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Abstract: Objective: To assess the predictive value of peripheral blood inflammatory markers for delayed cerebral 
ischemia (DCI) in patients with intracerebral hemorrhage (ICH) and explore methods for early intervention. Meth-
ods: This single-center retrospective study reviewed medical records of ICH patients admitted to Cangzhou People’s 
Hospital over a 12-month period from January 2022 to December 2023. Of the 150 identified patients with ICH, 
including 80 patients without DCI (control group) and 70 with DCI (observation group). Demographics and blood 
biochemical markers during hospitalization were recorded. Binary logistic regression was used to identify indepen-
dent factors influencing DCI occurrence. Results: Significant differences were observed between the two groups in 
neutrophil percentage, lymphocyte percentage, lymphocytes absolute and neutrophil-to-lymphocyte ratio (NLR) (all 
P<0.05). Logistic regression analysis identified mRS score, lymphocyte percentage, educational level, uric acid, 
neutrophils percentage, and NLR as independent risk factors for DCI. Conclusion: Neutrophil percentage and NLR 
are independent factors influencing delayed cerebral ischemia after intracerebral hemorrhage. These markers are 
readily accessible and may provide valuable insights for early ICH management.
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Introduction

Intracerebral hemorrhage (ICH) is the second 
most common type of stroke, accounting for 
8%-15% of all strokes in western countries, 
with an annual incidence of 10-25 per 100,000 
people [1]. In China, ICH accounts for 17.1%-
55.4% of all strokes, with a much higher inci-
dence compared to western countries. The 
mortality rate from ICH is 30%-50%, with 74% 
of patients remaining disabled 12 months after 
the onset [2]. ICH progresses rapidly and has 
the highest disability and mortality rates among 
all stroke types, imposing significant economic 
and social burdens on society [3].

Delayed cerebral ischemia (DCI) is a possible 
yet severe complication following ICH [4]. DCI 
not only brings mental stress to patients, but 
also imposes substantial financial burden on 
families and society. The incidence of DCI after 
ICH ranges from 1.8% to 20% [5, 6]. It is char-

acterized by reduced cerebral blood flow, lead-
ing to neurologic deficits and poor outcomes 
[7]. Studies have shown that DCI is a complex, 
multifactorial process involving various mecha-
nisms such as cerebral vasospasm, micro-
thrombosis, inflammation, and impaired auto-
regulation [8-10]. An in-depth understanding of 
these mechanisms plays a crucial role in eluci-
dating DCI progression and provides a key theo-
retical basis for advancing research and clinical 
interventions.

Immune dysregulation is a condition where the 
immune system malfunctions, leading to an 
imbalance in immune response [11]. This can 
result in various health problems, including an 
increased risk of developing DCI [12], a brain 
injury that may occur after a stroke or neuro-
logic event. Studies have shown that immune 
dysregulation can trigger an inflammatory re- 
sponse in the brain, causing damage to the 
blood-brain barrier and promoting the develop-
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ment of DCI [13]. Elevated levels of inflamma-
tory cytokines, such as interleukin-6 and tumor 
necrosis factor-alpha, observed in patients 
with DCI, further highlight the role of immune 
dysregulation in this condition [14]. Previous 
studies have shown the predictive value of bio-
markers such as neutrophil/lymphocyte ratio 
(NLR), platelet/lymphocyte ratio (PLR), and red 
cell distribution width (RDW) for adverse out-
come in patients with ischemic stroke or intra-
cranial hemorrhage [15-17]. However, the asso-
ciation between these biomarkers and outcome 
in patients with DCI is insufficiently established 
in these studies.

Therefore, our study aimed to evaluate the pre-
dictive potential of peripheral blood inflamma-
tory markers for DCI in patients with ICH. Our 
goal is to identify methods for early intervention 
in ICH patients at risk of developing DCI, provid-
ing scientific evidence to enhance clinical deci-
sion-making and guide personalized treatment 
strategies.

Methods

Study design and standard protocol approvals

This single-center retrospective study involved 
a 12-month review of medical records of pa- 
tients with ICH admitted to Cangzhou People’s 
Hospital from January 2022 to December 
2023. From a total cohort of 150 ICH patients 
identified in the database, 80 patients without 
DCI comprised the control group and the other 
70 patients with DCI served as the observation 
group. The study was approved by the Ethics 
Board of Cangzhou People’s Hospital.

