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Abstract

Objectives: Naples prognostic score (NPS) is a recently established score that measures inflammation and
nutritional conditions. This score includes lymphocyte-to-monocyte ratio, neutrophil-to-lymphocyte ratio, total
cholesterol levels, and serum albumin levels. Initial studies have shown that the NPS score has more prognostic
value than other inflammatory parameters in some cancer diseases. Recently, the association of the NPS score
with various cardiovascular diseases has started to be evaluated. The association between ischemia in myocardi-
al perfusion scanning and the Naples score has not yet been investigated. In this study, we evaluated if the NPS
may help predict ischemia in myocardial perfusion scanning.

Methods: This study included a total of |10 patients. All patients underwent myocardial perfusion scintigraphy
(MPS) at the nuclear medicine department, with dipyridamole or adenosine administered as the pharmaceutical
stressor. The subjects were divided into two groups according to the presence or absence of ischemia on gated
single-photon emission computed tomography (SPECT) MPI. Laboratory values within the past month before
MPS were obtained from digital records for both groups. The NPS was calculated for each group. Laboratory
values and NPSs of the groups were compared.

Results: All individuals in the trial had gated SPECT MPI. The average age of individuals was 59.8%+11.1
years, with 62 patients (56%) being male. Subjects were divided into two groups according to the pres-
ence or absence of ischemia on gated SPECT MPI. Table | displays the demographics of the whole study
population. Based on the laboratory data (Table 2), there was no significant difference in the demographic
features of the groups. The ischemia group had significantly higher levels of white blood cell count (cells/
pL), neutrophil count (cells/pL), hemoglobin (g/dL), CRP (mg/L), and NPS (8.6+2.2, 7.7+1.9, p=0.040;
5.0£2.1,4.1%£1.3, p=0.014; 12.6£1.7, 13.4%1.8, p=0.025; 8.2£2.0, 7.9£2.0, p=0.004; 2.6£ 1.0, 1.5). Other
laboratory results did not differ across the groups.

Conclusion: Our findings indicated an association between NPS and the detection of ischemia in MPS. NPS is
an independent variable for diagnosing myocardial ischemia in stable coronary artery disease patients.

Keywords: Myocardial ischemia; myocardial perfusion scintigraphy; naples prognostic score; single-photon
emission computed tomography.

Naples Prognostik Skorunun Miyokardiyal Perfiizyon
Sintigrafisindeki iskemiyi Ongormedeki Degeri

Ozet

Amag: Naples Prognostik Skor (NPS), inflamasyon ve beslenme durumunu degerlendiren yeni tanimlanmis bir
skordur. NPS skorunun gesitli kardiyovaskiiler hastaliklarla iligkisi arastirilmaya baslanmistir. Miyokard perfiizyon
taramasinda iskemi olmasi ile Naples skoru arasindaki iliski henliz aragtinlmamistir. Bu galismada, Naples prog-
nostik skorunun miyokard perfiizyon taramasinda iskemi tahminine yardimci olup olamayacagini degerlendirdik.
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Gere¢ ve Yontem: Bu calisma toplam |10 hastayi icermektedir. Tim hastalara, niikleer tip béliimiinde farmakolojik stresor olarak dipyridamol
veya adenosin kullanilarak miyokard perfiizyon sintigrafisi (MPS) yapilmistir. Hastalar, gated SPECT MPI'daki iskemi varligina gore iki gruba ayrildi. MPS
yapilmasindan 6nceki son bir ay i¢indeki laboratuvar degerleri her iki grup igin dijital kayitlardan elde edildi. Her bir grup icin Naples Prognostik Skoru
(NPS) hesaplandi. Gruplarin laboratuvar degerleri ve Naples Prognostik Skorlari karsilastirildi.

Bulgular: Calismamizda tiim hastalara gated SPECT MPI testi yapilmisti. Hastalarin ortalama yasi 59.8%1 1.1 yil olup, 62 hastanin (%56) erkek oldugu
gorildi. Hastalar, gated SPECT MPI'daki iskemi varligina gére iki gruba ayrildi. Gruplarin demografik 6zelliklerinde anlamli fark yoktu. Laboratuvar
verilerine dayanarak iskemi grubunda ; beyaz kan hiicresi sayisi (hiicreler/pl), nétrofil sayisi (hiicreler/ L), hemoglobin (g/dL), CRP (mg/L) ve Na-
ples prognostik skoru (8.612.2, 7.7+ 1.9, p=0.040; 5.0+2.1, 4.1£1.3, p=0.014; 12.6%1.7, 13.4+1.8, p=0.025; 8.2+£2.0, 7.9£2.0, p=0.004; 2.6% 1.0,
|.5) anlamli derecede yiiksekti. Diger laboratuvar sonuglari gruplar arasinda farklilik géstermedi.

