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Background: Hemoglobin decrement is a common complication after aneurysmal subarachnoid hemorrhage (aSAH) and is 
associated with poor outcome. However, the mediating variables on the causal pathway between hemoglobin decrement and poor 
outcome in aSAH are not clear.
Methods: This is a single-center retrospective observational study containing all consecutive patients with aSAH admitted to our 
hospital between January 1, 2019, and June 30, 2022. Hemoglobin decrement was defined as the hemoglobin at admission minus the 
minimum hemoglobin during hospitalization. Calculation of cutoff value using ROC curve Youden index. The main exposure of 
interest was a hemoglobin decrement greater than the cutoff value. The primary outcome was poor outcome at 3 months (mRS 4–6).
Results: A total of 480 patients with aSAH were included in the study, 414 (71.1%) had a favorable and 66 (28.9%) had a poor 
outcome at 3 months. The cut-off value for calculating the degree of hemoglobin decrease using the ROC curve was 12.5 g/l. 
Hemoglobin decrement greater than the cutoff value was significantly associated with pneumonia (OR 3.12; 95% CI 1.78–5.57; 
p < 0.001), cerebral infarction (OR 3.06; 95% CI 1.80–5.30; p < 0.001), and poor prognosis (OR 2.88; 95% CI 1.44–5.92; p = 
0.003) at 3 months. The mediation effect was significant for both pneumonia and cerebral infarction, with the average causal 
mediation effect (ACME) were 0.04 (95% CI 0.02–0.08; p < 0.05) and 0.05 (95% CI 0.02–0.08; p < 0.001), respectively.
Conclusion: Hemoglobin decrement during hospitalization was significantly associated with poor prognosis after aSAH, and the 
increased risk of cerebral infarction and pneumonia might mediate this effect. Avoiding hemoglobin decrement greater than 12.5g/l 
may improve the prognosis of patients with aSAH.
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Introduction
Aneurysmal subarachnoid hemorrhage (aSAH) is a serious cerebrovascular accident that kills more than 30% of patients 
and leaves neurological deficits in approximately 25% of survivors.1 Anemia is a common complication after SAH, and 
studies have reported that about half of patients may develop anemia during hospitalization.2 In addition, patients with 
post-SAH anemia are more likely to have delayed cerebral ischemia (DCI) and a poor outcome.3–6

Previous studies have reported that lower mean hemoglobin during the acute phase of aSAH is a predictor of 
vasospasm and poor neurological prognosis at discharge.7 However, studies on whether to transfuse blood to correct 
anemia after aSAH are now at an impasse.8 A small RCT on the feasibility of correcting anemia after aSAH showed that 
blood transfusion did not significantly reduce the incidence of cerebral infarction.9 Recently, Asghar et al reported that in 
patients with SAH, independently of any hemoglobin values, greater hemoglobin decrement during hospitalization was 
associated with DCI and poor prognosis.10 Therefore, we speculate that the factor contributing to the poor prognosis of 
SAH may be the process of hemoglobin decrement, rather than anemia caused by a drop in hemoglobin.
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In addition, pneumonia, a common extracranial complication after aSAH, affects the prognosis of aSAH and is 
prevalent in anemic patients as well.11–13 However, few studies have reported a correlation between pneumonia, anemia, 
and aSAH.

Traditional causal analysis is a blind box effect, we know that decreased hemoglobin may affect the prognosis of 
aSAH, but we do not know how this effect occurs. Causal mediation analysis can effectively overcome this shortcoming 
by identifying intermediate variables (or mediators) that exist in the causal pathway between cause and effect.14,15 In this 
study, we sought to explore the association between minimum hemoglobin and hemoglobin decrement with poor 
prognosis in SAH, as well as, using mediation analyses, to explore the mediating factors by which hemoglobin decrement 
jeopardizes the prognosis of SAH.

Materials and Methods
Patients
This is a single-center retrospective observational study containing all consecutive patients with aSAH admitted to our 
hospital between January 1, 2019, and June 30, 2022. Exclusion criteria included traumatic SAH, non-aneurysmal SAH, 
onset of more than 72 hours, death or discharge within 72 hours of onset, conservative treatment of aneurysms, missing 
data, and loss to follow-up. This study was approved by the Ethics Committee of the hospital.

