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Sanliurfa’dan bir vaka
BC. (2011-2012)

* 23 yasinda annenin 2. gebeliginden NSVY ile 2 yasayan olarak
miadinda dogan erkek bebek 2. giniinde karin ve bacaklarinda koyu
kirmizi nekrotik cilt degisiklikleri nedeniyle acil poliklinige basvurdu.

Soygecmis;
 Anne ve baba kuzen
* 1. gebelik kiz saglhkl

Fizik muayene; atesi yok, ciltteki lezyonlar purpura fulminans ile
uyumlu, diger sistemler olagan



BC.

e Klinik izlem
* Tedavide purpura fulminans klinigi ile TDP ile tedavi edildi.

* Laboratuvar ; Protein C dizeyi <%1 (iki ayri dlcimde)

* Hastanin lezyonlari glinliik 3 kez TDP 10 cc/kg’dan verilerek 1 haftada
geriledi. Enfeksiyon ile iliskili bulgu saptanmadi.

* Evden takiplerinde haftada 2 kez = glinliik TDP ihtiyaci olacak sekilde
nekrotik cilt lezyonlari olmaya basladi.



BC.

* Anne Protein C dlzeyi %42
e Baba Protein C dlizeyi % 35
* 1. gebelik 7 yasinda kiz Protein C duzeyi % 67



BC.

* Hastanin gunltk TDP ihtiyaclari devam etti.

* Aile kendi istegi ile hasta 2 aylikken babasindan karaciger nakli yapildi.
Transplantasyon sonrasi protein C dizeyi %30 idi ve purpura

fulminans klinigi tekrarlamadi.



Protein C duzeyleri

* Preterm infant PC diizeyi; 10-15 IU/dI

* Normal yenidogan; 35-40 IU/d| (akut slirecte anne babaya bakilmali)
* Bir yasinda eriskin duzeye gelir.

e Adolesan donemde; 80 IU/dI

* Normal degerler 65-140 1U/dI

* Eriskin donemde her 10 yilda bir protein C duzeyi %4 artar.

e PCdizeyinin <%10 IU/dl olmasi trombozla iliskili

» Agir konjenital PC eksikliginde ise diizey <%2 1U/dI

Goldenberg NA. Haemophilia 2008; 14: 1214-1221.

27.02.2020 Manco-Johnson MJ. J Pediatr 1991; 119: 793798



Protein C

Protein C system Activated
protein
e 62-kD PC APC

Thrombin

* vitamin K bagiml glikoproteindir. R \/ el

* Inaktif zimojen formda Karacigerden sentezlenir.
elial cell
a

Endot

 Serin protez benzeri enzim ile aktif hale gelir h
(aPC) i

Thrombomodulin

* Trombin endotelyal trombomoddline
baglandiginda aktiflesir.

27.02.2020



e aPC faktor Va ve VlllIa’nin inaktivasyonu yolu ile etkisini gosterir.
e faktor Va + Vllla = Faktor X = trombin jenerasyonu (inhibe olur)
* protein S ile aktivitesi artar. Protein C system - activated

protein C
PC *
- -- APC
Pl .. Ktif Plasminojen
asminojen akti Aktivator

* Thrombin
/ Inhibitor

releases
Thrombin activation

peptide ;I'

—A'F]

Fibrinolitik Endothelial cell
etki artisi Trombin tarafindan aktive Cans
edilen fibrinoliz inhibitoru A ™
T (TAFI) azalir = E

Thrombomodulin
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Protein C

* Antikoagulan
e Anti inflamatuar

e Sitoprotektif

* Endotelyal protein C reseptor ve PAR -1 reseptor (protease-activated
receptor—1) |

Protein C activation
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Protein C

* Antikoagulan
e Anti inflamatuar

e Sitoprotektif

* Endotelyal protein C reseptor ve PAR -1 reseptor (protease-activated
receptor—1) »

Cytoprotective
signaling

//ﬁ\

Protein C activation

Anti-apoptotic| [Anti-inflammatory| |Altered gene | | Barrier protective
activities activities expression effects
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Protein C

* Antikoagulan
* Anti inflamatuar
e Sitoprotektif

* Endotelyal protein C reseptor ve PAR -1 reseptor (protease-activated
receptor—1) --
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Protein C

* Antikoagulan
e Anti inflamatuar

e Sitoprotektif

* Endotelyal protein C reseptor ve PAR -1 reseptor (protease-activated
receptor—1)
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Vendz tromboz ile iliskisi

* Yavas kan akimi olan venoz
damar duvari

* Prokoagulan proteinler ve
plateletlerle uzun sureli temas

* aPC eksikliginde ven6z tromboz
on plandadir.

