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ORIGINAL ARTICLE
Carpal tunnel syndrome: a common initial symptom of systemic
wild-type ATTR (ATTRwt) amyloidosis

Michitaka Nakagawa Yoshiki Sekq;ma‘ 2, Masahide Yazaki'?, Kana Tojo!, Tsuneaki Yoshinaga', Tadashi Doden’,
Jun Koyama®, Shin Yanagisawa®, and Shu Ichi tkeda’”

"Department of Medicine (Neurology and Rheumatology), *institute for Blomedical Sciences, *Department of Cardiovascular Medicine, and
“Department of Radislogy, Shinshu University School of Medicine, 3-1-1 Asohi, Matsumaoto, Japan

Abstract . Keywords

Background: Systernic wildaype ATTR (ATTRWY amyloldosis is a prevalent aging-telated  Amyloid, carpal tunnel syndroms, senfle
disoider, However, a limited nUmber. of systemic ATTRwt amyloidosis patients have been systemic amyloidosis, transthyretin,
diggrosed antemortern, and therefore; the prevelence of ATTRW is underestimated, Here, we wild-type ATTR (ATTRwY) amiyloidosts

investigated clinical findings of a series of systemic ATTRwt amyloidosts. patients with
antemortem diagnosis.

Methods: Thirty-one consecutive patiants diagnosed with systemic ATTRwt amyloidesis at ) .
Shinshu University Hospital were included in this study. Systemic ATTRwt amyloidosis was  heceived 27 September 2015
diagnosed based on proven ATTR amyloid depaosition in biopsy specimens and confirmation of  Revised 20 December 2015
witd-type TTR genotype. ) Accepted 21 December 2015
fesults; The systemic ATTRwt amyloidosis patiants consisted of 24 men-and seven women, and  Published online 3 February 2016
mean age of onset was 69,84 9.0 years. The most commeon initial symptorm was carpal tunnel

syndrotme {CTS, 17 patiants), followed by heant failure symploms (14 patlents), The mesn age at

diagnosis was 74.5:% 8.3 years and the duration of llness from onset to diagnosis was 5.4+ 44

years, Cardiogenic embolism and renal dysfunciion are slso freguenmtly seen during the course

of the disease,

Conglusions: CTS Is the most common initial symptom of systemic ATTRwt amyloidosis. Qur

results. suggest the possibility of systemic ATTRwt amyloidosis diagnosis at an garly stage by

carefully examining patients with CTS: ’

Hiztory

Abbreviations ATTRwt amyloidosis, wild-type ATTR amyloidosis; BNP, brain natriuretic peptide;
LTS, carpal tunnel syndvome; DT, E-wave deceleration time; E/A ratio, ratio of the garly to late
ventricular filling velocides; ECG, efestrac‘ardéggram, Ele’ yatio, Ratio of sarly mital nflow
velodity to mitral annulay early diastolic velodty; FS, fractional shortening: NSThd, disstolic
thickness of the Interventricular septamy LVDd, left vemricular dlastolic dizmeter; LVEF, left
ventricular ejection fraction; PCR, polymerase chain reaction; siRNAs, small interferi g RMAs
BNTEPYP, technetium-99m pyrophosphate; TTR, transthyratin

Introduction attention given fo ATTRwt amyloidosis as no effective
Systemic wild-ype ATTR (ATTRw) amyloidosis (also disease-modifying theraples are currently available for this
b e . N - disease. An alternative rationale or explanation for the low
called senile systemic amylaidosis) 15 an incurable sporadic _ A ; AR o .
. ’ . . rate of antemortem  diagnosis 15 that ATTR  amyleid
discase. caused by the extracelular deposition of amyloid ) = . D
fibrils composed of wildtype tmnsthyrétin (TTR) {1} deposits found on autopsy do not contribute 1o the clinical
S?St&mic ATTRwt amyiéicinsi's is 4 pmvalént a’giQO—feiaiéd syndromes that patients experience in & certain proportion
disorder, as 12-25% of people aver the age of 80% and O} cases , _ o . . »
1% of people over the age of 05 wete shown to have Recently, however, the clinical effects of TTR tettdmer
ATTR deposition in postmortem studies [2-4]. However, 4 stabilizers, diflunisal [5] and afpmidis [6], on hereditary
limited number of systemic ATTRWt *1111);&}1&)3:‘% paiiaﬁm ATTR gruyloidosis were demonstrated in fandomized clinical
1 EL 1 1G] b 3 il N 3 A . Y T . " § = X "
have been diagnosed antemortem, probably due fo reduced wials, and tafamidis has been approved for the weatment of
B A ‘ heveditary ATTR amyloidosis in several Buropean countries,
— " S P Japan, Argentina and Mexico. In addition, gene therapies
Address fw carrespondence: Yoshiki Sekifima, Department of Medicine dithe antlesre old i o ol ol Sunt .
{Neurology and Rheumatalogy), Shm%kuLmvemty School of Mediging, Wi(}} di’ii}bﬁﬁ»‘?ﬁ: Ql‘gen?‘:ie?“dfﬁf (7] @d ‘ama}ﬁ ﬂ:ﬁﬁr‘ferm‘g
3+1-1 Agahi, Matsumoto 390-8621, Tapan, Tek 4-81-263-37-2673. Fax: RTE\.:?);& {§.1,RNA$‘) (8] are pi Olmigmg 5“51‘16%1% 101:{173 apel-
FE1-263937-3427. Bemuil: selijima@shinshu.a ip oration of ATTR amyloidosts and are cwrrently in Phase-IU
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clinical winls, Based on thelr mechanisms of action, these
newly developed therapies are expected to be effective for not
only hereditary ATTR amyloidosis but wlso ATTRwi winyi-
oidosis. Trspartantly, both TTR totramer stabilizers and gene
sitericers are expected o prevent amyloid deposition bat do
not address amyloid already present. Thersfore, early diag-
sosis and ‘thetapy will be required in systemic ATTRwi
amyloidosis,

Here, we present the clinical, radiological and pathological
findings of a series of systemic ATTRwt amyloidosis patients
with antemortes dingnosis and discuss indicators for the
early dingnosis of this discase. We reported, for the fivst time,
the high prevalence of carpal tunnel symdrome (CTS) in
systeraic ATTRwt and showed that CT§ is the most-commmon
initial symptom of the disease. Owr findings suggest the
possibility of systemic ATTRwt amyloidosis diagnosis at an
early stage by caveful examination of patients with CTS.

Materials
Patiants

Thirty-one conseculive patients dipgnosed with systemic
ATTRwt amyloidosis and evatumted ot Shinshu University
hetween Pebruary 2008 and August 2015 were included in
this stady. Systemic ATTRwe amyleidosis was disgnosed
based on proven ATTR muyloid deposition in biopsy
specimens and confirmation of wild<type TTR genotype
(ie. all patients were diagoosed as svstemic ATTRwt by
Congo red/immunchistochernical analysis and DNA analysis),
Patients. with localized tenosynovium ATTRwt amyloidosis
wers excluded from the study.

Mathods
Analysis of clinical findings

We performed. disgnostic interviews with patisnts and their
family wmembers very carefully at the first medical examin-
ation and followed up at least once a year. Additional
wlephone interviews with pafients and their funilies and
inguiries to other hospitals that the padents had consulted
were performed in cases in which medical information was

insufficient. All patients were evaluated by nourclogists, and

no ATTRwt patents had obvicus cognitive dysfunction.
Initial symiptoms were defined as sympioms congidered {o be
retated fo ATTRwt amyloidosts. We regirded cardiac symp-
tows, cardiogenie embolism, CTS and peripheral neuropathy
as ATTRwirelated symptoms based on previous reports, All
symptoms related to other diseases were excluded from
ATTRwi-related symploms, Age at onset was defined a5 the
age when ATTRwt-related symptoms first developed. Patient
history, laboratory, vadiological and pathological findings
were relrospectively obtained from medical records,

Congs rad and immunohistochemical analysis

Biopsy tissues specimens were analyzed by phesol Congo red
and impunohistochemiond staining, Tmmunchistochemical

analysis wag performed as follows. After deparaffinization,

sections were treated  with peroxidase-blocking solution
{Dako, Glostrup, Deamark) to inhibit endogenous peroxidase
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activity and  with  protein block, serum free  {Dako,
Curpinteria, CTA) to inhibit nonspecific binding. Aati-X
(118134}, anti-k (116-133) [9], anti-AA [10] and anti-TTR
(115124 [11] antibodies were applied to the sections as
primary antibodies for 30minutes at room temperature, The
sections were then ingubsted with EnVision 4+ {Dako) ag the
secondary antibody for 30 min at room temperature.
Immunoreactivity wag visualized with DAB+ (3, 3-diamino-
benzidine, Duko).

