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Vaka Sunumu

O. i. - Do§um Tarihi: 01.01.2005 - Erkek

«2016 yilinda 11 yasinda iken halsizlik nedeniyle
basvurdu.

=Yapilan tetkiklerinde KBH tanis1 alds

-Uriner sistem gériintilemesinde b&breklerde ekojenite
art1g1, basit kortikal kistler ve pelvikaliksiyel ektazi tespit
edildi.




Radyolojik Takip ve Progresyon

31.05.2016 - USG

Sol bobrek 90x41Tmm, parankim kalinhign:

9mm; grade 1-2 pelvikaliksiyel dilatasyon,

sol bb alt polde parapelvik yerlesimde bir Eﬁ 16.06.2016 - VSUG

adet 12mm capta basit kist
Normal olarak degerlendirildi.
Sag bobrek 94x31Tmm,parankim kalinhin:

10mm; bilateral grade 3 ekojenite artisi

20.11.2018 - USG

Her iki bobrek boyutunda azalma. Bilateral
bobreklerde kortekste ve medullada cok
sayida subsantimetrik basit kistler

izlenmigtir, bilateral hidroureteronefroz




Aile Oykiisii ve Genetik
Degerlendirme

O

Aile Oykiisii Fizik Bulgular
Anne-baba arasinda akrabalik Polidaktili mevcut
mevcut.

Goz ve isitme muayeneleri normal

KBH nedeniyle 8 yasinda kaybedilen
kardes oykusu bulunmaktadir.

Genetik inceleme

Kistik bobrek hastalhiklarn agisindan gonderilen genetik analizde patojenik
mutasyon tespit edilmedi.




Bobrek Yerine Koyma Tedavileri

GP
<

Y Bdbrek Nakli

Perit Divalizi Basl HemOdlyahz Ge?l%l 5 Subat 2022 tarihinde 17 yasinda
enton LUiyalizi Baglangici 14 AQustos 2020 tarihinde periton iken kadavradan bdbrek nakli

10 Ekim 2019 tarihinde periton diyalizi yetersizligi nedeniyle gerceklestirildi.

diyalizine baslandh hemodiyalize gecis yapildi.




Nakil

| Dondr yasi: 10 | Doku uyumu: 6/1

| Donor son kreatinin :0.79 mg/d | Soguk iskemi siiresi: 10.5 saat




Nakil Oncesi Klinik Durum

Antropometrik Olgiimler

48kqg 152cm

Viicut Agirhgn Boy

-2.71SDS -3.59 SDS

Vital Bulgular

Ates: 36.5°C

Nabiz: 88/dk

Solunum: 20/dk
Tansiyon: 130/70 mmHg

Ozel Bulgular

e Elveayaklarda polidaktilisi mevcut. Diger sistemler
dogal




Nakil Sonrasi Erken
Donem

Nakil sonrasi oligurik seyreden, kreatinin gerilemeyen hastada renal
doppler incelemesi yapildi.

Transplante Bobrek Doppler Bulgular

Boyut: 83x43mm, parankim Renal arter ve ven agik.

ekosu grade 1artms. Ektazi Rezistif indeks: 0.80-0.85

veya tag saptanmamistir. dlgllmustir ve intrarenal

direncg artisin
dusundurmektedir.




Nakil Sonrasi Laboratuvar Bulgulan

Bobrek Fonksiyon Testleri Hematolojik Bulgular
.

Kreatinin MPLT: 82 .000 /mm3 ( nakilden énce 161.000)

4.03 mg/dL cu
Diger Parametreler

BUN Haptoglobulin: 69.1 mg/dL (30-200)
44,2 maldL LDH: 445 U/L (120-300)
Kompleman C3 ve C4 : Normal
Takrolimus: 9.23 ng/mL

ADAMTSI13 aktivitesi %76.9




Klinik

01

Gecikmis Greft Fonksiyonu

Nakil sonrasi 1. haftada diyaliz ihtiyacinin devami nedeniyle gecikmis
greft fonksiyonu tanisi konuldu.

