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Abstract

Background: Acute ischemic stroke (AIS) is the main cause of worldwide death and disability. Early neurological deterioration (END)
can further increase the probability of death and disability in patients with ischemic stroke. Therefore, it is essential to find biomarkers
to predict END early. Inflammatory response plays a crucial role in determining the course, outcome, and prognosis of END. Earlier
studies focused on the relationship between routine hematological inflammatory markers and END, which limited the results. At present,
relatively new and comprehensive markers of inflammatory response are relatively scarce. In this study, we investigate the predictive
value of inflammatory markers in acute ischemic stroke cases for END which include systemic inflammatory response index (SIRI),
platelet/lymphocyte ratio (PLR), lymphocyte/monocyte ratio (LMR), neutrophil/lymphocyte ratio (NLR), and then to establish a nomo-
gram model. Methods: A total of 375 patients with AIS were analyzed who were admitted to the Second Affiliated Hospital of Harbin
Medical University from September 2019 to June 2021. The associations between END and inflammatory markers were studied by
employing the analysis of univariate. Following that, through regression models of the least absolute shrinkage and selection operator,
the END risk model’s feature selection was optimized. The development of the model of prediction was carried out by applying the
multivariable logistic regression analysis. The calibration, discrimination, and clinical efficacy of the prediction model were studied
via calibration plot, C-index, and decision curve analysis (DCA). The bootstrapping validation method was used for the evaluation of
internal validation. Results: We constructed a nomogram consisting of CRP, monocytes, NIHSS and SIRI. This model had desirable
calibration and discrimination, with a C-index of 0.757 (95% confidence interval: 0.702—0.805). Interval validation could still achieve
the higher C-index value of 0.747. When the risk threshold for END was greater than 13% but less than 84%, DCA proved to be clinically
useful. Conclusions: Our research shows that SIRI can be used as a new predictor of END, as well as a monitor of treatment response.
Compared with the traditional single inflammatory indicator, the integration of SIRI nomogram can predict the occurrence of END more
objectively and reliably.
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1. Introduction to perform, inexpensive, and provide information on vari-
ous cell types and morphologic parameters, such as white
blood cell counts, lymphocytes, and neutrophils. At the
same time, various new composite measures such as neu-
trophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio
(PLR), systemic inflammatory response index (SIRI), can
be used for various types of brain diseases, for instance, is-
chemic stroke [8], subarachnoid hemorrhage [9,10], brain
tumors [11]. SIRI is on the basis of peripheral blood counts
of monocytes, lymphocytes, and neutrophils, which better
reflect the balance between inflammatory response and im-
mune state of the patient. SIRI’s predictive value in the oc-
currence of END in AIS patients is currently understudied.
Furthermore, previous research has primarily focused on a
single inflammatory marker, with few studies on hemato-
logical inflammatory markers.

In general, one of the most key reasons for morbidity
and mortality in the world is stroke [1], with an early neu-
rological deterioration (END) rate of roughly 8.1-28.1%
[2]. Studies have shown END may contribute to an in-
creased probability of death and disability in acute ischemic
stroke (AIS) patients [3,4]. Increasing evidence shows that
neuro-inflammatory response exerts critical roles in the oc-
currence and development of early neurological deteriora-
tion [5,6]. In addition, the immune system is closely related
to the pathogenesis and prognosis of stroke. Hypoperfu-
sion and hypoxia may contribute to the release of M1 mi-
croglial subtype and pro-inflammatory cytokines, promot-
ing the recruitment of surrounding immune cells and ag-
gravating the damage of penumbra and blood-brain barrier
[7]. Antibody production can also cause long-term dam-

age to the central nervous system and affect patient out-
comes. Routine blood tests used to assess inflammatory
processes can often be used for early diagnosis of a variety
of diseases. In particular, complete blood counts are easy

The objective of this study is to investigate the associa-
tion of inflammatory biomarkers with END in AIS patients,
as well as assessment of predictive values of SIRI, PLR,
NLR, and lymphocyte/monocyte ratio (LMR) for END. Ad-
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ditionally, a nomogram was developed in conjunction with
SIRI to improve the discriminative capability of the inflam-
matory parameters for END.

