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of ascending aortic dilation in children with
bicuspid aortic valve
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Abstract

Systemic inflammatory indices, originally developed to predict the prognosis of cancer patients, have found increasing applica&
in various medical areas, including cardiovascular research. This study aimed to investigate the relationship between ascending
aortic dilatation in bicuspid aortic valve patients and systemic inflammatory indices. This retrospective cross-sectional study
included 122 patients with bicuspid aortic valves. These patients were divided into 2 groups based on the presence or absence
of dilatation according to ascending aorta z-scores. Complete blood counts were analyzed, focusing on leukocyte, neutrophil,
lymphocyte, monocyte, and platelet counts. Additionally, systemic inflammatory indices including neutrophil-to-lymphocyte ratio,
platelet-to-lymphocyte ratio (PLR), Systemic Immune-Inflammation Index (Sll), Systemic Inflammatory Response Index (SIRI), and
monocyte-to-lymphocyte ratio (MLR) and pan-immune-inflammation value (PIV) were calculated from these parameters. MLR,
SIRI, and PIV demonstrated acceptable diagnostic power in detecting ascending aortic dilatation in bicuspid aortic valve patients,
with area under the curve (AUC) values of 0.709, 0.741, and 0.779, respectively. PLR and SlI exhibited fair diagnostic power, with
AUC values of 0.673 and 0.688, respectively. According to the receiver operating characteristic analysis, PIV had the highest AUC
value of 0.779 (95% confidence interval [Cl] = 0.69-0.86), with a sensitivity of 70.9% and specificity of 70.8% at a cutoff value of
224.983. A relationship exists between PLR, MLR, SlI, SIRI, PIV, and ascending aorta dilatation in pediatric patients with bicuspid
aortic valves. These findings suggest that inflammation may play a role in the dilatation of the ascending aorta in bicuspid aortic
valve patients.

Abbreviations: AUC = area under the curve, BAV = bicuspid aortic valve, CBC = complete blood count, MLR = monocyte-
to-lymphocyte ratio, NLR = neutrophil-to-lymphocyte ratio, PIV = pan-immune-inflammation value, PLR = platelet-to-lymphocyte
ratio, ROC = receiver operating characteristic, Sll = Systemic Immune-Inflammation Index, SIRI = Systemic Inflammatory Response
Index.
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Dilatation of the ascending aorta is observed in more than
one-third of patients with BAV.”! If left unchecked, progres-
sive dilatation may lead to aneurysm formation and poten-
tially life-threatening dissection.l!'%!!] While the pathogenesis
of BAV is not fully understood, ascending aortic dilatation
occurs as a result of various histopathological changes. These
changes include medial degeneration in the aortic wall,
increased matrix metalloproteinase activity, decreased fibrillin-
1 levels, genetic reasons, and hemodynamic stress.!'>!3 The
morphology of the bicuspid valve and the degree of stenosis

1. Introduction

Bicuspid aortic valve (BAV) is one of the most common congen-
ital heart diseases, affecting 0.5% to 2% of the general popula-
tion."3! Both the ascending aorta and the aortic valve develop
from neural crest cells, but they have a common embryonic ori-
gin. Consequently, BAV not only causes problems at the valve
level but also leads to dilatation, particularly of the ascending
aorta, as well as aortopathy, affecting other areas, such as coarc-
tation in the aortic arch.*
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Patients not included in the study:
- 7 patients did not have a
concurrent complete blood count.
- 2 patients had complex congenital|
heart disease.
. Group 1:
- 2 patients had moderate-severe i . . .
aortic valve stenosis. With ascending aorta dilatation (N:
. - " 56)
- 2 patients had active infection. 122 patients with bicuspid aortic
. . valve were analyzed.
Atotal of 135 patients with ) C .
bicuspid aortic valve were | These patients were divided into 2
included in the study. groups according to the z-score of
the ascending aorta
measurements.
Group2: T
Without ascending aorta dilatation
(N: 66)

Figure 1. Flowchart of included and excluded patients in the study.

and insufficiency also contribute to increased hemodynamic
stress on the aortic root and ascending aorta dilatation.!'4-1¢l
Notably, even with a functionally normal valve, BAV patients
can exhibit larger ascending aortic dilatations compared to
control groups. !

Patients with a dilated ascending aorta and BAV undergo
periodic follow-up using imaging tools such as echocardiogra-
phy, computed tomography, and magnetic resonance imaging.
Although surgical operations for isolated ascending aortic aneu-
rysms secondary to BAV are uncommon in pediatric popula-
tions, the condition causes significant concern for families and
increases physician visits.'”? The medical community continu-
ally seeks biomarkers or indices to predict prognosis in these
patient groups.

