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Background: Blood viscosity is a strong predictor of cardiovascular events. However, the re-
lationship between blood viscosity and acute arterial occlusion (AAO) has not been studied
adequately so far. Objectives: The aim of the present study was to assess the relationship
between whole blood viscosity (WBV) and AAO. Material and methods: The study included
93 patients who were diagnosed with AAO between January 2017 and September 2019, and
90 age- and sex-matched healthy controls. WBV was assessed using a validated calculation
formula derived from hematocrit and total plasma protein levels, both as a low (LSR) and a
high (HSR) shear rate. Results: There were no significant differences between the two groups
in regards to the baseline characteristics, with the exception of smoking and LDL cholesterol
levels. Subjects with AAO presented significantly higher WBV values both at LSR (32.2 + 5.0
VS. 26.6 + 5.0, p <0.001) and HSR (6.2 + 0.3 vs. 5.7 + 0.3, p <0.001). The ROC analysis revealed a
cut-off value of 27.4 for WBV at LSR (sensitivity 66%, specificity 64%, AUC = 0.770, p <0.001)
and a cut-off value of 5.29 in case of HSR (sensitivity 69%, specificity 74%, AUC = 0.801, p
<0.001) for predicting AAO. Multivariate analysis, both LSR (OR 3.33, 95% CI: 1.20—9.43, p =
0.006) and HSR (p = 0.020, OR: 1.70, 95% CI: 1.020-1.123) were independent predictors of
AAO. Conclusions: This study demonstrated that WBV levels at both HSR and LSR are signifi-
cantly higher in the AAO group than in the control subjects, indicating that an increased WBV
may be associated with the development of AAO.
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INTRODUCTION

Acute arterial occlusion (AAQO), also known as acute limb
ischemia, is a vascular emergency requiring urgent diag-
nosis and treatment. This condition is characterized by a
loss of perfusion in a peripheral artery, either in the up-
per or lower extremities, within 2 weeks after the initiating
event.! The most common cause of this condition is rep-
resented by in situ thrombotic obstructions and thrombo-
embolism. While in situ thrombotic obstructions occur as

a result of plaque rupture due to pre-existing peripheral
arterial disease, embolic obstructions consist of thrombo-
embolic processes originating from the heart or from the
aortoiliac vessels.” In situ thrombosis most commonly af-
fects the femoral or popliteal arteries, while emboli most
commonly lodge in the aortic, iliac, femoral, and popliteal
bifurcations.? Despite medical and surgical treatments, AAO
is still linked to an increased morbidity and mortality.»>
Hemorheological factors have a significant contribu-
tion in the atherosclerotic process.® A relationship between
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conventional atherosclerosis risk factors and blood vis-
cosity has been shown in many studies. Increased blood
viscosity results in intravenous stasis and endothelial dys-
function, contributing to thrombus formation. Eventually,
blood viscosity plays a key role in the formation of an ath-
erothrombotic environment.” Whole blood viscosity (WBV)
can be measured using a validated equation from hema-
tocrit and total plasma protein levels according to low and
high shear rate by routine laboratory measurements.®

In this context, we aimed to investigate the possible re-
lationship between WBV and AAO.

METHODS

This cross-sectional, single-center, retrospective study
included AAO patients who were treated either medically
or percutaneously with catheter-based treatments or sur-
gically between January 2017 and September 2019 in the
Samsun Training and Research Hospital. For the diagno-
sis of AAO, a detailed physical examination was done for
changes along the extremity affected with a bilateral com-
parison. Then, patients with deficient pulses underwent
bilateral lower limb arterial color Doppler ultrasonogra-
phy with a handheld device in the emergency unit. When
occlusion was detected, confirmatory testing with com-
puted tomography angiography (CTA) was performed as
quickly as possible. Patients with anticoagulant drug use
for any reason, acute coronary syndromes, important hy-
pertrophy of the left ventricle (septal thickness >13 mm),
severe valvular disorders (including patients treated sur-
gically or percutaneously), chronic infectious diseases,
chronic heart failure, chronic inflammatory or autoim-
mune diseases, and oncologic pathologies were excluded.
The reason for excluding these patients was the relation-
ship between these conditions and an increased inflam-
mation, which may affect WBV and therefore our results.
Ninety-three subjects with AAO, over 18 years old were
included in the study, and 90 healthy age- and gender-
matched subjects were selected as controls. Demographi-
cal data, baseline cardiovascular risk factors, medical
history, drugs used, and laboratory values were obtained
using the hospital’s medical database.

