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Abstract
Objective: Patients submitted to carotid artery endarterectomy (CEA) have a long-term risk 
of major adverse cardiovascular events (MACE) of 6–9% at 2 years. Hematological parameters 
have been shown to have a predictive function in atherosclerotic diseases, namely the red 
blood cell distribution width-coefficient of variation (RDW-CV). This parameter has been as-
sociated with worse outcomes such as myocardial infarction (MI), stroke, and all-cause mor-
tality. This study aims to evaluate the potential role of preoperative hematologic parameters 
such as RDW-CV in predicting perioperative and long-term cardiovascular adverse events and 
mortality in patients submitted to CEA. Methods: From January 2012 to January 2019, 180 
patients who underwent CEA with regional anesthesia in a tertiary care and referral center 
were selected from a prospective cohort database. Blood samples were collected preopera-
tively 2 weeks before admission, including a full blood count. The primary outcome included 
long-term MACE. Secondary outcomes included all-cause mortality, stroke, MI, acute heart 
failure, and major adverse limb events (MALE). Results: At baseline, 27.2% of patients had in-
creased RDW-CV. Increased RDW-CV was independently associated with baseline hemoglo-
bin (adjusted odds ratio [aOR] 0.715, 95% CI 0.588–0.869, p = 0.001) and atrial fibrillation (aOR 
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4.028, 95% CI 1.037–15.639, p = 0.001). After a median follow-up of 50 months, log-rank uni-
variate analysis of RDW-CV demonstrated a significant association between increased RDW-
CV and long-term all-cause mortality (log-rank < 0.001), MACE (log-rank < 0.001), and MI (log-
rank = 0.017). After multivariate Cox regression analysis, increased RDW-CV was associated 
with increased long-term mortality (adjusted hazard ratio [aHR] 2.455, 95% CI 1.231–4.894,  
p = 0.011) and MACE (aHR 2.047, 95% CI 1.202–3.487, p = 0.008). A decreased hemoglobin to 
platelet ratio (aHR 2.650e–8, 95% CI 9.049e–15 to 0.078, p = 0.019) was also associated with 
all-cause mortality. Conclusion: RDW is a widely available and low-cost marker that indepen-
dently predicts long-term mortality, MACE, and MI after CEA. This biomarker could prove use-
ful in assessing which patients would likely benefit from CEA in the long term.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Carotid artery revascularization has proven benefits and is indicated in patients with 
symptomatic carotid stenosis (CS) > 50%, based on the NASCET method for measuring the 
degree of stenosis, and selected patients with asymptomatic CS > 60% (NASCET method [1]) 
or 80% (ECST method [2]) with acceptable perioperative risk and a 5-year life expectancy. 
While the benefit of carotid artery endarterectomy (CEA) is consensual in symptomatic CS, it 
is less well established in the asymptomatic CS [3]. Large randomized controlled clinical 
trials, such as the Asymptomatic Carotid Atherosclerosis Study (ACST) and the Asymptomatic 
Carotid Surgery Trial 1 (ACST-1), compared CEA with medical treatment in patients with 
asymptomatic CS > 60% [4, 5]. Both trials found a reduction in stroke or death at 5 years of 
follow-up in the CEA arm compared to patients on medical treatment alone. Meanwhile, 
evidence and clinical practice concerning medical treatment have evolved since the end of 
these trials. This benefit of CEA in asymptomatic patients is mostly hampered by long-term 
major cardiovascular adverse events (MACE). The 2-year MACE rates after CEA have been 
described as 6–9% [6, 7]. An exhaustive preoperative risk assessment is, therefore, para-
mount in order to select which patients with asymptomatic CS may benefit from surgery.

The prognostic ability of hematological parameters in atherosclerotic diseases has been 
rarely described, particularly the red blood cell distribution width (RDW), a parameter which 
reflects erythrocyte size distribution and is readily available in a full blood count. Most auto-
mated hematological cell counters calculate it as a coefficient of variation (CV), and the final 
result is expressed as a percentage, generally comprised between 12 and 15% [8].

