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VA Article

Delayed graft function after
kidney transplantation

Pat Tanprom, Opas Traitanon
Faculty of Medicine, Thammasat University Hospital, Thammasat University (Rangsit Campus)

Abstract

Delayed graft function (DGF) appears to be one of the most frequent early post-transplant complications and
remains a significant barrier to improve outcomes after kidney transplantation. The definition of DGF is still ambiguous
but generally defined as dialysis requirement in the first-week post-transplantation. There is still no accurate prediction
model for DGF after transplantation using clinical parameters of donors and recipients. According to evidence-based
medicine, current practices focus on prevention of DGF, from donor management to maintain near-physiological vital
signs, laboratory parameters, and medical parameters before organ retrieval, to donor pretreatment with dopamine
before organ procurement. Furthermore, the strategies in organs transportation to reduce cold-ischemia time, the
use of preservation buffers, and hypothermic machine perfusion were all shown to be beneficial to reduce the rate of
DGF. Recipient preconditioning trials have not demonstrated clinically useful interventions. To date, there is no definite
treatment for DGF. The supportive treatment is still renal replacement therapy while waiting for recovery of the kidney
allograft function. Ongoing researches on many levels may offer beneficial outcome on the reduction of the rate of DGF
and may lead to long-term kidney allograft and patients survival to be as long as possible.

Key words: delayed kidney graft function, ischemia-reperfusion injury, inflammatory response, innate and adaptive

immune response, preconditioning, machine perfusion, hypothermia

Introduction

Delayed graft function (DGF) is a clinical term reflecting
acute kidney injury unique to kidney transplant process.
A definitive diagnosis of DGF requires allograft biopsy to
exclude acute rejection, thus allograft biopsy is advisable if
DGF lasts for more than t en days. The other causes of early
allograft dysfunction also have to be excluded such as vascular
complications, urinary tract complications, and hyperkalemia.
Comparison of results from clinical trials is somewhat difficult
due to its current ambiguous definition. A systematic
review by Yarlagadda et al.' identified more than 18 unique
definitions of DGF in the literatures. By tradition, DGF is defined
as dialysis requirement in the first-week post-transplantation.
The United Network for Organ Sharing (UNOS) also defined
DGF as the need for at least one dialysis in the first-week
post-transplantation while the others proposed definition
based on a failure of serum creatinine level to decrease
by 10% on three consecutive days during the first-week

post-transplantation. Thus, further validation is required for the
creatinine-based definitions.

The incidence of DGF is hard to determine due to its
variation in diagnostic criteria and differences in the type of
donor pool. According to a definition of dialysis within the
first-week post-transplantation, recent registry studies have
reported DGF at approximately 25.5% of deceased-donor
recipients and 3-5% of living-donor recipients in the United
States.

Rates of DGF have remained unchanged over the last
decade, possibly due to donor pool expansion to include more
expanded criteria donors (ECDs) and more donation after
cardiac death (DCDs). Theoretically, there are many processes
during the sequence of donor and early recipient management
where it is possible to lower the risk of DGF. Some practical
challenges show weak evidence base or present a barrier
of cost-effectiveness issues to justify a change to current
practice.



Journal of the Nephrology Society of Thailand 5

The Impact of DGF

The short-term consequences of DGF are increasingly
being recognized, including the need for further dialysis
sessions to prolonged hospitalization. The long-term
relationship between DGF and graft survival is still controversial
in the published literature.

Yarlagadda et al.® performed a systematic review of
original studies about long-term (more than six months) out-
comes of DGF. The primary outcome was graft survival, and the
secondary outcomes were patient survival, acute rejection and
allograft function. Patients with DGF had a 41% increase in
the risk of graft loss (RR 1.41, 95% Cl 1.27-1.56) compared
to patients without DGF at 3.2 years of follow-up. There was
no significant correlation between DGF and patient survival
at five years of follow-up (RR 1.14, 95% Cl 0.94-1.39). The
mean serum creatinine in the non-DGF group was 1.6 mg/
dl. At 3.5 years of follow-up, patients with DGF had a higher
mean serum creatinine (0.66 mg/dl higher, 95% CI 0.57-0.74)
compared to patients without DGF. DGF was also associated
with a 38% relative increase in the risk of acute rejection (RR
1.38, 95% Cl 1.29-1.47).

Smail N, et al.’ evaluated the impact of immediate
graft function (IGF), slow graft function (SGF), and delayed
graft function (DGF) and the decrease in estimated glomerular
filtration rate (eGFR) during the first year post-transplantation on
long-term patient and death-censored graft survival (DCGS).

Table 1 Proposed risk factors for DGF

Ten-year patient survival was similar in standard-criteria donors
(SCDs) and ECDs kidney transplant recipients (P=0.38). DCGS
did not differ in both groups experiencing IGF (P=0.17) or DGF
(P=0.12) However; DCGS was better in SCDs compared with
ECDs kidney transplant recipients (77.3% vs. 67.3%; P=0.01).
Wu et al.’ recently analyzed biopsy-proven acute rejection
(BPAR) in a cohort study of 645 patients. The relative hazard
for T-cell-mediated BPAR in patients with DGF was 1.52. An
effect on rejection risk does not, however, entirely account for
lower rates of graft survival in patients with DGF.

Risk Factors

Risk factors for DGF were investigated by Irish et al.
from a large registry data set.® Although this registry was un-
able to show specific data to patient management and organ
preservation, the analysis revealed the occurrence of DGF
to be significantly associated with the use of donation after
cardiac death kidneys, donor’s terminal serum creatinine level,
cold ischemia time, donor’s age, donor’s body mass index,
respectively. The authors also noted that with time, the
importance of donor kidney function has increased, whereas
that of immunologic risk factors has decreased, the latter
possibly related to enhanced immunosuppression protocols
in the current use.

The proposed risk factors for DGF, correspondingly
from the highest risk, are shown in Table 1.

Recipients

Donors

Other

e Male gender

e Diabetes

e Pretransplant transfusion

e Previous transplant

e Pretransplant dialysis vs.
pre-emptive transplant

e Duration and type of dialysis

e Residual diuresis

e Body mass index

e Cardiac function

e Pretransplant blood pressure

e Pretransplant lipid profile

e Black race

Donation after cardiac death
Increasing donor serum creatinine
Cause of death: anoxia or
cerebrovascular

Deceased vs. living donation
History of hypertension

(or terminal blood pressure)
Increasing age

Body mass index

Duration of brain death
Duration of ICU stay

Graft atherosclerosis
Diabetes

Female gender

Preservation
e Cold ischemia time

e \Warm ischemia time

Transplant-related

e ABO incompatibility
e HLA mismatches

e Sensitization

Novel biomarkers

o Neutrophil gelatinase-associated
lipocalin (NGAL)

e Urinary interleukin-18 (IL-18)

Adapted from Nashan et al.’”
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Mechanisms of DGF

DGF is a consequence of ischemia and reperfusion
(IR) injury resulting in post-ischemic acute tubular necrosis.
Interestingly, this ischemia process occurs in donors, and
reperfusion injury occurs in recipients. The IR injury should not
be thoroughly compared to the same process of acute tubular
necrosis in native kidney. Principally, IR injury which occurs
during kidney transplantation is caused by blood flow
disturbances in deceased donors. Blood flow starts to be
impaired with the brain death due to severe hemodynamic
disturbances. These disorders cause the donor activation
of complement cascade of the innate immune system. The
clamping of a renal artery may cause a short, but severe kidney
allograft ischemia during the harvesting operation. In addition,
the cold ischemia during kidney allograft storage may also
cause a further ischemic damage. The kidney allograft from
living related donors is also exposed to warm ischemia, but in
such condition disorders related to brain death are not affected
and the cold ischemia time is also shorter. Thus IR injury is
less frequent and less severe in living—donors transplantation.®

The degree of IR injury depends on a complexity of
pre-transplant ischemic injury and subsequent innate and
adaptive immune responses after reperfusion. IR injury
activates various programs of cell death, categorized as
necrosis, apoptosis, or autophagy-associated cell death. The
necrosis described by the cell swelling with following rupture
of surface membranes is the most frequent consequence of
the IR injury. These necrotic cells can stimulate the immune
system and cause tissue infiltration of inflammatory cells with
cytokine release. In contrast, the apoptosis activates a caspase
signaling cascade induces a self-limiting program of cell
death. The apoptosis process was considered as less
immune-stimulating than the necrosis, but the recent data
have documented the extracellular release of ATP from the
apoptotic cells may attract phagocytes.’

A recent review highlights the autophagy, a general
term for pathways by which cytoplasmic material is delivered to
lysosomes for degradation. In response to the ischemic injury,
autophagy may retain metabolic functions and avoid the death
of the cells. The autophagy is one of the major tool adopted
by the injured cells to preserve their viability by removal of
dysfunctional organelles to provide an energy source during
starvation. It is also regarded as a protective response to
pathological injuries, and its stimulation may, therefore, improve
the graft outcome."

The innate immune system is a corresponding response
to conditions of disturbed tissue integrity as happens in IR
injury. Numerous cells and mechanisms are shown to be in-
volved in the innate immunity. The IR injury also elicits a robust

adaptive immune response. T cells (CD4+ and CD8+)
accumulate during IR injury and mediate further injury. In the
chain of the consequence of the IR injury, two steps should be
distinguished: innate and adaptive immune systems.

Innate immune system

Main mechanisms have been well studied in animal
models of IR injury, including the TLRs, the inflammasomes,
and the complement system."

The principle recognition receptors is the toll-like
receptors (TLRs), both intracellular and extracellular, is essential
in recognizing the pathogen-associated molecular patterns
(PAMPs) or danger-associated molecular patterns (DAMPs).
TLRs activate kinases pathways, such as interleukin-1-
receptor-associated kinase 1 (IRAK1), interleukin-1-receptor-
associated kinase 4 (IRAK4), TANK-binding kinase 1, and
inhibitor of nuclear factor KB (NFKB) kinase. These pathways
lead to recruiting in the cytoplasm adaptor molecules, such
as myeloid differentiation 88 (MyD88), Toll/interleukin receptor
containing adaptor protein (TIRAP), Toll/interleukin receptor
domain-containing adaptor inducing interferon (TRIF), and
TRIF-related adaptor molecule. The kinases intensify and
transmit the signal to the transcription factors NFKB,
mitogen-activated protein 3 kinase (MAP3) and interferon
regulatory factor 3. The transcription factors finally encode the
genes, which regulate the inflammatory cells.

It responds to DAMPs, multiprotein complexes called
inflammasomes, might be activated by any cellular injury.
The NOD leucine—rich repeat pyrin domain containing NLRP,
termed NLRP1, assembles into a structure which activates the
caspase-1 cascade, lead to the production of pro-inflammatory
cytokines, such as interleukin-1f3 and interleukin-18.

The complement is also involved in the IR injury.
The DAMPs can activate all the three complement pathways,
resulting in the formation of membrane attack complex (MAC)
and chemokines release, leading to neutrophil activation,
neutrophil infiltration and cell apoptosis or cell necrosis. The
complement cascade may have already been activated by
the brain death. The C5a component of the complement may
directly acts on the C5a receptor expressed on the dendritic
cells, resulting in the cell activation and later augments the
alloimmune-specific T cell stimulation.

Adaptive Immune system

In tissues affected by inflammation, the dendritic cells
become mature, then bind to the antigen and migrate to the
lymph nodes where these dendritic cells present the antigen to
the T cells. T-cell activation is mediated by signals generated
by the T cell receptor and the co-stimulation molecules. This
interaction between T and B cells may generate an alloimmune
response to the injured allograft.”
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Therapies for Prophylaxis of DGF

Donor Intervention

Ideally, achieving and maintaining hemodynamics,
cardiac output, volume status, oxygenation, ventilation,
electrolyte balance, acid-based status, and normothermia,
with careful management of donor prior to consent or organ
retrieval, could substantially improve the risk of DGF. Many
trials focused on donor intervention.

Malinoski, et al.”” prospectively examined the risk of
DGF in 492 deceased donors according to whether a cluster of
donor management objectives was reached. These parameters
included mean arterial pressure 60—100 mm Hg, central
venous pressure 4-10 mm Hg, ejection fraction =50%,
low-dose vasopressor administration, arterial blood gas pH
7.3-7.45, ratio of arterial oxygen partial pressure to fractional
inspired oxygen (PaO2: FiO2) =300, serum sodium 135-155
mEg/L, blood glucose <150 mg/dL, and urine output 0.5-3
mL/kg/h over 4 hours. All goals were met in only 14% of
deceased donors at the time of consent, mainly due to only
16% of patients having ejection fraction 250%. DGF was found
to be less frequent in patients transplanted from these donors
who had met all parameters goals (17.3% vs. 30.1%, P=0.007).
The multivariate analysis also confirmed the benefit of meeting
the donor management goals.

Schnulelle, et al.” studied 264 deceased heart-beating
donors and 487 subsequent renal transplants. Eligible donors
were hemodynamically stable under low-dose norepinephrine
with a normal serum creatinine level on admission. Donors
were randomized to receive low-dose dopamine (4ug/kg/
min) compared with not receive dopamine. The primary
end-point was DGF (defined as dialysis requirement during
the first week after transplantation). The requirement of dialysis
was significantly reduced in recipients of a dopamine-treated
graft and there were fewer recipients in the treatment group
who required multiple dialysis sessions post-transplant (56/227;
24.7%; 95% Cl, 19.0%-30.3%; vs. 92/260; 35.4%; 95% Cl,
29.5%-41.2%; P=0.01). The need for post-transplant multiple
dialysis was associated with allograft failure after 3 years (HR,
3.61; 95% Cl, 2.39-5.45; P=0.001), whereas a single dialysis
was not (HR, 0.67; 95% Cl, 0.21-2.18; P=0.51).

Donor preconditioning by cooling to targeted
hypothermia prior to organ retrieval seems to be beneficial.
Niemann, et al."* examined the effect of targeted mild
hypothermia in organ donors before organ recovery on the
rate of DGF. These 370 organ donors were randomly assigned
to one of two targeted temperature ranges, 180 in the
hypothermia group (34 —35°C) and 190 in the normothermia
group (36.5-37.5°C). The primary outcome was DGF in the
kidney recipients (defined as the requirement for dialysis during

the first week after transplantation). The interim analysis showed
the efficacy of hypothermia and the study was terminated early.
At trial termination, 572 patients received a kidney transplant
(285 kidneys from the hypothermia-group donors and 287
kidneys from the normothermia-group donors). DGF found in
79 recipients of kidneys from the hypothermia-group
donors (28%) and 112 recipients of kidneys from the
normothermia-group donors (39%) (OR, 0.62; 95% CI, 0.43
to 0.92; P=0.02).

Graft Preservation

Two most widely used preservation buffers are
University of Wisconsin (UW) and histidine—tryptophan—
ketoglutarate (HTK) solutions, which show similar DGF rates
for most donor types. Another solution, Eurocollins has been
shown to be associated with a higher risk of DGF."

Machine perfusion has been introduced in the
early days of solid organ transplantation to minimize the
adverse effects of cold storage on retrieved organs. Machine
perfusion continuously circulates substrates for adenosine
triphosphate (ATP) synthesis, flushes waste products and
allows assessment of metabolism and viability of the graft by
measuring the compounds in the flushed fluid. In recent years,
there has been an interest in the machine perfusion particularly
for donors of marginal quality.

Moer, et al.”® designed an international trial in which
paired kidneys from 336 consecutive deceased donors were
transplanted to 672 kidney recipients, randomly assigned
one kidney to machine perfusion and the other to static cold
storage. The primary end point was DGF (defined as requiring
dialysis in the first week after transplantation). DGF developed
in 70 patients in the machine-perfusion group versus 89 in
the cold-storage group (adjusted odds ratio, 0.57; P=0.01).
An advantage for machine perfusion was seen for both SCDs
and ECDs, or for donation of the decrease in the serum
creatinine level and reduced the duration of DGF. One-year
graft survival was superior in the machine-perfusion group
(94% vs. 90%, P=0.04).

