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Correlation between the early peripheral blood inflammatory markers after hemorrhage and the clinical outcome of
aneurysmal subarachnoid hemorrhage
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[Abstract] Objective To investigate the relationship between the early peripheral blood inflammatory markers and the delayed
cerebral ischemia (DCI) as well as the clinical prognosis of patients with aneurysmal subarachnoid hemorrhage (aSAH). Methods A total
of 44 patients with aSAH that met the criteria were prospectively collected from December 2022 to December 2023. Peripheral blood
inflammatory markers were detected within 24 hours of admission. Three months after the onset, prognosis was evaluated based on the
Glasgow Outcome Scale (GOS) score, with a score of 4~5 indicating a favorable prognosis. Results Of the 44 patients, 8 patients
developed DCI, with an incidence rate of 18.2%. Three months after the onset, the GOS scores were 1 point for 2 cases, 2 points for 3
cases, 3 points for 4 cases, 4 points for 2 cases, and 5 points for 33 cases; the favorable prognosis rate was 79.55%. Univariate logistic
analysis revealed that white blood cell (WBC), neutrophil, blood glucose, neutrophil-to—lymphocyte ratio (NLR), systemic immune—
inflammation index (SIRI), Hunt—Hess grade at admission, and modified Fisher grade at admission were the influencing factors for DCI
in aSAH patients (P<0.05); WBC, neutrophil, triglyceride, blood glucose, NLR, SIRI, inflammatory prognostic index, Hunt—Hess score,
and Fisher score at admission were the influencing factors for poor prognosis of aSAH (P<0.05). ROC curve analysis indicated that the
level of interleukin—10 in peripheral blood had predictive value for poor prognosis in aSAH patients, with an area under the curve of
0.749 (95% CI 0.560~0.938; P=0.022), the optimal cut—off value being 7.21 pg/ml, the sensitivity being 0.667, and the specificity being
0.829. Conclusions Peripheral blood inflammatory indicators are associated with DCI and clinical prognosis after aSAH, and the level of
IL~10 in peripheral blood has favorable predictive value for the prognosis of aSAH.
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Table 1 Relevant factors for delayed cerebral ischemia and poor prognosis within 30 days after onset in patients with aneu-
rysmal subarachnoid hemorrhage
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Table 2 ROC curve analysis on the efficiency of peripheral blood inflammatory factors in predicting delayed cerebral isch-
emia and poor prognosis within 30 days after onset in patients with aneurysmal subarachnoid hemorrhage
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in predicting poor prognosis within 30 days after aneurys-
mal subarachnoid hemorrhage

H 0 = KU o A, 3 31— T50 BA S ATE 5 0
I, aSAH A [ Bf NLR A1 PLR X 15 0 H 0 fig 45 J5) 5%



PR I R A 22 AR 2 2024 4F 10 H 45 29 455 103 Chin J Clin Neurosurg, October 2024, Vol. 29, No. 10 -589-
M 228 KB A M (E™, FeMT LB, PLR FINLR - J5A R .

5 aSAH J5 DCLEA FH5CH: , HNLR 59 A Hils A R

X TG T HEZ M RAETR bR, SITHISIRI ‘ﬁiii (B AER ) AN EEB/RE 355 5 ), A e
Sk AT B VRS s AL 2 e IR A ARV K@ & E mE R E . AWtk

