad not only TSH, but also very often TPOAbD and FT4.
The highest rate of LT4 dose chanpes (0.88 and 0.78
respectively) derive from the fact that for the most women
the 5%—6" week or 10® week was the time of their first
thyroid examunation during pregnancy, where the LT4
treatment was newly started or had to be adjusted due the
newly recognize pregnancy.

In the 2* trimester, the mumber of LT4 dose changes per
women significantly lowered to 0.39 and 0.27 in the 14% and
20% weeks of pregnancy, respectively. In other words, in
61% and 73% of women in their 14% and 20% weeks of
pregnancy, the dose of LT4 was already well titrated to
reach and maintain optimal serum TSH concentrations.

Sinmitanecusly the average total cost  per woman lowered
S33|AMERICANIT
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to €1827 and €17.06 in the 14 and 20® weeks of
pregnancy (redundant, we lmow which weeks), mostly
because the laboratory check-up doesn’t include TPOAbD and

FT4 in most cases.

In the 3 trimester between 26°—32" weeks the mumber of
LT4 changes per women was the lowest one (0.14). The
average total costs per women was sinular to that during the
2™ trimester (£17.38 vs. €17.06 in 2* trimester)

However, although the average check-up cost per woman
decreased over the cowrse of pregnancy, the plummeting
utility of later check-ups (Le. reduced likelihood of an LT4
dose change) considerably outweighs the cost savings (Fig
1B and 1C). According to the results of ouwr cost-
effectiveness analysis, the total unit cost per one LT4 dose
change in the 3 trimester doubled compared with the 2
trimester (€127.48 vs. €63.98) and was almost four times
higher compared with the first trimester of pregnancy.
(E127.48 vs. €34.19 or €34.72 in the Sth and 10® weeks,
respectively).

Moreover, among the 18 changes of LT4 dose in 26®-37
weeks, only six were a result of TSH being out of the
reference range (two dose increases and fowr dose
decreases). Therefore, the six medically justifiable dosage
changes were only 4.5% of the study population, with dose
increases comprising onty 2/132 (1.5%) of cases. Therefore,
in 93 % of women the 3 trimester biochemical check-up
did not lead to a change in therapy and was not medically
justifiable. Additionally. as pregnant women are endangered
mainly by hypothyroidism and TSH suppression. and
whereas subclinical hyperthyroidism has no negative impact
on pregnancy course of fetal development. the four cases of
dose decrease for TSH suppression may be considered non-
essential Thereafter, 98.5% of tests in 26™-32% week did
not lead fo reasonable change of therapy and were not
necessary.

Upon closer inspection of the two cases where the LT4 dose
was increased in the 3 trimester, the TSH levels exceeded 3
mllJ1 but remained within the normal range for nen-
pregnant subjects (below 5 mIU/l). Moreover, none of the
women had FT4 levels outside the reference interval To
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date, there is noevidence that a TSH level between 3 and 5
mlU/ in the 3™ trimester has a negative impact on conrse of
pregnancy or fetal/childhood development. On the confrary,
one can rather assume when women are supplemented with
an adecuate dose of iodine (as all the women in owr study
were), high maternal TSH has no significant negative effect.
because in the 3™ trimester the fetal thyroid gland is
completely developed and produces sufficient amounts of

thyroid hormone on its own a8,

Consequently, the costs of the 39 trimester checlkup
mcreased to €191.22 per one LT4 dose change. It 1s thus
apparent that although the 3 trimester check-up of women
on LT4 treatment is mexpensive, it 15 redundant in terms of
LT4 dosage changes and leads to overtesting. Our result is
in line with the prospective study of Alexander et al, which
demonstrated that required LT4 dose increased during the
first 16 to 20 weeks of gestation but plateaved thereafier™".

Our study has several important strengths. Our health
economic model uvsed real data from patients instead of
vsing economic  models based on transfer of results from
other studies or expert estimates. Thus it takes info account
not cnly individual characteristics of patients, such a
laberatery finding, individual response on LT4 treatment,
patients” compliance and start of the treatment, but also
specific characteristics which vary in different geographic
areas. Besides, we take into account the actually measured
biochemical parameters which covered in some cases not
only TSH. how it should be in an ideal sifuation as
recommended by ATA 20119, but alse TPOAb and/or FT4.
Also our calculation was based on real costs accounted for
in our hospital and stated by the Decrees of the Czech
Ministry of Health Our study also has several limitations
which must be acknowledged, the main one being the small
nuiber of women included (p=188). Nevertheless. the
group consisted of all pregnant women between the years
2004-2014 who were treated for elevated TSH and/or
positive  TPOAb, who were followed and examined
according to the recommended algorithm by ATA
2011%with at least three medical and laboratory check-ups
during their pregnancy in ow hospital and who had
uncomplicated disease course. A fiuther linitation is that the

women who underwent three, four or five laboratory check-
HIAMERICANIT



AIJCSE-457

ups were analyzed together as one group. This was
necessary to achieve an adequate group size for statistical
analysis. However, our pooled model better reflects the real-
life sitmation wherein the time of woman’s first thyroid
check-up depends on how late the pregnancy was detected.
Furthermore, combining these women into one group
appears to be justifiable considering their similarity as noted
in the results section above In addition. to make a clearer
economuc model, we simplifiedthe cost of LT4 treatment,
taking mto consideration only relative changes made to the
cowrseof LT4 therapy, not the cost of the core LT4 therapy.
This 15 a natural simplification to make becanse if an
endocrinologist doesn’t change LT4 dosage during a check-

up, there is no additional cost or savings versus the case of

ISSN 2340-4425

WWW.americanij.com

woman who skips her check-up entirely. Furthermore, as we
demonstrated earlier. the costs of LT4 itself are minor™".

