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Objective: Aneurysmal subarachnoid hemorrhage (aSAH) is a common and
potentially fatal cerebrovascular disease. Poor-grade aSAH (Hunt-Hess grades IV
and V) accounts for 20-30% of patients with aSAH, with most patients having
a poor prognosis. This study aimed to develop a stable homogram model for
predicting adverse outcomes at 6 months in patients with aSAH, and thus, aid in
improving the prognosis.

Method: The clinical data and imaging findings of 150 patients with poor-grade
aSAH treated with microsurgical clipping of intracranial aneurysms on admission
from December 2015 to October 2021 were retrospectively analyzed. Least
absolute shrinkage and selection operator (LASSO), logistic regression analyses,
and a nomogram were used to develop the prognostic models. Receiver operating
characteristic (ROC) curves and Hosmer—Lemeshow tests were used to assess
discrimination and calibration. The bootstrap method (1,000 repetitions) was used
for internal validation. Decision curve analysis (DCA) was performed to evaluate
the clinical validity of the nomogram model.

Result: LASSO regression analysis showed that age, Hunt-Hess grade, Glasgow
Coma Scale (GCS), aneurysm size, and refractory hyperpyrexia were potential
predictors for poor-grade aSAH. Logistic regression analyses revealed that age
(OR: 1.107, 95% CI: 1.056-1.116, P < 0.001), Hunt-Hess grade (OR: 8.832, 95%
Cl: 2.312-33.736, P = 0.001), aneurysm size (OR: 6.871, 95% CI: 1.907-24.754,
P = 0.003) and refractory fever (OR: 3.610, 95% CI: 1.301-10.018, P < 0.001)
were independent predictors of poor outcome. The area under the ROC curve
(AUC) was 0.909. The calibration curve and Hosmer—Lemeshow tests showed that
the nomogram had good calibration ability. Furthermore, the DCA curve showed
better clinical utilization of the nomogram.

Conclusion: This study provides a reliable and valuable nomogram that can
accurately predict the risk of poor prognosis in patients with poor-grade aSAH
after microsurgical clipping. This tool is easy to use and can help physicians make
appropriate clinical decisions to significantly improve patient prognosis.

subarachnoid hemorrhage (SAH), aneurysm, poor-grade, outcome, nomogram
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1. Introduction

Subarachnoid hemorrhage (SAH) is a common and potentially
fatal cerebrovascular disease. Ruptured intracranial aneurysms are
the leading cause of morbidity in 80% of the patients with SAH. As
a subtype of stroke, it accounts for 2-7% of strokes. It has an annual
global incidence of 6-9 people per 100,000 (1-3). SAH is associated
with short-term prognostic mortality rates of 8.3-66.7% have been
reported for SAH, with reasonable prognosis rates of only 36-55%
(4). Consequently, patients with SAH have long treatment cycles
and high costs, which impose a severe economic burden on their
families and the society (5).

Poor-grade aneurysm SAH (aSAH), classified as grade IV or V
by the Hunt-Hess grade, accounts for 20-30% of patients, and most
of these patients have a poor prognosis (6). Ruptured intracranial
aneurysms can be managed by surgical clipping or endovascular
coiling. However, management of complications caused by early
brain injury (EBI) and delayed brain injury (DBI) after surgery
remains difficult (7). Therefore, it is essential to develop early
predictive models for poor prognosis for the clinical management
of patients with poor-grade aSAH.

Risk prediction models can predict outcomes based on
highly influential indicators obtained from the medical history,
physical examination, laboratory tests, and radiology, thereby
contributing significantly to the decision-making process for the
clinical management of patients. Establishing a nomogram using
traditional least absolute shrinkage and selection operator (LASSO)
and logistic regression analysis remains the primary approach for
developing clinical disease prediction models that are widely used
in diagnosing or predicting the progression of diseases through
a combination of multiple indicators (8). A reliable predictive
model is essential for physicians to make appropriate clinical
decisions that can significantly improve patient prognosis. Recent
studies have successfully predicted the long-term prognosis and
analyzed the utility of management strategies after SAH (6, 9, 10).
Unfortunately, few studies have focused on the role of clinical
information in predicting the clinical outcomes of patients with
poor-grade aSAH after surgical clipping.

In this study, we retrospectively analyzed the clinical data of
patients with poor-grade aSAH who underwent surgical clipping.
This study aimed to develop a stable nomogram model for
predicting adverse outcomes at 6 months in this patient population,
and help improve the prognosis.

2. Materials and methods

2.1. Study population

We retrospectively analyzed the medical records of 150
patients with poor-grade aSAH admitted to the Department of
Neurosurgery of the 904th Hospital of Joint Logistic Support
Force of PLA between December 2015 and October 2021, who
were initially treated with microsurgical clipping of intracranial
aneurysms. This retrospective study conformed to the principles
of the Declaration of Helsinki and, did not violate the code of
ethics; patients or their families signed informed consent forms
prior to treatment.
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The inclusion criteria were as follows: (1) age > 18 years;
(2) diagnosis of a ruptured intracranial aneurysm resulting in
SAH confirmed by CT angiography (CTA) or digital subtraction
angiography (DSA) on admission; (3) Hunt-Hess grades IV and
V; and (4) surgical clamping performed for a ruptured aneurysm.
The exclusion criteria were as follows: (1) age < 18 years; (2)
Hunt-Hess grade I-1II; (3) diagnosis of spontaneous subarachnoid
hemorrhage without further cranial CTA or DSA; (4) death or
patient loss to follow-up; (5) combined traumatic SAH or other
bleeding disorders; and (6) multiple organ failure.

