
SUMMARY

Backgrounds: Hemodialysis remains the most frequent therapeu-
tic procedure in the treatment of terminal stage of chronic kidney
disease (CKD). The primary arteriovenous (AV) fistula is widely
accepted as the best permanent vascular access. Early fistula 
failure defined as non matured or failed fistula within three
months after its creation appears in 25-60% of all created 
fistulas. 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 migra-
tion and proliferation of myofibroblast, fibroblast 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 fistula vein was taken for histology
(H&E, van Gieson), immunohistiochemical (Vimentin, TGF-beta
and KI67) and morphometric analysis. The investigations were
repeated after fistula failure in the same vein proximally (observa-
tional point 2). A appropriate statistical method was applied.
Results: 31 patients developed early AVF failure. We found
increased expression in Vimentin and TGB β in all patients even
before AVF creation, but there were no statistical differences
between the patients with the early AVF failure and functional
AVF. But, when we compared the results from the second point,
after AVF failure, we found significant increase in both markers.
We didn’t find any expression of KI 67. We also found significant
luminal stenosis in the veins that has increased after AVF failure.
Conclusion: Neointimal hyperplasia and medial hypertrophy
are present in veins of CKD patients before AVF creation and
they increase after its creation. The dominant cells within the 
stenoses veins are myofibroblasts. The increased presence of 

RÉSUMÉ
L’expression accrue des TGF-β et vimentine dans les lésions
sténotisées de l’échec précoce de la fistule artério-veineuse
chez les patients avec maladie chronique rénale

Introduction: L’hémodialyse reste le procédé thérapeutique le plus
fréquent dans le traitement du stade terminal de l'insuffisance
rénale chronique (IRC). La fistule primaire artérioveineuse (AVF)
est largement acceptée comme le meilleur accès vasculaire 
permanent. L'échec précoce de la fistule définie comme la fistule
non échouée dans les trois mois après sa création apparaît dans
25-60% de toutes les fistules créés. La pathogénie de l'échec 
précoce de la fistule n’est pas très bien comprise. Beaucoup de
facteurs généraux et locaux sont impliqués: l'âge, le sexe, la 
maladie rénale primaire, le diamètre de petit navire, la présence de
veines accessoires, des ponctions veineuses préalables, les 
compétences chirurgicales, la génétique, etc. Les investigations 
histologiques ont confirmé l'hyperplasie veineuse néo-intimale du
patient comme une constatation pathologique majeure dans la
sténose de l'AVF, due à une inflammation locale, le stress oxydatif
et la migration et la prolifération des myofibroblastes, fibroblastes
et les cellules endothéliales.
Matériel and méthodes: Au total  89 patients dans le stade 4-5
de l'IRC sont impliqués à l'étude. Une AVF typique radio-
céphalique  est créé dans tous les patients. Une partie de la veine
a été prise pour l'histologie (H & E, van Gieson), immuno-
histiochimie (vimentine, TGF-β et KI67) et morphométrie. Les
investigations ont été répétées après l'échec de la fistule dans la
même veine  (point d'observation 2). Une statistique appropriée
a été appliquée.
Résultats: 31 patients ont développé un échec précoce de AVF.
Nous avons trouvé une expression accrue dans Vimentine et TGB
β chez tous les patients avant même la création AVF, mais il n'y
avait aucune différence statistique entre les patients avec l'échec
précoce de AVF et AFV fonctionnelle. Quand on compare  les
résultats du deuxième point d’observation, donc après l'échec de 

Archives of the Balkan Medical Union vol. 50, no. 4, pp. 479-484
Copyright © 2015 CELSIUS December 2015

ORIGINAL PAPER

INCREASED EXPRESSION OF TGF-βAND VIMENTIN IN
STENOTIC LESIONS OF EARLY ARTERIO-VENOUS FISTULA
FAILURE IN PATIENTS WITH CHRONIC KIDNEY DISEASE
V. PUSHEVSKI, P. DZEKOVA-VIDIMLISKI, P. DEJANOV, V. GERASIMOVSKA, A.M. SPISIC-PUSHEVSKA,
A. SIKOLE, N. IVANOVSKI

University Clinic of Nephrology, Medical Faculty Skopje, Republic of Macedonia

Correspondence address: Ass Dr Vladimir Pushevski
University Clinic of Nephrology, Medical Faculty Skopje
Majka Tereza 17 e-mail: pushev@yahoo.com



