Indian Journal of Experimental Biology
Vol. 60, July 2022, pp. 527-532

Diagnostic values of neutrophil-to-lymphocyte ratio and Tei index for congenital
heart disease-associated pulmonary arterial hypertension in children

Jiao Yang, Yan Sun, Li Xue, Liyuan Xu, Hongju Zhang, Guowen Liu & Ning Ma*

Department of Echocardiography, Cardiac center, Beijing Children’s Hospital, Capital Medical University, National Center for
Children’s Health, 100045, Xicheng, Beijing, China

Received 19 January 2022; revised 10 June 2022

About 10% of children with congenital heart disease (CHD) have pulmonary arterial hypertension (PAH). In this study,
we explored the diagnostic values of neutrophil-to-lymphocyte ratio (NLR) and Tei index for CHD-PAH in children. In
order to complete the study, two hundred CHD children treated in our hospital from January 2015 to January 2017 were
enrolled and divided into postoperative-PAH group (n=29) and no postoperative-PAH group (n=171) according to follow-up
results. The peripheral blood was drawn after surgery, neutrophils and lymphocytes were measured by routine blood test,
and NLR was calculated. Ventricular Tei index was determined by pulse Doppler, and the other basic data were compared.
Factors affecting postoperative PAH were explored by multivariate analysis. The correlations of NLR and Tei index with
N-terminal pro-B-type natriuretic peptide (NT-proBNP) and cardiac output/pulmonary blood flow (CO/Qp), were analyzed.
The structural equation model of PAH was constructed. According to receiver operating characteristic (ROC) curves, the optimal
cutoff values of NLR and Tei index for evaluating postoperative PAH were investigated. It has been found that NLR and Tei index
are closely related to CHD-PAH in children, which indirectly reflect the severity and have high diagnostic values.
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Congenital heart disease (CHD) is a type of
congenital disease with abnormal anatomical structure
triggered by abnormal development of cardiovascular
system during embryonic development. CHD, the
most typical congenital defect, ranks first among birth
defects in China, which is one of the major
contributors of neonatal death. CHD accounts for
29% of all deaths from birth defects in newborns'.
CHD can result in low immunity and malnutrition,
easily lead to respiratory infection and other diseases,
and even induce congestive heart failure and
pulmonary arterial hypertension (PAH), thus affecting
the quality of life of the children after birth, reducing
their survival rate, shortening their survival time, and
bringing burden to their families and the society®.
About 10% of CHD children have PAH. Among
various types of surgical indications and prognosis of
CHD, the diagnosis of PAH is the key factor and
prerequisite for choosing a reasonable treatment plan
for CHD children®.

In this context, it becomes necessary to assess the
indices for diagnosing the severity of CHD-PAH in
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children, evaluate the correlation between each index
and CHD-associated PAH (CHD-PAH) as it would
help understanding the situation and development of
the children’s condition better, formulate reasonable
treatment methods, improve the treatment effect, and
ameliorate the prognosis of the children. Therefore,
in this study, we tried to investigate the value of
neutrophil-to-lymphocyte ratio (NLR) and cardiac
Tei index and its use in the diagnosis of CHD-PAH
in children.

Materials and Methods

Two hundred CHD children treated in our hospital
from January 2015 to January 2017 were enrolled as
research subjects. Among them, there were 112 males
and 88 females, aged 4 months old to 5.4 years old,
with a mean of (2.4 + 0.3) years old, and the bod
mass index (BMI) was (1345 + 1.2) kg-m™.
According to the postoperative pulmonary artery
pressure  (PAP), the children were divided
into postoperative-PAH group (n=29) and no
postoperative-PAH group (n=171). This study was
reviewed and approved by the hospital Ethics
Committee, and informed consent was obtained from the
family members of all the subjects participated in
this study.
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Inclusion criteria

For the study, only children (i) meeting the
diagnostic criteria for CHD* which could be diagnosed
based on the pregnancy history of the child patient's
mother, symptoms, development status, X-ray
examination, ultrasound, electrocardiogram, cardiac
catheterization, angiocardiography, determination of
pigment dilution curve and spiral computed
tomography (CT); and those with (ii) clinical
symptoms such as purple lips, malnutrition, low
immunity, upper respiratory tract infection and
pulmonary infection; (iii) sinus rhythm; and (iv) those
who would not quit halfway and could cooperate
during the study were included.

Exclusion criteria

Children with (i) premature contraction, bundle
branch block or advanced atrioventricular block; (ii)
pulmonary artery stenosis or right ventricular outflow
tract stenosis; (iii) endocrine, metabolic, renal or other
relevant diseases; or (iv) mania, depression,
schizophrenia or other mental disorders were not
included in the study.

