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Abstract

Objective  Red cell distribution widht (RDW) and neutrophil to lymphocyte ratio (NLR) plays a significant role in assessing the severity and progression
of some cardiac conditions. Bicuspid aortic valve (BAV)-associated aortopathy is common and its progression for individual patients is
difficult to predict. In this study, we aimed to investigate the association between serum levels of RDW, NLR and ascending aortic diameter
(AAd) in BAV patients. Sakarya Med J, 2018, 8(2):327-335 )

Materials and ~ This is a descriptive and methodologic study which included a total of 182 consecutive patients with a BAV. Complete blood counts were
Methods  analyzed for RDW level and NLR. Patients were divided into two groups based on their AAd and patients with AAd of 3.9 and above were
included in group 1, while those below 3.9 in group 2.

Results  NLR was significantly higher in group 1 patients than those in group 2. RDW levels were similar. In univariate correlation analysis, a positive
correlation was found between AAd and RDW and NLR in group 1 patients. In multivariate logistic regression analysis, RDW (odds ratio
(OR): 1.78, 95% confidence interval (Cl): 1.36-2.44, P = 0.01) remained as independent correlates of AAd in the patient population.
Receiver operating characteristic (ROC) curve analysis revealed that a RDW measurement >13.0% predicted ascending aort dilatation
(AAD) with a sensitivity of 58% and a specificity of 79%.

Conclusion  RDW and NLR are positively correlated with AAd in BAV patients with AAD. These markers may point out the role of inflammation both in
the pathogenesis and progression of AAD in these patients.

Keywords  Bicuspid aortic valve, ascending aortic diameter, red cell distribution widht, ascending aortic dilatation

Amac  Kirmizi kan hiicresi dagiim genisligi (KHDG) ve nétrofil lenfosit orani (NLO) bazi kardiyak durumlarin ciddiyetinin ve progresyonunun
degerlendirilmesinde énemli bir rol oynar. Bikiispit aortik kapak (BAK)- iliskili aortopati sik gériiliir ve progresyonunu bireysel hastalarda
tahmin etmek zordur. Bu ¢alismada, biz BAK hastalarinda KHDG'nin serum diizeyleri ve NLO ile asendan aort ¢api (AAC) arasindaki iliskiyi
aragtirmay! amagladik. ( Sakarya Tip Dergisi, 2018, 8(2):327-335 ).

Geregve  Toplamda 182 ardisik BAK hastasi bu tanimlayici ve metodolojik calismaya alindi. KHDG diizeyi ve NLR icin tam kan sayimi incelendi.
Yontem  Hastalar AAC lerine gore 2 gruba ayrildi ve AAC 3.9 ve Uizeri olan hastalar grup 1, 3.9’ un altinda olan hastalar ise grup 2’ye dahil edildi.

Bulgular  NLO grup 1 hastalarinda grup 2’dekilere kiyasla anlamli olarak daha yiiksekti. KHDG seviyeleri benzerdi. Tekli korelasyon analizinde, AAC ile
KHDG ve NLO arasinda anlamli pozitif korelasyon saptandi. Coklu regresyon analizinde RDW’nin (odds ratio (OR): 1.78, 95% confidence
interval (Cl): 1.36 - 2.44, P = 0.01) asendan aort dilatasyonunun bagimsiz bir belirteci oldugu belirlendi. Receiver operating characteristic
(ROC) analizinde KHDG icin > 13.0% sinir degerinin asendan aort dilatasyonu tanisi icin %58 duyarlilik ve %79 6zgillige sahip oldugu
bulundu.

Sonu¢  KHDG ve NLO asendan aort dilatasyonu olan BAK hastalarinda AAC ile porzitif koreledir. Bu belirtecler bu hastalarda asendan aort dilatas-
yonunun hem patogenezi hem de progresyonunda inflamasyonun roli oldugunu gosterebilir.