2. Materials and methods
2.1 Research design

This is a single-center retrospective cohort research.

2.2 Participants

From September 2019 to June 2021, consecutive AIS
patients admitted to the Neurology department, Harbin
Medical University’s Second Affiliated Hospital, were ret-
rospectively analyzed. Following was the inclusion crite-
ria: (1) age >18 years; (2) The diagnosis of AIS was car-
ried out through CT or MRI 24 hours within admission;
while the exclusion criteria were: (1) patients with acute
and chronic infection, rheumatism and immune system dis-
eases were confirmed 2 weeks before admission; (2) pa-
tients with tumor or trauma; (3) incomplete clinical data;
(4) thrombolysis or intravascular therapy; (5) white blood
cell >11 x 10%/L at admission; (6) patients with cerebral
hemorrhage, suspected tumor stroke, hemorrhage after in-
farction; (7) patients had severe disturbance of conscious-
ness or severe comorbidities and could not be evaluated for
neurological function at admission.

2.3 Data collection

Following data was collected: patients’ age, sex,
previous history (drinking, smoking, hypertension, coro-
nary heart disease, diabetes mellitus, acute myocardial in-
farction, cerebral infarction) and NIHSS scores at admis-
sion. Furthermore, laboratory parameters such as triglyc-
eride (TG), total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL), low-density lipoprotein cholesterol
(LDL), high sensitivity C-reactive protein (CRP), baseline
blood glucose (G), homocysteine (HCY), and blood rou-
tine (white blood cell, lymphocyte, neutrophil, and mono-
cyte counts) were obtained upon admission [12]. Calcu-
lations of NLR, SIRI, LMR, and PLR, were performed
as (NLR = neutrophil count/lymphocyte count; SIRI =
neutrophil count X monocyte count/lymphocyte count;
LMR = lymphocyte count/monocyte count; PLR = platelet
count/lymphocyte count).

2.4 Definition of early neurological deterioration

The NIHSS was employed for assessing the stroke
severity on the day of admission and every day for 7 days af-
ter admission. The NIHSS consists of 15 items with a total
score of 42, the greater score associated with the more se-
vere the stroke [13]. All neurologists received unified train-
ing in NIHSS scoring evaluation. When the overall score
of NIHSS is enhanced by >2-point within 7 days of admis-
sion, it can be defined as early neurological deterioration
[14-16].

2.5 Statistical analysis

Median (quartile) or mean =+ standard deviation was
employed for expressing the continuous variables. Fre-
quencies and percentages are used to express categorical
variables. The Kruskal Wallis H analysis for medians, Stu-
dent’s analysis for means, and the chi-square analysis for
categorical variables were implemented for the evaluation
of the discrepancies between groups. For statistical anal-
ysis, SPSS Statistics 25.0 (IBM Inc., Armonk, NY, USA)
and R Version 4.1.0 software (https://www.r-project.org/)
were used.

Using the method of least absolute shrinkage and se-
lection operator (LASSO) [17], the variables p < 0.1 within
the outcomes of the analysis of univariate logistic regres-
sion were used to diminish the dimension of the findings,
and the greatest risk factor prediction features were cho-
sen. The nonzero coefficient features of the LASSO re-
gression model were chosen [18], and the prediction model
was developed by implementing the analysis of multivari-
able logistic regression [19,20]. An analysis of the curve
of the receiver operating characteristic (ROC) was also ac-
complished for the evaluation of the predictive values for
END inflammatory markers. Furthermore, the curves of
calibration were plotted to appraise the END nomogram’s
calibration, and Harrell’s C-index [21] was calculated for
the quantification of the nomogram’s discrimination per-
formance. For calculating the comparative reformed C-
index, the nomogram was exposed to bootstrapping vali-
dation (1000 bootstrap resamples) [22]. The clinical value
of the END nomogram was determined by employing de-
cision curve analysis (DCA) to examine the net profits at
numerous threshold probabilities [23]. We calculated the
net benefit via subtraction of true positive proportion from
the proportion false positives and then weighing the harms
of abandoning the intervention against the negative conse-
quences of intervention which is unnecessary [24].