Z WO FSE B, SIRL A SIT 5 aSAH (1 & ,DJ%'*H
K, SIRI AN SITF+ 1 AT A aSAH TS AS K f) 20 57 7
WEEIZR™, A, Yi S5 8 SILAT SIRT Y 34542 1k
Al RE SR aSAH J5 &4 DCLA I A+ . FRATTH 52
571 SIRT 5 aSAH J& DCI A2 N\ (91 7 286 DI AR 56 5
1M S K5 DCI KR K5 o 068, X n] g
554N bR A SCHE IR B AR FH A T - e AR T
Ao BT, IPTR A e i o A i) 33 T
SR, Ma 55" RIFFE R W i TP 5 232 #R kv 1
TRIT Y 20 I PR A A R 90 d 22 TS AR OG .
AT &I, IP1 5 aSAH J5 DCI & A= Fgw N 41 U
iE

aSAH & 2P 28 9 iE T2 K M SE R 98 5 I 7
Eﬁﬂkﬁﬁiﬁl&%méﬂiﬂﬁ%?E%UE’J,AFJLBET
aSAH HEJ (41 DCI) L B 55995 831 2 Bk R
ﬁ’%éﬂﬂﬂ@?@tﬂﬁ&*ﬁzi&%}i%ﬂ%%%ﬁ#ﬂ%
aSAH i o FRATTAWFFE s , A Bt 21 & i 48 i P
FIL-1B. IL-2 . 1L-4 IL-5.1L-6 . IL-8 . IL-17 . IL-
12 TNF 7K 5 aSAH J& DCIFlil R 75 1% A B 51
FHOCAE s (LA TL-10 7KF- X aSAH J5 A T fi A R B
A IME . Rasmussen 258" % B8 aSAH IfiL 2% 11—
6.1L-8 . IL-10.TNFa 7K V- 5 DCI S llfi PR IH T 3¢ .
FHL, Luo ™ WF 58 &3, L34 1L-18 \IL-5 . 1L-6 . 1L—
8 IL-10 Al TNF-a 5 aSAH FilJ5 A R A 5 1 H.1L-
6.1L- 10, IL-8 . IL-2 . TNF- o 25 4 i Kl 1 w] 5 ]
aSAH ARG . X — 7 JEPE 2518l Re 2 ol
WCAR A1 ] il bR A A s ) PEAG T80 19 1 PR 2 82U
KN ABFRBIEA R MEES B . WA A
B, ANE I TL-10 7K F 5 Hunt—Hess 7325 ™ 5 5 5 %
YIAZE, IR 1L-10 1] RE /& aSAH J5 -3 i 443 1)

HEREY, RIEHN T 5 aSAH J5 DCI A B i
ANERE A58 2 HERR 20 N 7E DCL &R A & R

ﬁﬁ{%fﬁfyﬁﬁﬁ ORI =P N S ] e e A |
ABFFE IREA SR/ W45 SR A it — 20 RFEAR
WESE s Hk, A T A B i A1 8 i 2 5 8 45 7K -,
AR aSAH J& RAEFEAR IS8k, AR AETE 4>
A Hb T i A RE bR S W 5 aSAH J5 DCI FIlG PR 45 )5
KK

Zi PR FIANE I RAEFE PR -5 aSAH 5 DCI
FNlE R T A O, - HA AP & 1 TL-10 7K 7%} aSAH Til

22N R B BEAF 9T 18 PR & D 4 L E (HiEHE S
WDRY2023-K0438),

(FIER A RFERR ] A SORAAAEAT TR 25 i 5E
(1EETREARR] . T B0 STHIERIFRANS SRS X
FR A B S SRR B PR B T s BRI
TS RN S ST AR TE0 SCR L I SO AL B SR

(&%)

[1] CLAASSEN J, PARK S. Spontaneous subarachnoid haemorrhage [J].
Lancet, 2022, 400(10355): 846-862.

[2] MAHER M, SCHWEIZER TA, MACDONALD RL. Treatment of
spontaneous subarachnoid hemorrhage: guidelines and gaps [J].
Stroke, 2020, 51(4): 1326-1332.

[3] DODD WS, LAURENT D, DUMONT AS, et al. Pathophysiology of
delayed cerebral ischemia after subarachnoid hemorrhage: a review
[J]. J Am Heart Assoc, 2021, 10(15): e021845.