Anahtar  Bikispit aortik kapak, asendan aort ¢api, kirmizi kan hiicresi dagilim genisligi, asendan aort dilatasyonu
Kelimeler
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Introduction

Bicuspid aortic valve (BAV) represents the most frequent congenital heart malformation and as
such it may be subject to valvular stenosis, regurgitation or infective endocarditis.? Even in the
absence of echocardiographically relevant valve dysfunction, it may be associated with ascending
aorta dilatation (AAD) at different anatomical levels.® Dilatation of the tubular ascending aorta
is the most frequent form of bicuspid aortopathy and simultaneously an issue of extensive and
controversial debate. Moreover, even patients with functionally normal BAVs have been shown to
present with larger aortic diameters both at baseline and during follow-up when compared with
their controls.* The diversity of bicuspid aortopathy is closely related to the bicuspid valve morp-
hology as well as the type of valvular dysfunction, while the progression rates of aortic dilatation
may differ substantially.>¢

Red cell distribution widht (RDW) shows the variability in erythrocytes volume in the peripheral
blood. Neutrophil to lymphocyte ratio (NLR), as an oxidative stress and proinflammatory marker,
has recently emerged as a useful indicator to predict cardiovascular risk and adverse outcomes’.
Both RDW and NLR are easily available laboratory parameters and can be quickly measured in
complete blood count (CBC) test. The prognostic importance of these markers have been repor-
ted in a novel study which show an association of RDW and NLR in patients with AAD before.? The
correlation of RDW and NLR with inflammatory markers has showed these markers to be indica-
tors of chronic inflammation in disease progression with high levels resulting in worse outcome.9

The relation of plasma levels of RDW and NLR with ascending aortic diameter (AAd) has not been
established yet in patients with BAV. Therefore, in this study we aimed to investigate the associa-
tion between these parameters and AAd in BAV patients.

Materials and Methods

Patient selection

At this descriptive and methodologic study we prospectively enrolled consecutive patients who
were performed transthoracic echocardiographic examination and were diagnosed to have BAV
between March 2015 and July 2017. Basic data and clinical history of these patients concerning
age, gender, hypertension, diabetes mellitus, hyperlipidemia, cardiovascular diseases and smo-
king were noted. Patients with acute and/or chronic inflammatory disease, connective tissue di-
sease associated with AAD (Marfan syndrome, Behcet disease etc.), a malignancy, hematological
disease, anemia, alcohol abuse, a history of renal and liver disease were excluded from this study.
The study was approved by the local ethics committee and informed consents of all subjects were
obtained.

Echocardiographic examination

The patients with BAV were re-examined with transthoracic echocardiography by an independent
and experienced cardiologist who was blinded to the clinical or laboratory findings of the study
population. The echocardiographic examinations were carried out using a 2.5 to 3.5 MHz trans-
ducer with the Vingmed System 7 (Vivid 7, GE, Horten, Norway). Two-dimensional (2-D) measu-
rements were performed in the parasternal long-axis view with the patient in left lateral position.
The left atrium (LA) diameter, interventricular septum (IVS) and posterior wall (PoW) thicknesses,
LV end-diastolic diameter (LVEDD) and LV end-systolic diameter (LVESD) were obtained using the




M-mode echocardiographic tracings under the guide of 2-D imaging. The left ventricular ejection
fraction (LVEF) was calculated according to the biplane modified Simpson’s rule. The morphology
of the aortic valve was defined in the parasternal short axis view. The 2-D echocardiographic
criteria for BAV included the partial or complete fusion of 2 of the aortic valve leaflets resulting
in either a partial or complete absence of a functional commissure between the fused leaflets.10
Aortic velocity (m/s) was measured from apical 4 chambers using continuous wave Doppler. 2-D
measurements of the aortic root were made at end-diastole in the parasternal long-axis views using
the leading edge to leading edge technique in the views showing the largest aortic diameters at
three levels as: (1) annulus, (2) sinus of Valsalva and (3) proximal ascending aorta.