DA analysis for detecting TTR mutations

Direct DNA sequencing of the entive TTR gene was
performed to detect TTR gene mutations. DNA wag extracted
from peripheral leukocytes of the patients according to the
standard protocol after obtaiping written informed congent,
Al four exons of the TTR gene were amplified by polymerase
chain reaction (PCR) and the PCR-amplified DNAs weie
agalyzed by divect sequencing.

Technetium-99m pyrophosphate P Te-PYP)
myocardial scintigraphy

Myocardial scintigraphy with "Te-PYP was performed
using a  triple-head  garama camers  (PRISM IREY
Shimadzy, Kyoto, Japan) equipped with low-energy, high-
resolution (LEHR) collimators. Patients reeeived 15-20mCi
of MPTePYP dntavenously, and planar images (antérior,
lateral and left anterior obligue views) with the heart centersd
in the field of view wete obtained spproximaiely 3.5h after
injection. The parameters of acquisiioh were as follows:
mattdx =512 x 512, zoom factor==[ 422, acquisiion tme
=408, In addition, single-photon emission compuied tom-
ography (SPECT) imuges were phtiined with the following
goquisition  parameters!  malix=84x 64, zoom  fac-
wr= 1488, The Busterworth filter was used with 2 cutoff
of 0.24 cycle/pizel and order of 8.00. Results of ™ Tc-PYP
myocardial scintigraphy (ie. positive or negative) were
assessed by radiologists,

Statistical analysis

Statistical comparisons were paformed between the emdize
symptom onsel group and  carpal tunpel onsst group.
Demographic data of both groups were assessed using the
v test for binary outcomes. For continnous variables, we
used the Mann-Whitney U-test (whes data were not normally
distributed), Swdent’s et (when data had a novmal
distribution with equal vuriance) or Welel's f-test (when
data had 2 normal distributon with snequal variance). All
statistical analyses were conducted using SPSS version 1801
software (8PSS Tne., Chicago, 1LY In all analyses, p< 005
was taken 10 indicate stutistical significance,

fAesulis

Demographic characteristics and initial symptoms of
ATTRwt amvisidosis patients

The clinical features of systemic ATTRw amyicidosis
patients ave summarized in Supplementary Table . The
systemiic ATTRwt amyloidosis patients consisted of 24 men
and seven women {male-female ratio, 3.4:1), and the age of
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Table | Compmison betwben surpal tinel onset patients and cardias
onser patients,

Carpal tunnel  Cardiae

onsel: group onsél group P
Number 6f individuals iva i4
Sex (madefemade) 143 tid (1.47%

665488 T39x78 Q0
T35x87 TSR TE  (QFgEs
6.9+ 42 19127 mamzw

Age at onset (ean + S0

Ageal dingnosis (mean & SD)

Fhe duration uf iltness from
onset to diagnosis (mean £ SD)

#p Vilues were ubtsined using 37 test.
#EStudent’s -lest.
g Whitney Udest.

onset ranged from 44 to 97 years (mean+ 5D, 898490}
The female vatio in onr series was higher than those in
previous reports (male-female rato, 25 —-36:1) [12-14].
In addition, the average age of onset fn women (79.0+ 8.5
years old) was significanty older than that fo wien (671272
years old, p==0.001) in our series.

The most common initlal symptom was CT8 (a=17,
55%3, Tollowed by heart failure symptoms (n = 14, 45%). The
age at diagnosis vanged from 47 to 97 years (mean 5D,
74.548.3) and the durstion of illness from onset to diagnosis
was 016 years (meanx 8D, 54+4.4). The duration of
iliness from first cardiac symiptoms to diagnosis was 2.1+ 2.8
years.

Confirmation of ATTR amylbld deposition by tissue
biopsy and myocardial scintigraphy

ATTR anmyloid deposition was confinmed by endomyocardial
biopsy in 17 patients (35%), gastroduodenal mucosa biopsy in
16 putients (52%), surgical skin biopsy including the deep
subcutaneous fat pad in 10 patients (32%) and tenosynovial
tissues obtained at carpal tunnel release Surgery insix panems
(19%3. P"Te-PYP myocardial scintigraphy was performed in
24 patients and abnormal uptake was observed in 23 patients.
The patient that did not have sbaormal uptake was & 47-year-
old male (patient 20 in Supplementary Table 1) diagnosed
based on tenosynovial tissues obtained at carpal tunnel release
surgery und gastroduodenal mucosa biopsy, Detailed clinical
findings of this patient were dascnb&d previously [15]. Two
patients had ubnormal uptake in " Te-PYP myocardial
scintigraphy, although they did not have cardiac symptoms
or signs. '

Cardiac manifestations

At the time of diagnosis, 28 patients (90%) showed cardine
manifestations, inchuding cardine fallwe/dilatation (=285,
§1%;}, bundle branch block/intraventricular conduction delay
(=15, 48%), awial Hbrillation (n==13, 42%), atrioveniricu-
far block (n =9, 209%), sick sinuy bynﬁmme [ M4 A% and
ventricular {achywrm‘tinbmiigximﬁ {fz =3, ;

patients received 4 pesiuman
dirioventricular Block and one pammt rewwmi an ;mpla,nmblc
cardioverter defibritlator. Plasma level of brgin vdatrivrstic
peptide (BNP) was 284.6 % 1864 pg/ml. (normal, €20.0).

Atnyloid, 2016; 23011 53863

Twenty-seven patients underwent echocardiography. The
diastolic thickness of the interventrienlar septwm (IVSThd)
ranged from 9.8 to 24.1 mum (mean £ 81, 19,6 +4.5; tormal,
<12.0), and hypertrophy was observed in 24 patients (89%).
The left ventricular disstolic diameter (LVDd) ranged from
14.4 to 53.9 iy (mean & SD, 42.2 £ 7.8, normal, <54.0}. Left
ventricular ejection fraction (LVEF} and fractional shortering
(FS) were 43.8%:4172% (mormal, 255 and 24.2%+8.5%
{normal, 228), respectively, and decrsased systolic function
was observed in 18 patients (67%). Ratio of the early to late
ventricular filling velocides (B/A ratio) and B-wave deceler-
ation tdme (DT were 1804 1.04 and 178.6:49.4, respect-
ively, Ratio of early mitral inflow velocity to mitral annular
sarfy disstolic velocity (Bfe’ ratio) was. evaluated i 26
patients and diastolic dysfunction (B/e’>15) was observed in
23 patients (R9%; mean + SD, 34.7 %243}

Noncardiac manifestations

TS was present in 21 patients (68%), seven of whowm had a
history of carpal tunnel release surgery. Eight patients
developed cardiogenic embolism {cercbral infarction, n=35,
transient ischemic attack, n= 1, renal infarction, n=1 aod
acute subclavian mrtery ocelusion, r== 1) during the course of
the iliness. Four of eight patients (50%) with cardiogenic
embolism had atrial fibrillation. Mild-to-moderate renal
dysfunction  (decreased glomerular filtration rate) was
observed in 14 patieats (45%), although no patients developed
endestage kidney disease (BKD) or nephrotic syndrome.
Spinal canal stenosis was observed in four patients (13%) and
peripheral polyneuropathy was observer in two patients (6%),
Symigitoms and signs of autonomic dysfunction, macroglossia,
or purpura were absent in all patents. Clindeal, vadiological
and pathological findings of # representative patient {patient
13 in Supplementary Table 1) is shows in Figue 1

Comparison between the carpal tunnel onset group.
and cardiac onhset group

There were no statistically significant differences in sex ratio
and age at didgnosis between the carpal tannel onset group
and cardiac onset group. However, the average age of onset in
the carpal tuanel onset proup (66.5 8.6 yews) was much
younger thar that in the cardiae onset group (73.9 + 7.9 vears,
p=0.01, Table 1). To addition, the duration of illness from
onset to diagnosis was longer (6.9 £4.2 yew's) in the carpal
whel onset group than the cardiac onset group (19427
years, p<0.0001, Table 1). In the carpal tunnel omset group,
CTS preceded cardiac symptoms by 114 years (61146
Vears).