02

DSA Negatifligi

Donor spesifik antikor testleri negatif sonuglandi

03

Bobrek Biyopsisi

Nakil sonras1 6. gununde yapilan biyopside trombotik mikroanjiyopati
tanis1 konuldu.










lleri Tedavi ve Takip

Tedavi Degisikligi
e Takrolimus kesildi
* Pulse metilprednizolon baglandi.

e Plazmaferez uygulandi.

Antihipertansif Tedavi

Tansiyon kontroll saglanamadid icin minoxidil tedaviye eklendi

Eculizumab Tedavisi

Nakilden 13 gun sonra Eculizumab tedavisi bagland.

ileri Degerlendirme

Trombotik mikroanjiyopatinin olas1 nedenlerini dederlendirmek
amaciyla metabolik ve genetik inceleme gonderildi normal olarak
dederlendirildi.



Nakil Sonrasi Kreatinin Seyri (Subat - Mart 2022)
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Kreatinin (mg/dL)

Nakil (05.02.2022)
Biyopsi (11.02.2022)
Plazmaferez (11.02.2022)
Eculizumab (18.02.2022)
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Tarih

Nakil sonrasi kreatinin seyri ve tedaviye gére degisimi




Nakil Sonrasi Trombosit Seyri

-=-- Eculizumab (18.02.2022

Nakil Sonrasi Hemoglobin Seyri

Trombosit (10~ 3/uL)

Hemoglobin (g/dL)
Normal aralik (13-16)
Nakil (05.02.2022)
Biyopsi (11.02.2022)
Plazmaferez (11.02.2022)
Eculizumab (18.02.2022)

3
o
2
2
£
a
o
o
<]
£
]
on g

Nakil Sonrasi LDH Seyri

LDH (u/L)

Nakil sonrast hemoglobin, trombosit ve LDH seviyelerinin seyri ve tedaviye gore degisimi




Tedavi Siireci ve izlem Sonuglan

Siklosporin toksisitesi olmadigi gérilmesi ile birlikte takrolimus yeniden tedaviye
eklendi. Eculizumab tedavisine 15 ay sure ile devam edildi.

Naklin 1. yihinda

e Serum kreatinin: 1,51 gr/dL

e GFR:44 ml/dk /1,73 m2

e Proteiniri:0,32 mg/mg

e Biyopsi: Akut T hucreli atihm (grade 1)

Devir sirasinda

e Serum kreatinin: 2,04 gr/dL

e GFR:32 ml/dk/1,73 m2

e Protiendri: 4,5 mg/mg

e Biyopsi: Akut T hicreli atihm (grade 1) + FSGS

| 21.02.2024 tarihinde erigkin nefrolojiye devredildi.
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Trombotik Mikroanjiyopati Siniflamasi

—_——

Primer TMA Sekonder TMA Enfeksiyon iligkili TMA
Herediter o HELLP, preeklampsi STEC-HUS

 TTP(ADAMTS13 mutasyonu) * Transplant Pnomokokal HUS
* aHUS (kompleman mutasyonu) « llag HIV

e DGKE mutasyonu Malignite Diger

o chIC eksikligi Adir hipertansiyon

OtoimmuUn hastahklar (CAPS, SLE,
SRQC)

GlomeruUler hastaliklar (ANCA+,
* aHUS (CFH antikoru) FSGS, MN, MPGN, IgAV)

Edinsel
» TTP(ADAMTSI13 antikoru)

Brocklebank et al. TMA and the Kidney. Clin J AmSoc Nephrol, 2018, 13: 300-317




Drugs

= Calcineurin inhibitor/Everolimus/Sirolimus
+ Gemcitabine/mitomycin C

Interferon

Quinine

Estrogen/progesterone

Autoimmune Diseases

Systemic lupus erythemtosus
Scleroderma
Antiphospolipid Antibody syndrome
« Cryoglobulinemia
« IgA nephropathy
- Membranous nephropathy
Monoclonal gammopathy