Ascending aortic dilatation was determined on demonstration of aortic enlargement relative to the
expected aortic diameter based on age and body size adjusted nomograms as recommended by
the American Heart Association (AHA) guidelines.™

Laboratory measurements

Venous blood samples were drawn into EDTA-treated or plain tubes according to hospital protocol
from all participants at morning hours after a fasting period of 12 hours. Glucose, urea, creatinine
and lipid profile were determined by standard methods. CBC testing utilized clinical laboratory
methods (Coulter LH 780 Hematology Analyzer, Beckman Coulter Ireland Inc; Mervue, Galway,
Ireland) for total white blood cell (WBC), neutrophil, lymphocyte and platelet counts, haemoglobin
level, mean platelet volume (MPV) and RDW. The reference range for RDW was between 11.0-
14.5%. Baseline NLR was measured by dividing the neutrophil count to lymphocyte count.

Statistical analysis

All statistical analyses were performed with IBM SPSS 19.0 software (IBM Corp., New York, NY,
USA). Data were tested for normal distribution using the Kolmogorov-Smirnov test. Data are exp-
ressed as mean value + standard deviation for continuous variables, as well as numbers with per-
centage for categorical variables. Unpaired two-sided t-test was used to compare continuous vari-
ables between the study subgroups. Categorical variables were analysed by 2 test or Fisher’s exact
test as appropriate. Correlations between two continuous variables were assessed with Pearson’s
test. Binary logistic regression analysis was used to find the possible independent association
between dilation of the ascending aorta and clinical parameters. P-values of 0.05 or less were
considered statistically significant.

Results

A total of 182 consecutive BAV patients were enrolled into this study. The mean age of the patients
was 41.2 +12.4 (range 19-75) years and 68% of them was male. Among 182 patients, 45 with
AAD were included into group 1 whereas remaining patients were included into group 2. The cli-
nical and demographic characteristics of both groups are demonstrated in Table 1. There were no
significant differences between the groups with respect to body mass index, smoking rate, heart
rate, systolic and diastolic blood pressure and incidence of hypertension and diabetes mellitus.
The mean age of BAV patients with AAD was 47 + 12 (range 22-65) years which was much higher
than that of the BAV patients without AAD (p< 0.001). The rate of male patients were also signi-
ficantly higher in group 1 compared to group 2 patients (91% vs 67%, respectively, p= 0.002).
Moreover, the incidence of hyperlipidemia was significantly higher in group 1 patients when it was
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compared to those in group 2 (51% vs 34%, respectively, p= 0.018).

Table 1. Clinical and demographic characteristics of the patient groups with bicuspid aortic valve
Variables Group 1 (n=45) Group 2 (n=137) P value
Age (years) 47 +12 39+M <0.001
Male, (%) 9 67 0.002
Body mass index (kg/m?) 221+63 21.9+441 0.415
Heart rate, bpm 74 +12 75+14 0.695
Smoking rate (%) 40 35 0.234
Systolic blood pressure, mmHg 116 +34 114 +£26 0.204
Diastolic blood pressure, mmHg 75+16 76 £18 0.780
Hypertension (%) 12 1 0.902
Diabetes mellitus (%) 10 12 0.740
Hyperlipidemia (%) 51 34 0.018
Echocardiography
LVEDD (cm) 51+0.6 4.6+0.4 <0.001
LVESD (cm) 3.4+0.8 2.8+0.4 <0.001
IVS (cm) 1.1+0.21 1.0+£0.18 0.058
PoW (cm) 1.0+0.18 1.0£0.13 0.017
LA (cm) 3.5+0.4 34+04 0.117
LVEF (%) 55+16 63+3 <0.001
Annulus diameter (cm) 2.29+0.19 212+0.13 <0.001
Sinus of Valsalva diameter (cm) 3.66+0.13 3.14+0.9 <0.001
Ascending aortic diameter (cm) 412+0.27 3.31+0.32 <0.001
Moderate-severe AR (%) 6(13) 10 (14)
Moderate-severe AS (%) 1(2) 3(4)
Data presented as mean + standard deviation. AR: Aortic regurgitation, AS: Aortic stenosis, IVS : interventricular
septum thickness; LA : left atrium diameter; LVEDD : left ventricular end-diastolic diameter; LVEF : left ventricu-
lar ejection fraction, LVESD : left ventricular end-systolic diameter; PoW: posterior wall thickness