Increased RDW-CV was initially acknowledged as a marker of iron deficiency [9]. 
However, several additional potential mechanisms have been proposed for the increase of 
RDW-CV, such as nutritional deficiency (vitamin B12, folic acid), bone marrow depression, or 
inflammation, which leads to the extension of the red blood cell lifespan [10]. Recent studies 
have pointed out a link among RDW, diabetes mellitus, and inflammation. RDW-CV is also 
strongly associated with the incidence of stroke and myocardial infarction (MI) [11]. 
Furthermore, it seems to be a reliable and independent predictor of mortality in coronary 
artery disease (CAD) and ischemic stroke [12, 13].

Considering this prognostic ability of RDW-CV, it can be hypothesized that it could prove 
useful in predicting postoperative and long-term outcomes after CEA and so aid in the decision-
making process of patient selection. This study aims to evaluate the potential role of preop-
erative hematologic parameters such as RDW-CV in predicting long-term MACE in patients 
submitted to CEA. As a secondary outcome, this study aimed to determine the prognostic value 
of RDW-CV concerning crucial long-term adverse outcomes, including MI, stroke, acute heart 
failure (AHF), and all-cause mortality in patients undergoing CEA with regional anesthesia.
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Methods

Study Sample
From January 2012 to January 2019, 180 patients who underwent CEA with regional 

anesthesia for CS in a tertiary care and referral center were consecutively selected from a 
prospectively maintained cohort database, and a post hoc analysis was performed. Patients 
were evaluated preoperatively by a vascular surgeon, and an anesthesiologist and their 
demographic and clinical data were collected. Patients were included as long as a preoper-
ative full blood count was available in the 2 weeks preceding the CEA. Patients were excluded 
if CEA was performed under general anesthesia or if a synchronous myocardial revascular-
ization surgery was performed.

All patients were under statin and single antiplatelet therapy for at least 2 days before 
surgery. Symptomatic CS was defined as having symptoms of stroke/transient ischemic 
attack in the previous 6 months before CS was detected and quantified by a duplex ultrasound 
exam or a computed tomography angiogram (NASCET) [14] or an additional duplex ultra-
sound exam performed by a different independent operator. This study was reported 
according to the Strengthening the Reporting of Cohort Studies in Surgery (STROCSS) 2019 
criteria [15]. Patient informed consent was handled according to the observational nature of 
the data, and all data processing was anonymous.

Analytical Parameters
Blood samples were collected preoperatively at the time of admission. All patients had at 

least one blood sample taken and analyzed within 2 weeks before surgery. Analytical param-
eters included a complete blood count, serum creatinine and urea, electrolytes, and coagu-
lation testing. Complete blood counts were performed with the Sysmex XE-2100D automated 
hematology analyzer (Sysmex Corporation, Kobe, Japan), with reference values for RDW-CV 
between 11 and 16%.

Outcome Assessment
Patients were evaluated for the first 30 days after the surgical intervention, after 6 

months, 1 year, and yearly after that. Follow-up included duplex ultrasound until 2 years of 
follow-up. The primary outcome was long-term MACE, defined as a composite outcome of 
non-fatal MI, AHF (onset of or de novo AHF), and all-cause mortality [6]. Secondary outcomes 
included all-cause mortality, stroke, MI, AHF, and major adverse limb events (MALE; defined 
as a composite outcome of major ischemic amputation, acute limb ischemia, and need for 
peripheral revascularization) [16].

Statistical Analysis
The necessary sample for a survival test was calculated using WinPepi® v.11.65, aiming 

for statistical power (β) of 80% and a statistical significance of α < 0.05. The described MACE 
rate in long-term post-CEA patients is approximately 6% [6]. The described event rates after 
5 years of follow-up in stroke patients with normal and increased RDW-CV varies between 
49 and 69% and 69 and 88%, respectively [17, 18]. Based on these findings, an event rate 
difference of 20% between groups was established as reasonable. The estimated sample size 
was 147.