Recent studies have revealed a relationship between sys-
temic inflammatory indices and vascular remodeling, sug-
gesting that inflammation may play a role in ascending aortic
dilatation.'822l The main parameters investigated in the lit-
erature include the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte  ratio (PLR), Systemic Immune-
Inflammation Index (SII), Systemic Inflammatory Response
Index (SIRI), and monocyte-to-lymphocyte ratio (MLR). In
addition to these, the pan-immune-inflammation value (PIV)
has gained attention in both cardiovascular and other fields.
These parameters are valuable due to their accessibility, ease of
calculation, and cost-effectiveness, as they can be derived from a
single complete blood count (CBC) sample.$-22!

To date, no published study has investigated the relationship
between ascending aortic dilatation in BAV patients and the new
systemic inflammation indices SII, SIRL, and PIV. Accordingly,
in this study, we aimed to investigate the relationship between
these indices and ascending aortic dilatation in patients with
BAV.

2. Materials and methods
2.1. Patient population

This study was conducted using a descriptive cross-sectional
method with a retrospective design at the Pediatric Cardiology
Clinic of Giresun Women’s and Children’s Health Education
and Research Hospital between June 2022 and August 2024.
All patients with BAV whose radiological, clinical, and demo-
graphic data were available were included in the study.

The exclusion criteria are as follows:

* Patients with a history of acute infection within the last
week,
* Complex cardiac disease,

* Moderate or higher aortic stenosis,

* A history of chronic inflammatory disease,

* Suspicious findings on genetic tests or physical exams and a
family history suggesting a connective tissue disease, auto-
immune diseases,

A history of hematological/oncological, renal and liver dis-
ease, those undergoing corticosteroid treatment, and

* Older than 18 years old,

* Those whose data were not available were excluded from
the study.

A total of 135 pediatric patients under 18 years of age with
bicuspid aortic valve were included in the study, considering the
previously mentioned exclusion criteria. However, 13 patients
were excluded due to the absence of simultaneous CBC results
(7 patients), the presence of complex heart disease (2 patients),
elevated acute phase reactants (2 patients), and moderate or
higher aortic stenosis (2 patients). Consequently, data from 122
patients were analyzed (Fig. 1). Ascending aorta measurements
with z-scores of 2 were classified as indicating dilatation. Based
on these criteria, patients with BAV were divided into 2 groups:
those with ascending aorta dilatation (Group 1, n: 56) and those
without (Group 2, n: 66) (Fig. 1).

The study was approved by the Giresun Education and
Research Hospital Ethics Committee (decision number 06, dated
October 09, 2023). Written informed consent was obtained
from all patients participating in the study.

2.2. Echocardiography

Echocardiographic examinations were performed using a
Philips Affiniti 50 (Philips Healthcare, Best, The Netherlands)
echocardiography device. Measurements were taken from para-
sternal long-axis views to assess the diameters of the aortic root,
sinuses of Valsalva, sinotubular junction, and ascending aorta.
All measurements were obtained at their maximum dimension
during peak flow in the mid-systolic phase using the inner edge
to inner edge method.¥ To ensure accuracy, each measurement
was repeated 3 times, and the average of these measurements
was used for analysis. The echocardiographic data were the
normalized for z-score calculations, adjusting for the patients’
height and body surface area.

In addition to these measurements, left ventricular end-
diastolic diameter, left ventricular end-systolic diameter, and
shortening fraction (%) were evaluated. Left ventricular end-
diastolic diameter and left ventricular end-systolic diameter
were measured in millimeters (mm) during diastole and systole,
respectively, while shortening fraction was calculated as a per-
centage to assess left ventricular systolic function. All parameters
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were based on “Guidelines for Performing a Comprehensive
Pediatric Transthoracic Echocardiogram: Recommendations
From the American Society of Echocardiography.”!

The classification of BAV was performed using the Sievers
classification system, which categorizes BAV based on the num-
ber of raphes observed: type 0 (no raphe), type 1 (1 raphe), and
type 2 (2 raphes).?4

2.3. Biochemical analysis

Blood samples were collected in K2-EDTA (ethylenedi-
aminetetraacetic acid) tubes, and CBC parameters were analyzed
using the XN1000 (Sysmex Co., Kobe, Japan) device. The fol-
lowing equations were used to calculate inflammatory indices:
NLR = (neutrophil count/lymphocyte count), MLR = (mono-
cyte count/lymphocyte count), PLR = (platelet count/lympho-
cyte count), SII = (platelet count * neutrophil count/lymphocyte
count), SIRI = (monocyte count * neutrophil count/lymphocyte
count), PIV = (platelet count * monocyte count * neutrophil
count)/lymphocyte count).

