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ABSTRACT
Objective Systemic immune- inflammation index (SII) 
is a novel biomarker that can predict poor outcomes in 
tumours, nervous system diseases and chronic heart 
failure. Here, we investigated the predictive value of SII on 
the poor postoperative outcomes and short- term prognosis 
of heart valve diseases (HVDs).
Design, setting and participants This retrospective 
cohort study enrolled all consecutive patients with HVDs 
(aortic stenosis, aortic regurgitation, mitral stenosis 
and mitral regurgitation) who underwent surgery (valve 
replacement or valve repair) at the Affiliated Hospital of 
North Sichuan Medical College between 2017 and 2020.
Main outcomes and measures Major complications in 
the perioperative period, all- cause mortality within 30 days 
and readmission within 30 days.
Results A total of 431 patients with HVDs were enrolled 
in this study, including 202 males and 229 females, 
aged 58.9±27.3 years. SII levels of patients in the 
poor outcomes group were significantly higher than 
those of patients in the favourable outcomes group 
(658.40±436.29 vs 335.72±174.76, respectively; 
p<0.001). Multivariate logistic regression analysis showed 
that age (OR 1.064, 95% CI 1.026 to 1.104, p=0.025), SII 
(OR 1.034, 95% CI 1.012 to 1.631, p=0.008) and aortic 
cross- clamping time (OR 1.013, 95% CI 1.004 to 1.023, 
p=0.006) were independent risk factors for poor outcomes 
and short- term prognosis in patients with HVD. The area 
under the curve of poor outcomes predicted by SII in 
patients with HVD was 0.806 (95% CI 0.763 to 0.848) and 
the optimised cut- off value 423.8×109 /L, with a sensitivity 
of 70.3% and specificity of 81.1%. The incidence of poor 
outcomes (p<0.001), 30- day mortality (p<0.001) and 30- 
day readmission rate (p=0.026) in the high SII group was 
significantly higher than that in the low SII group.
Conclusions SII is closely related to poor postoperative 
outcomes and short- term prognosis of HVD and can serve 
as an independent predictive factor.

INTRODUCTION
Heart valve disease (HVD) is a common condi-
tion resulting from cardiac surgery in adults, 
and valve replacement or valvuloplasty under 
cardiopulmonary bypass (CPB) is the primary 

operative procedure to treat HVD.1 Due to 
ischaemia- reperfusion injury caused by long- 
term CPB, some patients have a poor prognosis 
and may even die.2 Therefore, identifying the 
predictive factors of the poor postoperative 
outcomes of HVD is of immense significance to 
improve prognosis. Recent studies have shown 
that neutrophils, lymphocytes and platelets 
play an essential role in chronic inflammation 
and are important factors in the progression of 
cardiovascular diseases.3 Moreover, HVD and 
CPB can induce the inflammatory response 
syndrome, resulting in increased postoperative 
complications involving the vital organs and may 
even result in mortality.4 Biomarkers related to 
inflammation such as C reactive protein, as well 
as the neutrophil/lymphocyte ratio (NLR) and 
platelet/lymphocyte ratio (PLR) are used to 
predict complications and mortality related to 
cardiovascular diseases.5 6 Systemic immune- 
inflammation index (SII) is a new biomarker 
that has been receiving increasing interest in 
recent years.7 SII integrates the characteristics 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first study to demonstrate the relation-
ship between the systemic immune- inflammation 
(SII) index and poor postoperative outcomes and the 
short- term prognosis of heart valve diseases.

 ⇒ SII, as a simple and inexpensive biomarker, was 
used as an indicator to predict poor postoperative 
outcomes and the short- term prognosis of heart 
valve diseases.

 ⇒ Patients were divided into a favourable or poor outcomes 
group based on whether they had had major compli-
cations in the perioperative period, all- cause mortality 
within 30 days and readmission within 30 days.

 ⇒ Many patients were excluded due to incomplete raw 
data.

 ⇒ A retrospective cohort study design may lead to in-
formation bias and confounding bias.
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of neutrophils, platelets and lymphocytes, and provides a 
higher predictive value compared with NLR and PLR predic-
tions alone. Studies have verified that a high SII score is 
related to the prognosis of tumours, nervous system diseases 
and chronic heart failure.8–10 However, to the best of our 
knowledge, there are no studies on whether SII can serve as 
a predictive value for postoperative HVD having a poor prog-
nosis. In this study, we evaluated the predictive value of SII in 
poor postoperative outcomes and the short- term prognosis 
of HVD.

