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ABSTRACT

Aims: The purpose of this study was comparing flow volume rates,
velocities and diameters of lower extremity arteries and veins of
smokers and non-smokers with peripheral arterial disease.

Patients and methods: The study consisted of 58 patients, 26
smokers and 32 non-smokers, who had no smoked for at least 5
years prior to the investigation. Colour Duplex Ultrasonography
measurements of the common femoral artery, common femoral vein,
popliteal artery, popliteal vein, anterior ftibial artery, anterior
tibial vein, posterior tibial artery and posterior tibial vein were
obtained in the supine position. Differences in the diameters, blood
flow velocities, and flow volume rates of the vessels were
compared according to the sex, age and Colour Duplex
Ultrasonography measurements of the patients.

Results: The diameters of the common femoral artery, popliteal
vein and posterior tibial artery were statistically significantly
reduced in smokers. The flow volume rate of the popliteal artery
showed a significant correlation with that of crural vessels in non-
smokers but not in smokers.

Conclusions: The absence of a statistically significant correlation
between the measurements of the popliteal artery and crural
vessels in smokers shows that cigarette smoking reduces the
diameters and flow volumes of crural vessels, potentially giving rise
to impaired tissue perfusion.

Keywords: Colour Duplex Ultrasound,
Ultrasound, vascular, arteries, veins.
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Introduction

Peripheral arterial disease (PAD) is a common
circulatory disease in which narrowed arteries
reduce blood flow in the limbs. The major cause of
lower extremity PAD is atherosclerosis, with risk
factors including cigarette smoking, diabetes,
dyslipidaemia, hypertension and
hyperhomocysteinemia -6

Smoking is a particularly strong etiological risk
factor for peripheral vascular disease, and further
researches have confirmed that active smoking
independently associated with peripheral vascular

disease. Cigarette smoke exftracts induce
endothelial cell dysfunction, smooth muscle cell
remodeling and macrophage phenotypic

transformation via multiple molecular mechanisms.
These pathological changes form the molecular
basis for the occurrence and development of
peripheral vascular diseases. A systematic review
showed that half of PAD cases are due to smoking.
Passive smoking also increases the risk of vascular
injury or the diagnosis of PAD.7-13

Colour duplex ultrasonography (CDU)
measurement of arterial-venous flow volume (FV)
in the leg is a non-invasive, low-cost, easily
accessible, uses no ionizing radiation and effective
method to obtain quantitative information on tissue
capillary perfusion of the leg in patients with PAD.
Arterial and venous FV measurement with CDU is
necessary to detect ischemic regions in PAD. It has
a great clinical value in the diagnosis and follow-
up of PAD, evaluation of arterial perfusion of
muscle tissue, and monitoring of response. The
venous FV values are even more useful than
arterial FV values in detecting tissue perfusion.
Because, the venous FV value relies on the
measurement of returning blood flow from the
microvascular area that can originate from
multiple sources, such as the main artery or
collateral vessels, or be redistributed from other
limb tissues and non-nutritive pathways.14-17

In this study, we hypothesized that cigarette
smoking has a reducing effect on the diameter,
velocity and FV rates of crural vessels, potentially
giving rise to impaired tissue perfusion. Venous FV
values lower than homonymous arterial FV may be
an indicator of impaired tissue perfusion in
smokers. Our method is based on measurement of
returning blood FV from the microvascular space.
Due to venous capillary direct connections, venous
FV is affected by the microvascular environment.
Therefore, our aim is to show the decreased tissue
perfusion in smokers with FV measurement, which is
a reliable quantitative method.'17 To the best of
our knowledge, no previous study has measured

The Effects of Cigarette Smoking

FV rates of lower extremity veins to predict tissue
perfusion in smokers with PAD.

Patients and Methods

Study Population

Fifty-eight patients were included in the study. The
patients were classified as smokers or non-smokers.
Twenty-six were current smokers (21 males and 5
females) who had smoked >1 cigarette per day
>1 year. Thirty-two were non-smokers (24 males
and 8 females) who had not smoked for at least 5
years prior to the investigation. In 2 patients, one
leg had been amputated below the knee and in
11 patients, one leg of the patients do not meet
the inclusion criteria. Therefore, 103 legs of the
patients were examined.

