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Abstract

Background: Hemodialysis as an efficient therapy for advanced CKD is the most used treatment
modality all over the world. Even though primary AVF is widely accepted as a best permanent vas-
cular access in hemodialysis patients, up to 60% of all fistulas fail to mature. The pathogenesis of
early fistula failure is not very well understood. Many general and local factors are involved:
patient’s age, sex, primary renal disease, small vessel’s diameter, presence of accessory veins, prior
venipunctures, surgical skill, genetics, etc. Histological investigations have confirmed the neointimal
venous hyperplasia as a major pathological finding in stenotic lesions of AVF failure, due to local
inflammation, oxidative stress and migration and proliferation of myofibroblasts, fibroblasts and
endothelial cells.

Materials and methods: A total of 89 patients with stadium 4-5 of CKD are involved in the study. A
typical radio-cephalic AVF is created in all patients. Part of the fistula vein was taken for histo-
logical, immunohistochemical (Vimentin, TGF  and KI167) and morphometric analysis. Appriopri-
ate statistical method was applied.

Results: Up to 80% of the patients showed some degree of endothelial changes at the time of creation
of AVF, among them 19 pts with substantial intimal hyperplasia, 51 with medial hypertrophy and 19
pts with normal histology. Almost two thirds of the patients did not have expression of TGF. More
than 95% had some expression of Vimentin. None of the patients had expression of the marker Kl 67.
Conclusion: Medial hypertrophy is predominant preexisting pathohistological lesion prior the AVF
creation, despite the presence of neointimal hyperplasia. The absence of TGFB expression in ma-
jority of our patients could suggest that inflammation and oxidative stress are developing later, after
vascular access surgery. The dominant cells within the stenosis in the veins are myofibroblasts. Their
increased presence maybe a reason why some patients are prone to developing venous endothelial
changes as a results of exaggerated vascular endothelial response to the effect of uremia, hyper-
tension and other insults.
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Introduction dality all over the world [1-3]. Approximately
Hemodialysis as an efficient therapy for about 3 million people are on regular dialysis

advanced CKD is the most used treatment mo- program, predominantly using arterio-venous
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fistula (AVF) as a permanent vascular access.
On the other hand, the problems associated with
vascular access dysfunction are the most com-
mon reason for increased morbidity, mortality
and hospital admittance and represent major
clinical, social and financial burden even for
the developed countries. Even though primary
AVF is widely accepted as the best permanent
vascular access in hemodialysis patients, up to
60% of all fistulas fail to mature [4-6]. The
pathogenesis of fistula failure is not very well
understood. Many general and local factors are
involved: patient’s age, sex, primary renal dise-
ase, small vessel’s diameter, presence of acces-
sory veins, prior venipunctures, surgical skill,
genetics, etc [7-10].

Neointimal hyperplasia is the dominant
histological finding that leads to significant ste-
notic lesions and ultimately AVF failure. There
is not enough data about the cellular phenotype
and possible future impact of preexisting CKD
related factors on AVF failure. Oxidative stress,
inflammation and low shear stress are well
known factors which contribute to neointimal
hyperplasia.

The aim of the study is to perform histo-
logical, morphometric and immunohistochemi-
cal examination of vein samples from CKD
patients collected at the time of vascular access
creation.

Material and methods

Study populations

A total of 89 patients with stadium 4-5 of
CKD are involved in the study. A typical radio-
cephalic AVF is created in all patients. The
standard preoperative assessment of both extre-
mities was performed, including physical exa-
minations and ultrasound Doppler mapping for
evaluation of vein and artery diameters. Demo-
graphic data were obtained in the time of pa-
tients’ referral.

Specimen collection and processing

During the operative procedure an 8-10
mm of circumferential segment of the vein was
removed near the anastomosis site. The speci-
men was fixed immediately in the buffered for-
malin and sent to the pathologist. Each tissue

sample was embedded and cut into three or
four blocks of 2-3 mm using previously des-
cribed technique. After embedment in paraffin,
each piece was sliced in sections of 4 microme-
ters for histological and immunohistochemical
analysis. The samples were evaluated with he-
matoxylin and eosin (H&E) and van Gieson (VG)
stain for usual histological analysis and Vimen-
tin (marker for fibroblast), TGF B (marker for
inflammation and oxidative stress) and K167
(marker for cellular proliferation) for immuno-
histochemistry. A semiquantitative scoring from
0—4+ was used for the assessment of the inten-
sity of the positive cells for the above menti-
oned markers in different parts of the venous
wall (0 represents 0-10% positive cells, 1+ =
11-25%, 2+ = 26-50%, 3+ = 51-75% and 4 +
=76 = 100%).