3. Results
3.1 Patients’ characteristics

We collected 375 consecutive cases suffering from
AIS processed at our hospital from September 2019 to June
2021. The cohort included 164 patients with early deterio-
ration in the neurological system and 211 cases with non-
early deterioration in the neurological system. There were
128 (34.1%) female and 247 (65.9%) male patients. The
average age of the cases was 61.9 & 11.3 years (over a 16—
88 years range). Table 1 shows the laboratory and demo-
graphic outcomes of all of the cases in the two groups.

3.2 Feature selection

Analysis for all the variables was performed via the
univariate binary logistic regression. In order to prevent
omissions, we set the p-value as 0.1 as the cut-off value,
and determined 7 variables related to END for further anal-
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Table 1. Demographics, laboratory information of study population (n = 375).

parameter END group (n=164) Non-END group (n=211) ALL (n=375) p value
Age (years) 63 (56-71) 63 (53-68) 63 (55-69) 0.02
Male (%) 111 (67.7%) 136 (64.5%) 249 (64.5%) 0.51
Smoking (%) 73 (44.5%) 85 (40.3%) 158 (42.1%) 0.49
Drinking (%) 41 (25.0%) 57 (27.0%) 98 (26.1%) 0.84
Hypertension (%) 109 (66.5%) 154 (73.0%) 263 (70.1%) 0.05
Diabetes mellitus (%) 51 (31.1%) 58 (27.5%) 109 (29.1%) 0.52
CHD (%) 17 (10.4%) 24 (11.4%) 41 (10.9%) 0.76
CI (%) 46 (28.0%) 55(26.1%) 101 (26.9%) 0.67
AMI (%) 5(3.0%) 3 (1.4%) 8 (2.1%) 0.31
NIHSS (score) 4 (3-7) 3 (1-6) 4 (2-6) <0.001
TG (mmol) 1.6 (1.1-2.3) 1.4 (1.1-2.1) 1.5(1.1-2.2) 0.24
TC (mmol) 4.5(3.9-5.3) 4.5(3.8-5.2) 4.5(3.9-5.2) 0.89
HDL (mmol) 1.0 (0.9-1.1) 1.1 (0.9-1.2) 1.0 (0.9-1.2) 0.17
LDL (mmol) 2.94 +0.90 2.78 +0.89 2.8(2.2-3.4) 0.73
CRP (mg/L) 3.1(1.3-7.3) 1.8 (0.8-4.5) 2.4(0.9-5.7) <0.001
G (mmol) 6.0 (5.2-8.2) 5.8(5.1-7.2) 5.9 (5.1-7.8) 0.16
HCY (umol/L) 13.0 (10.1-17.8) 14.4 (12.0-20.5) 13.9(10.7-18.9) 0.01
WBC (10°/L) 7.5 (6.4-8.8) 7.6 (6.1-7.6) 7.6 (6.3-8.8) 0.72
Neutrophils (10°/L) 5.1 (4.2-6.5) 5.0 (4.1-6.2) 5.1 (4.1-6.4) 0.23
Lymphocytes (109/L) 1.8 (1.4-2.2) 2.1(1.6-2.4) 1.9 (1.5-2.3) 0.001
Monocytes (109/L) 0.3 (0.3-0.4) 0.3 (0.2-0.3) 0.3 (0.2-0.4) <0.001
SIRI 1.0 (0.6-1.5) 0.6 (0.4-1.0) 0.7 (0.5-1.2) <0.001
PLR 121.8 (90.2-156.8) 117.7 (89.7-159.2) 119.1 (90.1-157.5) 0.96
NLR 3.0(2.2-4.0) 2.5(2.0-3.2) 2.7 (2.0-3.5) <0.001
LMR 543.9-7.1) 9.0 (5.8-11.5) 6.9 (4.6-10.0) <0.001