PATIENTS AND METHODS
General information
Adult patients with HVD having complete data were retro-
spectively investigated. Surgery on patients was performed 
at the Cardiovascular Surgery, Affiliated Hospital of 
North Sichuan Medical College between February 2017 
and January 2020. All patients were explicitly diagnosed 
using echocardiography. The main heart- valve patholo-
gies include aortic stenosis, aortic regurgitation, mitral 
stenosis and mitral regurgitation, regardless of the pres-
ence of tricuspid stenosis or tricuspid regurgitation. All 
patients underwent heart valve surgery (valve replace-
ment or valve repair) by CPB. The inclusion criteria were 
as follows: (1) patients diagnosed with HVD before the 
operation, regardless of stenosis and insufficiency; (2) all 
patients who received surgical treatment and (3) patients 
>18 years of age. The exclusion criteria were as follows: 
(1) patients who underwent other cardiac surgeries 
(cardiac tumour surgery, coronary artery bypass grafting, 
vascular surgery) at the same time; (2) patients <18 years 
of age; (3) patients who underwent ≥2 counts of valve 
surgeries during a hospital stay or had a history of valve 

surgery; (4) patients with incomplete or missing clinical 
data; (5) patients who underwent interventional valve 
replacement or repair without CPB; (6) patients with 
infective endocarditis and (7) patients with a malignant 
tumour.

Figure 1 Flow chart for patients enrollment and study 
design. CABG, coronary artery bypass grafting; HVD, heart 
valve diseases; IE, infective endocarditis; TAVR, transcatheter 
aortic valve replacement.

Table 1 General characteristics of HVD patients

No of patients 431

Age, years 58.9 (19~81）
Sex, n (%)

  Male 202 (46.87)

  Female 229 (53.13)

Etiological factor, n (%)

  RHD 295 (68.46)

  DHD 83 (19.26)

  CHD 32 (7.41)

  IHD 21 (4.87)

Heart valve pathologies, n (%)

  MS 181 (34.22)

  MR 125 (23.63)

  AS 129 (24.39)

  AR 94 (17.78)

Main surgical procedures, n (%)

  MVR 145 (33.64)

  MVP 63 (14.62)

  AVR 119 (27.61)

  AVP 6 (1.39)

  AVR+MVR 51 (11.83)

  AVR+MVP 47 (10.91)

Poor outcomes, n (%) 182 (41.23)

Pathologies of poor outcomes, n (%)

  MVD 49 (24.73)

  AVD 65 (35.1)

  MVD+AVD 68 (37.36)

The cause of poor outcomes, n (%)

  LCOS 81 (18.79)

  MI 7 (1.62)

  Malignant arrhythmia 20 (4.64)

  AKI 118 (27.38)

  ALI 65 (15.08)

  ALF 40 (9.28)

  Secondary thoracotomy 7 (1.62)

  Septicaemia 7 (1.62)

  Cerebrovascular accident 5 (1.16)

  Gastrointestinal bleeding 3 (0.69)

30- day postoperative mortality, n (%) 23 (5.33)

30- day readmission, n (%) 15 (3.48)

.AKI, acute kidney injury; ALF, acute liver failure; ALI, acute lung injury; AR, aortic 
regurgitation; AS, aortic stenosis; AVD, aortic valve disorder; AVP, aortic valvexv; 
AVR, aortic valve replacement; CHD, congenital heart disease; DHD, degenerative 
heart disease; HVD, heart valve diseases; IHD, ischaemic heart disease; LCOS, low 
cardiac output syndrome; MI, myocardial infarction; MR, mitral regurgitation; MS, 
mitral stenosis; MVD, mitral valve disorder; MVP, mitral valve plasty; MVR, mitral valve 
replacement; RHD, rheumatic heart disease.
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Table 2 Univariate analyses of variables associated with poor outcomes

Variables Favourable outcomes (n=249) Poor outcomes (n=182) t/χ2 P value

Age, years 56.12±11.47 59.86±12.65 −3.113 0.002

BMI, kg/m2 24.39±4.20 24.85±4.66 −1.072 0.284

SBP, mm Hg 128.34±41.27 136.52±39.74 −2.064 0.039

DBP, mm Hg 75.26±20.47 78.64±21.33 −1.663 0.097

WCC, ×109 /L 7.47±2.95 7.31±2.87 0.562 0.574

RCC, ×1012 /L 4.29±1.25 4.21±1.23 0.661 0.509

PLT, ×109 /L 153.27±49.14 157.51±47.65 −0.896 0.370

SII, ×109 /L 335.72±174.76 658.40±436.29 −10.571 ＜0.001

Hb, g/L 132.47±21.24 127.55±22.14 2.333 0.020

ALT, U/L 34.24±10.34 35.88±11.48 −1.552 0.121

AST, U/L 30.76±9.45 31.12±10.01 −1.227 0.220

ALB, g/L 38.27±5.32 36.92±5.13 2.642 0.010

TB, μmol/L 15.84±4.37 16.22±4.51 −0.879 0.379

Cr, μmol/L 78.14±22.61 81.64±23.29 −1.567 0.117

cTnT, pg/mL 8.73±3.21 8.97±3.18 −0.769 0.441

CK- MB, ng/mL 2.64±0.76 2.75±0.84 −1.141 0.156

NT- pro- BNP, pg/mL 1593.28±398.87 1685.35±459.34 −2.219 0.027

LVEF, % 60.25±10.73 57.76±10.38 2.412 0.016

LVEDD, mm 49.91±9.75 51.03±11.38 −1.097 0.273

NYHA class .34 4.440 0.035

  Yes 158 (63.45%) 133 (73.07%)