A recent meta-analysis involving a total of 11,090
ECDs graft found that hypothermic machine perfusion was
associated with significant reduction in the rate of DGF
compared with static cold storage (OR 0.59, P<0.001)." In the
United States, where the hypothermic machine perfusion is
widely used, an analysis of registry data from over 15,000 kidney
transplant recipients found this intervention to be associated
with a reduction in the risk for DGF irrespective of donor type
(SCDs or ECDs) and duration of cold ischemia time. However,
the relative cost-effectiveness of machine perfusion compared
with static perfusion has not been established."

Ex vivo normothermic perfusion (EVNP) is an innovative
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strategy of preservation that restores circulation and allows
an organ to recover function before transplantation, following
a period of cold storage. The donor organ is resuscitated by
this normothermic machine perfusion which maintains nearly
physiological conditions. Several small studies in ECDs have
showed normothermic perfusion to be beneficial. A small cohort
study in the United Kingdom, including 18 ECDs, reported a
low rate of DGF compared with control group in which standard
static cold storage was used (5.6% vs. 36.2%, P=0.014)."

Recipient Intervention

Ideally, administration of anti-inflammatory agents
could help to suppress the immune response to engraftment
and could direct against leukocyte transmigration. It has been
proposed that antithymocyte globulin (rATG) could induce the
immunosuppressive effects which might suppress IR injury.
Goggins et al. examined a prospective, randomized trial in
which 58 deceased-donor transplant recipients were randomly
assign to receive rATG (1 mg/kg) starting either intraoperatively
or within 6 hours after reperfusion. The patients who received
an intraoperative first dose of rATG had a significantly lower
rate of DGF (14.8% vs. 35.5%, P<0.05).”°

It seems possible that delayed introduction of calcineurin
inhibitors (CNI) is beneficial and this is one of the reasons
for the use of rATG induction in kidney transplant recipients.
A recent study by Né&el et al.”' conducted a randomized trial
in 227 deceased-donor recipients at high immunological risk
and found a lower incidence of DGF, using rATG administered
daily between day 0 and day 7 at a dose of 1.25 mg/kg/day
(total dose of 6.0-7.5 mg/kg) with delayed introduction of CNI
maintenance regimen. The study found a lower incidence of
DGF with rATG induction than with the daclizumab (31.5% vs.
44.6%, P=.044).

CNI-free regimens are controversial in lowering the risk
of DGF. Flechner SM, et al. conducted a large randomized
trial of a CNI free, sirolimus based regimen comparing with
a cyclosporine-based regimen. The study has not shown a
beneficial effect of this CNI-free regimen on DGF, and the risk
of rejection was increased in the absence of CNI.** A study
by Salvadori M, et al.*® in which reduced-exposure CNI with
everolimus in recipients at high risk of DGF from the time
of transplant, did not show the reduction in the incidence
of DGF compared with a standard CNI regimen with
mycophenolic acid.

Randomized trials of pre-conditioning in recipients
with perioperative high-dose erythropoietin o** and
erythropoietin [325, based on a renoprotective effect of
erythropoietin as observed in animal models, have not
shown any effect in reducing the incidence of DGF in
deceased-donor kidney transplantation. The effect of

remote-ischemic preconditioning (RIPC) in recipients of
deceased-donor kidney transplantation was examined by
Krogstup, et al.*® and showed no benefit in reduction of the
rate of DGF.

Treatment of DGF

Until now, there is no established treatment for DGF.
The most useful management is to focus on the prophylaxis
of DGF. Close monitoring of graft function and maintaining
near-physiological parameters of the donors and graft
preservation strategy have been shown to reduce the rate
of DGF. Persistent DGF should prompt the physician to
perform repeated biopsies every one to two weeks to detect
low-grade rejection. Change in immunosuppressive therapy
should be considered if rejection is suspected. Dialysis should
be withheld rapidly in response to improving graft function to
avoid overdialysis. Therapeutics of DGF in recipients such as
high- dose erythropoietin also has been proven ineffective in
the clinic trials.

Conclusion

The mechanisms underlying the IR injury are complex
and involve both donor and recipient factors. The strategy of
organ procurement and storage preservation plays a major role
in protecting IR injury. Animal models are essential for testing
basic pathophysiological mechanisms, but not be able to fully
replaced human acute kidney injury models with or without
transplantation. Prevention of donor’s organ injury seems to be
the primary strategy in the prophylaxis of DGF. Therapeutics
focused on specific pathways in recipients showed the trend
of no additional benefit on the reduction of DGF at present.
There are many promising novel therapeutic strategy though
whether they will be translated into clinical benefit remains to
be seen.
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gelatinase-associated lipocalin
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6. WUNSAWIFI20NIITM I uviaamLEaALAIIWIALEN bblA

(fibrous intimal thickening L& arteriolar hyalinosis

7. Wevihnsdanduylungeaisauwd
8 & o
(immunofluorescence) Tudwiiale Tnaduwau

dnuaznewensamwiia lawaste CKDu AseARs
fulsnla@esefiinanaunaiwutesriall delaifidnums
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vensAnvInuiinsruwisazesattulunasaiionues
awmednlnla (arteriole) Fedninsiuszauanudonaasl®
wsisnnsnwgdie CKou Tweatanaaswumsnuwisiees
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Usznaululewnd (superphosphate), 81zungy, W9 wae
ssAfoumane wAnlesEgsanedunananiela 4
danlngdniAnainguyniienninifiasuandenioUn
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NTEUIKNTON IR’

1. ﬂizﬁ% protein kinase C 9B TH DMT-1 (divalent
metal transporter 1) FOHINTY LﬁNmsa%wa%aﬁasz (free
radicals)

2. nazAuNIAneyAsFszHTwNEUSIN1YI
analulnpaniaiefinaonladosdiuin waznazguiawlasl
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Chronic kidney disease of uncertain etiology

Sompote Intarak, Sirirat Anutrakulchai
Division of Nephrology, Faculty of Medicine, Khon Kaen University

Abstract

Chronic kidney disease (CKD) is a worldwide public health concern because of its rising incidence, high morbidity
& mortality and need of high treatment cost. Diabetes and hypertension remain the predominant causes of CKD.
However, some patients have chronic kidney disease of unknown etiology (CKDu) which the kidney biopsy and laboratory
investigations show characteristics of chronic tubulointerstitial disease. Previously, prevalence of CKDu was reported
highly in countries with poverty, insanitation and agricultural-based economies but current data show CKDu are
emerging in both developed and underdeveloped countries, therefore, other factors addition to poverty may play a role.
The multifactorial risks predisposing to CKDu include male, 30-50 years of age, family history of CKDu, manual labor
under very hot conditions and inadequate replacement of water, living in high altitude areas and history of chemical
and biological toxins exposure from occupations or a daily living. Several these risk factors are preventable, but most of
people still lack of awareness. Although causes of CKDu remain unknown but many studies have shown that reducing
these risk factors can prevent or delay kidney failure in the future.

Keywords : chronic kidney disease of unknown cause, chemical and biological toxin
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vind1e® sasmnasnunaizesalmiengs Sefamudsty
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Aadwanfinensulssmuse TwiUSInamnn g% lanthanum
famwiinenfisuussmusiafwiosndn usiiissanedinsga
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Phosphate binder

o equivalent dose of une (Fadndn) Pill burden
g1aunadtie & 0. 0o 31AY1
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Sucroferric oxyhydroxide

Wisdlo PA 21 ZavnanisnAe Velphoro® iiuansusznau
FEARI polynuclear trivalent iron (Fe3+) oxyhydroxide ﬂf’lma
ﬁIﬂia (sucrose) wazudd (starohes) Ine Iron(III) oxyhydroxide
Lﬁuﬂﬁﬂi naufiliazanew® n1seangNaeAEnIsLan
Lﬂaﬁl%‘ﬂﬁ hydroxyl Aunasnmaluewns uazdanedinnean
719933152

dAn1sAnw1289 Maria Wilhelm wasAme® Useidin
ANHEINNI02098 wnsTUNaENR wasAmENUR lunsUsae
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TWRdnwazasgfuMLineInng HA1RNNLTWIIARA1(pH)
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Usznau 500 HadnIN 2892uw1mE1 sucroferric oxyhydroxide
2,500 Haansw

Ferric citrate

fidoSendndodn JTT-751 HomenisAAe Zerenex™
gmﬂﬂiﬁa%’mmﬂlﬂﬁ Fe+3, x(-3 ,2 ,1 propanetricarboxylic
acid, -2hydroxy-), y (H20) miaanqwgﬂ%’W\IaaLWM Imaﬂixg
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Tuwarnns ﬁmﬁuﬂsz@au nmaLﬂugﬂﬁvlaiazmaﬁwaams

Usznauldedon ferric-phosphate "Laiamﬁmimmaéﬂﬁ

waduaanniegaanse’

finsAnwi2ag Hsu, C. H. UseENSA W
p9enTunsdunaanlumalfine1ms seemyin1sihawaes
Tauni wazgniinlélanesnentssale (subtotal nephrectomy)

ez

wWsueunislvuazldlw ferric citrate fnna 2 9 4 §UA A

wudmyiidnsihemeestad msgadawosinalunzilas
uazd ferric citrate Uszanod 103.3 uaz 84.7 HaanNmain
pwdeu dmmyiigninlvilanne fnseadanesinalnaizi
Taifiuazsl ferric citrate Useanni 95.3 uaz 77.0 Nadnsusai
ANETRU FORWINNNIAIWILNUTT elemental iron 1 N3W
ausndurlaawnls 85 s 180 Aafnsn

FDA Uuzinawimen 2-12 n3usadh SuUsenmunian
a3 Tnelsidaoiies awimen ferric citrate 1 n3x Usznausae
ferric elemental iron 210 HadnsH

Us:dnSnmuwyoin
Sucroferric oxyhydroxide
finsAnwiUszansnmuaskasaiesesensasio LU
a1 (phase 1) {Wwn3AnNw1289 Geisser wazAme"
iagUisnansgansnamaNEngssneLiiaUsziANHLEE
a9nNzwanIAvLaziinlnesAaIIng LazUsivaans

anszsunamwalwdondadn uwegidndinnisdnendn
3 ngs loud fuhelsnlaEasosze: 3 uaz 4 Swam 8 918
fuhelsalaneuasldsuniswenidenseinsaslaiienswan
8 918 WAZNFNATUANFAATWLIIUIITINIW 8 318 vl
&1 sucroferric oxyhydroxide 2w1A 10 N3NEaYHh [Wwnan 7
T UszifiunmsgadusiaumantaeldaslelainUfaniusisman
wuARAEn1sgAdnsIRImanEngsemenniigalungad
gaawudouss wusoeaz 0.06 uazwuviasfignlungslnae
wazlasunswenidensiewriaslafion Seeas 0.02 Msanas
ansszaunasinm lwFonangalungaiaelaneuazldsunns
Wenidonseinsaclaiien anat 2.85 + 0.78 &9 2.25 + 0.85
fafluaradns uazanls 1.44 £ 0.29 §i9 1.10 + 0.27 Nadlua
soAnslungagihelsalaisosiaze: 3 uas 4 uadaifesiinutas
wsilaiguuse laundeas wu 9 Tu 24 518

#uil 2 (Phase wunisAnuigdanaassgs
289 Wuthrich wazAaz 910 50 uvie Tuglsuazansgawssm
Tufthedlssunaanidenseiniasladion S 154 e
WaSeufieuaweenfivanzaalunsanssaunaanmluden
IneSeuLieuawnen 1.25, 5.0, 7.5, 10.0 uas 12.5 nSuEaTn
fiu sevelamer hydrochloride 4.8 nSuFa¥h [Wwia1 6 §UmH
wuAnademsanszuraaalwden lungaildawa 10
waz 12.5 NSNGIDTM Aa -2.001.71+ WAz -1.691.81+ Naansw
HelngansnNa1su Aadenisansziunaaialuiien
lunga sevelamer hydrochloride -1.061.35+ fadn5usa
IAZERS WABUWINAU sucroferric oxyhydroxide 5 NSNABTH
Foanle -1.082.12+ fadnsusandans waz 7.5 niNsoTw
anle -1.251.21+ Aadnsnmawnddns azifnlad1awinen
sucroferric oxyhydroxide 5-12.5 NINADI HINITNAATLAU
wasialuwidonlsd daunadrafseinuyoslungudls
sucroferric oxyhydroxide lalr Waswnludansuazgaanss
Wasnd ﬂ'l%nﬁjmmﬁ sevelamer hydrochloride WaZ19LAgg
fwudaslsun dewa Wosmnlwiansn uazanuswlains
usioens lsfmnaswmngiheeanainnsinwiiasanuainafes
Taifiamnasaiwluiaaasngs

i 3 (Phase 1) WunsAnwafianaassguaag
Floege wazaniz™ lughhe 1,055 518 AildSumsthdanaunala
wnsenidensiersaslafisnuaznisarslanisdastios
ﬁﬂizﬁUWaaLWMTuLﬁaﬂga Anwlszansnmuwuazanalasnsie
284 sucroferric oxyhydroxide InewSeuiieuriu sevelamer
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Fad% WAz sevelamer carbonate 4.8—14.4 NSNERTH §IN1I0
Usuamwmenln 8 dUmiusniuiuszsiunasnnlmdon annii
AIIwInety Aamn 24 dUAY wudnszurednmanad
0.71 fadluasiadns lungn sucroferric oxyhydroxide uas
0.79 fadluanedns lunga sevelamer carbonate lae
wags el 3 uas 8 fiaset madeu Wl
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ﬁaaaanmﬂmiﬁnmmnnjﬂunajﬂﬁiﬁ sucroferric oxyhydroxide
sowaz 15.7 Weuiusaeas 6.6 Twngn sevelamer carbonate
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oxyhydroxide WU32sIU transferrin saturation L‘ﬁla\lﬁu wazwwI i
ferritin Lﬁluﬁm‘ﬁ'%ﬁ%

wivniwlafmsdnusiaiiiosnn Phase I wiag
UszAndninuazanadasniezasen A3wingUaeidnsiu
nsAnel 644 318 Aamneealudn 28 dUar Twnns
Snwviianls Phase Il Wu31 sucroferric oxyhydroxide
muAnszaunaswalwRaales uiniingisetuiasndy
Anaaane TS UUTENUeNANT winunainaFeslungs
#ilsi sucroferric oxyhydroxide gan1 usidulnajgiheaansn
nuwagngLAesls wudneanisinaAesaasenazanaminlden
staznwIndn uazlinumsszansaandnluinene wanan
fia2AU ferritin |RnAUYIORBINGN UASZAU transferrin saturation
wazdlulnadn fsziumed

fovin ﬁnﬂmiﬁnmﬁﬁﬁqﬂi}gﬁ% sucroferric oxyhydroxide
fiuszAnsnmalunsanseaunemnalwdon lugued iz
matdanaunule Tnedldsuwmdneisoiusn ik
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01 3ENEMAILE IUTe uAzgaaTziUAend Adayadn
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Ferric citrate

finmsinwinslden ferric citrate Twn1saaszsiunasine
Twdoadunaiwinwnii 10 U

INNSANYILUUNARBIFHIBY Wu-Chang Yang Uaz
Az’ lugUaedlasuniswanifendeiniaslnfionuasd
mazwesialwiengs S1win 45 318 Wisuifisumsld ferric
citrate &g calcium carbonate Juaz 3 nsusiatu lnelalasuen
Fuasalwiereindutawdhiiunisfnudvnm 2 §es
nniuiamaly 4 §Uad wuiaassaurasslwdont s
vorasnguog1esiiedhAnyoads Tnengudld ferric citrate
anszauNasnalwionan 6.71.9+ wnia 5.71.6+ AaaNsH
sewdans wazlungaiils calcium carbonate anszFUNDFLNA
Iwidonan 7.21.9+ 1wle 5.21.5+ AaAnSnAoLAdans
floual ferric citrate amszauWasWAlwionliaandt calcium
carbonate witlainusziuunadealuwdangoseiinulu calcium
carbonate

