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**Kronik bobrek hastaliklari tromboz ve hemostazda acisindan risk tasir.

**GFR azalmasi vendz tromboz riskinde artar ile koreledir.

**Venoz tromboz gelisen KBY hastalarinda yiiksek mortalite gelismektedir.

**VTE (DVT ve pulmoner emboli) yillik 1000 de 0,75-2,69 arasinda goziikmektedir

**Cocuk bobrek nakillerinde erken vaskiler komplikasyonlarin basinda tromboz gelir.

**Erken greft kayiplarinin %35-50’sinden sorumludur.
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Hypercoagulation Bleeding Eﬂg

Flatelet activation Platelet detects A .S

Vascular endothelial damage Impaired platelet-vessel wall activations ﬁg
Microparticles and micro RNA Vascular damage

Oxidative stress Oxidative stress

Increased von Willebrand factor (vIWF) Defective binding of vIWF to GIPIIb/Ia

Increased Defective prostacyclin and NO synthesis

Increased factor XIla and VIIa and thrombin formation Anemia

Diecreased pm-tu:in C andd pmtein S and anti-thrombin 111

Increased tissue factor and acute-phase proteins: hAbrinogen,
CRP
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Hypercoagulation

Bleeding

Decreased tissue plasminogen activator (HPA)
Increased plasminogen activator inhibitor 1 (PAIL)
Uremic toxins

Increased rennin-angiotensin-aldosterone (RAAS) activity
Antiphospholipid antibodies

- Pro-thrombotic gene mutations

- Factor V Leiden

- MTHFR

- 20210 prothrombin gene mutation

- Protein C, 5, and anti-thrombin deficiency
Nephrotic syndrome

Anemia

Atherosclerosis: dyslipidemia, diabetes, arterial hypertension,
peripheral vascular disease

Corticosteroid treatment, cyclosporine A, cocaine
Heparin-induced thrombocytopenia type 11

Hemodialysis and peritoneal dialysis

5/21/2023

Increased tPA
Decreased PAITL

Uremic toxins

Medications
- Beta-lactam antibiotics
- Aspirin and NSAIDs

- Anticoagulants
- Antiaggregants

Amyloidosis, myeloma

Anemia

Vasculitis

Corticosteroid treatment

Hemaodialysis and peritoneal dialysis

AD SOYAD 4



ISTINYE

[SU | universiTy

1 STANUBUL

Risk factors for the development of venous thrombosis in

Pediatrik vakalarda vaskuler komplikasyon: pediatric patients
%5_10 (eriSkinlerde %1_5)' MZ‘;.:T::;::::EZUMS in pediatric patients

Renal ven trombozu en sik gérulir. s
2 yas alti cocuklarda risk cok daha yiiksektir. oy

Systemic infection

Donor: kadavra bobrek, yas uyumsuzlugu, genc
verici yas! (< 5 yil), uzun iskemi siresi. Other risk factors

Heart failure
Inflammatory bowel disease

Alici: verici-alici damar uyumsuzlugu, genetik Cortan cancr thrape (eg,ssparsginse)

Personal or family history of thrombosis

trombofili, antifosfolipid sendromu, geng alici P T—

= Factor V Leiden mutation

ya§|(< 2 ya§)’ pozrtif alle Oykusu « Prothrombin G20210A mutation

= Protein S deficiency
= Protein C deficiency
= Antithrombin deficiency

Cerrahi: anastomoz zorlugu, hipotansiyon.

Severe liver disease

Vascular abnormalities or malformations U pTO D ate ®
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From: Venous Thromboembolism in Kidney Diseases and Genetic Predisposition

Inherited predisposition

+ Factor V Leiden m + Older age

+ Prothrombin G20210A o 8o © O - Active cancer
« MTHFR C677T Q % + Pregnancy

+ Deficiency of protein C and S (&) o (&) o + Estrogen use
+  Non-0 blood group (S o o 2y

Antithrombin defici
PRI Ao hypercoagulability of blood

Virchow's triad

endothelial dysfunction disturbance of hemodynamics
+ Surgery e + Long-time travel
+ Trauma * Hospitalization
« Fracture « paralysis

Kidney Dis. 2022;8(3):181-189. do0i:10.1159/000523777

Date of Download: 9/19/2025 Copyright © 2025 Karger Publishers. All rights reserved.
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Genetik trombofili faktorleri

**Prokoagtilan ve antikoagilan sistem normalde denge halindedir.
Faktor V Leiden Mutasyonu

Factor V Leiden (FVL): Introduction

* Autosomal dominant hematologic condition involving an
increased risk of thrombosis

* Caused by a point mutation on Factor V

* FVL mutations
* R506Q mutation
* Incomplete penetrance

* Most common inherited thrombophilic condition among

Caucasians
* Some estimates state upwards of 3-7% of Caucasians are heterozygotes

* May be as little as 5% of heterozygotes will actually have issues with VTE

Heterozygous individuals are at a 7-fold increased risk of thrombosis
Homozygous individuals are at a 20-fold increased risk of thrombosis !
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cross-links
3 fibrin

1

Intrinsic Path

activated Blood
partial *__A44*__ *.._ *-.... o —
thromboplastin 12 11 nssgue Fact: Io [g 1 Clot
time (aPTT)
Arginine-specific serine proteases . 7* Th bi
rompoin
Extrinsic & Common Path Protein C === Protein C*
Prothrombin Time (PT)
E= Eactive proteolysns
Factor & Factor 5

Acive Protein C* Act.ve

g + Protein S
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Protrombin G20210 Mutasyonu

“»*Protrombin KC de sentezlenir. Inaktif i g s 0
formdadir. Damaged surface
. . e | Trauma
**Trombin ve fibrinojen lizerinden hemostazi . g 1 L TFPI
saglar. X Xila o

° XI/_\;(Ia /\ V'm"
“*PT G20210 tek nikleotid mutasyonu protein i N T lTissuefactor «—— Trauma

: a Vila '-

kod sekans Uzerinde etkisi yoktur. Herhangi bir
yapisal degisiklik olmadan protrombin

s Antithrombin

. 4

dertimin arttirr. > Thrombin (lla) Gaain

“*Tek basina 4 kat; Faktor V leiden mutasyonu \\/: amenil T

ile birlikte ise 20 kat VTE riskini artirir. Foii oo lxnla Xl
oons|

Protein C + Thrombomodulin
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Antitrombin Ill eksikli

AT trombini inhibe eder. Boylece koagtilasyon
yolunu inhibe etmis olur.