Management Protocol
Treatment of aSAH patients at our center was according to the standard policy. Early treatment of aneurysms by 
endovascular coiling or microsurgical clipping. The treatment team consists of experienced neurosurgeons and neuroin
terventionalists, and surgical plan was decided by the treatment team together with the patients, depending on the 
patient’s condition. When both options are available, endovascular coiling was preferred. Patients with hypertension 
receive antihypertensive treatment to maintain systolic blood pressure less than 180 mmHg. Treatment with intravenous 
nimodipine for anti-vasospasm is routinely used in the acute phase and then switched to oral nimodipine. External 
ventricular drainage is given in acute hydrocephalus. In patients with persistent hydrocephalus, the external cerebrospinal 
fluid (CSF) drain was replaced by a permanent ventriculoperitoneal shunt.16

Clinic Definition
Clinical grade was assessed with the World Federation of Neurosurgical Societies (WFNS) at admission.17 The radio
graphic severity of aSAH was assessed based on the first computed tomography (CT) after onset by two experienced 
neurosurgeons (Che and Jiang) using the modified Fisher scale (mFisher). Delayed cerebral ischemia (DCI) was defined 
as a worsening of the Glasgow Coma Score by greater than or equal to 2 points or the development of new focal 
neurological symptoms after exclusion of any other underlying cause being determined.18 Cerebral infarction was defined 
as a new infarction on CT or magnetic resonance imaging (MRI) 48 hours after onset.19 Proven pneumonia had 
a confirmed change in diagnosis on at least one image of the chest x-ray or CT. Hydrocephalus was defined as persistent 
hydrocephalus requiring ventriculoperitoneal shunt surgery.

Outcome Assessment
Patient outcomes were assessed using the Modified Rankin Score (mRS) at 3 months.20 An outcome of mRS 0–3 was 
considered a favourable prognosis, and mRS 4–6 was considered a poor prognosis at 3 months after onset. Follow-up 
data were obtained from follow-up transcripts completed by specialized neurosurgeons.

Data Collection and Laboratory Analyses
Data collected from the electronic medical record system included demographic information (age, gender, singleness 
status), disease history (hypertension, diabetes mellitus, anticoagulation and antiplant therapy, chronic obstructive 
pulmonary disease, prior stroke, smoking, drinking), neurological status on admission (WFNS), radiographic severity 
(mFisher), surgical approach (coiling or clipping), complications during hospitalization (DCI, cerebral infarction, 
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pneumonia, epilepsy, hydrocephalus, gastrointestinal bleeding, deep vein thrombosis), admission hemoglobin con
centration (g/L), minimum hemoglobin concentration. Minimum hemoglobin was defined as the lowest value recorded 
in the electronic medical record system. Hemoglobin decrement was expressed as the hemoglobin concentration on 
admission minus the minimum hemoglobin concentration, and if the result is negative, it was expressed as 0.

Statistical Analysis
Student’s t test or the MannWhitney U-test were used as appropriate in continuous variables, χ2 test was used in 
categorical variables. The receiver operating characteristic (ROC) curve for the effect of hemoglobin decrement on the 
poor outcome was established, and the cut-off value was calculated using Youden index. Exploring the association 
between hemoglobin decrement greater than the cut-off value and complications during hospitalization, the association 
between complications and prognosis at 3 months was performed with multivariate logistic regression analysis adjusted 
for age, gender, WFNS, mFisher, and surgical approach. Only variables whose univariate analyses suggested statistical 
significance were included in the multivariate analyses. The analysis of the effect of minimum hemoglobin on prognosis 
suffered from Simpson’s paradox21 and was adjusted by the addition of hemoglobin decrement to the multivariate 
analysis.

Causal mediation analyses (CMA) can explore the direct effect of the treatment on the outcome which reported as 
average direct effect (ADE), the indirect effect which reported as average causal mediation effect (ACME), and the total 
effect.14 In our study, we used hemoglobin decrement as a treatment variable and DCI, cerebral infarction, epilepsy, 
hydrocephalus, pneumonia as mediator variables to explore the possible mediators and corresponding mediating effects 
present between hemoglobin decrement and poor prognosis. Causal mediation analyses were performed using methods 
proposed by previous scholars.14 All statistical analyses were performed using the R package (version 4.3.0), and p < 
0.05 was considered statistically significant.