27.02.2020
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* Heterozigot protein C eksikligi OD kalitim gosterir.
* PROC geni 2. kromozom uzun kolunda (2913.14) yerlesmistir.
e 200’den fazla mutasyon tanimlanmistir.

* Mutasyon tipine gore
* Tip | ;kantitatif eksiklik
* Tip Il; fonksiyonel eksiklik



Tip | eksiklik

* Heterozigot vakalarda PC diizeyi normalin yarisi kadardir.
 Homozigot vakalar purpura fulminans seklinde seyreder.

* Ayni mutasyon sahip aileler arasinda klinik farkliliklar mevcut
* Ayni aile icindeki bireylerde de klinik farkli seyredebilir.

* PC mutasyonu disinda klinigi belirleyen ozellikler bulunmaktadir.

* Faktor V leiden mutasyonu eslik etmesi = agir klinik

Blood. 1991;78(4): 890-4
Blood Coagul Fibrinolysis 1998; 9(1):85-89



Tip Il eksiklik

Nokta mutasyonlari neden olur.

Tip I'e gore daha nadir.

Fonksiyonel aktivite azalmistir.

Birlesik heterozigot vakalarda neonatal purpura fulminans, intrakraniyal

tromboembolizm ve trombozlar goralur.



PC eksikliginde klinik seyir

* Hic klinik bulgu vermeyen PC eksikligi vakalari bulunmaktadir (1/200-
500)

* Agir homozigot ya da birlesik heterozigot PC eksikligi ise 1/500 000-
750 000 sikhkta gorualir.

e VTE vakalarinin da %3-5’inde PC eksikligi gosterilmistir.

Thromb Haemost 1995; 73(19:87-93
Thromb Haemost 1997; 77(3):444-51
Lab Hematol. 2014; 36 (2):151-5



PC eksikliginde klinik seyir

Heterozigot Eksiklik

* Asemptomatik tastyicilik

e |lk kez VTE atagi (x7 risk artisi)

* Rekkiren VTE

* Varfarin kullanina bagli cilt nekrozu

 28. hf’dan once gebelik kaybi

Daha nadir olarak

* Periferik arter hastaligi ve aort andrizmasi
* Arter trombozu (nadir)

Vox Sang. 2007;93:233-40



PC eksikliginde klinik seyir

Homozigot Eksiklik

* Purpura fulminans

* Vitreal venlerde dogustan
tromboz; dogustan korlik

e Hidrosefali

27.02.2020 Vox Sang. 2007;93:233-40



Neonatal Purpura Fulminans

* Yenidogan doneminde hayati tehdit edici yaygin damar ici trombozla
seyreder.

* Yasamin ilk birkac giinliinde ortaya cikar.
* Arter ve ven6z trombozlara hemorajik cilt nekrozu eslik eder.

* Homozigot ya da birlesik heterozigot mutasyonu olan hastalarda PC
dizeyi <%1

Seligsohn U. N Engl J Med. 1984; 310(9):559-62

27.02.2020



Edinsel Protein C eksikligi

e Akut tromboz

* Varfarin tedavisi

e Karaciger hastaligi (6r, kronik hepatit -KC fibrozisi liver)
* Vitamin K eksikligi

* Sepsis

* Yaygin damar ici pthtilasma

e L-asparaginaz gibi kemoterapotikler

* Uremi protein C’nin (prt C’ye karsi Ak gelismesi) antikoagiilan aktivitesini
azaltir.

* Protein C’ye karsi ak gelismesi

* Kidney Int. 2005 Sep. 68(3):123-9
* NEJM 1987 Dec 24. 317 (26):1638-42



Edinsel Protein C eksikligi

* Sepsis ve meningokoksemiye sirasinda gelisen PC eksikliginde her yasta

(edinsel) purpura fulminans gorulebilir.