ADAMTS 13 deficiency

« Thrombotic thrombocytopenic purpura

Mubarak M et al. World J Transplant 2024 March 18; 14(1): 90277

Metabolic defects

+ Vitamin B12 deficiency
- G6PD deficiency

Cobalamin C defect/Methylmalonic aciduria
and Homocystinuria(MMACHC)

Diacylglycerolkinase E (DGKE) mutations
VEGF inhibitor/Tyrsoine kinase inhibitor \ 1

Causes of
/' thrombotic

microangiopathy

N

Pregnancy

+  Preeclampsia/HELLP

Complement-mediated

- Atypical hemolytic uremic
syndrome (aHUS)

Transplantation

- Complement-mediated (C-TMA)

« Drugs
Infections
Ischemia-reperfusion injury
Prolonged cold ischemia time
Antibody-mediated rejection (AMR)

Infections

STEC-HUS and others(shigella
dysteneriae,campylobacter jujeni and
moraxella oslensis)

« Viral infections: CMV,BK Virus, Varicella

zoster,Epstein-Barr Virus, Parvovirus
B19,Influenza, SARS-Cov2

Protozoa: Toxoplasma gondii

Respiratory tract Infections: Streptocoocus
Pneumoniae,Bordetella pertussis, mycoplasma
prnemuoniae

Others:dengue fever,chikangunaya feverwest
nile virus,Plasmodium vivax,snake
bites,Ehrlichiosis




Posttransplant TMA

Tekrarlayan

Denovo

llaclar (CNI,

MTOR inh,
Valasiklovir)

iskemi

reperfliizyon
hasari

Antikor
aracili
rejeksiyon

Uzamis
soguk iskemi

Viral
enfeksiyon




De novo thrombotic microangiopathy after kidney
transplantation in adults: Interplay between complement
genetics and multiple endothelial injury

-
Check for
pdates

Kathleen Dessaix ', Christophe Bontoux % °®, Olivier Aubert '@,

Anne Grinenwald °®, Rebecca Sberro Soussan '@, Julien Zuber ' @,

Jean-Paul Duong Van Huyen®“®, Dany Anglicheau '’ @, Christophe Legendre ' o,
Veronique Fremeaux Bacchi® ®®, Marion Rabant® "+

2004-2016, Fransa
2025 bobrek nakli hastasinin 92 sinde (%4.5)
CNI toksisitesi %54.3, ABMR %37

Kompleman mut %16.7sinde tespit edildi

%37 hastada risk multiple faktoru var



I Epidemiyoloji

* Posttrasnsplant TMA %0.8-14

* Tekrarlayan TMA vakalarin % 5-10’unu
olusturur

* Kompleman mutasyonuna gore
rekurrens riski degisken

e Denovo TMA vakalarin % 90-95’i,
* CNIliliskili TMA insidansi %0.8-3.3

Hsiung C-Y, Chen H-Y, Wang S-H and Huang C-Y (2024). Transpl Int 37:12168.
Avila A, Gavela E, Sancho A. Front Med (Lausanne). 2021 Apr 8;8:642864.
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Doradla 2020
Fortin 2004
Franco 2003
Futamura 2020
Gumber 2014
Kocak 2015
Langer 2001
Nava 2014
Oven 2006
Santos 2003
Schwimmer 2003
Tasaki 2019
Zarifian 1999

Total (fixed effects)
Total (random effects)

Test for heterogeneity: Q: 305.77, DF: 14 (p < 0.0001), 12: 95.42% (95% Cl: 93.76-96.64)
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Cl, confidence interval; DF, degrees of freedom



Klinik

* Bazi hastalar sadece bobrekte sinirli hasar nedeniyle hemolitik anemi ve
trombositopeni olmadan da sadece ABH ile de basvurabilir

* Rekurren TMA genelde naklin ilk 1 yilinda siklikla da ilk haftalarda
* Denovo TMAilk 3 ayda



« 2000-2019
Rejection-associated Phenotype of De Novo e 4487 renal tx
Thrombotic Microangiopathy Represents a Risk

for Premature Graft Loss * 112 posttransplant TMA
Vojtech Petr, MD," Petra Hruba, PhD,? Marek Kollar, MD,* Karel Krejci, MD, PhD,* Roman Safranek, MD, 0 . .

