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aneurysmal subarachnoid
hemorrhage complicated with
hydrocephalus
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Objective: To evaluate the correlation of serum biological markers and related
scales to the occurrence of delayed cerebral ischemia and clinical prognosis in
patients with aneurysmal subarachnoid hemorrhage (aSAH) complicated with
acute hydrocephalus before admission.

Methods: The clinical data of 227 patients with pre-admission aSAH
complicated with acute hydrocephalus admitted to Henan Provincial People’s
Hospital from April 2017 to December 2020 were retrospectively analyzed.
Patients were grouped according to the presence or absence of delayed
cerebral ischemia (DCI) after surgery and the prognosis at 6 months after
discharge. Univariate and multivariable logistic regression analysis were
performed to analyze the relationship between serum biological indicators
combined with aneurysm related clinical score scale and the occurrence
and prognosis of delayed cerebral ischemia. ROC curves and nomogram
were drawn.

Results: Multivariable Logistic regression analysis showed that high Hunt-Hess
grade and surgical clipping were independent risk factors for postoperative
DCI (P < 0.05). Older age, higher Hunt-Hess grade, higher CRP and neutrophil
levels were independent risk factors for poor prognosis at 6 months after
surgery (P < 0.05). ROC curve analysis showed that the area under the curve
(AUC) of Hunt-Hess grade and surgical method for predicting DCI in patients
with aSAH combined with hydrocephalus after surgery were 0.665 and 0.593.
The combined AUC of Hunt-Hess grade and surgical method was 0.685,
the sensitivity was 64.9%, and the specificity was 64.7%. The AUC of CRP,
neutrophil, age and Hunt-Hess grade for predicting poor prognosis in patients
with aSAH combined with hydrocephalus at 6 months after surgery were 0.804,

01 frontiersin.org


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2022.1014501
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2022.1014501&domain=pdf&date_stamp=2022-10-24
mailto:gujianjundt@163.com
mailto:fgwxh@163.com
https://doi.org/10.3389/fneur.2022.1014501
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2022.1014501/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wang et al.

10.3389/fneur.2022.1014501

0.735, 0.596, 0.757, respectively. The combined AUC of CRP, neutrophil, age,
Hunt-Hess grade was 0.879, the sensitivity was 79%, and the specificity was
84.5%. According to the correction curve, the predicted probability of the
nomogram is basically consistent with the actual probability.

Conclusion: Hunt-Hess grade and surgical method are independent
predictors of postoperative DCI in patients with aSAH complicated with
hydrocephalus. "CRP,” “neutrophil,” “age” and "Hunt-Hess grade” at admission
are independent predictors of clinical prognosis in patients with aSAH
complicated with hydrocephalus. The combination of the above indicators has
high predictive value.

KEYWORDS

aneurysmal subarachnoid hemorrhage (aSAH), hydrocephalus, inflammation, Hunt-

Hess grade, delayed cerebral ischemia (DCIl), prognosis, outcome, risk factor

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is one of
the most common neurological emergencies in clinical practice,
accounting for about 5% of stroke patients (1, 2), with a mortality
rate of 35%, and about one third of survivors are left with
permanent disability (3, 4). Delayed cerebral ischemia is one of
the main causes of high mortality and morbidity (5). DCI is a
clinical imaging syndrome that includes focal ischemia and/or
cognitive impairment on CT/MRI and/or cerebral infarction (6).

Hydrocephalus is a common serious complication of
aSAH, and about 20 to 30% of aSAH patients will develop
acute hydrocephalus due to obstruction of cerebrospinal
fluid circulation or abnormal absorption (7-9). Acute
hydrocephalus will not only aggravate the early neurological
impairment of patients with aSAH, further aggravate the
clinical condition, but also impair the neurological function
of patients in the recovery period after aSAH surgery (10).
Although patients with aSAH with acute hydrocephalus
can be treated with surgery or lumbar cisternae drainage,
these patients represent a subgroup of patients with more
advanced aSAH. Therefore, for patients with aSAH complicated
with hydrocephalus on admission, searching for biomarkers
that can predict the prognosis of the patients is conducive
to early formulation of a reasonable treatment plan, so

Abbreviations: aSAH, aneurysmal arachnoid hemorrhage; AUC,
areas under curve; CPe, choroid plexus epithelium; CRP, C-reactive
protein; CSF, cerebrospinal fluid; CT, Computed tomography; CTA, CT
angiography; DCI, delayed cerebral ischemia; DSA, digital subtraction
angiography; IL-1, interleukin 1; IL-6, interleukin 6; IVH, intraventricular
hemorrhage; mRS, modified Rankin scale; PHH, post-haemorrhagic
hydrocephalus; ROC, receiver operating characteristic; TLR4, Toll-like

receptor 4; TNF-a, tumor necrosis factor a.
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as to improve the prognosis and reduce the mortality of
the patients.