Discussion

Although systemic ATTRwt amyloidosis is usually associated
with cardiae dikeuse; TTR deposition is not limited to e
hewt and iy found to systemic organs, nelbding the aor,
lung, aaxtrmntr:mnal traet, liver, kiduey and connective
tissugs [2,16-211, E&@mrmy recent stidies showed that
;%F’E"Rwi,amg,*lmé deposition in jolms and ligaments s very
cowmon [18-22], and CTS could be an initial symptom af
systemic ATTRwt amyloidosis in some patients [15,23-25
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Figure Ly Clinicad, radivlogiest and ;{mﬁxa}egnai findings of 3 representative ATTRwU sploldosis pationt starting with carpal tianel syndrome
followed by verebrul einbolisgn, Baully showing wwrdize ,zmyimdabz:,. (AY Awuphy of hund muscles; especiully in the vight thenar muscle, (8) Chest
Xeray showing enlarged cardize shadow and imiplantation of 3 pacemaker. () Positive technetinm-9%m pymg}im\p}me myecardial scintigraphy,
(D% Echosudivgraphy showing matked symmetdcal thivkening of ventricular wall and interventrionlar septom (hickness of Teft ventriowlar posterior
wall: 18.7 mmy thdckness of inserventoionlir septuey 204mm), (8, By Bealn C7 showing an avea of low density inthe left pavietooeelpital lobe. (G, H)
nyorardial blopay specimen demnonstrating deposite of congophilic materials () and apple grees birefringence of the deposited marerials wader
polarized view (H). Amylold deposity ware positively fomnunolsbeled with an @t TTR autibody (D,

However, only one stuall epidemiologiont study [13] regard-
iy this ssue has been published to date. Rapeszt ot al, [13]
reported that two of 15 (13%) systemic ATTRwt patients
developed CTS. However, the prevalence of TS may be
underestimated as not il patients were evalusted by nour-
ofogists, Here, we showed, for the first thne, that CTS is the
most common initial symptom in systemic ATTRw amyl-
aidosis by careful nourclogioal examunatons. Importantly,
CTS preceded cardiac gymptoms by 6.1 140 years in the
carpal wanel onset group, We have also previously demon-
steated that w;ié-‘;ype ATT R deposition is commonly seen in
elderly patients with idiopathic CTS [18], suggesting that
these patients with localized tenosynovinm ATTRwt amyl-
cidosls bave the potentisl to develop systemic ATTRwe
amyloidosis in the fotwre. In addition 1o CTS, several studies
[18.21,22] demonstrated thas ATTR amyloid deposits were

frequently foud in the ligamentum flavum of the humbar

spine. Interestingly, spinal canal stenosis was observed in four

— 141 —

systemic ATTRw amylotdosis patisnts in our serles (lumbar
spinal canal stenosis, n=12; cervical spinal canal stenosis,
n =23, although pathological examination of the Hgamentum
flavam was not performed,

It s clear that systeric ATTRwt amyloidosis is a prevalent
aging-related disorder [2-4]; however, this disorder is rarely
recogrized before death, and even when diagnosed ante-
prostermn, most patients are already in the advanced stage of the
distase. Al present, there gre no effectiva discase-modifying
therapies for ATTRwt amyloidosis, and mean survival period
front the onset of congestive heart failure symptoms is 75
months [12]. However, newly developed therapestic strategies
for hereditary ATTR amyloidosis Le: TTR tetvamer stabil-
izers ungd gene therupies) ure sxpected to be éffentive for
ATTRwt amyloidosis, Therefore, ealy diagnosis of systemic
ATTRwt amyloidosis will beeome critical in the near fomure:
O results suggest that early-stage systernic ATTRwI amyl-
oidosis may be diagnosed by careful examination of patients
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nportant t perforin pathio

, | investipa-
tion (ie. Congo red staining) of the tenosynovia

performed if tenosynovial tissues are positive foramyloid. In
previous reports [18,19,2627], the freguencies of ATTR
amyloid deposition in specimens. obtained at the dime of
carpal tummel release were vidiable (6.7 —34%). These

discrépancies ure likely due (o differences n study populy-

tigns and sensitivity of anti-TTR autibodies. Recently, we
analyzed 100 idiopathic CTS pationts (average age87.3 yoars)
and showed that wild-type ATTR deposition on tenesynovial
tissues 'was comnonly observed in slderdy men (prevalence
rites of wildype ATTR ainyloid depositiva in males aud
females were 65.4% and 23.0%, respectively) [18]. When

staining for TTR is positive, TTR gene analysis and i N

pYP myocardial scintigraphy should be. perfonmed in addition

‘to routing chest Keray, electrocardivgram BCG) and echo-
cardiogeaphy, as we detected asymptomatic amyloid depos:

ition i the heart by this type of scintigraphy. Considering the
high sensitivity of *"™Tc-PYP myocardial scintigeaphy, this
test could also be used as a scrsening {est for ATTRwA in
patients with ventricular hypertrophy aud auhythota of
unkpown eticlogy.

Another important finding in the present antemoriem
diagnosed case series is that cardiogenic embolism oceurs
frequently during the coupse of systernie ATTRwW amyloid-
osis. In genersl, cardiogenic embolism 18 closely associaed
with atrial fibrillation, and the prevalence of afvial fibyllation
(42%) was very high in our ATTRWE series, as indicated in
recent paper by Longhi et al. [28]. Intriguingly, haif of the
patients with cardiogenic embolism did not show atuial
Hbrillation on routine 12-lead BCG and Holter BCG; although
patients may have low-frequency puroxysmal atrial fibrilla-
tion. Our results indicated that ATTRwt cardisc amyloidosis
itself may be a rigk factor for cardiogenic embolism and atrial
theombi may be present even during sinus thythm, 4s shown

in AL amyloidosis [29,30]. Ateial contraction velocities from

echo Doppler may be useful to stratify patients regarding the
risk of thromboembolism.

T addiion, we showed that mild to mwoderate venal
dysfunction iy common in patients with systersic ATTRwt

amyloidosis. Tt has been reported that the kidneys in ATTRwt

;xmyimduszs are typsmiiy fres of amyloid and renal dysfunc-
ton is rave {4,31]; however, Westerrande et gl reported that

gever of 33 g;aucms were argmic tn their postmortem series

[16]. Renal dysfunction in our patients was milder compared
with the previous report [16], probably because we diagnosed
patients antemortem. Renal dysfunction in ATTRwt amyl-
oidosis is likely attributable to amyloid deposition in the renal
medullacy papillae [16]. Other possibilities accounting for
renal dysfunction in ATTRwt patients iaclude age related
changes and renal dysfunction attributable to poor cardiac
output. Additional investigations are required to elucidate the
precise pathophysiological mechanism of renul dysfunction in
ATTRwt amyloidosis,

Finally, confirmation of the presence of ATTR amyloid

deposition by tissue blopsy is necessary for accurate diagnosis.

of systemic ATTRw amyloidosis. In wost diaghosed cases,
tissue samiples were obtained by endomyocardial biopsy:

| tissues. 4t
warpal tunnel release sarkery; especially in patients older thm
50-yedars old [18]. Imrmunohistochemtical analysis should be

Bouyloids 2006, 230131 5863

however, this i rarely performed due t itg hi
mv&swmexa, fack of féchinical expertise and 'umd ‘w'uL
ability. Tastead, we showed that abnormal uptake of ***Te in
wyocardial scintigraphy {s hi ighly suggestive of ATTR cardise
amyloldosis, '41(%&0&3‘1 histopathologieal confirmation s
necessary. We showed that gastroduodenal mudosa biopsy
and surgical skin biopsy including the deep subcutangous fat
pad [32.33], and tenosynovial tssues obtained at carpal tunnel
release surgery are useful alternative histopathological tool
for dizgnosis of ATTRwt amyloidosis.