0ac

Coagulation Cascade

Intrinsic pathway Extrinsic pathway

Tissue factor

ATIII antikoaglilan aktivitesi heparan sulfat

tarafindan stimule edildiginde artar. viI

Common \

athwa Prothrombin
P y Time

aPartial
Thromoboplastin
Time

v
Ca++
Lipids

Prothrombin (ll) —— Thrombin

|

Fibrinogen (I) — Fibrin clot (XIll)
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@ G € G
Thrombin Antithrombin Factor Xa Antithrombin Prekallikrein-HMWK
(facter I1a) . .
Anticoagulants l Antithrombin
[A] D] HMWK \Kl':lkreln
e 0 l l
e © Bradykinin Xl ——s Xlla.
€]
Unfractionated Inhibition of thrembin Inhibition of factor Xa
heparin by unfractionated heparin by unfractionated heparin

HMWK-X| —— Xla *

[E]

|
@ @e IX s> [Xa l
rr &>
(=]
LMW heparin g Inhibition of factor Xa X a -
9@ by LMW heparin — !

Va X
I »lla 1
Xllla
r 9 ke
Fibrinogen Fibrin Cross-Linked Fibrin
Fondaparinux Inhibition of factor Xa

by fondaparinux

Schematic representation of anticoagulant mechanisms. Heparins bind to
antithrombin (formerly called antithrombin III) and induce a conformational
change that makes antithrombin an efficient inactivator of coagulation factors.
Unfractionated heparin inhibits thrombin (factor Ila) by forming a ternary
complex. The inhibitory effect of LMW heparins on thrombin is variable, with
longer chain LMW heparins such as tinzaparin having greater inhibition than the
shorter chain LMW heparins such as enoxaparin. All heparins and fondaparinux
efficiently inactivate factor Xa. Refer to UpToDate for details regarding the use of




Exploring the Role of Antithrombin in Nephrotic Syndrome—
Associated Hypercoagulopathy: A Multi-Cohort Study and

Meta-Analysis

iati i i y Abdelghani, Eman; Waller, Amanda P.; Wolfgang, Katelyn J.; Stanek,
Association bei_:\!vee.n antlthro.mbln levels and CJAS N Josgp% F?TPa?i]Igg Sa?ni?(/_.; rFgca;l\r)in‘?\Brad I—?.;%ﬂ%ye?, Sv>illrl_1iam E.??(eerlin,
hypercoagulablllty in nephrot|c syndrome e ot Aot oy o Ny Bryce A.; the PNRC Investigators,*; the NEPTUNE Investigators**; the

PNRC Investigators,*; the NEPTUNE Investigators**

3 independent nephrotic

syndrome cohorts Clinical Journal of the American Society of Nephrology18(2):234-244,

February 2023.

Nephrotic Syndrome

Study Network n e pt u n e
(NEPTUNE) and

Columbus cohorts

Pediatric Nephrology
Research Consortium @%’) P
(PNRC)

doi: 10.2215/CJN.0000000000000047

PEDIATRIC NEPHROLOGY
RESEARCH CONSORTIUM

Conclusions: These data suggest that antithrombin deficiency plays only a & — da P s Kt i i tal lori
AR - : : : : man elghani, Amanda P. Waller, Katelyn J. Wolfgang, et al. Exploring
limited role in the mechanisms underlying the acquired hypercoagulopathy of nephrotic the Role of Antithrombin in Nephrotic Syndi Assoclated

syndrome. Moreover, antithrombin deficiency was not present in all nephrotic syndrome H lopathy: A Multi-Cohort Stud d Meta-Analysis. CJASN
patients and was more likely in children than adults despite the higher risk for venous dgi‘:) ?6"5’5195‘}8 55.0&00003060&037. ucy.andera-analysis:

thromboembolism in adults than children. Visual Abstract by Edgar Lerma, MD, FASN

39 Wolters Kluwer

COPYRIGHT © 2025 WOLTERS KLUWER. PUBLISHED BY LIPPINCOTT WILLIAMS & WILKINS.
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Protein C ve Protein S eksikligi

Contact activation Tissue factor
- (intrinsic) pathway (extrinsic) pathway
Endothelial cell surface H | EPCR. |
. 6 Damaged surface
G =¥ " l Trauma

TFPI

N
~& e i N
N Lva? 2 T Vila Vil
"2 - X| Xla /:\
- @ ”--"d - ? 7 oy i Vl", lﬁssue factor <— Trauma
KX IXa Villa
X

; : b Antithrombin
.. X /
N

' Xa

Platelet membrane

Prothrombin (Il) — “—» Thrombin (lla) Common
va pathway
V\/
/" Fibiinogen (1) Fibrin (la)
Aclive Protein C Xllia X
Protein S . Cros§-linked
fiorin clot

Fy
Protein C + Thrombomodulin

Protein C is activated on the endothelial cell membrane, where it is anchored by the endothelial protein C receptor. Activated protein C and protein 5
assemble on the platelet membrane. Protein S acts as a cofactor for protein C in proteolytically cleaving activated factors V and VIII (factors Va and
Via).




ISTINYE

[SU | universiTy

1 STANUBUL

MTHFR c677T Mutasyonu

Folate Methylation ‘g
cycle cycle L XEODE
Methionine
BH4 THF Methionine

A SAMe —p DNA. RNA

.