In recent years, more and more attention has been
paid to the determination of various biomarkers in blood.
Studies have shown that Inflammatory markers, blood
cell markers, blood glucose markers, blood lipid markers,
and aneurysmal-related clinical scoring scales (such as
Hunt-Hess scale, modified Fisher scale, and WEFNS scale)
have high clinical reference value in predicting the clinical
prognosis of patients without hydrocephalus and aSAH at
admission (11-16). However, no studies have shown the
prognostic value of clinical blood indicators or other related
indicators in patients with aSAH complicated with acute
hydrocephaluson admission.

The purpose of this study was to retrospectively
analyze the clinical data of aSAH patients with acute
hydrocephalus at admission and the prognostic results
at 6 months after surgery, and to explore the predictive
value of blood biomarkers and aneurysmal-related
clinical score scale for the presence of DCI and different
prognosis in aSAH patients with acute hydrocephalus after
surgery. It provides sufficient theoretical basis for early
clinical intervention and improvement of prognosis of
aSAH patients.

Materials and methods

General information
A total of 227 patients with aSAH complicated with

hydrocephalus admitted to Henan Provincial People’s Hospital
from April 2017 to December 2020 were retrospectively
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Patients with aSAH aged 18-80 admitted
from April 2017 to December 2020
(n=972)
__________________ Exclude (n=704)
No hydrocephalus was found on admission head CT
Patients with aSAH complicated with
hydrocephalus on admission
(n=268)
___________________ Exclude (n=6)
Hydrocephalus before intracranial aneurysm rupture
Patients with hydrocephalus on admission
due to aSAH
(n=262)
Exclude (n=24)
« Suffering from serious systemic diseases
___________________ « Combined with other CNS diseases
» History of antiplatelet, anticoagulant, anti-
inflammatory and analgesic use within 6 months
Patients with aSAH complicated with
hydrocephalus on admission (n=238)
Exclude (n=11)
___________________ * postoperative bleeding
» Refusal of surgical intervention
« Incomplete clinical or follow-up data
Patients with aSAH complicated with
hydrocephalus on admission included in
the study
(n=227)
FIGURE 1

Flow chart of patient selection

enrolled. One hundred and fifty were females and 77
were males.

The inclusion criteria were as follows: (1) aSAH
confirmed by head CT or CT angiography (CTA) or DSA;
(2) Hydrocephalus was found by head CT examination
on the day of admission; (3) Intervention or craniotomy
clipping treatment within 10 days after admission; (4)
old; 5.
blood collection within 24h after onset; (6) Come to our

18-80 years Complete admission and venous
hospital for review 6 months after operation; (7) No new
neurological diseases occurred 6 months after discharge; (8)
CT findings of new infarction in DCI patients are not related

to surgery.

The exclusion criteria were as follows: (1) non-
aneurysmal subarachnoid hemorrhage, such as moyamoya
disease, arteriovenous malformations, etc; (2) History

of hydrocephalus; (3) Sequelae of previous neurological
diseases; (4) Suffering from serious systemic diseases, such
as heart, liver, renal insufficiency, and blood system diseases;
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such

(5)

as intracranial infection and intracranial artery stenosis;

Complicated with other intracranial diseases,

(6) A  history of taking aspirin, non-steroidal drugs,
anti-inflammatory and analgesic drugs 6 months before
admission; (7) Pregnant or lactating women; (8) Incomplete

clinical data.

Methods

The basic clinical data of the patients were collected,
including age, gender, smoking history, drinking history,
underlying diseases (hypertension, coronary heart disease,
diabetes mellitus, cerebral infarction), Hunt-Hess grade on
admission, imaging examination data, aneurysm location
record, modified Fisher grade, etc. Hematological indexes
(inflammatory indexes, blood cell indexes, blood lipid indexes)
were recorded within 24 h after admission. The patients were
divided into DCI group and non-DCI group according to
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whether DCI occurred after operation. The patients were
divided into good prognosis group (mRS <2) and poor
prognosis group (mRS >2) by modified Rankin score (mRS)
according to the condition at 6 months after operation.

Statistical analysis

SPSS 25.0 statistical software was used for data processing.
Measurement data conforming to normal distribution were
expressed as (X £ s), and comparison between groups was
performed by t-test. Measurement data that did not conform
to normal distribution were also expressed as (x =+ s), and
comparison between groups was performed by Mann-Whitney
U-test. Statistical data were expressed as percentage (%), and
comparison between groups was performed by x2 test. Factors
that might predict prognosis were used as independent variables
in univariate analysis. On the basis of univariate analysis,
indicators with P < 0.05 were included in multivariable
Logistic regression analysis to generate independent risk factors.
Receiver Operating characteristic curve (ROC) was established
to determine the AUC, sensitivity, specificity and cutoff values
of the final prognostic indicators. ROC curve was drawn by
combining the significant indexes in multivariable analysis.
Based on the results of multivariable logistic regression, the
Nomogram was drawn using R4.2 software for meaningful
indicators, and 1,000 Bootstrap samples were corrected to
measure the predictive ability of Nomogram and reduce
overfitting bias. In this study, P < 0.05 was defined as
statistically significant.