Statistical testing was performed with SPSS Statistics for Windows v.25.0 (IBM Corp., 
Armonk, NY, USA). The C-statistic was analyzed to determine the optimal cutoff of RDW-CV 
for the prediction of MACE. 

Patients with increased RDW-CV (> 13.95%, according to Youden’s J statistic) were 
compared with patients with low RDW-CV (< 13.95%) with respect to baseline demographics 
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and clinical characteristics. Univariate analysis was performed with χ2 and Fischer’s exact 
tests for categorical data and the Student t and Mann-Whitney U tests for continuous data. A 
p value < 0.05 was considered statistically significant for the analysis.

Multivariate logistic regression analysis was performed to determine independent 
clinical and demographic factors associated with increased RDW-CV. The stepwise dimension 
reduction method was used, and variables with p < 0.15 were included, considering athero-
sclerotic morbidity for the last steps. The log-rank test was used to determine the effect of 
RDW-CV on long-term primary and secondary outcomes. Multivariate Cox regression analysis 
was performed for independent predictors of long-term MACE and all-cause mortality.

Table 1. Patient demographics and comorbidities

RDW-CV <13.95%
(n = 131)

RDW-CV ≥13.95%
(n = 49)

p value Multivariate 
aOR 95% CI

Age, years 69.63±9.03 71.31±8.52 0.263
Sex, male 103 (78.6) 41 (83.7) 0.451
Hypertension 111 (84.7) 46 (93.9) 0.102 NC
Smoking history 65 (49.6) 26 (53.1) 0.681
Diabetes mellitus 55 (42.0) 23 (46.9) 0.551
Dyslipidemia 113 (86.3) 42 (85.7) 0.925
CKD 13 (9.9) 12 (24.5) 0.012 NC
BMI >30 27 (20.6) 5 (10.2) 0.104
PAD 25 (19.1) 17 (34.7) 0.028 NC
CAD 40 (30.5) 21 (42.9) 0.120
COPD 18 (13.7) 5 (10.2) 0.527
CHF 12 (9.2) 10 (20.4) 0.04 NC
Atrial fibrillation 5 (3.8) 7 (14.3) 0.012 4.028 (1.037–15.639)
ASA II
ASA III
ASA IV

22 (18.5)
85 (71.4)
12 (10.1)

4 (8.3)
44 (91.7)

0

0.900

Asymptomatic
Symptomatic
TIA
Stroke

68 (51.9)

11 (8.4)
52 (39.7)

32 (65.3)

6 (12.2)
11 (22.4)

0.093 NC

BB 39 (31.2) 16 (33.3) 0.801
ACEI 87 (69.6) 37 (77.1) 0.328
CCB 47 (37.6) 19 (39.6) 0.810
Thiazide diuretics 56 (44.8) 21 (43.8) 0.901
Hemoglobin, g/dL 13.39±1.71 12.39±2.07 0.001 0.715 (0.588–0.869)
NLR 2.305±1.13 3.13±1.78 0.004 NC
PLR 118.24±56.73 142.62±99.64 0.111 NC
HPR 0.066±0.022 0.0625±0.025 0.394

Data are presented as the mean ± SD or n (%). Statistically significant results are highlighted in bold. aOR, 
adjusted odds ratio; 95% CI, 95% confidence interval; ASA, American Society of Anesthesiologists Physical Status 
Classification System; ACEI, angiotensin conversion enzyme inhibitor; BB, beta-blockers; CAD, coronary artery 
disease; CCB, calcium channel blockers; CHF, congestive heart failure; CKD, chronic kidney disease (creatinine = 1.5 
mg/dL); COPD, chronic obstructive pulmonary disease; HPR, hemoglobin to platelet ratio; PAD, peripheral artery 
disease; BMI, body mass index (obesity >30); NC, not confirmed on multivariate analysis; NLR, neutrophil to 
lymphocyte ratio; PLR, platelet to lymphocyte ratio; RDW-CV, red blood cell distribution width-coefficient of 
variation; TIA, transient ischemic attack.
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Results

Demographic Data
The sample consisted of 180 patients (80% male) with a mean age of 70.1 ± 8.9 years. 