Morphometric analysis

Image J software (National Institutes of
Health) was used for morphometric analyses.
Values for luminal area (L,), intimal area (1,),
medial area (M,), percentage of luminal steno-
sis, Intimal-medial area ratio, average and ma-
ximal intimal-medial thickness were obtained
from vein samples from each individual patient.
The luminal area (L) was measured by tracing
around the edge of the lumen. The intimal area
(1) was measured by tracing around the internal
elastic lamina, then subtracting the luminal
area. The medial area (M) was measured by
tracing around the external elastic lamina, then
subtracting the intimal area. Intimal-medial area
ratio was calculated by the formula (I-M)/(L/1).
The percentage of the luminal stenosis was cal-
culated using the formula [1-L/I] x 100. The
average intimal-medial thickness (It-Mt) was
obtained by averaging the measurements bet-
ween the tracings used for separating both layers.
The ratio of the average intimal to medial thi-
ckness was calculated by the formula It/Mt. Fi-
nally, one measurement was done from the point
of the maximal intimal thickness, and then the
maximal intimal-medial thickness was measu-
red in the same way (MaxIt/Mt). By comparing
the average and maximal intimal-medial thick-
ness we can assess the eccentricity of the
neointimal distribution.
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Figure 1 — Morphometric analysis. The lumen is circled
with black line, the intima with blue and the media with
red line. The black double arrows show intimal thickness
(1t) and medial thickness (Mt). The yellow double arrows
show the maximal Intimal (MaxIt) and maximal medial
thickness (MaxMt)

Statistics

The distribution of the variables was eva-
luated according to the means+ SEs, medians
and proportions. Associations between quanti-
tative expression of different markers and early
fistula failure were analyzed using univariable
logistic regression. All statistical analysis was
performed using the SPSS software package.

Results

Demographics

Eighty-nine CKD patients (50 men and
39 women) were enrolled in the prospective,
open, observational study. The median age was
62 + 13 years (range 16-86). The underlying
diseases were: Diabetes 20, Hypertensive Neph-
ropathy 30, End Stage Renal Disease 18, Neph-
rolithiasis 7, Glomerulopathies 6, Adult Poly-
cystic Kidney Disease 3, Pyelonephritis 2, Ve-
sicoureteral Reflux 2, Vasculitis 1. All AVFs
were preemptive and first vascular access.

Histomorphometric analysis
All 89 patients had adequate tissue sam-
ples for histological analysis. A substantial

venous luminal stenosis (71.45 + 23.7%) was
found in most of the patients (Figure 2, 3) on
H&E and vG staining. Up to 80% of patients
showed some degree of endothelial changes at
the time of creation of the AVF, among them
19 pts with substantial intimal hyperplasia, 51
with medial hypertrophy and 19 pts with nor-
mal histology. The histomorphometric analyses
are presented on Table 1. The values for inti-
mal-medial area ratio and average intimial-me-
dial thickness confirm the significant role of
the medial hypertrophy in the stenotic lesions
as oppose to intimal hyperplasia. The signi-
ficant difference between the maximal versus
the average intimal — medial thickness suggests
that the intimal lesions are eccentric (Fig. 2)

Figure 2 — Neointimal hyperplasia prior AVF creation.
The lumen is circled with black line. The intima with
yellow and the media with green line

Figure 3 — Predominant medial hypertrophy prior AVF
creation. Intimal hyperplasia can be seen

Table 1
Mean values for vein samples before AVF creation
Stenosis (%) Intimal-medial area ratio Average intimal-medial Maximal intimal-medial
thickness thickness
71.45+£23.7 0.09+0.5 0.19£0.2 0.44+0.3
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Immunohistochemistry Table 2
A standard immunohistochemical analy- _ o
sis for the markers TGFp, Vimentin and K167 TGF-semiquantitative score

was done from the samples taken at the time of

AVF creation. The results from the semiquan- TGF- semiquantitative score Al

o 0. 0-10% positive cells 55(61.79%)
titative scores are presept_ed on _Table 2 and 3. 1+. 11-25% positive cells 16(17.98%)
We did not find any positive stains for the mar- 2+, 26-50% positive cells 15(16.85%)
ker Ki67. The results for TGFB and Vimentin 3+. 51-75% positive cells 3(3.37%)
are also presented on Fig 4 and 5. Total 89(100%)