Results

A total of 227 patients with aSAH complicated with
hydrocephalus were enrolled (Figure 1). According to the
occurrence of postoperative DCI, they were divided into DCI
group (74 cases) and non-DCI group (153 cases). There were
44 females and 30 males in DCI group, with an average age of
(65.16 &= 9.85) years. There were 106 females and 47 males in the
non-DCI group, with an average age of (63.36 £ 11.38) years.
In DCI group, 55 ruptured aneurysms were located in anterior
circulation and 19 ruptured aneurysms were located in posterior
circulation. Thirty seven cases received interventional therapy
and 37 cases received clipping therapy. In the non-DCI group, 94
ruptured aneurysms were located in the anterior circulation and
59 in the posterior circulation. One hundred and five cases were
treated with interventional therapy and 48 cases were treated
with clipping therapy (Table 1).

According to mRS score at 6 months after surgery, the
patients were divided into good prognosis group (103 cases)
and poor prognosis group (124 cases). In the good prognosis
group, there were 74 females and 29 males, with an average age
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of (61.96 £ 11.13) years. There were 76 females and 48 males in
the poor prognosis group, with an average age of (65.60 £ 10.49)
years. In the good prognosis group, 70 ruptured aneurysms were
in the anterior circulation and 33 ruptured aneurysms were in
the posterior circulation. Seventy one cases were treated with
interventional therapy and 32 cases were treated with clipping
therapy. In the poor outcome group, 79 ruptured aneurysms
were in the anterior circulation and 45 were in the posterior
circulation. Seventy one cases received interventional therapy
and 53 cases received clipping therapy (Table 2).

Univariate analysis

There were no significant differences in DCI group
with non-DCI in gender, age, smoking history, drinking
history, diabetes, hypertension, cerebral infarction, coronary
heart disease, aneurysm location, lymphocyte, monocyte,
procalcitonin, hematocrit, red blood cell distribution width,
average blood platelet volume, platelet count, large platelet
volume, total cholesterol, triglyceride, high density lipoprotein,
low density lipoprotein, apolipoprotein Al, apolipoprotein
B100, fibrinogen and albumin levels (P > 0.05). The levels of
Hunt-Hess grade, modified Fisher grade, CRP, white blood cells,
neutrophil and D-dimer in DCI group were higher than those in
non-DCI group (P < 0.05). The amount of surgical clipping in
the DCI group was higher than that in the non-DCI group (P <
0.05). The level of eosinophil in DCI group was lower than that
in non-DCI group (P < 0.05) (Table 1).

There were no significant differences in good prognosis
group with poor prognosis in gender, smoking history, drinking
history, diabetes, hypertension, cerebral infarction, coronary
heart disease, surgical procedure, aneurysm location, monocyte,
procalcitonin, hematocrit, red blood cell distribution width,
average blood platelet volume, platelet count, large platelet
volume, total cholesterol, triglyceride, high density lipoprotein,
low density lipoprotein, apolipoprotein Al, apolipoprotein
B100, fibrinogen and albumin levels (P > 0.05). The age, Hunt-
Hess grade, modified Fisher grade, CRP, leukocyte, neutrophil,
lymphocyte, eosinophil and D-dimer levels in the poor
prognosis group were higher than those in the good prognosis
group, with statistical significance (P < 0.05) (Table 2).

Multivariable logistic regression analysis

According to the results of univariate analysis, the
occurrence of DCI was taken as the dependent variable.
Hunt-Hess grade, modified Fisher grade, surgical approach
clipping), CRP, leukocytes,
eosinophils, and D-dimer levels were used as independent

(intervention, neutrophils,

variables. Logistic regression model analysis showed that
“Hunt-Hess grade was high” (OR = 1.900, 95%Cl: 1.359-2.657)
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TABLE 1 Univariate analysis (Based on DCI group, non-DCI group).

Characteristics Non-DCI (n = 153) DCI (n=74) P-value
Gender P=0.143
Female 106 (69.28%) 44 (59.46%)

Male 47 (30.72%) 30 (40.54%)

Age (years) 63.36 £ 11.38 65.16 £9.85 P=0.277
Smoking history 23 (15.03%) 17 (22.97%) P=0.141
Drinking history 21 (13.73%) 8(10.81%) P =0.537
Diabetes 15 (9.80%) 5(6.76%) P =0.448
Hypertension 96 (62.75%) 48 (64.86%) P=0.756
Cerebral infarction 19 (12.42%) 12 (16.22%) P=0411
Coronary heart disease 15 (9.80%) 14 (18.92%) P =0.054
Modified Fisher grade P =0.005
Grade I 13 (8.50%) 2 (2.70%)

Grade II 81 (52.94%) 30 (40.54%)

Grade I1I 26 (16.99%) 16 (21.62%)

Grade IV 33 (21.57%) 26 (35.14%)

Hunt and Hess grade P =0.000
Grade I 1 (0.65%) 0

Grade II 55 (35.95%) 8 (10.81%)

Grade IIT 62 (40.52%) 35 (47.30%)

