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A novel predictor in patients undergoing heart
valve surgery: systemic inflammation response
index: a single center cross-sectional study
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Abstract. - OBJECTIVE: Inflammation plays
a pivotal role in heart valve disease (HVD). This
study aimed at evaluating the prognostic value
of systemic inflammation response index (SIRI)
after valve replacement surgery.

SUBJECTS AND METHODS: The study en-
rolled 90 patients who underwent valve replace-
ment surgery. SIRI was calculated using labo-
ratory data on admission. Receiver operating
characteristic (ROC) analysis was used to calcu-
late the optimal cutoff values of SIRI for predict-
ing mortality. Univariable and multivariable COX
analysis was used to assess the relationship of
SIRI with clinical outcomes.

RESULTS: 5-year mortality rate was high-
er in SIRI 21.55 group than SIRI <1.55 group [16
(38.1%) vs. 9 (18.8%)]. In receiver operating char-
acteristic analysis, the optimal cutoff values for
SIRI were 1.55 (area under the curve 0.654, p:
0.025). Univariable analysis revealed that SIRI
[OR: 1.41, 95%CI (1.13-1.75), p<0.001] was an in-
dependent predictor of 5-years mortality. Multi-
variable analysis revealed that glomerular filtra-
tion rate (GFR) [OR: 0.98, 95%CI (0.97-0.99)] was
an independent predictor of 5-years mortality.

CONCLUSIONS: Although SIRl is a preferable
parameter for the detection of long-term mortali-
ty, it failed to predict in-hospital and 1-year mor-
tality. Larger multi-center studies are needed to
investigate effect of SIRI on prognosis.
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Introduction

Heart valve disease (HVD) is a common condi-
tion resulting from to rheumatic; infective or de-
generative diseases and valve replacement or val-
vuloplasty under cardiopulmonary bypass (CPB)
are the main operative procedure to treat HVD'.
HVD is considered a dynamic and inflammatory
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process®. Thus, identifying the prognostic factors
of the poor postoperative outcomes of HVD is of
tremendous matter to improve prognosis.
Inflammatory markers, such as neutrophil/
lymphocyte ratio (NLR), platelet lymphocyte ra-
tio (PLR), as well as established pro-inflammato-
ry biomarkers have been shown to predict mortal-
ity and morbidity after cardiac surgery®*. The role
of inflammatory markers have been described pre-
viously as independent predictors of mortality and
morbidity in patients undergoing heart valve sur-
gery’. Systemic immune-inflammation index (SIT)
is a novel biomarker that has been receiving in-
creasing interest in recent years’. As similar sys-
temic immune response index (SIRI) that inte-
grates the characteristics of neutrophils, mono-
cytes and lymphocytes could also provide prog-
nostic value in recent studies’. Studies™® have ver-
ified that a high SIRI score is related to the poor
prognosis in the setting of large cerebral artery oc-
clusion and aneurysmal subarachnoid hemorrhage.
As far as we know, there are no studies on
whether SIRI can help as a predictive value for
postoperative HVD having a poor prognosis. In
this study, we investigated the prognostic value
of SIRI as a predictor of long-term mortality in
patients undergoing of valve replacement surgery.

Subjects and Methods

The study was designed as a cross-section-
al, single-center, retrospective study and com-
prised patients that had a hemodynamically sig-
nificant valve defects due to rheumatic, infective
or degenerative disease at Dicle University Medi-
cal School Cardiovascular Surgery clinic between
January 2016 and May 2022. Patients under 18
years of age, unwilling to participate, or diagno-
sis with hematological diseases, systemic inflam-
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matory diseases, malignancies, infections, chron-
ic liver or kidney disease, autoimmune diseases
were excluded from the study. The study protocol
was approved by the Local Ethics Committee (Di-
cle University Medical Faculty ethical committee
approval number and date: 199 and 12.05.2022).

Preoperative characteristics of the patients, such
as age, gender, smoking, hypertension, diabetes
mellitus (DM), hyperlipidemia, history of CAD,
left ventricular ejection fraction (LVEF), history of
cerebrovascular events (CVE) and atrial fibrillation
(AF) were noted. The data on preoperative labo-
ratory investigations, including white blood cell
(WBC), monocytes, neutrophil counts, lympho-
cyte count, serum albumin and C-reactive protein
(CRP) were obtained for every participant. From
the monocytes, neutrophils and lymphocytes, sys-
temic inflammation response index (SIRI) which
is calculated with the formula (monocyte count x
neutrophil count/lymphocyte count) were derived.
Hematological parameters were measured from
K, EDTA samples using a Sysmex K-4500 (Sys-
mex, Japan) electronic counter.