Pediatrics 1993; 91(2):418-22
Lancet. 1997; 350(9091):1590-3.
Minerva Anestesiol. 2003; 69(9):691-3



HINITHILTU 11THUINIVUpPIidiiag alivu uic ol Ul Al LCIHI4Al 1oUTHITHNG VU URCT.

A Systematic Review and Meta-Analysis

Thita Chiasakul, MD, MSc; Elizabeth De Jesus, BA; Jiayi Tong, BS; Yong Chen, PhD; Mark Crowther, MD, MSc; David Garcia, MD;
Chatree Chai-Adisaksopha, MD, PhD; Steven R. Messé, MD; Adam Cuker, MD, MS

Background—Inherited thrombophilias are well-established predisposing factors for venous thromboembolism, but their role in
arterial thrombosis, such as arterial ischemic stroke, remains uncertain. We aimed to evaluate the association between inherited

thrombophilia (factor V Leiden, prothrombin G202 10A mutation, protein C deficiency, protein S deficiency, and antithrombin
deficiency) and risk of arterial ischemic stroke in adults.

Methods and Results—We searched PubMed, EMBASE, and Cochrane Library Databases from inception to December 31, 2018.
We included case-control or cohort studies of adults reporting the prevalence of inherited thrombophilias in those with arterial
ischemic stroke and subjects without arterial ischemic stroke. Two reviewers (T.C., E.D.) independently searched the literature and
extracted data. Pooled odds ratios (ORs) and 95% Cls were calculated using random-effects model. We identified 68 eligible
studies, which collectively enrolled 11 916 stroke patients and 96 057 controls. The number of studies reporting factor V Leiden,
prothrombin G202 10A mutation, protein C deficiency,patain S deficiency and oo ithrombin deficiency were 56, 45, 15, 17, and
12, respectively. Compared with controls patlents wit gnificantly more likely to have the following
inherited thrombophilias: 2 UB—1.4 =U%), prothrombin G202 10A mutation (OR, 1.48; 95% Cl,
1.22-1.80; 1*=0%) protem C def cnency (OR 2:13; 95% CI 1.16-3. 90 IZ—O%) and protein S deficiency (OR, 2.26; 95% Cl, 1.34—
3.80; 1’=8.8%). Std : . eached for antithrombin deficiency (OR, 1.25; 95% Cl, 0.58-2.67; 1’=8.8%).

Conclusions—Inherited thrombophilias (factor V Leiden, prothrombin G20210A mutation, protein C deficiency, and protein S
deficiency) are associated with an increased risk of arterial ischemic stroke in adults. The implications of these findings with
respect to clinical management of patients with ischemic stroke require further investigation. (/ Am Heart Assoc. 2019;8:
e012877. DOI: 10.1161/JAHA.119.012877.)

27.02.2020
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Protein C dUzeyinin dlctlmesi

* Immiuinolojik dlcum (ELISA, RIA, Elektroimmunoassay)
* Fonksiyonel 6lcim
* (Agkistrodon contortrix= Protac)

* Normal PC degeri genis aralikta
* Gri zon mevcut

* %50’nini alt1 eksiklik

* Heterozigot eksiklikte dlizey %55-65 civarinda olabilir. Fonksiyonel
Olcim onerilmektedir.

NEJM 1987;317 (26):1638-42



Tedavi
VTE

e PC eksikliginde VTE rekurens riski yuksek (%60)
e Uzun sureli antikoagtlan kullaniimasi gerekir.
 Kumadin kullanimi sirasinda cilt nekrozu gelisebilir.

* LMWH ve diger oral anitkoagllanlar da eriskinlerde basarilidir.



e 1983 PC eksikligine bagli Pupura Fulminans tanimlandi ve TDP ile tedavi

Tedavi " } | -~
e 1988 ‘de ilk kez PC konsantresi ile Purpura Fulminans tedavisi yapild

Purpura fulmj S

BrJ Haematol. 1988;70:435-40.