Conclusions

In conclusion, in only 4.3% of cases did a 3™ trimester
thyroid test result m a change in the prescribed course of
LT4 therapy. and in only 1.5% of cases was an increase in
dose required. Chur analysis suggests that a 3" trimester
checkup in LT4-treated women is unnecessary given the
high cost versus low likelihood of benefit. The main effect
of late-pregnancy thyroid testing appears to be its
detrimental contribution to the overtesting of pregnant

WOoInen.

Table 1. Unit costs of endocrine examination, treatment and follow-up

The costs for medical check-ups, laboratory tests and other examinations were caleulated by using payment algorithm (Decree No.
439/2008) and by using data extracted from the legislation adnunistered by the Czech Ministry of Health (Decree No. 324/2014;
Decree No. 326/2014:; Decree No. 439/2008). The cost of levothyroxine was calculated by using the database of The State
Institute of Drug Control in the Czech Republic (http:/wwnw.sukl cz/modules/ medication/search phpTlang=1).

Category Unit Cost (€)

Medical visit Entrance endocrine examination 13.31
Follow-up endocrine examination 6.06

Laboratory test Thyroid stimulating hormone (TSH) | 3.41
Free thyroxine (FT4) 9.09
Autoantibodies against thyroid 805
peroxidase (TPOAD)

Drugs levothyroxine (50 pg/day) 0.02
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Table 2. Biochemical characteristics of the study participants and LT4 dose changes by week of gestation.

The values are expressed as median (range). LT4, Levothyroxine: FT4, serum concentration of free thyroxin; TSH. serum

concentration of thyroid stinmlating hormene; TPOAb, serum concentration of antibodies to thyroid peroxidase. ANOVA cn
ranks (except number of wemen and munber of changes in I T4 dose: Chi-square test).

5. 6. week of 10. week of 14. week of 20. week of 26. —30. week of
p-value
pregnancy pregnancy pregnancy pregnancy pregnancy
FT4 (pmolT) 16.10 (9.57- 14.40(7.32- | 13.90(8.90- | 13.80(0.15- 13.80 (0.91- <0.001
136.50) 28.50) 47.32) 20.60) 19.00)
TSH (mIUT) | 1.90 (0.01-88.00) | 2.30(0.01- 2.10(0.01- 1.70 (0.02- | 1.30(0.02-15.90) [ =0.001
57.00) 52.30) 16.60)
TPOADb 281.00 (16.70- 540.10 1234.00 - - 0.168
(KIUM) 12852.00) (13.00- (16.00-
13000.00) 3360.00)
n 6o 167 142 165 132
Number of 61 (88%) 131 (78%) 55 (39%) 44 (27%) 18 (14%) <0.001
changes in
LT4 dose
increase 60 (98%) 83 (63%) 51 (93%) 37 (84%) 8 (44%) <0.001
decrease 1 (2%) 48 (37%) 4 (7%) 7(16%) 10 (56%) =0.001
LT4 dose 75 (0-150) 50 (0-171) 50 (0-200) 57 (0-186) 59 (0-150) 0.017
(ng/day)
B6[AMERICANI]
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Abstract

SpA with regard to their reproductive health.

it improves the subsequent pregnandy rate.

Background: Hypothyroidism and/or autcimmune thyroid disorders (AITD) may contribute to spontaneous
abortions (SpA). Cost-effectiveness analyses of thyroid screening in women after SpA are lacking. Our aim was to
evaluate the cost-effectivenass of screening for AITD and/or hypothyroidism and their treatment in women after

Methods: We performed a cross-sectional non-randomized study with follow-up in 2008-2011 in the settings of
Departments of Endocrinology and Obstetrics/Gynecology of a university hospital. We enrolled 258 women after
SpA before the 12th gestational week and followed them for a median of 3 years. At enrollment, serum concentrations
of thyroid stimulatory hormone (TSH), antibodies to thyroid peroxidase (TROAD) and free thyroxine (FT4) were
measured and thyroid ultrasound performed. Women with overt hypothyroidism were treated with levothyroxine
(n =45 616%) and women with subclinical hypothyroidism or euthyroid ATD were treated (n= 28; 38.4%) or left
untreated (n =38 14.7%). Euthyroid women without signs of AMTD served as controls (n= 147; 57 0%).