When echocardiographic parameters were compared, it was detected that LVEDD, LVESD, PoW,
aortic annulus, ascending aorta and sinus of Valsalva diameters were significantly higher whereas
LVEF was significantly lower in group 1 patients than those in group 2. However, LA diameter and
IVS thickness were similar between groups. Mean AAd was 4.12 + 0.27 cm (range 3.9-4.9 cm) in
the AAD group and 3.31 + 0.32 cm (range 2.1-3.8 cm) in patients without AAD. Only 6 patients
in the AAD group (13%) had moderate to severe aortic regurgitation.

The laboratory parameters of the patient groups were listed in Table 2. Accordingly, WBC count,
neutrophil count and NLR (2.5 + 1.6 vs 2.1 + 0.7, respectively, p< 0.001) were significantly
higher in patients with AAD than those without. However, there was not statistically significant dif-
ferences in terms of haemoglobin, mean platelet volume, RDW levels and platelet count between
the groups. When, lipid profiles were compared, total cholesterol, HDL cholesterol and TG levels
were found to be similar whereas LDL cholesterol level was significantly higher in group 1 patients
than those in group 2 (127 + 44 vs 107 + 35 mg/dL, respectively, p= 0.004). Receiver operating
characteristic (ROC) curve analysis revealed that a RDW measurement higher than >13.0% pre-
dicted AAD with a sensitivity of 52% and a specificity of 79% (AUC 0.553, p=0.027) in the
study population (Figure).




Table 2. Laboratory parameters of the study population and subgroups

Parameters Group 1 (n=45) Group 2 (n=137) P value

White blood cell count (103/pL) 8.7+29 6.7+1.6 <0.001

Neutrophil count (103/pL) 5.5+2.4 41+13 <0.001

Lymphocyte count (103/pL) 24+88 20+57 0.002 sakarya Med J.

Neutrophil/lymphocyte ratio 2.5 +1.6 21 + 0.7 0.043 2018;8(2):327-335

Haemoglobins (g/dL) 14.0+1.8 14.4+2.1 0.358

Platelet (103/pL) 249 +70 268 +92 0.209 Q(flzlt‘igne;falll.eCell Distribution Widht with Ascending
Aortic DiaméterI Bicuspid Aortic Valve Patients

Mean platelet volume, fL 10.8£1.0 1.0+£7.2 0.854 y

Red cell distribution widht, % 15.8£8.5 15.2£6.1 0.631

Total cholesterol (mg/dL) 199 +35 185 + 45 0.078

LDL Cholesterol (mg/dL) 127 + 44 107 +35 0.004

HDL Cholesterol (mg/dL) 50 +10 49 +15 0.516

Triglyceride (mg/dL) 125+58 157 + 200 0.308

Data presented as mean + standard deviation. HDL : high density lipoprotein; LDL : low density lipoprotein

In univariate correlation analysis, there were positive correlation between RDW levels and LVEDD
(r:0.30, p=0.04 ), IVS (r: 0.61, p< 0.001), PoW (r: 0.52, p< 0.001 ) and AAd (r:0.52, p< 0.001)
in group 1 patients. RDW levels were positively correlated with LVEDD in group 2 patients as well.
However, correlation between RDW levels and AAd was only demonstrated in BAV patients with
AAD that is group 1 (Table 3).