Result
Demographic Data and Baseline Characteristics
A total of 651 patients with aSAH were admitted during the study period, of whom 480 met the criteria for inclusion in 
the study. Flow diagram of study patient inclusion and exclusion was shown in Figure 1. Of all the included cases, 414 
(71.1%) had a favorable and 66 (28.9%) had a poor outcome at 3 months. Demographic data and baseline characteristics 
are displayed in Table 1. Compared with patients with a favorable outcome, those with a poor outcome were older (62 vs 
56 yr; P = 0.001), had poorer neurological function on admission (29% and 20% for WFNS grades 4 and 5, respectively, 
P < 0.001), had larger hemorrhages (32% and 35% for mFisher grades 3 and 4, respectively, P < 0.001), and had a higher 
incidence of DCI, cerebral infarction, epilepsy, and pneumonia. Patients undergoing clipping have a higher rate of poor 
prognosis compared to coiling procedures. In addition, the poor prognosis group had lower minimum hemoglobin and 
greater hemoglobin decrement. However, gender, hypertension, diabetes mellitus, chronic obstructive pulmonary disease 
(COPD), prior stroke, anticoagulation or antiplatelet therapy, smoking, drinking, and singleness status, admission 
hemoglobin, postoperative gastrointestinal bleeding (GIB), and deep vein thrombosis (VTE) were not significantly 
different between two groups.

Simpson’s Paradox of Minimum Hemoglobin Affecting Prognosis of aSAH
Univariate analysis suggested that the minimum hemoglobin was significantly lower in the poor prognosis group than in 
the favourable prognosis group (109g/l vs 123g/l, p < 0.001). However, multivariate logistic regression analysis revealed 
that the odds ratio (OR) of the minimum hemoglobin affecting prognosis was lower than 1 (OR 0.96; 95% CI 0.94, 0.98; 
p < 0.001). This is apparently a Simpson’s paradox. Subsequently, further multivariate logistic regression adjusted by 
hemoglobin decrement found that there was no statistical difference between the minimum hemoglobin and poor 
prognosis. This suggests that the lurking variable in this Simpson’s paradox is hemoglobin decrement (Table 2).
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ROC Curve of Hemoglobin Decrement Affecting Prognosis of aSAH
The ROC curve demonstrated good accuracy for predicting the poor-outcome of aSAH patients, with an unadjusted area 
under the curve (AUC) of 0.78 (95% CI: 0.72–0.85). Using the Youden index, the cutoff value is calculated as 12.5g/l 
(specificity: 0.67, sensitivity: 0.77) (Figure 2).

Univariate and Multivariate Analysis of Hemoglobin Decrement Affecting 
Complications During Hospitalization
A hemoglobin decrement greater than the cut-off value (12.5g/l) on univariate analysis increased the incidence of DCI, 
cerebral infarction, and pneumonia, with no statistically different between epilepsy, GIB, hydrocephalus, and VTE. 
Further multivariate logistic regression analyses adjusted by age, gender, WFNF, mFisher, and surgery approach 
suggested that a hemoglobin decrement greater than 12.5g/l increased the risk of pneumonia (OR 2.21; 95% CI 1.22, 
4.06; p = 0.009) and cerebral infarction (OR 2.16; 95% CI 1.22, 3.85; p = 0.008) and with no statistically different 
between DCI (Table 3).

Multivariate Logistic Regression Analysis of Complications Affecting Prognosis of aSAH
Multivariate logistic regression analysis adjusted for age, gender, WFNF, mFisher, and surgery approach suggested that 
among the complications during hospitalization, DCI (OR 7.44; 95% CI 3.76–15.4; P < 0.001), cerebral infarction (OR 
18.5; 95% CI 8.24–45.0; p < 0.001), pneumonia (OR 9.64; 95% CI 4.74–20.2; p < 0.001) and hemoglobin decrement 
greater than 12.5g/l (OR 2.88; 95% CI 1.44–5.92; p = 0.003) were significantly associated with poor prognosis at 3 
months (Table 4).

Figure 1 Flow diagram for patient exclusion. 
Abbreviation: SAH, subarachnoid hemorrhage.
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Table 1 Demographic Data and Baseline Characteristics

Variables Favorable Outcome (mRS 
0–3) (n = 414)

Poor Outcome (mRS 
4–6) (n = 66)

P-Value

Age, Median (Q1, Q3) 55.5 (50, 64) 61.5 (53.25, 68.75) 0.001

Gender, n (%) 0.448

Female 278 (67) 48 (73)
Male 136 (33) 18 (27)

Hypertension, n (%) 0.125

No 264 (64) 35 (53)
Yes 150 (36) 31 (47)

Diabetes mellitus, n (%) 0.05
No 392 (95) 58 (88)

Yes 22 (5) 8 (12)

Anticoagulation or antiplatelet 
therapy, n (%)