  No 91 (36.55%) 49 (26.93%)

Gender, male 0.019 0.891

  Male 116 (46.58%) 86 (47.25%)

  Female 133 (53.42%) 96 (52.75%)

Smoking 0.712 0.399

  Yes 139 (55.82%) 109 (59.89%)

  No 110 (44.18%) 73 (40.11%)

Drinking 1.051 0.305

  Yes 108 (43.37%) 88 (48.35%)

  No 141 (56.63%) 94 (51.65%)

Hypertension 0.144 0.706

  Yes 63 (25.30%) 49 (26.92%)

  No 186 (74.70%) 133 (73.08%)

Cerebral infarction 0.855 0.355

  Yes 22 (8.83%) 21 (11.54%)

  No 227 (91.17%) 161 (88.46%)

Diabetes 4.548 0.033

  Yes 25 (10.04%) 31 (17.03%)

  No 224 (89.96%) 151 (82.97%)

COPD 1.379 0.240

  Yes 36 (14.46%) 34 (18.68%)

  No 213 (85.54%) 148 (81.32%)

AF 1.436 0.231

  Yes 47 (18.88%) 50 (27.47%)

  No 202 (81.12%) 132 (72.53%)

Continued
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Data collection
Related preoperative variables in this study included: general 
information such as age, gender, body mass index, body 
weight, blood pressure, family history (diabetes, cerebral 
infarction, smoking and drinking history), valve pathologies; 
preoperative laboratory examination including leucocyte 
count, erythrocyte count, platelet count and lymphocyte 
count; and haemoglobin, alanine aminotransferase, aspartate 
aminotransferase, albumin, bilirubin, creatinine, troponin T 
and creatine kinase isoenzyme levels. SII was obtained using 
the leucocyte classification count calculation (SII=P× N/L, 
where P, N and L represent platelet, neutrophil and lympho-
cyte counts, respectively). Perioperative period parameters 
recorded in this study included the main surgical proce-
dures, operation time, CPB duration, aortic cross- clamping 
time and the usage of erythrocytes. Postoperative complica-
tions of vital organs, mechanical ventilation time, length of 
the intensive care unit (ICU) stay, hospitalisation time, 30- day 
mortality and readmission rate within 30 days were recorded. 
All data were obtained from electronic databases and/or 
hospital archives.

Outcomes and definitions
Patients were divided into the following two groups based 
on whether they had a poor outcome postoperatively: 
the favourable outcomes group and the poor outcomes 

group. The poor primary outcomes assessed included 
major complications in the perioperative period and 
all- cause mortality within 30 days in the postoperative 
period. Primary postoperative complications were deter-
mined based on the definition of European perioperative 
period clinical outcomes11: (1) primary adverse cardio-
vascular events (eg, myocardial infarction, malignant 
ventricular arrhythmia and application of mechanical 
aids in low cardiac output syndrome); (2) lung compli-
cations (acute lung injury, acute respiratory distress 
syndrome and the requirement of prolonged mechanical 
ventilation or tracheotomy); (3) new- onset renal failure 
(serum creatinine levels increased to more than three 
times that at baseline, absolute value was increased and 
ine levels increased to more than three times that at base-
lirequirement of prolonged mechanical ventilation or 
tracheotomy); (3) wound complications requiring reop-
eration; (8) massive haemorrhage of the digestive tract. 
Secondary outcomes were as follows: readmission for any 
reason within 30 days in the postoperative period.

Statistical analyses
SPSS V.22.0 was used for statistical analysis. Data are 
expressed as‾x±s, and Student’s t- test or Wilcoxon rank- sum 
test were used for comparisons between groups. Count 
data are expressed as frequency (rate or percentage), 
and the χ2 test or Fisher’s exact test was performed to 
compare groups. Factors related to poor postoperative 
outcomes were analysed using univariate analysis. Vari-
ables with statistical significance in the univariate anal-
ysis were analysed using multivariate logistic regression 
analysis. Receiver operating characteristic (ROC) curve 
analysis was performed to evaluate the accuracy of SII in 
predicting poor outcomes, and the results are expressed 
as the area under the curve (AUC). The optimised cut- 
off value, sensitivity and specificity were recorded. Based 
on the SII- optimised cut- off value, patients were assigned 
to the high SII or low SII group, followed by compari-
sons of the primary complications between both groups. 
Kaplan- Meier analysis was performed to compare the 
complication- free survival within 30 days and readmis-
sion rate within 30 days between groups, and the log- rank 
test was used to determine significance. Bilateral p values 
<0.05 were considered to be statistically significant.