2.4. Statistical analysis

All statistical analyses were performed using SPSS version 26.0
(IBM Corp, Armonk, NY). The Kolmogorov-Smirnov test was
used to assess data normality. Continuous data with a normal
distribution (parametric) are reported as mean (standard devia-
tion), while non-normally distributed data (nonparametric) are
reported as median (25th-75th percentile). Categorical vari-
ables are presented as frequency and percentage values. The
Chi-square test was used for discrete data. To compare demo-
graphic, echocardiographic, and biochemical data of patients
with and without ascending aorta dilatation in the bicuspid
aorta, the Mann-Whitney U test was used for nonparametric
variables and Student ¢ test for parametric variables. Receiver
operating characteristic (ROC) analysis was used to evaluate
the diagnostic performance of the tests, providing area under
the curve (AUC), sensitivity and specificity values. An AUC > 0.9
was interpreted as outstanding, 0.8 to 0.9 as excellent, 0.7 to
0.8 as acceptable, 0.6 to 0.7 as moderate, and 0.5 to 0.6 as poor.
Statistical significance was set at P < .05.

3. Results

The median ages (25th—75th percentile) of patients in Group 1
and Group 2 were 9 years (5-15) and 8 years (4-12), respec-
tively. There was no statistically significant difference between
the demographic data of the 2 groups (Table 1).

The distribution of patients according to bicuspid valve
types and other echocardiographic data is presented in Table 2.
Among the echocardiographic parameters, only the ascending
aorta z-score was significantly higher in Group 1 than in Group
2 (P =.006). No statistically significant differences were found
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between the groups in other echocardiographic parameters. The
most common BAV morphology in Groups 1 and 2 was type 1
R/L (53.5% and 59.1%, respectively).

Table 3 presents the comparison of laboratory data between
the groups. Group 1 showed significantly higher levels of white
blood cell count, monocyte count, platelet count, PLR, MLR,
SII, SIRI, and PIV compared to Group 2. Conversely, lympho-
cyte count was significantly lower in Group 1 (P =.03). No sta-
tistically significant differences between the 2 groups in terms of
neutrophil count, MPV, CRP, and NLR.

The ROC curve and diagnostic accuracy of the new inflam-
matory parameters in predicting ascending aortic dilatation in
patients with BAV are presented in Table 4 and Figure 2. MLR,
SIRI, and PIV demonstrated acceptable diagnostic power in
detecting ascending aortic dilatation in patients with BAV, with
AUC values of 0.709, 0.741, and 0.779, respectively. PLR and
SII showed fair diagnostic power, with AUC values of 0.673 and
0.688, respectively. ROC analysis revealed that PIV exhibited
the highest diagnostic accuracy, with an AUC value of 0.779
(95% confidence interval [CI] = 0.69-0.86). At a cutoff value of
224.93, PIV demonstrated a sensitivity of 70.9% and specificity
of 70.8% (Table 4).

4. Discussion

In our study, we found that MLR, SIRI, and PIV were the most
significant systemic inflammatory indices in predicting ascend-
ing aortic dilatation in patients with BAV. BAV is one of the
most common congenital heart diseases, affecting 0.5% to 2%
of the population.!'=252¢ It not only causes problems at the
valve level but also impacts other parts of the aorta, partic-
ularly the ascending aorta. Approximately 50% of patients
with a bicuspid aorta experience dilatation (z-score > 2 SD).l'!
The pathogenesis of ascending aorta dilatation in BAV patients
is not fully understood. Factors such as genetic conditions
(Marfan syndrome and Loeys-Dietz syndrome) and hemody-
namic stress on the aortic wall due to blood flow through the
bicuspid valve are known to contribute to the development
of ascending aortic dilatation.?”? Additionally, some studies
suggest that systemic and localized inflammation may play a
role in the pathophysiology of ascending aortic dilatation in
patients with BAV.[18-2228]

Systemic inflammatory indices, calculated using the neu-
trophil, lymphocyte, monocyte, and platelet counts from
routine CBCs, provide valuable information about inflamma-
tion. Initially used to predict survival and recurrence in can-
cer patients, these indices are now applied to a wide range
of diseases, including cardiovascular diseases.'?”! For example,
high SII and SIRI values have been associated with increased
mortality in patients with osteoarthritis,?” a higher risk of
stroke,?" as well as cardiovascular and all-cause mortal-
ity.39351 Our study also suggests a close relationship between
these inflammatory indices and ascending aorta dilation in
BAV patients.