Grade IV 27 (17.65%) 21 (28.38%)

Grade V 8(5.23%) 10 (13.51%)

Surgical method P =10.007
Interventional 105 (68.63%) 37 (50.00%)

Clipping 48 (31.37%) 37 (50.00%)

Location of aneurysm P =0.055
Anterior circulation 94 (61.44%) 55 (74.32%)

Posterior circulation 59 (38.56%) 19 (25.68%)

Laboratory results

CRP (mg/L) 22.21 £ 33.19 33.67 £ 36.93 P =0.002
WBC (x10°/L) 10.99 £ 4.52 13.16 £ 4.50 P =0.001
Neutrophil (x10°/L) 9.24 £4.39 11.20 £ 4.00 P =0.000
Lymphocyte (x10°/L) 1.04 + 0.50 1.01 +0.49 P =0.699
Monocyte (x 10°/L) 0.67 £1.18 0.64 £ 0.34 P=0.178
Eosinophil (x10°/L) 0.05£0.16 0.02 £ 0.06 P =0.027
Procalcitonin (ng/mL) 0.21 £ 0.06 0.23 £ 0.06 P =0.094
Hematocrit 0.37 £0.05 0.38 £0.37 P =0.098
RDW-CV (%) 12.85+1.18 13.05 £+ 1.19 P =0.376
MPV (fL) 10.32 4+ 1.37 14.85 4 36.82 P=0.113
PLT (x10°/L) 213.90 £ 65.75 214.84 +74.81 P=0.787
P-LCR (%) 28.53 £9.64 29.93 £9.99 P =0.396
D-Di (ug/ml) 3.63 +8.01 3.61+£3.84 P =0.002
TC (mmol/L) 4.58 £1.07 444+ 1.10 P =0.392
TG (mmol/L) 1.74 +1.74 1.38 +0.80 P =0.380
HDL (mmol/L) 1.24 4 0.34 1.224+0.33 P=0.720
LDL (mmol/L) 2.60 £ 0.83 2.51£0.81 P =0.438
Apo Al (g/L) 1.134+0.29 1.06 £+ 0.27 P =0.097
Apo B100 (g/L) 0.85£0.23 0.84 £0.24 P=0.783
FBG (g/L) 3.76 £ 1.30 388 +£1.13 P =0.289
ALB (g/L) 38.27 £5.49 39.41 £ 5.00 P=0.197

CRP, C reactive protein; WBC, white blood cell; RDW-CV, red blood cell distribution width-CV; MPV, mean platelet volume; PLT, platelet; P-LCR, platelet-large cell ratio; D-Di, D-Dimer;
TC, total cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density lipoprotein; Apo Al, apolipoprotein al; Apo B100 = apolipoprotein B100; FBG, fibrinogen;
ALB, albumin.
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TABLE 2 Univariate analysis (Based on good prognosis group, poor prognosis group).

Characteristics Good outcome Poor outcome P-value
(mRS 0-2,n=103) (mRS 3-6,n=124)

Gender P =10.094

Female 74 (71.84%) 76 (61.29%)

Male 29 (28.16%) 48 (38.71%)

Age (years) 61.96 £11.13 65.60 £ 10.49 P=0.013

Smoking history 16 (15.53%) 24 (19.35%) P=0.452

Drinking history 13 (12.62%) 16 (12.90%) P =0.949

Diabetes 10 (9.71%) 10 (8.06%) P=0.663

Hypertension 65 (63.11%) 79 (63.71%) P=0.925

Cerebral infarction 13 (12.62%) 19 (15.32%) P =0.661

Coronary heart disease 13 (12.62%) 16 (12.90%) P=0.949

Modified Fisher grade P =0.000

Grade I 12 (11.65%) 3 (2.42%)

Grade I 64 (62.14%) 47 (37.90%)

Grade IIT 16 (15.53%) 26 (20.97%)

Grade IV 11 (10.68%) 48 (38.71)

Hunt and Hess grade P =0.000

Grade I 1(0.97%) 0

Grade II 46 (44.66%) 17 (13.71%)

Grade III 48 (46.60%) 49 (39.52%)

Grade IV 7 (6.80%) 41 (33.06%)

Grade V 1(0.97%) 17 (13.71%)

Surgical method P =0.070

Interventional 71 (68.93%) 71 (57.26%)

Clipping 32 (31.07%) 53 (42.74%)

Location of aneurysm P=10.502

Anterior circulation 70 (67.96%) 79 (63.71%)

Posterior circulation 33 (32.04%) 45 (36.29%)