Patient selection

Inclusion criteria: 1) Patients aged 18 years  
or older with confirmed ICH; 2) Patients who 
underwent cerebrovascular magnetic resonan- 
ce examination (CTA, MRA, or DSA), with no 
attributable arterial aneurysms, arteriovenous 
malformations, etc.; 3) Admission within 7 days 
of initial symptom onset; and 4) Complete clini-
cal data.

Exclusion criteria: 1) Patients with trauma, 
tumors, hemorrhagic transformation, primary 
intraventricular hemorrhage, or subarachnoid 
hemorrhage; 2) Patients with subcortical brain 
hemorrhage, including cerebellar and brain-
stem hemorrhage; 3) Premature death within 3 
days of hospitalization; 4) History of previous 

brain hemorrhage or stroke with a modified 
Rankin Scale (mRS) score >3; 5) Prior treat-
ment with antiepileptic drugs or a history of epi-
lepsy; 6) Severe liver or kidney function impair-
ment; 7) Patients without a repeat head CT 
within 24 hours of admission or before sur- 
gery.

Data collection

Demographic and blood biochemical data dur-
ing hospitalization were collected. The demo-
graphics included sex, history of disease, age, 
smoking history, alcohol consumption, educa-
tional level, systolic and diastolic pressure, and 
modified Rankin Scale (mRS) score. The blood 
biochemical indicators included cystatin C, 
fasting blood glucose, triglyceride, total choles-
terol, HDL-C, LDL-C, uric acid, and homocyste-
ine. Upon admission, 5 ml of blood was drawn 
from the cubital vein using EDTA-K2 anticoagu-
lant vacuum blood collection tubes. The col-
lected venous blood was divided, labeled, and 
stored at 4°C. Samples were then centrifuged 
at 4000 r/min for 10 minutes, with serum 
stored at -70°C. After specimen collection, an 
ELISA method was used to detect serum levels 
of cystatin C, fasting blood glucose, triglycer-
ide, total cholesterol, HDL-C, LDL-C, uric acid 
and homocysteine. The detection methods fol-
lowed the protocols for each indicator using the 
following kits: cystatin C (JINGMEI Co., Ltd., Cat. 
No. JM-00652R1), triglyceride (Andygene Co., 
Ltd., Cat. No. AD0023Ra), total cholesterol 
(Solarbio Co., Ltd., Cat. No. BC1985-100T/96S), 
uric acid (Macklin Co., Ltd., Cat. No. U820317-
25g-69-93-2), and homocysteine (JINGMEI Co., 
Ltd., Cat. No. E031-1-1).

Outcome assessment

The primary outcome measure was the devel-
opment of DCI. DCI was defined using the fol-
lowing criteria: 1) Clinical assessment: Pa- 
tients with DCI may present with hemiparesis, 
aphasia, apraxia, hemianopia, or neglect. 2) 
Transcranial Doppler (TCD) ultrasound: TCD 
ultrasound, a non-invasive technique, was used 
to monitor intracranial blood flow velocity. 
Changes in flow velocity may suggest vaso-
spasm, a frequent contributor to DCI. 3) Cere- 
bral perfusion monitoring: Monitoring cerebral 
perfusion pressure (CPP) and regional cerebral 
oxygen saturation (rSO2) can help in assess- 
ing the adequacy of blood flow to the brain. 
Decreased CPP or rSO2 levels may indicate 
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Table 2. Comparison of blood biochemical markers between the two groups
Control group (n=80) Observation group (n=70) χ2/Z/T P

Cystatin C 0.96 (0.84-1.08) 0.98 (0.89-1.12) 1.941 0.054
Fasting blood glucose 5.60 (5.06-6.89) 6.07 (5.22-7.69) 0.617 0.538
Triglyceride 1.70 (1.20-2.15) 1.65 (1.18-2.04) -1.089 0.278
Total cholesterol 4.56 (3.88-5.17) 4.62 (3.88-5.27) 1.017 0.311
Uric acid 336 (286-383) 301 (258-346) -7.852 0.000

Table 1. Comparison of baseline data between the two groups
Control group (n=80) Observation group (n=70) χ2/Z/T P