Fudl 2 (Phase 1l) Anw1uszansninuazannUaanse
28981 ferric citrate 1oe Sinsakul wazamz® Tuguaelnane
FaSeszezgavinedldsuniswanifonsaeiniaslafienuas
Tesuenduasimawings laee ferritin ioend 1,000 nusadns
waz transferrin saturation %aeNi13aeas 50 I1WIK 55 18
Tnawgasuusznuendunasinman wadlw ferric citrate
4.5 n¥wsaTn USuanaedisnielu 4 §Uav Tiszsunasn
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Hu 6 ndusiatn nudrszsunesnaludenlaisisansosm
5.91.4+8UAU 5.41.4+ HaANINFABIATANT SIUNaZ19LALg
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wunsiiiadiugan ferrtin 910 554296+ 1w 609340+ n3usie
8513 wAZWINTZEU transferrin saturation 91NSaea: 307.8+15u
Jaeaz 13435

#ufi 3 (Phase Ill) MSANWIAAANAADIENIDY Yokoyama
wazane” Tuguaedlasunisnenifensieiniasloifion
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ANNUaaRAaYaY JTT-751 (Ferric citrate) MU sevelamer
hydrochloride Twnsanszpunaanlmden fnan 12 dUav
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hydrochloride lmeaansnanls -0.82uaz -0.78 Hadluase
553 MNAEU wonanitaauLAaBeaLazn Inseesgaslam
Twonlusnafiwiodaengs sedu ferritin uag transferrin
saturation geninlungudle JTT-751 wuemisanemadlungs
il JTT-751 wazvimagnlungudls sevelamer hydrochloride
InnsAnwsinudn JTT751- fuszandamlunisansssiu
WaanlwRonuazannlaandeliunns19an sevelamer
WAENHNSOLANTZAU ferritin Wae transferrin saturation 6t

Snnsfnuwza9sn 3 (Phase Ill) WwmsAnwizfianaas
g8 Tng Dwyer JP uazAniz™ Tugthedldsunsanifansie
w3aolaien S1uw 151 318 WefnwewiRefifivszansnm
lumsanvaanlwionzas ferric citrate lnald ferric citrate
WIRT, 6 WD 8 NSHADTW BARNTzEzEw 4 §UAY wudn
sansnansziunaslaludenlsimaewneiiaw Tne
firadsaasszsunamnnluiionanas -0.1.7+1.9- 1.3+1
Uaz —2.12.0+ HAANINADIATART AINA1AU

ninswinsAnwsaiissuuunasasgadnEIm
2 60 1 g Lewis JB uazAniz” Ingtheflasunsimianauns
Tauazfiszaunoanlwdongonnniiviowiiu 6 fadnsu
FOIRTANT HI2AU ferritin hpENIN 1,000 NINADENT WA
transferrin saturation #aendtsasas 50 Twgule 441 g
ernwnaluszezen e ENS W wazn1siinszsuzanan
Tnel¥ ferric citrate 2wIRSNEW 1 nSwsaTw FeaziuSunm ferric
iron 210 N3N NgnAIUAN AT calcium acetate v38 sevelamer
carbonate UsuLiinawimensnszaunasinalwdon Hamu
52 fav wulszAndanlunmsanseaiunedinmludenuas
uagaesliuansnsiwiedangs Aadszasszaurasn
Twiandoduganisfnunlungudls ferrc citrate 1Ay
5.41.6+ fiaAn3useindans ngnillel sevelamer carbonate Wiy
5.4 1.7+ Aadn3NrolATERT uazngNlH calcium acetate + 5.3
1.4 fadnsurandans lneldnwiwdinen 8, 9, 7.7 finsain
PNNENGTU WUMSiadwas ferritin LA transferrin saturation 8819
fvpdAneaa IneAeieniadia ferriin Ao 114.129.35+
wlwnSusafNafans uag transferrin saturation $a8/as 8.621.57+
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SIN1TNARIWIASINENT I NInaERLEERAINED 12.95
fiadnsusaduay ilaifisuiunguauasilyl 26.88 fadnsn
sasUay uazann1slden EPO wle 5,306 giesadun1v
\isufiungaeauan 6,951 ghndaduny A18lnlnatngedn
ptnsfitadAymMonialungadls feric citrate wiwUTZHU
ferritin #1nn31 1,500 wiluninsediadans Sovaz 19.8 lungw
6 ferric citrate Lfigufu $a8az 9.5 lungnATUAN

Fasiwandayanisdnunfedagiu Ferric citrate
fiszAnsamialunsanszsiuraanlwdon lugaedlssy
nstanaunwle uazsiinuSinauninlusenie i feritin
uaz transferrin saturation ¥nlamawianisldan EPO was
smanilinevaemdensls uadnafssinuuesldun
dewman gaanssifend vieedn usdawlvgnunaitofeels
widsfnmunsminiinluszezendsioly iesniidays
WAIN5 e 52 §mv Lheausesaz 20 fszAU feritin 3NN
1,500 wilnnsusofiadans

F9yAs1§AINNITANWILUUILATISABANIWATEE Y
(network meta-analysis) 489 Suetonia C WazAM’® e
WiguisuUssansainendueann Taun sevelamer,
lanthanum, iron, calcium, colestilan, bixalomer, nicotinic acid
waz magnesium wulgnIRaanszauNadiinluiion
lsnaslneaniz sucroferric oxyhydroxide Wag ferric citrate
fiszAndawinn Inewadnadsefinusnnninendunaae
2Badw lAuA a1n1saemad usnadaAeedulasiean
endunaaianaly

Uﬁﬁ%miswi'mmgu 31nNN13ANW1289 Chong, E
20 Lﬁﬂ@ﬂﬁﬁ%ﬁl’ﬁ:%d’m sucroferric oxyhydroxide
fu endw 1wnsAnvnuunasesgaluenaaAsigan NG
Ime1sd sucroferric oxyhydroxide 1 N34 SanueN losartan 100
HaANIN furosemide 40 HaANIN omeprazole 40 HAANSH digoxin
0.5 finAn3n waz warfarin 10 AaAn3s TaeAwuilinan (AUC)
Twnazviosine naefifians uae 2 dlumdesulsenmuenvs
WU31 sucroferric oxyhydroxide ﬁﬂﬁﬁ%&ﬂﬁu&l’mﬁjmﬁﬁﬁmﬂ
snnsnFulszmuiniulng lidosUsuamansatfewan
Fuusznmw ngayaan FDA AITTUUsEMUeN ferric citrate
#1991n Doxycycline 1 Falug

LAS AIUS

A2WUaDONEIIa-Wad1IIALIYDIEN
WONNKATIILALITBITZUUNIIAUEINITATIVIIN
nnsAnufiduandesn Tiun dewman gaanszdend
Unvios pauld 01few fAdayaherafinfivaesazgfifiosain
nsld citrate MTudamsznavaas ferric citrate LHagan®
Citrate ¥ilvazgfifieniiunaglnanisuazinazaiannni
wazvihlvdeainsnaafoywadaasuiadld (tight junction)
neantn Sainnisgadunazgfifen Sausasfinisldendu
WosanfezgRiionndmusznauanas usdnIzwIRdoN
Tuifagiin armsuazinuefinenafesgfiiendwd onls
fifoyansAnunfidn subanalysis 289 Phase NI lag Van
Buren PN uazmmz® griindasasiezasen laeafiuioya

WUUTOLEHENTIN WuTdsARaall 52 dUny nguile
ferric citrate fAARBYBITRUBzgRiexlwEon NN
6.0 \w 7.0 lulasndnsedns willdunnsnsasnefivedAny
noafid wlaimumaiadueassssuazgfifionlmdonlungs
#ilsien calcium acetate %38 sevelamer carbonate
nnsAnwInsifiuieyaganuUsendedwiisiis
wuhszuuaades lwdaniaduriniurosaongs uwif 4 5o
Tungaiils calcium acetate LinAzuAadenlwdongs sy
wisInsesdsaslunanaviniuidaongs sziuLaayfin
Twdon Sawdimdonany dwmanlnles SerlnaiAeein
nedaenga uaszeuladulaaainasasuaz LDL 6100
Tunguitls sevelamer carbonate dmwainaiAgsiiaAnn1xly
52 dUni wuinguilel ferric citrate LARNAINOLAEITIFIITY
viasnh samnmainide liuanseiwluriodaonds ulfiaamsism
Junanonadnamslidowuaiielusldinsybiulnuds
rialsmler
Foiuandayalutlagindslinunadnndemisnu
\Iuiwanenfiguuse wiliiesainfamun ndsnsldenies
52 §Ua¥ uazandeyanisAnuinudn Annsiingasseu
pzgiiiienlwdon AowslineslaifiedAynosifusiiasain
Tungaileisuen calcium acetate %38 sevelamer carbonate
Tanunaiszasesgfifiealmianas Fousainisnsine
Tuszezeniitafnmuanaduiiusial
galaifidoyansinuen sucroferric oxyhydroxide waz
ferric citrate Tungjasonssst
#ayaain FDA dnsssiuanauasnsdelundgosonssd
szu B Wissnndilinunainadesludninaaes

Us-lgatiiuidumnmsaas:auioaiuayolen
ferric citrate

wasau3amn1slden ESA uazsimmanlutiunde

{n15Anw¥1289 Rodby RA WazAmz® L UwN15ANY
wuunaaasgn taeviidayaain phase I1I° wnUSeuiiieuiu
ﬂizmnﬂuﬂi:mﬂaw%’gaLﬂ%mﬁﬁm'gﬂmwL%a%aixﬂ:ﬁw
iiaUsziiivnsananldanendalden ferric citrate lugiae
flasun1seniianseiadaclafienwasinnizladnane
foalasusigninilvniovasmfensinia EPO wuin
dwnsnanUinim EPO 16 129,106 giimsasnesal uas
anUSuus1ganAl¥nevasaiienld 1,960 Aadnin
soseseald Andudiwindnlunisananlddieans EPO
161 1,585 moaa1sansgronnsal uazoNAANNIIRAALED AN
516 paaaIsanIgranusall

FainandoyanisAnuanudn aasnandllddne
Tumssnwinslafsasainlanesess alssunmsveniden
shewrsaslafinndannlasuen feric citrate 91NN1SARZWIA
£ EPO uazsnamaniil¥inemanaifansi

wados:Au fibroblast growth factor23- (FGF23)
fdayan13FAnwI289 Gutierrez OM UazAME™ WUT
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naifinduzas FGF23 fuasodnsndedinlugaediSar
nsWenidansieinsaslofien wasdniwsiudnsndedin
Tnewannzlspilauaznaamion wasanlminniznda
o lalauasirledaunas FaFes HugasTaniingslune
WQaLWMIuLﬁaﬂgloLﬁaﬁUWaﬂLWMmaVLm wazéudonisrinan
2091w 2is] 1a Hydroxylase v lvinsadregaslaniminiaiad
34 (active form) 1,25(0H) D anas ammi@mﬁuﬂa&ﬂmmnéﬂﬁ
finsfinwngeg Akira Iguchi uazAnz® Wunisinaaguae
flgsunsvenifensheirdoslaiesifssiunesnelwdengs
sawnuiinmazenaonaman uazlssuen sevelamer hydrochloride
§1n 27 918 naINETINNsAnYYAsWasueIan
sevelamer hydrochloride U ferric citrate Rnma 12 dUa1%
WuIMaUAEwaIN sevelamer hydrochloride 15 ferric citrate
szruasnn lwionrainaIn 5.89 + 1.45 Uu 554 + 1.35

a o 1

fisansnrawTEmT S2AU ferritin NN 25.6 + 24.3 1T 55.8
+ 335 wiluninrafiadans AaReszay intact FGF23 uaz
C-term FGF23 amnasat9dlkaa1Ayn19ais 910 2,000
1w 1,771.4 Alansusadadans uaz 1,608.7 1Un 1,165.2
RUsiafiadans maasu Anadessiunia inseesgaslan
Lﬂuﬁuamaﬂﬁﬂﬁwﬁagmaaﬁﬁ 910 96 10w 173 @lansw
BONARAMNT

ANNSANYINUIN ferric citrate aRSEAU FGF23 WAz
WnszaunsInseesgeslanlne laguiuszsunasaua:
SEnfind HTun15an FGF23 a1vamdnsiedin nnzndsiite
wlalansevnladuman wisasnsmsAnunifswamgisnsm
nafinwnniiiuazinealuszezensely Tneaansnasy
WSsuiigunazeeen sucroferric oxyhydroxide Wag ferric citrate
uaeeluenT1on 3

m113199 3 agUSeuisuRMaNURSNg ) 5erINg Sucroferric oxyhydroxide @z Ferric citrate

g1dunasaidsaman

Sucroferric oxyhydroxide

Ferric citrate

Wudaudsznau
Taseasanaas SN EANIDS polynuclear Fe*, x(1, 2, 3- propanetricarboxylic acid,
iron (lll)- oxyhydroxide, 2-hydroxy-), y (H20)
tf’lfil'la’g[ﬂ‘iﬂ (sucrose) wazuily (starches)
#ausdlumslden anszaunasinalugielane anszaunasawalugelane

Alasunsurianaunule

nalnnseangnsansEAu

waniUaewny hydroxyl 1w sucroferric

Alesunstntanawnwle

Ferric iron(Fe*) 1w ferric citrate

Nadwnlwion oxyhydroxide AUNa&WalwaIM3 Juiuaawmluamsnanedn
#uaanne gaanse sunldazanevnzesansUszneu dedan
ferric-phosphate #Ua8NN199915¢
uSnsen JulsEmun Sulsemun
L] o ARTIWIBLAALINSUUTTMUADTH o LinUSHauvanTuI9NNE (Ferritin,
Transferrin saturation)
o aRaWIANTS e85 Inslndfin uaz
snaranflineraasndens
Falde uSmsenlaenisiAen

AUALEREN (RAANTH)

szauAnNUaense lundenonsss  szhu B

500 HAANINABY elemental iron 284
sucroferric oxyhydroxide 2,500 HaanTH

210 HafanIN2ag elemental iron 289 Ferric
citrate 1,000 Ha&nsH

2RV B

unasu

Sucroferric oxyhydroxide Wag ferric citrate Wwen
sutsenmwngalnasifuszansawilung anszdunedn
Twdanlugaelanedasedlasunsindanaunule daisin
28981 sucroferric oxyhydroxide A @HNSAARTIWINLEREN
Asutszmuse T iiiinanaaianalsn1ssuUsEwen

wigasusnsenlnenisiies s ferric citrate sMHTIOLAH
ferritin Wag transferrin saturation ¥nlWamawiAen EPO uaz
s1nanilvimemaanidons Tneficansoneszsudlalnad
16 vldananldgnelunnssnunmazlafaasenlanegess
Tnstawizguaeiildsunsanidansaemioslafion azd
folsinwudayamsiinnnizmaniinlusenmenasnizduie
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Role of the iron-based phosphate binders
for controlling serum phosphorus in
dialysis patients

Sirimon Hwangkhunnatham, Bancha Satirapoj
Division of Nephrology, Department of Medicine Phramongkutklao Hospital and College of Medicine

Abstract

Hyperphosphatemia is one of the chronic kidney disease-mineral bone disorder that has been associated with
increased risk of cardiovascular death in dialysis patients. The combination of dietary phosphate restriction and dialysis
treatment are usually inadequate strategies to control serum phosphorus to target levels. Oral phosphate binders are
effective in binding dietary phosphate and reduced absorption in the gastrointestinal tract, but currently available phosphate
binders have differences in tolerability and potential side effects. Iron-based phosphate binders represent a novel class
of oral phosphate binder that have undergone testing in clinical trials. Both ferric citrate and sucroferric oxyhydroxide are
effective in lowering serum phosphorus in dialysis patients, not inferior to currently used phosphate binders. Additional
benefits of them are good tolerability, lower pill burden, better adherence, increase serum ferritin and transferrin saturation
with reduction in the erythropoiesis-stimulating agent (ESA) and intravenous iron usage, and also decrease in serum
fibroblast growth factor-23 levels. Thus, these iron-based phosphate binders may be a good option for the treatment of
hyperphosphatemia in dialysis patients. This review article will focus on the novel of oral iron-based phosphate binders
that are interesting properties and currently useful in clinical practice.