132 patients were evaluated for outcome and
their data were extracted from an electronic da-
ta-base and/or hospital record archive files. The
flow chart for patient enrolment is illustrated in
Figure 1.

Each patient was followed up for at least 30
days. A total of 90 procedures were performed

via a midline sternotomy, five procedures via
ministernotomy, and three procedures via a later-
al thoracotomy incision, under general anesthesia
in mild hypothermia. The primary endpoint was
S-years death from all causes. Secondary end-
points were considered as the presence of either
in-hospital mortality, 1-year mortality or 5-years
mortality. The follow-up of discharged patients
was conducted through direct observation during
hospitalization, telephone interviews, and/or at
outpatient clinic visits 30 days after the cardiac
operation.

Statistical Analysis

Data were analyzed using SPSS for Windows
version 25.0 (IBM Corp., Armonk, NY, USA).
Kolmogorov-Smirnov test was used to deter-
mine normality distribution of data. Categor-
ical variables were expressed as percentages
(%) and were compared using Chi-square test
or Fisher Exact test as appropriate. Continu-
ous variables with normal distribution were ex-
pressed as mean + standard deviation (SD) and
were compared using Student’s z-test.

Continuous variables with nonparamet-
ric distribution were expressed as median
(25"-75"™ percentile) and were compared with
Mann-Whitney U test. Independent predictors
of mortality were determined with univariable,
and multivariable COX regression analysis and

12 patients lost to follow-up

l

SIRI <1.55 (N:48)

l

132 patients who underwent valve surgery due to symptomatic or asymptomatic severe valve disease

A final 90 patients were enrolled the study and patients were dichotomized using SIRI level of 1.55 as the cutoff value to predict outcome

5-years mortality [ 9 (18.8% vs. 16 (38.1%), p value: 0.04]

21 patients excluded since having at least one exclusion criteria

9 patients declined to participate to the study

l

SIRI21.55 (N:42)

Figure 1. The study flow chart diagram.
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the results were expressed with odds ratio (OR)
and 95% confidence interval (CI). In univari-
able analysis the parameters with p-value <0.05
were added to the multivariable model. The cut-
off of SIRI to the predict mortality was deter-
mined using receiver operating characteristic
(ROC) curve analysis. Correlations were ana-
lyzed using with Pearson or Spearman’s cor-
relation coefficient according to the distribu-
tion characteristics. Survival analysis was per-
formed using Kaplan-Meier analysis. A p-value
of <0.05 was considered significant.

Results

The study included 90 patients with a mean
age of 52+15 years. The female gender was 44
(48.8%). Median follow-up period was 43 (inter-
quartile range [IQR]: 4.75-56) months. Patients
were dichotomized using SIRI level of 1.55 as the
cutoff value to predict outcome. Patients dichot-
omized two group as their SIRI values: (I) SI-
RI <1.55(n=48) and (II) SIRI >1.55 (n=42). Table
I demonstrates the demographic, clinical char-
acteristics, operation details and clinical out-

Table I. Demographic characteristics, laboratory parameters and clinical outcomes of the patients.

Parameters SIRI <1.55 (n:48) SIRI >1.55 (n:42) p-value
Age,n 49+13 56+17 0.01
Female, n% 24 (50) 20 (47.6) 0.82
Hypertension, n% 19 (39.6) 22(52.4) 0.22
Diabetes Mellitus, n% 8 (16.7) 5(11.9) 0.52
History of cerebrovascular diseases, n% 24.2) 24.8) 0.89
Smoking, n% 9(18.8) 6 (14.3) 0.57
Dyslipidemia, n% 4(8.3) 7 (16.7) 0.22
Coronary artery disease, n% 6 (12.5) 10 (23.8) 0.16
Atrial fibrillation, n% 8 (16.7) 6 (14.3) 0.75
Heart failure, n% 24.2) 9(21.4) 0.01
Ejection fraction,IQR, n% 60 (55-60) 60 (55-60) 0.81
Systolic pulmonary artery pressure mmHG, n 46+14 49+18 0.49
Left atrial diameter, mm, IQR 45 (39-53) 48 (43-55) 0.19
Operated target valve, n%

Mitral valve 25 (52.1) 28 (66.7) 0.42
Aortic valve 19 (39.6) 10 (23.8)

Tricuspid valve 0(0) 1(2.4)

Aortic and mitral valve 2(4.2) 1(2.4)

Mitral and tricuspid valve 2(4.2) 2 (4.8)

Etiology of valve disease, n%

Infective endocarditis 6 (12.5) 9(21.4) 0.34
Rheumatic disease 31 (64.6) 21 (50)

Degenerative disease 11 (22.9) 12 (28.6)