Laboratory results

CRP (mg/L) 9.85 £+ 12.86 39.32 £41.11 P =0.000

WBC (x10°/L) 10.24 & 3.69 12.90 £ 4.96 P =0.000

Neutrophil (x10°/L) 8.06 £+ 3.19 11.38 £+ 4.63 P =0.000

lymphocyte (x10°/L) 111+ 049 0.96 + 0.49 P=0011

Monocyte (x10°/L) 0.73 £ 1.42 0.60 £ 0.34 P =0.960

Eosinophil (x10°/L) 0.05£0.11 0.03 +0.16 P =0.001

Procalcitonin (ng/mL) 0.22 +0.06 0.22 £0.07 P =0.664

Hematocrit 0.37 £ 0.04 0.38 4 0.05 P=0.624

RDW-CV (%) 13.02 £ 1.23 12.83 £ 1.14 P=0.301

MPV (fL) 10.38 £ 1.38 12.97 £ 28.47 P =0.483

PLT (x10°/L) 214.72 £ 60.60 213.78 £74.95 P=0.793

P-LCR (%) 29.11 £ 10.60 2891 £9.11 P =0.897

D-Di (ug/ml) 1.93 £ 4.60 5.02 £ 8.13 P =0.000

TC (mmol/L) 4.60 = 0.99 4.47 £ 1.15 P =0.420

TG (mmol/L) 1.66 + 1.79 1.57 £ 1.21 P=0418

HDL (mmol/L) 1.27 £ 0.30 1.21 £0.35 P=0.158

LDL (mmol/L) 2.61 £0.76 2.53 £0.86 P =0.496

Apo Al (g/L) 1.14 £ 0.21 1.08 +0.32 P =0.106

Apo B100 (g/L) 0.84£0.21 0.84 £0.24 P=0.935

FBG (g/L) 3.67 £ 1.17 3.91£1.30 P=0.165

ALB (g/L) 38.99 £ 5.64 38.42 £ 5.06 P=0.504
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TABLE 3 Multivariable logistic analysis (Based on DCI group, non-DCI group).

Characteristics OR 95% CI P-value
Hunt-Hess grade 1.900 1.359-2.657 0.000
Surgical method
Interventional 1
Clipping 2.069 1.137-3.765 0.017
Modified Fisher grade 0.318
CRP 0.199
WBC 0.059
Neutrophil 0.234
Eosinophil 0.256
D-Di 0.777
OR, odds ratio; Cl, confidence interval.
TABLE 4 Multivariable logistic analysis (Based on good prognosis
group, poor prognosis group).
0 10 20 30 40 50 60 70 80 90

Characteristics OR 95% CI P-value HEH h“““‘“1”“.I‘“““I“.““““I‘”‘

Surgical method e Clipping
Age 1.038 1.003-1.074 0.033 0 2 4
CRP 1.057 1.031-1.084 0.000 BuntHesslgrads ' B ' B
Neutrophil 1.212 1.076-1.365 0.002 — g
Hunt-Hess grade 2.538 1.532-4.208 0.000 o 26 40 eb <80 H001 W20 a0
Modified Fisher grade 0.103 o 0.I1 0.|2 0.|3 o.|4 o.'5 0!6 o.l7
WBC 0.074 FIGURE 2
Lymphocyte 0.922 Nomogram (Based on DCI group, non-DCI group).
Eosinophil 0.777
D-Di 0.064

OR, odds ratio; Cl, confidence interval.

and “surgical clipping” (OR = 2.069, 95%Cl: 1.137-3.765)
increased the risk of DCI compared with intervention. Hunt-
Hess grade and surgical clipping were independent risk factors
for postoperative DCI in patients with aSAH complicated with
hydrocephalus (P < 0.05) (Table 3).

According to the results of univariate analysis, the prognosis
at 6 months after surgery (good and poor) was used as the
dependent variable. Age, Hunt-Hess grade, modified Fisher
grade, CRP, leukocytes, neutrophils, lymphocytes, eosinophils
and D-dimer were used as independent variables. Logistic
regression model analysis showed that the independent risk
factors for poor prognosis in patients with aSAH complicated
with hydrocephalus at 6 months after surgery were “increased
age” (OR = 1.038, 95%Cl: 1.003-1.074) and “increased CRP”
(OR = 1.057, 95%Cl: 1.031-1.084), “increased neutrophils”
(OR =1.212, 95%Cl: 1.076-1.365) and “high Hunt-Hess grade”
(OR =2.538, 95%Cl: 1.532-4.208) (P < 0.05) (Table 4).
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Nomogram

Significant logistic analysis indicators were used to construct
Nomogram (Figures 2, 3). Nomogram can be used to assess
the risk of DCI and poor prognosis in patients with aSAH
complicated with acute hydrocephalus.

The probability of DCI was predicted according to the risk
value corresponding to the total score, which was calculated
according to the patients “Hunt-Hess grade” and “surgical
method.” And the contribution of each factor to the overall risk
of DCI was revealed (Figure 2).