TGF-β AND VIMENTIN IN STENOTIC LESIONS OF EARLY FISTULA FAILURE - PUSHEVSKI et al vol. 50, no. 4, 480

INTRODUCTION

HH
emodialysis remains the most frequent thera-
peutic procedure in the treatment of terminal
stage of chronic kidney disease (CKD). The

efficient, productive, matured vascular access is crucial point
and most important in performing HD during everyday 
clinical practice. For the HD patients vascular access is truly
“atrium vitae” and “atrium mortis”. On the other hand, the
vascular access dysfunction is one of the major causes of
increased morbidity and mortality in CKD patients.

The primary arteriovenous (AV) fistula is widely accepted
as the best permanent vascular access in hemodialysis patients
because of the lowest infection and thrombosis rate compared
to arteriovenous grafts and permanent catheters. The major
obstacle in implementing   the “fistula first” policy is an early
fistula failure which is defined as non matured or failed 
fistula within three months after its creation. According to
the different reports, the percentage of early fistula failure is in
range of 25-60% of all created fistulas (1-3).

Even though it is recognized as a major clinical problem,
the pathogenesis of early fistula failure is not very well
understood. Several hypotheses have emerged in many 
published and presented reports. 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 (4-7). Histological
investigations have confirmed the neointimal venous hyper-
plasia as a major pathological finding in stenotic lesions of
AVF failure, due to local inflammation, oxidative stress and
migration and proliferation of myofibroblast, fibroblast and
endothelial cells. 

The aim of the study is to analyze the expression of 
TGF-β, Vimentin and KI67 as markers of inflammation,
oxidative stress, myofibroblast activity and cellular prolifera-
tion and their effect in development of endothelial lesions of
early fistula failure.

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 extremities was performed including physical 
examinations and ultrasound Doppler mapping for evalua-
tion of vein and artery diameters. Demographic data were
obtained in the time of patients’ referral.   Early fistula 
failure is defined as non matured or failed fistula within
three months of its creation. In patients with fistula failure
within three months a new AVF was created. These patients
belong to the investigated group (IG). All other patients
with functional AVF belong to the control group (CG). The
investigations were done in two points: in the time of AVF
creation (observational point 1) and after its failure 
(observational point 2).

Specimen collection and processing

During the operative procedure an 8-10 mm of circum-
ferential segment of the vein was removed near the anasto-
mosis site. The specimen was fixed immediately in buffered
formalin and sent to the pathologist. Each tissue sample was
embedded and cut into three or four blocks of 2-3 mm 
using previously described technique. After embeddement in
paraffin each piece was sliced in sections of 4 micrometers for
histological and immunohistochemical analysis. The samples
were evaluated with hematoxylin and eosin (H&E) and van
Gieson (vG) stain for usual histological analysis and
Vimentin (marker for fibroblast), TGF β (marker for inflam-
mation and oxidative stress) and KI67 (marker for cellular
proliferation) for immunohistochemestry. A semiquntitative
scoring from 0-4+ was used for the assessment of intensity of
positive cells for the above mentioned 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%).

Luminal stenosis was measured using morphometric
method previously described by Roy-Chaudhury et all (8).

Statistics

The distribution of the variables was evaluated according
to the means+ SEs, medians and proportions. Associations
between quantitative expression of different markers and
early fistula failure were analyzed using univariant logistic
regression. All statistical analysis was performed using 
Statistica 15 software package.

TGF β in failed AVF confirms the possible role of inflammation
and oxidative stress in the development of neointimal hyperplasia. 
Abbrevations: CKD – Chronic Kidney Disease, AVF – Arterio -
Venous Fistula, IH – Intimal Hyperplasia, H&E – Haematoxylin
and Eosin
Key words: fistula failure, CKD, intimal hyperplasia,
Vimentin, TGF-β

AVF, nous avons trouvé une expression augmentée significative-
ment dans les deux marqueurs. Nous n’avons trouvé aucune
expression de KI 67. On a noté également une sténose luminale
augmente dans les veines  après l'échec  de AVF.
Conclusion: L’hyperplasie néo-intimale et l'hypertrophie médiale
sont présentes dans les veines des patients IRC avant la création
de AVF et elles augmentent après sa création. Les cellules 
dominantes dans les sténoses des veines sont les myofibroblastes.
La présence accrue de TGF β dans   la AVF échouée confirme le
rôle possible de l'inflammation et le stress oxydatif dans le
développement de l'hyperplasie intimale.
Mots clefs: echec de la fistule, insuffisance rénale chronique,
hyperplasie intimale, vimentine, TGF-β
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RESULTS

A total of 31 patients developed early fistula failure
within 3 months after creation, while 58 remained with
functional AVF. In 31 patients with failed fistula a new 
fistula was created on the same vessels proximally and
another venous sample were taken and processed.