Female 20 (25.00%) 22 (31.43%) 0.585 0.444
Hypertension 48 (60.00%) 46 (65.71%) 0.521 0.470
DM 24 (30.00%) 23 (32.86%) 0.142 0.707
Heart disease 14 (17.50%) 11 (15.71%) 0.086 0.770
Smoke 43 (53.75%) 34 (48.57%) 0.401 0.527
Drinking 38 (47.50%) 30 (42.86%) 0.325 0.569
Age 63 (56-69) 63 (59-69) 1.728 0.086
Educational level 12 (9-15) 9 (6-12) -7.892 0.000
Systolic pressure 149 (134-163) 154 (138-169) 3.721 0.000
Diastolic pressure 87 (79-95) 89 (78-98) 1.361 0.176
mRS score 2 (0-3) 3.5 (2-6) 14.735 0.000
Note: DM: diabetes mellitus. mRS score: Modified Rankin Scale score.

impaired cerebral perfusion and an elevated 
risk of DCI. 4) Functional outcome assessment: 
The mRS [18], a measure for evaluating func-
tional outcomes post-stroke or brain ischemia, 
was also used. The scale ranges from 0 to 6, 
with 0 indicating no symptoms and 6 indicating 
death.

Sample size estimation

The sample size was calculated by power analy-
sis and calculated as: corrected sample size = 
sample size/(1 - [% attrition/100]) [19]. This led 
to a final estimated sample size of approxi-
mately 150. Patient group assignments were 
based on a detailed screening and statistical 
review of our medical database. Using the 
defined inclusion and exclusion criteria, we 
reviewed and classified eligible cases, resulting 
in 70 cases in the observation group and 80 in 
the control group.

Statistical analysis

The data were statistically analyzed using SPSS 
23.0 software. Continuous variables following 
a normal distribution were reported as mean ± 
standard deviation, and group differences were 

tested using t-tests or one-way analysis of vari-
ance. Continuous variables that did not follow a 
normal distribution were expressed as median 
and interquartile range, and group differences 
were determined using Mann-Whitney U test or 
Kruskal-Wallis H test. Categorical and ordinal 
data were described using frequency (%) and 
group comparisons were made using chi-
square test or rank sum test. First, a one-way 
analysis was conducted, and variables with a 
significance level (P<0.1) were included in a 
binary logistic regression analysis. A P-value of 
<0.05 was considered significant.

Results

General data of the two groups

Significant differences were observed between 
the two groups in terms of hypertension, edu- 
cation level, systolic blood pressure, and mRS 
score (all P<0.05) (Table 1).

Comparison of blood biochemical markers 
between the two groups

The blood biochemical markers are summa-
rized in Table 2. Results demonstrated a signifi-
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Figure 1. Comparison of the peripheral blood inflammatory markers between the two groups. A: Neutrophil per-
centage; B: Lymphocyte percentage; C: Lymphocytes absolute; D: NLR. Note: NLR: Neutrophil-to-Lymphocyte Ratio. 
Compared to control group, *P<0.05.

cant difference in uric acid between the two 
groups (P=0.003). However, no significant dif-
ferences were found for cystatin C, fasting 
blood glucose, triglyceride, total cholesterol 
and homocysteine (all P>0.05).

Comparison of peripheral blood inflammatory 
indicators between the two groups

Figure 1 illustrates the peripheral blood in- 
flammatory profiles of the two groups. Analysis 
revealed significant differences between the 
groups in terms of neutrophil percentage,  
lymphocyte percentage, lymphocytes absolute, 
and NLR (all P<0.05). These findings suggest 
differences in peripheral blood inflammation 
between the two groups, warranting further 
investigation.

Logistic regression analysis

Table 3 presents the logistic regression analy-
sis incorporating neutrophil and lymphocyte 
percentages. Results showed that mRS score, 
lymphocyte percentage, and neutrophils per-
centage were independent risk factors for DIC. 

Table 4 shows logistic regression analysis 
incorporating lymphocytes absolute. The 
results showed that educational level, mRS 
score, and uric acid were independent risk fac-
tors for DIC. Furthermore, we also conducted 
logistic regression analysis incorporating NLR. 
The results showed that NLR, and education 
level were independent risk factors for DIC 
(Table 5).