A{;‘r -Iry;‘)TO(;"‘.On b Master protein, lipids
¥ + Tyrosine % methyl
‘ag donor .

ﬁ '@ Folinic s ‘ Methylation cycle
‘%‘ serotonin acid

W + Dopamine SAH

BH2 @ 5-MTHFR Homocysfeine homocysteine Methionine
Methylfolate :
RN " ﬂ' Homocysteine
ysreine

‘/\' Glutathione

Master antioxidant

Taurine

MTHFR C677T polimorfizmi enzim aktivitesini azaltir ve hiperhomosisteinemiyeneden olarak tromboza yol acar.




Genel olarak bakildiginda;

Prevalence of inherited thrombophilia and associated

VTE risk
Relative risk
Prevalence (%) of a first
episode of
Thrombophilia VTE
General Individuals compared
population with VTE with
controls
AT deficiency 0.02 to 0.2% 1 to 7% 1e-fold
increased
Protein C 0.2 to 0.5% 2 to 5% 7-fold increased
deficiency
Protain S Unknaown 1% S-fold increased
deficiency
Factor W Leiden® 2 to 5% 12 to 1884 4- to 5-fold
increased
Prothrombin 2% 5 to 8% 3= to 4-fold
G20210A* increased




Overview of management for patients with inherited thrombophilia

| Overview of management for inherited thrombaphilia |
I

5 Family history of VTE only No personal or
Persanal history of VTE ‘ (no personal history of VTE) family history of VTE
[ I
Previous history of WVTE Acute VTE Antithrombin All other
* deficiency thrombephilias

‘ Anticoagulation for at least three to six months ‘

) v
Individualized decision regarding indefinite anticoagulati f ygous or comp heterazyg
We are more likely to advise indefinite anticoagulation for: far the dafact
= Unprovokad VTE OR
= Life-threatening PE or very proximal DVT More than ane inherited thrombophilia
= Male sex (eg, FVL plus PS deficiency)
= VTE at an atypical site® ; OR .
= Strang family history of VTE Antithrombin daficiency
=t or ¢ i h defact OR
= More than one inherited thrombaphilia (eg, FVL plus Additional risk factor (eg, VTE in a family
PS deficiency) member <350 years of age)
Yeas No
v h v v k L
For those not receiving indefinite anticoagulation: » Prophylactic anticoagulation ® Routine carall [ | ® Prophylactic anticoagulation ® Routine carafdl
= prophylactic anticoagulation postoperatively postoperatively, during = Education 1 postoperatively, during = Education 1
= Consideration of the need for anti I during pregnancy and postp P and postpartum pregnancy. and postpartum
= Education = Education1 = Education 1

This algorithm applies to individuals with known inherited thrombophilia (factor V Leiden or prothrombin G20210A; protein S, protein C, or
AT deficiency). It is a general overview of our approach and does not substitute for clinical judgment regarding the risks and benefits of
anticoagulation for an individual patient. Consultation with a hematologist may be appropriate.

= Individuals with AT deficiency may have heparin resistance, and, if they require anticoagulation, it may be necessary to use a
nonheparin anticocagulant and/or to provide AT replacement along with appropriate doses of heparin. Refer to the UpToDate topic on AT
deficiency for details.

Routine obstetrical care includes mechanical thromboprophylaxis and/or anticcagulation for women undergoing cesarean delivery.
Routine postoperative care includes thromboprophylaxis in most cases; individuals with thrombophilia may require more aggressive
prophylaxis than those without. Refer to UpToDate for indications for thrombophilia testing and cther aspects of obstetric and
postoperative management.

Routine perioperative care includes thremboprophylaxis based on the procedure-associated risk of VTE.

Atypical sites of VTE include mesenteric, portal, and cerebral veins.

VTE: venous thromboembolism; PE: pulmonary embolism; DVT: deep vein thrombosis; FVL: factor V Leiden mutation; PS: protein S; AT:
antithroembin.

* Atypical sites of WVTE include mesenteric, portal, and cerebral veins.

9 All individuals with inherited thrombophilia should have education regarding signs and symptoms of WVTE, attention to prophylaxis in high-
risk situations (eg, certain surgeries, pregnancy, and postpartum for some women), risk assessment for first-degree relatives, and, for
women, avoidance of estrogen-containing contraceptives.

A Routine care includes appropriate thromboprophylaxis for high-risk surgical procedures based on the procedure—associateﬁjrisk_if VTB t ®




Bobrek nakli 6zelinde;

**Bobrek nakillerindeki basarisizhigin %34’l venoz
tromboza baghdir.

+*US renal database kayitlarinda nakil sonrasi 1.5-
% yilda tromboz isidansi: 2.9 epizot/1000 hasta
asl

**Kadin cinsiyet, sag bobrek, ve otozomal
polikistik bobrek hastaliginda trombotik olay
daha fazladir.

***Nakil sonrasi bir yilda GFR <30 mL7dk/1.73 m2
oldugunda VTE 2.05 kat daha fazla gértlme sansi
vardir. Erken transplant kaybinda en énemli
genetik faktor faktor V leiden mutasyonudur.

**Birkac mutasyon birlikteligi bobrek kayip oranini
daha fazla arttirmaktadir
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Table 1. Risk factors for the development of VTE in kidney diseases

Risk factors References

M5 and VTE [33-36]
MN
F5GS
Lupus nephritis
Low albumin levels
Sepsis
Intravenous corticosteroid use
BMI =30 kg/m®
AKI
Female sex
CKD and VTE [431
Immobilization
Surgery
Prothrombin G202 104
Malignancy
Factor V Leiden

Low eGFR
ESRD and VTE [46, 47]
Receiving hemodialysis than patients with
peritoneal dialysis
Toxic nephropathy as the cause of ESRD
Atrial fibrillation
Female sex
Kidney transplantation and VTE [51, 53-54]
Recipient female gender
eGFR less than 30 mL/min/1.73 m?
Right kidneys
The ADPKD group

Helantera |, RaihaJ, Finne P, Lempinen M. Early failure of kidney transplants in the current era-a national cohort study. Transpl Int. 2018;31((8)):880-6. doi: 10.1111/tri.13115.