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 Nephropathy 30,
End Stage Renal Disease 18, Nephrolithiasis 7, Glomerulo-
pathies 6, Adult Polycystic  Kidney Disease 3, Pyelonephritis
2, Vesicoureteral Reflux 2, Vasculitis 1. All AVFs were 
preemptive and first vascular access.

Histology

All 89 patients had adequate tissue samples for histo-
logical analysis. A substantial venous luminal stenosis
(71.45+ 23.7%) was found in most of the patients (Figs. 1-
3) on H&E and vG staining. Image J software (National
Institutes of Health) was used for morphometric measure-
ment. Approximately 75% of whole group of patients
showed some degree of intimal hyperplasia and medial
hypertrophy at the time of creation of AVF. 

In this point there was no statistical difference between
the IG and CG regarding stenotic lesions. (Table 1). 

The histological analysis of the second samples after
AVF failure showed statistically significant increased luminal
stenosis from median 78 to 88 % (Table 2) 

Imunohistochemestry

• TGF β, Vimentin and KI67 – at time of AVF creation
A standard imunohistochemical analysis for the markers

TGF β, Vimentin and KI67 was done from the samples taken
at the time of AVF creation. The results from the semi-
quantitative scores are presented on Table 3 and 4. There is
no statistical difference in the results between two groups of
patients regarding the presence of TGF β and Vimentin. 
Positive staining for the marker KI67 was not found. 
The results for TGF β and Vimentin are presented also 
graphically (Figs. 4, 5).

• TGF β, Vimentin and KI67 after AVF failure ( at
time of second AVF creation)

The semiquantitative scores for TGF and Vimentin were
significantly increased in the second samples after AVF 
failure. (Tables 5, 6). Both increased markers in two different
points of observation are also presented on Fig. 6 and 7.
KI67 marker was not found in the second samples too.

DISCUSSION

Many previously published reports confirm the role of
preexisting endothelial changes in the veins in advanced
CKD patients (9-12). Our results in the point 1 (observa-
tional point 1) in the time of AVF creation demonstrate 

Figure 1 - Vein segment from early arteriovenous fistula failure.
The black arrow indicates stenotic lumen, the white thin 

arrow intimal layer and the white thick arrow indicate medial
hypertrophy

Figure 2 - Vein segments representing early AVF failure. The
black arrow indicates luminal stenosis, the white thin arrow
intimal hyperplasia and the white thick medial hypertrophy

Figure 3 - Vein segments representing early AVF failure. The
black arrow indicates luminal stenosis, the white thin arrow

intimal hyperplasia and the white thick medial hypertrophy. A
thrombus can be seen in the lumen
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various degrees of venous endothelial damage with signifi-
cant luminal stenosis of median 78%. In this point there
were no statistical differences between the patients with

functional AVF and patients who will develop early fistula
failure. Later, when the second fistula was created proximally
on the same vein, the luminal stenosis increased to median

Descriptive statistics – luminal stenosis
N mean ± SD Median min - max

All 89 71,45 ± 23,7 78,0 5 – 99 
CG 58 71,76 ± 23,1 78,5 5 – 99 
IG 31 70,87 ± 24,9 78,0 6 – 99 
Tested differences         t = 0,17  p = 0,87 ns
CG – control group.  IG – investigated group

Table 1 - Luminal stenosis at 
the time of AVF creation

Descriptive statistics – luminal stenosis
N mean ± SD median min - max

Observation point 1 31 70,87±24,99 78 6,0 – 99
Observation point 2 31 74,43±29,91 88 12– 99 
Tested differences Wilcoxon   Matched Pairs Test Z = 3,37  p = 0,00075**
**p < 0,01

Table 2 - Luminal stenosis
before and after AVF creation

(Investigated group)