TGF-R semi quantitative score (all patients)
20l
0 . . ‘,,,,
1+ 2+ 3+
Figure 4 — TGF-semiquantitative score
Table 3

Vimentin — semiquantitative score
Vimentin — semiquantitative score All
0. 0-10% positive cells 4(4.49%)
1+. 11-25% positive cells 28(31.46%)
2+, 26-50% positive cells 27(30.34%)
3+. 51-75% positive cells 30(33.71%)
Total 89(100%)

Vimentin semiquantitative score (all patients)

1+ 2+ 3+

Figure 5 — Vimentin — semiquantitative score
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The semiquantitative score for TGF
(Table 2 and Fig 4) showed that the majority of
patients demonstrate score 0 which means that
the expression of this marker is less than 10%.
The scores 1+ and 2 + are equally distributed
among the other pts.

As far as Vimentin is concerned, our
results demonstrate that only 5% of all patients
have a semiquantitive score 0O, i.e. less than
10% expression of this marker. The rest of the
patients are almost equally distributed in scores
1+, 2+ and 3+. (Table 3, Fig 5).

Discussion

The observed endothelial changes in the
time of the AVF creation are already described
by other authors who demonstrate that CKD as
a state is responsible for many disturbances in
the body. The underlying disease, hyperten-
sion, advanced ESRD, diabetes, age and gender
could affect the normal vascular response and
make some patients more prone to developing
preexisting endothelial changes. Our histomor-
phometric analysis demonstrated a various
spectrum of endothelial venous changes which
could be responsible for the future fistula fai-
lure. The intimal-medial area ratio and average
intimal-medial thickness presented on Table 1
showed that the majority of our patients had a
predominance of medial hypertrophy in the
stenotic lesions. This is confirmed by the vein
samples histology, where 51 patients were clas-
sified with predominant medial hypertrophy
and only 19 with intimal hyperplasia. This is
opposite to reports by Wasse and Roy-Chaud-
hury, where the intimal hyperplasia was a
dominant pathohistological finding [7, 10]. Our
experience of 89 patients included in the study,
which is one of the largest group of patients
reported in the literature, is much more repre-
sentative comparing to the above mentioned
studies. It could be one of the explanations of
the different results obtained. Finally, the result
of the maximal to average intimal-medial thic-
kness ratio express that the neointimal stenotic
lesions are eccentric ( Fig. 1).

Regarding the immunohistochemistry, we
demonstrate that the marker TGF- is found in
less than 40% of the patients (16 with score 1+,

15 with score 2+ and only 3 with score 3+).
TGF B correlates with local inflammatory pro-
cesses and oxidative stress. In some amount,
both are already confirmed in advanced CKD
patients. The TGF [ positive cells are found in
both, intimal hyperplasia and medial hyper-
trophy. It has been hypothesized that it is crea-
ted locally from smooth muscle cells (SMC),
macrophages and lymphocytes [11, 12]. It is
also known that it could be connected with the
neointimal cells and it leads to excessive and
irreversible deposition of extracellular matrix.

The second marker analyzed using im-
munohistochemistry is Vimentin as a marker
for myofibroblasts and fibroblasts. Regarding
Table 3 and Fig 5 we found presence of Vi-
mentin positive cells practically in more than
95 % of the patients. It confirms the miofib-
roblasts’ and fibroblasts’ activity in advanced
ESRD in both, intima and media. The high pre-
valence of Vimentin in media and intima sug-
gests that phenotyping switching from myofib-
roblast to fibroblast and vice versa is an active
process which takes place both in intima and
media. It is still not very clear how do myofi-
broblasts migrate into intima. There are reports
which say that they originate from the adventia,
media, or even from bone marrow as a proge-
nitor cells which transform locally into myofib-
roblasts or SMC or fibroblasts [13-16]. Finally,
it means that the fibrosis is also involved in the
endothelial damage.

We did not find any positive staining for
K167, which means that we could not find evi-
dence for cellular proliferation. Maybe, the rea-
son is that as we did a single measurement we
missed the time when the cell proliferation
occurs.