Note: CHD, coronary heart disease; NLR, neutrophil-lymphocyte ratio; CI, cerebral infarction; AMI, acute my-

ocardial infarction; HDL, high-density lipoprotein cholesterol; TG, triglyceride; LDL, low-density lipoprotein
cholesterol; NIHSS, National Institute of Health Stroke Scale; TC, total cholesterol; G, baseline blood glucose;
CRP, high sensitivity C-reactive protein; WBC, white blood cell; HCY, homocysteine; PLR, platelet lymphocyte

ratio; SIRI, systemic inflammation response index; LMR, lymphocyte/monocyte ratio.

ysis, as shown in Table 2. By performing the LASSO anal-
ysis, a 4 variable analysis was constructed according to the
optimum A value (Fig. 1). These features included CRP,
Monocytes, NIHSS, and SIRI (Table 3).

3.3 Advancement of a model of the individualized
prediction model

Table 3 summarizes the findings of the analysis of lo-
gistic regression amongst CRP, Monocytes, NIHSS, and
SIRI. A model was developed by incorporating these inde-
pendent predictors and presented in the form of a nomogram
(Fig. 2).

Apparent performances of the risk nomogram for early
deterioration in the neurological system within the cohort.

The assessment of the ROC curve was applied to as-
certain SIRI’s predictive capability for END. The SIRI op-
timal cut-off value on admission was 0.767 with 0.712 the
area under the curve (AUC), the specificity and the sensi-
tivity were 65.2%, and 67.3%, respectively, 50.3% negative
predictive value, and 77.5% positive predictive value. Fur-
thermore, SIRI was better to predict END risk than other
inflammatory markers (Fig. 3).
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Calibration curves used for estimating the early neu-
rological deterioration risk in AIS patients showed good
agreement across the cohort (Fig. 4). For the nomogram
prediction, the C-index was 0.757 (95% CI: 0.702—0.805)
for the cohort, and further validated through bootstrapping
validation as 0.747, indicating the model had good discrim-
inant ability.

3.4 Clinical use

The clinical application value of DCA in assessing the
risk of END nomogram. Fig. 5 exhibits the DCA of the
END risk nomogram. According to the decision curve, the
threshold probability >13 for the patient and <84% for the
physician would be more beneficial to use this graph to pre-
dict END risk than for patients with all or none END.

4. Discussion

END is one of the leading causes of a patient’s poor
prognosis suffering from AIS [25]. Recently, new inflam-
matory markers such as PLR, NLR, and SIRI have attracted
the attention of clinicians in assessing the disease severity
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Fig. 1. Lasso regression analysis based on Selection of predictors. (a) LASSO regression of the 7 variables. (b) Cross-validation for

tuning the selection of parameters in the regression of LASSO.

0 10 20 30 40 50 60 70 80 20 100
POII"ItS L 1 I 1 L 1 1 L L L ]
CRP — T
0 5 10 15 20 25 30 35 40 45 50
Monocytes ——TTTTT ™
0 02 04 06 08 1
NIHSS ——T—T—TT—T
0 2 46 810 14 18
SIRI r T T T T T T T T T T T T 1
0 0.5 1 15 2 25 3 35 4 45 5 55 6 6.5
Total Points r T T T T T T T 1
0 20 40 60 80 100 120 140 160
Risk of early neurological deterioration r T T T ,
03 05 07 09 095

Fig. 2. Advancement of a model of risk prediction for END. CRP, high sensitivity C-reactive protein; NIHSS, National Institute of

Health Stroke Scale; SIRI, systemic inflammation response index.

and prognosis of AIS patients. PLR and NLR were both
independent predictors of 3-month functional outcomes of
AIS [26]. Sharma confirmed that PLR was positively lin-
early correlated with NIHSS scores in patients with AIS,
which could help predict disease severity and prognosis
in terms of functional outcome [8]. Jin found that the in-
creased SIRI was related to increased stroke risk [27]. Lat-
tanzi found that higher SIRI at admission is associated with
an increased risk of poor functional outcome at 3 months

in ischemic stroke patients treated with EVT and success-
fully recanalized [28]. However, previous studies mainly
focused on a single inflammatory marker. Therefore, we
further developed the inflammatory factors-based nomo-
gram to estimate the END incidence in AIS cases, so as to
identify the END risk factors earlier and promote the com-
munication between patients and clinicians as well as pa-
tient management.
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Table 2. Logistic regression analysis of predictors of END. ROC curve

Variable OR (95% CI) p value 1.0 1

Age (years) 1.03 (1.01-1.05) <0.001%*

Male (%) 0.87 (0.56-1.33) 0.51

Smoking (%) 1.11 (0.75-1.63) 0.61 0.8 -

Drinking (%) 0.86 (0.56-1.32) 0.49 .