Limitations

Our study is limited by its retrospective design, the small
sample size and single center natare of the sample potentially
Limiting generalizability,

Conclusions

We reported a series of patients with antemortem diagnosis of
ATTRw amyloidosis, showing that CTS is the most common
initial symptom of the disease. Our detalled clinieal findings
provide novel insights to increase owr understanding of
systemic ATTRwt amyloldosis. It is likely that systemic
ATTRwt amyloidosis is markedly underdiagnosed at present.
With the development of new drugs for teatment, major
efforss should be made to increase physiclan awaveness of
ATTRwt amyloidosis and €TS.
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The first pure form of Ostertag-type amyloidosis in Japan: a sporadic
case of hereditary fibrinogen Ac-chain amyloidosis associated with
a novel frameshift variant

Masahide Yazaka““ Tsuneaki "f‘o&hmaga Yoshiki Sﬂkﬁjimaq 2 Saori Nishio®, Yuji Kanizawa®, Fuyuki Kametani®,
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Enducrinslogy and Nephrology, Hokkaido University Graduate School of Medicine, Sapporo, Japan, "Department of Hematology, Off General
Hospital, Tomakomai, Japan, “Tokyo Metropolitan Institute of Madical Science, Tokyo, Japan, *Department of Neurophysiology, Tokyo Medical
University, Tokyo, Japan, end” Departmenit of Aging Biology, Institute of Pm‘hagenests and Disease Prevention, Shinshu University Graduate School
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of Medicine, Matsuroto, Jopon

The various forms of hereditary systemie amyloidosis without
peripberal seuropathy have often been referred to ag

TOstertap-type amyloidosis” [1,2] The majority of cases
have been so far reported in Western countries and this type of
amyloidosis is rare in Asia. Here, we report a sporadic case of
rapidly progressive nephropathy due to severe renal amyloi-
dosis associated with a novel frameshift matation in the

Jibrinogen Ac-chain gene.

The patient is a 40-year-old Japanese woman presenting
with nephropathy, At age 32, profeinuria was detected on a
routine hewlth checkup. She was diagnosed with nephrotic
syndrome {serumy totul protein, 4.5 g/dl, arinary protein,
5.44 glday). Renal biopsy demonstrated that massive amyloid
deposits mainly in the glomeruli (Figure A and B).
A dizgnosis of primary AL amyloidosis was initially made,
although there was no evidence of monoclonal gammopathy
on immunofixation of serum or urine. Despite combined
chemotherapy, the patient showed progressively deferiorntion
of renal function and reached end-stage venal disease I8
months after detection of proteinuria and hemodialysis was
begun atage 33, At age 40, she was referred to the Hokkaido
University Hospital for further examination. There was no
Family history suggestive of renal amyloidosis. On physical
examination, there were no sigas of neuropathy, autonomic
dysfunction, cardiomyopathy or gasiroenteropathy. To iden-
tfy the type of remal amyloidosis, we re-investigated a
formalin-fixed paraffin  embedded renal tissue sample
ohtained at age 32, We performed luser microdisscction of
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the glomerular amyloid followed by liguid chromatography
tandem mass spectrogietry-based proteomics analysis {3,4]. In
this protecmics study, several typtic peptides were obtained,
corresponding to the cartboxyl tevminal vegion of fibrinogen
Ag-chisin (duts not-shown), In addition, two tryptic peptides,
LELGAONLASSQIOR and NPVLITLG, were detected and
these corvesponded to previously described sequences in the
carboxyl teominal vegion of the variant fibrinogen (position
325.-547) induced by a frameshift mutation (c.4904delG) [51).
After obtaining informed consent from the patisnt, direct
DNA sequence analysis of exon 5 of the fibrinogen Ac-chain
gene was carried out [6], revealing a heterozygous frameshift
mutation {6.4858_4902delAGTG), a novel one in fibrinogen-
related amyloidosis (Figare 1E), This deletion mutation is
predicted to cause an abnormal amino acid sequence from
position  523-346 (RLSLGAQNLASSQIQRNPVLITLG),
which was identical to our proteomics analysis results. To
confirm oue vesulls, hmmmunohistochemical analysis was
curried ot using anti-human fibrinogen antiserum (Dake
Agilent Technologies Inc., Denmark} and positive staining
was observed wmtainly in the patient’s glomeruli (Figure 1C
and D). Thus, she was diggnosed with fibrinogen-related
amyloidosis (AFib}, associated with a novel 4-bp deletion
mutation in the fibrinogen Ac- chain gene.

The first case of AFib amyloidosis was described in 1993
by Benson et al. [6], and to date, nme amyloidogenic
mutations of fibrinogen Ac-chain gene have been described
[5~10]. In Western countries, AFb amyloidosis is the leading
cause of heredilary nomneuropathic systemic amyloidosis
[11]. However, AFib umyloidosis ¥s guite rare in Asia, und
only 2 fow cases bave been reported in Korea and Ching
{9,101, Due 1o viriable penstrance, 2 faily history of renal
digeage ov amyloidosis {8 frequently absent in AFily amyloi-
dosis {10}, and therefare, sposddic cases can fiteqﬁéniiy’ be
niisdiagnosed as primary AL amyloidosis {121
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Figure 1, Renal hx(apw findings of this patient (AB,Ch and DNA sequencing of exon § of fibrinogen Acechain gene {£) (A) Congo red stélning.
(R} Clongo red swining under gss:siamwi Hight {C ped DY Tmmunchistoghemical staining with anti-human fibrinogen antibody. Renal biopsy ot age 32
shows heavy smyloid deposiess mainly in the glomerull with slmost complete obliterution of the normal glomeruby architecture (A The deposited

amyloid showed typical gezen birefringenes iméar polarized light (B) aad

pasitive staining was observed on immunchistochemistry (), We also

performed immunchistorhemisty on glomerular amylold in an AH wyloidosis patient 25 a negative vontrol, showing ne positive stuining (D).
Favs = 50 1 (E) DNA sequence analysis of exon 5 of fbrinpgen Avechain genedemonstented g hetronygous 64898 A902del AGTG mutation, This
novel «M}p delstion mutation gives o frameshift starting ot coden 523 and promvamee sermiaation ot codon 547,

o Japan, there have beet no previons reports of Osterlag-
type. wmyloidosis. However, we tecently identified two
Japanese patents (& mother and her duughter) with gelsolin-
related amyloidosis (AGel) associated with the most common
amyloidogenic mutation (G654A) of the gelrolin gene [131
Intgrestingly, both patfents wainly presented with severs
nephropathy despite heterozygosity of the most prevalent
mutation, aod the characteristic facial appearanece, a8 seen in
patients with Finnish-type familigd amyloid polyneuropathy,
was not remarkable in these two patients [13]. Thus, only
three patients with hereditary renal amyloidosis have beén
found in Japan to date, inchuling the patient deseribed here.
The clinical pictures and renal histopathology of the AGel
patients were quite similar to those of Ostertag-type
amyloidosis [13], but stictly speaking, their amyloidosis
was not a non-newropathic type because they had very mild
cranial and peripheral neuropathy {13]. Of note, all of the
AGel patients and our patient had been misdiagnosed with
other types of aniyloidosis and the tme from inital
presentation 1 correct diagnosis of amyloidosis was 8 years
(our patient), 1D years [13] and 21 years [13] A previous
study by Stangou et al. [11] showed that médian time from the
initial presentation to diagnosis of AFib amyloidosts was ouly
23 mounths, and unfortunately, this delay is significanty
remarkable in Japan, compared with Western countries where
type amyloidosis is more prevalent,

Finally, even in Tapan, putients with Ostertag-type
amwimdaszx may certmaly be presest, but the majority may
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have been wniusdiagnosed with other types of systemic
amyloidosis.
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ABSTRACT

Background. Although dialysis technology greatly improved in
recent years, it remained unclear whether those improvements
helped decrease the incidence of dialysis-related amyloidosis
(DRA). Accordingly, we retrospectively compared the inci-
dence of first-time carpal tunnel surgery (CTS)—as proxy for
DRA onset—in two cohorts of chronic hemodialysis patients,
with the second cohort studied after dialysis methods (especial-
ly dialyzate quality control) had greatly improved.