Variables Favourable outcomes (n=249) Poor outcomes (n=182) t/χ2 P value

CPB time, min 95.33±29.18 105.67±27.89 −2.985 0.003

ACT time, min 69.24±24.59 84.39±30.65 −5.688 ＜0.001

Use of red blood cell, mL 388.54±103.17 420.15±132.38 −2.784 0.005

ACT, aortic cross- clamping time; AF, atrial fibrillation; ALB, albumin; ALT, alanine transaminase; AST, aspartate aminotransferase; BMI, 
body mass index; CK- MB, creatine kinase MB; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary bypass; Cr, 
creatinine; cTnT, Troponin T; DBP, diastole blood pressure; Hb, haemoglobin; LVEDD, left ventricular end- diastolic dimension; LVEF, left 
ventricular ejection fraction; NT- proBNP, N- terminal pro brain natriuretic peptide; NYHA, New York Heart Association; PLT, platelets; 
RCC, red cell count; SBP, systolic blood pressure; SII, systemic immune- inflammation index; TB, total bilirubin; WCC, white cell count.

Table 2 Continued

Figure 2 Comparison of SII between poor outcomes 
and favourable outcomes groups. SII, systemic immune- 
inflammation index.
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Patient and public involvement
Patients or the public were not involved in the design, 
implementation, reporting or dissemination of this 
research.

RESULTS
Patient characteristics
A total of 575 patients with HVD underwent valve replace-
ment or valve repair. Patients were screened based on 
the inclusion and exclusion criteria. Lastly, a total of 431 
patients (202 males and 229 females, mean age 58.9±27.3 
years) were enrolled (figure 1), In this study, there were 
182 cases with primary poor outcomes (41.23%), 23 cases 
with all- cause deaths within 30 days (5.33%) and 15 cases 
with readmission within 30 days (3.48%) (table 1).

Clinical outcomes
The general clinical data and intraoperative data of 
patients with HVD in the two groups are shown in table 2. 
The SII level of the poor outcomes group was signifi-
cantly higher than that of the favourable outcomes group 
(658.40±436.29 vs 335.72±174.76, p<0.001; figure 2). 
Results from the univariate analysis showed that age, 
systolic blood pressure, haemoglobin, albumin, SII, left 
ventricular ejection fraction (LVEF), N- terminal probrain 
natriuretic peptide, New York Heart Association grade 
≥3, diabetes history, CPB time, aortic cross- clamping 
time and intraoperative infusion of erythrocyte suspen-
sion were risk factors for perioperative poor outcomes in 
adult HVD (p<0.05 in all cases). Results from multivariate 
logistic regression analysis showed that age (OR 1.064, 
95% CI 1.026 to 1.104, p=0.025), SII (OR 1.034,95% CI 
1.012 to 1.631, p=0.008) and aortic cross- clamping time 
(OR 1.013, 95% CI 1.004 to 1.023, p=0.006) were inde-
pendent risk factors for poor postoperative outcomes and 
short- term prognosis in patients with HVD (table 3).

Sensitivity and specificity of SII in predicting poor outcomes
ROC analysis was used to determine the cut- off values of 
SII in predicting poor outcomes. The results showed that 
SII could effectively predict poor postoperative outcomes 
in patients with HVD, with an AUC of 0.806 (95% CI 
0.763 to 0.848), optimised cut- off value of 423.8×109 /L, 
sensitivity of 70.3% and specificity of 81.1% (figure 3A). 
We also verified the predictive value of SII for poor 
outcomes in different heart valve pathologies. The results 
showed that SII could also effectively predict poor post-
operative outcomes in patients with mitral valve disorder 
(figure 3B), aortic valve disorder (figure 3C) and aortic 
and mitral valve disorders (figure 3D), and the AUCs 
were 0.793 (95% CI 0.712 to 0.874), 0.766 (95% CI 0.684 
to 0.849) and 0.779 (95% CI 0.677 to 0.880), respectively 
(table 4).

Subgroup analyses
Subgroup analysis was conducted to determine the 
correlation between SII and poor outcomes across 
comorbidities and different parameters, and the results 
were shown in table 5. Stratification factors did not have 
a significant impact on the relationship between SII and 
poor outcomes (interaction p>0.05). In addition, the 
results of the study showed that in all subgroups, the 
increase in SII levels was closely related to the increase in 
the poor outcomes of patients with HVD (table 5).

Comparison of clinical outcomes between the high SII and low 
SII groups
To investigate the impact of SII on clinical outcomes, 
a secondary analysis of the data was conducted. Based 
on the SII- optimised cut- off value (423.8×109/L) 
obtained using the ROC curve, patients were assigned 
to the high SII group (C curve, p/L) or the low SII 
group (<423.8×109 /L). There were 169 patients 
in the high SII group and 262 in the low SII group. 