Discussion

This study found that neutrophil percentage 
and neutrophil-to-lymphocyte ratio (NLR) in  
the observation group were significantly higher 
than those of the control group. Both neutrophil 
percentage and NLR were identified as inde-
pendent risk factors for the occurrence of DCI. 
After adjusting for other factors, each 0.056 
increase in neutrophil percentage was associ-
ated with a 1.054-fold increase in the likeli-
hood of DCI. For NLR, the risk of DCI occurrence 
was 2.168 times higher for patients with NLR 
value of (2.73-4.04) compared to those with 
NLR≤1.62, and similarly, an NLR≥4.05 incre- 
ased the risk by 2.187 times relative to 
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NLR≤1.62. International studies have shown 
that elevated NLR in the acute phase of stroke 
is independently associated with an increased 
risk of ICH after 3 months [20]. In addition, 

while lymphocyte percentage and lymphocytes 
absolute differed significantly between the DCI 
group and the non-DCI group, they were not 
independent risk factors for DCI. The associa-

Table 3. Logistic regression analysis incorporating neutrophil and lymphocyte percentages

B P OR
95% CI of OR

Lower limit Upper limit
Age -0.286 0.217 0.751 0.478 1.182
Educational level 1.210 0.067 3.354 0.921 12.217
Hypertension
    Yes -0.754 0.571 0.470 0.035 6.383
    No 0 1
mRS score -3.919 0.016 0.020 0.001 0.479
Lymphocyte percentage 185.388 0.005 0.000 0.045 0.068
Uric acid 0.027 0.343 1.028 0.971 1.087
Percentage of neutrophils -36.788 0.017 0.000 0.000 0.001
Constant -15.293 0.463 0.000
Note: mRS score: Modified Rankin Scale score.

Table 4. Logistic regression analysis incorporating lymphocytes absolute

B P OR
95% CI of OR

Lower limit Upper limit
Gender
    Female 0 1
    Male -0.001 0.999 0.999 0.264 3.775
Age 0.016 0.860 1.016 0.852 1.211
Educational level 0.607 0.001 1.835 1.292 2.606
Hypertension
    Yes 0.352 0.572 1.422 0.419 4.828
    No 0 1
mRS score -1.544 0.000 0.213 0.109 0.420
Uric acid 0.043 0.001 1.044 1.017 1.071
Lymphocytes absolute 0.559 0.791 1.749 0.028 108.751
Constant -18.038 0.058 0.000
Note: mRS score: Modified Rankin Scale score.

Table 5. Logistic regression analysis incorporating NLR

B P OR
95% CI of OR

Lower limit Upper limit
NLR 8.399 0.000 4442.596 147.352 1339.905
Lymphocytes absolute 2.464 0.221 11.746 0.228 604.726
Hypertension
    Yes 0.127 0.826 1.135 0.366 3.517
    No 0 1
Age -0.097 0.261 0.908 0.767 1.074
Educational level 0.672 0.000 1.958 1.352 2.835
Constant -28.035 0.001 0.000
Note: mRS score: Modified Rankin Scale score.
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tion between NLR and DCI appears robust. 
Furthermore, in another study in China focusing 
on the ICH population, NLR was significantly 
higher in individuals with cognitive impairment, 
and the risk for individuals with NLR≥2.07 was 
nearly 6 times higher than for those with 
NLR<2.07 [21]. While the diagnostic threshold 
for NLR in predicting DCI may vary, a consistent 
relationship between NLR and DCI suggests 
that systemic inflammation may play an impor-
tant role in the pathogenesis of DCI.

Systemic inflammation activates inflammatory 
cells, such as neutrophils and macrophages, 
which can infiltrate the brain and contribute to 
neuronal damage. These inflammatory cells 
release pro-inflammatory cytokines and che-
mokines, exacerbating the inflammatory re- 
sponse in the brain and leading to tissue dam-
age [22, 23]. Another possible mechanism 
involves disruption of the blood-brain barrier 
(BBB) due to systemic inflammation [24]. 
Normally, the BBB functions as a protective 
barrier, regulating the movement of molecules 
and cells between the blood and the brain. 
Systemic inflammation can compromise BBB 
integrity, allowing inflammatory mediators and 
immune cells to enter the brain, which pro-
motes neuroinflammation and tissue damage 
[25]. Furthermore, systemic inflammation can 
activate the coagulation cascade, leading to 
microthrombi formation that restricts blood 
flow to the brain, exacerbating ischemic injury 
[26]. Furthermore, systemic inflammation can 
impair endothelial function and vasoreactivity, 
further contributing to cerebral ischemia.