PhD,® Sona Stepankova, MD,® Jarmila Dedochova, MD,” Jana Machova, MD,*? Jakub Zieg, MD, PhD,® ¢ A)Z . 7 INSI d ans

Janka Slatinska, MD," Eva Pokorna, MD, PhD,"" and Ondrej Viklicky, MD, PhD"#

93 denovo TMA dahil edildi

Pretransplant factors associated with de novo TMA development in univariable and multivariable conditional logistic
regression analyses

Univariable analysis Multivariable analysis

Pretransplant factors OR 95% CI P OR 95% CI P
Male sex 0.810 0.329-1.990 0.647

Recipient age (y) 0.991 0.960-1.020 0.595

Uialysis vintage (moj 1.030 1.010-1.050 0.005 1.020 0.994-1.040 0.16Y9
Retransplantation 5.080 1.560-16.40 0.007 1.140 0.264-4.890 0.864
HLA mismatch 1.190 (0.808-1.760 0.377

PRA peak 1.040 1.020-1.060 <0.001 1.030 1.010-1.060 0.005

Cold ischemia time (h) 1.330 1.140-1.550 <0.001 1.180 1.010-1.380 0.043




REPORTS

KiReports.org

Thrombotic Microangiopathy After Kidney
Transplantation: Insights Into Genetic
Etiology and Clinical Outcomes

Massini Merzkani’, Nyein Chann Wai Lynn1, Karen Flores', Gaurav Rajashekaﬂ,
Kristin Progar1, Rowena Delos Santos', John P. Atkinson?, Daniel C. Brennan® anc
Anuja Java'

"Division of Nephrology, Department of Medicine, Washington University School of Medicine, St. Louis, Mis
%Division of Rheumatology, Department of Medicine, Washington University School of Medicine, St. Louis, Mis
and 3Division of Nephrology, The Johns Hopkins School of Medicine, Baltimore, Maryland, USA

e 2008-2023 Washington Universitesi

* 68 rekurren + denovo posttransplant TMA (63
hastada genetik calisma yapilmis)

* 3467 kontrol
* 42 (%62) kompleman iliskili TMA

* 14 (%21) CNI toksisitesi veya iskemi reperfuzyon
hasarina bagliTMA

* 12 (%17) diger (enfeksiyon / otomimmun ) TMA

CLINICAL RESEARCH -

®  Table 5. Comparison of measured outcomes for the 3 TMA groups

Measured outcomes

Recurrent TMA
Median fime fo TMA

development/recurrence after

transplant (days)
TMA presentation

« Systemic

« [Renal limited
switched fo belatacept
Eculizumab
CMV infection
B infection
Urinary fract infection
Meningococcal infection
Pneumococcal infection

Other infections requiring
hospitalization

Death-censored QI'CIﬂ' failure
Death with functioning graft

Group 1 Group 2 Group 3
(n=42) (=14 (n=12)
n (%) n (%) n (%) p-value
14 (33.3%)  None None
7 5 455 0.002
24 (57.1%) 13 (92.8%) 2 (16.7%)  0.0005
18 (42.8%) 1(7.2%) 10 (83.3%)
5(11.9%) 12 (85.7%) 2 (16.7%) <0.0001
32 (762%) 2 (14.3%) 2 (167 %) 0.00]
2 (48%) 2 (145%) 5 (41.7%)  0.004
0 (21.4%) 2(143%) 2(167%) 0.82
6 (143%) 4(28.6%) 4(33.3%) 0.25
0 (0%) 0 (0%) 0 (0%)
0 (0%) 0 (0%) 1 (8.3%) 0.09
5(11.9%) 6 (42.8%) 4(33.3%) 003
11 (262%) 1(7.1%) 2(167%) 0.32
4(95%) 1(7.0%) 2(167%)  0.49

CMV, cytomegalovirus; TMA, thrombatic microangiopathy.