0.248

No 409 (99) 64 (97)

Yes 5 (1) 2 (3)
COPD, n (%) 1

No 410 (99) 66 (100)

Yes 4 (1) 0 (0)
Prior stroke, n (%) 0.174

No 399 (96) 61 (92)

Yes 15 (4) 5 (8)
Smoking, n (%) 0.306

No 318 (77) 55 (83)

Yes 96 (23) 11 (17)
Drinking, n (%) 1

No 344 (83) 55 (83)

Yes 70 (17) 11 (17)
Single, n (%) 0.056

No 370 (89) 53 (80)

Yes 44 (11) 13 (20)
WFNS, n (%) < 0.001

1 157 (38) 5 (8)

2 215 (52) 29 (44)
3 6 (1) 0 (0)

4 33 (8) 19 (29)

5 3 (1) 13 (20)
mFisher, n (%) < 0.001

0 18 (4) 0 (0)

1 248 (60) 16 (24)
2 46 (11) 6 (9)

3 80 (19) 21 (32)

4 22 (5) 23 (35)
Surgery approach, n (%) 0.016

Coiling 347 (84) 46 (70)

Clipping 67 (16) 20 (30)
DCI, n (%) < 0.001

No 341 (82) 24 (36)

Yes 73 (18) 42 (64)
Cerebral infarction, n (%) < 0.001

No 376 (91) 29 (44)

Yes 38 (9) 37 (56)

(Continued)
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Causal Mediation Analysis
Mediators between hemoglobin decrement and poor prognosis after aSAH were identified using CMA. The indirect 
effect was significant when pneumonia and cerebral infarction were used as mediator variable. When the mediator 
variable was cerebral infarction, the total effect was 0.11 (95% CI 0.04–0.17; p < 0.05), the ACME was 0.05 (95% CI 
0.02–0.08; p < 0.001), the ADE was 0.06 (95% CI 0.003–0.12; p < 0.05), and the proportion of total effect via mediation 
was 47% (95% CI 21%–93%; p < 0.05) (Figure 3A). When the mediator variable was pneumonia, the total effect was 
0.12 (95% CI 0.06–0.08; p < 0.001), the ACME was 0.04 (95% CI 0.02–0.08; p < 0.05), the ADE was 0.07 (95% CI 
0.02–0.13; p < 0.05), and the proportion of total effect via mediation was 39% (95% CI 15%–74%; p < 0.05) (Figure 3B). 
We conclude that a hemoglobin decrement greater than the cutoff value affects the prognosis of aSAH partly mediated 
through increasing the risk of cerebral infarction and pneumonia.

Discussion
Our study reveals that hemoglobin decrement during hospitalization is significantly associated with poor outcome after 3 
months in patients with aneurysm subarachnoid hemorrhage (aSAH). Using causal mediation analyses, we found that 

Table 1 (Continued). 

Variables Favorable Outcome (mRS 
0–3) (n = 414)

Poor Outcome (mRS 
4–6) (n = 66)

P-Value

GIB, n (%) 1
No 401 (97) 64 (97)

Yes 13 (3) 2 (3)

Epilepsy, n (%) 0.036
No 408 (99) 62 (94)

Yes 6 (1) 4 (6)

Pneumonia, n (%) < 0.001
No 379 (92) 24 (36)

Yes 35 (8) 42 (64)

Hydrocephalus, n (%) 0.008
No 411 (99) 62 (94)

Yes 3 (1) 4 (6)

VTE, n (%) 0.123
No 387 (93) 58 (88)

Yes 27 (7) 8 (12)

Admission Hemoglobin (g/L), 
Median (Q1, Q3)

131 (121, 142) 132.5 (126.25, 142) 0.082

Minimum Hemoglobin (g/L), 

Mean (SD)

123.95 (16.26) 109.7 (21.46) < 0.001

Hemoglobin decrement (g/L), 

Median (Q1, Q3)

7 (0, 16) 24.5 (13.25, 36) < 0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; WFNS, the World Federation of Neurosurgical Societies; GIB, 
gastrointestinal bleeding; DCI, delayed cerebral ischemia; VTE, venous thrombosis embolism.