The ejection fraction of the left ventricle was assessed
with the modified Simpson method, using 2D transtho-
racic echocardiography (Vivid 9, GE Ving Med Ultrasound,
Horten, Norway). Peripheral blood samples were obtained
after a 12-hour overnight fasting. Dry tubes for biochemi-
cal tests and tubes with ethylenediaminetetraacetic acid
(EDTA) for hematological tests were used. The biochemical
measurements were performed using a molecular analyzer

(Roche Diagnostics, Manheim, Germany). WBV was calcu-
lated consistent with de Simone’s formula,® at both high
shear rate (HSR = 208/sec™) and low shear rate (LSR = 0.5/
sec™'). All data were compared between the two groups. The
research procedures were revised and approved by the local
hospital’s ethics committee, according to the ethical con-
siderations stipulated in the Helsinki Declaration.

WHOLE BLOOD VISCOSITY MEASUREMENT

WBV was calculated according to de Simone’s formula, us-
ing blood tests conducted during hospital admission (whole
blood count and biochemical values). WBV was calculated
using hematocrit (Hct), and total protein (TP) values.®

WBV at HSR = (0.12 x HCT) + 0.17 (TP — 2.07)
WBV at LSR = (1.89 x HCT) + 3.76 (TP — 78.42)

STATISTICAL ANALYSIS

Statistical analysis was performed using Statistical Pack-
age for Social Sciences (SPSS) version 23 (IBM Corp., Ar-
monk, NY, USA). The analysis of independent samples
was performed using Student’s t test for comparison of
quantitative data with normal distribution and the Mann-
Whitney U test for data with non-parametric distribution.
Categorical data were analyzed by the chi-square test. We
performed a univariate analysis on different factors as-
sociated with AAO. Variables in which the unadjusted p-
value had reached statistical significance (p <0.05) were
included in the full multivariate models. For WBV at HSR
and LSR, two different models were designed: WBV + HSR
was incorporated in Model 1 and WBV + LSR in Model 2.
Independent risk factors affecting outcome were calculat-
ed by multivariate logistic regression analysis and com-
parative results were presented. The best cut-off value for
both LSR and HSR regarding clinical outcome was exam-
ined by receiver operating characteristic (ROC) analysis,
and area under the curve (AUC), sensitivity, specificity,
positive predictive value, negative predictive value, and
accuracy values corresponding to each cut-off value were
presented. Odds ratios (ORs) and 95% confidence intervals
were calculated; sensitivity and specificity values for out-
come classification were generated. The statistical signifi-
cance level was accepted as p <0.05.

RESULTS

The comparisons of baseline characteristics and laborato-
ry findings between groups are presented in Table 1. There
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TABLE 1. Baseline characteristics and laboratory findings of the study population
Parameters AAOQ patients Control patients p value
(n=93) (n =90)

Age, years (mean + SD) 72.0 + 9.8 70.7 + 2.7 0.320
Men, n (%) 50 (53.8) 44 (48.9) 0.290
HTN, n (%) 42 (45.2) 44 (48.9) 0.710
DM, n (%) 31(33.3) 28 (31.1) 0.030
Atrial fibrillation, n (%) 2/4 (25.8) 19 (21.1) 0.060
Smoking, n (%) 46 (49.4) 26 (28.9) 0.015
BMI (kg/m?) 27.4 + 5.0 26.5 + 3.7 0.250
LDL-C (mg/dL) 118.1 + 30.1 106.0 + 27.7 0.020
Triglyceride (mg/dL) 148.7 + 68.5 141.3 + 84.2 0.560
Hemoglobin (g/dL) 14.2 £ 0.9 13.8 + 0.7 0.091
Hematocrit (%) 427 £ 2.7 415+ 2.3 0.102
Total protein (g/L) 7.3+ 0.6 7.0 + 0.8 0.088
Platelets (103) 259.8 + 90.0 249.5 + 64.0 0.470
Creatinine (mg/dL) 1.2 + 0.9 11+ 0.8 0.410
LVEF (%) 56.7 + 4.4 56.4 + 5.1 0.702

Data are given as mean + SD, median (interquartile range) or n (%).
AAO - acute arterial occlusion; DM — diabetes mellitus; HTN — hypertension; HPL — hyperlipidemia; BMI — body
mass index; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; LVEF —

left ventricular ejection fraction

were no significant differences between the two groups
in terms of baseline demographic characteristics except
the prevalence of smoking (46% vs. 26%; p = 0.015) and
low-density lipoprotein cholesterol (LDL-C) (118.1 + 30.1
mg/dL vs. 106.0 + 27.7 mg/dL, p = 0.020) (Table 1). AAO
patients had significantly higher WBV values both at LSR
(32.2 + 5.0 vs. 26.6 + 5.0, p <0.001) and HSR (6.2 + 0.3 vs.
5.7 £ 0.3, p <0.001) (Figure 1).