Thrombotic Microangiopathy after Kidney Transplantation: I S N
Insights into Genetic Etiology and Clinical Outcomes

TERNATIONAL SO0LTY
W MLPROLONY

associated TMA
21%

™ A Poor response to anti-complement therapy

3,535 Adult kidney

Group 3: Other TMAs

Methods Findings
Retrospective Group 1: Complement- Linked to complement abnormalities, younger age,
@ cohort study mediated TMA hypertension, preeclampsia
- (62%) 33% developed recurrent TMA post-transplant
78% of recurrent TMA cases resulted in allograft loss
: Group 2: Calcineurin
@ Blopsy of laboratory inhibitor (CNI) / Ischemia Linked to longer cold ischemia
| confirmed TMA Reperfusion (IRI) Higher delayed graft function

v Genetic testing done in 93% of patients Mortality: 7.1% in CNI /IR TMA; 17% in other TMAs
v Complement genetic variants/autoantibodies Graft failure: Highest in Complement-mediated TMA
were identified in 67% of patients Infection: Simiar across groups

Merzkani M et al, 2025 Conclusion Comprehensive genetic testing, personalized strategies, and

K | R E PO R T S Visual abstract by early intervention are crucial for managing TMA risk and preventing graft loss.
Kidney Infernational Reports Renz Pasilan, MD

X @RenzPasilan

Table 3. Comparison of the baseline characteristics of the 3 TMA groups with controls

Group 1
(complement- P-value Group 2 P-value Group 3 P-value
Controls mediated TMA) (group 1 vs. (CNI/IRI-associated (group 2 vs. (other TMA) (group 3 vs.

Demographics n = 3467 n= 42 controls) TMA) n = 14 controls) n=12 controls)
[Recipient characteristics
Age (yr) haZ 4+ 143 381 +11.4 < 0.0001 hh.1 £+ 1h.2 0.61 hl1.1 4+ 18.3 0.6
Males, 1 (%) 2109 (60.8%) 23 (54.8%) 0.42 7 (50%) 0.41 4 (33.3%) 0.05
Race, 1 (%)

White Non-Hispanic 2366 (68.2%) 29 (69.0%) 0.99 8 (57.2%) 0.7 9 (75%) 0.7



Von Tokarski et al. BMC Nephrology (2023) 24:278 BMC Ne P h I'Olﬂgy
https://doi.org/10.1186/512882-023-03326-8
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Thrgmbotic microangiopathies after kidney ===

transplantation in modern era: nosology based
on chronology

Florent Von Tokarski', Alexandre Fillon', Valentin Maisons', Benjamin Thoreau', Guillaume Bayer’,
Philippe Gatault'?, Héléne Longuet’, Bénédicte Sautenet', Matthias Buchler'?, Cécile Vigneau®?,
Fadi Fakhouri® and Jean-Michel Halimi'#’

Number of kidney transplant recipients Mean number of patients followed up during the Number of graft losses during
during the 2009-2021 period 2009-2021 period the 2009-2021 period
n=1644 n=1561 (20,293 patient-years) n=491
TMA during the first 2 w_eeks following TMA any time after the first-Z weeks following TMA in failing grafts
transplantation transplantation
Early TMA, n=24 Unexpected TMA, n=31 n=22
e-TMA, 1.5% Unexp-TMA: 1.5 per 1000 patient-years Fail-TMA: 4.5%




Von Tokarski et al. BMC Nephrology — (2023) 24:278 BMC Nephrology
https://doi.org/10.1186/512882-023-03326-8
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Thrombotic microangiopathies after kidney ==
transplantation in modern era: nosology based
on chronology

Erken TMA ilk iki haftada meydana geldi ((ortanca, 3 [1-8] gun).

Tetikleyiciler

* akut antikor aracilired (ABMR, n =4) ve
* bakteriyel enfeksiyonlar (n =6) vardi.
e Greft sagkalimi (GS) %100 ve

* Tekrarlama orani (RR) %8 idi.