The study population was consisted of the patients
with  PAD with mild to moderate claudication
(Rutherford Stage I-ll). Patients were included in
this study if they had PAD with palpable distal
pulses (anterior and posterior tibial artery) and a
history of intermittent claudication. Exclusions were
as follows: absence of PAD, asymptomatic PAD
(Rutherford Stage 0), PAD with Rutherford Stage
Il and upper, history of surgery, arterial stenosis
(50% and upper) or occlusion.

Since distal pulses were already palpable
(anterior and posterior tibial artery) by hand in all
patients, we did not consider ankle-brachial index
test necessary for this study.

The patients were classified as smokers or non-
smokers, which was defined as not smoked for at
least 5 years prior to the investigation.

Written informed consent was obtained from each
patient prior to the investigation.

Colour Duplex Ultrasonography

CDU was performed with Aplio XG (Toshiba
Corporation, Japan) using a 7=12 MHz linear
array transducer. Flow studies were performed by
a single radiologist in a temperature-controlled
(21£°C) environment. The patient lay for 10 min
before the examination. All measurements were
obtained in the supine position, with the patient’s
foot elevated 15 cm to neutralise central venous
pressure. The inner luminal diameters, blood flow
velocity and FV of the vessels were calculated for
each patient. An angle of insonation of 45-60°
between the transducer and vessel was used to
achieve the optimum colour and spectral Doppler
signal. In all patients, transverse and longitudinal
images of the common femoral artery (CFA),
common femoral vein (CFV), popliteal artery (PA),
popliteal vein (PV), anterior tibial artery (ATA),
anterior tibial vein (ATV), posterior tibial artery
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(PTA) and posterior tibial vein (PTV) of the lower
extremity were obtained with grey scale
ultrasonography and CDU without compression. In
each scan, the luminal diameter, blood flow
velocity and FV rate of the vessels were measured
(Figure 1). The great saphenous, superficial
femoral vein and deep femoral vein were also
imaged routinely. The CFA and PA were examined
2 cm above the bifurcation. The CFV and PV were
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examined 2 cm above the sapheno-femoral and
sapheno-popliteal junction, respectively, and the
ATA, ATV, PTA and PTV were examined 2 cm
proximal to the ankle, wherever the clearest US
image was obtained. The method and
reproducibility of the arterial and venous
haemodynamic CDU evaluation have been
described.'®17 A radiologist with 10 years of
experience analysed all the CDU images.
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Figure. Colour duplex scan of the right common femoral artery. Flow volume rate was obtained 2 cm
above the bifurcation. The luminal narrowing by atherosclerotic plaques were seen. The cross-sectional
area of lumen was measuredas 11.3 mm?2 and the flow volume rate was calculated as 190 mL/min.

Statistical Analysis

The data obtained were compared according to
the patient’s sex, age and CDU measurements.
Descriptive statistics are expressed as the mean +
standard deviation.  Statistical analysis  was
performed with the SPSS 12.0 software package
for Windows (SPSS software, version 12.0.1 for
Windows, SPSS Inc.,, Chicago, IL). The Mann—
Whitney U test and Pearson and Spearman’s
correlation coefficient were used to compare all
the parameters with each other. Statistical
significance was inferred at p< 0.05.

Human rights statements and informed consent
All procedures followed were in accordance with
the ethical standards of the responsible committee
on human experimentation (institutional and
national) and with the Helsinki Declaration of
1975, as revised in 2008.

Informed consent was obtained from all patients
for being included in the study.

The study protocol was approved by the
institutional ethical committee.
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Results

58 patients (26 smokers and 32 non-smokers)
aged 30 to 84 years, with a mean age of
57.89+13.75 years, were evaluated in the study
(Table 1).

26 patients were current smokers (21 males and 5
females aged 34 to 78 years, with a mean age of
55.50£13.01 years).

32 patients were non-smokers (24 males and 8
females aged 31 to 84 years, with a mean age of
59.96114.25 years).

We did not find statistically significant difference
in terms of mean age and gender between the
groups (Table 2).

Table 1.Baseline characteristics of the patients.

The Effects of Cigarette Smoking

There was no significant difference in the
characteristics of  the  patients  (gender,
hypertension, hyperlipidaemia, diabetes mellitus
and family history of cardiovascular disease).
There was no significant stenosis (50% or more)
and occlusion (CFA, PA, ATA, PTA) of the patients,
therefore the negative effect of stenosis was not
detected on the flow volume rate of the arteries.
The mean CFA, CFV, PA, PV, ATA, ATV, PTA and
PTV FV values of the smokers and non-smokers are
summarised in Table 3.