Forty-nine (27.2%) patients had increased preoperative RDW-CV. There were no significant 
differences in age and gender between the RDW-CV groups. The median sample follow-up 
was 50 months (95% CI 42.9–57.1).

Regarding comorbidities, increased RDW-CV was significantly associated with chronic 
kidney disease (CKD; creatinine > 1.5 mg/dL; 9.9 vs. 24.5%, p = 0.012), peripheral artery 
disease (PAD; 19.1 vs. 34.7%, p = 0.028), congestive heart failure (CHF; 9.2 vs. 20.4%, p = 
0.04), and atrial fibrillation (3.8 vs. 14.3%, p = 0.012). There were no significant associations 
between increased RDW-CV and CAD, body mass index > 30, arterial hypertension (HTA), or 
carotid-related symptomatic status (Table 1).

After multivariate regression analysis, increased RDW-CV had a significant independent 
association with preoperative hemoglobin (adjusted odds ratio [aOR] 0.715, 95% CI 0.588–
0.869) and atrial fibrillation (aOR 4.028, 95% CI 1.037–15.639). Multivariate analysis did not 
confirm the association between increased RDW-CV and HTA, CHF, CKD, or PAD (Table 1).

Predictive Ability of RDW-CV on Long-Term Outcomes
Considering survival times, after univariate analysis, CKD (median survival time [MST] 

50 vs. 49 months, p = 0.001) and PAD (MST 57 vs. 49 months, p = 0.004) were associated with 
a lower MST (Table 2). Log-rank univariate analysis of RDW-CV demonstrated a significant 
association between increased RDW-CV and long-term all-cause mortality (log-rank < 0.001), 
MACE (log-rank < 0.001), and MI (log-rank = 0.017). No association was found between 
increased RDW-CV and stroke (log-rank = 0.208), AHF (log-rank = 0.934), or MALE (log-rank 
= 0.185; Fig. 1). The C-statistic analysis and Youden’s J index determined the optimal RDW-CV 
cutoff for determination of the primary outcome as 13.95%.

RDW and other factors significantly (p < 0.15) associated with decreased MST or baseline 
demographics were included in the multivariate Cox regression model in order to adjust for 
confounding and assess the independent effect of these factors on the primary and secondary 
outcomes. After multivariate Cox regression analysis, long-term mortality was significantly 
higher in patients with CKD (adjusted hazard ratio [aHR] 2.904; 95% CI 1.410–5.982, p = 
0.004), PAD (aHR 2.138; 95% CI 1.066–4.292, p = 0.032), decreased hemoglobin to platelet 
ratio (HPR; aHR 2.650e–8; 95% CI 9.049e–15 to 0.078, p = 0.019), and increased RDW-CV 
(aHR 2.455, 95% CI 1.231–4.894, p = 0.011; Table 3). Increased RDW-CV (aHR 2.047, 95% CI 
1.202–3.487, p = 0.008) and CKD (aHR 2.056, 95% CI 1.117–3.786, p = 0.021) were indepen-
dently associated with long-term MACE (Table 3).

Discussion

The main findings of this study were the significant associations of increased RDW-CV 
with long-term MACE, MI, and long-term all-cause mortality in patients submitted to CEA. The 
association between RDW-CV and adverse events has been studied in many cardiovascular 
diseases. Increased RDW-CV is independently associated with long-term all-cause mortality 
in patients undergoing percutaneous coronary intervention [12], regardless of hemoglobin 
values.