[4] JIN J, DUAN J, DU L, et al. Inflammation and immune cell abnor—
malities in intracranial aneurysm subarachnoid hemorrhage (SAH):
relevant signaling pathways and therapeutic strategies [J]. Front
Immunol, 2022, 13: 1027756.

[5] GURESIR E, COCH C, FIMMERS R, et al. Initial inflammatory
response 1s an independent predictor of unfavorable outcome in
patients with good—grade aneurysmal subarachnoid hemorrhage [J].
J Crit Care, 2020, 60: 45-49.

[6] CUOCO JA, GUILLIAMS EL, MARVIN EA, et al. Perimesencepha—
lic subarachnoid hemorrhage has a unique peripheral blood leuko—
cyte profile compared to aneurysmal subarachnoid hemorrhage [J].
World Neurosurg, 2022, 163: e471-e481.

[7] MAHTA A, AZHER AL, MOODY S, et al. Association of early white
blood cell trend with outcomes in aneurysmal subarachnoid hemo—
rrhage [J]. World Neurosurg, 2021, 151: e803-e809.

[8] NIE Z LIN F. A pooled analysis of preoperative inflammatory bio—
markers to predict 90—day outcomes in patients with an aneurysmal
subarachnoid hemorrhage: a single— center retrospective study [J].
Brain Sci, 2023, 13(2): 257.

[9] ZHANG Y, LI L, JIA L. et al. Neutrophil counts as promising marker
for predicting in— hospital mortality in aneurysmal subarachnoid

hemorrhage [J]. Stroke, 2021, 52(10): 3266-3275.

(T¥55 615 50)



NI R A2 2B 4%k 2024 41 10 H 2629 #4510 Chin J Clin Neurosurg, October 2024, Vol. 29, No. 10

-615-

schwannoma [J]. Chin Med J (Engl), 2020, 133(11): 1292-1297.

[15] GONEN L, CHAKRAVARTHI SS, MONROY—-SOSA A, et al. Initial
experience with a robotically operated video optical telescopic—
microscope in cranial neurosurgery: feasibility, safety, and clinical
applications []J]. Neurosurg Focus, 2017, 42(5): E9.

[16] ABUNIMER AM, ABOU-AL-SHAAR H, WHITE TG, et al. The
utility of high— definition 2— dimensional stereotactic exoscope in
cranial and spinal procedures [J]. World Neurosurg, 2022, 158:
€231-€236.

[17] DUHRSEN L, REGELSBERGER J, PIFFKO A, et al. Experiences
with a 3D 4K digital exoscope system (ORBEYE) in a wide range of
neurosurgical procedures [J]. J Neurol Surg A Cent Eur Neurosurg,
2022, 83(06): 596-601.

[18] HAFEZ A, ELSHARKAWY A, SCHWARTZ C, et al. Comparison of
conventional microscopic and exoscopic experimental bypass ana—
stomosis: a technical analysis [J]. World Neurosurg, 2020, 135:
€293-¢299.

[19] HERTA J, ROSSLER K, DORFER C. Technical assessment of

CACEEICEIEEICEIELCEIEY

microvascular decompression for trigeminal neuralgia using a 3—

dimensional exoscope: a case series [J]. Oper Neurosurg
(Hagerstown), 2022, 23(5): 374-381.

[20] PANTEL T, DREXLER R, GOTTSCHE J, et al. Single—center expe—
rience using a 3D 4K digital operating scope system for aneurysm
surgery [J]. Oper Neurosurg (Hagerstown), 2022, 22(6): 433-439.

[21] ARIFFIN MHM, IBRAHIM K, BAHARUDIN A, et al. Early experi—
ence, setup, learning curve, benefits, and complications associated
with exoscope and three—dimensional 4K hybrid digital visualiza—
tions in minimally invasive spine surgery [J]. Asian Spine J, 2020,
14(1): 59-65.

[22] SILLER S, ZOELLNER C, FUETSCH M, et al. A high—definition 3D
exoscope as an alternative to the operating microscope in spinal
microsurgery [J]. ] Neurosurg Spine, 2020, 33(5): 705-714.