Sonug: Bulgularimiz, NPS ile miyokard perflizyon sintigrafisinde iskemi olmasi arasinda bir iligki oldugunu gésterdi. NPS, stabil koroner arter hastaligi

olan hastalarda miyokard iskemisini teshis etmek i¢in bagimsiz bir degiskendir.

Anahtar sozciikler: Miyokard iskemisi; miyokard perflizyon sintigrafisi; naples prognostik skoru; tek foton emisyonlu bilgisayarl tomografi.

Introduction

Ischemic heart disease is known as the leading cause of mortal-
ity worldwide. Angina pectoris is the predominant symptom of
ischemic heart disease. In patients with stable angina pectoris,
non-invasive imaging tests are first performed to diagnose cor-
onary artery disease (CAD). Myocardial perfusion scintigraphy
(MPS) and stress echocardiography are recommended in the lat-
est guidelines due to the high rate of false positive results in the
treadmill exercise test. Myocardial perfusion scintigraphy using
single-photon emission computed tomography (SPECT) is still
widely used as the principal approach for detecting ischemia of
the myocardium in patients with suspected CAD.!"? The inflam-
matory process, lipid metabolism, and immunological variables
all play essential roles in the pathogenesis of atherosclerosis
in cardiovascular diseases.?“l In previous research, inflammato-
ry or biochemical indicators such as high-sensitivity C-reactive
protein (hs-CRP), serum albumin levels, neutrophil count, lym-
phocyte count, lymphocyte-to-monocyte ratio (LMR), and neu-
trophil-to-lymphocyte ratio (NLR) were found to be possibly
associated with CAD.*¥l The Naples Prognostic Score (NPS)
is a recently established score that measures inflammation and
nutritional conditions. This score includes LMR, NLR, total cho-
lesterol (TC) levels, and serum albumin (Alb) levels. Initial stud-
ies have shown that the NPS score has more prognostic value
than other inflammatory parameters in some cancer diseases!®”
Recently, the association of the NPS score with different diseas-
es has started to be evaluated. Studies have demonstrated that
NPS is associated with the prognosis of acute pulmonary em-
bolism (PE), transcatheter aortic valve replacement treatment,
mortality due to heart failure (HF), and long-term outcomes
in patients with ST-segment elevation myocardial infarction.
111 The association between ischemia in myocardial perfusion
scanning and the Naples score has not yet been investigated. In
this study, we evaluated if the Naples score may help predict
ischemia in myocardial perfusion scanning.

Materials and Methods

We retrospectively evaluated 1848 patients referred for gated
SPECT MPI from a cardiology outpatient clinic between October
2020 and June 2022. Out of these, we enrolled patients who had
complete blood count (CBC) TC and albumin levels measured
within 30 days before MPI. After applying exclusion criteria, we
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examined 134 patients who satisfied the criteria. We called
these people to learn about their cardiovascular risks and disor-
ders that may influence acute-phase reactants. Individuals with
a prior diagnosis of CAD (including revascularization), chronic
kidney failure (glomerular filtration rate <60 mL/min), hepatic
disease (aspartate aminotransferase and alanin aminotransferase
levels that are more than twice the normal limits), significant
anemia (hemoglobin <10 g/dL), white blood cell count (>11,000/
mL), neutrophilia (>70%), thrombocyte count (<100,000/dL),
history of cancer or systemic inflammatory disease, or who
used statins, anti-inflammatory drugs, or antibiotics a month
before the study were excluded. As a result, | |0 appropriate in-
dividuals remained for the study (Fig. I). All patients underwent
MPS at the nuclear medicine department, with dipyridamole or
adenosine administered as the pharmaceutical stressor. Patients
were divided into two groups based on the presence or absence
of ischemia on MPS. Laboratory values within the past month
before MPS were obtained from digital records for both groups.
NPS was calculated for each group. Laboratory values and NPS
of the groups were compared. Before the study, every patient
gave written informed permission. The study was authorized by
the Local Ethics Committee (decision number 2024/05/791).