Beklenmeyen TMA takip suresince herhangi bir zamanda meydana geldi (3,0 (0,5-6,2) yil).

Tetikleyiciler
* enfeksiyonlar (EBV/CMV: n = 10; bakteriyel: n =6) ve
* kronik aktif ABMR (n =5)
* GS %81 ve
* RR %16 idi.

Greft basarisizligi ile iligkili TMA greft kayiplarinin (%2,2'si) 8,8 yil sonra meydana geldi.



Von Tokarski et al. BMC Nephrology (2023) 24:278 BMC Nephrology
https://doi.org/10.1186/512882-023-03326-8
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transplantation in modern era: nosology based
on chronology

Table 3 Long-term outcome after TMA

Clinical outcomes Early TMA Unexpected TMA
n=24 n=31

In-hospital adverse event

Death, n (%) 0{0) 010
Major cardiovascular event, n (%) 0{0) 00y
Renal replacement therapy, n (%) 2(8) 30100
Graft loss, i (%) 01{0) (9]
Clinical outcomes at last follow-up
Time to last follow-up, months, median (I0R) 30 (14-48) 23 (16-48)
Death, n (%) 1(4) 4{13)
Serurn creatinine levels, pmol/L, median (I0R} 145 (110-194) 193 (100-293)
Graft loss, i (%) 00 6(19)
TCMR, n (%) 1{4) 3010
ABME, n (%) 2(8) 413}
Recurrent TMA during follow-up, n (%) 2(8) 5{(16)
Retransplantation, n (%) Qo) 1(3)

TMA Thrombotic microangiopathy, IS Immunosuppressive, TCMR T cell-mediated rejection, ABMR Antibody-mediated rejection

Failure TMA
n=22

3014)
3(14)
22(100)
22(100)

24(3-58)
1(5)

& (27)
10{45)

P-value

<0.05
<0.05

085
049
0.26
003
062
068
023

Allograft survival (%)

Number at risk

Early TMA =

100

90
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Unexpected TMA-=«» 3]

Fig. 2 Overall allograft survival during follow-up

30

2

Time (years)

17
20

3

12

13



l Recognize TMA

| | ..

-

CNIl or mTOR Treat infections: Donor-specific Treat underlying Investigate metabolic causes if
withdrawal if CMV, parvovirus, antibodies +; autoimmune disease: phenotype suggests (most are
possible COVID-19, BKY treat AMR SLE, APS, SRC non—complement-mediated)

v

o Persistent TMA | oy

w

Complement studies

L J

[ Genetic testing for complement variants ]

L J l
Components (C3, C4) L .
Regulators (FH, FI, FB, MCP by flow cytometry) Variant identified
Autoantibodies (FH, FB)

Testing for monoclonal gammopathy (SPEP,
UPEP, serum free light chains)

«  Functional assays (CH50, AH50, red blood cell Benign VUS Pathogenic
hemolytic assa b deposition)
. Split products (C3c, Bb, C5b-9) l

Recombinant production of the variant
or purified from serum

l

Combine genetic, antigenic, biomarker, structure-function data to define etiology and risk of recurrent disease

Java A, Sparks MA, Kavanagh D. J Am Soc
Nephrol. 2025 May 1;36(5):940-951.



Infections Antibody-mediated rejection

Complements \ Other causes

N

% post Transplant-Thrombotic

< Microangiopathy )
De novo

Recurrent

Xreatment
Switching/Reducing CNI and/or
mTOR v . ; Treatment + Eculizumab

7
-~
g
Plasma exchange & IVIG 3 Plasma exchange/Plasma
Eculizumab L Infusion(If above not available)
Belatacept S

Pre-Transplant Plasma Exchange

. Eculiz'umab. Induction therapy

+ Combined Liver-Kidney Transplant Antithmyocyte globulin(ATG)
(CFB,CFH variant) Basiliximab

Low dose CNI
Mubarak M et al. World J Transplant 2024 March 18; 14(1): 90277