Abbott KC, Cruess DF, Agodoa LY, Sawyers ES, Tveit DP. Early renal insufficiency and late venous thromboembolism after renal transplantation in the United States. Am J Kidney Dis. 2004;43((1)):120-30. doi:

10.1053/j.ajkd.2003.08.047.

Lam NN, Garg AX, Knoll GA, Kim SJ, Lentine KL, McArthur E, et al. Venous thromboembolism and the risk of death and graft loss in kidney transplant recipients. AmJ Nephrol. 2017;46((4)):343-54. doi: 10.1159/000480304.
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Tum alicilarda genetik test yapallm mi?

Bobrek nakli yapilacak 100 hastada trombofili taramasi yapilmis. Preoperatif taramanin ek
bir faydasi gorilmemistir. Sonuc olarak VTE hikayesi ve aile 6ykisi olmasi durumunda
tarama yapilmasi 6n gorilmustur.

Bock ME, Bobrowski AE, Bhat R. Utility of thrombophilia screening in pediatric renal transplant recipients. Pediatr Transplant. 2019;23((1)):e13314.




Approach to philia in pediatri (|

with or at risk for bollsm (VTE)

Has the child experienced a VTE episode (current or prior)?

[
No

v

|

Yes

v
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Tests performed to evaluate for thrombophilia

Testing for inherited thrombophilias includes all of the following:
= DNA-based tests:
+ Factor V Leiden mutation
* Prothrombin G20210A mutation
= Functional assays:
* Antithrombin activity
* Protein C activity
+ Free protein S level (followed by protein S activity if there is
strong clinical suspicion)

Testing performed only in patients who have had a VTE episode
(in addition to all 5 tests listed above):
= Antiphospholipid antibody testing®

What type of VTE risk factor Recurrent or first-time VTE?
does the child have?
I 1
[ I 1 [ ]
Positive family Acquired risk Positive family Recurrent VTE First-time VTE
history only* factor(s) only"¥ history plus other ‘
risk factor(s)*
Provoked or unprovoked?¥
]
I I
Unprovoked Provoked:
CVC-related
- l v

1

Provoked;
Not CVC-related

v

Testing for thrombophilia is
generally not indicated

= Perform thrombophilia testing (refer to inset)

= Functional assays and protein levels are best
performed after recovery from the acute VTE and
ideally off anticoagulation to avoid diagnostic
uncertainty or error®

= DNA-based tests can be performed at any time

Testing for thrombophilia is
generally not indicated

= We suggest against testing in patients
with clear provoking conditions or events
(eg, severe systemic infection, major surgery,
nephrotic syndrome)

= However, it is reasonable to perform
thrombophilia testing selectively in some
circumstances (eg, unusual thrombotic event,
uncertainty regarding the provoking factor(s], or
based on patient/caregiver preference)

Fhis gure Sumeanites sut SUSRestng Soroach L Thrambsphilh Leving in chidres and Sdskescents. TRrOmbophila Lesling may be Lnder Comiideration in chidhen Curmmtly o revicusly Aagnzeed with & VTE eptiode of in Thase with ik factoes for VIE {inchuding family hestory of VIE and/er acgured nisk actsrs). This akgorthm is mtanded for
e N CHMNNCHON Wth other UpToDate corment. Refer to UpToDate's topec on thrombopheis testing n créldren for addtional detads and for the ramonale Dehing this approacn,

WS artphosphobpd synarome; CVC: centryt venous catheter; DNA: deonyrDonuciesc 303 DOWC: Girect oral anticoaguiant; Ig: smmuncgiobusn; [T inhented a4

. VTE: venous

* For chibdren and sdchescants whe have & strong famey hisory of VTT o IT [eg. VTT in 8 frat-degree relative <40 yoars oid), we suggest TT besting srty If there are addtional risk tactens or underlying medical prodlerms thet place the cvid or adslescent a rik for developng thrombous (cancer, CVT, trauma, magor WTpery, CUITently wing o
CONSOLNNG M ESF0JEN-CORLMNNG CONracepove ).

§ Web-estabished acqured risi factors for thrombosis in children Indiude CVCs, Inflection, cancer, MO SUrpery of Bauma, prolsnged immobdzation, histery of surgal or transcatheter repar of congenital hesrt daasse, Nephrotic synarome, Inflammatory dscrdery, and others. Most VTE episodes in chdren sre with assocated with 1 or more of
these proveling nsk facters. Tha is referred 10 as “provoked” VIE, Ungrovoked VIE (ie, VTE 0Currng in The absence of & Codr prowokong factor) s rare in chidnosd

B The excepton IS the patient i waom APS is TAncally Suspected (o0, 300MS0ent PAnErt with wnpravoled o recurrent thombotIc ependes, AMmune Maiated Cytopenas, 3nd/or UNJeriying SUtormmune CoNation). For such Dabents, we supDest testing 45r ArOPROSPHCIDE aNtIDOMES carier In the COUrse SINCE the FESURS Mgy IMPACT treatment
Socsians (o, warfania i generally sreferred eer DOACS for traatment of VIE In patests with APS).