Characteristics Non smokers (n=32) Smokers (n=26) '3
Female/male 8/24 5/21 0.83*
Diabetes mellitus 12 0.79*
Hypertension 16 8 0.23*
Family history of CVD 4 2 0.68%*
Hyperlipidemia 5 4 0.99%*

CVD: Cardiovascular disease

*: Yates' correctedchi-square test; **: Fisher'sExact Test

Table 2. The distribution of mean age of cases according to the groups and genders.

GROUPS
Non smokers Smokers p
n % n %
[Gender M 24 75,0 21 80,8 0,600
F 8 25,0 5 19,2
n Mean age n Mean age
Age 32 59,07%14,25 26 55,50%13,02 0,561

a:0,05; independent samples t test

Table 3. Comparison of the mean flow volume values of the lower extremity arteries and veins for current

smokers (n:26) and non-smokers (n:32).

CFA CEV PA PV ATA | ATV |PTA |PTV
MFVR for smokers | 5, /1185 | 2504116 | 110460 | 94446 | 24410 | 1146 | 14+10 | 13+6
(ml/min£SD)
MFVR for non-
smokers 2684156 | 2394123 | 89+67 | 8335 | 2014 | 1512 | 18414 | 15410
(ml/min£SD)
p value 0322 | 0516 |0253 |0367 |0.407 |0.407 |0.387 |0757

*MFVR: Mean flow volume rate, CFA: Common femoral artery, CFV: Common femoral vein, PA: Popliteal
artery, PV: Popliteal vein, ATA: Anterior tibial artery, ATV: Anterior tibial vein, PTA: Posterior tibial artery,

PTV: Posterior tibial vein.
**Independent t test, 0.05 significance level.
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According to the results of duplex ultrasound, no
patient had venous thrombosis.

There was a significant correlation between FV
rates of the CFA and CFV (p=0.000), PV and PA
(p=0.005), PTA and PTV (p<0.05) in both the
smokers and the non-smokers. No correlation was
found between FV rates of ATA and ATV in the
both groups.

There was a significant correlation between FV
rates of the CFA and PV, CFA and ATA, PV and
ATV, PV and PTA in both the smokers and the non-
smokers (p<0.05).

The Effects of Cigarette Smoking

There was a significant correlation between the
mean FV rates of CFA and PTA (p=0.01), CFV and
PA (p=0.002), ATA and PTA (p=0.002), ATA and
PTV (p=0.002), PTA and ATV (p=0.004), PA and
ATA (p=0.001), PA and ATV (p=0.004), PA and
PTA (p=0.03), PA and PTV (p=0.005) in the non-
smokers but not in the smokers.

There were statistically significant differences of
FV rates of PA and crural vessels in the smokers
(p<0.05). The inner diameters of the CFA, PV and
PTA were statistically significantly reduced in the
smokers (p< 0.05) (Table 4).

Table 4. Comparison of diameters of CFA, PV, PTA for smokers (n:26) and non-smokers (n:32).

Smokers Non-smokers
Doppler measurements p*
meant SD meant SD
Diameter of CFA (mm) 6.59+1.21 7.29+1.33 0.048%**
Diameter of PV (mm) 5.5+1.35 6.54+1.38 0.010%**
Diameter of PTA (mm) 2.1310.69 2.58+0.80 0.037**

CFA: Common femoral artery, PV: Popliteal vein, PTA: Posterior tibial artery.

*Independent t test, 0.05 significance level.

**The differences are statistically significant between the groups.

Discussion

This study showed that cigarette smoking reduces
the diameters and FV rates of the artery and veins
of the leg, leading to impaired tissue perfusion,
especially at the calf level. Although there was a
statistical correlation between the FV rates of the
common femoral and popliteal vessels among the
smokers, there was no statistical correlation
between the FV rates of the PA and crural arteries
and veins. This indicates that crural vessels at the
calf level are more sensitive to the harmful effects
of smoking than the vessels in the thigh region of
the leg.

