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Abstract

Introduction: Venous coronary artery bypass grafts (CABG) might undergo
a process of arterialization resulting in neointimal formation and medial hyper-
trophy. It is often followed by critical occlusion of the graft lumen. The aim
of the study was to assess histological representative features of saphenous
vein reconstruction in aging as well as to establish optimal patients’ age limits
applicable for optimal selection of grafts.

Material and methods: One hundred and ten patients undergoing venous CABG
were divided into 4 age subgroups: (A) 50 years and less, (B) 51-60 years, (C)
61-70 years and (D) > 70 year-old subjects. Distal venous graft segments were
saved for an adequate morphometric assay which was followed by suitable sta-
tistical analysis.

Results: The entire venous wall thickness as well as its tunica media were found
to become significantly thinner between subgroups A and D. The number
of smooth muscle cell (SMC) nuclei within the tunica media did not differ
between study subgroups. The majority of these nuclei in subgroup D were
found, however, to be more elongated than in subgroup A (SMC length/width
index in subgroup D was found to be significantly higher than in subgroup A).
Conclusions: Progressive, age-related thinning of the venous wall and tunica
media as well as SMC nucleus elongation might suggest impairment of SMCs’
migration and proliferation rate. Consequently, individuals aged 70 years and
over may benefit clinically more from venous CABG than younger patients due
to the lower risk of arterialization and occlusion of the graft lumen in the future.

Key words: saphenous vein, venous aorto-coronary grafts, smooth muscle cells,
nucleus shape, aging.

Introduction

Coronary artery bypass grafting (CABG) is still a recommended thera-
peutic procedure in severe multi-vessel coronary artery disease (CAD) [1].
In most cases it successfully alleviates angina pain and improves early as
well as late outcomes [2]. Long-term patency rates of the arterial conduits
used for CABG are usually higher as compared to the venous grafts [3].
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Adequate arterial conduits, however, are not always
available, so the more easily harvested saphenous
vein grafts are still widely employed.

At least three principal mechanisms (thrombo-
sis, intimal hyperplasia, and accelerated athero-
sclerosis) are considered to cause venous graft fail-
ure [4]. It results in either an acute stricture just
after surgery or progressive narrowing of the graft
lumen, eventually followed by complete occlusion
observed within months or years after the opera-
tion [5]. Although many biochemical and physical
stimuli are involved in these processes, there is
strong evidence that vascular smooth muscle cells
(SMCs) play a crucial role in the pathogenesis of late
graft occlusion [6].

On the other hand, vascular aging was shown
to have a significant impact on structure and func-
tion of the arterial wall [7]. This type of remodelling
included a luminal enlargement followed by inti-
mal and medial thickening. The process of arterial
wall overgrowth is governed by progressive SMC
migration from the tunica media and accumulation
in the tunica intima which change of proliferative
and apoptotic activity as well as response to growth
factors [7]. However, there are only single observa-
tions reporting age-related morphological and func-
tional changes of the peripheral veins (e.g. saphe-
nous vein segments) [8].

In general, cardiac surgeons prefer to use the
arterial grafts in younger subjects requiring CABG
but still accept saphenous vein conduits in the eld-
erly. However, up to now nobody has defined the
age limits for venous or arterial grafting. Moreover,
no histological parameters which might grade
the process of saphenous venous aging have been
determined yet.

In view of the above, the aim of the present work
was to estimate histological representative features
of saphenous vein aging as well as to find the
patient age limits which could be used in the future
for optimal selection of grafts (arterial or venous)
employed in the CABG procedure.

Material and methods
Study population

After approval by the Local Ethics Committee
(Approval No. 1201/08) and informed consent from
the study participants, 110 patients (83 males and
27 females at the age ranging from 46 to 85 years)
who underwent CABG between November 2008
and February 2009 were enrolled in the study.
They were retrospectively divided into 4 sub-
groups according to the age at the time of sur-
gery: subgroup A — 50 years and less (n = 19), sub-
group B — between 51 and 60 (n = 24), subgroup
C - between 61 and 70 (n = 40) and subgroup

D — above 70 years old (n = 27). The preoperative
demographic and clinical history data are summa-
rized in Table I.