2.2. Collection of clinical information

All patients admitted to our hospital on an emergency basis
underwent early resuscitation and CTA. The decision to perform
surgical clipping was determined by a multidisciplinary team of
neurosurgeons and anesthesiologists based on the clinical situation
and consent of the family members. Microsurgical clipping: if the
intracerebral hematoma has a significant occupying effect and/or is
combined with acute hydrocephalus, or if the family has a strong
desire for treatment, the aneurysm should be surgically clamped.
Routine treatments, such as anti-inflammatory, hemostatic, and
analgesic drugs, were administered throughout hospitalization
according to the aSAH management guidelines (11). Postoperative
cranial CT was performed to determine the presence of intracranial
rebleeding or cerebral infarction. The following clinical and
imaging findings of the patients were collected: (1) preoperative
clinical data, including age, sex, previous history (hypertension
and diabetes), Hunt-Hess grade, Fisher grade, Glasgow Coma
Scale (GCS) score, aneurysm size, number of aneurysms and
location, whether the patient had any physical impairment, dilated
pupils, and intracranial hematoma; (2) surgical data: operative time
from the onset of aSAH to surgery (ultra-early stage: <8h; early
stage:8-24 h; mid-late stage: >24h), intraoperative encephalocele;
and (3) postoperative complications, including refractory fever,
cerebral vascular spasm (CVS), hydrocephalus, cerebral infarction,
intracranial infection, and epilepsy. Refractory fever was defined as
when the patient’s temperature exceeded 38.3°C, simple physical
and pharmacological cooling failed, and the condition of fever was
of unknown etiology. CVS refers to the narrowing of the lumen of
the cerebral vessels of the internal carotid artery or vertebrobasilar
system. Transcranial Doppler (TCD) ultrasonography is commonly
used clinically to predict CVS, which is diagnosed when the middle
cerebral artery blood flow velocity is >120 cm/s.

2.3. Outcome data

Patients prognosis was assessed using face-to-face
measurements of the GOS by neurosurgeons more than 6
months after surgery. The GOS score for this assignment was
as follows: (1) 5 points: good recovery, return to normal life
despite mild impairment; (2) 4 points: minor disability but can
live independently and can work under protection; (3) 3 points:
severe disability awake, handicapped, and in need of daily care; (4)

2 points: minimally responsive vegetative survival (e.g., eyes open

frontiersin.org


https://doi.org/10.3389/fneur.2023.1146106
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhou et al.

during sleep or wake cycle); and (5) 1 point: death. Patients with a
GOS score > 3 were considered to have a good prognosis and <3
were considered to have a poor prognosis.

2.4. Statistical analyses

SPSS 26.0 statistical software (SPSS Inc., Chicago, USA) and
R version 4.1.2 (R) was used for statistical analyses. Continuous
variables were expressed as mean =+ standard deviation, and
count variables were expressed as rate (%). Differences in clinical
characteristics between the two groups were assessed using the
chi-square tests, t-test, Fishers exact test, and Wilcoxon rank-
sum test. In addition, features with non-zero coefficients in the
LASSO regression model were used as candidate predictors of
poor prognosis using the LASSO regression method, which is
suitable for small samples and high-dimensional data. LASSO
regression can achieve variable selection and model parameter
estimation simultaneously, which can better solve the problem of
multicollinearity in regression analysis and can explain the results
well. Subsequently, these factors were used to identify risk factors
affecting poor prognosis, and were included in univariate and
multifactor logistic regression analyses. A predictive nomogram
was created by assigning each significant risk factor an initial score
on the graph ranging from 0 to 10.

Receiver operating characteristic (ROC) curve analysis was
performed to assess the discrimination of the prediction model. The
Hosmer-Lemeshow test was used to assess the goodness of fit of
the nomogram (P > 0.05, indicating a good fit of the nomogram).
The bootstrap method (1,000 repetitions) was used for internal
validation. Nomogram performance was evaluated using Harrell’s
consistency index (C-index) and calibration plots. A c-index >
0.7 reflects a good fitting characteristic of the prediction model.
Finally, decision curve analysis (DCA) was performed to evaluate
the clinical validity of the nomogram model. A P-value < 0.05 was
considered statistically significant.

3. Results

3.1. Baseline characteristics

A total of 150 patients with poor-grade aSAH who underwent
aneurysm clipping were enrolled in the current study, including 64
with good outcomes (42.7%) and 86 with poor prognoses (57.3%).
As shown in Table 1, there were no significant differences (P > 0.05)
in sex, diabetes mellitus, multiple aneurysms, aneurysm location,
surgical timing, physical impairment, intracranial hematoma,
hydrocephalus, CVS, intracranial infection or epilepsy between the
good and poor outcome groups. There were obvious significant
differences (P < 0.05) in age (t = —3.893, P < 0.001), GCS (¢
= 6.770, P < 0.001), Hunt-Hess grade (XZ = 41.148, P < 0.001),
Fisher grade (Xz = 41.440, P = 0.032), hypertension (X2 =4.642, P
=0.031), aneurysm size (x> = 17.068, P < 0.001), pupillary dilation
(x* = 46.243, P = 0.012), encephalocele (x? = 11.192, P = 0.001),
cerebral infarction ( xz = 47.181, P = 0.007), and refractory fever
(x? = 21.366, P < 0.001) between the two groups.
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3.2. Construction of the nomogram risk
prediction model

In the LASSO regression analysis, the optimal penalty
coeflicient (A) was confirmed in the model by a tenfold cross-
validation of the minimum criterion. The model is optimal when
A increases to a standard error (lambda.1SE), and variables with
non-zero coefficients were screened out as potential predictors.
This effectively decreased the 21 influencing factors to five
potential predictors (Figures 1A, B). The five potential predictors
were age, Hunt-Hess grade, GCS score, aneurysm size, and
refractory fever.