Results: Of the 38 untreated women with AITD and/or subclinical hypothyroidism, & (21.1%) reported secondary
infertility as compared to 16/147 (109%) controls and 3/73 (4.1%) treated women (p=0021). Treatment was
assodated with an increased rate of successfully completed subseguent pregnancies (increment of & newborns/ 100
women) and a savings of €19539/100 women. Total costs per successfully completed pregnancy were €1,18% in
controls, €1,564 in the treated, and €2 488 in the untreated women,

Condusions: Saeening for thyroid disorders in women after SpA and treatment with levothyrakine is cog-saving and

Background

About 10-15% of pregnant women are positive for auto-
antibodies to thyroid peroxidase (TPOAb) [1-3] and up to
5%, depending on the cut-off used, have elevated thyroid
stimulating hormone (TSH) [4,5]. Untreated maternal thy-
roid disease during pregnancy may have a negative impact
on the course of pregnancy and the development of cogni-
tive function of the offspring [6,7]. Women with elevated
TPOAb could have increased rates of infertility [8], mis-
carage [9-11] and perinatal death [12]. Additionally,
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diagnosis and treatment of women with unrecognized
hypothyroidism and euthyroid autoimmune thyroid dis-
ease (AITD) seem to be effective in preventing repeated
spontanecus abortions (SpA) [13,14]. However, laboratory
screening for thyroid disorders immediately after SpA is
not recommended, except in cases of a subsequent preg-
nancies [15]; and in women after recurrent SpA in clinic-
ally suspected cases [16]. Although studies have been
published on the cost-effectiveness of the thyroid screen-
ing in pregnant women [17-19], no study has assessed the
clinical importance and cost-effectiveness of screening for
thyroid disorders in women after SpA until now.

The aims of our study were: A) to evaluate the course
and outcome of a subsequent pregnancy in women with
AITD and/or hypothyroidism after SpA with regard to
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treatment with levothyroxine (LT4); and B) using a cost-
effectiveness analysis to assess the suitability of laboratory
screening for AITD and/or hypothyroidism in women
after SpA from the perspective of women's reproductive
health (the time to conceive, natural vs. medically assisted
conception, physiological delivery in term, premature de-
livery, caesarean section - SC, SpA, secondary infertility).

Methods

Patients and controls

The study was performed in the settings of Departments of
Endocrinology and Obstetrics/Gynecology of the General
University Hospital and the First Medical Faculty of the
Charles University in Prague. It was designed as a cross-
sectional non-randomized study during the post-abortion
follow-up.

In years 2008-2011, serum concentrations of TSH,
TPOAb and free thyroxine (FT4) were investigated and
thyroid ultrasound (TUS) performed in 297 consecu-
tively chosen women after SpA before the 12" gesta-
tional weeks. Serum FT4 was measured only if TSH
and/or TPOAb were abnormal. Median time of examin-
ation was 4 weeks after SpA. The investigated group
consisted of all women who had SpA at the time of this
project. The study was approved by the local Ethical
Committee and all women signed an informed consent
form (Ethics Committee of the General University Hos-
pital, Prague).

We created a standardized scheme of endocrine care of
women after SpA for the purposes of the study (Figure 1).
Based on the findings in serum levels of TSH, TPOAbD,
FT4 and TUS, we dedded whether to treat them with
LT4. As positive in screening, women already treated with
LT4 for thyroid diseases and women with newly diagnosed
positive laboratory finding and autoimmune pattern on
TUS were regarded. Overt hypothyroidism was defined as
serum TSH >4.0 mIU/l with decrease in FT4 (<9.8 pmol/l);
subclinical hypothyroidism as TSH »>4.0 mIU/l and nor-
mal serum FT4 (9.8-23.1 pmol/l} and euthyroid AITD was
defined as normal TSH (0.4-4.0 mIU/0} with markedly
positive TPOAb (>254.4 KIU/l} or borderline positive
TPOADb (60-254.4 kIUA) and autoimmune pattern in
TUS. Cut-off for markedly positive TPOAb was deter-
mined as 90" percentile of serum concentration within
group of 297 unselected induded women. Borderline posi-
tivity was defined as TPOAb concentration between upper
limit of manufacturer (60 kIU/l} and the 90 percentile
(254.4 KIU/I). LT4 treatment was obligatorily started in
overt hypothyroidism and subclinical hypothyroidism with
positive TPOAb. In euthyroid AITD and subclinically
hypothyroid women with negative TPOAb, LT4 treatment
was started on individual basis. In these cases the treat-
ment was started if at least one of the following criteria
were met: TSH =10 mIU/; autoimmune pattern on TUS;
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and symptoms of hypothyroidismy; or if the patient wished
to be treated. Every endocrine check-up included a visit in
the office of the endocrinologist (except in case of a
check-up within six weeks, which was done by a telephone
consultation) and a laboratory test of TSH. At the time of
follow-up, 73 women were treated with LT4 for
hypothyroidism or euthyroid AITD (group “Treafed”, me-
dian age 33 years). From them, 45 women have been
already treated and in 28 the treatment was newly intro-
duced after SpA (8 for hypothyroidism and 20 for euthyr-
oid AITD). There were no women after thyroidectomy or
without signs of thyroid autoimmunity at TUS and nega-
tive TPOAD in group Treated. Thirty-eight women had
eathyroid AITD and/or subclinical hypothyroidism with-
out treatment (group ‘Untreated”, median age 32 years).
Finally, 147 women were negative in thyroid laboratory
screening and TUS ("Comtrols”, median age 33 years).
Range of the standardized initial dosage of LT4 was 50-75
ug/day (median 51.34 ug/day). At the time of follow-up in
the Treated group the laboratory tests were done. The tar-
get TSH (0.5-2.5 mIL/1) was achieved (median 136 mIU/,
range 0.52-2.37 mIU/). There were no cases of over-
treatment. For simplicity, further adjustment of the LT4
dosage to achieve the target TSH was not considered in
the economic analysis.