Table 2 Multivariate Regression Analysis of Minimum Hemoglobin Affecting Prognosis

Characteristic Model a Model b

OR 95% CI p-Value OR 95% CI p-Value

Minimum hemoglobin 0.96 0.94, 0.98 <0.001 0.99 0.97, 1.02 0.6

Notes: Model a: adjusted for age, gender, mFisher, WFNS, and surgery approach. Model b: adjusted for age, 
gender, mFisher, WFNS, surgery approach, and hemoglobin decrement. 
Abbreviations: OR, Odds Ratio; CI, Confidence Interval.
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hemoglobin decrement affects the prognosis of patients with aSAH possibly mediated by an increased risk of pneumonia 
and cerebral infarction. Our study found for the first time that pneumonia and cerebral infarction were important 
mediating variables for the prognostic impact of hemoglobin decrement in aSAH.

There is much evidence that anemia is a common complication after SAH, and studies have reported that about half 
of patients may develop anemia during hospitalization.2 In addition, patients with post-SAH anemia are more likely to 

Figure 2 ROC curve of hemoglobin decrement affecting prognosis in aSAH. The unadjusted AUC for this ROC curve was 0.78 (95% CI: 0.72–0.85). Using the Youden index, 
the cutoff value is calculated as 12.5g/l (specificity: 0.67, sensitivity: 0.77). 
Abbreviations: aSAH, aneurysmal subarachnoid hemorrhage; ROC, receiver operating characteristic; AUC, area under the curve.

Table 3 Univariate and Multivariate Analysis of Hemoglobin Decrement Affecting Complications During Hospitalization

Characteristic Non-Hemoglobin 
Decrement More Than 

12.5g/l (n = 293)

Hemoglobin Decrement 
More Than 12.5g/l  

(n = 187)

p-Value Adjusted 
OR

95% CI p-Value

DCI, n (%) 58 (20) 57 (30) 0.01 0.99 0.61, 1.60 >0.9
Cerebral infarction, n (%) 27 (9) 48 (26) < 0.001 2.16 1.22, 3.85 0.008

Pneumonia, n (%) 23 (8) 54 (29) < 0.001 2.21 1.22, 4.06 0.009

Epilepsy, n (%) 5 (2) 5 (3) 0.522 - - -
Hydrocephalus, n (%) 5 (2) 2 (1) 0.711 - - -

GIB, n (%) 7 (2) 8 (4) 0.373 - - -

VTE, n (%) 17 (6) 18 (10) 0.164 - - -

Notes: Adjusted by age, gender, WFNS, mFisher, and surgery approach. 
Abbreviations: OR, odds ratio; CI, confidence interval; DCI, delayed cerebral ischemia; GIB, gastrointestinal bleeding; VTE, venous thrombosis embolism.

Table 4 Multivariate Logistic Regression Analysis of Complications During 
Hospitalization Affecting Prognosis

Characteristic Adjusted OR 95% CI p-Value

DCI 7.44 3.76, 15.4 <0.001

Cerebral infarction 18.5 8.24, 45.0 <0.001

Epilepsy 3.00 0.50, 14.8 0.2
Pneumonia 9.64 4.74, 20.2 <0.001

Hydrocephalus 2.18 0.35, 13.4 0.4

Hemoglobin decrement greater than 12.5g/l 2.88 1.44, 5.92 0.003

Notes: Adjusted for age, gender, mFisher, WFNS, and surgery approach. 
Abbreviations: OR, Odds Ratio; CI, Confidence Interval; DCI, delayed cerebral ischemia.
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have delayed cerebral ischemia (DCI) and a poor outcome.6,22–24 Our previous studies have similarly shown that the 
mean postoperative hemoglobin concentration is significantly associated with vasospasm, with the lowest risk of 
vasospasm occurring at 11–12 g/dl.23 In addition, studies have shown that low mean hemoglobin in the acute phase of 
aSAH may induce vasospasm and is a predictor of poor prognosis at discharge.7 In the current study, we similarly found 
that the minimum hemoglobin concentration was lower and the extent of hemoglobin decrement was more pronounced in 
the poor prognosis group. These results are in general agreement with the conclusions drawn from previous studies.

However, studies on whether to transfuse blood to correct anemia after aSAH are now at an impasse.8 A previous 
small RCT aimed at assessing the safety and feasibility of correcting low hemoglobin concentrations by transfusion 
within 3 days of aSAH onset showed that no significant differences in new-onset cerebral infarcts and DCI between the 
treatment and control groups.9 Subsequently, a secondary analysis of the above findings using propensity score matching 
similarly found no difference in mortality between the two groups.3 However, we encountered Simpson’s paradox in our 
study of the association between minimum hemoglobin and poor prognosis. Even though univariate analysis suggested 
that the mean value of minimum hemoglobin was significantly lower in the poor prognosis group than in the good 
prognosis group, the OR on multivariate regression analysis was lower than 1. Fortunately, we seem to have found the 
devil’s variable (lurking variable) that triggered this Simpson’s paradox. Further adjusted by the addition of hemoglobin 
decrement revealed no statistical difference between minimum hemoglobin and poor prognosis. We suspect that the 
reason why transfusion therapy does not improve the prognosis of patients with SAH may be that the factor affecting the 
prognosis of SAH may be hemoglobin decrement rather than anemia due to the drop in hemoglobin.