Keywords: iron-based phosphate binder, dialysis, hyperphosphatemia
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71135n¥115A Recurrent primary focal
segmental glomerulosclerosis (FSGS)
lugithedgnarele
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Primary focal segmental glomerulosclerosis (FSGS) L‘“U%I’iﬂiuﬂijml’m'm%ﬂfﬂiﬁﬂ (Nephrotic syndrome) ﬁﬁa’m’li
s sansasiiulaluglameSesiszezgavie s uidielasuidngnae ladmumsndududoaslsalmendsls
anniesanns 30 fis 50 Bedenalvidnssanuaslmaniasas Inemanduidudnaoslsmin sansawuls 2 sUuuy gUsuULan
fo \Judhadnenaiimendimsugndrelalaewulusiuiannle (roteinuria) Twszeznandudaluomiatn suuuud
g0 Aa nsndududlunendafmsownded detfadeideclumanduuduadlsaininaneszmaseiu W e
Baflonmszadlsnsousiongios Anseudiulsaguusninllglaneeseesgainesdmng: wasgudelagndrgan
manduiliughens FSGS Wusu wananmsndudiuinzalsa FSas uda feoradiunsiinlen Fsas ndlulailasunis
Ugnde (de novo) Taemulsissannisasas 10-20 Jousnanmanduidudnlaenn Tuiagiudslinsunendiuiafidoan
WAINNMSANYINUTBNARIINATSH circulating factor ma"dﬁmﬁdqmaslﬁmwmman‘iumiﬁuchmm‘[namagﬁa (glomerular
permeability) WNNNgw e proteinuria AINH Iuﬂ%@ﬁ%ﬂﬂ’i’%’ﬂw’lﬂﬂ’iﬂE'i"UL‘ﬂ%é’maﬂ[ﬁﬂﬂ’]ﬂﬁﬁﬂﬂﬂiﬂﬂﬁﬂﬂgﬂd’lﬁlim
ganslifinnasgudman Inediusnnuinlufinnsnsasmanasn (plasmapheresis) SIS LA INGNELADIDEA (steroid) LAz
enlalaaauai (cyclosporine) #evhly proteinuria anssuazlsaaouls aenslsfiou TuthgiuimsAnulaeldeainln

a & o o 2 ad d o =L o wn
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Focal segmental glomerulosclerosis (FSGS) Lﬂ%mju
anmawlsiin (nephrotic syndrome) fiwulsuaelwlszanns
flnn) wuseaniln primary uaz secondary daiflwngudia
SuRiAEL e nzanaElafage lsadaw mafiadalsa
human immunodeficiency, parvovirus B19, cytomegalovirus
W&z Epstein-Barr virus Waz81uU194e 2% pamidronate, heroin,
interferon Wag calcineurin inhibitor (CNI) usin Inesaeas 40-70
2a9fithe FsGs dnfimasuinlsnluglanedesiszezgavine
meluian 10-20 9 wazslugnissnwisaenisugnenela’
IneindsanlasunsindaUgninegla wuindnsnisnduid
droaslspraninege Tnemutszanmidosas 30-50 Tuuazanns
flne? donanduiludmdsnsindnugnanelalu primary
FSGS wisaaniu 2 wul’® Ae

1. nsnduiiugregnesina (early recurrence) sy
TUseiwsaluilasnaz (proteinuria) Ussnasmnnlagianizannnii
3 N3NEBTH (nephrotic range proteinuria) Anlamousiszeziam
sl Tundsannmsinsndgnanele Tneszeznaads

0871 10-18 Tu dinnunandududnafiadannniafiafiAntud
Tumends msdennadiadaleluszesusmin o limurmaiio
UNFRINNEDIFANTIAN WsiRzWUaNwWILE foot process effacement
INNIAFIBINADIYANIIAUBLENFTER

2. menduidudringulwnendo (late recurrence)
infinmssniiulsrodnsroeduosll inluwszaznanlusion
sndamsugnanels destnwuludae 2 Tusnvdonsengn®

msnauidudhzas primary FSGS danalwemnsnissen

209ln (graft survival) amas laewudndnsnisgedelnugnedne
Tuglnnjgoefiesasas 84 Tuna 32 1Haw Inefimnandeatu 2.25
whiilanSeuifieuiugiedluifiannduitudeastse®® foi
lsn Fsas Fefiadulsangulnawezad (glomerular disease)
Apnaussuazshiny lsAnits

oeslsfmngurefngIany proteinuria n3an1sae
nephrotic syndrome ﬁamm"&ww,i{avlmﬁmnﬁm@amiﬂﬁwu
AnNuMzad segmental glomerulosclerosis 3 UusaIuenlsa
NNIRBUTINGIELENS 18 nazsialmanenlunga calcineurin
inhibitor (CNI toxicity) lsmmaasulaings lneampsonai
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dmlngjaswuanwnzaag foot process effacement %aenin
30882 50 NN1IATININLE [MFendeIganssFuBLanasow’

Uadeide1v0ImsIAa recurrent primary FSGS
hideaimandududraaslsniinareusznis loud
fuheufonnsuansaaslsaluladudoudangiaslneianis
01g3zning 6-15 T fimasiiiulsnguussuazidnglemeisase
szezgavingad1vTInsIlaeanizszeznaiosndt 3 U g
Uszanstnamlagansdlasulaanduinademeuansiu-
i fuhedlasumaihlnsainaantausumsugndrela
fhefifinziasanissnuseen steroid ialdiunisinu
saeen cyclosporine anrawsunsUgnangle Tamviefia1een
himslesulaannguinaifiiasisnmnendududannn
sulpanguiaaanasene Gearainainnislazulalnsiain
fusaimluaseunss dewalwinnizneiugnssnuicetied
doasumsifinlsa FSGs dmtladenfinnuddysnigada
fimsgademsriemeaslagndreasiusnainnandudud
?Jaﬂsﬂlmﬂwua“’mﬂminﬁmﬁuﬁﬂgaﬁﬁaﬂa: 80-90"*" 91N
nsdns liwudnszeznailasunissnvddanaunule
anwmznang13inenzaslaiia A1z HLA mismatch uaz
#fiAne9eNnAQATe induction LAE maintenance HANNANS
fumaiiamandufiudhaaslsn’
protocol sinmanideslugsuusnailaieiFesonn gomerular
disease wsiansAnu luilagdunudn glomerular disease
Tsilddavinnaaansvin steroid avoidance protocol?

%3V steroid avoidance

wendAdalu recurrent primary FSGS
uiinsuinilulagiwin Fsas WulsafiiAnain
anafaUnfzasuladey (podocytopathy) #ensmsanuniiz
proteinuria fintusesTIAEIMENdINIUgndelainezfin
971 circulating permeability factor UN92ATIA Iwidan Tnefivg
siUsuraEUs2N 13 TeiLA NSAIITWUSNIUN9ZTEATH serum 289
fithe FSGS sawsiiengnenglafisnsnsavilvifa proteinuria 16
LAZAEARINITSNWIAIBAITNTDINATENT (plasmapheresis)
wuszsusnsianaadnwlulumeiientuszsiu proteinuria 1
anag wananiin definsdnun ludninaaas Tnevilaannyd
\Dulsa FSGS anugnanelvinguni wuinniz proteinuria waz
FsGs faw Tuanfiliuadwieatu lafinshdaugndiels
mnguineifdaliitheifinmelemeSesetezgaveainlse
FSGS slaswuifnsnau Lﬂwﬁ%’l‘ﬂ?NISﬂaﬁiﬂﬂ§%LLiﬁﬂ%ﬂﬂiﬁ101%
saolaugas iavhnissnudenistnsminleinsiueenliie
Ugnaneligaglanneanngdn wuinanaz proteinuria waz
navhevzaslaitu® deaiusyuangfgimsonaiinene

msndufiusneeslsainen circulating permeability factor 1
serum TnesnsignAwnuludaalsivuaniifio suPAR (soluble
form of the urokinase type plasminogen activator receptor) "30
\Thusns7in3z6i podocyte b3 integrin AefinsAnu ARl
il#ifim podocyte foot effacement luwy”" waziinsnsiawy
msﬁﬁﬂﬁﬂ%mmmm‘}muﬁﬂm FSGS wflaifieuiu glomerular
disease a‘wq %aﬂmﬂ%‘%ﬂﬂmﬂw‘ﬂu recurrent primary FSGS
92H52AUYI SUPAR ’Lmaammnmumﬂauvlmumimmm FINTT
\Wasnmagihanendinsgnaielalubuszezna 19 wui
figfUhedwan 8 Tw 13 596718 recurrent primary FSGS m92any
526U suPAR Twidangedn Jeannisfinwnsenaanudn suPAR
fisnnnd 3,000 lAnsusafiagaasdnRusiunsAnnsnaudn
hzaclsm FSGS aehalsfmassiuzas suPAR sonaa g
USZAUATNTHIIIZDIUINIM proteinuria™ MSANWIEGT Th
MERAINTUNUTIEINITORNTIANY SUPAR 1A IwA1I28% 12n
msindauunfielunszusidon nsindalada (ew HIV) uwaz
W2i59 (1w wzBeseld) saeeemsinisnsesaslafianasyinly
wumimmu‘luﬂimmmﬂ?m"lmm%n%‘ 2 Foiudszlanian
mMsld suPAR LwaLLﬂﬂizmw FSGS uwazglomerular disease
#findn Jodoladmanluilagin

§1%3U circulating factor ARADW 2% cardiothropin
like cytokine1l (CLC-1), vasodilator-stimulated phosphoprotein
uae apolipoprotein A-I gnasaanulugiie FSGS usdslanuin
finasisananepdnnuaznensiiafidann Tulagin
{N15ARNUEIORAIWNIY (Antibody) URATuUTHIM
ﬁu’m%ﬂ%@’ﬂm recurrent primary FSGS #oi{lw Antibody #a
sfn3naieNuNIW (Antigen) Uil podocyte laA CD40 #h
finsadrennduuniia podocyte Tugthelsa FSGS M3nTw
anticD40 wunFANadNRuSTunsnaudusaeclsa primary
FSGS lnefimnwngnsasiisasas 78° wanansiulUsHuUn
podocyte fifiuasialAsaai1efiAguwaad (cytoskeleton) Tagssg
2 B71 ez sphingomyelin-phosphodiesterase-acid-like-3b
(SMLPD-3b) ﬁﬂuﬂn:ﬁﬁ circulating factors 1% serum a1afl
Ufifsesalusiwnanil donalvifia foot process effacement
AN 1512

uanmnﬁuﬂww'%amidwmmmaﬁuqnimﬁﬁwa
san1sUasnulannuaianaas podocyte oo lgns
USusfifinung nnsfifinnasiiseniifidnenssluuulaing
(phenotype) T pro-FSGS seiinululausaafifidnwos
289 APO1 polymorphism #38ludninaassiidnnafiauni
289 mTOR/Akt pathway LazdnsLERIaanaad micro (mi) RNAs
UNUTZLAN 1% miR-193a SINaADNITNN9IWIY podocyte
donszguly Fsas (Husnntu?
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CsA: Cyclosporine, CYC: Cyclophosphamide, GBM: glomerular basement membrane, IA: immunoadsorption, MMF: Mycophenolate mofetil, PP:

plasmapheresis, RTX: Rituximab, Synpo: Synaptopodine, SMLPD-3b: Sphingomyelin-phophodiesterase-acid-like-3b protein, suPAR: soluble form of

the urokinase type plasminogen activator receptor

MsSNy recurrent primary FSGS TuU’nUu

ms$nw Fsas Tugthedgnanele vilunsdinmenduidn
duazlunsdiinlsatwlnaidudeivime iasndwngihe
fUsanmurewinades nssnwdmsnnidwiiessnenugiiense
madnwrwaan waslugielungasinanninglng dmsu
nasnunludsznalnesiu dolsifmenunisinunlaluonsit

Tuifagin nsdnundanwsnngainluinistasin
naufingn uasfiniasnunseen nsnanesiadoinlumamens
fuiazeslsa oenalsimunissnusnaagdesioansnisAne
fouszAnsawsiall d1un133n17 de novo FSGS 1w Lasan
wendindaianadudon Jedslafinissnuladnnisine
WeTg% LazdiRssasmamsAns B Aeafuwenidia
o lugmasnunluawaniuiu®

msnsoJwaiau (Plasmapheresis)

TuilagUunsvin plasmapheresis fialdun1s5nwanan
289 recurrent primary FSGS ihasainsnanensiniinza
1sra1nn138 circulating factors 1% serum Fatis N3ieR
circulating factors AIN&1IFIBAISHN plasmapheresis 911
szflunssnwuasilosiumsiinlsan ldadnofivszansammn lag
ANNSANBI289 Ponticelli UaZANME WUIINNTSN®I recurrent
primary FSGS luguaslasunisugndnels daenisvin
plasmapheresis da130vn Wilsmasuldsasas 70 (49 T 70 A)
Twiin uazsoeaz 63 (49 w 77 Aw) Tugdlve Taesaslasu
msvhegnnsmaldnsitedeseacfinadnsne’ dmsu
nsAnw2e9 Canaud uazAn Tugthedgnanglafiwunisnay
Hudaos FSGS s 10 518 Felgsumsii plasmapheresis
safunsTwenaiagn laun nslvien cyclosporine mMswaas
\Raman (SEAU CO agﬁ‘ﬁ 200 9 400 wilunsuraladfng)
ANEIENNIAY (326U C2 egfl 1200 9 1400 wilwn3usio

{adams) IMAUNMsiveNaeasoes (steroid) 211Ag9 (1 HaaN3H
saviming 1 Alans (Juszesna 1 ouusn snsiueos
smuwimenasiaes 1) Ineldnisshvisronanszesioa 9 iaw
wugihe 9 sedhgnzlsmasumeluszezing 3 thaurae
Sfede fMfies 1 efinunisizasiusiunelaazinase
wasanduld 1 3° wenarniunia plasmapheresis
gosnansoiadnsnissentasled 5 Ulneiadusoss: 85
anSeuifiguiungai i ldsumssnuiisesas 30° damann
Wiz 19 plasmapheresis g 1 9 2 WingasUSHnaMwaENN
Toevh 3 B9 4 ASsradUny Taavioviam 8 B9 12 A% aunTeiio
lsAsou™”

A19%11 plasmapheresis éTﬂrﬁTgmimﬂﬁLﬁaﬂmﬁ'u
n13Lfim recurrent primary FSGS wasn1si1aaUgnediele
Tunsdifigsuianaiessianafindge Ineldfimsfnunludie
fildsumsugnenelavionam 10 518 Tneuvaduaingusann
5#30 5 518 fusnAssane 5 e lnevoeelEsuntsi
plasmapheresis HIRNA 8 ASalueseznaSERININSHNSA
WUl fde 7 9w Taiwunisnauidwanaeslsadefnan
Wuszeznaseanm 3 U°