Based on the LASSO regression analysis, the five potential
predictors were subordinated to univariate and multivariate
logistic regression analyses to provide four independent predictors.
As shown in Table 2, the four independent predictors were
age (OR: 1.107, 95% CI: 1.056-1.116, P < 0.001), Hunt-
Hess grade (OR: 8.832, 95% CI: 2.312-33.736, P = 0.001),
aneurysm size (OR: 6.871, 95% CI: 1.907-24.754, P = 0.003)
and refractory fever (OR: 3.610, 95% CI: 1.301-10.018, P <
0.001). Based on the results of logistic regression analysis, a risk
nomogram determined by the four independent predictors
was developed for predicting poor outcomes in patients
with poor-grade aSAH undergoing microsurgical clipping
(Figure 2).

3.3. Validation of the nomogram risk
prediction model

Receiver operating characteristic (ROC) curve analysis was
conducted to assess the discrimination of the prediction model
based on a risk nomogram. As shown in Figure 3, the area
under the ROC curve (AUC) was 0.909 (95% CI: 0.863-0.955),
indicating that the model had good predictive power. The results
of the Hosmer-Lemeshow test showed that the deviation between
the predicted risk values and the actual observed values of the
columnar graph model was not statistically significant (2 = 8.931,
P = 0.348), which implies that the columnar graph model has a
good fit.

An internally validated bootstrap sampling method (1,000
times) was used to verify the nomogram model. The C-index
value for the nomogram model was 0.9069 (95% CI: 0.9057-
0.9086), implying that the model had good discriminatory
and predictive power. The calibration curve is shown in
Figure 3. The mean absolute error of the calibration curve
was 0.025, and the slope of this curve was approximately
one, indicating good consistency in the model for predicting
poor prognosis.

A DCA curve was used to evaluate the clinical utility of the
model. The results are shown in Figure 4. The abscissa and ordinate
represent threshold probability and net benefit, respectively. The
lines marked “None” and “All” represent the two extreme cases.
The further away the model curve is from these two lines, the better
is the clinical benefit of the nomogram. When the risk threshold
was >0.02, the risk nomogram model predicting a poor prognosis
exhibited better clinical utilization in the DCA curve.
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TABLE 1 Baseline characteristics.

Variables Total (n =150) Good outcome (n =64) Poor outcome (n =86) Testvalue P-value
Sex [1 (%)] 3.648 0.056
Female 85 (56.7) 42 (65.6) 43 (50.0)
Male 65 (43.3) 22 (34.4) 43 (50.0)
Age (Mean + SD) 55+ 11.500 51.80 £ 10.594 58.88 £11.274 —3.893 <0.001
GCS (Mean + SD) 5.52 £ 1.996 6.67 £ 1.968 4.66 £+ 1.539 6.770 <0.001
Hunt-Hess grade 41.148 <0.001
v 74 (49.3) 51 (79.7) 23 (26.7)
\4 76 (50.7) 13 (20.3) 63 (73.3)
Fisher grade 4.440 0.032
1-3 26 (17.3) 16 (25.0) 10 (11.6)
4 124 (82.7) 48 (75.0) 76 (88.4)
Hypertension 4.642 0.031
+ 118 (78.7) 45 (70.3) 73 (84.9)
- 32(21.3) 19 (29.7) 13 (15.1)
Diabetes mellitus 1.093 0.296
+ 15 (10.0) 4(6.3) 11 (12.8)
- 135 (90.0) 60 (93.8) 75 (87.2)
Aneurysm size 17.068 <0.001
<10mm 110 (73.3) 58 (90.6) 52 (60.5)
>10mm 40 (26.7) 6(9.4) 34 (39.5)
Number of aneurysms 0.048 0.826
<2 135 (90.0) 58 (90.6) 77 (89.5)
>2 15 (10.0) 6(9.4) 9(10.5)
Location of aneurysm 0.517 0.472
Anterior circulation 56 (37.3) 26 (40.6) 30 (34.9)
Posterior circulation 94 (62.7) 38(59.4) 56 (65.1)
Surgical Timing 0.634 0.728
Ultra-early 107 (71.3) 44 (68.8) 63 (73.3)
Early 19 (12.7) 8(12.5) 11(12.8)
Middle-advanced 24 (116.0) 12 (18.8) 10 (14.0)
Physical impairment 2.834 0.092
+ 130 (86.7) 52 (81.3) 78 (90.7)
- 20 (13.3) 12 (18.8) 8(9.3)
Pupillary dilation 6.243 0.012
+ 62 (41.3) 19 (29.7) 43 (50.0)
- 88 (58.7) 45 (70.3) 43 (50.0)
Intracranial hematoma 2.451 0.117
+ 104 (69.3) 40 (62.5) 64 (74.4)
- 46 (30.7) 24 (37.5) 63 (25.6)

(Continued)
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TABLE 1 (Continued)