Methods. We used the 1998 and 2010 Japan Renal Data Regis-
tries to compare crude risk of first-time CTS the following year.
After adjusting for patient background and laboratory data,
odds ratios (ORs) for CTS in the whole cohorts and the popula-
tions matched by propensity score (PS) for hemodialysis and
hemodiafiltration were calculated at a 95% confidence interval.
Results. Of note, 2 02 726 patients were analyzed. In the 1998 co-
hort, 1.77% experienced first-time CTS compared with 1.30% of
the 2010 cohort (P < 0.001); with 2010 as referent, the adjusted
1998 OR was 2.22 (1.68-2.95). Both crude risks and adjusted
ORs were analyzed by dialysis vintage, age, pre-dialysis f2-
microglobulin (B2m) and B2m clearance, risk of CTS trending
1.5-2.0 higher in 1998 than 2010. The reduction was most prom-
inent in patients with longer dialysis vintage, patients who were
younger, and those with lower pre-dialysis f2m levels. Similar re-
sults were obtained by PS-matched analysis. We also found that
B2m clearance >80% may reduce risk of CTS.

Conclusions. The incidence of first-time CTS as proxy for DRA
decreased significantly from 1998 to 2010. Several factors may

INTRODUCTIO

© The Author 2015. Published by Oxford University Press
on behalf of ERA-EDTA. All rights reserved.

have contributed to this decrease, including improved dialysis
methods.

Keywords: amyloidosis, carpal tunnel surgery, dialysis
technology, epidemiology, risks

It was generally thought that amyloidosis associated with
B2-microglobulin (B2m)—also known as dialysis-related amyl-
oidosis (DRA)—might be an inevitable complication of long-
term dialysis, especially for vintages >20 years [1, 2]. Carpal
tunnel syndrome (CTS) is the most common presenting feature
of DRA [3]. Although not all CTS in dialysis patients are asso-
ciated with $2m amyloidosis, previous reports have suggested
that the presence of f2m amyloid deposition in patients with
CTS ranged from 45 to 100% [4, 5]. Reports suggested that,
although elevated serum B2m appeared to be a constant, other
possible major risk factors for DRA included age, dialysis vin-
tage, chronic inflammation, oxidant stress etc. [6-9]. Because
age, dialysis vintage and genetics are naturally unchangeable,
attempts to decrease the development of DRA have centered
on reducing chronic inflammation and oxidant stress, both
considered possibly treatable risk factors.

It was suggested that therapy with high-flux synthetic mem-
branes and/or with hemodiafiltration (HDF) might delay the
appearance of clinical signs of B2m amyloidosis [10]. In add-
ition, one center reported that the incidence and severity of DRA
decreased by ~80% between 1988 and 1996 [11], suggesting
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that improvement in dialysis technology—in this case, dialysis
membranes—might play an important role in preventing devel-
opment of DRA. Unfortunately, the number of patients in this
study was very limited, and the observations from the study had
never been confirmed.

Over the last two decades, however, dialysis technology has
changed dramatically; but the effect of those changes on the risk
of DRA has never been persuasively demonstrated. So there is
now a clear need to determine whether all those changes have
indeed been improvements, and whether they have reduced the
incidence of DRA. If so, that finding might help clinicians
optimize dialysis treatment.

Accordingly, we designed a study, using nationwide annual
surveys in Japan, to evaluate those changes, looking at two
large-scale cohorts of patients who received maintenance dialy-
sis in two decades, 12 years apart, to gauge the impact of the
putatively improved dialysis technology in preventing first-time
carpal tunnel surgery (CTS) as a proxy for the onset of DRA.

"HODS

Database creation

The data were obtained from the annual nationwide surveys
of dialysis patients conducted by the Japanese Society for Dialysis
Therapy (JSDT). The surveys were conducted by JSDT volun-
teers, with details described previously [12-15]. Briefly, data cov-
ered 185322 patients dialyzed at 3095 facilities in the 1998
survey, 197 213 patients at 3220 facilities in the 1999 survey,
2 97 126 patients at 4152 facilities in the 2010 survey and 3 04 592
patients at 4205 facilities in the 2011 survey. The study popula-
tion consisted of two cohorts: patients who had received main-
tenance dialysis for 12 months, December 1998 through
December 1999 (1998 cohort), and those who had received
maintenance dialysis from December 2010 through December
2011 (2010 cohort). We excluded patients who had been dialyzed
fewer than three times a week or fewer than 2 h per treatment,
those who had received peritoneal dialysis or hemodialysis
(HD) using a B2m absorption column, those with a history of
organ transplantation, those with a history of CTS when follow-
up began, and any whose records were incomplete.

After exclusions 2 02 726 patients remained. Demographic
data and details of medical history were collected, with infor-
mation on age, sex, dialysis vintage, height, body weight post
dialysis, causes of renal failure, modality of dialysis (HD or
HDF). Patients with no history of CTS at the beginning of the
observation period and with a CTS recorded by the end of that
period were considered to have experienced a first serious onset
of CT syndrome (because it was first-time CTS) during the
period.

Laboratory measures

Blood samples were drawn and measured at each dialysis
center, typically within 24 h, and the most recent values at
the time of survey were collected. Most laboratory values were
measured monthly—and at least quarterly—including serum
urea nitrogen, creatinine, albumin, C-reactive protein (CRP)
and hemoglobin before dialysis. In addition, pre/post-dialysis

serum B2m, single-pooled K#/V and normalized protein cata-
bolic rate (nPCR) were measured.

Statistical methods

Data were summarized using proportions, with means
(+SD) as appropriate. Categorical variables were analyzed
with the y* test, and continuous variables were compared
using the ¢ test or ANOVA as appropriate. Laboratory data
were refined using these limits: height 120-200 cm; body
weight 20-150 kg; serum urea nitrogen 10-250 mg/dL; creatin-
ine 3-20 mg/dL; albumin 1.0-5.0 g/dL; CRP <50 mg/dL;
hemoglobin 5.0-20.0 g/dL; B2m 10.0-100.0 mg/L; Kt/V 0.5-
4.0 and nPCR 0.3-2.0. Clearance of p2m was calculated by
the decrease of serum P2m values during dialysis (B2m re-
moval), divided by the pre-dialysis f2m value. Logistic regres-
sion was used to obtain the adjusted odds ratios (ORs) at 95%
confidence interval (95% CI) for first-time CTS. In this analysis,
the covariates for calculating the adjusted ORs of 2 survey years
were age, dialysis vintage, pre-dialysis f2m and p2m clearance.
Other adjusting factors used were sex, dialysis vintage, body
mass index (BMI), primary kidney disease, dialysis modality,
serum albumin, serum creatinine, hemoglobin, CRP, single-
pool Kt/V and PCR at the beginning of observation. Analyses
adjusting for age at dialysis start, instead of current age, were
also performed to calculate ORs for first-time CTS. Covariates
whose P-values were <0.2 were included in the multivariate re-
gression analysis. In addition, to minimize selection bias for
dialysis modality, propensity score (PS) matching was per-
formed to balance patients’ background characteristics, includ-
ing dialysis vintage, age, sex, primary kidney diseases, BMI,
serum urea nitrogen, serum albumin, CRP, hemoglobin, B2m
clearance, Ki/Vand nPCR. To estimate the PS, we used a logistic
regression model for the use of HDF as a function of back-
ground characteristics as noted above. Each patient who re-
ceived HDF was matched with a patient who received HD
using the nearest-neighbor matching method on the logit
scale. If two or more patients with HD met this criterion, we
randomly selected one patient for matching. Differences in clin-
ical characteristics between the matched pairs were assessed
using the £ test or analysis of variance (ANOVA) for continuous
variables and x” test for categorical variables as appropriate.
Adjusted ORs and 95% CI for first-time CTS were also calcu-
lated by logistic regressions in the whole population and the
PS-matched population. All analyses were carried out using
Statae SE version 12.1 (StataCorp, College Station, TX, USA).