Methods and Measures

General data such as age, gender and body mass of
all patients were collected through the electronic
medical record system. According to the relevant
criteria in the 2015 ESC/ERS Guidelines for the
diagnosis and treatment of PAH, the PAP at rest was
estimated by colour Doppler echocardiography in
children with CHD, and spiral CT pulmonary
angiography (CTPA) was conducted. With systolic
PAP (sPAP) >40 mmHg as the diagnostic criterion for
PAH®, the CHD children were divided into
postoperative-PAH  group (n=29) and no
postoperative-PAH group (n=171). On the early
morning of the next day after surgery, 5 mL of fasting
venous blood was drawn from each subjects, injected
into an anticoagulant tube, and mixed evenly. Then,
the clinical and biochemical indices were detected in
the Department of Clinical Laboratory of our hospital
within 2 h, and the NLR was compared between the
two groups of patients.

The indices of right ventricular function, such as
the right atrial pressure (RAP), mean PAP (mPAP),
pulmonary artery wedge pressure (PAWP), N-
terminal pro-B-type natriuretic peptide (NT-proBNP),
cardiac output/pulmonary blood flow (CO/Qp),
pulmonary vascular resistance index (PVRI),
cardiac index (Cl), sPAP, 6-min walk distance

(6MWND), transcutaneous oxygen saturation (SPO)
and BNP, were measured using an EPIQ 7 cardiology
4-dimensional color Doppler ultrasound (Philips).

The children were kept in a quiet state before
measurement, and orally administered with 10%
chloral hydrate (manufacturer: Qingdao Yulong Algae
Co., Ltd., batch number: 20140132, specification:
0.5 mL/kg, total dose <10 mL) for sedation according
to the situation. Next, the children were adjusted to
the left lateral decubitus position. Parameters of the
instrument were tuned to get clear images, the
examination angle was adjusted to obtain the best
detection signal from each valve orifice, and the
sample volume was 0.24 cm?®. Besides, the blood flow
signal of each valve artery at the end of breath were
recorded at a speed of 50-100 mm/s, and the clear
dynamic and static images of the valve orifice section
were saved.

The scanning speed of the Doppler ultrasound was
set as 50-100 mm/s, the sample volume was placed at
the mitral orifice, and the direction of the sound beam
was adjusted so that it was parallel to the blood flow
direction. Furthermore, the forward blood flow
spectrum of the mitral orifice was obtained, peak A
and peak E were determined, and the time interval
from the end of peak A to the beginning of peak E of
the next cardiac cycle was measured, which was the
isovolumetric contraction time (ICT). Then, the
sample volume was placed at the aortic valve orifice,
and the blood flow spectrum of the aortic valve orifice
was obtained. The time from the beginning to the end
of the forward blood flow of the aortic valve was
measured, which was the ejection time and also the
isovolumetric relaxation time (IRT). The ICT of the
tricuspid orifice and IRT of the pulmonary valve were
determined using the same method. Moreover, the
spectral waveforms of at least 3 consecutive cardiac
cycles were collected, and the average of multiple
measurements was obtained. Tei index was calculated
as: Tei index = (ICT+IRT)/IRT.

The relevant data of regular follow-up of all
subjects were collected by means such as
hospitalization, outpatient service and phone call. In
this study, the follow-up time was 3 years, and the
patients were followed up every 6 months until
January 2020, with at least 5 follow-up records for
each patient. Pulse Doppler was utilized for
echocardiography. sPAP >40 mmHg at rest was set as
the enrolment criterion for postoperative-PAH group,
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and the remaining patients were grouped into no
postoperative-PAH group.

SPSS 19.0 software was used for one-way
ANOVA, and GraphPad Prism 5.0 was utilized for
plotting. The t-test and ,* test were performed for
comparisons between two groups. Pearson’s analysis
was conducted to analyze the correlations of NLR and
Tei index with NT-proBNP and CO/Qp, respectively.
The structural equation model of PAH was
constructed using the analysis of a moment structures
(AMOS) software, and ROC curves were plotted to
analyze the values of NLR and Tei index for
predicting postoperative PAH. P <0.05 suggested that
the difference was statistically significant.

Results

Clinically, there were no statistically significant
differences observed in age, BMI, gender and number
of Down syndrome patients between the two groups
(P >0.05) (Table 1). Similarly, no statistically
significant differences were found in parameters such
as RAP, mPAP and PAWP between the two groups
(P >0.05). Compared with those in no postoperative-
PAH group, the NT-proBNP, CO/Qp, NLR and Tei
index in postoperative-PAH group were significantly
higher, showing statistically significant differences
(P <0.05) (Table 2).