* Taze donmus g
* Protein C kd
* Akut donem gectikten sonra antikoagulan tedavi ile devam edilmesi

nsantresi

* Antikoagulan olarak kumadin secimi yapildiysa 6ncesinde cilt
nekrozundan korumak Gzere protein C konsantresi uygulanmasi

* Anikoagulan tedavi alirken tromboz (breaktrough) gelisirse protein C
konsantresi (her 3 glinde bir sc uygulama)

e Canli donorden karaciger nakli (kur)

27.02.2020



'.') Check for updates

CLINICAL GUIDELINES @ blood advances

American Society of Hematology 2018 Guidelines for management of
venous thromboembolism: treatment of pediatric
venous thromboembolism

Summary of the evidence. We found 1 case series and 4 Kanita dayali bilgi sinirli !
case reports that described anticoagulation (n = 21) or protein C
replacement (n = 11) for congenital purpura fulminans. There were
also 13 case reports that described a combination of anticoagulation 21 hastada antikoag kullanimi
and protein C replacement therapy (n = 11) and 5 case reports of liver 11 hastada PC replasmani
transplant for homozygous protein C deficiency. The panel considered
that treatment consists of long-term maintenance therapy, as well as
therapy required for acute exacerbations. Most case reports included atagi ve idame tedavisi Uzerine
the use of protein C replacement in the form of protein C concentrate ortak gériis olusturmus.
or fresh-frozen plasma for management of acute exacerbations,
Independent of the long-term maintenance therapy being used. There
were no relevant indirect data from adults. The evidence profies and
EtD frameworks are available online for Recommendation 24,

27.Recemmendation 25, and Recommendation 26.

1 vaka serisi ve 4 case report

Panel akut purpura fulminans



'.) Check for updates

CLINICAL GUIDELINES @ blood advances

American Society of Hematology 2018 Guidelines for management of
venous thromboembolism: treatment of pediatric
venous thromboembolism

24. Should protein C replacement vs anticoagulation be used in
pediatric jients with congenital purpura fulminans due to
homozygc otein C deficiency?

Purpura fulminans due to homozygous protein
C deficiency

Dusuk kanit derecesi ile ASH onerisi Recommendation 24. The ASH guideline panel suggests using

* PC konsantresi kullanilmasini protein C replacement, rather than anticoagulation, in pediatric
onermekte patients with congenital purpura fulminans due to homozygous
Uzun dénem PC konsantresi protein C deficiency (conditional recommendation based on very
kullaniimasi kanama gibi yan etkiler low certainty in the evidence of effects ©OO0). Remarks: The
goriilmemesi nedeniyle panel determined that the long-term effectiveness of protein C
antikoagiilana Ustin replacement was superior to that offered by anticoagulation and
Ancak pahali tedavi also did not have the adverse bleeding risk of anticoagulation.

However, protein C is expensive, and cost may be prohibitive.

27.02.2020



) ek TON Upudales

CLINICAL GUIDELINES @ blood advances

American Society of Hematology 2018 Guidelines for management of
venous thromboembolism: treatment of pediatric
venous thromboembolism

25. Should anticoagulation plus protein C replacement vs anti-
coagulation alone be used in pediatric patients with congenital
purpura fulminans due to homozygous protein C deficiency?

Recommendation 25. The ASH guideline panel suggests using
anticoagulation plus protein C replacement, rather than anti-
coagulation alone, in pediatric patients with congenital purpura
fulminans due to homozygous protein C deficiency (conditional
recommendation based on very low certainty in the evidence of
effects ©OO0). Remarks: This recommendation applies in an
acute setting (acute episode of purpura fulminans) in which the
+ intervention of protein C replacement plus anticoagulation is
PC konsantresi considered a better option than anticoagulation alone. For long-
term treatment, when recommendation to fully supplement with
protein C cannot be followed for pragmatic or cost reasons, the use
of combined protein C replacement and anticoagulation, rather than
anticoagulation alone, may reduce the required Iintensity of
anticoagulation and, hence, reduce the bleeding risk.

Disuk kanit derecesi ile ASH
onerisi

Akut stirecte antikoag

27.02.2020



CLINICAL GUIDELINES @ blood advances

American Society of Hematology 2018 Guidelines for management of
venous thromboembolism: treatment of pediatric
venous thromboembolism

el e T et = it st T S

26. Should liver transplantation vs no liver transplantation (anti-
coagulation or protein i replacement) be used in pediatric

patients with congenita gura fulminans due to homozyagous
prntein C dEﬂEiEﬂEy? Recommendation 26. The ASH guideline panel suggests using

either liver transplantation or no liver transplantation (anticoagula-
tion or protein C replacement) in pediatric patients with congenital

s . N purpura fulminans due to homozygous protein C deficiency
ASH her ikisini de Sneriyor (conditional recommendation based on very low certainty in the