Patient selection

All the patients selected for CABG on the basis
of coronary angiography (Table Il) were candidates
for inclusion in the study protocol except for
subjects (1) aged > 85 years, (2) with body weight
> 95 kg, (3) who required emergency surgery due
to cardiogenic shock and (4) who were referred
directly from the catheterization laboratory with
acute complications of percutaneous coronary inter-
ventions (PCl).

Operation procedure and sample collection

The saphenous vein was harvested throughout
a full-length thigh incision over its course [9]. Key
points included minimal manipulation of the graft
("no-touch" technique), avoiding probing or exten-
sive dilation of the conduit, using low-intensity elec-
trocautery, and control of the branches with stain-
less-steel vascular clips.

The distal part of the harvested venous segment
(approximately 1.5-2 cm long) was taken for histo-
logical study just after vein harvesting. It was care-
fully rinsed with 0.9% NacCl at room temperature,
slightly dilated (pressure not exceeding 30 mm Hg)
and fixed in freshly prepared Bouin solution. After-
wards the samples stored at 4°C were transferred
to the Department of Histology and Embryology,
where they were embedded in paraffin and cut into
5-6 um thin sections.

Morphometric analysis

Each sample of the saphenous vein (taken from
separate patients) was cut into 30 paraffin sections.
Every fifth section was then stained with haema-
toxylin and eosin (H + E) and then analysed using
an Olympus BX50 light microscope at the magnifi-
cation range between 50x and 400x.

Briefly, the thickness of the whole venous wall
(WallTh), intima (IntTh), media (MedTh) and adven-
titia (AdvTh) was measured at least six times
throughout the vessel circumference at 50x mag-
nification. The average value was then calculated
and recorded for further statistical analysis. It was
followed by specification of two additional values:
MedTh/WallTh and MedAr/WallAr.

To avoid the possibility of results overestimation,
cross-sectional areas of the whole venous wall
(WallAr) as well as each of its layers were calculated
according to the following formulas:

(1) WallAr = OutAr — ILAr,
(2) IntAr = IntELAr — ILAY,
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Table I. Preoperative demographic and clinical data

Parameter Group A (n = 19) Group B (n = 24) Group C (n=40)  Group D (n=27)
Age (mean + SD) [years] 48.4 +1.3 56.0 1.1 64.5 +2.6 74.3 3.8
Gender [M/F] 18/1 19/5 29/11 17/10
BMI [kg/m?2] 30.6 £3.6 29.5 4.5 29.4 +4.1 27.5+4.4
Obesity (BMI > 30 kg/m?2), n (%) 10 (53) 12 (50) 16 (40) 7 (26)
CAD, n (%):
Stable angina 17 (89) 19 (79) 34 (85) 22 (81)
Unstable angina 2 (11) 5(21) 6 (15) 5(19)
History of infarct 15 (79) 14 (58) 28 (70) 17 (63)
Previous PCl 10 (53) 7 (29) 13 (33) 6 (22)*
Arterial hypertension, n (%) 14 (74) 19 (79) 31 (78) 15 (56)
Diabetes mellitus, n (%): 6 (32) 10 (44) 23 (58) 14 (52)
Diet 1(5) 2(8) 1(3) 2(7)
Oral 4(21) 4(17) 12 (30) 6 (22)
Insulin 1(5) 6 (25) 20 (50)# 6 (22)8
Hyperlipidaemia, n (%) 10 (53) 10 (42) 17 (43) 9 (33)
PVD, n (%) 5(26) 7 (29) 7 (18) 10 (37)
Neurological events, n (%): 0 2 (8) 4 (10) 3(11)
TIA 0 1(4) 2(5 1(4)
Stroke 0 1(4) 2 (5) 2(7)
Smokingl, n (%): 14 (74) 17 (71) 20 (50) 8 (30)*
Active 8 (42) 8 (33) 5 (13)* 0*s
History 6 (32) 9 (38) 15 (38) 8 (30)
Familial history, n (%) 11 (58) 7 (29) 18 (45) 5 (19)*