At follow-up, we interviewed the women by telephone
and we filled a questionnaire on the women's history
and reproductive health (19 questions including the time
to conceive, natural vs. medically assisted conception,
physiological delivery in term, premature delivery, SC,
SpA, secondary infertility). As a physiological delivery at
term, delivery in the 38%-42"4 gestational weeks was
elected. Premature delivery was defined as delivery be-
fore the end of 37" gestational week. For the purposes
of our study, secondary infertility was defined as a lack-
ing success in attempted conception during the time be-
tween the last SpA and data collection and analysis.

Although the Czech Republic belongs to the iodine
sufficient countries [20], we advised all women after the
reference SpA to use iodine supplementation of 100-
150 ug/day before and during next pregnancy.

Laboratory methods

Semum concentrations of TSH, TPOAb and FT4 were
determined by chemiluminiscence method (ADVIA®
Centaur™, Bayer, Germany). The reference intervals were
determined by the manufacturer (TSH: 0.40-4.00 mIU/I,
TPOAb: <60 kIU/l and FT4: 9.80-23.10 pmol/l}. Using
the manufacturers cut-off level for TPOAb, we found
36.4% of the women to be positive for TPOAb. Overall,
55.0% of the women had a positive laboratory finding
(pathological TSH and/or TPOAb). Therefore, we de-
cided to use a different upper cut-off limit for TPOAb:
2544 kIU/l, as determined by Springer as the 90
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percentile of TPOAbDb values in a group of 5520 pregnant
women [3].

Thyroid ultrasound

The study participants underwent TUS examination
within 9 weeks after SpA. We used the ultrasound device
EnVisor (Philips) with an 8-12 MHz linear probe (model
PLF-8055T), allowing maximum examination depth of
40 mm at a frame rate of 19 Hz In order to eliminate the
inter-individual varability, TUS examinations were per-
formed by only one experienced physician. Ultrasound
evaluation was made on the basis of hypoechogenicity, ir-
regular echo pattern and the presence of nodules. In case
of thyroid texture, we used our previously published semi-
quantitative evaluation model [21]. Autoimmune pattemn
in TUS was determined as hypoechogenicity and inhomo-
geneity of the thyroid parenchyma.

Statistical analysis

Statistical software Sigmastat (Jandel Scientific, San
Rafael, CA, USA) was used for data analysis. The Chi-
square test, Fischer test and ANOVA on ranks (Dunn's
method) were used to compare the proportions, means
and medians between the groups. In order to assess the
influence of the variables on the p-value in the Chi-
square test in the contingency table, we used the Chi-
square test of independence [22]. All reported p-values
are two-side and p < 0.05 was considered as statistically
significant. Throughout the text, data are expressed as
mean (+ standard deviation) or as median (range).

Economic analysis

We used the cost-effectiveness analysis (CEA) for eco-
nomic evaluation. CEA compares the costs and health
effects of an intervention in order to assess the extent to
which it can be regarded as providing value for money.

Table 1 Total costs on the pregnancy outcomes

Page 4 of 9

The costs were estimated from the payer’s (health insur-
ance) perspective. We determined the time horizon as
the maximum time of the intended follow-up after SpA
(four years prospective). Based on estimated published
fiscal outlook of the Czech Republic’s Ministry of Fi-
nance [23], we assumed the discount rates to be 3%
using 2012 unit costs. For the next years, we calculated
the present value of a sum of a spent money by using
discount rates and the time horizon [24]. We based the
calculation of the discounting costs of end of pregnancy
(physiological delivery in term; premature delivery; cae-
sarean section; SpA} on the median time between the
reference SpA and the end of the next pregnancy
(Table 1), There were no differences in this median time
between the groups. We discounted the costs of second-
ary infertility in the same way. The considered costs
were defined as the medical costs directly related to
treatment of an individual woman. The costs included
medical visits (Depts. of Endocrinology and Obstetrics
and Gynecology), laboratory tests and other examinations
(e.g. ultrasonography, cardiotocography), administered
drugs and days of hospitalization. We calculated the costs
of medical check-ups, laboratory tests and examinations
based on data extracted from the legislation administered
by the Czech Ministry of Health (Decree No. 411/2011;
Decree No. 439/2008; Deaee No. 472/2009; Decree No.
425/2011) and we also used the payment algorithm
(Decree No. 439/2008) of the same Ministry. In case of
hospital care, we also included costs of hospitalization
valid in the General University Hospital in Prague. We es-
timated the length of hospitalization as the average time
linked to individual modes of pregnancy ending in our
hospital. In order to calculate the prices of drugs adminis-
tered, we used the database of The State Institute of Drug
Control in the Czech Republic [http://wwwsuklcz/mod-
ules/medication /searchphp?lang=1] and extracted the