#9135 immunoadsorption finslgianssnwsanlude
nstasiwnisiimdudizeclse TaewWsufieuiunisy
plasmapheresis WagIALTwRINITANYILEN F96BINT
msfnwiNxsiall

F1ASUNIAARINTZAU sUPAR AM8RAINTIISNWIR1E
plasmapheresis 14 NUIINNERTINITHILAAZASIAINTA
an9z6U suPAR laag199im57 Tneantedoeas 37 wsiile
AFIRTNMENEINTIN 4 Tu wuinfinsilinsesuiwanisesas
99 zasUSamronl¥nissnu wiinne proteinuria 9z
wazlsmingszazaounina® FONMNNTSNWIEE plasmapheresis
1% recurrent primary FSGS Sesmadunssnumanlae lusu
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fuseAUZad suPAR ad19lsAimu A9 plasmapheresis
ian1ssnwuazmstiasiuntafadn ludagtngelufiuuuunm
UfuRfiEaRn TiolwSaeUSanm plasma STWIUASY wazAING
gpan1avi1 Bedoumnsnaiwluluusaznisdne wazdayal
Uagundoidunssnunlunga early recurrence \uwian

Glucocorticoids

LININT1T9N¥T glomerular disease AN Kidney
Disease: Improving Global Outcomes (KDIGO) Glomerulonephritis
Work Group U 2012 Teunerinlwsnunlsm FSGS sansiven
prednisolone 214161 1 finanSuRvTINGR 1 Alansso T (wRen
9gm 80 AaAninsiolw) iDuszeziatous 4-16 dUavi uaz
Aoe 7 anawinasanlsaaeu® laedaennga glucocorticoids
2e78vn 1AlATIE579 actin skeleton T4 podocyte HANHAIST
WaNINIUUEIZI8anN19AANIANEY8Y podocyte AWM
bl phosphatidylinositol 3-kinase/Akt (PI3K/Akt pathway)®
agholanea dolsifimsdnuiisdszBnSmwessengs steroid
Tumssnuimsndududhaaclse Fsas Tugiaeugndnelad
Fouaw fufesnsAnwilvienaualufumslvien cyclosporine
Tnewuinluafiianala nandedihedhgmazlsrae 7 18
PNTgREA 10 182

Cyclosporine (CsA)
&1 cyclosporine (CsA) gnvanlglunissnunlsafiinain

fAndwieuliauninateain wazdodunssnwininsgiv

'
o d

seuft 2 lulsm FSGS AiRasan1ssnwfee steroid 58
Tunguitlianansaanen steroid 162 agnslsfimanisl
induction therapy fReen CsA wuilaisnansatlasiunisndu
Dudaaslsals? wonarnin snmsAnwmuiinmslyen csa
IWINFININAALERNET HINIINARNTIE proteinuria 161 UG
mslengfinsulsznmuluawiaunindunuin ldannsoan
proteinuria 152" dwmsunalnaasenlunisan proteinuria 1T
Namﬂmiﬁugaﬂi:m%ms calcineurin-mediated dephos-
phorylation 284 synaptopodin Zeidulusfiufidaelunsnasn
2849 podocyte actin cytoskeleton IAEATININNTNEIWATZUINATT
nﬂgﬂcimmamsﬁué?a T lymphocyte®

mMalden CsA dmlnanuiniuszinsnmg Tnawy
1 CsA §1¥150aR proteinuria HUSEANMSBEAE 80-857 WA
msAnwnEniEnSvh plasmapheresis Aug [UsE foirin wud
M3 CsA TInAUNNSYN plasmapheresis Tsiin s1815a¥inTd
Tsassuldlugithe 13 518 anvionamn 16 18 3oz 81) lae
TWen CsA awmsoust 6 f9 25 fadnsusarinving 1 Alansu
st Tneflafnnaludous 10 Wouaude 12 ¥ wudidthe
11 978 911 13 318 (30882 84) Seln1svinuwanslalgnene
5 nssnwsiona wuilduaemnznsdily csA Tuawiags
wiaean nmuﬂﬂﬁﬂmﬁamgaﬁlﬁmmnm’s: nephrotic syndrome

o e

o Qv o o o & o

v lenduriu low density lipoprotein Twidansn2u anszsuen

Tugunasudase dowavinldgndans CsA anas’
wananuwinsAnwInMsIienlunga CNI sadw Taun

tacrolimus Tuns3nw usidagyalutfagiudelauansuszinsnm
RN alE

Rituximab

Rituximab 0% monoclonal antibody 68 CD20 U3
\H{ALRamA21796 B lymphocyte ﬁ'flﬁl,’daﬁ’dﬁmf:gnﬁﬁma FINT
fofinatlosiudunanesia podocyte lnemss lmenistloarinnig
anadABd sphingomyelin-phosphodiesterase-acid-like-3b
(SMPDL-3b) protein Waz acid sphingomyelinase (ASMase)
Fogniinanldlunszurwnstgnarelanaedwnaud e
wetlasiuuazdnwinizsadwiiadeangfiduiuiiinan
nsugnanglaluduiaauazgsunavyifonlsidiunsed
antiHLA antibody 5310 5 lwnssnwnlsm FSGS waw membranous
nephropathy (MN) el fudnuaziindulnsiniendamsugndne
1n finsfinwn systematic review 57UTINANSANWA 39 T1841%
wuhddnnnisasuzaslsAndsanlsen riuximab Aisoea: 64
Tnemausuwasilungadiaeangiion Afssudayfiv (albumin)
TwRanogluinaeiund Tnadawainuusiinldawinen 375
finfnsudeuiiame 1 mawasienss 19 2-6 Ao yn 1-2
iVt

dmdunisld rituximab LietasAwnisnduidud
204 FSGS 1w fnsfnwilng 2 nsfnwn nsdneausn
vilwgthe 27 Meffinnudesionisniududiues FSas g
WU rituximab Tudaenisengn wuifigiRniseilunis
\iim proteinuria %a8N1 FamensIn1snsacees lmAeileRng
Wasamagaeluluszes 12 WHaw® nsAnwisiasnlugiae
ldsunsugnaneladnaded 2 S1um 4 sefigydels
Ugndrenfeusnannsnduifiudizes Fsas Taelssu rituximab
2R 375 faAnsusaNwifme 1 ansawns ufigiaediwi
2 ele5unsTh plasmapheresis samEnUI 4 518188
nafiadudnaaslsn”

AewlWn1asnueae rituximab luguaefina HBsAg
uau unzsilinsa Anti-HBe Tugithennsne esenlu
faefl Anti-Hbe (Hwuan enasinisinGuzaslasasuanisut
(reactivation) 1a TpefdnsinisiSuiosa: 3-25 uazified
msfiisunuaasmegeiieiasa: 30-38% Jeunsiinlwnge
HBV DNA sansieuazlinisilasiusaeen lamivudine luasw
Wasregmen rituximab W 1 7%

TutlaginaraRarsan o rituximab Wiesaisrsalisan
fun1ssnusaedsaw neawizifior plasmapheresis a2
Ismdslaasu n3alaiannsanganisnn plasmapheresis
18 peslsfmamafnunluihgiuwuhivngainausuasuss
Tumauswasiansinu’ defassemsAnunluawiansialy

CTLA4-1gG recombinant fusion protein (Abatacept
lla: belatacept)

Abatacept

Abatacept \%nga biological agent MARaINA"S
sawsiweeelUsin CTLA4 uas IgG1 desaliiinnssunin
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ﬂ"lid\‘]ﬁfyﬁg'lm‘zlaﬁ lymphocyte Tnelududu Antigen presenting
cell protein ligands B71 (CD80) %38 B72 (CD86) ¥nlvidm
289 T lymphocyte 138 CD28 laiswsnsnduls 49 B71 wuag)
UBHIEAR289 podocyte Wi HRNNSANEINAZEINTIA
abatacept lugthedldsumsugndiela 4 ;e Af recurrent
primary FSGS Iﬂ&lﬁﬁﬁrgﬁﬁar}ia rituximab W&z steroid Wu71
guaennAnd proteinuria anasuazAsszeulERaaRNIRARIN
n133nw®

Belatacept

Belatacept a3 lungatiieniiu abatacept laganansa
Juiiu CD86 waz CD8O 1AANIN abatacept £19 4 WMKAT 2 191
ANARU (AH5189110151d belatacept 51 recurrent
primary FSGS TugtheIngidiwim 5 eilinausuassianisri
plasmapheresis M3lwen cyclosporine rituximab Wae galactose
wudmasaneuluiafe 11 e gUae 2 5188 proteinuria
anaaLdnoe {Uae 1 51880med proteinuria USKNBUYIAN uaz
8n 2 enumsyineweedlaudas wazdasnauluvinnissnw
Tianwunwle”

aealsimanisAnwsng Tuilaguudelainudszlond
FRAUIINNIISNYI6E abatacept 38 belatacept

Cyclophosphamide (CYC) 1a: Mycophenolic acid
(MPAR)

Cyclophosphamide (CYC) §uS9n13d9tAsIEHES
WignIsnASwe (DNA) denaril¥iAnnsenesas cell Joiiua
Aoufiadanannieluszezutssuazszezin laensld cve
WA 2 faansusenavinga 1 Alansusati dowalilsa
soulalugiheladodindldsunissnudisdumslae steroid
wsilaiwuinlsussTomilungudisaen steroid®

aghslaniena mnwn1slven cYe ludithedgndneln
sasnniisenulugiedn teelsfinsmenuwmssnwigiae
6 18 1ASUMSSN¥IAILeN CYC SINAUNSYN plasmapheresis
10 Afslw 2 dUanviusn sesenndUnvifnszeznm 2 o
wuilsmasusaysel 3 51 wazlsmsoulaisaysal 3 1e® 8n
nsAnwlwgdaein 11 519 wudinislden CYC awimen
2 fiafnSusauining 1 AlanSusedu saafunisri
plasmapheresis Tinfiwduszezian 2 e wuiilsaseu 9 e
wazlu 7 318910 9 Tetiu wu lafinsiisughannisines
Wuszezinan 32 + 15 LHaw’

199U mycophenolic acid (MPA) ﬁf’%é’ué’amiﬁ’mu
20910 9H inosine monophosphate dehydrogenase (IMPDH)
donadudinisasns purine vldldanasaasns DNA Lite
Waswwdiaieseoria T use B 16 Taefisneouwnsiine
Tnasnunsheen MPA Tudthe FSGs Tulpauindifinishasa
steroid ¥i3a liax150anen steroid 16 assavililsageuls®
aghalsiimn Tulaguunislien MPA sawfuennga CNI fe
duenagindnluguieugnels seiudedelafinadnu
feuszAnsnnzaenisiden MPA Twnn55nu recurrent primary
FsGs lugtheugnnelandmaw?

Renin angiotensin system (RAS) blockers

81lungn RAS blockade HunuinaAylwn1ssnu
Awswlafngs “anaNtuEIaIN1I0aR proteinuria Az
annsantaule’ ﬁaﬁf’umﬁﬁmﬁﬁaﬁuwmwﬁﬂﬁ’fﬂumi%’nm
FsGs naluwahanduiluduazaiafifindulng usainnns
AnwimuituszAnsnwaase lungaidefidriaiasandan
Tngifunssnuaug lufunmssnwiaug usfinsneewns
Tenduds RAS 110 3 #fiansanii (triple RAS blockade) TauA
s lden angiotensin converting enzyme inhibitor, angiotensin
receptor antagonist, renin inhibitor e[,uﬁjﬂiﬁlﬂgﬂiiﬂ&lu[ﬁlﬁflﬂﬂiﬂ
dufiudhuas Fsas delsmauamuassionislyien rituximab $ami
37 plasmapheresis Wuinldnanssnwifia agrelsfias
nan1s3nesanan ldaansanenlsinduain triple therapy
Alvinsodunaainnisnauauwasdisas rituximab uazn13vin
plasmapheresis fawrkin®

ag19lsfimn n1sldeIngn RAS blockade mITH
nsfinnnagnelnddnlwmiFomaiiofesecen laud anae
Twunsdenlwdongs Iasawiznisldensiniunaness uas
naldenugthenfidnsnisnsasaslalai Snviolugiaedgn
deln fanudssdemainnizrsaniieaunlagndiesiu
gamslienlungasinananailvsnsinsasasslnanaels
aenasnn SemsldheanasinseSaenat

Galactose

M33NWIAE galactose NIAMNANNAFIWAT sucrose
AT permeability factor lamvinlvilasiwnsaetya o
1w podocyte glycocalyx Sudislallwifin podocytopathy winns
Anwnlntlagindoidoyandnudein Tasureseaunuiins
TA5uUszmuans galactose 2w1Ags (0.4 nSusouMInNG
1 filansusiati) wuinaxnsnan permeability factor 15 Wi sl
am proteinuria® lunanduiusisegaugeinunsndud
dwes Fsas mendamavgnanelalugiae 2 sediluinou
auassianislien steroid NM5¥N plasmapheresis wazn13l¥eN
rituximab Tagwuinnsliemsfia galactose WA (20 NN
soTwluthesned 1 uaz 28 niudeTwlugthened 2) aansn
am proteinuria Leag19dalaw laglifinadnaAesainnis
Tvmssnwmenan®

Anti-tumor necrosis factor-alpha agents (anti-
TNF-OL)

Wesnszsiu TNF-o Tuwananuasludasnizzes
{ihe FSGS Anaifisdudnis foriumsT anti- TNF-o Wieed
UszAndanlunisine FSGS agralsfimun a1sdnwnd
Aowined1ia laelafinsld anti-TNF-o Tugtaeeng 15
fifimanduidugnaes FSGs nasgnielad 1 dUnvindoms
ism delaimausuassianissnuisiensvin plasmapheresis
15 m5olu 1 ow 13l cyclophosphamide #iiafiniuas
100 HaANTHUAL cyclosporine NNIWABALRDARIWAS 5 HAANTH
savming 1 Alansn laelden infikimab 2wia 3 fadnsw
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sasviminga 1 Alandu iiewas 2 A% InedEnliefidoud 2
niaUgnene wuhaansarinTilsaseu s sesnfiniaiidusnade
fiioudl 8 nasmsugnane lal¥innssnuisieen etanercept
wuivinlwlsaaeuldduine adnelsfions ihasndanaln
Taquudslifisana Senrsinsfnviiaialuewansoly

Human allogeneic bone marrow mesenchymal
stem cells (BM-MSCs)

finsdnwinisld BM-MsCs Tuguaedgnaels
fifimsnaududees FSGS uazlainsuauasianssnuisie
plasmapheresis W rituximab I lald BM-MSCs ﬁy'\‘mm
6 A%t wuilsEnssunatnmsld BM-MSCs Tud 3 ase
waziilafinagiheluwm 22 Haw wuisssiulusiusaante
wazszsumsinueasladieg lusesunei®

unasu

msnduiiuanaaslsa primary FSGS Mewndonisunsm
Ugndnela 1Tuanzinulsvsslneianzlunguiiadadedes
Tfur guaeangios fmssudinlanglamedasiiszezgevie
pemndy Hedanalvfinisgaydensvionwaaslnlgndis
inannduiafeuiungudlufinisnduiludaalsn dois
nslnadasiunisnduidud lugtaefifanmdecgs s
nsfinena Ehszisaenalnddn waslimssnwudafinsnauide
dhateriurhefifafiudefinensei lnemasnumanTuiagon
famaidwn13vin plasmapheresis ardh circulating factors
Fodnanunglunianinlin sawlufonislien steroid uaz
cyclosporine AIuAWlY wazanafiansanlinissnuwsieen
rituximab Lisudinlwnadif lineusuesdanssnu e

a9 1 Jedenfinasionsifin recurrent primary FSGS ludhenlasumsaiisaugnenelsa®
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o WUNENSANIWANWAE mesangial proliferation
Tuslmmoia

o WUWENBEMNANuME collapsing FSGS Tulamaiin
o Sulpnguianafiadin

o Womfifioe

o fheilssumachladasneanensunisugndiela
o fusaAlaangain

DX da & o v o Vo
o fihenfinmzissomssnusieen steroid W5e lH3U
M33nwsEeN cyclosporine fewsumsugnenela

l5m FSGS Nidnenaameiugnssw

inlsmannmsnaneiugzes podocin
fimssniiulsadn

§i proteinuria Ussaulaisnnnoudgnenels

szezna lesunssnunihtanaunwladannsugnaiela
Histological classification 289 FSGS
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Update treatment of recurrent primary

focal segmental glomerulosclerosis in
kidney transplantation

Rattiya Paothong, Peenida Skulratanasak, Nalinee Premasathian
Division of Nephrology, Faculty of Medicines, Siriraj Hospital, Mahidol University

Abstract

Primary focal segmental glomerulosclerosis (FSGS) is one of the common causes of nephrotic syndromes, which
frequently progresses to end-stage renal disease. Furthermore, after kidney transplantation (KT), recurrence FSGS,
occurs in high proportion approximately 30-50%, can lead to allograft dysfunction and allograft failure. There are many
risk factors for recurrent FSGS including childhood onset, rapid progression of the primary FSGS to ESRD and previous
allograft failure from recurrent FSGS. The pattern of recurrence is divided into two patterns. Early recurrence, proteinuria
presents immediately within hours to days after KT. Late recurrence develops proteinuria occurs several months to years.
However, de novo primary FSGS also occurs in 10-20%. Pathological finding of FSGS after KT, similar to native kidney,
can be either primary or secondary FSGS. Nowadays, the pathophysiology of primary FSGS is still controversial. Recent
data support the hypothesis of circulating factors that aggravate podocyte permeability leading to massive proteinuria.
The management of recurrent FSGS is inconsistent. Plasmapheresis and concurrent use of steroid and cyclosporine
represent the main cornerstone of treatment. In recent years, therapy with rituximab and new medications have shown
promising result. This review summarizes the therapeutic approach to the recurrent of FSGS.