10.3389/fneur.2023.1146106

Variables Total (n = 150) Good outcome (n = 64) Poor outcome (n =86) Testvalue P-value
Encephalocele 11.192 0.001
+ 106 (70.7) 36 (56.3) 70 (81.4)
- 44 (29.3) 28 (43.8) 16 (18.6)
Hydrocephalus 0.900 0.343
+ 70 (46.7) 27 (42.2) 43 (50)
- 80 (53.3) 37(57.8) 43 (50.0)
Cerebral infarction 7.181 0.007
+ 89 (59.3) 30 (46.9) 59 (68.6)
- 61 (40.7) 34(53.1) 27 (31.4)
CVS 0.091 0.763
+ 37 (24.7) 15(23.4) 22 (25.6)
- 113 (75.3) 49 (76.6) 64 (74.4)
Intracranial infection 1.080 0.299
+ 77 (51.3) 36 (56.3) 41 (47.7)
- 73 (48.7) 28 (43.8) 45 (52.3)
Refractory fever 21.366 <0.001
+ 75 (50.0) 18 (28.1) 57 (66.3)
- 75 (50.0) 46 (71.9) 29 (33.7)
Epilepsy 0.462 0.497
+ 29 (19.3) 14 (21.9) 15 (17.4)
- 121 (80.7) 50 (78.1) 71 (82.6)
GCS, Glasgow coma scale; CVS, cerebral vascular spasm.
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FIGURE 1

Selection of potential predictors using a LASSO regression model. (A) The optimal parameter (lambda) in the LASSO model was confirmed in the
model by tenfold cross-validation of the minimum criterion. A dashed vertical line is drawn at the optimal value by using the smallest criterion (left
dashed line) and one standard error of the smallest criterion (lambda.1SE) (right dashed line). (B) The model is optimal when A increases to a standard
error (lambda.1SE), and variables with nonzero coefficients were screened out as potential predictors. It effectively decreased the 21 influencing
factors to 5 as potential predictors.
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TABLE 2 Univariate and multivariable logistic analysis.

10.3389/fneur.2023.1146106

Variables Univariate analysis Multivariable analysis
Wald OR (95%Cl) P-value Wald OR (95%Cl) P-value
Age 0.059 12.609 1.061 (1.027-1.096) <0.001 0.102 17.502 1.107 (1.056-1.116) <0.001
Hunt-Hess grade 2.375 36.170 | 10.746 (4.956-23.298) <0.001 2.178 10.150 | 8.832(2.312-33.736) 0.001
GCS —0.622 | 29.581 0.538 (0.429-0.672) <0.001 —0.307 2.865 0.736 (0.516-1.505) 0.091
Aneurysm size 1.844 14.619 6.321 (2.456-16.264) <0.001 1.927 8.688 6.871 (1.907-24.754) 0.003
Refractory fever 1.614 20.144 5.023 (2.482-10.164) <0.001 1.284 6.075 3.610 (1.301-10.018) 0.014
GCS, Glasgow coma scale.
0 10 20 30 40 50 60 70 80 90 100
Points L i 1 1 A 1 L 1 1 1 ]
Age r T T T T T T T T T T T |
20 25 30 35 40 45 50 55 60 65 70 75 80 85
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v
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Risk of poor prognosis T T T T T T |
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FIGURE 2

The nomogram model for predicting the risk of poor prognosis in patients with poor-grade aneurysmal subarachnoid hemorrhage following
microsurgical clipping.
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Validation of the nomogram. (A) ROC curves of the nomogram for predicting the risk of poor prognosis. The AUC of the nomogram was 0.909 (95%
Cl: 0.863-0.955). (B) Calibration curves of the nomogram for predicting the risk of poor prognosis. ROC, receiver operating characteristic; AUC, area
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FIGURE 4

DCA curves of the nomogram for predicting the risk of poor
prognosis in patients with poor-grade aneurysmal subarachnoid
hemorrhage following microsurgical clipping. DCA, decision curve
analysis.

4. Discussion

Poor-grade aSAH is a common neurosurgical cerebrovascular
disease that threatens human health. Most patients with poor-
grade aSAH experience direct damage to the brain tissue,
secondary damage such as cerebral vessel spasm, secondary
brain swelling, bleeding from reruptured aneurysms, and
refractory fever (7, 12). Patient mortality has declined in recent
decades with improvements in neurocritical care management,
such as multimodal monitoring, the use of CTA, controlled
decompression, and hypothermia, patient mortality has declined.
Nevertheless, SAH remains a devastating disease with a high
disability rate (13-16). Multiple risk factors affect the prognosis
of patients with poor-grade aSAH. However, reliable and
straightforward predictive models for prognosis prediction in
patients with poor-grade aSAH who undergo surgical clipping
are lacking. Therefore, it is important to focus on the prognostic
outcomes of patients with poor-grade aSAH to improve their
quality of life and survival. This retrospective observational
study aimed to investigate the relationship between potential
clinical risk factors and outcomes of poor-grade aSAH and to
establish a nomogram to predict the risk of poor prognosis
in patients.