The univariate analysis identified several variables for
predicting AAO including: active smoking, diabetes, atrial
fibrillation, LDL-C, WBV at HSR, and WBV at LSR (p <0.05)
(Table 2). We designed two models derived from a multi-
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FIGURE 1.

variate analysis on the predictors of WBV parameters for
each shear rate, which are illustrated in Table 3. In Model 1,
which described WBV at HSR, the results showed that
smoking, diabetes, high LDL-C levels, and WBV at HSR
were independent predictors of AAO. In the second model
(WBV at LSR), smoking, diabetes mellitus, LDL-C levels,
and WBV at LSR were also found to independently predict
AAO. In both models, WBV was an independent predictor
of AAO (p <0.05) (Table 3).

The ROC analysis revealed that a cut-off value of 27.4
for WBV at LSR had a 66% sensitivity and 64% specificity
(AUC: 0.770, p <0.001), while a cut-off value of 5.92 for
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TABLE 2. Univariate logistic regression analysis
Variables OR 95% CI p value
LDL-C (mg/dL) 1.014 1.002-1.026 0.020
Smoking 2.965 1.4.06-6250 0.004
DM 2.150 1.043-4.432 0.038
Atrial fibrillation 2.502 1.235-5.064 0.011
WBV at LSR, 208 s7* 1.082 1.032-1.134 0.001
WBV at HSR, 0.5 s™* 4.552. 1.591-13.030 0.005

LDL-C — low-density lipoprotein cholesterol; DM — diabetes mellitus; WBV — whole blood viscosity; LSR — low
shear rate; HSR — high shear rate; OR — odds ratio; CI — confidence interval

WBV at HSR had a 69% sensitivity and 74% specificity for
predicting of AAO in the study population (AUC: 0.801, p
<0.001) (Figure 2).

DISCUSSIONS

To our knowledge, this is the first study showing that WBV
values at both low and high shear rates are more increased
in patients with AAO compared to healthy controls. Fur-
thermore, WBV at both at LSR and HSR was found to be an
independent predictor of AAO.

AAO results from the acute occlusion of a peripheral
artery or a bypass graft, causing a sudden decrease in
blood flow in the region irrigated by the occluded artery
or graft. Risk factors for AAO include age, smoking, diabe-
tes mellitus, obesity, sedentary lifestyle, familial vascu-
lar disease history, high cholesterol and blood pressure.®
Arterial thrombosis causes 85% of AAOs, while embolic
events are the cause of AAO in 15% of cases. Thrombo-
sis can occur when chronic stenotic lesions in occlusive
atherosclerosis lead to acute obstruction, usually associ-
ated with a plaque breakdown, circulatory failure, stasis,
or a hypercoagulable state. Cardiogenic emboli trigger
around 90% of peripheral arterial embolism and can oc-
cur secondary to atrial fibrillation, valvular heart disease,
or myocardial infarction. In rare cases, cardiogenic em-

TABLE 3. Predictors of AAO in multivariate logistic regression analyses

boli are associated with paradoxical embolism through
a patent foramen ovale.”® Consequently, atherosclerosis
and thrombosis play a major role in the pathophysiology
of AAO.

The main determining factors of blood viscosity are
represented by plasma viscosity, hematocrit, red cell de-
formation, and aggregation." Measurement and evalu-
ation of blood viscosity can be difficult and complex in
daily practice. De Simone et al. calculated WBV by simple
equations using hematocrit and total protein levels at dif-
ferent shear rates, indicative of different hemodynamic
environments.® They supported the accuracy of this for-
mula by conducting validation analyses with the Viscome-
ter device, an instrument used to measure blood viscosity.
WBYV calculated with this formula was evaluated in several
cardiovascular disorders including myocardial infarction,
heart failure, and coronary slow flow phenomenon.~*
Consequently, we decided to determine WBV using the
formula of de Simone at both shear rates, being less ex-
pensive and more simple in our study.