Table 3 Univariate and multivariate logistic regression analysis of variables associated with poor outcomes

Variables OR

Univariate analysis

OR

Multivariate analysis

95% CI

P value

95% CI

P valueLower Upper Lower Upper

Age, years 1.853 1.263 1.885 0.002 1.064 1.026 1.104 0.025

SBP, mm Hg 1.108 1.103 1.745 0.039

SII, ×109 /L 2.015 1.079 3.031 ＜0.001 1.034 1.012 1.631 0.008

Hb, g/L 1.147 1.083 1.762 0.020

ALB, g/L 1.891 1.257 2.813 0.010

NT- pro- BNP, pg/mL 1.267 1.059 2.017 0.027

LVEF,% 1.656 1.058 1.924 0.016

NYHA class e A 1.563 1.030 2.372 0.035

Diabetes 1.375 1.054 1.793 0.033

CPB time, min 1.642 1.172 1.986 0.003

ACT time, min 1.974 1.128 2.379 ＜0.001 1.013 1.004 1.023 0.006

Use of red blood cell, mL 1.545 1.082 2.673 0.005

ACT, aortic cross- clamping time; ALB, albumin; CPB, cardiopulmonary bypass; Hb, haemoglobin; LVEF, left ventricular ejection fraction; NT- proBNP, N- terminal pro brain natriuretic 
peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SII, systemic immune- inflammation index.
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The clinical outcomes of the two groups were 
compared and the results showed that the incidence 
of poor outcomes (p<0.001), malignant arrhythmia 
(p=0.016), low cardiac output syndrome (p=0.027), 
acute liver failure (p=0.002), acute lung injury 
(p<0.001), acute kidney injury (p<0.001), contin-
uous renal replacement therapy (p=0.044) and septi-
caemia (p=0.032) increased significantly in the high 

SII group. Moreover, mechanical ventilation, ICU stay 
and hospital stay were significantly prolonged in the 
high SII group (p<0.001 in all cases; table 6). Kaplan- 
Meier analysis showed that compared with patients in 
the low SII group, those in the high SII group had a 
significant increase in postoperative mortality within 
30 days (p<0.001; figure 4A) and an increase in read-
mission rate within 30 days (p=0.026; figure 4B).

Figure 3 The ROC curve showing the predicting value of SII for poor outcomes in different type of heart valve pathologie 
before PSM. AUC, area under the curve; AVD, aortic valve disorder; HVD, heart valve diseases; MVD, mitral valve disorder; 
PSM, propensity score matching; ROC, receiver operating characteristic; SII, systemic immune- inflammation index.

Table 4 Predictive value of SII for poor outcomes before PSM

AUC Cut- off value (×109 /L) 95% CI Sensitivity Specificity

HVD 0.806 423.8 0.763 to 0.848 70.3% 81.1%

MVD 0.793 428.1 0.712 to 0.874 69.4% 83.0%

AVD 0.766 440.2 0.684 to 0.849 67.3% 83.4%

MVD+AVD 0.779 418.5 0.677 to 0.880 79.4% 70.1%

AUC, area under the curve; AVD, aortic valve disorder; HVD, heart valve diseases; MVD, mitral valve disorder; PSM, propensity score 
matching; SII, systemic immune- inflammation index.

 on M
ay 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-064171 on 11 O

ctober 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


7Xiang J, et al. BMJ Open 2022;12:e064171. doi:10.1136/bmjopen-2022-064171

Open access

Prognostic value of SII after propensity score matching
Propensity score matching (PSM) analysis with 1:1 
matching was conducted to effectively balance the 
confounding factors and improve the credibility of our 
results. After PSM, 121 pairs of research objects were 
generated and the differences in age, systolic blood 
pressure, haemoglobin, albumin, LVEF, NT- pro- BNP, 
NYHA class ≥3, diabetes history, CPB time, aortic cross- 
clamping time and intraoperative infusion of erythro-
cyte suspension were balanced between the two groups, 
with good matching performance (table 7). After PSM, 
compared with the low SII level group, subjects in the 
high SII level group still had higher poor outcome rates 

(64.46% vs 24.79%, p<0.001), higher 30- day all- cause 
mortalities (9.92% vs 2.48%, p=0.016), and higher 
30- day readmission rates (6.61% vs 1.65%, p=0.050). 
ROC analysis revealed that SII could effectively predict 
poor postoperative outcomes in patients with HVD after 
PSM with an AUC of 0.774 (95% CI 0.751 to 0.823), 
optimised cut- off value of 447.9×109 /L, sensitivity of 
72.2% and specificity of 79.4% (figure 5, table 8). After 
PSM, Kaplan- Meier analysis showed that compared with 
patients in the low SII group, those in the high SII group 
had a significant increase in 30- day all- cause mortality 
(p=0.016; figure 6A) and 30- day readmission rates 
(p=0.050; figure 6B).