Myocardial Perfusion Imaging (MPI)

For the evaluation of the perfusion of the myocardium, a 2-day
stress/rest scanning method utilizing Technetium-99m methoxy
isobutyl isonitrile (Tc-99m MIBI) was used. Patients ate anything
for at least 6 h before the process. Stress imaging was done using
an exercise treadmill test with radiopharmaceutical substances
administered at the peak of exertion. Imaging began 30—45 min
after the administration of 1520 mCi of Tc-99m MIBI. If any
perfusion irregularities were seen in the stress pictures, a corre-
sponding amount was administered during rest imaging. SPECT
pictures were obtained using the IQ-SPECT Symbia S system
(Siemens, USA) with specific multi-focused SMARTZOOM™
collimators for cardio-centric collection. Two experienced
readers scored the images, and the results were established by
consent. To establish the existence and severity of ischemia, the
regional perfusion was assessed using a semi-quantitative analy-
sis of the Total Stress Score (TSS), Total Rest Score, and Total
Difference Score. TSS levels below 4 indicated normal perfusion,
while scores of 4—8 denoted mild, 9—1 3 indicated moderate, and
values exceeding |3 signified severe abnormal perfusions.
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betwesn October 2020 and June 2022

Patients referred for gated SPECT MPI from a cardiology outpatient clinic

v

Having of Coranary artery disease or revascularization

Arrial fibrillation

Renal faiture (GFR <60 mL/min)

Hepatic disorders (two-fold higher serum AST (>80 UL ) or ALT (>112
U/L) activity than normal imits )

Inadequate echocardiographic image quality

Abnormal baseline left ventricular ejection function (EF <35%) ,

LV hypertrophy detected by echocardiography

More than mild valvular disease

Diastolic heart failure detected by echocardiography

History of cancer or systemic inflammatory disease,

Using statins, anti-inflammatory drugs, or antibiotics a month before the
study

110 patients included m the study

1

The final study samples divided into 2 groups according to the absence
or presence of ischemia on gated SPECT MPI.

N\

/
Group 1

Ischemia = (n: 37)

Group 2
Ischemia - (n: 73)

Figure |. Consort diagram of study.

SPECT: Single-photon emission computed tomography; MPI: Myocardial perfusion imaging; GFR: Glomerular filtration rate; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;

EF: Ejection fraction; LV: Left ventricle.

Laboratory Measurements

All laboratory findings were collected retrospectively using com-
puterized recordings. We accomplished standard CBC and blood
chemistry tests, comprising TC and albumin. To compute NLR
and LMR, divide the complete neutrophil count by the lympho-
cyte count and the complete lymphocyte count by the monocyte
count, respectively. The NPS was determined as previously stat-
ed in the literature.l'” The NPS is made up of four components:
the neutrophil/lymphocyte ratio, the lymphocyte/monocyte ra-
tio, the TC level, and the serum albumin level. Each parame-
ter value is either 0 or | point, and the total of these values is
computed. Patients with NPS levels of 0, I, or 2 are classified as
low NPS, but those with NPS values of 3 or 4 are categorized as
high-NPS. Figure 2 illustrates the calculation of the NPS.

Statistical Analysis

The statistical analysis was conducted using R Studio version
4.1 (Vienna, Austria). Numerical variables were shown as
meanztstandard deviation whereas discrete data were repre-

sented as absolute numbers. The one-way ANOVA or Wil-
coxon rank and the y? statistics were used to evaluate the
baseline and clinical characteristics among patients based on
the non-ischemia versus ischemia group.

The primary outcome of the study was ischemia on SPECT. The
main predictor was the NPS. Statistical modeling was done us-
ing logistic regression. Finally, we assessed the predictive accu-
racy (Nagelkerke’s R2) of variables. P<0.05 was accepted as sta-
tistically significant. All statistical analyses were performed using
the “Hmisc” and “rms” packages with the R studio 4.2 version.

Results

All individuals in the trial had gated SPECT MPI. The average age
of individuals was 59.8%1 1.1 years, with 62 patients (56%) being
male. Subjects were divided into two groups according to the
presence or absence of ischemia on gated SPECT MPI. Table |
presents the demographic characteristics of the entire study pop-
ulation. There was no significant difference in the demographic
features of the groups. The ischemia group had significantly high-
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Serum Albumin(mg/dI)
24 1

Total Cholesterol (mg/dl)
<180 1

>180 O <4 0

Total NPS
Low: 0,1,2

High:3,4

Figure 2. The calculation of the Naples prognostic score.

NLR: Neutrophil-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio; NPS: Naples prognostic score.

er levels of white blood cell count (cells/pL), neutrophil count
(cells/pL), hemoglobin (g/dL), CRP (mg/L), and NPS (8.6 +2.2,7.7
£1.9,p:0040;50+2.1,4.1 £ 1.3,p: 0014, 126 £ 1.7,134£ | .8,
p: 0.025; 8.2 + 2.0, 7.9 + 2.0, and p: 0.004; 2.6 + 1.0, 1.5). Other
laboratory results did not differ across the groups (Table 2).