BMI - body mass index, CAD — coronary artery disease, PCl — percutaneous coronary intervention, PVD — peripheral vascular disease, TIA — tran-
sient ischaemic attack; 'Active considered if smoking cessation up to one year prior to surgery, history if smoking cessation between 10 and
1 year ago; *p < 0.05 group A vs. group D, #p < 0.05 group A vs. group C, $p < 0.05 group C vs. group D, $p < 0.05 group B vs. group D

Table Il. Preoperative coronary angiography

Parameter Group A (n = 19)

Group B (n = 24)

Group C (n = 40) Group D (n=27)

Coronary angiography, n (%):

Left main disease 8 (42) 9 (37) 18 (45) 12 (44)
One-vessel disease 0 0 0 1(4)

Two-vessel disease 2 (11) 3 (13) 4 (10) 5(19)
Three-vessel disease 9 (47) 12 (50) 18 (45) 9 (33)

(3) MedAr = EXtELAr — IntELAr,
(4) AdvAr = OutAr — ExtELAr,

where IntELAr is the area inside the internal elas-
tic lamina, ILAr — the area inside the vessel lumen,
ExtELAr — the area inside the external elastic lami-
na and OutAr — the area inside the external vessel
border.

Afterwards, the number of SMC nuclei within
a square of 50 pm x 50 um was counted at 400x
magnification. The acquired value was then multi-
plied by 400 and the final result of nuclei number

per mmZ was obtained. Finally, the shape (length,
thickness and length/thickness ratio) of 6-10 SMC
representative nuclei in every individual vessel spec-
imen was assessed at 400x magnification.

Statistical analysis

All continuous variables were expressed as mean
+ standard deviation. Initially, they were estimated
for normality with the Shapiro-Wilk W test. When
they complied with a normal distribution, a subse-
quent analysis of variance (ANOVA) was employed.
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It was then followed by post-hoc comparison
of means (Tukey honest significant difference test
for unequal number of samples in group — Spjo-
tvoll/Stoline test). Non-parametric continuous vari-
ables were compared using the Kruskal-Wallis test.
Pearson y2 test was employed to analyse nominal
data. A p value < 0.05 was regarded as statistical-
ly significant. Analyses were carried out using Sta-
tistica 9.0 for Windows (StatSoft, Inc., Tulsa, OK,
USA).

Results

Preoperative demographic and clinical data of all
the studied patients are summarized in Table I.
Some of the study subjects differed significantly in
previous PCl rate or insulin dependent diabetes
mellitus incidence. Individual study participants
of the successive subgroups did not differ signifi-
cantly with respect to prevalence of obesity, stable
or unstable angina, hypertension, hyperlipidaemia,
number of neurological events in the history or
peripheral vascular diseases.

According to the histological evaluation of the
saphenous vein specimens, both the whole venous
wall thickness and its cross-sectional area were
found to become systematically smaller in the suc-
cessive study subgroups (subgroup A > subgroup
B > subgroup C > subgroup D). Statistical signifi-
cance in these differences, however, was found
exclusively between subgroups A and D (p < 0.05,
Tables Il and IV). It was first of all manifested
by progressive thinning with aging (atrophy) of the
tunica media and significant lowering of the
MedTh/WallTh index (Tables Ill and IV; Figures 1
and 2). What is interesting, the tunica intima and

Table III. Thickness of whole venous wall and its layers

tunica adventitia did not differ significantly between
successive study subgroups regarding their thick-
ness or the whole estimated area.