© ANUPHISPACIRK BnDbOdY Teshing Includes ImMuncassays for (G and 1M arobOdes 12 Cartioipin Bnd Betal ghyoprote | and funciional assay 130 the Jupus aNDXOgUANt precomencn. For funher detads, refer 10 sepante UptoDate costent on Bagrosing APS,

UpToDate’
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Original Clinical Science—General

Intra-abdominal Complications After Pediatric
Kidney Transplantation: Incidence and Risk
Factors

Amir Taher,' Benjarnin Zhu," Sophia Ma,! Albert Shun, MBBS,"? and Anne Maria Durkan, MD'

/-"'
Background. The incidence and types of intra-abdominal complications after pediatric transplantation are not well estab-
lished, and specific risk groups have not been clearly identified. Matheods. A retrospective chart review of all pediatric
transplant recipients between 1995 and 2016 was undertaken. Intra-abdominal complications were grouped into 4 cat-
egories: fluid collections, gastrointestinal, vascular, and urogenital. Donor, recipient, and transplant characteristics were
evaluated using univariate and multivariate logistic regressions. Results. There were 146 transplants meeting the inclu-
zion criteria. The mean follow-up time was 4.6 = 3.7 years range, 0.3-18 y). The mean weight at transplantation was 31.5
+ 16.5kg (range, 9-78), with 24 (16%) recipients being <15kg and 23% younger than 5 years. Thirty-four (23%) patients
had previous abdominal surgery. There were 32 complications identified in 27 (189%) transplant recipients. Fluid collections
requiring surgical drainage developed in 9 (B.2%), gastrointestinal surgical complications in 12 (8.2%), vascular complica-
tions in 5 (3.5%), and urogenital complications in & (4.1%). There were only 3 graft losses due to abdominal complications,
all after renal vein thrombosis. Weight <15kg at the time of transplant (P = 0.018), previous abdominal surgery (P = 0.047),
and intraperitoneal surgical technigque (P = 0.008) were risk factors in the univariate analysis using Cox regression models,
whereas only weight <15kg (P = 0.003) and previous abdominal surgery (P = 0.008) were retained in the multivariate anaby-
sis. Conelusgions. Intraabdominal complications oceur in almoest 1 in 5 pediatric renal transplant recipients. Weight <15kg
and previous abdominal surgery are risk factors for developing such complications.

(Transplantation 2019;103:1234-1230) .




Thromboprophylaxis after kidney transplantation in
children: Ten-year experience of a single Brazilian
center

Julia Maimone Beatrice 1, Marcelo Straus Takahashi 2, Daniele Martins Celeste 1,

Andreia Watanabe 2, Vera Hermina Kalika Koch 3, Jorge David Aivazoglou Carneiro 1

Affiliations + expand
PMID: 34324760 DOI: 10.1111/petr.14101

Abstract

Background: Kidney transplantation is the gold standard treatment for children with end-stage
chronic kidney disease. Graft thrombosis is an important cause of graft failure, with high morbidity,
mortality, and impact on quality of life and to the health system. The role of thromboprophylaxis in
this setting is still uncertain. We describe the demographic characteristics and thrombotic risk factors
in pediatric renal transplant recipients, determining the rate of renal graft thrombosis, and discuss the
role of thromboprophylaxis.

Methods: This retrospective study reviewed 96 pediatric renal transplantations between 2008 and
2017 in a single hospital. Patients were assigned to one of two groups: children who did not receive
thromboprophylaxis after transplantation and those who did. We reported their characteristics,
comparing the incidence of graft thrombosis and hemorrhagic complications between the groups.

Results: Forty-nine patients (519%) received thromboprophylaxis. Thrombosis occurred in 5 patients
who did not receive thromboprophylaxis (5.2%) compared with none in the group that did (p = .025).
In all patients, renal graft thrombosis resulted in early graft loss. Thirteen patients had hemorrhagic
complications. Seven were unrelated to pharmacological thromboprophylaxis (2 major, 1 moderate,
and 4 miner bleeding, which either did not receive thromboprophylaxis or had bleeding prior to
thromboprophylaxis), while six occurred during heparinization (2 major, 1 moderate, and 3 minor
bleeding). There was no significant difference in the rate of hemorrhagic complications between the
groups (p = .105).

Conclusions: The rate of renal graft thrombosis was 5.2%. Thrombosis remains an important cause of
early graft loss. Thromboprophylaxis was associated with a reduction in graft thrombosis without

increased risk of bleeding.
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Tromboproflaksi icin ne kullanalim?

Unfractionated Heparin vs LMWH

Unfractionated Heparin Low Molecular Weight Heparin (LMWH)

Examples include enoxaparin, tinzaparin
Fondaparinux is a synthetic derivative of LMWH
Activates anti-thrombin Il which forms a
complex inhibiting clotting factor Xa

Intravenous (IV) Mode of administration Subcutaneous (SC)

Activates anti-thrombin Ill which forms a
complex inhibiting clotting factors Ila and Xa, Mechanism of action
as well as IX, XI, XII

Longer (~3-6 hours)
Fondaparinux ~17-21 hours

Bleeding, osteoporosis, thrombocytopenia (HIT), Side effects Bleeding, osteoporosis, thrombocytopenia (HIT),

Shorter (~1 hour)

hyperkalemia (due to hypoaldosteronism) hyperkalemia (due to hypoaldosteronism)

Reversibility Partially reversible by protamine sulphate
. . Use with caution/avoid if GFR <30 due to
Use in renal failure increased risk of bleeding
. . . Lower risk of HIT
IRIEirer b GEmEEIES W AR Risk of HIT No risk of HIT when using fondaparinux

HIT - Heparin-induced thrombocytopenia t127:1| PROJECT

Rapidly reversible by protamine sulphate
Useful in situations where rapid reversal required

Useful in renal failure

FIBRIN CLOT




ISTINYE

[SU | universiTy

Benefits of anticoagulation prophylaxis in children undergoing ISTANBUL

kidney transplant: systematic review and meta-analysis

Ahmad H. Al-Huniti* © | Caroline Malcolmson®
Ashlene M. McKay® | Armando Lorenzo®

| Valerie Langlois” |
| Zhen Wang® | Suzan Williams®

Chia Wei Teoh® | Leonardo R. Brandio®’

'Division of Pediatric Hematology!
Oncology, Mayo Clinic, Rochester,
Minnesota, USA&

“Division of Pediatric Heematology!
Oncology, The Hospital for Sick Children,
Toronto, Ontario, Canada