The probability of poor prognosis was predicted according
to the risk value corresponding to the total score, which was
calculated according to the patients “age,” “CRP; “neutrophil”
and “Hunt-Hess grade.” And the contribution of each factor to
the overall risk of poor prognosis was revealed. For example,
for a “72-year-old” aSAH patient with acute hydrocephalus,
“CRP = 25.47 mg/L;” “neutrophil = 9.4 x 10°/L” “Hunt-Hess
grade 4, the probability of poor prognosis is 84%. According
to the positions of each factor of the Nomogram, 15 points of
“72 years old,” 13 points of “CRP = 25.47 mg/L) 17 points
of “neutrophil = 9.4 x 10°/L} and 25 points of “Hunt-Hess
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FIGURE 4
Calibration curve (Based on DCI group, non-DCI group).

grade 4” were calculated. Then the positions of each factor were
summed to obtain a total score of 70. A score of 70 corresponds
to an ~84% probability of poor prognosis (Figure 3).
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Verify the Nomogram: The calibration curve of the
prediction model with 1,000 duplicate samples established by
bootstrapping method has high accuracy (Figures 4, 5).

ROC curve analysis

The optimal cut-off values of “Hunt-Hess grade” was 2.5.
The AUC of “Hunt-Hess grade” and “surgical method” were
0.665 and 0.593, respectively, in predicting the DCI of aSAH
combined with hydrocephalus after surgery. The sensitivities
were 89.2 and 50%, respectively. The specificity ware 36.6 and
68.6%, respectively. The AUC of “ Hunt-Hess grade + surgical
method” was 0.685, the sensitivity was 64.9%, and the specificity
was 64.7% (Table 5 and Figure 6).

The optimal cut-off values of “age,” “Hunt-Hess grade,
“CRP” and “neutrophil” were 61.5, 3.5, 11.4, and 9.06,
respectively, in predicting the poor prognosis of aSAH combined
with hydrocephalus at 6 months after surgery. The AUC were
0.596, 0.757, 0.804, and 0.735, respectively. The sensitivities were
74.2, 46.8, 74.2, and 73.4%, respectively. The specificity ware
42.7,92.2,76.7, and 68%, respectively. The AUC of “age + Hunt-
Hess grade 4+ CRP 4 neutrophils” was 0.879, the sensitivity was
79%, and the specificity was 84.5% (Table 6 and Figure 7).
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Discussion

Aneurysmal subarachnoid hemorrhage often causes
hydrocephalus (17, 18), which can aggravate neurological
impairment and seriously affect the prognosis of patients.
Patients with aSAH complicated with acute hydrocephalus
have a poor prognosis and high mortality, and even those who
survive are often left with neurological damage or cognitive
impairment (10). aSAH-associated hydrocephalus is thought to
occur through the following mechanisms: (1) Blood products
hinder the normal circulation of cerebrospinal fluid; (2)
Excessive secretion of cerebrospinal fluid; (3) Cerebrospinal
fluid reabsorption is reduced due to blood products affecting
arachnoid granules (19-21). In addition, the subarachnoid
inflammatory response to blood products may vary depending
on the severity of the patient. From the perspective of the
physiological mechanism of acute hydrocephalus after aSAH,
the degree of inflammatory response of subarachnoid space
to blood products determines the effect of cerebrospinal
fluid obstruction and cerebrospinal fluid overproduction on
acute hydrocephalus. Thus, this group of patients with early
post-aSAH hydrocephalus, that is, acute hydrocephalus before
aSAH admission, may represent a subgroup of patients with a
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FIGURE 5
Calibration curve (Based on good prognosis group, poor
prognosis group).
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stronger inflammatory response. Therefore, it is of great clinical
significance to study the predictors of postoperative DCI and
poor prognosis in patients with aSAH complicated with acute
hydrocephalus, and to take targeted preventive measures as
early as possible for high-risk patients with poor prognosis,
which is helpful to improve the prognosis of patients.

Delayed cerebral ischemia

DCI will seriously affect the prognosis of aSAH patients (6).
Consistent with previous studies, the presence of DCI in this
study was associated with poor prognosis (14.56% of patients
with good prognosis had DCI, and 47.58% of patients with poor
prognosis had DCI, P < 0.05).

In recent years, with the continuous development of imaging
equipment and minimally invasive techniques, and the use of
drugs to prevent cerebral vasospasm, the incidence of DCI after
intracranial aneurysm surgery has been reduced (4). However,
the incidence of DCI after aneurysm clipping and interventional
therapy remains controversial. Ding et al. (5) believed that
there was no significant difference in the incidence of DCI
between clipping and interventional therapy. Dorhout et al. (22)

Sensitivity

Surgical method

~—Hunt-Hess

Combination of Surgical clipping+Hunt-Hess
Reference line

02 04 06 08 10
1 - Specificity

FIGURE 6
ROC curve (Based on DCI group, non-DCI group).

TABLE 5 The AUC, cut-off value, sensitivity, specificity from the ROC curve (Based on DCI group, non-DCI group).

Characteristics AUC 95% CI Cut-off Sensitivity (%) Specificity (%)
Hunt-Hess grade 0.665 0.592-0.737 2.5 89.2 36.6
Surgical method 0.593 0.513-0.673 - 50 68.6
Combination 0.685 0.611-0.758 - 64.9 64.7
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TABLE 6 The AUC, cut-off value, sensitivity, specificity from the ROC curve (Based on good prognosis group, poor prognosis group).