Keywords: Focal segmental glomerulosclerosis, kidney transplantation, plasma exchange, Rituximab
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respectively(second investigation)] \daangm3Ind1gUae
ﬁs[ﬁ”wlﬂﬁﬂ rope ladder [stopped bleeding within 15
minutes, within 30minutes, and after 31 minutes accounted
for 21.9%(21.9%), 50.0% (53.1%), and 28.1% (25.0%),
respectively(second investigation)], Imjﬂwﬁiﬁmﬂﬁﬂ
buttonhole TafgUeidansanuwiutiin 30 wifi ANHEUIIN
mMsunaEnvoeninedefisedAyneata (o = 0.001)"°

6.) fioalasunmsuiladunaniianitos (Vascular access
interventions) ﬁa‘wa”\‘mnﬁ;jﬂwiﬁﬁuﬂamﬁamzﬁ‘[amﬂ
Winnzunsndauainnisundwionfildwendonls wu
msiiavaesnidenlds nsifinnaendenfiuniesn n13kn
dandaanniAnnazunandon §uaedaelaiunissnuidn
nsinsaud ldiduiien nsndaendudonsanniosa
{s5unsTwenyfdue

91NN19ANEI289 Van Loon WAZAMME ANWILUU
Tudemsinluguaenaniandldidunanidon AVF vianan
145 18 IpeSeufisunsunadnnanidannatia buttonhole
75 718 nATA rope ladder 70 T8 wuingaedldinadia
buttonhole[10/75 318( Angioplasty 2 518, Thrombectomy
1 918, Surgical revisions 3 918, Antibiotic treatments because
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of access-related infections 4 518 )] saslasunsuiladwien
ﬁfaﬁm’i’lﬁﬂwmﬁmﬂﬁﬂ rope ladder [41/70 918 (Angioplasty
35 518, Thrombectomy 3318, Surgical revisions 3 318,
Antibiotic treatments because of access-related infections
0378 )] BENNREEIAYNNETH (o < 0.001) Lwiwu;jﬂwﬁm%a
TwmnAdia buttonhole H1NNTMATA rope ladder aenefiiaanAty
neadA (p < 0.001) gihenliinadia buttonhole W§usiaenin
(p < 0.001) wazdANNNEWBENIN(P < 0.001) WMAKA rope
ladder agNINREARYNIIAER'"

7.) aaAnNIAneIazagUisnavunsdananiion
Tunnasefigithedaainsumawanidan fihesinasfimseien
wazdenioa iesanndrrnaEulinnnsunadn SR
feaadnazunadnionain vinldsasgnidnunsdunaniion
WANEASe

INNNSANYI Pergolotti wazAniz Anwigiewaniden
Alddunanden AVF vionam 45 318 TewSeuifisunisunods
WaniemnARA buttonhole 21 518 LNASA rope ladder 24 578
wuinguaeldinadia buttonhole HAzuunANNIANAIIA
pninguaenldinadia rope ladder agafedAyMIsHA
(p = 0.0120)"°

8) luguevanideansisunislunisunadawen
\demsios TugAvaefiManiienwudenaivassiianldones
wasmdenaunsasuiidurandon vlhndeiiafilniig
unodinnanidonlivios frhendaiinanzaniinsunedanaia
buttonhole NINNINATKA rope ladder

INNTTIVTINASANBZBINITUNIEININATA buttonhole
wuifidefnatsagafiofisuiuinAnAln wen1SANWY
AfegdmingiiwnsAnulugiengabng uazduwuuy
n1sdenaFediAsed enadslaanansaagulsagedmian
AIRB9ITENISANYI lungauszannsawia lng uazviinisane
naaasSsufisuiunguaIuRNLUUgNmIBg e U

daidewasnsunadamaiia Buttonhole

1) Wisnsadasnnduiowuuiawsfinazungnszane
(Local and systemic infection)

MacRae WazAniz WUTMATA buttonhole WRNERTIN
ﬁmﬁauwmww:ﬁ (50 versus 21.4 episodes/1000 sessions,
P = 0.003) agnfsedAyneads fmsindelunszusion
(Staphylococcal aureus) 2 ﬂ%ﬂi%ﬁ%ﬂiz&l:mm 12 1w,
AfusnmsmuniiiunsSasaclesu erxndaniomasmians
9 m3s wilaiwumsiindalugtaefiunodanadia rope ladder™

Shinzato kazAMe 1935 moist healing Twnstenaziia
funaoanfawunstdwnanideawmaia buttonhole lagld
Wensdadnusnamunieiiunadsnandeatouuazndo
wndwean Felaedmsnnazlsinensindedaanzionneda
sawhexdenididenldifn 0.1% Wwilaulelosin Fefigns
sndanuafiGesnnnininensindlomly naswineSxeanua:
Famevinensindouds 1nlSwiuwian (Careleaves: Nichiban,
Tokyo, Japan) UAUSIAUAMILNIEN 2U1R 16x29 RARLNAT
fioly 24 dluodsrnsunzaaniudaunanion ninldinauny

TulaslwuesiSnaziinoonanzatusin vnldindammiioidouns
UnAgasunsounadn dananenBidudu stratum corneum
with incomplete enucleation of keratinocyte LilaUfufamsis
msvAsszaAdina1i lwnasfnuinuilifgieiinde
nM3EnAfiaA buttonhole®

Nesrallah kazagde lHANEILUUEBWNEU (retrospective)
Tuguaeanslanadunanion AVF ldnatia buttonhole
I 56 sewSeufisunantazrdsldenfiflsdn (topical
mupirocin calcium 2% cream) NWHAUSIIMEILAIULNITN
nisnnangaion Anwigdnainsfinbe Staphylococcus
aureus wn3zusidan WU’j’lﬁﬁjﬂ’JaﬁﬂLﬁyB Staphylococcus aureus
Tunszusifion 10 918 wudifthe 4 s fmsdadauuuun
nszangliun Jemsniau 2 sne, desniau 1 918 uaziludhanite
ﬁfaL?imj”NaNm (Epidural abscess) 1 518awiaswdedin
wazwuIdgUae 2 s1efade Staphylococcus aureus
Tunszusifonndsldenfinilsin doglrengaldenfafilsdu
3 Fuavinenfiazfinisfiade seruainnisfnunlaifiguae
Bade Staphylococcus aureus Twnszusidonndsanlazy
gnfamlsBumilasiunsinges annsasedeadanuin
fuherewldenfinflsBwisuiundoldenfinflsBuiianades
Tun1sRmAEe Staphylococcus aureus lunszualdansnnin
Aedu 6.4 111 [95% Cl=1.3 to 32.3; P=0.02""

2) Tansaldunadunondomsienls osein
frunsdasnfdunandeniion (AVG) szvhlmdunonden
Fym A luSunazindndoannneuivaoadonduiauan
\amsiiusuluige hlvgudedulandonts

2.) wAAMsUaENLUY Rope ladder or rotating site

Rope ladder 1Wwmasiaxnnsgmitienldinluiagin
sansnlilavadunaniion AvFuasdunaniien AVG 38madu
waians anUaauranunadnciwianiodn lulunaenden
Tngusnfunadsaziudeudunisgnasiunonszansly
puLduranFanvnenngaLinyUTzanm 2-3 g iU 6

()

g‘ﬂﬁ 6 NsuWNaEnATA Rope ladder or rotating site (LWI8NILA
AR219)°

Fafwain1sunadnnaiin Rope ladder

1. Wuenifenfiongnisidawwn Ineannsinu
280 MacRae wazAfz YNMsAnwInaaaaIeufisuwuugn
e Tugiaeanifendldiduanden AVF 1W3suiiiey
IARANSWNIENLUY rope ladder WazinAbA buttonhole L‘ﬁa@
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01gnsldnuwsesdunenidon wuingthefldinaiia rope ladder
ﬁmqmﬂﬁmuﬂamﬁmaﬁa 18.4 LAaw(IQR, 10.9-32.7) [nAKA
buttonhole ﬁmqmﬂﬁmmamﬁmaﬁa 16.0 LAaw (IQR, 10.6-29.3),
p = 0.2 uslalfdAuuansi agrelivedAyneataze

2. dasnshadeies Tneannnisdneizes Frank
wazAnsz TevihnisAnwwuudaunau Tugihewsnidenlaelzidn
Wenidom AVF vinam 127 518 laedl 53 518 Winadia rope
ladder waz 74 s1eldinaiia buttonhole wausINgITwNga
#ldwadia buttonhole finsimdauuaiidelunszuaiion
9 ﬂ% (L%ﬂLLUF]ﬁL%EI MSSA (Methicillin-sensitive Staphylococcus
aureus) 8 ﬂ%\‘i 18314 L%BLLUHﬁL%EJ Staphylococcus epidermidis
1 p39) luanzfings rope ladder lanudfimsiindauundie
Tunszuaidon®

3. wndteitldlevadunanidon AVF uasidunanien
AVG Fasinganninadia buttonhole Aldlsanzidunanidon AVF
Wi

Faidevasn1sunadninaiia Rope ladder

1. lalmanzludedfidunvadadlunisunads
Waniaarae wissannisldmaiia rope ladder Aasfinis
Wisnsundiunadannasalasvinsnndunainuszann
2-3 wufiems faddiaedfiuilunsunadawanidonios
AsiianTdinAdia buttonhole

2. gursuazgunadndanadanisianownisunoda
Tmaﬁaqadﬂmaanmﬂ@uﬁmﬁﬂLmulal,ﬁmmnnnﬂ%aﬁl,t,mLﬁmz
Fasfinsiaeusnuniiunoduagnaios 2-3 wuians ¥l
flomauns@niasiiunue a1avirldgUaesognunadwion
waneAso

3.) mATIANISUNIEINWUY Area puncture or
regional

38msAemsunsdxuimiodhluluvaeniten lae
USnafunedsiUasuiuniounadadnasnszans e
durlanifenlndiusumiianssgui 7 Wwnadiailisresls
Suanwiien Wesmnindwdenlvmes nasmadueanseosly
nanlwmanaiminwdevaden fihesdndunaunada
wazTwnediafivinldengnisldnueanduraniion AvF dunth
WATAMSLNISNLUUE Y

g’dﬁ 7 Msuns@nnadia Area puncture or regional (LLmEmLLa:ﬁmm*m)g

INNTANWIZBIAMIRNTIILAANE YINNSANWILUY
faundtlneiiununadaysanuuutiuiindayaguenldidu
Wandem AVF 21 518 AnwidieSeufisunazasnisunods
IneldinAfia buttonhole LazinATA area puncture ABTEEZIIAN
luwnsnavinaifeanatnanidn AVF uazszAuANduUInZe
fUaezaizunadn AVF wudnnisuned@alaeldinaiia buttonhole
FieanszezinaInsnaiiNRanvdinendn AVFE TaRnIn
maunsdnlaeldinaiia area puncture agnsfividAN9EaRA
(p <0.01) ﬁ”’m%mm arterial site (Constant site : X 4.19 + 1.66 WIN,
Area puncture : X 9.12 + 2.36 W1#) WAZUSLIU venous site
(Constant site : X 3.92 + 1.37 W7, Area puncture : X 9.12
+ 2.36 wIf) wazAzuuwANAUIREsEUIBMEULNIEN
AVF flalfinadia buttonhole Waeninfiaunsdalaeldivadia
area puncture agNIN%REAYNINEGR(p <0.01) WUSInd arterial
site (Constant site : X 1.20 + 0.90, Area puncture : X 6.03 +
0.90) WaZUSLIM venous site (Constant site : X 1.38 + 0.75,
Area puncture : X 5.88 + 0.82)*

21NN13AN®¥1209 Maria wazAne lAvinn1sAnwILUY
NsRaNAEI3AIIZA (cross-sectional survey) TugUaewan
Fonfiguddnoln 171 gudluuaulssmaglsuvionan 9 Ussina
Sruamgiheriodn 7058 T8 iduwenidon AVF 90.6%, d
Wamdan AVG 9.4% LMATANSWMIENLUY area puncture
65.8%, rope-ladder 28.2% Waz buttonhole 6% ANWINANLA
MSUNIINADILELIAINNT 1928 AVF LAz AVG WUin
WMARANSUWNIENLUY area puncture #lonalinnisgeade
IWwnanliaaNINNINAKA Rope ladder B3aLnAiA Buttonhole
RN ATl

asu

waRANsunsdnfinaanfeniiananidonlulag
d 3 wmilAFa Buttonhole or constant site, Rope ladder or
rotating site WAz Regional or area puncture &% lnaHen 1y
Rope ladder ihasa1niduinafiasinsgiuienldiuiall
vlwiduranidandangnisldmuliwm samnisiadasi
\invaanidenlvimasios aansnldlsve AVF uaz AVG wadia
Buttonhole lsisummnaiienlugiaefidslniiim iasanidu
wadtafilaine wnsiumiads §uieddnliresdunad
unadia Srsmsunadafinsiunsioias wilomamsfndauuy
LW LazUUULNINIEBgINIINATADL d1wnAlia Area
puncture #inlalAaefienld asannuinasaEeaiungds
dinnzldewaansesusulaves doiuaisdannadianis
unsdsdurandon ldiranzannu gUisusazsauazaasAie
femnndnageasgunednnaniden
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A15197 2 aguwaiansuns@aduneniion

o [ ad v o [ |
WALANITUNILYN 383 af daide
Buttonhole WIUAUINANGR 2 6urus o aRANNITULIA o LHNIIARLTBRUULANIEN

or Constant site

Rope ladder or
rotating site

Area puncture

THFnafiaUaeunanunssaion
i 10 A3 Tunslusunvioia
Faseordn Anivufinynase
AR
nnwliEamunelusunviosa
donaRwsaefiase lTuniianits
UaHIIRADALRDR