Few studies have focused on the association between RDW-CV and carotid atheroscle-
rosis. Cross-sectional studies have found an association between increased RDW-CV and 
carotid intima-media thickness [19]. In the Tromso study, increased RDW-CV was an inde-
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Table 2. Survival analysis of prognostic factors

Patients, n MST, months (95% CI) p value

Age
<75 years
>75 years

116
64

50 (47.3–52.7)
33 (11.1–54.9)

0.270

Sex
Female
Male

36
144

52 (19.2–84.8)
49 (41.9–56.1)

0.512

Hypertension
No
Yes

23
157

54 (18.9–89.2)
50 (43.7–56.3)

0.145

Smoking history
No
Yes

89
91

51 (40.9–61.1)
47 (38.6–55.4)

0.306

Diabetes mellitus
No
Yes

102
78

50 (38.8–61.3)
50 (40.5–59.5)

0.642

Dyslipidemia
No
Yes

25
155

57 (51.8–62.2)
49 (41.1–56.9)

0.058

CKD
No
Yes

155
25

49 (41.7–56.4)
50 (19.4–80.6)

0.001

BMI >30
No
Yes

148
32

50 (42.4–57.6)
47 (21.4–72.6)

0.447

PAD
No
Yes

138
42

49 (40.3–57.7)
57 (34.5–79.5)

0.004

CAD
No
Yes

119
61

44 (33.3–54.7)
52 (42.8–61.2)

0.549

COPD
No
Yes

157
23

51 (48.2–53.8)
28 (16.6–39.4)

0.877

CHF
No
Yes

158
22

47 (38.7–55.4)
80 (47.0–113)

0.051

Atrial fibrillation
No
Yes

168
12

50 (42.9–57.1)
59 (16.6–101)

0.101

Asymptomatic CS
Symptomatic CS

100
80

49 (39.8–58.2)
50 (32.7–67.3)

0.347

BB 117
56

50 (41.6–58.4)
52 (45.7–58.3)

0.984

ACEI 49
124

53 (43.6–62.4)
50 (42.1–57.9)

0.054

CCB 107
66

51 (47.5–54.5)
42 (24.159.9

0.592

Thiazide diuretics 96
77

51 (47.3–54.7)
42 (26.1–57.9)

0.926

Hemoglobin
>13.115 g/dL
<13.115 g/dL

87
93

53 (48.01–58.00)
41 (26.37–55.63)

0.135
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pendent predictor of carotid plaque development and plaque progression [20]. The present 
prospective cohort study has further demonstrated that RDW-CV is associated with long-
term adverse outcomes after CEA, namely MI and all-cause mortality.

As expected, lower preoperative hemoglobin values were associated with higher RDW-CV. 
Preoperative anemia has been associated with increased postoperative mortality in patients 

Patients, n MST, months (95% CI) p value

NLR
≥2.52
<2.52

103
77

49 (39.16–58.84)
50 (40.37–59.63)

0.074

PLR
≥124.88
<124.88

95
85

51 (47.08–54.92)
44 (29.3–58.70)

0.609

HPR
≥0.0651
<0.0651

95
85

51 (47.08–54.917)
44 (29.301–58.70)

0.097

Statistically significant results are highlighted in bold. ASA, American Society of Anesthesiologists Physical 
Status Classification System; CAD, coronary artery disease; CS, carotid stenosis; CCB calcium channel blockers; 
CHF, congestive heart failure; CKD, chronic kidney disease (creatinine = 1.5 mg/dL); COPD, chronic obstructive 
pulmonary disease; MST, median survival time; PAD, peripheral artery disease; BMI, body mass index 
(obesity >30).