Characteristics AUC 95% CI

CRP 0.804 0.748-0.861
Neutrophil 0.735 0.670-0.800
Age 0.596 0.522-0.670
Hunt-Hess grade 0.757 0.695-0.819
Combination 0.879 0.835-0.923
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FIGURE 7

ROC curve (Based on good prognosis group, poor prognosis
group).

believe that compared with interventional surgery, clipping is
more likely to lead to DCI. Meta-analysis by Oliveira et al.
(23) showed that there was no statistical difference in the
incidence of postoperative DCI between the clipping group and
the intervention group. Compared with interventional surgery,
clipping surgery can remove the thrombus, but it also causes
some damage to the vessel wall, thus increasing the incidence
of DCI. This study confirmed that the incidence of DCI was
higher with clipping than with intervention, which may be due
to more severe brain injury with clipping than with intervention.
Therefore, it is important to understand the differences of
postoperative DCI between different surgical methods and
effectively choose different surgical methods according to the
patient’s condition to reduce the incidence of postoperative DCI.

Inflammatory indicators
Inflammation runs through the whole process of aSAH

injury mechanism. When aneurysms rupture, blood cells
deposited in the subarachnoid space stimulate brain tissue
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Cut-off Sensitivity (%) Specificity (%)
11.4 742 76.7
9.06 734 68
615 742 427
35 46.8 92.2
- 79 84.5

and activate immune regulatory cells in the central nervous
system, and a large number of inflammatory cells enter the
subarachnoid space, rapidly causing an inflammatory response
(24, 25). On the other hand, in patients with aSAH combined
with hydrocephalus, cerebrospinal fluid circulation pathway is
impaired and CSF secretion/absorption is unbalanced, which
makes inflammatory cells accumulate in the subarachnoid space
and further aggravate the inflammatory response (24, 26-28).
Inflammatory reaction can activate the immune system to
release inflammatory cells and inflammatory mediators, leading
to the occurrence and development of cerebral vasospasm,
aggravating the occurrence of brain injury, and affecting the
prognosis of patients (25, 29).

Inflammatory signal transduction pathway plays an
important role in early neuronal injury after SAH. Heme,
oxygenated hemoglobin, methemoglobin, peroxidase-2,
matricellular proteins, heat shock protein, fibrinogen and so on
produced by erythrocyte degradation after aneurysm rupture
can lead to the activation of early inflammatory signaling
pathways (such as TLR4) in aSAH when large amounts of
blood enter the subarachnoid space (28, 30). On the one
hand, as innate immune cells (resident macrophages) of the
central nervous system, microglia are one of the causes of
brain damage in the nervous system after aSAH (31). When
activated, microglia produce numerous proinflammatory
cytokines, such as interleukin-1 (IL-1), interleukin-6 (IL-6),
and tumor necrosis factor-o (TNF-a), which trigger early
neuroinflammatory responses and oxidative stress (32, 33).
In addition, astrocytes play an important role in maintaining
the integrity of blood-brain barrier and supporting neuronal
activity (34) and can differentiate into both proinflammatory
(TYPE Al) and anti-inflammatory (TYPE A2) types in response
to different stimuli (35). The breakdown products of red blood
cells contribute to the transformation of astrocytes into type
Al, resulting in increased vascular permeability and impaired
the integrity of blood-brain barrier. Under the dual factors of
proinflammatory cytokines and increased of blood-brain barrier
permeability, the inflammatory response is accelerated, leading
to neuronal apoptosis (28).

As an inflammation related protein in the acute phase,
C-reactive protein (CRP) is widely used as a marker of
inflammation and tissue damage. CRP is produced by the liver.
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When the body is injured or under the action of inflammatory
factors, the liver will rapidly produce CRP and release it into the
peripheral blood. The CRP in peripheral blood increased rapidly
in a short time (36-38). In patients with aSAH complicated
with acute hydrocephalus, a large number of pro-inflammatory
cytokines are produced under the inflammatory signal
transduction pathway, and the liver rapidly produces a large
amount of CRP under the action of IL-1, IL-6 and other factors
(39). Similarly, proinflammatory factors promote neutrophil
increased recruitment and decreased apoptosis. Neutrophil
can release a large number of inflammatory mediators to
participate in inflammatory response and pathological nerve
injury, resulting in brain edema, blood-brain barrier destruction
and secondary brain injury, affecting the prognosis of patients
(16, 40, 41).

In this study, it was found that the levels of serum CRP and
neutrophil were higher in poor prognosis group 6 months after
operation than in good prognosis group, and the increased levels
of serum CRP and neutrophil were independent risk factors for
poor prognosis 6 months after operation in patients with aSAH
complicated with hydrocephalus. However, CRP and neutrophil
are non-specific markers of inflammation that can be elevated
in any tissue injury. Therefore, combined Hunt-Hess grade can

improve its clinical value.