Physiologial delivery Premature delivery s5C SpA Secondary infertility
Discount factor 1000 1000 1.000 1000 0971
Mumbser of women Treated 24 4 10 23 3
Untreated 10 2 4 9 8
Controls 52 8 24 20 4
Total unit costs {€) Treated 389 402 493 287 1516
Untreated 346 359 450 244 1473
Controts 282 295 386 180 1409
Tevtal Costs ) Treated 9334 14608 49729 GAHOF 4547
Untreated 3805 718 1.799 2442 11,782
Controls 14386 2362 9,265 34328 22545

Discount factors were chosen on the redationship of the average time in the group of women after SpA [time from the reference SpA to the termination of
subsequent pregnancy). There was no differentin average time between the subgroups Tregred, Untreated and Controls. The costs induded the costs of screening
for thyroid disease, regular endocrine controls, LT4 treatment and costs of pregnancy outcomes. Costs are calculated as a weighted average. Discount rate 3%,
time horizon 4 years prospedctive, payer's perspective. SpA, spontaneous abortion; SC section cesarean.
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stated unit prices of drugs. All unit costs at 2012 prices
are stated in Additional file 1.

We exduded women from the economic evaluation
who did not try to get pregnant again after the SpA, as
well as the currently pregnant women (we could not an-
ticipate the pregnancy outcome). We considered a suc-
cessfully ended pregnancy as a physiological delivery of a
live newborn at term. We did not include costs due the
newborn in the economic analysis.

Health economic models

For estimation of the final costs and effects, we created
a patient-based health economic model in which we
tested the costs and effects of treatment and sareening.
The standardized endocrine follow-up of women after
SpA is shown in Figure 1. Costs associated with preg-
nancy outcome (Additional file 1) are based on a model
of a standardized process in the General University Hos-
pital in Prague according to the actual outcome of the
next pregnancies in groups analyzed (Table 1).

We calculated the assessment of costs related to treat-
ment of an infertile woman with the use of the costs of
the standard methods of infertility treatment used in our
hospital. The In Vitro Fertilization (IVF) and the method
of an Artificial Insemination by Husband (AIH) were
calculated in the ratio of use 5:1. We calculated the aver-
age costs of ovulation stimulators per cycle of IVF
(clomiphene or tamoxiphen) and average costs of follicle
stimulating hormone per cycle in case of AIH.

In the analysis, we calculated the cost of four bed-days
in the Dept. of Obstetrics and Gynecology in case of a
physiological delivery; of five bed-days in case of preterm
delivery and caesarean section (5C) and of one added bed-
day in an Intensive Care Unit in case of SpA and 5C.

All costs were converted to EUR with an approximate
exchange rate in 2012 (1 CZK = 0.047 EUR).

Page 5 of 9

Results

From the 297 women included, 39 were lost to follow-
up (one Treated, six Uintreated and thirty-two Controls).
At the time of follow-up (median 38 months, range: § -
47 months), 258 provided data concerning their subse-
quent reproductive health.

Of the 258 women analyzed, 111 (43.0%) were positive
for thyroid disorders and 147 (57.0%) were negative. Of
the 111 positive women, 45 (40.5%) had already been
treated for hypothyroidism and/or AITD before inclu-
sion in the study and 66 (59.5%) were newly diagnosed.
Of the 66 newly diagnosed positive women, 15 (13.5%)
had hypothyroidism (TSH >4.0 mIU/l) and/or markedly
positive TPOAb, 26 (31.5%) had markedly positive
TPOADb and normal TSH and 25 (22.5%) had borderline
positive TPOAb and autoimmune pattern on TUS. Mean
age at the current SpA was 32.52 £ 4.42 years and mean
gestational age at the time of SpA was 9.15 + 253 weeks.
In 94 (36.4%) women, this was the first pregnancy; 118
(45.7%) had previous history of delivery of a live off-
spring and 91 (35.3%) had previous history of one or
more SpA (70.3% one miscarriage, 22.0% two miscar-
riages, 7.7% three or more miscarriages). After the
current SpA, the median of time to next conception was
7 months (range: 1 — 43 month) and the median of dur-
ation of secondary infertility was 26 months (range: 12 -
47). Baseline characteristics of women after SpA are
shown in Table 2.

Relationship of thyroid diseases and reproductive health
Thirty-one women who did not wish to conceive again
and twenty women who were pregnant at the time of
data collection were excluded from analysis.