To determine the roles of NPS in predicting ischemia detected
by SPECT MPI, the predictors related to ischemia were evalu-
ated by logistic regression. NPS (OR: 1.86, 95% CI 1.16 —2.96),
and albumin (cathegoric) (OR; 2.82, 95% CI 1.24-6.36) were
statistically significantly related to ischemia (Table 3). Howev-
er, other variables were not associated with ischemia. Further-
more, when each component of the NPS was separately includ-
ed in the model to determine which variable was more closely
associated, it was observed that albumin had the highest explan-
atory power (Nagelkerke’s R2: 0.078), while the explanatory
powers of NLR, LMR, and TC were lower (Nagelkerke’s R2:
0.012, 0.06, 0.013; respectively). However, these values were
lower than those of the NPS alone (Nagelkerke’s R2: 0.089).
A marginal mean plot for the NPS was created to predict isch-
emia, revealing that as the Naples score increased, the probabil-
ity of ischemia detected by SPECT MPI also increased (Fig. 3).

Discussion

In this study, we examined the association between the NPS
and ischemia detected on MPS in patients with stable CAD.
Among the several inflammatory parameters, the NPS has
been found to be superior in predicting myocardial ischemia,
independently. Atherosclerosis is a frequent condition with
substantial clinical effects, including CAD. CAD patients typ-
ically develop myocardial ischemia. The genesis of atheroscle-
rosis and myocardial ischemia is complicated, including several
biological mechanisms such as biomolecular and inflammatory
processes.!'¥] During the early phases of myocardial ischemia,
there are inflammatory responses in myocardial tissue. CRP,
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albumin, and the neutrophil-lymphocyte ratio (NLR) are sug-
gested to be utilized to assess inflammation, particularly in
acute coronary syndromes.['T NLR has been identified as a key
predictor in several investigations of individuals with acute and
stable CAD.I'>'*] CRP and neutrophil levels were also higher in
patients with ischemia in our study. Studies have demonstrated
that aberrant lipid metabolism causes accumulation of lipids
and dysfunction of the mitochondria, both of which are sig-
nificantly linked to myocardial ischemia.l'l It has been demon-
strated that hypercholesterolemia is intimately connected with
CAD and that reducing levels of cholesterol may decrease the
incidence and death rates of CAD.I'¥!l Ozdemir et al.l'! studied
262 patients who had abnormal and normal MPS and looked to
determine the relationship between N/L ratio, P/L ratio, PDW,
and RDW and myocardial perfusion. Neutrophil numbers and
N/L ratios were considerably greater in individuals who had
been confirmed to have myocardial ischemia or infarction.
They discovered that the N/L ratio was linked with myocar-
dial ischemia and connected with the left ventricular ejection
fraction (LVEF). In our study, neutrophil and white blood cell
levels were higher and hemoglobin levels were slightly lower in
patients with ischemia in MPS. Efe et al.?®! examined CRP/albu-
min ratios in two groups of patients with and without ischemia
in gated SPECT MPI and found that the CRP/albumin ratio was
significantly correlated with ischemia in gated SPECT MPI. Sim-
ilarly, although we found significantly higher CRP levels in pa-
tients with ischemia, we did not observe a significant difference
in albumin levels. In a recent study, the neutrophil/HDL ratio
was compared in patients with mild stenosis and moderate to
advanced stenosis of coronary arteries. The neutrophil/HDL
ratio increased with the increasing severity of coronary artery
stenosis.2' NPS is a scoring system that measures a patient’s
inflammatory and nutritional condition, including LMR, NLR,
TC, and serum alpha levels. TC and serum albumin represent
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Table |. Baseline demographic characteristics findings of all
patients

Presence Absence of P
of ischemia ischemia
(n=37) (n=73)

n % n %
Gender; male 20 54 42 57.5 0.728
Age (years) 59.5£10.4 60.2%11.8 0.593
Use of smoking I8 48.6 28 383 0.301
Hypertension I5 40.5 22 30.1 0.275
Diabetes mellitus 16 43.2 29 39.7 0.723
Dyslipidemia 3 8.1 I5 20.5 0.096

Nominal variables presented as frequency (%)