Change of patient characteristics in the decade

After excluding patients based on the criteria cited above, 2
02 726 patients were included in this study. There were 36 489
in the 1998 cohort (18%) and 166 237 in the 2010 cohort. Over-
all, the cohorts were 38.0% female, mean age 65.1 + 12.7, mean
dialysis vintage 7.2 £ 6.2 years. Background characteristics of
these patients are shown in Table 1. The proportion of patients
who experienced first-time CTS was higher in the 1998 cohort
than in the 2010 cohort (1.77 versus 1.30%, P < 0.001). Several
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Table 1. Baseline characteristics of patients in 1998 and 2010 cohorts

Number of patients (n=202726) (n=647)
Proportion of patients L77%
Sex (female) 38.0% 43.6%
40.5%
Dialysis vintage (years) 72+62 17.4£6.0
73+ 54
Modality
Hemodialysis (HD) 95.0% 85.9%
HDF 5.0% 14.1%
5.0%
Primary disease
Glomerulonephritis 41.8% 77.9%
Diabetic nephropathy 34.5% 7.6%
Nephrosclerosis 8.0% 2.3%
ADPKD 3.7% 2.9%
Lupus nephritis 0.9% 0.6%
Others or unknown 11.1% 8.7%
Age (years) 65.1+£12.7 61.0£10.1
G064 128
Body mass index (kg/m®) 213£35 20.0+£2.7
20630
Urea nitrogen (mg/dL) 66+17 74+17
73.0% 181
Creatinine (mg/dL) 106 2.9 109£29
112+30
Albumin (g/dL) 3.73+£040 3.81+0.36
289 L 040
C-reactive protein (mg/dL) 0.45+1.32 0.40 £ 0.62
0.3910.67
Hemoglobin (g/dL) 105+1.2 10314
02+13
B2m (pre-dialysis) (mg/L) 279%75 30.7+8.1
322+88
B2m (post-dialysis) (mg/L) 125+7.0 176 +8.9
200% 101
B2m clearance (%) 57.7 £15.1 46.0 £20.7
434+ 194
Kt'v 1.40 £0.30 147 £0.29
1392029
Normalized PCR 0.89+0.18 1.00+0.18
0.97 % 0.18

(n=35842) (n=2,157) (n=164080)
1.30% <0.001
40.5% 50.4% 37.3% <0.001
37.4% <0.001
7.1+53 182+95 7.0+£6.2 <0.001
72k64 <0.001
95.2% 86.3% 95.2% <0.001
4.8% 13.7% 4.9%
50% 0.85
57.3% 62.0% 38.0% <0.001
24.0% 19.9% 37.2%
5.6% 3.7% 8.6%
3.8% 3.2% 3.7%
1.1% 1.2% 0.8%
8.2% 10.1% 11.8%
60.6£12.9 65.8+9.5 66.1:12.5 <0.001
66,1 %124 <0.001
20.6 £3.0 207 £33 215%+3.6 <0.001
215386 <0.001
7318 6616 64+16 <0.001
Gid£ 158 <0.001
11.2+3.0 10.5%23 104 £29 <0.001
104429 <0.001
3.89+040 3.66 +0.36 3.70+£0.39 <0.001
3.704 039 <0.001
0.39 £ 0.67 0.54+1.61 0.46 + 1.40 <0.001
(146 & 1.41 <0.001
102+1.3 105+1.2 106+1.2 <0.001
06+ 12 <0.001
323+88 273+6.5 269+6.8 <0.001
269+ 68 <0.001
20.0+10.1 102+ 4.6 109+4.8 <0.001
948 <0.001
434+194 63.7+11.1 60.3+12.4 <0.001
60.4% 124 <0.001
1.39+0.29 1.53+0.30 1.40 +0.30 <0.001
1414030 <0.001
0.97 +0.19 0.92+0.18 0.87 £0.18 <0.001
(LE8 £ (LI8 <0.001

The values in italic type in the CTS (+) column for each cohort show the mean values for all patients in the cohort, both with and without CTS. P-values were calculated by, 2% test or ANOVA

as appropriate.

CTS, carpal tunnel surgery; HD, hemodialysis; HDF, hemodiafiltration; ADPKD, autosomal dominant polycystic kidney disease; B2m, beta-2 microglobulin.

significant changes were observed among the patients in the
2010 cohort compared with patients in the 1998 cohort: an in-
crease in mean dialysis vintage [17.4 + 6.0 (1998)-18.2+ 9.5
(2010) years]; an increase in the proportion of patients with dia-
betes; higher mean age; and better 2m dialysis clearance (all
P-values were <0.001). At the same time, there were significant
decreases from 1998 to 2010 in urea nitrogen, serum albumin,
pre-dialysis p2m and post-dialysis p2m (P <0.001). Similar
trends were seen when comparing patients in the two cohorts
who did not have CTS.

Distribution of the unadjusted incidence proportion of

first-time CTS .

Next, we compared the crude incidence proportion (risk) of
first-time CTS for dialysis vintage, age, pre-dialysis f2m and
B2m clearance. As shown in Figure 1 and Supplementary

Comparisonofrisks of CTSin 1998 and 2010

data, Table S1, the risk of CTS was higher among the 1998 co-
hort in almost all categories, with the risk curves similar be-
tween two cohorts.

When we categorized by dialysis vintage, the crude risk of
CTS for the 1998 cohort versus the 2010 cohort with vintage
15-20, 20-25 and >25 years was, respectively, 7.9 (95%
Cl1,6.8-8.9) for 1998 versus 3.4 (3.0-3.7) for 2010; 16.5 (14.3-
18.7) versus 7.8 (7.1-8.5); and 26.5 (20.4-32.5) versus 16.6
(15.4-17.9). So even though the shapes of the two cohorts’
graphs were similar, when dialysis vintage was >10 years, the
crude risk of CTS was only about half as great for 2010 patients.
Furthermore, the risk of CTS for 1998 cohort patients with dia-
lysis vintage >10 years was similar to that of 2010 cohort pa-
tients 5 years later, implying that improvement in dialysis
technology during that period prolonged the onset of need
for CTS by roughly 5 years.
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FIGURE 1: Crude risk of new CTS in 1998 and 2010 cohorts by dialysis vintage (A}, age (B), pretreatment sevum B2m (C) and B2m clearance

during dialysis (D).

When we categorized by age group, the crude risk of CTS
peaked in the 60-70 age group for both cohorts then tapered
off until, >80, there was very little difference between cohorts,
whereas among younger patients risk was ~1.5-2.0 times high-
er in the 1998 cohort.

When we categorized by pre-dialysis f2m, the crude risk of
CTS for the 1998 cohort was 1.5-2.0 times higher than that for
the 2010 cohort if pre-dialysis B2m was <30 mg/L, but similar
with pre-dialysis B2m >30 mg/L.

When we categorized by B2m clearance, the crude risks of
CTS in the 1998 cohort were similar in all categories—around
2.0%. As with vintage, although the graph shapes were similar,
the risk was 1.5-2.0 times higher for the 1998 cohort.