White blood cell count (x 103 pL) 7.8+1.8 9.542.2 <0.01
Platelets (x 103 pL) 240+73 235481 0.77
Lymphocytes (x 103 pL) 2.5+0.8 2+0.8 <0.01
Neutrophils (x 103 uL) 4.4+1.2 6.5+1.8 <0.01
Monocytes (x 103 puL) 0.6+0.2 0.8+0.2 <0.01
GFR (ml/min/1,73 m?) 91+27 80+37 0.09
Uric ascides (mg/dl), IQR 6.3 (4.9-7.8) 5.8(5.2-7) 0.76
Serum albumin (g/dl), IQR 3.8 (3.5-4.2) 3.2(2.9-3.9) <0.01
SIRI (N*M/L) 1£0.3 2.8+1.4 <0.01
CRP, mg/dl, IQR 0.43 (0.12-0.95) 0.86 (0.6-2.5) <0.01
In-hospital mortality, n% 5(10.4) 6 (14.3) 0.57
1-year mortality, n% 7 (14.6) 12 (28.6) 0.10
5-year mortality, n% 9 (18.8) 16 (38.1) 0.04
Follow-up (month), n 43 (16-59) 42 (2.8-55) 0.37

Data are expressed as mean + standard deviation (SD), frequencies (percentages) or as median (interquartile range) as
appropriate. CRP; ¢ reactive protein, GFR; glomerular filtration rate, IQR; interquartile range, SIRI; systemic inflammation
response index is calculated with the formula “Monocytes* Neutrophils/ Lymphocytes”.
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comes of patients in both groups. Of all patients,
53 (59%) underwent prosthesis mitral valve re-
placement surgery, 29 (32%) underwent isolat-
ed prosthesis aortic valve replacement, one pa-
tient underwent tricuspid repair surgery, 3 (3.3%)
underwent simultaneous aortic and mitral valve
replacement and 4 (4.4%) underwent simultane-
ous mitral valve replacement and tricuspid repair
surgery. The most common etiology undergoing
prosthesis valve replacement was rheumatic valve
disease [52 (57.7%), Table I]. Age, white blood
cell (WBC), monocyte, and neutrophil counts,
SIRI and CRP were significantly higher in group
IT (SIRI >1.55) compared to group I (SIRI <1.55).
However, lymphocyte count and serum albumin
level were significantly lower in group II (SIRI
>1.55) as compared group I (SIRI <1.55). Addi-
tionally, heart failure and 5-years mortality (Fig-
ure 2) were higher in group II than those group I
respectively (21.4% vs. 4.2% and 38.1% vs. 18.8%,
Table I).

In univariable COX regression analysis, age,
coronary artery disease, GFR, CRP, and SI-
RI were found to be independent predictors of
long-term mortality (OR: 1.05, 95% CI: 1.02-1.09,
p<0.001, OR: 2.58, 95% CI: 1.1-6, p: 0.02, OR:
0.97, 95% CI: 0.96-0.99, p<0.001, OR: 1.15, 95%
CIL: 1.05-1.25, p<0.001, OR: 1.41, 95% CI: 1.13-
1.75, p<0.001, respectively; Table II). In multi-
variable COX regression analysis GFR was found
to be an independent predictor of long-term mor-
tality (OR: 0.98, 95%CI: 0.97-0.99, p<0.001, Ta-
ble II). At a cutoff value of 1.55, SIRI predicted
long-term mortality in undergoing valve surgery
patients with a sensitivity of 64% and specifici-
ty of 60% (ROC area under curve [AUC]: 0.65,
p: 0.02, Figure 3). There was positive correlation
between SIRI and CRP as shown Figure 4A (r:
0.443, p<0.001) and negative correlation between

Figure 2. Bar chart graph of SIRI groups in terms of 5-years
mortality.

SIRI and GFR as shown Figure 4B (r: -0.261, p:
0.17). Finally, the Kaplan-Meier analysis showed
higher survival rates in group I (SIRI <1.55) (log
rank=3.82, p: 0.05; Figure 5).

Discussion

This cross-sectional study was done to prove
that the long-term prognostic value of inflamma-
tion assessed by the SIRI in heart valve replace-
ment patients and the results indicated a higher
prevalence of long-term mortality in higher SIRI
(group II) patients compared with patients with
lower SIRI patients (group I).

Heart valve replacement is associated with
perioperative adverse events, such as death, pro-
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Figure 3. Receiver-operating-characteristics (ROC) curve
analysis.
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Figure 4. A, Correlation analysis of between SIRI and CRP. B, Correlation analysis of between SIRI and GFR.

longed hospitalization and increased health-
care cost. Several studies®'? have supported that
the extensively used risk assessment tools, Eu-
roSCORE II, EuroSCORE, and Society of Tho-
racic Surgeons (STS) have limitations due to in-
adequate calibration models. Therefore, it is vital
to understand the exact mechanism which causes
the poor prognosis after heart valve replacement
surgery and prognostic markers linked with the
underlying mechanisms.