Further, we used causal mediation analysis to preliminarily explore the possible mechanisms by which decreased 
hemoglobin affects the prognosis of aSAH. DCI and its associated cerebral infarction are the most common complica
tions affecting the prognosis of patients with aSAH.18 Many studies have shown that anemia is significantly associated 
with DCI after aSAH. In our study, hemoglobin decrement greater than the cutoff value (12.5g/l) was significantly 
associated with cerebral infarction, and its mediating effect (indirect effect) through cerebral infarction affecting the poor 
prognosis of aSAH was approximately 46.5%.

Patients with aSAH are at high risk of developing pneumonia. It has been shown that 13–37% of the patients with 
aSAH develop postoperative lung infections.25 China Stroke Statistics 2019 shows that the leading comorbidity in 
Chinese stroke patients was pneumonia (29.7% for SAH).26 Pneumonia after aSAH has been reported in the literature to 
be significantly associated with poor prognosis.27 In addition, anemia, particularly hemoglobin level is less than 10 mg/ 
dl, may significantly increase the risk of death in studies of hospitalized patients with community-acquired pneumonia.11 

However, there are few studies in which anemia affects the prognosis of aSAH involving pneumonia. Our study confirms 
that hemoglobin decrement greater than the cutoff value (12.5g/l) may significantly increase the risk of pneumonia and 
that its mediating effect through pneumonia affects the prognosis of SAH by approximately 38.5%.

Figure 3 Causal mediation analysis for cerebral infarction and pneumonia. The solid line represents that the hemoglobin decrement exceeded the cut-off value (12.5g/l), and 
the dashed line represents that the hemoglobin decrement did not exceed the cut-off value. (A) Causal mediation analysis for cerebral infarction: shows cerebral infarction 
as a mediating variable. (B) Causal mediation analysis for pneumonia: shows pneumonia as a mediating variable. 
Abbreviations: ACME, average indirect effect; ADE, average direct effect.
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There are some limitations to our study. First, the study was a single-center study and, therefore, there was an 
unavoidable selection bias, which was further exacerbated by the exclusion of cases with an onset of more than 72 hours 
from the study. Secondly, this is a retrospective study and some confounding factors that may affect the prognosis, such 
as use of postoperative antiplatelet agents, blood transfusions, and causes of hemoglobin drop, were not included in the 
study. Third, because CT and MRI have different sensitivities in identifying acute cerebral infarction, CT may result in 
some patients with asymptomatic cerebral infarction being missed. In addition, hemoglobin values were collected in 
a retrospective electronic case system, the minimum hemoglobin in our study may not be the true lowest hemoglobin. 
More prospective studies are needed in the future.

Conclusion
In summary, a hemoglobin decrement during hospitalization may be associated with a poor prognosis in patients with 
aSAH, and this association may be due to the fact that hemoglobin decrement may increase the risk of pneumonia and 
cerebral infarction.
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data is treated with the utmost respect and confidentiality throughout the duration of this study.

Funding
This work was supported by grants funded by the National Natural Science Foundation of China (No. 81870927).

Disclosure
The authors declared that they have no competing interests.

References
1. Claassen J, Park S. Spontaneous subarachnoid haemorrhage. Lancet. 2022;400(10355):846–862. doi:10.1016/S0140-6736(22)00938-2
2. Terrett LA, et al. Anemia and Red Blood Cell Transfusion in Aneurysmal Subarachnoid Hemorrhage. Neurocritical Care. 2023;39(1):91–103. 

doi:10.1007/s12028-023-01815-0
3. Ayling OGS, Ibrahim GM, Alotaibi NM, et al. Anemia After Aneurysmal Subarachnoid Hemorrhage Is Associated With Poor Outcome and Death. 