Distribution of adjusted ORs for fivst-time CTS

Then we examined adjusted ORs for first-time CTS in the
cohorts—and in the PS-matched population—depending on
whether the dialysis modality was HD or HDF; comparison by
dialysis modality of baseline characteristics of the two populations
is shown in Supplementary data, Table S2. The crude risk of CTS
was higher in patients with HDF than HD (3.83 versus 1.26%,
P <0.001), probably because high-risk patients were more likely
to be prescribed HDF. As shown in Table 2 and Figure 2, the OR
for first-time CT'S in the 1998 cohort versus the 2010 cohort with
dialysis vintage 15-20, 20-25 and >25 years (and using the 2010
dialysis vintage 10-15 as referent) was, respectively, 7.61 (4.78-
12.09) versus 2.02 (1.44-2.84); 12.58 (7.36-21.50) versus 5.18
(3.68-7.28); and 26.45 (12.08-37.90) versus 11.20 (7.81-16.06).
A similar trend was seen when PS-matched (Table 2 and Supple-
mentary data, Figure S1). Every OR in groups with dialysis

vintage >20 years was more than twice as great for 1998 as for
2010; and, again, the OR for first-time CTS in 1998 was similar
to that for 2010 patients ~5-10 years later.

Next, we examined adjusted ORs for first-time CTS by age
group. As shown in Table 2, the trend was similar in both cohorts
to that for the crude risk analyses—mountain-shaped, peaking at
age 60-70—although ORs in 2010 were less than half of those for
the same age group in 1998. Results for the PS-matched populations
were similar, although in the 1998 cohort, the OR for age group <40
was higher than for the 40-50 age group. In all, these results suggest
that risk of CTS decreased by almost half in every age group between
1998 and 2010, with the decrease apparently larger for younger pa-
tients (Table 2 and Supplementary data, Figure S1).

Then we examined adjusted ORs for first-time CTS by pre-
dialysis p2m level. In the 1998 cohort, the ORs decreased as pre-
dialysis f2m increase, but these ORs were similar in the 2010
cohort. With PS matching, in the 1998 cohort the difference
in OR between both lower and higher pre-dialysis f2m groups
and the middle groups increased and the difference in OR be-
tween the 1998 and 2010 cohorts in the highest pre-dialysis
B2m groups was getting smaller, although the overall trend
was similar (Table 2 and Supplementary data, Figure S1).

Finally, we examined adjusted ORs for first-time CTS by p2m
clearance. The ORs decreased as B2m clearance increased >60%
in both the 1998 and 2010 cohort, and much decrease was seen
when B2m clearance reached >80%. With PS matching, a similar
trend was seen in the 2010 cohort. But in the PS-matched 1998
cohort, ORs were mountain-shaped, peaking in the middle range
of p2m clearance; it remains unclear why that was true only for
1998, and not 2010. Because of this anomaly, we also examined
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Table 2. Adjusted odds ratio for first-time CTS in source and propensity-matched population

Overall 222 (1.68, 2.95) <0.001 1.00 2.89 (1.70, 4.92) <0.001 1.00
Dialysis vintage (years)
<5 0.03 (0.01, 0.26) 0.001 0.16 (0.11, 0.24) <0.001 n/a 0.06 (0.01,0.29) <0.001
<10 0.24 (0.10, 0.61) 0.00 0.36 (0.25, 0.51) <0.001 n/a 032 (0.13,0.78) 0.01
<15 2.81 (1.72, 4.61) <0.001 1.00 1.53 (047, 5.01) 0.49 1.00
<20 7.61 (4.78,12.09)  <0.001 2.02 (1.44, 2.84) <0.001 6.68 (2.69, 16.57) <0.001 131 (0.63,2.73) 0.46
<25 12.58 (7.36,21.50)  <0.001 5.18 (3.68, 7.28) <0.001 11.16 (4.17, 29.89) <0.001 3.76 (1.88,7.52) <0.001
<30 2645 (12.08,57.90) <0.001 11.20 (7.81,16.06) <0.001 3628 (10.82,121.65) <0.001 585 (2.80,12.21) <0.001
>30 n/a 17.56 (11.52,26.77) <0.00I n/a 13.09 (6.19,27.71)  <0.001
Age group (years}
<40 0.85 (0.20, 3.62) 0.83 0.15 (0.02, 1.06) 0.06 3.46 (0.71, 16.75) 0.12  nla
<50 1.19 (0.61, 2.33) 0.61 0.57 (0.34, 0.95) 0.03 1.84 (0.65, 5.18) 0.25 0.59 (0.25, 1.40) 0.23
<60 241 (1.54,3.76 <0.001 1.00 3.14 (141, 6.97) 0.01 1.00
<70 364 (2.34,568) <0001 170  (1.29,223) <0001 442 (175, 11.20) 0002 194 (1.17,3.20) 0.01
<80 2.93 (1.55, 5.56) 0.001 1.45 (1.06, 1.99) 0.02 297 (0.60, 14.71) 0.18 1.34  (0.69,2.61) 0.39
80< 2.14 (0.50, 9.19) 0.31 0.97 (0.58, 1.62) 0.91 n/a 0.60 (0.13,2.73) 0.51
Pre-dialysis B2m (mg/L)
<20 377 (1.67,849) 0001 101  (0.64, 1.57) 0.98 425 (0.66,27.21) 0.13 078  (0.29,2.09) 0.62
>20-25 3.10 (1.87, 5.15) <0.001 1.00 7.59 (2.92, 19.73) <0.001 1.00
>25-30 1.98 (1.26,3.13) 0.003 0.86 (0.65, 1.15) 0.31 2.85 (1.18, 6.86) 0.02 1.06 (0.57,1.97) 0.85
>30-35 1.70 (1.03,2.79) 0.04 1.01 (0.71, 1.43) 0.98 228 (0.75, 7.00) 0.15 0.96 (0.43,2.13) 0.92
>35-40 187 (1.03,3.37) 004 108 (067, 1.74) 0.75 190 (049, 7.42) 0.36 1.05 (036, 3.04) 0.94
>40 1.52 (0.77,2.97) 0.22 1.01 (0.55, 1.84) 0.98 1.17 (0.23,5.92) 0.85 0.87  (0.25, 3.06) 0.83
Bam clearance (46)
<40 215 (1.31,352) 0.002 094 (052, 1.70) 0.85 063 (0.06, 6.71) 0.71 218 (0.31,1527) 043
<50 217 (1.16, 4.04) 0.02 1.00 1.77 (0.30, 10.45) 0.53 1.00
<60 256 (1.39,4.73) 0003 093 (061, 1.42) 0.73 392 (0.87,17.58) 0.07 095 (0.23,3.82) 0.94
<70 1.59 (0.85, 3.00) 0.15 0.80 (0.54, 1.20) 0.28 1.96 (0.47, 8.19) 0.35 049 (0.13,1.81) 0.28
<80 1.46 (0.60, 3.53) 0.41 0.74 (0.48, 1.14) 0.17 1.47 (031, 6.94) 0.63 0.58 (0.16,2.11) 041
>80 n/a 0.29 (0.11,0.74) 0.01 n/a 032 (0.07,1.48) 0.14
B2m removal (mgfh)
ql (min) 2.82 (1.86, 4.29) <0.001 0.97 (055, 1.71) 0.91 2.24 (0.25, 20.04) 0.47 295 (045, 19.24) 0.26
q2 2.15 (1.24,3.72) 0.01 124 (0.85, 1.80) 0.26 4.15 (0.99, 17.39) 0.05 251 (0.96, 6.54) 0.06
q3 2.49 (1.28, 4.82) 0.01 1.00 9.44 (293, 30.42) <0.001 1.00
q4 3.04 (1.71, 5.41) <0.001 1.02 (0.73, 1.41) 0.91 5.22 (1.72, 15.90) 0.004 1.00  (0.45,2.20) 1.00
q5 1.62 (0.74, 3.54) 0.23 0.93 (0.65, 1.33) 0.71 1.55 (0.37, 6.44) 0.55 0.94 (0.40,2.25) 0.90
q6 (max) 1.81 (0.88, 3.75) 0.11 1.05 (0.71, 1.54) 0.82 2.99 (0.89, 10.05) 0.08 1.15  (0.45,2.96) 0.77

B2m removal = ( pre-dialysis f2m) - (post-dialysis p2m); B2m clearance = (B2m removal)/(pre-dialysis p2m).

OR, odds ratio; ClI, confidence interval; f2m, beta-2 microglobulin.