The number of SMC nuclei within the tunica
media was revealed to increase in the successive
study subgroups (from 3107 +343 to 3417 +487
nuclei/mm? respectively in groups A and D). In addi-
tion, the majority of the nuclei in subgroup D were
significantly more elongated than in subgroup A.
Similarly, the length/width index was shown to
increase systematically with aging (subgroup A
< subgroup B < subgroup C < subgroup D) but sta-
tistical significance was reached only between
the youngest (subgroup A) and the oldest (sub-
group D) study participants (7.94 +0.94 vs. 8.76
+0.80; p < 0.05; Table V).

Discussion

Our present study, characterizing saphenous vein
remodelling, revealed a number of age-related
histological and morphometric changes having
a potent impact on outcome and long-term follow-
up of CABG patients.

As mentioned in the introduction, there are three
distinct mechanisms that are considered to limit
the saphenous vein graft patency rate. Early occlu-
sion, recognized up to one month after surgery and
involving approximately 15% of cases, is first of all
a result of thrombosis [10]. It is attributable to
the operation itself and is due to improper graft
harvesting (i.e. damage to the vascular wall, uncon-
trolled distension, etc.). Interestingly, an inadequate
vein-to-artery anastomosis followed by turbulent
flow (surgical error, discrepancy in venous to artery
diameter), inadequate quality of the recipient artery

Parameter Group A (n=19) Group B (n = 24) GroupC (n=40) GroupD (n=27)
WallTh [um] 437.2 £72.7 4243 £78.7 413.7 £99.7 386.5 +80.4*
IntTh [pum] 510 £13.8 50.1 £26.9 64.0 £30.1 55.5 £18.3
MedTh [um] 245.5 £39.8 231.8 +64.7 220.4 £54.7 190.8 +47.1*
MedTh WallTh 0.57 £0.08 0.56 +0.08 0.52 +0.08 0.50 +0.09*
AdvTh [um] 170.6 £57.3 157.9 £47.1 163.3 £37.7 159.6 +47.6

*p < 0.05 group A vs. group D

Table IV. Cross sectional area of the venous wall and its layers

Parameter Group A (n=19) Group B (n = 24) GroupC (n=40)  Group D (n = 27)
WallAr [mm?2] 2.39 +0.60 2.30 +0.76 2.17 £0.73 1.86 +0.70*
IntAr [mm?2] 0.25 +0.13 0.27 +0.15 0.30 £0.19 0.26 +0.15
MedAr [mm?2] 1.05 £0.27 1.13 +0.48 0.98 +0.37 0.78 +0.38*&
MedAr/WallAr 0.45 +0.09 0.48 +0.08 0.45 +0.07 0.41 +0.08
AdvAr [mmZ] 1.09 +0.44 0.89 £0.32 0.89 £0.33 0.82 £0.28

*p < 0.05 group A vs. group D; &p < 0.05 group B vs. group D
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Figure 1. H + E stained cross section through the
venous wall harvested in group A patient (49-year
man). Note presence of thick media (MedTh 291.6 um,
MedTh/WallTh 0.72, MedAr 0.92 mm?2, MedAr/
WallAr 0.56), 200x

(poor runoff phenomenon) as well as too intensive
prothrombotic treatment (platelet infusion, prota-
mine administration, etc.) might cause similar ear-
ly complications [5, 11]. In addition, there are some
supplementary factors predisposing saphenous vein
grafts to thrombus formation. These include
reduced plasma expression of heparan sulfate and
decreased plasma expression of tissue plasmino-
gen activator [12]. Two other mechanisms — hyper-
plastic neointimal formation followed by media
hypertrophy (predominant within months after
CABG) and atheroma development (years after
surgery) — are less surgery-dependent. Although
aggressive vein preparation with high-pressure dis-
tension may, to some extent, facilitate these
processes [11, 13], it is believed that the biology
of the saphenous vein is the primary factor pre-
dicting these complexities.