*Division of Pediatric Nephrology, MeGill
University Health Centre, Montreal,
Gueber, Canada

“*Division of Pediatric Mephrology, The
Hospital for Sick Children, Terento, Ontario,
Canada

“Division of Pediatric Urology, The Hospital
fior Sick Children, Toronto, Ontario, Canada

“Department of Health Care Delivery
Research, Robert D. and Patricia E. Kern
Center for the Science of Health Care
Delivery, Mayo Clinic, Rochester,
Minnesota, USA&

Department of Paediatrics, Dalla Lana
School of Public Health, University of
Toronto, Toronta, Ontario, Canada

Correspondence

Ahmad H. Al-Huniti, Division of Pediatric
Hematology/Oncology, Mayo Clinic, 200
First 5t 5W, Rochester, MM 55905, USA
Email: Al-Hunitl Ahmad@mayo.edu

Abstract

Background: Graft thrombosis is a preventable cause of early allograft loss after
pediatric kidney transplant, but the role of primary thromboprophylaxis is uncertain.
Objectives: This study aimed to determine the effectiveness and safety of thrombo-
prophylaxis in preventing graft thrombosis among children (0-21 years) undergoing
kidney transplant.

Methods: We performed a systematic literature review of MEDLIME, Embase, and
Cochrane Libraries from inception until September 2024, The primary outcome
assessed by meta-analysis was graft thrombosis, and the secondary outcome was major
bleeding (per International Society on Thrombosis and Haemostasis criteria).

Results: Twenty-five observational studies (21 retrospective and 4 prospective)
describing 2094 patients (1659 cases and 435 controls) met eligibility criteria.
Thromboprophylaxis was used universally (ie, all kidney recipients in the study) in 64%
{1055/165%) or only in high-risk patients (eg, recipient weight <20 kg and age <5
years) in 36% (604/1659%). Compared with no preventive measures for thrombosis,
thromboprophylaxis was associated with reduced risk of graft thrombosis (odds ratio,
0.31; 95% CI, 0.18-0.53). Subgroup analyses of heparinoid-only, universal thrombo-
prophylaxis, and high risk only protocols revealed similar findings. Thromboprophylaxis
was not associated with increased risk of bleeding resulting in surgical exploration or
graft loss. The overall risk of bias was moderate. Studies showed high clinical and
methodologic heterogeneity in study populations and thromboprophylaxis protocols.
Conclusion: Primary thromboprophylaxis appears effective in preventing kidney graft
loss from vascular thrombosis in pediatric recipients. This benefit may be offset by the
risk of bleeding, although clarity on bleeding risk factors is lacking. We identified
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North American Pediatric Renal Trials and
Collaborative (1987 -2017) renovaskdler
tromboz orani %10.5

United States Renal Data System(1995-2014),
renovaskuler tromboz orani transplant sonrasi
ilk bir yilda %18.6

Standart proflaktik doz UFH: 10 unite/kg/saat
enoksiparin: 0.5 - 0.75 mg/kg glinde 2 kez

Tromboz

Tromboproflaksi grubunda graft trombozu 614
hastanin 24 ‘lUnde (%3.9) — graft kaybi 23
hastada goruldu.

Standart bakim grubunda 435 hastanin
56’sinda(%12) tromboz ve 55 hastada graft
kaybi goralda.

Kanama %15.4 (867 hastada)--%15.4 Eritrosit
transfuzyonu-%2 cerrahi eksplorasyon%0.8
graft kaybi (3 hasta) yasandi.

Tromboflaksi grubunda bir hastada fatal
kanama gozlendi.
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TABLE 4 Thromboprophylactic regimens used in the included studies.

Study
Brover et al., 1991 [35]

Gagnadoux et al, 1993 [35]
Gagnadoux et al, 1994 [25]

Ohta et al, 2000 [37]

Kranz et al, 2002 [35]

Pape et al., 2004 [39]

Vester et al, 2004 [40]

Kranz et al., 2006 [41]

Pape et al, 2006 [42]
Afanetti et al, 2012 [43]

Thromboprophylactic regimen

Enocxaparin started 24 h after grafting in the absence of any bleeding. at a dose of 0.4 mg/kg by subcutaneous
injection every 12 h. Subsequently, the dosage was adjusted according to the anti-Xa plasma activity
aiming for a trough level of 0.2 U/mL and a peak level at 4 h of 0.4 U/mL

LMWH
LMWH

Dipyridamole (5 mg/kg) is administered per oral solution in 3 divided daily doses starting 1 whk after
transplantation.

Children without thrombophilia received heparin 200 U/kg/d (low dose) for 2 wik, followed by ASA 3-5 mg/kg
3 times per wk in the first year after kidney transplantation.

Children with thrombophilia were treated maore intensively, with UFH started intraoperatively and adjusted
to a partial thrombin time of 50-40 s. This regimen was followed by LMWH given subcutaneously for &
wik, before switching to ASA 3-5 mg/kg 3 times per week until 1 y after kidney transplantation.

Heparin was administered at a low dose of 100-200 IU/kg/d, aiming for an APTT of 30-40 s, during the first 2
wh after transplantation.

Low-dose prophylactic UFH therapy was given routinely for 14 d to every patient.
In cases with an identified thrombasis risk factor, UFH therapy was intensified (APTT prolonged to 50-60 =)
for 14 d, followed by LMWH for another 4 wic

Children without thrombophilia received low-dose heparin (200 1U/kg/d) postoperatively for the first 14 d
without prolongation of the APTT. Afterward, ASA (3-5 mg/kg 3 times per wk) was introduced for the
first year after transplant.

In children with thrombophilia. heparin was initiated intracperatively and adjusted to obtain an APTT of 50-
&0 s during the first 14 d. Anticoagulation was continued with LMWH for another 8 wk (anti-Xa target
lewel, 0.4-0.7 U/mlL) before switching to ASA.