Stroke. 2018;49(8):1859–1865. doi:10.1161/STROKEAHA.117.020260
4. Castella A, Attanasio L, Schuind S, et al. Association of anemia and transfusions with outcome after subarachnoid hemorrhage. Clin Neurol 

Neurosurg. 2021;206:106676. doi:10.1016/j.clineuro.2021.106676
5. Said M, Dinger TF, Gümüs M, et al. Impact of Anemia Severity on the Outcome of an Aneurysmal Subarachnoid Hemorrhage. J Clin Med. 2022;11 

(21):6258. doi:10.3390/jcm11216258

International Journal of General Medicine 2024:17                                                                             https://doi.org/10.2147/IJGM.S478795                                                                                                                                                                                                                       

DovePress                                                                                                                       
5357

Dovepress                                                                                                                                                              Che et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(22)00938-2
https://doi.org/10.1007/s12028-023-01815-0
https://doi.org/10.1161/STROKEAHA.117.020260
https://doi.org/10.1016/j.clineuro.2021.106676
https://doi.org/10.3390/jcm11216258
https://www.dovepress.com
https://www.dovepress.com


6. Zeineddine HA, Honarpisheh P, McBride D, et al. Targeting Hemoglobin to Reduce Delayed Cerebral Ischemia After Subarachnoid Hemorrhage. 
Transl Stroke Res. 2022;13(5):725–735. doi:10.1007/s12975-022-00995-9

7. Bell DL, Kimberly WT, Yoo AJ, et al. Low neurologic intensive care unit hemoglobin as a predictor for intra-arterial vasospasm therapy and poor 
discharge modified Rankin Scale in aneurysmal subarachnoid haemorrhage-induced cerebral vasospasm. J Neurointerv Surg. 2015;7(6):438–442. 
doi:10.1136/neurintsurg-2014-011164

8. Treggiari MM, Rabinstein AA, Busl KM, et al. Guidelines for the Neurocritical Care Management of Aneurysmal Subarachnoid Hemorrhage. 
Neurocrit Care. 2023;39(1):1–28. doi:10.1007/s12028-023-01713-5

9. Naidech AM, Drescher J, Ault ML, et al. Higher hemoglobin is associated with less cerebral infarction, poor outcome, and death after subarachnoid 
hemorrhage. Neurosurgery. 2006;59(4):775–779. doi:10.1227/01.NEU.0000232662.86771.A9

10. Shah AH, Snow R, Wendell LC, et al. Association of hemoglobin trend and outcomes in aneurysmal subarachnoid hemorrhage: a single center 
cohort study. J Clin Neurosci. 2023;107:77–83. doi:10.1016/j.jocn.2022.12.008

11. Chang IF, et al. The association of anemia with the clinical outcomes of community-acquired pneumonia in children. Pediatr Pulmonol. 2022;57 
(6):1416–1424. doi:10.1002/ppul.25892

12. Bogossian EG, et al. The Impact of Extracerebral Infection After Subarachnoid Hemorrhage: a Single-Center Cohort Study. World Neurosurg. 
2020;144:e883–e897. doi:10.1016/j.wneu.2020.09.102

13. Jiang Y, et al. Preoperative Anemia and Risk of In-hospital Postoperative Complications in Patients with Hip Fracture. Clin Interventions Aging. 
2023;18:639–653. doi:10.2147/CIA.S404211

14. Imai K, Keele L, Tingley D. A general approach to causal mediation analysis. Psychol Methods. 2010;15(4):309–334. doi:10.1037/a0020761
15. Chen H, et al. Early lactate measurement is associated with better outcomes in septic patients with an elevated serum lactate level. Crit Care. 

2019;23(1):351. doi:10.1186/s13054-019-2625-0
16. Zheng J, et al. Effect of premorbid hypertension control on outcome of patients with aneurysmal subarachnoid hemorrhage. Acta Neurochir. 

2018;160(12):2401–2407. doi:10.1007/s00701-018-3699-1
17. Teasdale GM, et al. A universal subarachnoid hemorrhage scale: report of a committee of the World Federation of Neurosurgical Societies. J Neurol 

Neurosurg. 1988;51(11):1457. doi:10.1136/jnnp.51.11.1457
18. Abdulazim A, et al. Diagnosis of Delayed Cerebral Ischemia in Patients with Aneurysmal Subarachnoid Hemorrhage and Triggers for Intervention. 