* Karaciger nakli kuratif, cocuk blytdikce evidence of effects ©0O0O0). Remarks: Liver transplantation is
PC kullaniminin maliyeti giderek artmakta

curative ot protein C deficiency but has its own acute and chronic
risks and burden of care. The panel agreed that long-term
Ancak nakile bagli akut ve kronik maintenance on protein C replacement becomes increasingly
: expensive and difficult as the chid grows and that long-term
kompllkasyonlar TSHELL anticoagulation at the intensity required has significant bleeding
Organ hasari gerceklesmeden yapilmali. risks. Hence, the optimal therapy depends on the values and
Anitkoag ig:in kanama riski var. preferences of the family, as well as local health service factors. Given
the historical outcomes for children with this severe condition,

discussion of potential pathways of care should be determined early
before progressive organ damage has been sustained.

27.02.2020



'I) Check for updates

CLINICAL GUIDELINES @ blood advances

American Society of Hematology 2018 Guidelines for management of
venous thromboembolism: treatment of pediatric
venous thromboembolism

Benefits. The cases that received protein C replacement or
protein C replacement and anticoagulation had no mortality,
pulmonary embolus, bleeding, or skin necrosis compared with rates
of 5%, 38%, 14%, and 149%, respectively, in children who received
anticoagulation alone. In the 5 transplanted children, transplant took
place at 6 months to 8 years of age. All patients survived with normal
levels of protein C. None had major bleeding. Overall, the certainty in
these estimated effects is very low owing to the risk of bias, including
selection bias, and important imprecision of the estimates.

Harms and burden. Anticoagulation is associated with a major
bleeding rate of 14%; no major bleeding was reported in patients
treated 3%9 ﬁrznotein C alone or with protein C and anticoagulation.



Purpura fulminans tedavisi/homozigot PC eksikligi

12 saatte bir 10-20 ml/kg TDP

* PC bulunabiliyorsa akut dénemde 100 U/kg bolus takiben 6 saatte bir
20-60 U/kg (1A)

* Idame olarak 1-3 giinde bir 30-50 U/kg PC konsantresi
* Replasman tedavisine 6-8 hf devam edilmesi onerilir
e PCile birlikte LMWH 1-1.5 mg/kg 2x baslanir

* Invaziv girisimlerde ayni dozlarda PC konsantresi kullaniimasi
onerilmektedir.



Purpura fulminans /homozigot PC eksikligi;tedavi

» Akut stirecte PC diizeyini 25 1U/dl'de tutacak sekilde ayarlanir.
 Trombozu 6nleyen dip deger

e Yarilanma omri 6-16 saat
* 250 U/kg

* |v. uygulamadan 1 saat sonra koruyucu diizey saglanir
* 12 saate kadar pik duzey idame eder
Dreyfus M. Semin Thromb Hemost. 1995; 21(4):371-381

Dreyfus M. N Engl J Med. 1991;325(22):1565-1568
Minford AMB. Br J Haematol. 1996;93(1):215-216

» Akut sirecte 120 IU/kg yikleme dozundan sonra 6 saat ara ile 60 IlU/Kg PC konsantresi

e |dame doz 2x 60 IU/Kg PC nekrotik lezyonlar diizelene kadar

Mancho-Johnson MJ. Thromb Haemost. 2016 Jul 4;116(1):58-68
27.02.2020



Successful living domino liyer
q protein C

transplantation 1n a chilg
deficiency

Matsunami M, Ishiguro A, Fukuda A, Sasaki K, Uchida
Kanazawa H, Sakamoto S, Ohtyud '
Nakazawa A, Ishige M, Mizuta ) .
living domino liver transplantat{iididlelsllg[e ka raciger
Pediatr Transplant, 19: E70-E7-

Abstract: PC is produced in the
catalyzing active factors V and
blood clotting that is difficult to
Four reports of PC deficiency tr
however, no report of DLT as a
We describe a case of a 23-mont
compound heterozygous PC de
She developed intracranial lesio
fulminans. Both her parents ha
and were excluded as living don
priority on the waiting list of deg
performed living DLT using the
Activated PC concentrate safely supported the perioperative period.
After DLT, she maintained normal PC activities and BCAA levels.
This is the first case of PC deficiency successfully treated by living DLT
with MSUD. We propose that DLT using liver from patients with
MSUD792a 10eatment option for PC deficiency.

bir hastaya tx ediliyor.