The most intriguing phenomenon of saphenous
vein transplants engrafted to the coronary circula-
tion is the process called vein arterialization. It is
an unavoidable sequel of physiochemical and
hemodynamic changes following vein to arterial
system interposition [14]. Vein arterialization is
rather an unfavourable process of graft remodel-
ling usually leading to slow but progressive occlu-
sion of the lumen. It is most of all caused by

Figure 2. Cross section through venous wall with
hypotrophic media harvested in group D patient
(71-year woman, MedTh 137.4 pm, MedTh/WallTh
0.45, MedAr 0.59 mm?2, MedAr/WallAr 0.42), H + E,
200x

the presence of the relatively under-developed
venous wall in the high pressure of the arterial cir-
culation [15]. The incontrovertible basis of this
sequence is uncontrolled neointimal and medial
hypertrophy, leading to the occlusive graft athero-
ma recognized sometimes many years after sur-
gery [16]. The arterialization process also refers to
the unquestionable secretion of growth factors and
cytokines, as well as activation of macrophages and
platelets giving rise to severe endothelial failure
[17]. In addition, some of the effector cells in this
process are SMCs, which change their contractile
phenotype to a proliferative one, migrate through
the internal elastic lamina to the intima, prolifer-
ate and secrete extracellular matrix [18].

Smooth muscle cells are the main component
of the media, which are arranged in three layers
separated by loose connective tissue and elastic
fibres [11]. Contrary to the well-known age-associ-

Table V. Number and shape of SMC nuclei in the particular examined groups

Parameter Group A (n = 19) Group B (n = 24) Group C (n=40)  Group D (n=27)
SMC nuclei number [nuclei/mm?2] 3107 +342 3205 +435 3223 +611 3416 +486
Nuclei length [pm] 13.70 +1.26 14.01 £1.70 14.34 £1.52 14.44 £1.15
Nuclei width [pum] 1.75 +0.24 1.78 £0.18 1.77 £0.18 173 +0.16
Nuclei area [um?2] 22.01 £3.42 22.76 +3.49 23.18 +2.82 23.10 £2.51
Length/width index 7.94 £+0.94 8.16 £1.16 8.29 +1.15 8.76 +0.80*

SMC — smooth muscle cell; *p < 0.05 group A vs. group D
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ated remodelling in arteries, our study, for the first
time, revealed a venous, age-related wall alteration.
It has become thinner in the older population, most
likely due to the medial atrophy and degeneration
of SMCs. Moreover, our findings corresponding to
the change of SMC nuclei shape in aging may be
of fundamental importance in respect of SMC pro-
liferative activity. It has already been revealed that
SMCs exhibiting a more elongated nucleus were
associated with a significantly lower proliferation
rate [19]. Similarly, other studies reported that a vas-
cular population of SMCs was heterogeneous and
manifested at least two morphologically different
phenotypes, spindle- and epithelioid-shaped, which
resulted in different proliferative and chemotactic
activity [20-22]. We are aware of possible bias
of the analysis of the cross-sectional histological
specimen, but a large number of studied SMC nuclei
should minimize its impact on our findings. Thus,
it is possible that in the venous segments harvest-
ed from older individuals (> 70 years old), high rep-
resentation of the more differentiated SMCs with
lower proliferative and chemotactic rates may pre-
vent an unfavourable arterialization process. This
finding might be crucial for management with CAD
patients undergoing CABG. On the basis of this
study we can assume that elderly patients will prob-
ably benefit more, in terms of long-term graft
patency, from venous aorto-coronary grafts than
younger individuals. However, these histological
findings must be supported by clinical as well as
hemodynamic (coronary angiography) follow-up
of CABG patients.

Our study was performed on a relatively small
number of patients (group A in particular), which
could affect the statistical analysis. Study partici-
pants aged < 50 years represent the smallest sub-
set of patients selected for CABG. Moreover, in
these subjects, harvesting arterial bypass grafts is
always attempted when possible.

In conclusion, our morphometric studies of sa-
phenous vein grafts used for CABG revealed a pro-
gressive, age-related thinning of both the venous
wall and the tunica media. Elongation of nuclei
of SMCs in the elderly might suggest significant
impairment in their migration and proliferation rate.
Consequently, individuals aged 70 years and over
might benefit clinically more from venous bypass
grafts than younger CABG patients.
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