The NLR and Tei index had positive correlations
with NT-proBNP and CO/Qp, respectively (P <0.05),
indicating that NLR and Tei index may rise with the
increase of NT-proBNP or CO/Qp (Fig. 1).

Based on the AMOS software, the structural
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RMSEA and GFI were 0.000 and 1.000, respectively.
The path coefficients of NT-proBNP, CO/Qp, NLR
and Tei index were 0.106, 0.09, 0.04 and 0.03,
respectively (P <0.05), and the coefficient of
determination of the model was 0.064 (Table 3 and
Fig. 2).

To evaluate the values of NLR and Tei index for
predicting postoperative PAH in patients, the optimal
(cut off) values of NLR and Tei index for predicting

Table 1 — Baseline clinical data

Group No postoperative Postoperative ¢/ P
-PAH (n=171) -PAH (n=29)
Age (month) 27.6x0.4 27.7£0.6 1.148 0.253
BMI (kg-m) 13.4+1.2 13.6+0.8 0.865 0.388
Male (n) 113 18 0.014 0.907
Down syndrome (n) 2 3 0.662 0.416
Table 2 — Clinical and hemodynamics parameters
Group No post- Postoperative t P
operative-PAH -PAH

RAP/mmHg 9.2+2.8 9.3+2.5 0.180 0.857
mPAP/mmHg 63.2+18.7 63.4+17.5 0.054 0.957
PAWP/mmHg 8.42+3.98 8.73+4.06  0.387  0.699
NT-proBNP 142442 279158 15.291 0.000
(COIQpP)/(L-min™) 1.73+0.43 2.89+0.52 13.014 0.000
PVRI/ (WU-mz) 2248.3 24.518.6 1492  0.137
Cl(L-mintm?) 35+1.2 3.4£1.0 0.424 0672
ERA 18.5+15 19.0+1.3 1.690 0.093
SPAP/mmHg 85.3+10.4 86.1+11 0.380 0.704
6MWD/m 506.4+40.5 508.7+#42.1 0.281 0.779
SPO,/% 92.8+12.8 94.2+13 0.543  0.587
BNP (ng/L) 120.4+£11.7 123.6£10.8 1.376 0.170
NLR 4.161£0.4 4.43+0.6 3.098 0.002
Tei index 0.36+0.1 0.43+0.11 3.435 0.001

Table 3 — Parameters of PAH structural equation model

equation model of PAH was constructed using the DePeQIde”t '”d_e%ﬁ”de”t Sta{‘hdard]fr?“_mat”o” P
maximum likelihood estimation method, and the ﬂ:ﬁ ¢ KlaT“_T)roeBNp E)pioscoe een?) 0.000
optimgl model was _identified with the exploration COIQp 0.09 0.000
analysis method. Besides, the root mean square error NLR 0.04 0.002
of approximation (RMSEA) and goodness of fit index Tei index 0.03 0.001
(GFI1) were utilized to evaluate the goodness of fit of PVRI -0.08 0.137
the model. The results revealed that the structural BNP ~0.12 0.170
equation model of PAH fitted well, and the values of cl 0.03 0672
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Fig. 1 — Correlations of NLR and Tei index with NT-proBNP and CO/Qp.
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Fig. 2— PAH structural equation model.
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Fig. 3— ROC curve analysis of values of NLR and Tei index for
diagnosing postoperative PAH

Table 4 — Values of NLR and Tei index for predicting
postoperative PAH

Diagnostic AUC Opti- P Sensi- Specifi- +ve Ve

index mal tivity city (%) predictive predictive

cutoff (%) val. (%) val. (%)
NLR 0.730 6.75 <0.00 8295 79.48 7597 85.10
Teiindex 0.797 0.68 <0.00 74.83 70.42 77.58 72.94
Combi- 0804 / <000180.57 7358 74.26 79.73
nation

postoperative PAH were analyzed and predicted using
the ROC curve. The optimal (cut off) values of NLR
and Tei index for predicting postoperative PAH were
NLR=6.75 and Tei=0.68, respectively. The area under
the curve of NLR combined with Tei was 0.804

(95% CI: 0.736-0.849, P <0.001), showing a higher
diagnostic value (Table 4 and Fig. 3).

Discussion

Pulmonary arterial hypertension (PAH), one of the
most typical complications of CHD in children, can
trigger irreversible changes of pulmonary vessels,
greatly shortening the life span of patients. Therefore,
early diagnosis and early treatment are key for
the treatment of CHD-PAH®. Due to the
pathophysiological features of CHD-PAH and the
complexity and diversity of cardiac anatomy, the
multiple adaptive mechanisms of CHD-PAH have not
been fully understood. As a result, enough attention
has not been paid to CHD-PAH. In the past 50 years,
surgery and pediatric cardiology have developed
extensively, which improves the abilities of early
identification and diagnosis of heart defects, and
optimizes the treatment plans, thus delaying the
progress of PAH in many cases’.