Hunt-Hess grade

Hunt-Hess grade is an important grade to evaluate the
neurological injury and consciousness level of aSAH patients,
which can be divided into I-V grade, which directly reflects the
severity of the disease to a certain extent. In Hunt-Hess grade
I to III patients, early surgery is generally considered necessary
because of less bleeding and mild disease. Most patients have a
good prognosis after aggressive emergency surgery. The clinical
prognosis of Hunt-Hess grade IV-V intracranial aneurysms is
poor regardless of surgery or conservative treatment. Most of
these patients are treated conservatively, and further surgical
treatment is needed after the condition is stable. Many studies
have shown that the higher the Hunt-Hess grade in aSAH
patients, the higher the risk of poor prognosis (42-44). This
study found that the Hunt-Hess grade of patients with aSAH
complicated with hydrocephalus at 6 months after surgery in
the poor prognosis group was higher than that in the good
prognosis group, and higher Hunt-Hess grade at admission
was an independent risk factor for poor prognosis in patients
with aSAH complicated with hydrocephalus at 6 months after
surgery. However, the Hunt-Hess grading evaluation is greatly
affected by the patient’s own consciousness state and subjective
factors of the surgeon, and the combination of biomarkers
(such as CRP and neutrophils) can improve the accuracy of
prognosis prediction.
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Age

The prognosis of elderly aSAH patients with hydrocephalus
is poor. The reason may be that the older the patient is, the worse
the basic condition is. In addition, elderly patients are often
accompanied by brain parenchyma atrophy, enlargement of the
subarachnoid space, and aneurysm rupture of the subarachnoid
space to accommodate more blood (45). In addition, the degree
of meningeal fibrosis increases with age, resulting in impaired
CSF circulation and reduced CSF absorption (18). In the case of
aSAH, older people are more likely to develop hydrocephalus,
and patients’ neurons are more likely to be damaged. Age is
an independent risk factor for poor prognosis in aSAH patients
with acute hydrocephalus.

In this study, Surgical clipping and higher Hunt-Hess
grade were independent risk factors for postoperative DCI
in patients with aSAH complicated with acute hydrocephalus.
Postoperative DCI is one of the high risk factors for poor
prognosis in patients 6 months after surgery. The nomogram
was established to assess the probability of postoperative DCI
according to the patient s Hunt-Hess grade at admission
and the type of surgery used, thereby proactively taking
preventive measures against DCI early. Older age, increased
CRP and neutrophil levels, and higher Hunt-Hess grade
were independent risk factors for adverse outcome 6 months
after operation in patients with aSAH complicated with
acute hydrocephalus. The Nomogram was established by
CRP “neutrophil” and “Hunt-Hess grade.”
The possibility of poor prognosis of patients can be evaluated

» «

L
combining “age;

within 24h after admission, so that early measures can be
taken to improve the prognosis of patients. The advantage of
Nomogram as a multi-factor prediction tool is that it can provide
quantifiable probabilities and reflect the contribution of each
included factor to the prediction. The predicted probability
of postoperative DCI and poor prognosis is compared with
the actual probability in the calibration curve. The calibration
curve showed that the predicted probability of postoperative
DCI and poor prognosis was basically consistent with the actual
probability. This suggests that nomogram has good clinical
application value in this study and can assist in clinical decision
making. For patients with high risk of postoperative DCI and
poor prognosis, a high risk warning mechanism should be
established, disease monitoring should be strengthened, surgical
plan should be carefully selected, and intervention measures
should be taken as early as possible to reduce the risk of
adverse prognosis.

Conclusion

In conclusion, Hunt-Hess grade at admission and surgical
clipping were independent predictors of postoperative DCI.
The detection of CRP and neutrophil levels in aSAH patients

frontiersin.org


https://doi.org/10.3389/fneur.2022.1014501
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wang et al.

with hydrocephalus on admission combined with Hunt-Hess
grading scale can identify high-risk groups with poor prognosis
and provide early intervention. At the same time, it also helps
clinicians to make precise treatment, reduce the disability rate
and improve the quality of life as much as possible.

Limitation

The detection of serum CRP and neutrophil levels at
admission and the Hunt-Hess grading assessment are simple,
rapid and practical, and have great prognostic value for patients
with aSAH complicated with acute hydrocephalus 6 months
after surgery. However, this study had the following limitations:
it was a retrospective, single-center study with a small sample
size; In addition, serum samples were collected from all
patients within 24 h after admission, but there was no dynamic
observation of the changes of serum samples in multiple
periods before surgery. For patients with aSAH complicated
with acute hydrocephalus before admission, the occurrence of
postoperative DCI is associated with poor prognosis. Therefore,
in future studies, when these patients developed DCI after
surgery, immediately take blood several times in time periods
to dynamically observe the changes of indicators. Patients who
developed DCI after surgery are studied to investigate the
risk factors for poor prognosis 6 months after surgery. In
addition, subsequent multicenter prospective clinical trials are
needed to further verify these risk factor effect, and subsequent
basic experiments are needed to explore its pathophysiological
mechanism and understand its role in disease progression, so as
to guide clinicians in the treatment and judgment of disease.
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