The rates of secondary infertility among all positive
women together (Treated and Untreated) and Controls
were similar [11/111 (9.9%) vs. 16/147 (10.9%), p = 0.926].

Table 2 Basal characteristics of the study participants at the time of spontaneous abortion

Treated with levothyroxine Untreated Controls pvalue
Before SpA Newly after SpA

n 45 28 8 147

Age [years) 33 34 32 1 0314
BMI 2 2134 2342 2134 06398
Famlly h|ﬁory of thyrDld disease 19 (42%) 10 (36%) 14 (37} 37 (25%) [ARRE:]
Autoimmune pattern in TUS 10 (229%) 23 (B2%%) 30 (73%) 0 {05%) =0.001
FT4 [prnDUH 14.75 (11.70-22.20) 1420 (1130-20:60) 1380 (11.00-1750) 1440 (11.710-20.20) 0278
TSH imIUA} 184 051-732) 226 {DB9-8.58) 191 P304.52) 154 [055-394) 000z
TPOAL (KU GEO0 (1500443000 TT800 (3300-2820000) 42 50 {2200-1805.00) 4100 {0u00- 163,00 <0001
Subclinical hypothyroldhm B (28%) 13 (349} 0827
Euthyroid ATD 20 (F19%) 25 (6E%) 0827

The values are expresed as median frange). SpA: spontaneouws abortion: TUS: thyroid ultrasound; FT4, serum concentration of free thyrodn; TSH, serum
concentration of thyroid stimulating homone: TPOAD, serum ¢oncentration of antibodies to thyroid peroddase; AITD, autol mmune thyrold disorders. ANOVA on
ranks (except women with family history of thyroid disease and autoimmune pattenn in TUS: Chi<quare test).
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Figure 2 Costs-effectiven ess analysis. A, Number of successfully completed pregnandes per women; B, total costs per women; € costs per
ane successfully completed pregnancy.

Consistently, there were no significant differences of ahil-
ity to conceive with methods of assisted reproduction be-
tween positive women and Controls.

Treated women had significantly lower rate of second-
ary infertility as compared to Comtrols and Untreated
women [3/73 (4.1%) vs. 16/147 (10.9%) vs. 8/38 (21.1%),
p =0.021].

We did not find any significant effect of LT4 treatment
on the frequency of subsequent SpA, SC and premature de-
liveries. Numbers of women in each group with respect to
the subsequent pregnancy outcome are shown in Table 1.

Costs

From the perspective of health insurance, unit costs of
screening for thymid disease in women after SpA
(thyroid laboratory and TUS examination) were €27.05.
The discounted unit costs from prospective of four years
were calculated in the Treafed group to be €150.94, in
the Untreated group €107.88 and in the Control group
€44.09 EUR. The costs included the costs of screening for
thyroid disease, regular endocrine controls and LT4 treat-
ment. Pregnancy outcomes and appropriate discount

factors used depending on the median of the years in the
group of women after SpA are shown in Table 1.

Costs-effectiveness analysis

Treatment of AITD and/or hypothyroidism was assodated
with an inoreased rate of successfully completed next
pregnancies (increment of & newborns/100 women) and
to savings of €19,539/100 women. Total costs per success-
fully completed pregnancy were €1,189 in Controls, €1,564
in Treated, and €2,488 in Lintreated (Figure 2).

The total cumulative costs of healthcare associated
with reproduction during four years in women with
AITD and/or hypothyroidism were significantly lower if
they were treated with LT4 (Table 1).

In the group of women after SpA, four patients (one
Treated and tree Controls) had premature delivery with
SC. In order to avoid double counting of costs for these
patients, we subtracted the costs of thyroid screening, a
possible LT4 treatment and follow-up endocrine controls
and cost of premature delivery from the cumulative total
costs of overall healthcare. Moreover, we added cost
of methods of assisted reproduction in women who
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achieved further pregnancy with these techniques (eight
Treated, five Lintreated and seven Controls). We used an
appropriate discount factor (0971) depending on the
median time to conceive again after SpA (2 years).

Discussion

The recent years have witnessed a fierce debate on the
topic of sareening for thyroid diseases in pregnancy, in-
cluding several cost-effectiveness analyses [17-19]. SpA
belongs among the prindpal negative outcomes of un-
treated thyroid disorders in pregnancy. However, studies
on thyroid screening in women after SpA in relation to
the subsequent pregnancy are lacking. Our study pre-
sents the first cost-effectiveness analysis of thyroid
screening in women after SpA.

Although women with pathological values in thyroid
screening after SpA did not have a significantly higher rate
of secondary infertility then women screened negatively,
in the subgroup analysis targeted at LT4 treatment in
women with AITD and/or hypothymidism we achieved
striking results: treated women had significantly lower
rates of secondary infertility (21.1% vs. 4.1%) and inareased
rates of physiological deliveries (increment of 6 newborns/
100 women) as compared to women untreated. Moreover,
treatment with LT4 led to savings of €19,539/100 women
from the time horizon of four years.