In this study, 150 patients with poor-grade aSAH who
underwent aneurysm clipping were enrolled to analyze the risk
of poor prognosis. The results showed that age, Hunt-Hess
grade, aneurysm size, and refractory fever were risk factors
for predicting poor patient outcomes. Based on these four
risk factors, a novel nomogram, visualization of the model,
was established to help in the decision-making process to
perform perioperative management and treatment. Through
internal validation, we found that the nomogram had good
calibration, predictive ability, and clinical applicability. Therefore,
this predictive model could help predict poor outcomes and
develop optimal strategies for patients with poor-grade aSAH
undergoing aneurysm clipping.
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Age plays an essential role in the clinical outcomes of patients
with poor-grade aSAH. Recently, the number of patients with
aSAH has been increasing as the population ages (17, 18). The
treatment of elderly patients remains a clinical challenge. Over the
last few decades, early surgical treatment has gradually replaced
conservative treatment in the therapy of elderly patients with
poor-grade aSAH, which provides a partial benefit in terms of
prognosis (19, 20). Nevertheless, the death and disability rates
remain high in patients with poor-grade aSAH. The present
research indicates that age is a risk factor for poor outcomes in
patients with poor-grade aSAH who are receiving microsurgical
clipping and that the prognosis of patients tends to worse with
increasing age. Goldberg et al. (21) reported that the risk of
mortality and disability increased significantly with age in elderly
patients with poor-grade aSAH. Elderly patients who commonly
have underlying diseases, poor physical fitness, and varying degrees
of brain atrophy, which make aging brain tissue less tolerant, are
more susceptible to early brain injury, delayed cerebral ischemia
and systemic complications (22). In addition, most aneurysms are
prone to rupture because of their diminished vascular tolerance
(23). Therefore, it is essential to prevent the occurrence of poor-
grade aSAH in the elderly and to implement awareness of early
prevention and detection.

The Hunt-Hess grading system, a simple and effective clinical
grading scale for SAH, was designed to standardize the clinical
assessment of SAH and facilitate patient management (24).
Multiple studies have shown that the prognosis of patients with
aSAH was significantly correlated with the Hunt-Hess grade (25,
26). In addition, our results showed that the Hunt-Hess grade was a
solid predictor of poor outcomes in patients with poor-grade aSAH
who underwent microsurgical clipping. Moreover, the risk of poor
prognosis in patients with grade V disease was 8.832 folds that of
patients with grade IV disease. Preoperative Hunt-Hess grading has
the advantage of being more reflective of the patient’s consciousness
level than other grading systems. The Hunt-Hess score is closely
monitored to reflect the severity of the patient’s condition, and
appropriate treatment measures have been developed to improve
the prognosis.

Some investigations have identified a strong relationship
between aneurysm size and the poor prognosis of aSAH (27,
28). Similarly, our study found that aneurysm size predicted
a poor prognosis in patients with poor-grade aSAH who
underwent clipping. Ruptured giant aneurysms frequently result
in poor clinical condition up admission due to heavy bleeding,
which increases the risk of surgery (29). In addition, these
patients are more likely to experience severe brain damage
and other complications. Previous studies have reported that
giant aneurysms are a risk factor for rebleeding and poor
prognosis in patients with aSAH (30, 31). However, some
studies concluded that aneurysm size was not related to
patient follow-up outcomes, including patients who received
endovascular treatment and microsurgical clipping (32). Recent
studies have investigated whether aneurysm size is a risk
factor for poor prognosis, which may be a reason for the
inconsistent results due to the choice of treatment modality.
Currently, single surgical clamping is less effective for treating
giant aneurysms. Hence, the development of an individualized,
multidisciplinary, and thorough surgical strategy is critical
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to improve the prognosis of patients with poor-grade aSAH
undergoing microsurgical clipping.

Fever is a relatively common complication in patients with
poor-grade aSAH (33), which may be related to the influence
of central, absorption, and infectious fever (34). Studies have
reported that refractory fever can exacerbate neurological damage
and is associated with increased survivor mortality, functional
impairment and cognitive dysfunction (34, 35). Refractory fever
was defined when the patient’s temperature exceeded 38.3°C,
simple physical and pharmacological cooling failed, and the fever
was of unknown etiology. In the current study, we demonstrated
that refractory fever was an independent risk factor for poor
prognosis in patients with poor-grade aSAH who underwent
surgical clamping. Brain and body temperatures are closely
linked, and studies have noted that patients with a Tgeje, (brain
temperature subtract body temperature) of <0 have a poor
prognosis (36). Furthermore, excessive body temperature, leading
to altered temperature rhythms in patients with poor-grade aSAH,
may be a contributing factor. Recently, targeted temperature
management (TTM), a treatment strategy for critically ill patients,
has been proposed to reduce the secondary neurological damage
of poor-grade aSAH (37, 38). Temperature changes contribute
to prediction of patient prognosis, particularly in patients with
refractory fever. Therefore, a reliable model based on refractory
fever for predicting patient prognosis and providing strategies
for perioperative treatment would benefit patients and minimize
their risks.

Nomograms have been studied in the field of aSAH; however,
there are few studies on poor-grade aSAH (39-41). To the best
of our knowledge, no nomogram studies have been performed
on patients with poor-grade aneurysms who underwent surgical
clipping. To our knowledge, this is the first accurate prediction
model based on age, Hunt-Hess grade, aneurysm size and refractory
fever. Mortality and disability remain important issues in patients
with poor-grade aSAH. The development of predictive models can
serve as guides for patient management. In the current study,
we identified four essential clinical predictive features: age, Hunt-
Hess grade, aneurysm size, and refractory fever. The nomogram
is a more practical visualization tool than other traditional tools.
Through internal validation, we found that this nomogram was
highly distinguishable, consistent, and clinically useful.

This study has some limitations that require attention. First,
although the risk model showed excellent accuracy after internal
bootstrap validation, it still lacks external validation. Second, we
did not record basic vital information using devices such as cardiac
monitors, ventilators, or pressure sensors in the ICU, which may
have provided a deeper understanding of the patient’s condition.
Lastly, this was a single-center retrospective investigation with a
small sample size, and the results may have been biased.