In conclusion, we believe that the endo-
thelial damage in advanced ESRD could play
some role in future fistula failure. We demon-
strate that the medial hypertrophy is predomi-
nant preexisting pathohistological lesion, des-
pite the presence of neointimal hyperplasia in
our group of patients. The absence of TGFf
expression in the majority of our patients could
suggest that inflammation and the oxidative
stress are developing later, after vascular access
surgery. The increased presence of myofibro-
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blasts and fibroblasts (Vimentin positive cells)
in media and intima is a reason why some
patients could be prone to the developing ve-
nous endothelial changes as a results of exag-
gerated vascular endothelial response to the
effect of uremia, hypertension and other insults.

REFERENCES

1. Roy-Chaudhury P, Sukhatme VP, Cheung AK. He-
modialysis vascular access dysfunction: a cellular
andmolecular view point. J Am Soc Nephrol. 2006;
17:1112-1127.

2. Lee T,Roy-Chaudhury P.Advances and new frontiers
in the pathophysiology of venous neointimal hyper-
plasia and dialysis access stenosis. Adv Chronic Kid-
ney Dis. 2009; 16: 329-338.

3. Oncevski A, Dejanov P, et al: Vascular access and
chronic renal failure. ANN UROL, 34(5), 2000; pp.
345-351.

4. Dember LM, Beck GJ, Allon M, et al. Effect of
clopidogrel on early failure of arteriovenous fistulas
for hemodialysis. JAMA. 2008; 299: 2164-2171.
[PubMed: 18477783]

5. Ernandez T, Saudan P, Berney T, et al. Risk factors
for early failure of native arteriovenous fistulas.
Nephron Clin Pract. 2005; 101: ¢39-c44.

6. Monroy-Cuadros M, Yilmaz S, Salazar-Banuelos A,
et al. Risk factors associated with patency loss of he-
modialysis vascular access within 6 months. Clin J
Am Soc Nephrol. 2010; 5: 1787-1792.

7. Wasse H, Huang R, Naqgvi N, Smith E, Wang D, Hu-
sain A Inflammation, oxidation and venous neoin-
timal hyperplasia precede vascular injury from AVF
creation in CKD patients. J Vasc Access. 2012 Apr-
Jun; 13(2): 168-74.

8. Lee T., Novel paradigms for dialysis vascular access:
downstream vascular biology — is there a final com-
mon pathway? Clin J Am Soc Nephrol. 2013; 8:
2194-2201.

9. Duque JC, Vazquez-Padron RI. Myofibroblasts: the
ideal target to prevent arteriovenous fistula failure?
Kidney Int. 2014 Feb; 85(2): 234-6.

10. Roy- Chaudhury P, Arend L, Zhang J et al. Neointi-
mal Hyperplasia in Early Arteriovenous Fistula Fai-
lure. Am J Kidney Disease. 2007; 50: 782—770.

11.Tellides G, Tereb DA, Kirkiles-Smith NC, et al:
Interferon-Gamma elicits arteriosclerosis in the ab-
sence of leukocytes. Nature. 403: 207-211, 2000.

12. Porreca E, Di Febbo C, Mincione G, et al: Increased
TGF-B production and gene expression by peripheral
blood monocytes of hypertensive patients. Hypertens.
1997; 30: 134-139.

13.ShiY, O’Brien JE Jr, Mannion JD, et al.. Remode-
ling of autologous saphenous vein grafts. The role of

perivascular myofibroblast. Circulation. 1997; 95:
2684-2693.

14. Shi Y, Pieniek M, Fard A, et al. Adventitial remode-
ling after coronary arterial injury. Circulation. 1996;
93: 340-348.

15. Sata MYH, Nagai R. Circulating recipient cells con-
tribute to graft coronary arteriolosclerosis. J Car-
diol. 2002; 39: 48-49.