Table 2. Laboratory and echocardiographic findings of patients

Presence of = Absence of p
ischemia ischemia
(n=37) (n=73)
EF % (teicholtz) 61.6£10.4 64.419.8 0.174
White blood cell count (cells/pL) 8.612.2 7.7%1.9 0.040
Neutrophil (cells/pL) 5.0+2.1 4.1%13 0.014
Lymphocyte (cells/pL) 2.5+0.8 2.5+0.8 0,714
Monocyte (cells/pL) 0.7£0.3 1.3+£0.6 0,561
Hemoglobin (g/dL) 12.6+1.7 134+1.8 0.025
Creatinine (mg/dL) 0.8+0.3 0.81£0.2 0.283
Serum albumin, g/L 4.0£0.5 4.1£0.2 0.217
Total cholesterol (mg/dL) 185.3£87 1932179 0.646
CRP, mg/L 8.20%£2.02 7.90%£2.00 0.004
Naples prognostic score 2.6%1.0 1.5£0.7 <0.001

Continuous variables are presented as mean£SD. EF: Ejection fraction; SD: Standard
deviation; CRP: C-reactive protein; g: Grams; mg: Milligrams; dL: Deciliters; L: Liters.

the body’s nutritional condition, whereas NLR and LMR repre-
sent its immunoinflammatory condition. This allows for a more
thorough assessment of the patient’s physical state. NPS was
originally investigated as a prognostic factor in gastrointestinal
cancers.2? |t has been examined in the literature to deter-
mine the prognosis of various diseases.**?*] Recently, this score
has been examined in several cardiovascular diseases and has
been associated with poor outcomes in patients.[?*?! Several
studies have examined the Naples score in STEMI patients and
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Figure 3. NPS in predicting ischemia detected by SPECT MPI.

SPECT: Single-photon emission computed tomography; MPI: Myocardial perfusion imaging;
NPS: Naples prognostic score.

found a correlation between NPS and in-hospital and follow-up
mortality rates.l'"?] Kili¢ et al.?® and Erdogan et al.l'! observed
that mortality increased in HF patients with high Naples scores.
In a study conducted on patients undergoing TAVR, the associ-
ation of NPS with one-year mortality was examined, and it was
found that NPS was an independent predictor of mortality in
these patients.””! Cetin et al.l®¥! examined the predictive efficacy
of the NPS for 30-day total mortality in patients with APE and
discovered a significant association between NPS and mortality
in the findings of their research. Another study in STEMI pa-
tients showed that a significant inverse relationship was found
between NPS and LVEF at discharge.’® Karakoyun et al.*”!
included 2901 patients with STEMI who underwent primary
percutaneous coronary intervention and showed that NPS had
predictive value in predicting the development of acute renal
failure in these patients. Ozkan et al.”% studied |138 patients
having coronary computed tomographic angiography and found
that NPS and the systemic immune-inflammation index (SII)
might predict coronary artery severity. Contrary to the pre-
vious research presented, they discovered that Sl might have
some predictive value, although NPS might not.

Table 3. Logistic regression for predicting ischemia

Odds ratio, CI %95 p Nagelkerke’s R2
EF % (teicholtz) 0.97 (0.94-1.01) 0.19
Naples prognostic score 1.86 (1.16-2.97) 0.009 0.089
Age (years) 0.99 (0.95-1.03) 0.58
Use of smoking (%) 1.52 (0.68-3.38) 0.30
Hypertension (%) 1.58 (0.69-3.60) 0.28
Dyslipidemia (%) 0.34 (0.11-1.26) 0.11
Component of Naples prognostic score
LMR .36 (0.60-3.09) 0.46 0.006
NLR 1.82 (0.56-5.80) 0.31 0.012
Albumin (cathegoric) 2.82 (1.24-6.36) 0.01 0.078
Total cholesterol (cathegoric) 1.53 (0.67-3.52) 0.31 0.013

Cl: Confidence interval; EF: Ejection fraction; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio.
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It is known that inflammatory and nutritional markers are as-
sociated with chronic CAD. In our study, we used the Naples
score, which is calculated from NLR, LMR, albumin, and TC val-
ues and has been shown to be more sensitive than these mark-
ers individually. In our study, we demonstrated the usability of
the Naples score as a predictor of ischemia in MPS.

Limitations

Some limitations of this study include the small sample size and
the absence of coronary CT angiography or invasive coronary
angiography tests in the patients, as well as the lack of clinical
implications such as the association with clinical events. Further-
more, due to the retrospective nature of the study, we were
unable to assess myocardial viability by MPI and therefore could
not determine the percentage of ischemia from MPI reports.

Conclusion

Our findings indicated an association between NPS and the de-
tection of ischemia in MPS. NPS is an independent variable for
diagnosing myocardial ischemia in stable CAD patients.
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