Masatoshi Mat
AL: - 1

Hiroyuki

MSUD’lu hastaya KC tx yapilirken hastadan ¢ikan |
karaciger bizim hastamiz gibi PC eksikligi olan

Domino KC’i alan bizim hasta MSUD olmuyor .
Cunku bizim hastada protein intoleransi bt Scionco,
gelismiyor. Nedeni de MSUD olmayan birinde
dalli zincirli ketoasit dehidrogenaz enziminin
%60’Inin kasta bulunmasi !!!
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Domino liver transplant
Yapilan 23 aylik PC
eksikligi vakasi
PC Duzeyi <%5
Postop 4. ginde PC
sentezi baslamis.

PC konstantresi pre ve
postop kullaniimis.

KC tx endikasyonu ;
Hastanin tekrarlayan
tromboz olayinin olmasi
TDP ve PC konsantresi
ile sivi yiklenmesi ve
enfeksiyon riski olmasi




Pediatr Blood Cancer. 2019 Jun;66(6).e27686. doi: 10.1002/pbc.27686. Epub 2019 Mar 5.

Management of severe congenital protein C deficiency with a direct oral anticoagulant, edoxaban
A case report.

Watanabe K'2, Arakawa Y1, Yanagi M', Isobe K', Mori M, Koh

=) Author information

1 Department of Hematology/Oncology, Saitama Childre
2 Department of Pediatrics, The University of Tokyo, Tok

Abstract
A male patient diagnosed with severe congenital protein C (PC) deficiency during the neonatal period was treated with long-term warfarin buf

frequently developed purpura fulminans and bleeding. At four years of age, edoxaban was initiated (direct oral anticoagulant [DOAC]). His d-
dimer and fibrin/fibrinogen degradation product levels were closely monitored. His PC activity increased from below the sensitivity range to
17%:; this increase was thought to be due to a reduction in PC consumption during edoxaban therapy. After edoxaban introduction, he
experienced just one episode of purpura fulminans over two years without any adverse events. Thus, DOAC may be a promising alternative
for the management of congenital PC deficiency.

© 2019 Wiley Periodicals, Inc.

27.02.2020



Pediatr Rep. 2016 Jun 15; 8(2): 6488. PMCID: PMC4933811
Published online 2016 Jun 15. doi: 10.4081/pr.2016.6488 PMID: 27433305

Non Activated Protein C Supplementation in Septic Pediatric
Hematological Patients

 APC yolagi sitokin Uretimini azaltarak aktif anti inflamatuar ve anti apoptotik rol oynar .
Ayrica APC |6kosit adezyonun ve ekstravazasyonunu azaltir.
(endothelial protein C receptor= EPCR)

Sepsiste PC kullanima bagli diiser. Tromboza egilim ve inflamasyonda artis meydana gelir.

inflamatuar sitokinler trombomodiilinin azalmasina yol acarak
APC’nin azalmasina yol acar

r— Tk SR TLS LT e e L A = T el i T TV LA S X = =
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* Bu c¢alismada pediatrik hematolojik tanili sepsis hastalarinda PC kullanilmis ve mortalitenin daha

dusik oldugu yogun bakim ihtiyacinin daha az oldugu gosterilmis. !1!
intravenously, every twenty-four hours. No drug-related adverse event was observed. The observed sepsis-
related mortality rate in our cohort was 9%. PC supplementation in our cohort appeared to be safe, and.
probably due to prompt PC administration, we observed an overall mortality that was much lower than



Son olarak

* Akut sureclerde

* PC eksikligi homozigot eksiklikte(purpura fulminans) PC kullanilmasi tek basina

antikoagulan kullanimina gore daha ustln.

e PC konsantresi kullanildiginda antikoagulan ihtiyaci azaldigi icin kanama riski azalir.

* [dame tedavide

* Yasam boyu distnuldigiinde maliyet yuksek

e Karaciger nakli PC eksikliginde kir saglayan tedavidir. Ancak nakile bagli

akut ve kronik sorunlar da hesaba katilmasi gerekmektedir.