Neutrophil percentage and NLR are two impor-
tant inflammatory markers with potential pre-
dictive value for DCI. Neutrophils, a type of 
white blood cell, play a key role in the body’s 
inflammatory response [27, 28]. An elevated 
neutrophil percentage can indicate an active 
inflammatory process, which has been associ-
ated with DCI [29]. NLR, calculated by dividing 
the absolute neutrophil count by the lympho-
cytes absolute, is often elevated in states of 
increased systemic inflammation [30]. Studies 
have shown that an elevated NLR may be asso-
ciated with a higher risk of DCI in patients with 
brain injury [31-33]. Therefore, monitoring neu-
trophil percentage and NLR can provide valu-
able information for predicting DCI onset, en- 
abling early intervention and management to 
prevent further brain damage.

There are several limitations to this study. First, 
this research lacked a prospective and multi-
center design. Second, outcome analyses were 
based on chart reviews and were limited by the 
data available to the investigators. Furthermore, 
lack of long-term follow-up prevented assess-
ment of the biomarkers’ predictive value over 
time. Despite these limitations, our findings are 
relevant since they offer a foundation and direc-
tion for further research. Further prospective 
and multicenter studies could refine the pre- 
dictive value of these markers for DCI in ICH 
patients.

Our study suggests that the neutrophil percent-
age and NLR are promising indicators for iden-
tifying ICH patients at risk of developing DCI. 
These peripheral blood inflammatory makers 
are readily available and practical, and they 
may provide substantial clinical value for ICH 
management.

Disclosure of conflict of interest

None.

Address correspondence to: Yuhua Wang, Depart- 
ment of Neurosurgery, Cangzhou People’s Hospital, 
Qingchi North Avenue, Xinhua District, Cangzhou 
061000, Hebei, China. Tel: +86-18713608817; 
E-mail: wyh18713608817@163.com

References

[1]	 Sheth KN. Spontaneous intracerebral hemor-
rhage. N Engl J Med 2022; 387: 1589-1596.

[2]	 Sun L, Clarke R, Bennett D, Guo Y, Walters RG, 
Hill M, Parish S, Millwood IY, Bian Z, Chen Y, Yu 
C, Lv J, Collins R, Chen J, Peto R, Li L and Chen 
Z; China Kadoorie Biobank Collaborative 
Group; International Steering Committee; In-
ternational Co-ordinating Centre, Oxford; Na-
tional Co-ordinating Centre, Beijing; Regional 
Co-ordinating Centres. Causal associations of 
blood lipids with risk of ischemic stroke and 
intracerebral hemorrhage in Chinese adults. 
Nat Med 2019; 25: 569-574.

[3]	 Williams S, Glaser K and Ray B. Strokes and 
predictors of outcomes. Crit Care Nurs Clin 
North Am 2023; 35: 1-15.

[4]	 Scalia G, Silven MP, Costanzo R, Chaurasia B, 
Furnari M, Iacopino DG, Nicoletti GF and Uma-
na GE. Remote intracerebral hemorrhage fol-
lowing craniotomy for an intracerebral hema-
toma: a case report. Clin Case Rep 2023; 11: 
e8271.

mailto:wyh18713608817@163.com


Peripheral blood inflammatory markers and delayed cerebral ischemia

7755	 Am J Transl Res 2024;16(12):7749-7756

[5]	 Colasurdo M, Chen H and Gandhi D. MR imag-
ing techniques for acute ischemic stroke and 
delayed cerebral ischemia following subarach-
noid hemorrhage. Neuroimaging Clin N Am 
2024; 34: 203-214.

[6]	 Megjhani M, Terilli K, Weiss M, Savarraj J, Chen 
LH, Alkhachroum A, Roh DJ, Agarwal S, Con-
nolly ES Jr, Velazquez A, Boehme A, Claassen J, 
Choi HA, Schubert GA and Park S. Dynamic de-
tection of delayed cerebral ischemia: a study in 
3 centers. Stroke 2021; 52: 1370-1379.

[7]	 Bombardieri AM, Albers GW, Rodriguez S, Pi-
leggi M, Steinberg GK and Heit JJ. Percutane-
ous cervical sympathetic block to treat cere-
bral vasospasm and delayed cerebral ische- 
mia: a review of the evidence. J Neurointerv 
Surg 2023; 15: 1212-1217.

[8]	 Thomas CS and Petrone A. Incidence of cere-
bral vasospasm and delayed cerebral isch-
emia following non-traumatic aneurysmal sub-
arachnoid hemorrhage. FASEB J 2020; 34: 1.