Tei index, a non-invasive index proposed by
Tei et al. in 1995% to quantitatively assess the
ventricular systolic and diastolic function, is
associated with cardiac preload. Tei index is able to
objectively and truly assess the overall function of the
heart, without being affected by heart rate and heart
geometry. Meanwhile, its measurement is simple and
repeatable®. Some scholars have used Tei index to
evaluate the cardiac function in adults, children and
fetus. The results manifested that Tei index is a
sensitive index to assess the changes of cardiac
function, possessing a certain clinical application
value currently, and having extensive application
prospects'®. Another study have demonstrated that Tei
index of the left ventricular in fetus in CHD group is
significantly higher than that in normal control group
(P <0.05), suggesting that Tei index can serve as an
index to assess the left ventricular function in CHD
fetus, provide a reliable basis for early evaluation of
the prognosis of the fetus, and guide perinatal
treatment™. It has been reported that Tei index of
CHD-PAH patients is dramatically higher than that of
normal controls, non-PAH CHD patients, and CHD
patients with mild to moderate PAH, suggesting that
Tei index can serve as a vital index to diagnose PAH
in CHD patients and judge the severity of PAH". The
results of this study revealed that Tei index of patients
in postoperative-PAH group was prominently higher
than that in no postoperative-PAH group, indicating
that Tei index may be closely associated with
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postoperative PAH in CHD patients. However, further
investigation is needed to clarify the association
between Tei index and PAH in CHD patients.

The data of white blood cell count (WBC) and its
classification are very easy to obtain in clinical
practice. NLR refers to the ratio of neutrophils to
lymphocytes. In recent years, NLR is considered to be
an index that is able to reflect inflammation®®. NLR is
clearly associated with the condition and prognosis of
coronary heart disease'’, heart failure®™, type 2
diabetes'® and acute pancreatitis’’. NLR is positively
correlated with chronic obstructive pulmonary disease
(COPD) complicated with PAH (P <0.05), and can be
taken as a valuable index to reflect the condition of
COPD complicated with PAH. There is a strong
correlation between NLR and CHD, and the increase
of NLR in mothers during pregnancy will lead to an
elevated risk of CHD in their children. Therefore,
NLR can be taken as a clinical index to predict CHD
in newborns™. The association between NLR and
PAH has also been explored by scholars, and the
results revealed that the number of lymphocytes is
decreased markedly, the number of neutrophils is
increased dramatically, and NLR was notably higher
in PAH patients than that in normal control group,
indicating that NLR is associated with the prognosis
of PAH®. In the present study, the correlation
between NLR and postoperative PAH in CHD
patients was explored. The results revealed that the
NLR of patients in postoperative-PAH group was
markedly higher than that in no postoperative-PAH
group, implying that NLR may be closely associated
with postoperative PAH.

According to a study, the levels of NT-proBNP and
CO/Qp are positively correlated with PAP in patients
with CHD-PAH (P <0.05), which are able to
indirectly reflect the severity of PAH in CHD
patients”. The results of this study demonstrated that
the levels of NT-proBNP and CO/Qp in CHD patients
in postoperative-PAH group were dramatically higher
than those in no postoperative-PAH group. Therefore,
the correlations of NLR and Tei index with NT-
proBNP and CO/Qp, respectively, were analyzed. The
results indicated that NLR and Tei index had positive
correlations  with  NT-proBNP and CO/Qp,
respectively (P <0.05). Based the on AMOS software,
the structural equation model of PAH was constructed
using the maximum likelihood estimation method.
The results indicate the coefficient of determination of
the PAH structural equation model to be 0.64 and the
fitness degree good, implying that NT-proBNP,

CO/Qp, NLR and Tei index are closely related to
postoperative PAH in CHD patients. In addition, the
value of NLR and Tei index for diagnosing
postoperative PAH was analyzed using the ROC
curve. The optimal cutoff values of NLR and Tei
index for predicting postoperative PAH were
NLR=6.75 and Tei=0.68, respectively. However,
further studies are needed to clarify the association
between NLR and postoperative PAH.

Conclusion

Above observations in the study suggest that NLR
and Tei index are closely related to the severity of
congenital heart disease-associated pulmonary arterial
hypertension (CHD-PAH) in children, indirectly
reflect the severity of CHD-PAH in patients and
thereby play an important role in the diagnosis of
CHD-PAH.
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