Table 3. Correlation of RDW with echocardiographic and other parameters of the all study population and
subgroups
_ Group 2
All patients (n=182) Group 1 ‘(n— 45) (n=137)
Parameters . Co-efficient (p L
Co-efficient (p value) Co-efficient
value)
(p value)
Age -0.105 (0.160) 0.119 (0.436) -0.153 (0.077)
BMI 0.184 (0.588) 0.126 (0.572) 0.221(0.654)
Total cholesterol -0.182(0.311) -0.387 (0.112) -0.011 (0.911)
LDL cholesterol -0.125 (0.123) -0.366 (0.219) -0.042 (0.658)
HDL cholesterol 0.092 (0.255) -0.221 (0.164) 0.162 (0.087)
Triglycerides -0.033 (0.682) 0.273 (0.084) -0.062 (0.512)
LVEDD -0.115(0.123) 0.303 (0.043) -0.271(0.001)
LVESD -0.082 (0.272) 0.267 (0.076) -0.224 (0.009)
IVS 0.137 (0.068) 0.619 (<0.001) 0.012 (0.890)
Pow 0.144 (0.054) 0.525 (<0.001) 0.047 (0.592)
LA 0.006 (0.941) 0.254 (0.092) -0.055 (0.530)
LVEF -0.035 (0.636) -0.122 (0.424) -0.034 (0.700)
AAd 0.005 (0.945) 0.528 (<0.001) -0.050 (0.567)
AAd : Ascending aorta diameter; BMI : Body mass index; IVS : Interventricular septum thickness; LA : Left
atrium diameter; LVEDD : Left ventricular end-diastolic diameter; LVEF : Left ventricular ejection fraction; LVESD
: Left ventricular end-systolic diameter; PoW: Posterior wall thickness; RDW: Red cell distribution widht

In univariate binary logistic regression analysis, male gender, WBC and RDW levels, NLR and
presence of hyperlipidemia were associated with AAD. In multivariate binary logistic regressi-
on analysis, only increased levels of RDW (odds ratio (OR): 1.78, 95% confidence interval (Cl):
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1.36-2.44, P=0.01) remained as the independent markers of AAD in the study subjects (Table
4). Hosmer and Lemeshow test statistic was 9.61 (df=8, p=0.29), which shows good model fit.

Table 4. Univariate and multivariate regression analysis of possible predictors of ascending aortic dilatation
in study patients
Variables Unadjusted OR Adjusted OR (95%

(95% Cl) P ) P
Age 0.98 (0.95-1.02) 0.41
Male gender 0.19 (0.04-0.79) 0.02 1.02 (0.94-1.03) 0.54
Hyperlipidemia 3.37(1.28-8.84) 0.01 2.46 (0.78-5.68) 0.75
LVEF 1.13(1.04-1.23) 0.03 1.16 (0.97-1.21) 0.45
WBC 1.00 (1.00-1.01) 0.01 0.98 (0.92-1.23) 0.57
Hemoglobin 1.00 (0.69-1.45) 0.97
MPV 1.00 (0.93-1.09) 0.87
RDW 1.24 (1.09-2.18) 0.01 1.78 (1.36-2.44) 0.01
NLR 1.01(0.58-1.72) 0.98
Adjusted for male gender, hyperlipidemia, LVEF, WBC and RDW. Cl:Confidence interval, LVEF: Left ventricular
ejection fraction, MPV: Mean platelet volume, NLR: Neutrophil to lymphocyte ratio, OR: Odds ratio, RDW: Red
cell distribution widht, WBC: White blood cell.

ROC Curve

0,64

0,64

Sensitivity

0,4+

00 ! T T T
oo 02 04 06 08 1.0

1 - Specificity
Figure: Receiver operating characteristic curve of red cell distribution widht (RDW) for predicting
ascending aortic dilatation in the study population.