5. Conclusion

Several risk factors affect the prognosis of patients with poor-
grade aSAH, and there is an interplay between these factors. In
this study, we identified four essential clinical predictive features:
age, Hunt-Hess grade, aneurysm size, and refractory fever by
LASSO, univariate, and multifactorial logistic regression analyses.
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In addition, we developed a nomogram using these four predictors.
Based on internal validation, the model has good accuracy and
clinical utility in helping clinicians assess the prognosis of patients
with poor-grade aSAH who underwent surgical clamping.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of Wuxi Clinical College of Anhui
Medical University. Written informed consent to participate in
this study was provided by the participants’ legal guardian/next
of kin.

Author contributions

Conceptualization: ZZ, JC, and YW. Methodology and
software: ZZ. Validation: ZL, HY, and ChuZ. Formal analysis
and visualization: ZL. Investigation and supervision: HY.
Resources: ChuZ. Data curation: CheZ. Writing—original draft
preparation: ZZ and JC. Writing—review and editing: JC and
YW. Project administration: JC. Funding acquisition: YW.
All authors have read and agreed to the published version of

the manuscript.

Funding

This project was funded by Wuxi Municipal Bureau on
Science and Technology (Grant No: N20201008) and the Key
Scientific Research Project of Jiangsu Health Commission
(Grant No: K2019018).

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of
their those of the publisher,
the editors and the reviewers. Any product that may be

affiliated organizations, or
evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://doi.org/10.3389/fneur.2023.1146106
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Zhou et al.

References

1. Neifert SN, Chapman EK, Martini ML, Shuman WH, Schupper AJ, Oermann EK,
et al. Aneurysmal subarachnoid hemorrhage: the last decade. Transl Stroke Res. (2021)
12:428-46. doi: 10.1007/s12975-020-00867-0

2. Macdonald RL, Schweizer TA. Spontaneous subarachnoid haemorrhage. Lancet.
(2017) 389:655-66. doi: 10.1016/S0140-6736(16)30668-7

3. Lawes FV, Bennett DA, Barker-Collo SL, Parag V. Worldwide stroke incidence and
early case fatality reported in 56 population-based studies: a systematic review. Lancet
Neurol. (2009) 8:355-69. doi: 10.1016/S1474-4422(09)70025-0

4. Collaborators GBDS. Global, regional, and national burden of stroke, 1990-2016:
a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol.
(2019) 18:439-58. doi: 10.1016/S1474-4422(19)30034-1

5. Rivero-Arias O, Wolstenholme J, Gray A, Molyneux AJ, Kerr RS, Yarnold
JA, et al. The costs and prognostic characteristics of ischaemic neurological
deficit due to subarachnoid haemorrhage in the United Kingdom. Evidence from
the MRC international subarachnoid aneurysm trial. J Neurol (2009) 256:364-
73. doi: 10.1007/s00415-009-0034-z

6. Zheng K, Zhong M, Zhao B, Chen SY, Tan XX Li ZQ, et al. Poor-grade
aneurysmal subarachnoid hemorrhage: risk factors affecting clinical outcomes in
intracranial aneurysm patients in a multi-center study. Front Neurol. (2019)
10:123. doi: 10.3389/fneur.2019.00123

7. Claassen ], Park S. Spontaneous subarachnoid haemorrhage. Lancet. (2022)
400:846-62. doi: 10.1016/50140-6736(22)00938-2

8. Park SY. Nomogram: an analogue tool to deliver digital knowledge. J Thoracic
Cardiovasc Surg. (2018) 155:1793. doi: 10.1016/j.jtcvs.2017.12.107

9. Liu J, Xiong Y, Zhong M, Yang Y, Guo X, Tan X, et al. Predicting long-term
outcomes after poor-grade aneurysmal subarachnoid hemorrhage using decision tree
modeling. Neurosurgery. (2020) 87:523-9. doi: 10.1093/neuros/nyaa052

10. Shen J, Yu J, Huang S, Mungur R, Huang K, Pan X, et al. Scoring model
to predict functional outcome in poor-grade aneurysmal subarachnoid hemorrhage.
Front Neurol. (2021) 12:601996. doi: 10.3389/fneur.2021.601996

11. Maher M, Schweizer T, Macdonald R. Treatment
subarachnoid hemorrhage: guidelines and gaps. Stroke.
32.doi: 10.1161/STROKEAHA.119.025997

of spontaneous
(2020) 51:1326-

12. Chen]J, Li M, Liu Z, Wang Y, Xiong K. Molecular mechanisms of neuronal death
in brain injury after subarachnoid hemorrhage. Front Cell Neurosci. (2022) 16:1025708.
doi: 10.3389/fncel.2022.1025708

13. Francoeur CL, Mayer SA. Management of delayed cerebral ischemia after
subarachnoid hemorrhage. Crit Care. (2016) 20:277. doi: 10.1186/s13054-016-1447-6

14. van der Harst J], Luijckx GJ, Elting JW, Lammers T, Bokkers RP, van den Bergh
WM, et al. The predictive value of the CTA Vasospasm Score on delayed cerebral
ischaemia and functional outcome after aneurysmal subarachnoid hemorrhage. Eur J
Neurol. (2022) 29:620-5. doi: 10.1111/ene.15139

15. Choi W, Kwon SC, Lee W], Weon YC, Choi B, Lee H, et al. Feasibility and safety
of mild therapeutic hypothermia in poor-grade subarachnoid hemorrhage: prospective
pilot study. ] Korean Med Sci. (2017) 32:1337-44. doi: 10.3346/jkms.2017.32.8.1337

16. Chen J, Wang Y, Li M, Zhu X, Liu Z, Chen Q, et al. Netrin-1
alleviates early brain injury by regulating ferroptosis via the PPARy/Nrf2/GPX4
signaling pathway following subarachnoid hemorrhage. Transl Stroke Res. (2023).
doi: 10.1007/s12975-022-01122-4. [Epub ahead of print].