[9]	 Suzuki H, Kawakita F and Asada R. Neuroelec-
tric mechanisms of delayed cerebral ischemia 
after aneurysmal subarachnoid hemorrhage. 
Int J Mol Sci 2022; 23: 3102.

[10]	 Villa-González M, Rubio M, Martín-López G, 
Mallavibarrena PR, Vallés-Saiz L, Vivien D, 
Wandosell F and Pérez-Álvarez MJ. Pharmaco-
logical inhibition of mTORC1 reduces neural 
death and damage volume after MCAO by 
modulating microglial reactivity. Biol Direct 
2024; 19: 26.

[11]	 Aslan A, Li X, Mlynash M, Zera KA, Drag LL, 
Aghaeepour N and Buckwalter MS. Abstract 
TMP29: plasma proteomics demonstrates im-
mune dysregulation in chronic post-stroke fa-
tigue. Stroke 2024; 55: ATMP29.

[12]	 Manjunath N, Borkar SA and Agrawal D.  
Letter: systemic immune-inflammation index 
predicts delayed cerebral vasospasm after an-
eurysmal subarachnoid hemorrhage. Neuro-
surgery 2022; 91: e27.

[13]	 Alsbrook DL, Di Napoli M, Bhatia K, Biller J, An-
dalib S, Hinduja A, Rodrigues R, Rodriguez M, 
Sabbagh SY, Selim M, Farahabadi MH, Jafarli A 
and Divani AA. Neuroinflammation in acute 
ischemic and hemorrhagic stroke. Curr Neurol 
Neurosci Rep 2023; 23: 407-431.

[14]	 Rao GN, Jupudi S and Justin A. A review on 
neuroinflammatory pathway mediating through 
Ang-II/AT1 receptors and a novel approach for 
the treatment of cerebral ischemia in combi-
nation with ARB’s and ceftriaxone. Ann Neuro-
sci 2024; 31: 53-62.

[15]	 Che F, Zhao X, Ding Y, Wang A, Cheng Z, Tong Y, 
Duan H, Han Z and Geng X. Association of ear-
ly longitudinal changes in the neutrophil-to-
lymphocyte ratio with adverse clinical out-

comes in acute ischemic stroke patients after 
endovascular treatment. World Neurosurg 
2024; 182: e579-e596.

[16]	 Luo S, Yang WS, Shen YQ, Chen P, Zhang SQ, 
Jia Z, Li Q, Zhao JT and Xie P. The clinical value 
of neutrophil-to-lymphocyte ratio, platelet-to-
lymphocyte ratio, and D-dimer-to-fibrinogen ra-
tio for predicting pneumonia and poor out-
comes in patients with acute intracerebral 
hemorrhage. Front Immunol 2022; 13: 
1037255.

[17]	 Wang Y, Zhu Y, Wang X, Zhong C, Qin Y, Sun Y, 
Cao Y, Zhang X and Chen D. Combined role of 
inflammatory biomarkers and red blood cell 
distribution width in predicting in-hospital out-
comes of acute ischemic stroke patients un-
dergoing thrombolysis. Curr Neurovasc Res 
2023; 20: 207-217.

[18]	 Abbasi MH, Yuan K, Kasner SE, McPartland E, 
Owens KC and Sloane KL. Text message-based 
assessment of 90-day modified rankin scale 
after stroke. J Am Heart Assoc 2024; 13: 
e033301.

[19]	 Zhao J, Rostgaard K, Lauwers E, Dahlén T, Os-
trowski SR, Erikstrup C, Pedersen OB, de 
Strooper B, Lemmens R, Hjalgrim H and 
Edgren G. Intracerebral hemorrhage among 
blood donors and their transfusion recipients. 
JAMA 2023; 330: 941-950.

[20]	 Hou L, Zhang S, Qi D, Jia T, Wang H, Zhang W, 
Wei S, Xue C and Wang P. Correlation between 
neutrophil/lymphocyte ratio and cognitive im-
pairment in cerebral small vessel disease pa-
tients: a retrospective study. Front Neurol 
2022; 13: 925218.

[21]	 Li S, Zhang Y, Guan Z, Ye M, Li H, You M, Zhou 
Z, Zhang C, Zhang F, Lu B, Zhou P and Peng K. 
SARS-CoV-2 Z-RNA activates the ZBP1-RIPK3 
pathway to promote virus-induced inflamma-
tory responses. Cell Res 2023; 33: 201-214.