Discussion

The main finding of our study was that both RDW and NLR are independently correlated with the
AAd in patients with BAV and AAD. In addition, RDW was found to be an independent correlate of
AAD in these patients. To our knowledge, this study is the first to assess the relation of RDW values
and NLR with dilated ascending aorta in BAV patients.




Bicuspid aortic valve is a common congenital disorder and a significant proportion of such pati-
ents develop cardiovascular complications over time. The pathogenesis of BAV is unclear. Genetic
abnormalities, including neural crest abnormalities, deficiencies in endothelial-derived nitric oxide
synthase, fibrillin-1 deficiencies, increased matrix metalloproteinase (MMP) levels, and enhanced
hemodynamic stress on the ascending aortic wall as a result of turbulent flow over the malformed
valve, are implicated in the development of BAV disease and associated aortic abnormalities. '
Associated aortopathy is an important but still poorly understood problem that is frequently de-
tected in BAV patients. More than one third of patients with a BAV have AAD.™ Current guidelines
state that it is reasonable to replace the ascending aorta in patients with BAV undergoing aortic
valve replacement surgery if the AAd is larger than 5.5 cm. However, if there are additional risk
factors (family history of aortic dissection or aortic growth rate = 0.5 cm per year) for dissection
and low surgical risk, surgery is recommended in AAd above 5.0 cm.14 Below these thresholds,
near follow-up with transthoracic echocardiography and if needed computed tomography is re-
commended. However, the availability of these techniques are not always possible and therefore
some new predictors may be required for follow-up of such patients with BAV and AAD. Here,
we found a positive correlation of AAd with NLR and RDW in BAV patients with AAD. In addition,
we demonstrated RDW as an independent correlates of AAD in these patients. These laboratory
parameters are easily available almost in all health centers and can be evaluated by only one tube
CBC assay. These findings may at least give a small clue about AAd in BAV patients with AAD and
for that reason may be utilized as a routine assay at follow-ups of such patients.

Red blood cell distribution width is obtained from a standard CBC. It is a measure of the variability
in size of circulating erythrocytes and is indicated as the coefficient of variation of the erythrocyte
size." It is routinely analyzed in CBC and utilized as a useful marker for differential diagnosis of
anemia.'®" Researchers attribute oxidative stress and inflammation as the actual underlying mec-
hanism in the predictive role of RDW as a potential prognostic marker in various diseases.'®"
There have been an increasing number of studies regarding the association between RDW and
inflalmmation and inflammatory markers. Moreover, in a study increased levels of RDW levels was
reported in patients with AAD.8 Although we did not find a significant difference in RDW levels in
patient groups with and without AAD, we found a significant correlation between RDW and AAd
in BAV patients with AAD.

Proinflammatory status can be measured by using various biochemical and haematological mar-
kers. Although there are novel disease-specific biomarkers, most of these are time consuming
and expensive. NLR is an important measure of proinflammatory status. It is cost-effective, readily
available, and can be calculated with a simple CBC assay. The relationship between NLR and AAD
have been demonstrated before in hypertensive patients.” However, until now, these relationship
had not been showed in BAV patients.

Study Limitations

This is not a large scale study. Therefore, we can only observe a relationship between study pa-
rameters and AAd but can not establish a causal relationship. In addition, only hemoglobin levels
were measured in our study; the factors that may be associated with erythrocyte homeostasis
such as the levels of iron, ferrition, folat, vitamin B12 and other inflammatory mediators were not
assessed.
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Conclusions

There is a positive correlation between RDW, NLR and AAd in BAV patients with AAD. RDW and
NLR as a marker of chronic low-grade inflammation may play a role in the pathogenesis of ane-
urysm of the ascending aorta in BAV patients. High levels of RDW concurrent with an increase in
AAd in BAV patients with AAD may indicate an ongoing subtle inflammatory process that cause
progression of AAD in these patients. However, further large scale studies are needed to confirm
our results and extrapolate whether the levels of RDW and NLR can be used as a marker of the
disease progression and prognosis in these patients.
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