17. Kanamaru H, Kawakita F, Asada R, Miura Y, Shiba M, Toma N, et al. Prognostic
factors varying with age in patients with aneurysmal subarachnoid hemorrhage. J Clin
Neurosci. (2020) 76:118-25. doi: 10.1016/j.jocn.2020.04.022

18. Macdonald RL. Age and outcome after aneurysmal subarachnoid haemorrhage.
J Neurol Neurosurg Psychiatry. (2021) 92:1143. doi: 10.1136/jnnp-2021-326920

19. Yoshikawa S, Kamide T, Kikkawa Y, Suzuki K, Ikeda T, Kohyama S, et al.
Long-term outcomes of elderly patients with poor-grade aneurysmal subarachnoid
hemorrhage. World Neurosurg. (2020) 144:743-9. doi: 10.1016/j.wneu.2020.09.061

20. Zhao B, Rabinstein A, Murad MH, Lanzino G, Panni P, Brinjikji W.
Surgical and endovascular treatment of poor-grade aneurysmal subarachnoid
hemorrhage: a systematic review and meta-analysis. ] Neurosurg Sci. (2017) 61:403-
15. doi: 10.23736/S0390-5616.16.03457-3

21. Goldberg J, Schoeni D, Mordasini P, Z’Graggen W, Gralla J, Raabe A, et al.
Survival and outcome after poor-grade aneurysmal subarachnoid hemorrhage in
elderly patients. Stroke. (2018) 49:2883-9. doi: 10.1161/STROKEAHA.118.022869

22. Brawanski N, Kunze E, Bruder M, Tritt S, Senft C, Berkefeld J, et al. Subarachnoid
hemorrhage in advanced age: comparison of patients aged 70-79 and 80 years and
older. World Neurosurg. (2017) 106:139-44. doi: 10.1016/j.wneu.2017.06.056

Frontiersin Neurology

09

10.3389/fneur.2023.1146106

23. Juvela S, Poussa K, Lehto H, Porras M. Natural history of unruptured
intracranial aneurysms: a long-term follow-up study. Stroke. (2013) 44:2414-
21. doi: 10.1161/STROKEAHA.113.001838

24. Hunt WE, Hess RM. Surgical risk as related to time of intervention
in the repair of intracranial aneurysms. ] Neurosurg. (1968) 28:14-
20. doi: 10.3171/jns.1968.28.1.0014

25. Wang L, Zhang Q, Zhang G, Zhang W, Chen W, Hou F et al. Risk factors
and predictive models of poor prognosis and delayed cerebral ischemia in aneurysmal
subarachnoid hemorrhage complicated with hydrocephalus. Front Neurol. (2022)
13:1014501. doi: 10.3389/fneur.2022.1014501

26. Mocco J, Ransom ER, Komotar RJ, Schmidt JM, Sciacca RR, Mayer
SA, et al. Preoperative prediction of long-term outcome in poor-grade
aneurysmal subarachnoid hemorrhage. Neurosurgery. (2006) 59:529-38; discussion
529-38. doi: 10.1227/01.NEU.0000228680.22550.A2

27. Jaja BN, Saposnik G, Lingsma HEF, Macdonald E, Thorpe KE, Mamdani M,
et al. Development and validation of outcome prediction models for aneurysmal
subarachnoid haemorrhage: the SAHIT multinational cohort study. BMJ. (2018)
360:j5745. doi: 10.1136/bmj.j5745

28. Greving JP, Wermer M]J, Brown RD, Morita A, Juvela S, Yonekura M, et al.
Development of the PHASES score for prediction of risk of rupture of intracranial
aneurysms: a pooled analysis of six prospective cohort studies. Lancet Neurol. (2014)
13:59-66. doi: 10.1016/S1474-4422(13)70263-1

29. Hostettler IC, Alg VS, Shahi N, Jichi E, Bonner S, Walsh D, et al. Characteristics of
unruptured compared to ruptured intracranial aneurysms: a multicenter case-control
study. Neurosurgery. (2018) 83:43-52. doi: 10.1093/neuros/nyx365

30. Machiel Pleizier C, Algra A, Velthuis BK, Rinkel GJ. Relation between size
of aneurysms and risk of rebleeding in patients with subarachnoid haemorrhage.
Acta Neurochir. (2006) 148:1277-9; discussion 1279-80. doi: 10.1007/s00701-006-
0911-5

31. Horie N, Sato S, Kaminogo M, Morofuji Y, Izumo T, Anda T, et al. Impact
of perioperative aneurysm rebleeding after subarachnoid hemorrhage. J Neurosurg.
(2019) 133:1401-10. doi: 10.3171/2019.6.JNS19704

32. Le Roux PD, Elliott JP, Downey L, Newell DW, Grady MS, Mayberg MR,
et al. Predicting outcome in poor-grade patients with subarachnoid hemorrhage: a
retrospective review of 159 aggressively managed cases. ] Neurosurg. (1996) 85:39-
49. doi: 10.3171/jns.1996.85.1.0039