Hypertension (%) 1.02 (0.86-1.22) 0.79 X

Diabetes mellitus (%)  1.13 (0.73-1.73) 0.59 = 061

CHD (%) 0.90 (0.47-1.74) 0.76 =

AMI (%) 1.11 (0.47-1.74) 0.67 @ -

CI (%) 2.18 (0.51-9.26) 0.29 o Y

NIHSS (score) 115 (1.07-1.23)  <0.001* 2

TG (mmol) 1.04 (0.9-1.21) 0.56 CRP (AUC = 0.621)

TC (mmol) 0.99 (0.83-1.17) 0.88 0.2 + — Monocytes (AUC = 0.672)
HDL (mmol) 0.56 (0.27-1.18) 0.13 — NIHSS (AUC = 0.624)

LDL (mmol) 1.22 (0.97-1.53) 0.10 — SIRI(AUC = 0.712)

CRP (mg/L) 1.11 (1.05-1.16)  <0.001* 0.0 -7 T T T T

G (mmol) 1.06 (0.99-1.13) 0.08 0.0 0.2 0.4 0.6 0.8 1.0
HCY (umol/L) 0.97 (0.95-1.02) 0.46 Specificity(%)

WBC (109/L) 1.02 (0.91-1.16) 0.7

Neutrophils (10°/L) 1.11 (0.97-1.27) 0.12 Fig. 3. Analysis of ROC curve for the predictive values of SIRI
Lymphocytes (10%L)  1.02 (0.95-1.08) 0.62 and other markers (CRP, Monocytes, NIHSS) for END. ROC,
Monocytes (109/L) 33.3(7.82-141.8)  <0.001* receiver operating characteristic; END, early neurological deterio-
SIRI 3.14(2.09-4.43)  <0.001* ration; CRP, high sensitivity C-reactive protein; NIHSS, National
PLR 1a-n 0.47 Institute of Health Stroke Scale; SIRI, systemic inflammation re-
NLR 1.15 (1.03-1.27) 0.01* .

LMR 0.92 (0.88-0.97)  <0.001* sponse index.

Note: *Variables with p < 0.1 in the assay of univariate

were considered in the analysis of least absolute shrink- B R R LR Y
age and selection operator (LASSO); CHD, coronary
heart disease; CI, cerebral infarction; NIHSS, AMI, T .
acute myocardial infarction; National Institute of Health ‘g s
Stroke Scale; TG, triglyceride; HDL, high-density 2
lipoprotein cholesterol; LDL, low-density lipoprotein % ©
cholesterol; TC, total cholesterol; G, baseline blood g S ]
glucose; HCY, homocysteine; WBC, white blood cell; é
SIRI, systemic inflammation response index; NLR, E: -
neutrophil-lymphocyte ratio; PLR, platelet lymphocyte g °
ratio; LMR, lymphocyte monocyte ratio; CRP, high sen- g’ o gir;psa_r:grtreded
sitivity C-reactive protein. ;g; N - Ideal
< o
Table 3. Prediction factors of early deterioration in the
neurological system. ' ! ! !
02 0.4 06 0.8
Intercept and variable  OR (95% CI) p value Nomogram-predicted probability of early neurological deterioratione
Intercept 0.08 (0.04-0.16) <0.001
CRP 1.06 (1.01-1.120  0.02 Fig. 4. Calibration curves of the END risk nomogram. The
Monocytes 830 (1.81-4030) <0.01 x-axis shows the estimated early neurological deterioration risk
NIHSS 112 (1.04-121)  <0.001 while the y-axis signifies the actually diagnosed early neurologi-
SIRI 252 (1.68-3.95) <0.001 cal deterioration. Dashed diagonal lines demonstrate the excellent