Our results are in line with findings of the recent ran-
domized study of Kim et al. [25] who demonstrated that
embryo implantation rate and live birth rate is signifi-
cantly higher in women with subclinical hypothyroidism
who were treated with LT4. Moreover, Zhung et al. eval-
uated 90 anti-thyroid antibody positive women and 676
anti-thyroid antibody negative infertile women undergo-
ing IVF. They present evidence that the presence of
anti-thyroid antibodies decreases fertilization rate, im-
plantation rate and pregnancy rate [26]. On the contrary
to the study of Negro et al. [13], we did not find signifi-
cant beneficial influence of LT4 treatment on the pre-
term delivery and recurrent SpA, but our study was not
designed to study these effects and it was not random-
ized. Similarly, in contrast to study of Negro et al. [27]
who analyzed women undergoing IVF, we observed in-
creased rates of physiological deliveries in women
treated with LT4; however, our study wasn't targeted at
women undergoing [VE.

Although a number of studies have shown a link be-
tween thyroid disorders and an increased risk of recur-
rent SpA [28-30] and secondary infertility [29,31-33], we
found only a non-significant trend to higher rates of sec-
ondary infertility or recurrent SpA among women with
laboratory findings of AITD and/or hypothyroidism in
comparison to women with normal laboratory results.
This probably might be due to the fact that we analyzed
women treated with LT4 already before SpA together

Page 7 of 9

with newly diagnosed positive women. When we ana-
lyzed previously just untreated positive women, we
found significantly lower rate of secondary infertility in
Treated group as compared to Controls and Untreated
group. Moreover, rate of infertility was even lower in
Treated group as compared to Controls. We suppose
that this could be not only due to effect of levothyroxine
treatment but, moreover, due to more accurate iodine
supplementation in the Treated group in comparison
with Untreated and Comirols. Treated women were
under the supervision of an endocrinologist and this fact
could lead to more compliant using not only of levothyr-
oxine, but also of iodine supplementation. As reported
in literature, iodine supplementation before and during
pregnancy can lead to increased fertility rate [34,35].

The main topic of our study was the cost-effectiveness
analysis of screening for thyroid diseases in women after
SpA. Based on time horizon of four years, we caloulated
the costs of screening, endocrine follow-up and treat-
ment; and the costs of achieving the next conception
leading to the successful delivery of a live newborn. The
costs of single screening (TSH, TPOAb and TUS) was
€27.05 per woman in our study; however, in routine
practice the screening would probably be performed
only by measuring TSH and TPOAb, thus decreasing
the costs of a single screening to €18.36 per woman.
The costs associated with long-term use of LT4 were
only €8.98 per women per year. The costs of endocrine
follow-up in positively screened women were €35.09 per
woman for the first year and €13.21 per women per
every additional year. Taken together, the costs associ-
ated with screening and treatment of AITD and/or
hypothyroidism are very low as compared to treatment
of infertility, where the highest costs were incurred by
the methods of assisted reproduction. For example, one
cycle of in vitro fertilization cost €1,586 per woman.
Thus, it is evident that any decrease of infertility rates
among women with thyroid disorders (achieved with
LT4 treatment} may lead to truly significant financial
savings. Moreover, our data show that LT4 treatment of
AITD and/or hypothyroidism leads to an increase in
successfully completed pregnancies (6 children/100
womern; compared with untreated women) and to saving
of €19,539/100 women from the time horizon of four
vears. It is thus apparent that LT4 treatment of women
with AITD and/or hypothyroidism has a positive impact
on their subsequent pregnancy rate; it is inexpensive and
cost-saving.

Our study has several important strengths. Our health
economic model used real data from patients, unlike the
other cost-effectiveness studies [17-19] which use eco-
nomic models based on transfer of results of other stud-
ies or expert estimates. It takes into account not only
individual characteristics of patients, such a laboratory
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and TUS findings and the number of women undergoing
assisted reproductive technology, but also specific char-
acteristics which vary in different geographic area. More-
over, our calculation was based on the real costs
accounted for in our hospital and stated by the Decrees
of the Czech Ministry of Health. The cost-effectiveness
of screening and treatment of thyroid disorders might be
underestimated in our study, as we have not included
some other potential benefits (e.g. improvement of the
quality of life of treated women). Furthermore, even
though the previously published studies demonstrated
that the costs associated with premature birth are enor-
mous [36], our calculated costs are low and approaching
the costs incurred by physiological delivery. This is due
to the fact that we evaluated costs related only to the
treatment of the woman, but not to the neonatology care
of the premature newborn, the increased morbidity of
prematurely born children and also their further prob-
lems in learning and behavior [37].