Table 2 (continued)

Table 3. Multivariable analyses of prognostic factors for MACE and all-cause mortality

aHR 95% CI p value

MACE
Dyslipidemia 0.678 0.355–1.296 0.240
CKD 2.056 1.117–3.786 0.021
PAD 1.545 0.869–2.745 0.138
CHF 1.659 0.888–3.099 0.112
RDW-CV 13.95 2.047 1.202–3.487 0.008
Hemoglobin 0.934 0.764–1.140 0.501
NLR 1.057 0.875–1.277 0.566
HPR 8.0e–6 6.8953e–11 to 1.023 0.050

All-cause mortality
Dyslipidemia 0.746 0.338–1.643 0.466
CKD 2.904 1.410–5.982 0.004
PAD 2.138 1.066–4.292 0.032
CHF 1.810 0.855–3.834 0.121
RDW-CV 13.95 2.455 1.231–4.894 0.011
Hemoglobin (g/dL) 0.986 0.795–1.223 0.896
NLR 1.091 0.898–1.327 0.381
HPR 2.6501e–8 9.0495e–15 to 0.078 0.019

Statistically significant results are highlighted in bold. MACE, major adverse cardiovascular events; aHR, 
adjusted hazard ratio; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney 
disease (creatinine = 1.5 mg/dL); HPR, hemoglobin to platelet ratio; NLR, neutrophil to lymphocyte ratio; 
PAD, peripheral artery disease; BMI, body mass index (obesity >30); RDW-CV, red blood cell distribution 
width-coefficient of variation.
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submitted to CEA [21]. It could be argued that hemoglobin is a confounding factor in the asso-
ciation between increased RDW-CV and increased mortality, since it is an early indicator of 
impaired erythrocyte production, particularly in iron deficiency, the most common cause of 
anemia [22]. However, the association between RDW-CV and long-term mortality and MACE 
rate remained significant, even after adjustment for hemoglobin levels, suggesting the inter-
action of independent pathophysiological pathways. 

The pathophysiological mechanisms that link RDW-CV to atherosclerosis and cardiovas-
cular events are not entirely elucidated. Nevertheless, some hypotheses have been proposed. 
Reduced iron reserves, independently of hemoglobin levels, are associated with increased 
RDW-CV and could play a role in atherogenesis [23]. Inflammation mechanisms could explain 
both increased RDW-CV and cardiovascular events. Higher RDW-CV values are indepen-
dently associated with raised inflammatory parameters [24] and it is also well established 
that inflammation is a critical factor in plaque progression and vulnerability. As such, some 
authors consider RDW a marker of inflammation [23].

In the present study, atrial fibrillation was significantly more prevalent in patients with 
increased RDW-CV values. This association has been demonstrated previously [25]. Chronic 
inflammation may be the link between increased RDW-CV and the onset of atrial fibrillation. 
Other contributing factors may include: oxidative stress, which is associated with myofi-
brillar protein and cardiomyocyte membrane lipids oxidation; reduced deformability of 
anisocytic erythrocytes and their relationship with atrial fibrosis and arrhythmia onset, and 
increased cholesterol content in highly variable erythrocytes, thus contributing to atheroscle-
rosis, a known risk factor for atrial fibrillation [26].

An interesting, relevant finding of this study was the independent association between 
the HPR and long-term all-cause mortality. This parameter has been assessed in some studies, 
mainly concerning urological neoplasms and colon and rectal cancer [27, 28]. In a study 
enrolling 6,046 patients submitted to percutaneous coronary intervention, HPR was inde-
pendently associated with long-term MACE and cardiac and all-cause mortality [29]. 
Combining both hematological parameters with known biological plausibility could explain 
the clinical utility observed in the multivariate Cox regression model. A high count of reticu-
lated platelets, indicative of higher platelet turnover and production, was independently 
associated with post-CEA myocardial injury and postoperative mortality [30]. An increased 
platelet count has been shown to be independently associated with mortality in both ischemic 
heart disease patients and population-based cohorts [31].