THEnUaneuranunesinuimvig
dlulwvaeniden Tneusiom
ﬁmL%mzl,ﬂﬁwvlﬂmmﬁunnﬂ%
maLwLdunanidan ¥19an
VUGN 2-3 cm

THanUanawnanunosnwiImv
W lulunasadenlaeusiom
NasdnazIndiAeaiusLnhoLG

o yinlsdne

o indunanidenllinasios

o \Gameanldiiviioves

o LHOATIEATIBNAINITNAIN
szazna Tunsiaien
Tainnm

o saelasunmsuila
wuwanideniae

o anANNANIAZRIUIEIAS
Hunod

o anAadelunITunada
Gal

o T luguredfifonlnnis
unadnviae

o dunanienfiongnsidom
Wt

o AEMsfndatoe

o 18lsio AVF uaz AVG

e LAAAIINRANAIAU DL

wnadnTRNanla
o Tdluguranfionuneds
il

LATUWUULNT 152918 1d8
dwlngfinudn S.aureus

o liisnansaldunaduaniten
AVG Tgt

o lamanzlugurendsunis
& d = o
wanlunsunadavaniten
wae

o fUhedanansauaziilons
UNIENTAWAIANIN

o uWaNFoAiRNAALADR
ldenae

o Lawnaniianw

e fasldIa Iwinlnnisnm
FuLaen
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hemodialysis patient

Oraphan Lertsakornprasert, Tanan Ngamvichchukorn

Nephrology Division, Department of Internal Medicine, Faculty of Medicine Vajira Hospital,
Navamindradhiraj University
Abstract

Chronic kidney disease is a disease that is increasingly found. In Thailand, nowadays, end stage renal disease
patients are treated with renal replacement therapy. Most of patients chose to be treated by hemodialysis method. For
this method, doctors will need to prepare vascular access on patients. The efficiency of vascular access associates
with the mortality of patients because poor vascular access results in reducing the quality of hemodialysis. Therefore,
it’s important to always maintain the vascular access in good condition for long-term use by trying to avoid vascular
access complications such as stenosis, thrombosis, aneurysm or infection. Factor affecting to the vascular access survival
is cannulation techniques. Proper cannulation techniques can reduce vascular access complications. There are three
types of cannulation techniques; 1)Rope ladder or rotating site (using sharp needles to cannulate rotating sites across
the entire AVF) 2) Buttonhole or constant site (using blunt needles to repeatedly cannulate the same site via a healed
track) 3) Regional or area puncture. This literature review aims to gather the Pros and Cons of cannulation techniques.
The rope ladder technique is conventional and standard method that widely used nowadays due to minimize the risk
of infection, prolong vascular access survival, using in both arteriovenous fistula(AVF) and arteriovenous graft(AVG).
Buttonhole technique should be used in patients who have limited area for needle cannulation since the needles are
placed into the exact same holes on AVF every time they have dialysis. It’s less painful to patients. However, the study
found the Cons of this technique as patients are at higher risk for infections both in the insertion area or septicemia.
Furthermore, this technique can’t be used with patients who have AVG. Area puncture technique, this is not popular
technique. It is often used with patients with limited area for needle cannulation. But, vascular access complications such
as stenosis, thrombosis, aneurysm are commonly found in this technique. In order to make hemodialysis more efficient
and safe to patient, it's important to use proper cannulation technique for each type of patients and need to consider
the expertise of nurses who perform needle cannulation as well.

Keywords : rope ladder, buttonhole, area puncture technique
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Etiology of low CKD-screening rate using
Health Data Center

Charoen Kaitwatcharachai', Parik Madtia®, Buntana Phumleng®
'Divisionof Medicine, Hat-Yai Hospital, Songhla, °Songkhla Provincial Public Health Office,
Songkhla, *Somdejoraboromrajineenart Nathawee hospital, Songkhla

Abstract

Background: Chronic Kidney Disease (CKD) has emerged as an important national public health problem. Ministry of
Public Heath have advocated for CKD screening and recommended using Heath Data Center (HDC)-based system to
assess the achievement. The problem of using this system is that the staff often understands that this evaluation gives
lower result than the actual performance. The purpose of this study was to determine the cause of non-target CKD
screening outcomes.

Material & Method: We used a retrospective descriptive study using data from the HDC system. The results of CKD
screening in the fiscal year 2016 of a hospital health district in Songkhla were explored. We started by checking the list
in the Data Exchange menu of the HDC database. Then, we determined the cause of the non-screening patient at risk
based on information from many hospital information systems and asked patients directly.

Results: 137 patients (49.04%) at risk were not screened for CKD. 54.7% were male. The mean age was 61.9 (95%
Cl 59.5-64.4). Hypertension and diabetes were diagnosed in 136 (99.3%) and 24 patients (17.5%), respectively. The
causes of non- screening were 1) treatment at other facilities 57.7%. 2) non-screening 16.8% 3) lack of follow up 13.1%
4) not at risk 8.8% 5) death 2.9% and 6) assessment errors 0.7%.

Conclusion: This study found that evaluation of key performance index with HDC systems is sufficiently sensitive
for screening. Several causes of low CKD screening rates were demonstrated. The most common cause was that the
patients went to another clinic.

Keywords: chronic kidney disease (CKD), Health Data Center (HDC), key performance index
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() TdfuuaiiSe E.coli Umilonlwinfinuszuutnin
@) AdeuuAiiSe E.coli Umlanlwitiuszuuiin

ananidlumsiinsiAila:us:usawadoya
vindayafildainnianasesed198aszs1nIniase

wImszvisaelusunsuneddn Inedagaazgnitawalugy

2o9ANARe + dndBaunNIATgIUIBIA1RRAE (mean + sem)



54 | Original Article

KAZIATIEANIAIIHLANGNIZBITIWIBLUANS BN N HES )
pIN8 one-way analysis of variance (ANOVA) 28 turkey test
pFEsEAUREEARN p- value < 0.05

wanisnaaol

uamsAnw U nsales@iniivhaede lusanses
\onfimssanesimas 24 Filune Ngumnfl 45 uaz 50 aeRn
waded Soeaz 50 uasfimadaneiiatunus i Tuiianngi
awmnansoea: 33.3 Tunan 72 Halue luaniefigangd 35 uas
40 asrnsaandRndnsaanesngs 48 #lug isoeas 50
wazRmasaeiadumas IR Tufannduawniasanas 33.3
Twnan 72 dlue anmsimuensaaddniignnagey
pinel peracetic acid test strip Lﬁaﬁﬂ%mmmﬂﬂ’h 2,400 ppm
@ad 100%) azduwaudsn, a1nnda 1,200 ppm (AR 50%)
azRuaudrinma, uazannndt 800 ppm (AAdu 33.3%) 2z
WAUENT eNAIEU Aowanaluensed 1 usiegnelsfina
WaRasnENARUW peracetic acid test strip H1N1IANET
"lm”q"]s':iaL'Jm‘v"i“nﬂaaumuﬁmm:ﬁqmwgﬂgaﬁuﬁazLﬁm
nsaaslaedenands luduiinanauazdini luige
Fadnluldiiessesnauazgungdfifnauiinasdaniaiia
mssaedazasnsawesdin usfinssiuianin PAM fidiag
fusmmiidudwisonasonmsiaedalsald dosiwlunn
mManeaasiile 4% PAM aurhatedelusansecdeniiiae

daviien lmnsidesdslinumsesadiule

20ILUATISE E.coli UWBINT tryptic soy agar b
fisansaaidoniiouerinusansitmwnsinawsd lafven
4% PAM wuhiinswiudiulazeada £ Coli inn 9 gunadl
fhmsau fuansluwansien 2

A19719% 1 NMsnAdaurIUSHIazasEnsiaTgRnee peracetic
acid test strip

QUNDH L‘Ja']"?;l;li':lﬁlv‘iﬂﬁ":llﬂ Peracetic test strip
(F2lai9)
0 1 24 48 72 96
100% 100% 50% 33.3% 33.3%
100% 100% 50% 33.3% 33.3%
100% 100% 50% 33.3% 33.3%
100% 100% 50% 33.3% 33.3%

aa d o o
nimﬂaﬁﬁmnﬂgnﬂmﬂaﬂmﬂ peracetic acid test strip LH@

‘VIN"IEIL‘WE!

FAUSHUNINNT 2,400 ppm (100%) AzHLaUEsN, 1,200 ppm
(50%) azHuaudwIag, waz 800 ppm (33.3%) azduaudim

o ° a a o o & S o & o a da =
f1379N 2 LLﬁﬁlx‘ﬁﬂWJ%TﬂIﬁ%ﬂﬂﬂLLUﬂVlLiEJ E. coli VILW']:LGH\TQF]ﬂ%']ﬂ’]'ﬂu‘ﬂ’]ﬂ"lﬂvﬂﬂﬁ]'}]ﬂia\']LﬂﬂﬂﬂNLLﬂvaNN 4% PAM ad

POUNALALIIA
Temperature durulalailuasuuniitse E. coli (Log CFU/mI)
(°c)
0h 11 h 24 h 48 h 72 h 96 h
E. coli
without 35 1.83 £+ 0.50 1.61 + 0.36 2.89 £ 0.28 3.36 + 0.28 3.51 £ 0.03 2.74 + 0.69
4% PAM
40 148 +0.48 3.21 + 0.11* 3.78 + 0.05* 361 + 0.15 345 + 0.10 2.90 + 0.63
45 351 +0.34 284+ 023 277 %060 389+ 015 247 +0.85 3.59 + 0.09
50 191 £+ 0.54 1.82 £ 0.49 349 + 013 3.33 £ 0.26 3.74 + 0.07 3.39 + 0.07
35 NG NG NG NG NG NG
E. coli
with 40 NG NG NG NG NG NG
4% PAM
45 NG NG NG NG NG NG
50 NG NG NG NG NG NG

NG ##eiie No Growth

* ANNBTIANLANA1IBENI AT AAEYN9ETAT p < 0.05
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Anneaedt 2 lusanseniendlad 4% PAM o
0, 48, 72, uaz 96 #alung WuTGUNART 40, 45, Uz 50 a9Fn
wadedlifinnuuansnsaasnsesyiulazeswuafise £ coli
ptnefisdAaSeufeuiui 35 ssmuades Tuane
A 11 Fluanuinfigungdl 40 waz 45 seraaded
finnsesqidulazesuuaiiSegeninegeinedAnyile
Wisuifieuiufl 35 asrnwades (1.61 + 0.36 vs 3.21 + 0.11;
p = 0.022 uaz 1.61 £ 0.36 vs 2.84 * 0.23; p = 0.042
AINdY) wazil 24 dalag Ngmngdl 40 ssrzaLFedd
nmswsyiiulasosuuaiise E.coli ganinagrefieddnyile
Wisuiieuiuf 35 svrnEaTed (2.89 + 0.28 vs 3.78 + 0.05
p = 0.048)

anUswwwa

Tutlagiwmirelafiensing 1 Tulsznalnglsiuaen
Tnmstivasanai laaanlunsaasdfinlugUuuu peracetic
acid mixture (PAM) tasanndndunsnesasnenieioanin
wazidudinssodowindonnnniinisldwesananlas® annis
An¥1289 BonduazAme (2011) wuinAskEnsalasndin
Tumsraedeslusansesdendldsnaansaandnsinisnie
(mortality rate) zasguaelsninnininislddansasdan
Lﬁmﬂ%ﬂtﬁm(single use) °

TunsinwaseiladiuuailiSegdaunsuau E. coli
anlilumsmasssitasann £ col sansawuliluszuutiimi
waslwrsaslafionuacsudus lufififl organic matter Woe 7
faw &7 8nvie E. coli SaidwwuniiSeisansnnsalanie
trypic soy agar 7’8ﬁagn‘lﬁtﬂummsmmﬁmL?Taslumimamf:
INUANITNARBINUT LA BU U ENE R BIzUUNTTUN TR
angnuwanuazligniuwiendaewuafide £ coi wuin
Twwasignumdansisuuafise £ coii #msasaiiula
209UURATISE E. coli WAIINIYNS tryptic soy agar MANNSNARBY
duarmsfinanzansenswiyiiulnzasuniie £ coli’
Tuaneiwand ifinsuwlowsheuwuafiSe £ coli ndulawu
mswSuiulnzesnunfide E. coli uamsiinfidiunszuam
nstrdamdwinfiazanausiAnidamanzun nnsinTule
lumsnaaassialuls

NasINNN5Un 4% PAM fidwonwuafiSe E. coli
Taushnsandeawuiniinn 9 guvgAfildausinsasidende
35, 40, 45, uaz 50 avFAEd LHavrnendideusansas
Lﬁam"l,ﬂwaxl,gﬂwmwamﬁusi@ tryptic soy agar Wu31la#
masaivlazesnuafite E. coli LaRIIN 4% PAM &1815a
areuuafise £ coli lelwnn 9 gangd feuddn 4% PAM
gzfimsaaesilUimausRadndwaas 4% PAM fidinags
waran13YatewuAie E. coli lnan1sAnwasenlayi
MaNARBUNANNIENTIRRD28S 4% PAM Tigainnfisng
piIel peracetic acid test strip WUINRNITHA18AI209 4% PAM
anfigafi 45 waz 50 avrideades InewuinEafianasng
Aiagndadosa: 50 a1 24 dluuasindesosaz 33.3
i 72 alwe luanefiguvnfl 35 wae 40 esrnFeaide

nUinANNENTwaRaAaTosA: 50 7 48 dalusuaz
wipsesas 33.3 fam 72 Flas Insinamipnadniwmiosge
Aldsunisungininamsaviianedaladazay fiussann
600 ppm > ° Tagainms1ed 1 wuinlunn 9 gumgfiasd
AN NFUIEINIAEIIBANNINTT 800 ppm TIMHA B9
nananARaRaNIInaiuaywlFaINnIsAnuI289 Kunigk
wazANE (2001) wulmsaanefainsaasdinidulinsen
fsuTindie (first order reaction) lAgdRIINNTHANLEILUTE
ANgEUNH > * ﬁawfmamnmimamﬁmmmﬁﬂLﬂuﬁatﬂua
Tiingumgifmanzassanisiiusnwisnsaniennissingl
35 asAeaides lneaansnaiuayunasgUilalasasdnis
27171348281 (food and drug administration: FDA) a4
ansgawsin lduusiningunafifinansansanisiaieda
sasnevhaeidamsati 20- 25 asrEade
\efiansannazesgun)inon1sesyaasuuaiise
E. coli fwmidanlusnsandoniilasl 4% PAM wuinil 40
waz 45 aerniaded nan 11 wae 24 Falug Anseiabule
FasuuAiiSe E. coli leigenind 35 esrnuaidied agnoiviudAty
WioennuuafiSe £ coli frwanansanusegnnnd ligets
45 pornuaiFes AorenndosiumsAnwizes Noor R, et al.”
Fuswvnndmnsacdaniignaurnaneidasie PAM fissiupns
dudwinendt 4 % dafln PAM AlaifuszAnsawieswasa
mavaede lwanzfisinsasdeniuwgnifiulifgungfige
40-45 asrndeaded azvinlviuupiiSe E. colisnnsawsasiule
Tsagafnfideennazyilmifinnznsindelunssualadn
sasgthelfanmasinsnsandentluldeh TnsawizasoBony
NmsgIRIaIMIIEInsadeanduanlddn s lifnmstus
TRaouwiitiusinsasdaniuiuaanda (sterile area) Fotinm
TunsufuRwaasnuielafiendsdniiusinseaienld
Tuusmfiazarariiudsanavildilamavwiawdading
fnsaadonlaannsaaesiesnsaasidin

as‘uwaﬂ'lsnOaOJlla:Z‘jalaUO”U:
nsawasdinduasrinasnsninanldlunmsyane
Folunsaodeniigen lsognefiussins mwuafamsdanesn
ANQUMALATIZEZINT FONUAITAMIATINFEUANENT
aaansailasndinlvieglwnnsififemasamsvaiedaran
navisanseadentulidhiugae

AndnssuUs:MA

e lFsunwaiuawIN AL INeNmansUszand
an1dInerasnalulagnszasninanszuasinis Uszdn
Toutszanns 2560 (aafidayansunu 6043103)
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The influence of temperature on
peracetic acid efficiency in dialyzer reuse

Suwadee Phowichit', Weerasak Ussawawongaraya1, Theerawut Phusantisampanz,
Nuntana Spilles®, Waravit Rattanawong’
'Department of Industrial Physics and Medical Instrumentation, “Department of Biotechnology Faculty of Applied Science,
King Mongkut’s University of Technology North Bangkok °Dialysis Unit, Nopparatrajthanee Hospital

Abstract

Dialyzer reuse with peracetic acid for sterilization has currently been accepted as a universal standard guideline,
because peracetic acid is not only the effective sterilant but also the health harmless and the non-polluted environment.
However, the influence of temperature on peracetic acid in dialyzer reuse had not been fully reported. Therefore, the
purpose of the study was to investigate the temperature effect upon exposure to peracetic acid in dialyzer reuse on
microbial growth of Escherichia coli (E. coli) with variable temperatures as 35, 40, 45, and 50 °C at 0, 11, 24, 48, 72, and
96 hours, respectively. The study is the experimental design using the control of temperature incubation. The control and
the experimental groups were the dialyzer reuse incubating without and with 4% peracetic acid solution, respectively. The
results showed that the peracetic acid in dialyzer reuse at 45 and 50 °C has approximately decomposed into 50 percents
at 24 hours. Moreover, its decomposition has spontaneously increased until the peracetic acid level is 33.3 percents at
72 hours. However, the bacterial growths were not found at all experimental temperature and duration. In conclusion,
the peracetic acid is the perfectly potent sterilant for dialyzer reuse but it is able to be degraded with temperature and
duration. Consequently, the recommendation is that the detection of the residual disinfectant concentration from dialyzer
reuse is required in order to ensure that it is able to entirely inactivate microbial pathogen before the next utilization.