33. Commichau C, Scarmeas N, Mayer
in the neurologic intensive care unit.
41. doi: 10.1212/01.WNL.0000047344.28843.EB

34. Kramer CL, Pegoli M, Mandrekar J, Lanzino G, Rabinstein AA. Refining the
association of fever with functional outcome in aneurysmal subarachnoid hemorrhage.
Neurocrit Care. (2017) 26:41-7. doi: 10.1007/s12028-016-0281-7

35. Fernandez A, Schmidt JM, Claassen J, Pavlicova M, Huddleston D, Kreiter KT,
et al. Fever after subarachnoid hemorrhage: risk factors and impact on outcome.
Neurology. (2007) 68:1013-9. doi: 10.1212/01.wnl.0000258543.45879.f5

36. Addis A, Gaasch M, Schiefecker AJ, Kofler M, Ianosi B, Rass V, et al.
Brain temperature regulation in poor-grade subarachnoid hemorrhage patients: a
multimodal neuromonitoring study. J Cereb Blood Flow Metab. (2021) 41:359-
68. doi: 10.1177/0271678X20910405

SA. Risk factors
Neurology.  (2003)

for fever
60:837-

37. Bogossian EG, Taccone FS. Fever management in acute brain injury. Curr Opin
Crit Care. (2022) 28:130-7. doi: 10.1097/MCC.0000000000000918

38. Kobata H, Tucker A, Sarapuddin G, Sugie A, Negoro T, Kawakami
M, et al Targeted temperature management for severe subarachnoid
hemorrhage using endovascular and surface cooling systems: a nonrandomized
interventional ~ study  using  historical  control.  Neurosurgery.  (2022)
91:863-71. doi: 10.1227/neu.0000000000002122

39. Wang Y, Xie Y, Wang H, Zhang J, Li C, Chen E et al. Development and clinical
translation of a perioperative nomogram incorporating free fatty acids to predict poor
outcome of aneurysmal subarachnoid hemorrhage following endovascular treatment.
Front Neurol. (2021) 12:629997. doi: 10.3389/fneur.2021.629997

40. Zhang A, Zhang Z, Zhang WB, Wang X, Lenahan C, Fang Y, et al
Development of a nomogram for predicting clinical outcome in patients with
angiogram-negative subarachnoid hemorrhage. CNS Neurosci Ther. (2021) 27:1339-
47.doi: 10.1111/cns.13712

41. Feng X, Tong X, Peng F, Niu H, Qi P, Lu J, et al. Development and validation of a
novel nomogram to predict aneurysm rupture in patients with multiple intracranial
aneurysms: a multicentre retrospective study. Stroke Vasc Neurol. (2021) 6:433-
40. doi: 10.1136/svn-2020-000480

frontiersin.org


https://doi.org/10.3389/fneur.2023.1146106
https://doi.org/10.1007/s12975-020-00867-0
https://doi.org/10.1016/S0140-6736(16)30668-7
https://doi.org/10.1016/S1474-4422(09)70025-0
https://doi.org/10.1016/S1474-4422(19)30034-1
https://doi.org/10.1007/s00415-009-0034-z
https://doi.org/10.3389/fneur.2019.00123
https://doi.org/10.1016/S0140-6736(22)00938-2
https://doi.org/10.1016/j.jtcvs.2017.12.107
https://doi.org/10.1093/neuros/nyaa052
https://doi.org/10.3389/fneur.2021.601996
https://doi.org/10.1161/STROKEAHA.119.025997
https://doi.org/10.3389/fncel.2022.1025708
https://doi.org/10.1186/s13054-016-1447-6
https://doi.org/10.1111/ene.15139
https://doi.org/10.3346/jkms.2017.32.8.1337
https://doi.org/10.1007/s12975-022-01122-4
https://doi.org/10.1016/j.jocn.2020.04.022
https://doi.org/10.1136/jnnp-2021-326920
https://doi.org/10.1016/j.wneu.2020.09.061
https://doi.org/10.23736/S0390-5616.16.03457-3
https://doi.org/10.1161/STROKEAHA.118.022869
https://doi.org/10.1016/j.wneu.2017.06.056
https://doi.org/10.1161/STROKEAHA.113.001838
https://doi.org/10.3171/jns.1968.28.1.0014
https://doi.org/10.3389/fneur.2022.1014501
https://doi.org/10.1227/01.NEU.0000228680.22550.A2
https://doi.org/10.1136/bmj.j5745
https://doi.org/10.1016/S1474-4422(13)70263-1
https://doi.org/10.1093/neuros/nyx365
https://doi.org/10.1007/s00701-006-0911-5
https://doi.org/10.3171/2019.6.JNS19704
https://doi.org/10.3171/jns.1996.85.1.0039
https://doi.org/10.1212/01.WNL.0000047344.28843.EB
https://doi.org/10.1007/s12028-016-0281-7
https://doi.org/10.1212/01.wnl.0000258543.45879.f5
https://doi.org/10.1177/0271678X20910405
https://doi.org/10.1097/MCC.0000000000000918
https://doi.org/10.1227/neu.0000000000002122
https://doi.org/10.3389/fneur.2021.629997
https://doi.org/10.1111/cns.13712
https://doi.org/10.1136/svn-2020-000480
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	A nomogram for predicting the risk of poor prognosis in patients with poor-grade aneurysmal subarachnoid hemorrhage following microsurgical clipping
	1. Introduction
	2. Materials and methods
	2.1. Study population
	2.2. Collection of clinical information 
	2.3. Outcome data
	2.4. Statistical analyses

	3. Results
	3.1. Baseline characteristics
	3.2. Construction of the nomogram risk prediction model
	3.3. Validation of the nomogram risk prediction model

	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