Table 5 Subgroup analysis of the correlation between SII and poor outcomes

Subject N

SII

P for interactionLow High

ACT       0.403

  ＜90 min 305 1.0 (ref.) 8.177 (4.733–14.130)

  ≥90 min 126 1.0 (ref.) 26.358 (7.453–93.214)

Age       0.684

  ≤50 years 89 1.0 (ref.) 3.784 (1.547–4.940)

  50–70 years 236 1.0 (ref.) 5.153 (2.421–10.034)

  ≥70 years 106 1.0 (ref.) 8.847 (3.593–21.783)

ACT, aortic cross- clamping time; SII, systemic immune- inflammation index.

Table 6 Comparison of complications between patients with different SII groups

High SII (n=169） Low SII (n=262） t/ 62I P value

Poor outcomes, n (%) 103 (60.94) 79 (30.15) 39.933 ＜0.001

Drainage fluid in 24 hours, mL 508.74±389.19 453.19±389.19 1.594 0.112

Malignant arrhythmia, n (%) 13 (7.69) 7 (2.67) 5.852 0.016

MI, n (%) 4 (2.37) 3 (1.14) 0.273*

LCOS, n (%) 50 (29.58) 31 (11.83) 4.887 0.027

IABP, n (%) 8 (4.73) 5 (1.91) 2.803 0.094

ALF, n (%) 25 (14.79) 15 (5.73) 10.033 0.002

ALI, n (%) 39 (23.08) 26 (9.92) 13.878 ＜0.001

Tracheotomia, n (%) 5 (2.96) 3 (1.14) 0.993 0.319

Mechanical ventilation time, h 38.04±41.85 24.90±28.27 3.890 ＜0.001

Reintubation, n (%) 8 (4.73) 5 (1.91) 2.803 0.094

AKI, n (%) 67 (39.64) 51 (19.46) 21.040 ＜0.001

CRRT, n (%) 7 (4.14) 3 (1.14) 4.071 0.044

Septicaemia, n (%) 6 (2.29) 1 (0.38) 4.645 0.032

Secondary thoracotomy, n (%) 5 (2.96) 2 (0.76) 1.877 0.171

Cerebrovascular accident, n (%) 3 (1.77) 2 (0.76) 0.303*

Gastrointestinal bleeding, n (%) 1 (0.59) 2 (0.76) 0.660*

Intensive care unit stay, days 3.94±4.09 2.03±2.28 6.221 ＜0.001

Hospital stay, days 17.31±4.58 15.12±3.65 5.495 ＜0.001

30- day postoperative mortality, n (%) 18 (10.65) 5 (1.91) 15.543 ＜0.001

30- day readmission, n (%) 10 (5.92) 5 (1.91) 4.951 0.026

*Means use Fisher’s exact test.
.AKI, acute kidney injury; ALF, acute liver failure; ALI, acute lung injury; CRRT, continuous renal replacement therapy; IABP, intra- aortic ballon pump; LCOS, low cardiac output 
syndrome; MI, myocardial infarction; SII, systemic immune- inflammation index.
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DISCUSSION
In this study, the prognostic value of SII in predicting 
postoperative short- term mortality and the readmission 
of 431 patients with HVD who underwent surgery were 
assessed. The main finding was that preoperative systemic 
inflammation evaluated using SII was significantly asso-
ciated with an increased risk of postoperative composite 
complications, all- cause mortality and readmission within 
30 days after valvular replacement or valvuloplasty.

HVD is the third- leading cause of cardiovascular death 
in developing countries after coronary heart disease and 
hypertension.1 Owing to the limitations of economic and 

geographical factors, some patients are at the end stages 
of the disease at their initial visits, resulting in increased 
surgical complications and mortality. HVD postopera-
tive mortality is reported as 1.8%–30.2%.2 12 Reducing 
the complications and mortality in patients with HVD 
is a pressing issue. Therefore, the early identification of 
risk factors responsible for the poor prognosis in patients 
with HVD is of great significance to reduce mortality and 
improve prognosis. Previous studies13 14 have demon-
strated that age, preoperative liver function/renal 
function injury, LVEF, intraoperative blood transfusion 
and CPB duration are important factors affecting the 

Figure 4 Kaplan- Meier curves showing the 30- day all- cause mortalities (A) and 30- day readmissions (B) stratified by cut- 
off value of SII in patients with HVD before PSM. HVD, heart valve diseases; PSM, propensity score matching; SII, systemic 
immune- inflammation index;