Key words:  peracetic acid, dialyzer reuse, temperature, sterilant
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[LTEET Case

A 2-year-old girl with proximal muscle
weakness and failure to thrive

U157 Ineuniiuv, AinseRy ASHITIH
wwaglsalausin nasnansiaanssy awenuiawssaonginan

dueianvigseng 2 U 2 Wiaw doynilng Famdlne A¥aw1  Neurological system: good cooperation, cranial nerve: intact,

ﬂ.'sj‘Wi'imu% motor power grade lll at both thigh, sensory:

intact, deep tendon reflex: 2+ all, clonus

O'ImSé"-i‘lﬁCIJ negative, Babinski sign: plantar flexion both feet
IganusaTanasing 5 Tuneusnlsinetua

2 Girls aged 0-86 months: length and weight
Usz3G0470u ) _ W T R I R g
8w fownlsswenuia guhed To vynla T8en 9 snse T e
goeurla aningn enanldlvisudsznuwicm s aus 0K Iag
5 Tu Aounnlsaneruia nasunanaawd o - P>z
Tolongnidin soangauazinzidin naiuze wwlidanuss % = Ll
noudumauwnle (8l Taidn Tadddnnge Sudszmuwennis o
Tsung Tifdendewn Lifivieadedremwan Jaanizaans 3 i = s
o 3 Z T _
Js:3dodn 3 L o %
o Ufjidsunenuazonmisnina - g7z =
o UfiasuseiRlsauszdei wie Suthedasonran o S8 AT "
o lA5uinduasumnnael . So- SszgEc=c-cians
o WWINTaNIE /4 e aPgEas 25 —l
Us:36insouns) 5 _ _ 14
dnuazsnsanlifilsaszdm nduialula mnzas 7 Y /i i 2
Tnuugniigniasiuduassnsem : .‘_"_;_. :
wansI$uMe 7 n
Vital signs: BT 36.2°C HR 109/minute BP 102/61 mmHg A "
RR 26/minute s e 3
BW 8 kg (<P3) Height 79 cm (<P3) e : e S e -y o g
GA: good consciousness, alert, not pale, no jaundice,
no edema gﬂ'i"i 1 nymuamsmswseiulazaagiae
HEENT: not pale conjunctivae, no icteric sclera, no .
injected pharynx, no puffy eyelids wansaanRoIUUaMsIdoidu
Heart: regular, normal S1 S2, no murmur CBC: Hb 12.4 g/dL Hct 35.4% WBC 18,500/cu.mm’
Lung: clear, no adventitious sound (N 52.6%, L 36%, M 6.3%, E 4.7%, B 0.4%),
Abdomen: soft, not tender, no distension, no hepatospleno- platelet 407,000/cu.mm®, MCV 82.0 fL, MCH
megaly 28.8 pg, MCHC 35.1 g/dL, RDW 14.7%

Extremities: no pitting edema, no deformity BUN 12.2 mg/dL Cr 0.38 mg/dL
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Electrolyte: Na 137, K 2.61, Cl 115, HCO3 10.8 mEqg/L
(anion gap 11.2)
Urinalysis:  sp.gr 1.010, pH 6.5, no protein, no glucose,

no ketone, WBC 0-1/HPF, RBC 0-1 /HPF
Urine electrolyte: Na 60, K 27.1, Cl 59 mEg/L (urine anion
gap 28.1)
Arterial blood gas: pH 7.281 pCO2 27.6 pO2 82.6 mmHg
HCO3 13.1 mEg/L

asUUoyrnunadniudiUossied

1. Proximal muscle weakness

2. Failure to thrive

3. Family history of consanguinity

4. Normal gap metabolic acidosis with hypokalemia

anteynlugiheseiAe proximal muscle weakness
NUARTIINABIUGURNITNUTY HeLnean hypokalemia
wazdlalesun1ssnen emsndaitoseuusanzuagedman
\deRasanaingivin i hypokalemia lugthesed wuindame
normal gap metabolic acidosis TINFRE Ism*?immuﬂumm@
1%1}3‘1']218%8‘17: Ao renal tubular acidosis (RTA) tiosannuaLaon
dle saruivszTmaedladln TnelafussiBreadesnnen

A renal tubular acidosis® SIS 61 4 Ngaman Lo

1. Distal RTA (RTA type 1, dRTA)

2. Proximal RTA (RTA type2, pRTA)

3. Combined proximal and distal RTA (RTA type3)

4. Hyperkalemic RTA (RTA type4)

anuansaaifasnzluguaesedinud urine pH 6.5
38U urine anion gap Ny 28.1 8evinlAiindle Aoz
distal RTA #nfign thasainlwanazunfiilasneniednig
Funse Tnezanansatunsaldifisguluguoes NHT, vl
urine pH < 5.5 LA urine anion gap Wuau (NHACI Lﬁlﬂgu)
INFNN15">°

Urine anion gap = Urine cation — Urine anion

Urine anion gap = (Urine Na + Urine K) — Urine CI

dolugihe dRTA lalsisnansadunsaluguzas NH CI
18 ¥1# urine anion gap #ATnuan

Tugheneilasunsnsafiafisiograinaans
lunsiunsnzesasn ladeedmwuate Tnanisvin furosemide
test wdnMsAe furosemide azdudsntsgandulaiieni mTALH
M liiinTannlndenfiandmasnladosdmuate nazdmw
Tofimagandulmfeasinds Safsuszgauln tubular lumen
nsznlvifinsiunsauazinunadenivaenlalesdiwans
gan1lu tubular lumen ingn lwanUndfivasalados
gwnsadunsnle (lonsrataanazazwudn urine pH 92
waenin 5.3 udfthemeindsr furosemide test WU urine
pH Wi 7

gt lssumsnsadansiameanilaa: wuile
¥ 2 3198 nephrocalcinosis sanwi 2 FewuTalu dRTA wiaeann
928 hypercalciuria dvsun1sasIanwssdnszan dolainunnag

. @ & & =3 oo o Yo
rickets EL‘Haaﬂ'JEIS'WEI% ‘i]’lﬂNﬁﬂ’lilﬂi’J'in\'MNﬂﬁlﬂﬂ?ﬂluﬁ]ﬂﬁlvfyﬂﬂ
ghedl distal RTA

S e

RT KIDNEY

o o oo & o o
31]% 2 mwaamwmmgﬂwswwu nephrocalcinosis Alavsdaeing

Distal RTA snansautsnaaing leidu 3 ngusei>
1. Primary dRTA
a. Inherited renal disease: AE1 gene mutation,
ATP6V1B1 gene mutation, ATP6VOA4 gene
mutation
b. Sporadic dRTA
2. Secondary dRTA
a. Drug: amphoteracin B, lihium, foscarnet
a. Renal disease: obstructive uropathy,
a. Autoimmune disease: SLE, Sjogren’s syndrome
a. Other: vanadate (soil in northeast region)
dmsugunenediBafionndusiaigios lufia1ns
Anunfizesszuudniiidnldfungs autoimmune disease
{afusziinisldenla pdudsedn sandufiuseTRinnsus o
TwAsoqd Sefinfosineainiugnsssenniign Tugihesed
Tsvinsnsradiandia Toun namseadiesidaniodae Tan e
A58 G WA 3-5, A59M3LHEW Shearing test) avEaE
naUNs LaTFINTIIHBUNIIRUGNIIH (genetic testing) WUNS
NAWRGHUY homozygous SLC4AT G70D mutation 9NN 6

-

ooo O o
o 2 O O 0%
'°.°°. Oo. o 000

Eﬂﬁ 3 La‘jmﬁaﬂl,l,ml}jﬂm WUANWEUE numerous theca cell, no ovalocyte
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L+ |
',-.320..-.. o e 20%a 0.2

3Uf 5 fiaieaAuAsanIA wusnwz spherocytosis, few theca cell

Analysis of SLC4A1 SAO mutation by PCR

M  Patient Normal SAO -

300 bp
200 bp

Analysis of SLC4A1 G701D mutation by PCR-RFLP

M Patient Father Mother

GG GA AA

200 bp
173 bp

106 bp
67 bp

100 bp

GG = homozygous wild-type
GA = homozygous
GA = homozygous G701D

Conclusion
patient carries homozygous SLC4A1 G701D mutation

JUN 6 waN1IETIRFBUTNIRENTIN

squitheedilasumsitadedu distal renal tubular
acidosis 3101 AE1 mutation (homozygous SLC4A1 G70D
mutation) n1ssnwAguaelasu AenslianuazInaiden
naunw Iaeidendsluguzasdinsm dalwaaz distal RTA
azfln172 hypocitraturia 33678 @658 14LAR nephrocalcinosis
Tsdne

AE1 mutation #38 SLC4A1 mutation®®

AE1 ¥i38 SLC4AT gene ﬁ]zﬁ’mﬁf’]‘ﬁ. encoding anion
exchanger 1 (AE1 38 band3) %x‘iagl:‘uu chromosome 17g21-g22
AET aswufidaifiniianunsuas type A intercalated cell g
# mutation azvh W lalansnsnasrelusin AE1 v lwlaldansnsa
Funsals n1snanewugaasin AET ansnanenannenRgnIss
v[ﬁﬁy'\‘nm‘u autosomal dominant LLASLLUU autosomal recessive

TuanlneuasUssinAansaninnunsatenanLuy
autosomal recessive 3189ngUlgs1euInzaslneda N3
ﬂﬂ’lﬁlﬁ’%‘oﬂmu homozygous SLC4A1 G701D mutation 1u
W.A. 2541 (138AN1SNA18RUGAING1I91 Band 3 Bangkok
1) Tufiskoefifl dRTA ST hemolytic anemia U2 abnormal
red cells (xerocytic-like dumbbell morphology) WAH red cell
AE1 content uaz anion transport activity Un@ Zsasuielsann
MsTiiARoALAS co-expression 289 red cell chaperone,
glycophorin A (GPA) Wuszaelvin1svianuzes anion transport
activity Unfi Wuinfl type A intercalated cell lsifi GPA ¥il#
AE1 Taanansavihols ifie distal RTA saus1ing hemolytic
anemia waziimdeaunszusisinuni asutelaainwud
homozygous Hb E fawsneludthevionasmed uazfisneas
T w.e. 2545 Tugie 7 518 (@10 5 AsoUAY) lumAwiie
289lne ﬁﬁ homozygous SLC4A1 G701D mutation ﬁv[,aiﬁ
homozygous Hb E 33ns28 wuinlaifl severe hemolytic
anemia usiwuLEs anvasfindaunsianuniidniiae

a‘iswmuminmaﬁ’uiﬂmﬁ”’a SLC4A1 SAO (Southeast
Asian ovalocytosis) Waz G701D Tuwanlnegnenals lnewui
compound heterozygous SLC4A1 SAO/G701D ﬁﬂ dRTA
Tifinzdn wifidnvazfiatonunsfiiaunily uazd msana
2849 anion transport activity (red cell sulfate flux) Uszannusas
az 40 lu W.A. 2547 {n1331801% SLC4AT mutation Tt
3 518970 2 msaunsa leelwaseuasausniduguas dRTA
7 compound heterozygous G701D/S773P mutation LLag
Snnitersaunss T 2 Aeefid dRTA waz SAO fifiannis
mendinguuselaimilonin %ﬂ@:ﬁ compound heterozygous
G701D/R602H mutation lneg SLC4A1 S773P mutation W&z
R602H mutation (38NNNSNA1EWUEAINGTIIN Band 3 Siriraj
1 a2 Songkla 1 HINEAU

Afinssuds:me

HANKG2020URAN ANEATI919E UWNNENGY FaLNuN
laSarsug MATINNISEANERS ANEUNNEFNERSNKINeNae
533NAERT AlWANNgANTI8RTI9ANARUNFARD 8
homozygous SLC4A1 G70D mutation sl%;jﬂ’;&li’ltli{
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UselwiinwW §smUs. Acid-base homeostasis. 14: QAW

a
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Rawasaafa, afigs Ansimimad, 1a3 ASesias, AinseEn
F3ga390e, 9RRld deuzna, unin Teemd, gasal Tungledu,
wafisa 3euanas, ussanans. daywmasin Slnlslasuazlsn
Inlwidin. wiinanisiian; 2560. vitin 70-88.

geunwa Tadauesg. Renal tubular acidosis. Tu: NIRUAW H9%631
Soufia, afigs AnTnan, U235 ASeataR, AINTeR ASEITI0,
Somitd Zeusna, Tunin Jezand, gasedl Sueledu, wsing
Sewa1s, Ussandns. Jywsnsin Bidnlsladuaslsalalubin,
WANANTSANN; 2560. 11141390-409.

Quigley R, Wolf MTF. Renal tubular acidosis in children. In:
Avner ED, Harmon WE, Niaudet P, Yoshikawa N, Emma F,
Goldstein SL, eidtors. Pediatric nephrology. 7th ed. Burlin:
Springer-Verlag; 2016. P1273-305

Yenchitsomanus PT, Kittanakom S, Rungroj N, Cordat E,
Reithmeier R. Molecular mechanism of autosomal dominat and
recessive distal renal tubular acidosis caused by SLC4A1 (AE1)
mutations. J Mol Genet Med 2005, 1(2):49-62.

Tanphaichitr VS, Sumboonnanonda A, |deguchi H, Shayakul C,
Brugnara C, Takao M, et al. Novel AE1 mutation in recessive
distal renal tubular acidosis. Loss-of-Function is rescued by
glycophorin A. J Clin Invet 1998, 102:2173-9.
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CPC-Clinicopathological Conference
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