CG IG All
0. 0 – 10%  positive cells 4(6,9%) 0 4(4,49%)
1+. 11 – 25% positive cells 17(29,31%) 11(35,48%) 28(31,46%)
2+. 26 – 50%  positive cells 15(25,86%) 12(38,71%) 27(30,34%)
3+. 51 – 75%  positive cells 22(37,93%) 8(25,81%) 30(33,71%)
Total 58(100%) 31(100%) 89(100%)
Tested differences      Z = 0,37  p = 0,7 ns     Chi – square = 4,36  df = 3  p = 0,22
CG – Control group; IG – Investigated group   Z (Mann-Whitney U test)

Table 3 - Vimentin - semiquantita-
tive score in all patients before

AVF creation (point 1)

CG IG All
0+    0 – 10% positive cells 38(65,52%) 17(54,84%) 55(61,79%)
1+.  11 – 25%  positive cells 10(17,24%) 6(19,35%) 16(17,98%)
2+.  26 – 50%  positive cells 8(13,79%) 7(22,58%) 15(16,85%)
3+.  51 – 75%  positive cells 2(3,45%) 1(3,23%) 3(3,37%)
Total 58(100%) 31(100%) 89(100%)
Tested differences      Z = 1,02 p = 0,3 ns
CG – Control group IG – Investigated group     Z (Mann-Whitney U test)

Table 4 - TGF β- semiquantitative
score in all patients before AVF

creation (point 1)

Figure 4 - Expression of Vimentin at the time of creation 
of AVF in all patients

Figure 5 - Expression of TGF β at the time of creation 
of AVF in all patients
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88 % (p < 0.01). It is not yet found whether this is the result
of increased neointimal hyperplasia or inadequate vascular
remodelling of the veins.( 13-16).

The aim of our study was to investigate the nature of
luminal stenosis regarding presence of different cellular 
markers and to explain possible mechanisms for early 
fistula failure. The markers used in the study were: TGF beta
as marker for oxidative stress and inflammation, Vimentin
for miofibroblast and fibroblast activity and KI67 marker for
cellular proliferation. We did two measurements in two
points. The first at the time of AVF creation (point 1) and
the second after its failure during creation of the second 
fistula (point 2). 

The semiquantitative score for TGF β at point 1 
(Table 4 and Fig. 2) showed that the majority of patients
demonstrate score 0 which means that the expression of this
marker is less than 10%. We did not find statistical 
difference between the patients who remained with 
functional AVF and patients who developed early fistula 
failure. (IG and CG). The score in samples taken at point 2
(IG) demonstrates statistically significant increase of TGF β
(Table 6 and Fig. 4) comparing the results from point 1. TGF
β correlates with local inflammatory processes. It is created
locally from smooth muscle cells (SMC), macrophages and
lymphocytes. (17, 18). It is also known that it could be 
connected with neointimal cells. Kanzaki et al reported that
locally administered TGF beta experimentally induced 
intimal thickening. (19)  The increased presence of TGF β
in failed AVF confirms the possible role of inflammation and
oxidative stress in the development of  neointimal hyper-
plasia. 

As far as Vimentin is concerned, our results demonstrate
that at point 1 only 5% of all patients have a semiquantitive
score 0, i.e. less than 10% expression of this marker. 
Regarding expression of Vimentin, as with TGF β, we did not
find the statistical difference between the groups at the point
one. The score significantly increased after fistula failed from
1+ to 3+ (Table 5, Fig. 3). The remodelling of fistula veins
requires expansion and mobilization of myofibroblasts. It is
not known whether they originated from the media, 

adventia or even from bone marrow as a progenitor cells
which transform locally into myofibroblast or SMC or 
fibroblast. Finally, it means that the fibrosis is also involved in
the endothelial damage. 

Despite the analysis in two points in time, we did not find
any expression of KI67 as a marker of cell proliferation. 

CONCLUSION

In conclusion, our study demonstrates a wide spectrum
of preexisting neointimal hyperplasia and medial hypetrophy
in patients with CKD and ESRD. We confirmed the myo-
fibroblast as the predominant cellular phenotype and the
role of inflammation and oxidative stress in early fistula 
failure. We emphasize the further investigations in under-
standing the pathogenesis of the early AVF failure and 
development of novel drugs which may prevent its 
development. 
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