Some studies'*'* have indicated that age, preop-
erative liver function, renal function injury, LVEF
and blood transfusion are significant factors af-
fecting the prognosis in patients with HVD. We
showed that preoperative SIRI was significantly
associated with long-term prognosis, which have
not been revealed in previous studies.

Alvarez et al”® have been demonstrated that in-
flammation and immune responses are closely re-
lated to the occurrence, postoperative complica-
tions and mortality in patients with HVD. Migra-
tion of leukocytes to the destructed valves causes

disease progression, suggesting that this inflam-
mation plays an important role in the progression
of valve disease'®. Inflammation contributes to
progress of HVD and leukocytes, including neu-
trophils, lymphocytes, and monocytes have dif-
ferent effects on inflammatory reaction. Neutro-
phils stimulate inflammatory response whereas
monocytes lead to inflammatory and prothrom-
botic pathways by interacting with platelets and
endothelial cells. On the contrary, lymphocytes
have a downregulation effect on inflammation'’.
SIRI is a novel marker of inflammation con-
sisting of 3 factors (neutrophil monocyte/lympho-
cyte) and provides a comprehensive assessment
of inflammation. The prognostic significance of
SIRI was investigated in recent studies'®***". Wei
et al'® showed that SIRI could be a useful mark-
er of worse outcomes in patients with pancreatic
cancer, gastric cancer, hepatocellular carcinoma,
breast cancer, and metastatic cancer. Topkan et
al'? showed a significant correlation between low-
er SIRI and longer progression-free survival in pa-
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Figure 5. Kaplan-Meier analysis according to the
SIRI groups.
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Table IlI. Univariable and multivariable COX regression analyses to determine independent predictors of 5-year mortality.

Univariable

Multivariable

Parameter OR (95%Cl) p-value OR (95%ClI) p-value
Age 1.05 (1.02-1.09) <0.01 1.04 (1-1.07) 0.17
Gender 0.85(0.39-1.87) 0.69

Hypertension 0.58 (0.25-1.34) 0.20

Diabetes Mellitus 0.90 (0.27-3) 0.88

Coronary artery disease 2.58 (1.11-6) 0.02 0.73 (0.24-2.25) 0.59
Cerebrovascular disease 1.63 (0.38-6.92) 0.50

Heart failure 1.41 (0.48-4.12) 0.52

Smoking 1.28 (0.48-3.42) 0.61

Atrial fibrillation 1.35 (0.51-3.62) 0.54

GFR 0.97 (0.96-0.99) <0.01 0.98 (0.97-0.99) <0.01
Albumin 1.002 (0.997-1.008) 0.33

CRP 1.15 (1.05-1.25) <0.01 1.13 (0.99-1.29) 0.05
Uric ascides 0.98 (0.92-1.03) 0.49

SIRI 1.41 (1.13-1.75) <0.01 0.96 (0.67-1.38) 0.85

CRP; c reactive protein, GFR; glomerular filtration rate, SIRI; systemic inflammation response index, OR; odds ratio, CI;

confident interval.

tients with glioblastoma multiforme. Yun et al* in-
dicated that elevated SIRI were associated with poor
prognosis in patients with aneurysmal subarachnoid
hemorrhage. Zhang et al*' reported that elevated SI-
RI was associated with higher risk of mortality, sep-
sis and higher stroke severity. However, SIRI has not
previously been investigated in patients with HVD
undergoing valve replacement surgery. Although
there was a significant difference in study popula-
tion, our results are similar to their findings.

Our study determined that SIRI was associated
with long-term mortality of patients who under-
went valve replacement surgery. Therefore, physi-
cians should use prognostic inflammatory mark-
ers in patients with HVD, such as SIRI, which is
noninvasive, easily accessible, and cost-effective.

Limitations

As with any study, limitations are inherent in
the present study. First, the retrospective non-
blinded analysis induced bias and errors in data
interpretation. Second, the study did not include
other inflammatory markers or possible con-
founding variables, such as erythrocyte sedimen-
tation rate (ESR) and interleukins. Third, we eval-
uated SIRI on admission and did not analyze the
dynamic changes during follow-up periods.

Conclusions

Our findings suggest that elevated SIRI was
associated with poor prognosis of patients with

valve replacement surgery. SIRI was noninva-
sive and cost-effective serological inflammato-
ry marker, represent potential prognostic predic-
tors for clinical application in patients undergo-
ing valve surgery. Further studies are warranted
to confirm our findings.
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