Comparison of demographic data of the participants.

Group 1 Group 2 P-value*
Age (vear) 9 (5-15) 8 (4-12) 14
Gender n (%) Female 24 (42.8%) 29 (43.9%) .09
Male 32 (57.2%) 37 (56.1%)
Weight (kg) 33 (17.40-53.25) 31 (15.75-50.50) 43
Height (m) 140.5 (110-160) 135 (98.5-159) 26
Body mass index (kg/m?) 17.26 (15.16-21.30) 17.75 (15.51-21.48) 67

* P < .05 statistical significance. The data are presented as a number (percentage %) or median (25th—75th percentile). The Mann—-Whitney U test was utilized for continuous variables, while the Chi-

square test was used for discrete variables.



YUkcU and Arslan e Medicine (2024) 103:49 Medicine
Table 2
Comparison of echocardiography data of groups.
Group 1 Group 2 P-value

Bicuspid aortic types n (%) Type 0 7 (12.5%) 15 (22.7%) 12

Type 1, R/IL 30 (53.5%) 39 (59.1%)

Type 1, R/N 13 (23.2%) 10 (15.2%)

Type 1, UN 1(1.8%) 1(1.5%)

Type 2 2 (3.6%) 1(1.5%)

Unclassified types 3(5.4%) 0
Aortic anulus z-score 1.30 (0.55-1.73) 1.31 (0.10-14.32) .26
SVS z-score 0.79 (0.20-1.36) 1.03 (0.25-20.15) 14
STJ z-score 1.05 (0.60-1.63) 0.47 (0.10-16.75) .98
Ascending aorta z-score 2.80 (2.22-3.34) 1.08 (0.42-1.57) .006*
LVEDD (mm) 41 (34.5-48.1) 39.5 (34.5-45.75) 15
LVEDS (mm) 25 (21.5-30.5) 24.5(19.25-27.5) .16
SF (%) 38 (36-40) 38 (35-39.75) .51

LVEDD = left ventricular end-diastolic diameter, LVESD = left ventricular end-systolic diameter, SF = shortening fraction, STJ = sinotubular junction, SVS = sinlis valsalva, type 1, L/N = raphe between the

left and noncoronary sinuses, type 1, R/L = raphe between the right and left coronary sinuses, type 1,

R/N = raphe between the right and non-coronary sinuses, type 2 = valve with 2 raphes.

* P < .05 statistical significance. The data are given as a number (percentage %) or as the median (25th—75th percentile). The Chi-square test was utilized for discrete variables, and the Mann—Whitney U

test was used for continuous variables.

Comparison of laboratory data of the groups.

Group 1 Group 2 P-value
White blood cell count (10%L) 7.99 (1.44) 7.18 (1.66) .02*
Neutrophil count (10%L) 4.01 (1.15) 3.82 (1.21) 07~
Lymphocyte count (10%L) 2.49 (0.89) 2.90(1.13) .03*
Monocyte count (10%L) 0.65(0.2) 0.46 (0.18) <.001*
Platelet count (10%L) 338.81 (84.4) 263.35 (69.18) <.001*
MPV (fL) 8.90 (0.86) 8.62 (0.85) .08"
CRP (mg/L) 0.30 (0.20-0.50) 0.40 (0.20-1.20) 381
NLR 1.41(1.17-1.898) 1.38 (1.13-1.57) 06"
PLR 1437 (117.6-183.7) 94.26 (78.06-119.1) .006
MLR 0.25(0.20-0.34) 0.15(0.12-0.22) <.001"
SlI 537 (383-676) 381 (295-505) <.0011
SIRI 0.95(0.70-1.24) 0.61 (0.47-0.90) <.001t
PIV 289.9 (216.3-409.4) 163.6 (117.8-239.1) <.001"

MLR = monocyte/lymphocyte ratio, MPV = mean platelet voltime, NLR = neutrophil/lymphocyte ratio, PIV = pan-immune inflammation value, PLR = platelet/lymphocyte ratio, SIl = systemic immune

inflammatory index, SIRI = systemic inflammatory response index.