16. Owens GK. Regulation of differentiation of vascular
smooth muscle cells. Physiol Rev. 1995; 75; 487-517.

Pesume
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Boseg: Xemonmjanmszara mpeTcraByBa Haj-
euKaceH TpeTMaH 3a JIEKyBamke Ha XPOHMYHATA
Ooyopexna Oonect (XBB) Bo HampeneH craauym.
Nako mpumapHara aprepruosercka ¢uctyna (ABD)
ce cMeTa KaKko Hajuobap TpaeH BacKyJIapeH IpHc-
Tam Kaj MarueHTuTe Ha Xemonaujanusa, 10 60% of
cute uctynu paHo orkaxysaar. [larorenesara Ha
paHoTO oTKaKyBame Ha AB® He e noBomHO 00jac-
HeTa. bpojHM onIuTH M OKaIHM (QaKTOpU ce BKITY-
YEeHU: BO3pacTa Ha MAIMEHTOT, IOJI, MpUMapHara
OyOpexHa 0oJIeCT, MaIMOT IWjamMeTap Ha KpBHHUTE
CaJIoBH, MPHUCYCTBO HA aKIIECOPHU BEHH, MPETXOJ-
HU OOLIKama Ha BEHUTE, XUPYPIIKO HCKYCTBO, TeHe-
THKa UTH. XHUCTOJOIINTE UCIIUTYBAamba ja TIOTBPAM]ja
HEOWHTHMAJIHATA BEHCKA XUIEpIUia3uja Kako Tiia-
BEH MaTOJIOIIKU HAOJ BO CTCHOTHYHHTE JIE3UU Kaj
otkaxxanute AB®, mopasau nokanHa uHbpaMalyja,
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OKCHIaTUBEH CTPEC W MHUTpaIija u mpoiudeparyja
Ha MuohuOpodIacT, GUOPOOIACTH W CHIOTCITHH
KIICTKHU.

Maitepujan u meitiogu: Bxynno 89 manuen-
tn co Xbb ct1. 4 1 5 6ea BxirydeHu Bo 0Baa CcTyauja.
Tummmana pannoriedanmana AB®D Oeme kpenpana
Kaj cure nanuentu. Jlen on ¢puctynHara BeHa oere
36MCH 3a XHCTOJIOIIKA, UMYHOXHCTOXEMHUCKA (BH-
MeHTHH, TI'®-6eta m KU 67) u Mopdomerprcka
aHanm3a.

Pesynimaiu: Peuucu xaj 80% on marmeH-
TUTE Oele HajaeH OJlpe/leH CTENeH Ha €HAOTEITHU
MIPOMEHH BO MOMEHTOT Ha Kpewpame Ha ABD, m
Toa 19 manMeHTH co 3HauajHa MHTUMAIIHA XUIIEP-
mwia3uja, 51 co MenujaiaHa xuneprpoduja, a 19 ma-
[MEeHTH WMaa HopMainHa xucronormja. Kaj mpu-
OJIMKHO JIBE TPETHHHU OJf IAIIMCHTUTE He Oellle Haj-
nena excrpecuja Ha TI'D-6eta, gogeka Kaj moBeke
ol 95% on manMeHTUTE MOCTOEIIE OIPEICH CTEICH

Ha eKclpecyja Ha BUMEHTHH. Kaj HHe[eH mauueHt
He Oerie HajeHa ekcripecrja Ha Mapkepot KU 67.

3axnyyox: MenujanHaTta XunepIuiasuja mper-
CTaByBa NPEJIOMHHAHTHA MaTOXUCTOJOIIKA JIe3Hja
pen kperpame Ha ABD 1 mokpaj mpucycTBOTO Ha
HEOMHTHUMaJIHATa Xurepruiasija. OTCyCcTBOTO Ha eKc-
npecujara Ha TI'®D-Oera Kaj MOBEKETO MAIMEHTH
cyrepupa jAeka WHQIIaMaryjara U OKCHIATHBHHOT
CTpec ce jaByBaaT MOJOIIHA, [0 KpeHnpame Ha Bac-
KYJIapHUOT mpucTan. JJOMMHAHTHU KJIETKHA BO CTe-
HOTWYHATa Je3uja ce Muopuodpodaactute. HUBHOTO
3roJIEeMEHO TIPUCYCTBO MOXKEOM € TPHUYMHA 30IITO
HEKOH TAIHEeHTH ce CKJIOHH KOH Pa3BUBaH-€ BEHCKH
SHIOTEIHM TPOMEHH KaKO pe3yiTaT Ha MpeTepaH
SH/IOTEJICH BACKyJIapeH OJroBOp Ha e(peKTHTEe Ha
ypeMuja, XUIepTeH3nja u Ipyri HHCYITH.

Kayuynu 300poBm: oTkaxyBame Ha ¢uctymm, XBbb,
MHTHUMAIIHA XHUIepIia3uja, BuMeHTuH, T ®-6era