Table 7 Comparison of variables between different SII groups after PSM

Variables High SII (n=121) Low SII (n=121) t/χ2 P value

Age, years 59.14±11.97 58.28±11.35 0.573 0.567

SBP, mm Hg 135.34±39.26 129.52±39.11 1.155 0.249

Hb, g/L 131.55±23.04 128.62±22.83 1.399 0.163

ALB, g/L 37.61±5.87 36.76±5.53 1.159 0.248

NT- proBNP, pg/mL 1621.12±405.65 1571.37±420.12 0.937 0.349

LVEF, % 56.71±11.38 58.73±10.92 −1.409 0.160

NYHA class .12 67 (55.37) 56 (46.28) 2.001 0.157

Diabetes 21 (17.36) 16 (13.22) 0.978 0.372

CPB time, min 97.65±29.76 91.89±27.76 1.557 0.121

ACT time, min 79.63±27.66 74.25±28.75 1.489 0.138

Use of red blood cell, mL 393.93±122.58 387.34±124.39 0.415 0.678

Poor outcomes, n (%) 78 (64.46) 30 (24.79) 38.527 ＜0.001

30- day all- cause mortality, n (%) 12 (9.92) 3 (2.48) 4.549 0.016

30- day readmission, n (%) 8 (6.61) 2 (1.65) 3.856 0.050

ACT, aortic cross- clamping time; ALB, albumin; CPB, cardiopulmonary bypass; Hb, haemoglobin; LVEDD, left ventricular end- diastolic dimension; LVEF, left ventricular ejection 
fraction; NT- proBNP, N- terminal pro brain natriuretic peptide; NYHA, New York Heart Association; PSM, propensity score matching; SBP, systolic blood pressure; SII, systemic 
immune- inflammation index.
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prognosis in patients with HVD. We found that preoper-
ative SII was significantly correlated with postoperative 
complications of HVD and short- term prognosis, which 
have not been reported in previous studies.

It has been reported that15 inflammation and immune 
responses are closely related to the occurrence, postop-
erative complications and death in patients with HVD. 
Platelets adhere to the vascular wall to promote leucocyte 

Figure 5 The ROC curve showing the predicting value of SII for poor outcomes in different type of heart valve pathologie 
after PSM. AUC, area under the curve; AVD, Aortic valve disorder; HVD, heart valve diseases; MVD, mitral valve disorder; PSM, 
propensity score matching; ROC, receiver operating characteristic; SII, systemic immune- inflammation index.

Table 8 Predictive value of SII for poor outcomes after PSM

AUC Cut- off value (×109 /L) 95% CI Sensitivity Specificity

HVD 0.774 447.9 0.751 to 0.832 72.2% 79.4%

MVD 0.792 523.5 0.678 to 0.906 68.2% 80.5%

AVD 0.727 514.1 0.613 to 0.842 55.0% 90.6%

MVD+AVD 0.778 477.3 0.662 to 0.894 75.6% 75.0%

AUC, area under the curve; AVD, aortic valve disorder; HVD, heart valve diseases; MVD, mitral valve disorder; PSM, propensity score matching; SII, systemic immune- inflammation 
index.
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recruitment. Moreover, the invasion of leucocytes into the 
diseased valves leads to disease progression, suggesting 
that local and systemic inflammatory processes may be 
involved in HVD progression.16 Investigations reveal that 
systemic inflammation and immune system activation are 
independent predictors of the long- term prognosis in 
patients with chronic heart failure.17 Recent studies have 
demonstrated that some inflammatory indices calculated 
based on blood cell count, including PLR, NLR and N/
LP, could serve as indicators to predict complications 
and the poor prognoses of cardiovascular diseases.5 6 
Moreover, they can predict the severity, mechanical venti-
lation and in- hospital mortality of patients with COVID- 
19.18 19 SII integrates the details of neutrophil, platelet 
and lymphocyte counts. A comprehensive analysis of 
these three blood cell counts can better clarify the inter-
action of inflammatory immune cells in disease states and 
indicate a better predictive value compared with PLR and 
NLR alone.7 Currently, research on SII mainly focuses on 
tumours, nervous system diseases, sepsis and ischaemic 
diseases, but only a few studies report the predictive value 
of SII in cardiovascular diseases.

Seo et al evaluated patients with chronic heart failure 
and found that those in the high SII group had a worse 
prognosis.20 Hayıroğlu et al21 followed up 1011 patients 
with intracardiac defibrillators (ICDs) for heart failure 
with reduced ejection fraction (HFrEF) for 10 years and 
found that SII may be an independent predictive marker 
for both long- term mortality and appropriate ICD therapy 
in patients with HFrEF. Some recent studies have reported 
the predictive value of SII in infective endocarditis and 
coronary heart disease.22–24 Selçuk et al23 reported that 
SII is a predictor of postoperative atrial fibrillation in 