These ORs were adjusted by dialysis vintage, age, sex, primary kidney disease, modality, body mass index, albumin, CRP, Kt/V, normalized PCR, and f2m clearance. In the analysis including

pre-dialysis f2m, pre-dialysis of f2m and B2m removal were used instead of B2m clearance.

the association between $2m removal per dialysis (pre-dialysis
minus post-dialysis $2m) and first-time CTS; and again, the ad-
justed ORs were similarly mountain-shaped in the 1998 cohort
but not in the 2010 cohort (Table 2 and Supplementary data,
Figure S1). One possible explanation is that less 2m clearance
or removal may be associated with mortality, which may cause
underestimation of ORs for the lower f2m clearance groups.
Note that these results were very similar when we used age at dia-
lysis start, instead of current age, to calculate adjusted ORs for
first-time CTS (Supplementary data, Figure $2).

.
DISCUSSION'

In this study, we examined nationwide survey data to determine
whether risk of DRA decreased in the period between 1998 and
2010, and whether improvement of dialysis technologies, which

had been dramatic in the decades of the 1990s and 2000s, did in
fact help prevent first-time CTS, which can be considered a
proxy for the onset of DRA. In Japan, biocompatible mem-
branes became standard in the 1980s, use of high-flux mem-
branes became widespread in 1990s, and reverse osmosis and
endotoxin-cut filters came into use in the late 1990s [15].
Based on the JSDT surveys, the rate of reverse osmosis usage
was already at 93.0% by 1999 although the proportion of facil-
ities that attained an endotoxin concentration below 0.001 EU/
mL—which is recommended by the JSDT ultrapure dialyzate
quality-control standard—stood at only 13.4% in 1999 [16].
This, however, dramatically increased to 62.1% in 2010 [12].
These improvements suggested a distinct need for the investiga-
tion we made. Several studies had demonstrated a decrease
in DRA associated with using synthetic high-flux membranes
[10] and ultrapure dialyzates [17-19]. However, there was no
large-scale data to confirm that what was thought to be

Comparison of risks of CTSin 1998 and 2010
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clearance.

improvement in dialysis technologies did indeed help prevent
DRA. Should more patients be given the resulting higher-
quality dialysis? Our analyses show that the OR of the onset
of DRA within the following year was significantly lower in
the 2010 cohort than in the 1998 cohort after adjusting patients’
background, laboratory values and dialysis methods in both the
whole population and PS-matched population.

The main strengths of our study are that the analyses were
of nationwide large-scale cohorts with long dialysis vintage,
comparing two sequential surveys using the same method of
data collection and same outcome measurement. Because DRA
formation is a long process, large-scale cohorts with long dialysis
vintage are essential for clarification of this kind of research ques-
tion. In addition, our study compared two contrasting cohorts:
the one in 1998, when the most dramatic improvements in dia-
lysis technology were still developing, and the one in 2010, by
which time ultrapure dialysis solutions and biocompatible mem-
branes had become widely used. DRA had grown to a severe
problem in the early 1980s when the number of patients surviv-
ing >10 years on dialysis grew. The response in the 1990s was the
above-noted process of improving dialysis technology once the
principal risk factors for DRA—dialysis vintage, age, biocom-
patibility of dialysis solution and membrane and advanced glyca-
tion end product—were clearly identified [1, 3, 17, 20].

There are several other new findings in this study. First, the
trends of crude risk for first-time CTS surgery when analyzed
by dialysis vintage, age, pre-dialysis f2m or f2m clearance were
similar in the 1998 and 2010 cohort: in the 2010 cohort, when

analyzed by dialysis vintage, that risk decreased by almost half
from 1998. Second, the beneficial effect of improved dialysis
technology may mainly affect patients with longer dialysis vin-
tage, younger age, lower pre-f2m and less B2m clearance. Put
another way, the crude risk of first-time CTS was similar in
the two cohorts for patients with shorter dialysis vintage,
much greater age, higher pre-B2m and higher p2m clearance.
Finally, B2m clearance >80% may decrease risk of DRA which
is consistent with our previous findings.

There are several limitations to this study. First, because our
survey was questionnaire-based, information bias may exist.
However, considering the large number of patients in this
study, the proportion of bias should be very small. In addition,
we used the same outcome for the surveys. Second, although
this is a large-scale cohort study, the 1998 cohort comprised
only 18% of the study population. That was because informa-
tion about their history was missing for many 1998 patients
—requiring their exclusion—which may cause some selection
bias. Third, information about the dialysis membrane and dia-
lysis solution used was not recorded, so we could not pinpoint
with certainty the improvements in dialysis technology that
decreased risk of DRA (though, of course, the chief role of
those membranes and solutions was, at very least, strongly in-
ferential since they were the focus of the improvement efforts).
Finally, we did not have information about residual renal func-
tion, erythropoiesis stimulating agents, iron use or vitamin D
use, which were considered as possible confounders. However,
since the reported loss of renal function after dialysis start was
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~2.0 mL/min/year [21] and the mean estimated glomerular fil-
tration rate at dialysis initiation was 6.52 mL/min/1.73m” in
2007 throughout Japan [22], the impact of residual renal func-
tion on our cohort (mean dialysis vintage 7.2 + 6.2 years) may
be neglected.

Previously, we had found that dialysis vintage is a very strong
risk factor for developing DRA, and that patients’ age, lower
serum albumin, and low B2m clearance—but not pre-dialysis
B2m-—are other risk factors [15]. We had also found that f2m
clearance >80% is associated with lower risk of DRA, although
it was unclear why that was so. This present study provides
one possible answer. In this study, reduction in risk of first-time
CTS between the two cohorts was greater for patients with longer
dialysis vintage, younger age, lower pre-dialysis f2m and less
B2m clearance. These findings imply that the decreased risk of
CTS in our study period may be associated with the reduction
of immunological reaction—usually stronger among younger
patients—affected by the improvement in dialysis. But the im-
munological reaction may not be represented by CRP, since
serum CRP level was not associated with the first-time CTS in
this or in previous studies [15]. It had always been thought
that lowering the level of pre-dialysis serum B2m, which is a
main component of DRA, was a treatment goal for preventing
DRA and improved biocompatible membranes could have re-
sulted in lower production of B2m with the consequence of
slower DRA production [1¢]. This explanation was based on
in vitro studies showing that monocytes in culture released
more B2m after exposure to Cuprophan than with exposure
to the synthetic membrane polymethyl methacrylate [23].
However, based on our findings, lowering pre-dialysis p2m
is not associated with reduced risk of CTS. Once the nucleus
is formed, the growth phase proceeds through the incorpor-
ation of the monomers into the ends of seed fibrils in a
template-dependent manner [24]. In addition, advanced gly-
cation end-products, inflammation and oxidant stress, both of
which are considered risk factors for DRA, play an important
role in developing amyloid fibrils {25-27]. Garbar et al. [28]
reported that tissue alteration caused by advanced glycation
end-products and other modifications linked to the uremic
state may favor B2m amyloid deposition following macro-
phage activation and result in juxta-articular bone erosions.
Therefore, given our findings—in conjunction with previous
knowledge—to prevent the onset of DRA, it seems important
to reduce immunological reaction by using more biocompat-
ible dialysis membrane and purer dialysis solution, not by de-
creasing pre-dialysis f2m. And B2m clearance may be
efficacious in dialysis for removing more uremic toxins, cyto-
kines and other immunogens.

In conclusion, our study shows a dramatic reduction in DRA
risk in the last two decades: the risk of first-time CTS, as proxy
for the onset of DRA, was about halved. Although the mechan-
isms by which p2m amyloid fibrils develop are still not fully
known, it is clear at present that the efforts aimed to improve
dialysis quality paid off in the now proven, statistically signifi-
cant decrease in DRA risk, based on a large-size dialysis patient
cohort. Yet such high quality dialysis is still not universally
available. We hope that the present evidence of the delayed
DRA onset will lead to the implementation of improved dialysis

Comparisonofrisks of CTSin 1998 and 2010

technology wherever available, both from an economic and
a logistic point of view, for the benefit of dialysis patients
worldwide.
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