[23] CALLONI T, ROUMY LG, CINALLI MA, et al. Exoscope as a
teaching tool: a narrative review of the literature [J]. Front Surg,
2022, 9: 878293.

(2022-11-28 it , 2024-01-07 &A1)

B9 AANCO 00 00 00 00

NOCIEEACEEEICEIEICEIELCED

(55 589 1)

[10] MORGA R, DZIEDZIC T, MOSKALA M, et al. Clinical relevance of
changes in peripheral blood cells after intracranial aneurysm rup—
ture [J]. J Stroke Cerebrovasc Dis, 2020, 29(12): 105293.

[11] MA F, LI L, XU L, et al. The relationship between systemic inflam—
mation index, systemic immune— inflammatory index, and inflam—
matory prognostic index and 90— day outcomes in acute ischemic
stroke patients treated with intravenous thrombolysis [J]. J Neuro—
inflammation, 2023, 20(1): 220.

[12] YUN S, JUN H, YI D, et al. Clinical significance of platelet to neu—
trophil ratio and platelet to lymphocyte ratio in patients with aneu—
rysmal subarachnoid hemorrhage [J]. J Clin Neurosci, 2021, 92:
49-54.

[13] TAO C, WANG J, HU X, et al. Clinical value of neutrophil to lym-
phocyte and platelet to lymphocyte ratio after aneurysmal subarach—
noid hemorrhage [J]. Neurocrit Care, 2017, 26(3): 393-401.

[14] OLIVEIRA AJM, RABELO NN. Neutrophil- to— lymphocyte and

platelet—to—lymphocyte ratios and prognosis after aneurysmal sub—

arachnoid hemorrhage: a cohort study [J]. Arq Neuropsiquiatr,

2023, 81(6): 515-523.

[15] YUN S, YI HJ, LEE DH, et al. Systemic inflammation response

index and systemic immune—inflammation index for predicting the

prognosis of patients with aneurysmal subarachnoid hemorrhage [J].

J Stroke Cerebrovasc Dis, 2021, 30(8): 105861.

[16] YI HJ, SHIN DS, KIM BT. Dynamic changes of systemic inflamma—
tion response index and systemic immune—inflammation index are
associated with delayed cerebral ischemia after aneurysmal sub—
arachnoid hemorrhage [J]. J Stroke Cerebrovasc Dis, 2024, 33(5):
107626.

[17] TIMURKAAN M, TIMURKAAN ES, ALTUNTAS G. A new predic—
tive parameter for ischemic stroke: inflammatory prognostic index—
IPL[J]. Ann Clin Analyt Med, 2023, 14(2): 167-172.

[18] DEVLIN P, ISHRAT T. A systematic review of inflammatory cyto—
kine changes following aneurysmal subarachnoid hemorrhage in
animal models and humans [J]. Transl Stroke Res, 2022, 13(6):
881-897.

[19] RASMUSSEN R, BACHE S, STAVNGAARD T, et al. Plasma levels
of i1-6, i1-8, i1-10, icam—1, vcam—1, ifnvy, and tnfa are not associa—
ted with delayed cerebral ischemia, cerebral vasospasm, or clinical
outcome in patients with subarachnoid hemorrhage [J]. World Neu—
rosurg, 2019, 128: e1131-e1136.

[20] LUO C, YAO J, BI H, et al. Clinical value of inflammatory cytokines
in patients with aneurysmal subarachnoid hemorrhage [J]. Clin
Interv Aging, 2022, 17: 615-626.

[21] SAVARRA]J J, PARSHA K, HERGENROEDER G, et al. Early brain
injury associated with systemic inflammation after subarachnoid
hemorrhage [J]. Neurocrit Care, 2018, 28(2): 203-211.

(2024-04-07 it , 2024-08-28 11l