UFH 200 1U/kg/d (=8 U/kg/hl over 2 wk
UFH was used early postoperatively.

Esfandiar et al., 2012 [44]

ElSheemy et al., 2014 [21]

Zhao et al., 2014 [45]

Sui at al, 2016 [46)

Kim et al, 2019 [47]

Al Midani et al, 2020 UFH [48]

Al Midani et al, 2020 ASA [48]

Amesty et al, 2020 [20]

Su et al, 2020 [49]

UFH 50 W/kg was administered every 8 h, for 7 postoperative d, and aspirin 5 mg/kg/d, 3 times per wk, from
day 3 of transplantation for 3 mao.

Prophylactic anticoagulation was given as LMWH at a dose of 0.1 mg/kg every 12 h for the first 4 d, then
converted to oral antiplatelet (ASA) at 5 mg/kg/d for 1-3 mo postoperatively.

Continuous infusion of heparin at 5 U/kg'h for the first week after transplantation, after which ASA with or
without clopidogrel was given daily. For the first week, the APTT was maintained at < 1.5 times prolonged
compared with baseline value.

UFH 10 Wkg'h for the first week, with APTT <1.5x upper limit, followed by ASA 50 mg/d beginning the
second wih.

UFH 10 Wkg'h for 5-7 d starting intraoperatively or within 1 h after the operation.

UFH given subcutaneously after induction of anesthesia with 3x daily administration thereafter (3000 W/
d for children <15 kg; 4500 U/d for children 15-20 kg; and 7500 U/d for children >20 kg). APTT was
maintained at less than twice the control baseline value. UFH was discontinued when patients were fully
mobile at 7 to 10 d posttransplant

Oral ASA prophylaxis (1 mg/kg, with maximum dose of 75 mg/d) from induction until at least 1 mo after
transplant {unless bleeding problems occurred). ASA was not discontinued for renal allograft biopsies
[most performed urgently, preventing elective antiplatelet discontinuation before the procedure).

Enoxaparin sodium 0.5-1 mg/kg/24 h, starting &-12 h posttransplant for 5-7 days [exception for patients with
contraindication due to active bleeding), switching to ASA 1-2 mg/kg/d for 1-3 months. For patients with
prothrombotic risk factors, prophylaxis was individualized.

Similar anticoagulation protocols were used by 2 centers.

First Affiliated Hospital of Sun Yat-sen University: all recipients received LWMH (50-100 1U/kg/d) for 1-5
d. with dose adjustments for postoperative drainage volume around the allograft and/or follow-up graft
ultrasound findings. LMWH was switched to oral antiplatelet, then gradually discontinued.

First Affiliated Hospital of Zhengzhow University: donor age <1 y or recipient age <5 vy, LMWH (50-100 I/
kg/d) for 1-5 d posttransplant, with dosage adjustments according to drainage volume and
thromboelastography. LMWH was switched to oral antiplatelet therapy, then gradually discontinued.




Gander et al, 2022 [52]

Study
Cetiner et al., 2021 [19]

Beatrice et al., 2021 [50]

Wen et al, 2022 [51]

Three thrombosis risk groups were defined: low, intermediate, and high. Antithrombotic prophylaxis used
only for intermediate-risk and high-risk groups with oral/endovenous ASA. ASA 2 mg/kg/d or UFH 10 LY
kg/h were administered as a continuous infusion, respectively. All patients receiving a second or
subsequent kidney transplant were classified as at least intermediate risk and received antithrombotic
prophylaxis with ASA. ASA was maintained until 1 mo after kidney transplant.

Low thrombotic risk {must meet all criterial:

= First transplant without vascular anomalies

- Dwonor weight and recipient weight =15 kg
- Deceased donor transplamt

= Absence of identified thrombophilic factor, active nephrotic syndrome, and a history of thrombotic
events and intraoperative complications

Intermediate thrombotic risk (must meet only 1 criterion)
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= Second or subseguent transplant

- Wascular anomalies

- Domor or recipient weight <15 kg

= Living-related donor transplant

- Intracperative complications of moderate risk of thrombosis (at discretion of the surgical team)

High thrombotic risk (must meet only 1 criterion)
- Congenital thrombophilia
= Prothrombotic immunologic disease
= Active nephrotic syndrome
- Fabry disease
= History of thrombosis of 2 or more vessels
- Receiving prophylactic or therapeutic anticoagulants

Intraocperative complications of high risk of thrombosis (at discretion of the surgical team)

Thromboprophylactic regimen

IV UFH (200 |U/kg/d) for 2 wik, starting 4 h posttransplant, followed by oral ASA. In case of thrombophilia, 1V
heparin was started during transplantation, and doses were adjusted to achiewe APTT 1.5-fold higher
than baseline. After 2 wik, subcutaneous LMWH (enoxaparin) was administered for an additional & wk
(target anti-Xa activity, 0.2-0.4), and thereafter, oral ASA.

Patients at low risk for thrombosis (no clinical risk factors and negative thrombophilic tests): prophylaxis with
v UFH 10 Wke'h postoperatively for 7 d, followed by oral ASA at 3-5 mgfke/d 3 times weekly for 1 y.

Patients at high risk for thrombosis [history of thrombosis or positive thrombophilic tests): |V UFH at 10 U/
kg/h for 7 d, followed by LMWH subcutaneously (enoxaparin} at 1 mg/kg/d for 8 wk, then oral ASA at 3-5
mgfkefd 3 times weekly for 1 year. APTT ratio was maintained at <1.5 times baseline to monitor the UFH
dose; anti-¥a was maintained between 0.2 and 04 U/mL in patients receiving LIMWH.

Prophylactic anticoagulation with heparin (5-10 W/kg'h), initiated immediately after surgery, with dosage
adjusted according to the baseline coagulation test (APTT, target value 28-40 s). Subcutaneous heparin
followed, replaced by oral ASA (100 mg per night] 1 wk postoperatively.
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Ghidini et al, 2023 [53] Perioperative UFH infusion 5-10 U/kg'h if thrombophilia detected during pretransplant blood screening,
considerable mismatch between donor and recipient, vascular anomalies, or intraoperative finding of
graft venous congestion after implantation.