Our study has several limitations. The main are the
non-randomized design and a small number of women
included (n =258). Nevertheless, group consisted of all
women who had miscarriage before the 12th gestational
weeks at the time of this project. A further limitation
is that the group of women treated before entering
the study and the group of women with treatment intro-
duced after SpA were analyzed together, similarly as un-
treated and treated positive women. The reason was to
achieve an adequate number of women for statistical
analysis. For all that, we deal with real costs associated
with successful completion of the next pregnancy within
the next four years after SpA. In addition, to make a
clear economical model, we used simplification in case
of LT4 treatment, where the further adjustment of LT4
dosage was not considered. However the costs of LT4
were minor (as was discussed above) and hence we an-
ticipate that the omitting of future adjustment of LT4
dosage does not have a significant impact on the results
of the study. We believe that our results provide a solid
basis for future studies and considerations regarding the
screening for thyroid disorders in women after SpA.

Conclusion

In conclusion, our data indicate that scoreening for thy-
roid disorders in women after SpA and a consequent
treatment with LT4 improve the subsequent pregnancy
rate of women affected. Treatment with LT4 may reduce
the necessity of methods of assisted reproduction in
achieving the next pregnancy. Therefore, inclusion of
systematic screening of TSH and TPOAbD in the standard
of care of all women after SpA might not only return
the invested financial means of health insurance, but
even lead to savings in long-term indicators.
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Additional file

Additional file 1: Unit costs of healthcare services. The costs for
medical check-ups, lBboratory tests and other examinations were
aakoulated by using payment algorithm (Decree No. 439/2008) and by
wsing data extracted from the legislation administered by the (zech
Ministry of Health {Decee Mo. 411/2011; Decree No. 43972008). The costs
of drugs administered were calculated by using the databaze of The State
Irstitute of Drug Contral in the Crech Republic (ttpyAvwawesu o
madules/meadication/searchphp?lang=1). The costs of bed-days are the
current costs applied in the in General Uiniversity Hospital in Prague. SpA,
spontaneous abortion; 3C cesarman secion; CAR, Center of Assiged
Repraduction; AlH, artifidal insemination by husband; IVE, in vitro
tertilization; CRF, C-reactive protein.
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Additional file 1. Un

it costs of healthcare services.

Category Unit Cost (€) | Applicable in:

Endocrine examination, treatment and follow-up

Medical visit Entrance endocrine examination 17.04 All study participants
Telephone consultation with a doctor | 3.24 Treated participants
Follow-up endocrine examination 7.78 Treated and Untreated

participants

Laboratory test Thyroid stimulating hormone (TSH) | 5.43 All study participants
Autoantibodies against thyroid 12.93 All study participants
peroxidase (TPOAD)

Other Ultrasound examination of one organ | 8.69 All study participants

examination

Drugs levothyroxine (50 pg/day) 0.02 Treated participants

Examinations, follow-up and treatment in pregnancy

Medical check-up | Follow-up examination by a 5.78 CAR (AlH, IVF)
gynecologist
Detailed examination by a 10.95 Physiological delivery,
gynecologist preterm delivery, SC, SpA
Detailed examination by an internist | 13.61 SpA
Vaginal delivery 140.89 | Physiological delivery,

preterm delivery

Caesarean section 147.08 | SC

Laboratory test Follicle-stimulating hormone (FSH) | 5.02 CAR (AIH, IVF)
Luteinizing hormone (LH) 5.02 CAR (AlH, IVF)
Free thyroxin (FT4) 5.65 CAR (AlH, IVF)
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Cell blood count 0.80 Physiological delivery,

preterm delivery, SC

CRP latex agglutination test 3.17 Physiological delivery,

preterm delivery, SC

Other Acquisition of an oocyte and 194.27 | CAR (AIH)
examination laparoscopic insertion of the oocytes

and sperm in the fallopian tubes

Artificial insemination — intracavital | 45.19 CAR (AIH)

or intratubular

Puncture of ovarian cysts —vaginal 19.99 CAR (AIH)

approach
Ultrasound examination of pelvis 15.05 CAR (AIH, IVF)
IVF cycle with embryo transfer 1,295.32 | CAR (IVF)

Cardiotocographic monitoring during | 18.03 Physiological delivery,

delivery preterm delivery, SC

Drugs Ovulation stimulators 7.55 CAR (AIH)

(clomiphene / tamoxiphen)

Follicle stimulating hormone 275.17 | CAR (IVF)

General anesthesia (15 minutes) 37.60 SC, SpA
Days of 1 bed-day in the dept. of obstetrics 13.16 Physiological delivery,
hospitalization and gynecology preterm delivery, SC

1 bed-day in an intensive care unit 47.00 SpA, SC

The costs for medical check-ups, laboratory tests and other examinations were calculated by using payment
algorithm (Decree No. 439/2008) and by using data extracted from the legislation administered by the Czech
Ministry of Health (Decree No. 411/2011; Decree No. 439/2008). The costs of drugs administered were calculated
by using the database of The State Institute of Drug Control in the Czech Republic
(http://www.sukl.cz/modules/medication/search.php?lang=1). The costs of bed-days are the current costs applied
in the in General University Hospital in Prague. SpA, spontaneous abortion; SC, cesarean section; CAR, Center
of Assisted Reproduction; AlH, artificial insemination by husband; IVF, in vitro fertilization; CRP, C-reactive
protein.
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