Blood viscosity is the inherent resistance of the blood
stream in the vasculature and is closely related to blood
flow rate. An abnormal blood viscosity is associated with
decreased tissue perfusion and with the development of
atherosclerosis. As a result of increased blood viscosity,
stasis occurs secondary to the deterioration of blood flow

MODEL 1 MODEL 2

Variables OR 95% CI p value Variables OR 95% CI p value
LDL-C (mg/dL) 1.015 1.001-1.029 0.030 LDL-C (mg/dL) 1.015 1.001-1.029 0.026
Smoking 2.66 1.181-6.000 0.018 Smoking 2.46 1.089-5.555 0.030
DM 1.76 0.805-3.806 0.150 DM 1.94 0.885-4.269 0.098
WBV at HSR 1.070 1.020-1.123 0.020 WBV at HSR 3.377 1.209-9.431 0.006

AAO - acute arterial occlusion; DM — diabetes mellitus; LDL-C — low-density lipoprotein cholesterol; WBV — whole blood viscosity; LSR — low shear rate; HSR — high shear

rate; OR — odds ratio; CI — confidence interval
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FIGURE 2. ROC curve analysis showing the predictive cut-off
value of WBV at a high shear rate (blue line) and low shear rate
(green line) for AAO patients. AUC — area under the curve; HSR —
high shear rate; LSR — low shear rate; ROC — receiver operating
characteristic; WBV — whole blood viscosity.

rate. The disruption of laminar flow state creates turbu-
lent blood flow. Turbulent flow triggers the disruption of
the surrounding endothelial integrity," and also contrib-
utes to the blocking of platelet aggregates in small ves-
sels.!® All these pathological steps increase the tendency
of both arterial and venous thrombosis. Some studies
have demonstrated that WBV correlates with retinal ves-
sel thrombosis.” Gunes et al. found that elevated WBV was
an important and independent risk factor in patients with
deep vein thrombosis.’® In our study, we demonstrated
that increased WBV values are independent risk factors
for AAO formation. These results support the view that el-
evated WBV may be an important risk factor for thrombus
formation.

An increased blood viscosity may lead to an impaired
tissue level perfusion and is frequently involved in the de-
velopment and progression of atherosclerosis. WBV is one
of the most important determinants of endothelial shear
stress (ESS). A change in blood viscosity may cause low
ESS, thus contributing to the initiation of the atheroscle-
rotic process at the endothelial level. This process leads
to an increased tendency for thrombosis with low-density
lipoprotein deposition due to high blood viscosity in low
flow regions caused by atheroma formation.”* In sum-
mary, the etiology of most AAOs is thrombosis and ath-
erosclerosis, which are associated with increased blood
viscosity. Studies supporting this hypothesis documented

the relationship between hemorheological parameters and
carotid or coronary artery atherosclerosis.>*~2? In addition,
some studies have shown that increased WBV is associ-
ated with high morbidity and mortality in some settings,
including vascular diseases.??

Inflammation is one of the key drivers of atheroscle-
rotic plaque development. At the same time, one of the
hallmarks of atherosclerotic disease is represented by the
interplay between inflammation and lipids. Risk factors
for atherosclerosis also contribute to the development
of this inflammatory process. In a study by Saskin et al.,
inflammatory markers were found to be increased in pa-
tients with AAO.>* In addition, after the development of
AAO, inflammatory mediators may also increase due to
tissue necrosis, similarly to acute myocardial infarction.
Increased inflammation in AAO patients may also contrib-
ute to the elevation of blood viscosity, which should be
investigated in further studies.

Several earlier studies have demonstrated that a higher
blood viscosity is linked to an increase in the incidence
of various cardiovascular disorders. In their study, Lowe
et al. have shown that plasma WBV was correlated with a
higher prevalence of cardiovascular risk factors, as well as
with significant coronary and peripheral atherosclerosis.?
Furthermore, in the PIVUS (Prospective Investigation of
the Vasculature in Uppsala Seniors) study, WBV was posi-
tively related to the Framingham Risk Score.?® These stud-
ies show that blood viscosity may be counted as a cardio-
vascular risk factor. In our study, we found increased WBV
values in AAO patients, which also supports these results.
Consequently, our study has shown that increased WBV
was associated with the development of AAO.

LIMITATIONS

Our study has some limitations. Intrinsic limitations due
to the retrospective, single-center design of the study
should not be ignored. Furthermore, we did not measure
WBV directly, which is the current gold standard tech-
nique for the assessment of blood viscosity; instead, we
used a formula, which was clinically approved in many
studies, for the calculation of WBV.

CONCLUSIONS

To the best of our knowledge, this is the first study to
show that WBV levels at both HSR and LSR were signifi-
cantly higher in AAO patients. Increased blood viscosity
may play a significant role in the genesis of AAO, which
should be determined by prospective randomized studies.
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