Neurocrit Care. 2023;39(2):311–319. doi:10.1007/s12028-023-01812-3
19. Masson A, et al. Acute hydrocephalus and delayed cerebral infarction after aneurysmal subarachnoid hemorrhage. Acta Neurochir. 2022;164 

(9):2401–2408. doi:10.1007/s00701-022-05321-8
20. Nobels-Janssen E, et al. Inter-method reliability of the modified Rankin Scale in patients with subarachnoid hemorrhage. J Neurol. 2021;269 

(5):2734–2742. doi:10.1007/s00415-021-10880-4
21. Mangalam M, Kelty-Stephen DG. Point estimates, Simpson’s paradox, and nonergodicity in biological sciences. Neurosci Biobehav Rev. 

2021;125:98–107. doi:10.1016/j.neubiorev.2021.02.017
22. Kramer AH, et al. Relationship between hemoglobin concentrations and outcomes across subgroups of patients with aneurysmal subarachnoid 

hemorrhage. Neurocrit Care. 2009;10(2):157–165. doi:10.1007/s12028-008-9171-y
23. Sun J, et al. Optimal hemoglobin concentration in patients with aneurysmal subarachnoid hemorrhage after surgical treatment to prevent 

symptomatic cerebral vasospasm. Neuroreport. 2015;26(5):263–266. doi:10.1097/WNR.0000000000000340
24. Stein M, et al. Mean hemoglobin concentration after acute subarachnoid hemorrhage and the relation to outcome, mortality, vasospasm, and brain 

infarction. J Clin Neurosci. 2015;22(3):530–534. doi:10.1016/j.jocn.2014.08.026
25. Abulhasan YB, et al. Health Care–Associated Infections after Subarachnoid Hemorrhage. World Neurosurg. 2018;115:e393–e403. doi:10.1016/j. 

wneu.2018.04.061
26. Wang YJ, et al. China Stroke Statistics: an update on the 2019 report from the National Center for Healthcare Quality Management in Neurological 

Diseases, China National Clinical Research Center for Neurological Diseases, the Chinese Stroke Association, National Center for Chronic and 
Non-communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention and Institute for Global Neuroscience and 
Stroke Collaborations. Stroke Vasc Neurol. 2022;7(5):415–450. doi:10.1136/svn-2021-001374

27. Wang R, Zhang J, He M, et al. A novel risk score for predicting hospital acquired pneumonia in aneurysmal subarachnoid hemorrhage patients. 
Int Immunopharmacol. 2022;108:108845. doi:10.1016/j.intimp.2022.108845

International Journal of General Medicine                                                                                         Dovepress 

Publish your work in this journal 
The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal 
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of 
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

DovePress                                                                                                 International Journal of General Medicine 2024:17 5358

Che et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s12975-022-00995-9
https://doi.org/10.1136/neurintsurg-2014-011164
https://doi.org/10.1007/s12028-023-01713-5
https://doi.org/10.1227/01.NEU.0000232662.86771.A9
https://doi.org/10.1016/j.jocn.2022.12.008
https://doi.org/10.1002/ppul.25892
https://doi.org/10.1016/j.wneu.2020.09.102
https://doi.org/10.2147/CIA.S404211
https://doi.org/10.1037/a0020761
https://doi.org/10.1186/s13054-019-2625-0
https://doi.org/10.1007/s00701-018-3699-1
https://doi.org/10.1136/jnnp.51.11.1457
https://doi.org/10.1007/s12028-023-01812-3
https://doi.org/10.1007/s00701-022-05321-8
https://doi.org/10.1007/s00415-021-10880-4
https://doi.org/10.1016/j.neubiorev.2021.02.017
https://doi.org/10.1007/s12028-008-9171-y
https://doi.org/10.1097/WNR.0000000000000340
https://doi.org/10.1016/j.jocn.2014.08.026
https://doi.org/10.1016/j.wneu.2018.04.061
https://doi.org/10.1016/j.wneu.2018.04.061
https://doi.org/10.1136/svn-2021-001374
https://doi.org/10.1016/j.intimp.2022.108845
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Patients
	Management Protocol
	Clinic Definition
	Outcome Assessment
	Data Collection and Laboratory Analyses
	Statistical Analysis

	Result
	Demographic Data and Baseline Characteristics
	Simpson’s Paradox of Minimum Hemoglobin Affecting Prognosis of aSAH
	ROC Curve of Hemoglobin Decrement Affecting Prognosis of aSAH
	Univariate and Multivariate Analysis of Hemoglobin Decrement Affecting Complications During Hospitalization
	Multivariate Logistic Regression Analysis of Complications Affecting Prognosis of aSAH
	Causal Mediation Analysis

	Discussion
	Conclusion
	Ethics Statement
	Funding
	Disclosure