[22]	 De Meyer GRY, Zurek M, Puylaert P and Marti-
net W. Programmed death of macrophages in 
atherosclerosis: mechanisms and therapeutic 
targets. Nat Rev Cardiol 2024; 21: 312-325.

[23]	 Millán Solano MV, Salinas Lara C, Sánchez-
Garibay C, Soto-Rojas LO, Escobedo-Ávila I, Te-
na-Suck ML, Ortíz-Butrón R, Choreño-Parra JA, 
Romero-López JP and Meléndez Camargo ME. 
Effect of systemic inflammation in the CNS: a 
silent history of neuronal damage. Int J Mol Sci 
2023; 24: 11902.

[24]	 Zhang T, Tian C, Wu J, Zhang Y, Wang J, Kong Q, 
Mu L, Sun B, Ai T, Wang Y, Zhao W, Wang D, Li 
H and Wang G. MicroRNA-182 exacerbates 
blood-brain barrier (BBB) disruption by down-
regulating the mTOR/FOXO1 pathway in cere-
bral ischemia. FASEB J 2020; 34: 13762-
13775.



Peripheral blood inflammatory markers and delayed cerebral ischemia

7756	 Am J Transl Res 2024;16(12):7749-7756

[25]	 Sun Y and Langer HF. Platelets, thromboinflam-
mation and neurovascular disease. Front Im-
munol 2022; 13: 843404.

[26]	 Hansson E and Skiöldebrand E. Low-grade in-
flammation causes gap junction-coupled cell 
dysfunction throughout the body, which can 
lead to the spread of systemic inflammation. 
Scand J Pain 2019; 19: 639-649.

[27]	 Lim K, Kim TH, Trzeciak A, Amitrano AM, Reilly 
EC, Prizant H, Fowell DJ, Topham DJ and Kim 
M. In situ neutrophil efferocytosis shapes T cell 
immunity to influenza infection. Nat Immunol 
2020; 21: 1046-1057.

[28]	 Beltran JVB, Lin FP, Chang CL and Ko TM. Sin-
gle-cell meta-analysis of neutrophil activation 
in Kawasaki disease and multisystem inflam-
matory syndrome in children reveals poten- 
tial shared immunological drivers. Circulation 
2023; 148: 1778-1796.

[29]	 Bellut M, Bieber M, Kraft P, Weber ANR, Stoll G 
and Schuhmann MK. ���������������������  Delayed NLRP3 inflam-
masome inhibition ameliorates subacute 
stroke progression in mice. J Neuroinflamma-
tion 2023; 20: 4.

[30]	 Deng L, Si Y, Wu Q, Cao Y, Lian S and Li L. High-
er neutrophil-to-lymphocyte ratio (NLR) is a 
preoperative inflammation biomarker of poor 
prognosis in HIV-infected patients with colorec-
tal cancer: a retrospective study. Can J Gastro-
enterol Hepatol 2023; 2023: 7966625.

[31]	 Gao Y, Chen W, Pan Y, Jing J, Wang C, Johnston 
SC, Amarenco P, Bath PM, Jiang L, Yang Y, 
Wang T, Han S, Meng X, Lin J, Zhao X, Liu L, 
Zhao J, Li Y, Zang Y, Zhang S, Yang H, Yang J, 
Wang Y, Li D, Wang Y, Liu D, Kang G, Wang Y 
and Wang Y; INSPIRES Investigators. Dual anti-
platelet treatment up to 72 hours after isch-
emic stroke. N Engl J Med 2023; 389: 2413-
2424.

[32]	 Wu Y, He Q, Wei Y, Zhu J, He Z, Zhang X, Guo Z, 
Xu R, Cheng C, Huang Z and Sun X. The asso-
ciation of neutrophil-to-lymphocyte ratio and 
delayed cerebral ischemia in patients with an-
eurysmal subarachnoid hemorrhage: possible 
involvement of cerebral blood perfusion. Neu-
ropsychiatr Dis Treat 2019; 15: 1001-1007.

[33]	 Zhang D, Zhuang D, Li T, Liu X, Zhang Z, Zhu L, 
Tian F, Chen X, Li K, Chen W and Sheng J. An 
analysis of neutrophil-to-lymphocyte ratios and 
monocyte-to-lymphocyte ratios with six-month 
prognosis after cerebral contusions. Front Im-
munol 2024; 15: 1336862.