- - ) ) estimations of the ideal model. The nomogram performance rep-
Note: CRP, high sensitivity C-reactive protein;

NIHSS, National Institute of Health Stroke Scale;
SIRI, systemic inflammation response index.

resents through the solid line, and the closer the solid line is to the

diagonal dotted line results in more desirable estimation.
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Fig. 5. Decision curve assessment for the END prediction
model. The benefit is represented by the y-axis. The thin line in-
dicates the assumption that all cases possessed early deterioration
in the neurological system; the bold line shows that no patient ex-
perienced early deterioration in the neurological system while the
blue line denotes the risk nomogram of early deterioration in the

neurological system.

A major advantage of this study is the combination
of SIRI, PLR, NLR and other novel inflammatory mark-
ers that can reflect immune-inflammation of AIS. Another
advantage is the integration of many inflammatory indica-
tors such as C-reactive protein and homocysteine, which is
more comprehensive than other single indicators. In addi-
tion, based on the above indicators, a novel nomogram was
developed, which could accurately predict the END risk in
AIS patients through the score of nomogram, DCA and C
index, efc.

Our prospective single-center study showed that
higher age, NIHSS, CRP, monocytes, SIRI, NLR, and LMR
on admission were associated with END risk in AIS pa-
tients. After multivariable logistic regression analysis, we
developed a novel nomogram, including CRP, monocytes,
NIHSS and SIRI. The cohort’s internal validation revealed
good discrimination and correction ability. The obtained
high C-index in interval validation, in particular, demon-
strated that the nomogram could be frequently and precisely
used [29].

Previous studies showed that CRP, monocytes and ini-
tial NIHSS were related to the occurrence of END in AIS
patients [30-33]. In accordance with previous research,
these variables were also included in our nomogram as pre-
dictors of END. Moreover, the study confirmed that SIRI
may be a risk factor for END. SIRI, the only comprehen-
sive marker of inflammation on the nomogram, was also
a significant predictor of END. Yi and colleagues discov-

ered that a lesser SIRI was directly correlated with more
desirable clinical outcomes after mechanical thrombectomy
(MT) [34]. Yun also demonstrated that elevated SIRI could
be independent estimating factors for an undesirable prog-
nosis following subarachnoid hemorrhage [10]. These stud-
ies indirectly support our findings, and larger studies will be
needed in the future to further verify. Therefore, to appraise
the risk of END in AIS cases, these predictors should be in-
tegrated into the risk calculator in the construction of the
risk prediction model.

Our construction of the END risk nomogram can be
used as an intuitive scoring system. For example, an AIS
patient had a NIHSS of 7, a CRP of 10.08 and a monocyte
count of 0.29 x 10%/L, and a SIRI value of 0.71 at admis-
sion. The patient had a total score of 45 (13 for NIHSS, 10
for CRP, 10 for monocytes, and 12 for SIRI). For this AIS
patient, the predicted risk of developing END was about
65.0%. Finally, the results revealed that the patient had
END during his hospitalization. This case proves that this
model has a good ability to predict the occurrence of END,
which is beneficial to clinicians to make decisions.

Despite the promising results, the following limita-
tions should be noted in this study. As a retrospective study,
this study is subject to selection bias. Besides, temporal
variations in these biomarkers could also be a significant
factor that may mediate their prognostic value. We are cur-
rently prospectively collecting and amplifying predictors to
verify the predictive power of the model in great samples
and approve the related clinical value.

5. Conclusions

SIRI is a novel predictor of END and serves as a po-
tential marker for monitoring responses on treatment in AIS
cases. Compared with a single indicator of inflammation,
the integration of SIRI nomogram can predict the END risk
in AIS patients more accurately and reliably, and make a
reasonable individualized treatment regimen. The findings
of'this study should be interpreted in the context of the study
design and study population. Further studies are required to
validate the findings of this study.
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