Measurement of arterial and venous FV with CDU
is a new and effective method and is very useful in
evaluating tissue perfusion. In a study published by
Kalayci et al. in 2015, they compared lower
extremity arterial and venous flow measurements
in 38 patients with PAH and showed that the
amount of venous FV was decreased relative to
arterial FV in patients with PAH. They considered
this as a reflection of decreased perfusion in the
microvascular space at the venous level.1617 In
addition to these findings, in our study, we proved
that the correlation of arterial and venous flow
rate is impaired at the calf level rather than the
thigh level in smokers with PAD. We also found a
decrease in CFA, PV and PTA diameters in
smokers. All these findings were of course

secondary to the negative effects of smoking on
the vascular endothelium and smooth muscle in the
vessel wall. Smoking causes endothelial cell
dysfunction,  monocyte  differentiation  into
macrophages and eventually foam cells, smooth
muscle cell proliferation, and extracellular matrix
degradation and remodeling. Endothelial
dysfunction is one of the earliest abnormalities that
is observed during the development of
atherosclerosis, and endothelial nitric oxide
synthase plays a crucial role in regulating
endothelial dysfunction. Also smoking alters the
function and phenotype of smooth muscle cells.
Smoking induces smooth muscle cell autophagy
through oxidative stress and causes smooth muscle
cell proliferation and migration through multiple
signaling pathways.”-13

Cigarette smoking is the most important,
preventable risk factor in several different clinical
atherosclerotic syndromes, especially PAD.18.19 The
association between smoking and PAD was first
reported over 100 vyears ago. In research
published in 2013, the authors presented data
from over 50 studies on the association between
PAD and smoking, reporting that smoking more
than doubled an individual’s risk of developing
PAD.'? Impairment of vasodilatory function is one
of the earliest manifestations of atherosclerotic
changes in a vessel. The inhalation of cigarette
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smoke results in the rapid absorption of nicotine,
with a consequent release of adrenaline and
noradrenaline, which causes vasoconstriction. In
non-smoking adults, this effect is counterbalanced
by the release of vasodilators. However, in
smokers, the production of vasodilators is often
impaired.'2 In the both animal and human models,
several studies demonstrated that active and
passive cigarette smoke exposure are associated
with a decrease in vasodilatory function.20-30 |n
humans, cigarette smoke exposure impaired
endothelium-dependent vasodilation in
macrovascular  beds, such as coronary and
brachial arteries, and in microvascular beds.20-25
Here, similar to previous studies, we found
significant effect of cigarette smoking on the
diameters and FV rates of the macrovascular
structure. Nitric oxide, a free radical, is primarily
responsible for vasodilatory function of the
endothelium.3! Using cigarette smoke extract or
isolated components, such as nicotine, multiple in
vitro studies demonstrated that smoking s
associated  with  decreased  nitric  oxide
availability.26-28

Studies also previously reported that smokers had
lower calf blood velocity than non-smokers, with
the  smokers apparently having greater
vasoconstriction in the leg musculature, even after
abstaining from smoking during the morning of
testing.3233Afaq et al. concluded that smokers had
lower calf muscle haemoglobin oxygen saturation
during exercise than non-smokers because of
intermittent claudication.2 We find a significant
correlation in the FV rates of the PA and crural
vessels of the non-smokers but not in smokers,
indicating that smoking may have a reducing
effect on calf muscle perfusion as a result of
suppressing the vasodilator mechanism by causing
endothelial damage and  smooth  muscle
proliferation.

The Effects of Cigarette Smoking

In our study, there was no significant stenosis and
occlusion in the arterial system of the patients,
therefore the negative impact of stenosis was not
detected on the flow volume rate in our study. A
number of limitations should be considered for this
study. First, smoking status was self-reported and
not verified by biochemical analysis. Second, the
study consisted of a small sample of patients.
Third, a larger study population is needed to
determine the cut-off values for the diameter,
velocity and FV rates of the crural vessels of
smokers and non-smokers.

Conclusions

In conclusion, reduced diameters of the leg vessels
and the absence of a statistically significant
correlation between the FV rates of the PA and
crural vessels in smokers indicate that cigarette
smoking decreases the diameters and FV rates of
crural vessels, potentially resulting in impaired calf
tissue perfusion. To the best of our knowledge, this
is the first clinical study to be conducted on this
subject. FV measurement with CDU is an important
method to predict the capillary flow impairment.
Arterial and venous FV rates and the differences
in these values should be measured in cigarette
smokers with PAD.
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