Moreover, CKD was associated with the long-term occurrence of MACE and mortality in 
this study. These results are in agreement with previous reports, which demonstrates that at 
5 years CKD patients submitted to CEA have a higher incidence of coronary events and higher 
mortality rates [32]. Since patients with renal impairment have been associated with increased 
RDW-CV [33], one could argue that RDW-CV is merely a correlative factor in the relationship 
between CKD and long-term MACE and mortality. Yet, after multivariate analysis, the asso-
ciation between RDW-CV and the outcomes of interest remained significant, which suggests 
that RDW-CV is associated with mortality and cardiovascular events through a different 
pathway. Notwithstanding, an interaction and a common pathway between these 2 factors 

Fig. 1. Survival plots. Sixty-month follow-up Kaplan-Meyer curves for different outcomes following CEA for 
groups with or without increased RDW-CV. Freedom from AMI (a), AHF (b), stroke (c), MALE (d), MACE (e), 
and all-cause mortality (f) after CEA according to RDW-CV. Survival tables display the percent freedom from 
an event (1st row), standard error (SE; 2nd row), number of events (3rd row), and number of subjects free 
from an event (4th row). RDW-CV, red cell distribution width-coefficient of variation; MACE, major adverse 
cardiovascular event; MALE, major adverse limb events; AMI, acute myocardial infarction; AHF, acute heart 
failure; d, days; m, months.
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are not to be excluded. Lower circulating levels of erythropoietin and chronic inflammation 
are both characteristics of CKD. Since both are also associated with increased RDW-CV, they 
may be the link between RDW, CKD, and the adverse outcomes after CEA [24].

The findings of this study could provide new insights for preoperative patient management. 
An increased RDW-CV, even in the presence of average hemoglobin values, could prompt an 
assessment of iron reserves, folic acid, or vitamin B12 and their timely correction. However, 
we found no evidence on these interventions in the literature. On the other hand, this 
parameter could be included in a prognostic scoring system with other independent predictors 
of poor survival after CEA, such as CKD [34], pre-existing CAD, and older age [35].

The main strength of the present study is the extended follow-up of the patients. Despite 
its prospective design, it has some limitations since it is a post hoc analysis. Patients were 
treated and followed in a single tertiary care center, which may not be representative of other 
healthcare centers. Our sample also includes both symptomatic and asymptomatic patients 
submitted to CEA. Although the results may be generalized to both symptomatic and asymp-
tomatic patients, the same may not be applicable to one or another subset in particular. 
Further studies are needed in order to validate further the role of preoperative RDW in the 
management of patients with asymptomatic CS.

This study was performed in a large academic teaching institution, which might affect the 
external validity of the results for community hospitals that perform a large number of CEAs. 
The proposal of patients for surgery could represent a selection bias since subjective frail 
patients are less likely to be selected for invasive surgical procedures, thus inducing bias in 
the selected sample.

Concerning RDW, the quantification is rapid, easy, inexpensive, and it does not require 
specific skills or instrumentation. However, different approaches are used for measuring 
erythrocyte size (i.e., impedance or optical techniques), and for RDW calculation [36]. 
Therefore, reference values are instrument dependent and may be population dependent. 
There is still uncertainty concerning the real added value of RDW as a prognostic tool on top 
of other established cardiovascular risk factors. It is not clear if the same findings could be 
generalized to other institutions or different patient characteristics. Further studies are 
needed to find a role in the clinical practice of these findings.

Conclusion

RDW-CV is a widely available, easy to measure, and low-cost marker that independently 
predicts long-term mortality, MACE, and MI after CEA. Even though the mechanisms under-
lying these associations are not yet fully understood, this factor could prove useful in assessing 
which patients would likely benefit from CEA in the long term. Future research on this 
parameter should focus on a possible molecular basis, and interactions with inflammatory 
pathways, in order to shed light on the pathophysiologic mechanisms.
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