Schild et al., 2024 [54] DOad not specfy the antithrombotic protocol. The mean daily dose administered was ASA 2.4 meg'kg. UFH 140

Wk, and LMWH 1.1 mg/kg. The median initiation times for these medications were 160 h for AS4, 1 h
for UFH, and 72 h for LMWH.

Ramirez-Amoros et al, 2024 [55] Anticoagulation therapy was individualized according to the thrombotic risk. If no added risk was present,
LMWH started 12-24 h postoperatively and maintained until the patient restarted walking
[=postoperative day 8), then switching to antiageregation with ASA

APTT, activated partial thromboplastin time; ASA, acetylzalicylic acid; 1Y, intravenows; LMWH, low-muolecular-wweight heparin; UFH, unfractionated
heparin.

5 | CONCLUSION

Dur systematic review suggests that primary thromboprophylaxis is
Tromboproflaksi ile greft trombozu %12 den %4’e diismektedir. effective In prevending kidney graft loss secondary to graft thrambasis
in pediatric kidney transplants. This benefit of thromboprophylaxis
should be balanced with the risk of bleeding. However, the study
findings are limited by the heterogeneity and quality of the available
studies. Our study also identified knowledge gaps, including the
absence of optimal thromboprophylaxis regimens/duration and
inability to identify patients at risk for major bleeding.
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Abstract

Background: Renal graft thrombaosis (RGT) is one of the main causes for early graft
loss in pediatric kidney transplantation (KTx). Despite the lack of evidence-based rec-
ommendations, antithrombaotic prophylaxis (aP) is used to prevent RGT.

Methods: An online survey supported by the European Society for Pediatric
Mephrology was developed to investigate the current practice of aP in pediatric KTx
recipients <18 years.

Results: A total of 80 pediatric KTx centers from 37 countries participated in the sur-
vey. Antithrombotic prophylaxis was performed in 96% of the pediatric renal trans-
plant centers (all /selected patients: 54%/42%). The main overall used drugs were as
follows: low-molecular-weight heparin (89%), unfractionated heparin (UFH) (69%),

and acetylsalicylic acid [A55) (55%). Ten different aP management strategies were

identified as follows: 51% used a single drug and 48% combined two drugs sequen-
tially. The corresponding centers started aP predominantly within 24 hours after
pediatric KTx; 51% preferred UFH for starting aP. In centers switching to a second
drug (51%), this change was performed after 10 + & days; of these 57% preferred ASS
for maintenance aP. Reported median aP duration was 51 days (range 1-340).
Conclusions: Despite the use of aP in almost all responding pediatric KTx centers, there is
no uniform management strategy. Motwithstanding, UFH seems to be the preferred drug
for the early post-operative period of pediatric KTx, and ASS for maintenance prophylaxis
following pediatric K Tx. Prospective studies are needed to further evaluate the benefits
and risks of aP, preferably resulting in guidelines for the management in pediatric KTx.
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ABSTRACT

Background. Despite the significant improvement results over the past 20 years, pediatric kid-
ney transplantation remains a challenge. Chronic rejection, thrombosis, and recurrence of the pri-
mary disease are frequent causes of graft loss that have been little studied. Therefore, our
ohjective is to analyze factors related to a better prognosis, which can be used to improve future
strategies to allow higher pediatric transplant success rates.

Methods. A retrospective cohort study with patients under 15 years old submitted for kidney
transplantation at the Hospital das Clinicas da UNICAMP between January 1, 1987, and January
1, 2022. Age, patient weight, time and type of dialysis, use of anticoagulation, complications,
ischemia time, and donor weight were analyzed and related to graft loss. The significance level
adopted for the statistical tests was 5%.

Results. One hundred ninety-two medical records were anaThe mean follow-up time was
11 years, and the mean graft duration was ration 8.5 years. The main causes of graft loss were
chronic dysfunction, thrombosis, and acute cellular rejection. Thrombosis presented significantly
with the donor’s body mass index and second transplantation. There was no comrelation between
the analyzed variables and chronic dysfunction or acute cellular rejection.

Discussion. Thrombosis remains the main cause of early graft loss, followed by acute cellular
rejection. Measures such as thrombophilia screening and thromboprophylaxis have been pro-
posed to improve results. However, they are still not standardized.

Conclusion. The main causes of graft loss were chronic dysfunction, thrombosis, and acute
cellular rejection. Only the thrombosis was related to the donor’s body mass index and a second
transplantation.
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Thrombosis is the main canse of early graft loss: for this rea-
son, some measures have been proposed to reduce this nsk

Table 3. Early Complications Sm_ru& studies  have md the systematic :u.‘mening of
patients for thrombophilia [4.29] and pharmacologic thrombo-

Cormplication rinmd prophylaxis in high-risk cases. However, there is no consensus
Thrombaosis 18 (9.8%) on the ideal anticoagulation protocol. Low molecular weight
Bleeding =500 mL 7 (3.6%) heparin, unfractionated heparin, and aspirin were used in differ-
Renal artery stenosis 4 (2%) ent studies for a period that varied from 1 month to 1 year,
Urinary fistula 1{0.5%) showing (in some cases) a reduction in the incidence of throm-
Lymphaocale 11(0.5%) bosis without an increase in bleeding rates [30,31]. Other stud-
Surgical wound infection 1(0.5%) ies pointed out a decrease in the risk of thrombosis but with an

increase in the hemorrhagic risk [32], and others showed no evi-
dence of a thrombosis index [26,29.33]. In our study, 14.54% of
the patients had a personal history of thrombosis, and 7.22%
had a farmily history. Reports on antecedents and anticoagula-
tion were scarce and, therefore, could not be analyzed.
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