patients with coronary artery bypass grafting and is better 
than NLR and PLR. Another recent report showed that 
SII could predict poor postoperative outcomes (eg, acute 
kidney injury, cardiovascular events, cerebrovascular 
accidents, sepsis) in patients after coronary artery bypass 
grafting.24 HVD is an inflammatory disease sharing the 
pathophysiology (eg, lipoprotein deposition, calcifica-
tion and chronic inflammation) with coronary heart 
disease.25 There are only a few studies on whether SII has 
similar effects in patients with HVD. Yoon et al26 reported 
that high SII is closely related to postoperative 30- day 
mortality in patients after tricuspid valve under thoraco-
scopy and that it is an independent biomarker of poor 
prognosis in patients with isolated tricuspid regurgitation 
undergoing thoracoscopic surgery. Tosu et al27 investi-
gated 120 patients who underwent transcatheter aortic 
valve implantation (TAVI) for aortic stenosis and found 
that SII was an independent predictive factor in TAVI for 
postoperative adverse cardiac events. The AUC of adverse 
cardiac events predicted by SII was 0.960, with a speci-
ficity of 94% and a sensitivity of 96%. In this study, the 
preoperative SII in the poor outcomes group was signifi-
cantly higher than that in the favourable outcomes group. 
Multivariate logistic regression analysis revealed that SII 
was an independent influencing factor of poor outcomes 
of HVD with an AUC of 0.806 (95% CI 0.763 to 0.848), 
optimised cut- off value of 423.8×109/L, sensitivity of 
70.3% and specificity of 81.1%. In addition, the incidence 
of poor postoperative outcomes and mortality in the high 
SII group was significantly increased, which was consis-
tent with that reported in previous studies, suggesting 
that high SII (≥423.8×109/L) is closely related to HVD 
poor postoperative outcomes and short- term prognosis.

Figure 6 Kaplan- Meier curves showing the 30- day all- cause mortalities (A) and 30- day readmissions (B) stratified by cut- off 
value of SII in patients with HVD after PSM. HVD, heart valve diseases; PSM, propensity score matching; SII, systemic immune- 
inflammation index.
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Currently, the relationship between SII and HVD poor 
postoperative prognosis remains elusive and may be 
related to the inflammatory response by the circulating 
immune cells (platelets, neutrophils and lymphocytes). 
Neutrophils can regulate inflammatory responses, secrete 
inflammatory mediators and exhibit strong chemotaxis 
and phagocytosis. Increasing neutrophil counts indicate 
an overactivated inflammatory response. Neutrophils 
induce cardiomyocyte injury by adhesion, phagocytosis, 
the release of several proinflammatory cytokines, and 
the formation of neutrophil extracellular traps, thereby 
further attracting and activating other inflammatory cells 
to participate in cardiac immunity and myocardial injury.28 
Therefore, neutrophils have been used as markers in the 
diagnosis and prognosis of cardiovascular diseases.28 29 
Platelets are derived from the mononuclear phagocyte 
system. They interact with leucocytes and vascular endo-
thelial cells, activate and induce monocyte adhesion and 
transport, and are involved in the release of interleukin- 1, 
tumour necrosis factor-α and other inflammatory factors, 
and jointly promote local myocardial inflammation and 
fibrosis in patients with HVD.30 Increased platelet counts 
have also been reported to be related to the poor prog-
nosis in patients with cardiovascular diseases.31 On the 
contrary, lymphocytes are mainly involved in specific 
immunity. Decreased lymphocyte counts are a hallmark 
of immune decline. Patients with HVD usually suffer 
from chronic heart failure. Chronic inflammation, oxida-
tive stress and neurohormonal activation in patients with 
chronic heart failure increase plasma cortisol levels and 
catecholamine release, resulting in the downregulation 
of lymphocytic differentiation and proliferation, followed 
by an increase in lymphocyte apoptosis.32 Therefore, 
lymphocyte reduction is an independent predictive factor 
for poor survival in patients with chronic and advanced 
heart failure.33 Although we found that preoperative high 
SII could predict poor postoperative prognosis in patients 
with HVD, the specific mechanism could not be clarified, 
thereby warranting further research.

However, our study has some limitations. First, the 
retrospective collection of data was prone to recall bias 
and other biases; for example, the time of blood collec-
tion and basic information collection may not have been 
on the same day, which may have introduced some bias. 
Second, this was a single- centre retrospective cohort 
study with a small sample size and short follow- up time 
due to which the statistical power was limited. Third, the 
SII boundary value was obtained using the ROC curve 
and there might be a more accurate SII boundary value. 
Fourth, we did not conduct statistical analysis on other 
factors affecting prognosis, such as the use of vasoactive 
drugs. In future studies, we plan to evaluate more possible 
risk factors to improve our study. Fifth, although multivar-
iate analysis was performed, there may have been some 
unmeasured confounding factors affecting the results of 
the study. Therefore, more rigorous multicentre prospec-
tive randomised controlled studies are needed to further 
corroborate our findings.

CONCLUSIONS
SII, as a simple and inexpensive biomarker, is an indepen-
dent risk factor for the poor postoperative prognosis of 
HVD. Thus, it can be used as a predictor of poor postop-
erative outcomes and the short- term prognosis in patients 
with HVD, making it worthy of further development for 
use as a diagnostic aid in a clinical setting.
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