Parametric data are given as mean (SD). Nonparametric data are given as median (25-75th percentile). Bold numbers are statistical significance.

* Student’s ¢ test.
T Mann-Whitney U test (P < .05 significance).

Diagnostic accuracy of new inflammatory parameters to predicting ascending aortic dilatation in patients with bicuspid aorta.

Parameters AUC Cutoff Sensitivity % Specificity % %95 Cl P-value
PLR 0.673 >117.08 69.1 66.2 (0.57-0.77) <.001
MLR 0.709 >0.19 7.7 69.2 (0.61-0.80) <.001
Sl 0.688 >435.5 67.3 63.1 (0.59-0.78) <.001
SIRI 0.741 >0.715 74.5 61.5 (0.65-0.82) <.001
PIV 0.779 >224.93 70.9 70.8 (0.69-0.86) <.001

AUC = area under curve, Cl = confidence interval; see Table 3.

To the best of our knowledge, our study is the first to inves-
tigate the effects of PLR, SII, SIRI, and PIV on ascending aorta
dilation in BAV patients, based on an extensive literature review.
According to ROC analysis, PIV demonstrated the highest AUC
value of 0.779 (95% CI=0.69-0.86), with a sensitivity of
70.9% and specificity of 70.8% at a cutoff value of 224.93.
Thus, PIV was identified as the parameter with the highest AUC
value for predicting ascending aorta dilation in patients with
BAV.

In the study conducted by Aslan et al, white blood cell count
and NLR were found to be significantly higher in the group

with ascending aorta dilation, consistent with our findings.
However, while they found a significantly higher neutrophil
count in the group with dilatation, we did not observe a sig-
nificant difference between the groups.??! In contrast, another
study found no significant differences was found between
groups in terms of leukocyte, lymphocyte, neutrophil counts,
and NLR.!""!

Another study reported a significant difference in CRP and
monocyte counts related to dilatation of the ascending aorta
in BAV patients, whereas our study revealed a similar signifi-
cant difference in monocyte counts but not in CRP values.?"
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Figure 2. The ROC curve of new inflammatory parameters for predicting

ascending aortic dilatation in patients with bicuspid aorta. See Table 3. ROC =
receiver operating characteristic.

We believe that the lack of a significant difference in CRP values
in our study may be due to the exclusion of patients with acute
infections.

In the study by Chen et al, which examined the impact of
inflammatory biomarkers on the development of poststenotic
ascending aortic dilatation in patients with aortic stenosis, a
significant increase in monocytes was observed in the dilation
group, similar to our study. The authors also found a signifi-
cantly low lymphocyte/monocyte ratio.*!! Since we formulated
this parameter in the opposite way (MLR, monocyte/lympho-
cyte ratio), we found it to be significantly higher in the group
with ascending aorta dilatation. Additionally, their study found
no significant differences between the groups in terms of leuko-
cyte, neutrophil, and CRP values.”!!

5. Study limitations

Our study was conducted in a single center with a small popu-
lation, which limits the generalizability of the results. Another
limitation is that the echocardiography values were measured
by a single physician due to being in a peripheral health center.
While we examined the relationship between ascending aortic
dilatation in patients with BAV and systemic inflammatory indi-
ces, the cause—effect relationship was not investigated. In addi-
tion, the fact that there were no patients who underwent aortic
surgery due to ascending aortic dilatation indicates that our
follow-up period was short, and our center was not an advanced
center. Future research should include studies on patients with
ascending aortic dilatation and tricuspid aortic valve to better
understand the relationship between systemic inflammatory
indices and aortopathy.

6. Conclusion

In conclusion, we identified a positive relationship between
systemic inflammatory indices: MLR, PLR, SII, SIRI, and PIV,
and ascending aortic dilation in patients with BAV. To the best
of our knowledge, this is the first study to explore this relation-
ship using the SII, SIRI, and PIV indices. We found a positive
relationship between patients with ascending aortic dilata-
tion and BAV and high SII, SIRI, and PIV and high z-scores.
Although these indices do not establish a cause-and-effect
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relationship, they offer a practical and cost-effective means
of predicting ascending aortic dilatation in patients with BAV.
Consequently, they may contribute to a better understand-
ing of the pathophysiology of this condition, which remains
unclear. These indices could also aid in the effective moni-
toring of at-risk populations and offer new avenues for early
intervention strategies. However, larger-scale studies are nec-
essary to generalize these findings across the entire patient
population.
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