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Abstract 

Background The impact of concurrent sepsis on the prognosis in patients with non-traumatic hemorrhagic brain 
injury (HBI) remains unclear, and the appropriate hemoglobin (HGB) level in HBI patients with sepsis has not been 
investigated. This study aimed to investigate the impact of sepsis in HBI and the prognosis of patients with different 
HGB trajectories with/without sepsis.

Methods The association between sepsis and prognosis (including neurologic outcome and 28-day mortality) 
in patients with non-trauma HBI was investigated, and multivariate logistic model, propensity score matching (PSM), 
and inverse-probability-weighted regression adjustment (IPWRA) were used to reach a causal relationship. Group-
based trajectory analysis was adopted to explore the associations between HGB trajectories and outcomes.

Results A total of 3,040 patients were included. Compared with the HBI-without-sepsis group, the HBI-with-sepsis 
group had higher 28-day mortality and worse neurological outcomes. After adjusting for confounders, the associa-
tion between sepsis and mortality remains significant in multivariate logistic model (OR 2.31, 95%CI 1.77–3.01), PSM 
analysis (212/942 vs. 130/942, p < 0.001) and IPWRA model (ATE 0.073, 95%CI 0.04–0.09). Based on 72-h HGB data, four 
HGB-trajectories were identified. In HBI-without-sepsis cohort, OR for mortality decreased from HGB-traj2 (OR: 0.56, 
95% CI 0.33—0.96) to HGB-traj4 (0.26, 95% CI 0.11—0.59), referred to HGB-traj1. But this decreasing trend became 
non-significant in HBI-with-sepsis cohort. Sensitivity analyses showed similar results.

Conclusion In HBI, concurrent sepsis was associated with higher mortality rate. Furthermore, there was an inverse 
gradient relationship between HGB level and mortality in HBI patients without sepsis, while this association became 
non-significant in those with sepsis.
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Introduction
Hemorrhagic brain injury (HBI) [1] accounts for 10 
to 15% of all strokes, with high morbidity/mortality 
rates and limited effective therapeutic interventions to 
improve outcomes [2]. Sepsis, as a fatal disease character-
ized by organ dysfunction, is one common complication 
in patients with HBI [3, 4]. Previous studies [5–7] have 
shown that sepsis often leads to diffuse neuro-inflam-
mation, excitotoxicity, and altered cerebral perfusion [8], 
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which can contribute to sepsis-associated brain dysfunc-
tion, including cerebral edema, increased intracranial 
pressure, and encephalopathy. These complications are 
frequently observed in sepsis patients and are associ-
ated with poor outcomes. However, the specific impact of 
concurrent sepsis on the prognosis of patients with HBI 
remains poorly understood.

In addition, maintaining an appropriate hemoglobin 
(HGB) level is essential for ensuring adequate oxygena-
tion and preventing secondary brain damage in HBI. 
Several studies have demonstrated that low HGB was 
associated with poor outcomes in patients with various 
brain injuries [9–11]. However, the cutoff values of HGB 
vary significantly across studies, with thresholds, such as 
10  g/dL [10], 11  g/dL12, and 12  g/dL13, and the optimal 
HGB level remains unclear. Furthermore, most stud-
ies have conducted dichotomous comparisons between 
anemia and non-anemia groups, leaving the question of 
whether higher HGB levels in non-anemia patients cor-
relate with better outcomes unanswered. Also, most 
previous studies focused on static HGB data. The lack of 
consideration of the longitudinal dynamics changes in 
HGB increased the risk of bias. In addition, a common 
consensus of a HGB threshold of 7.0  g/dL was reached 
in sepsis without myocardial ischemia, severe hypox-
emia, or acute hemorrhage according to the sepsis guide-
lines [14]. However, whether this threshold applies to 
patients with HBI with concurrent sepsis has not been 
investigated.

This study has two aims: 1. Explore the impact of con-
current sepsis on the prognosis in patients with HBI, 
using doubly robust estimation; 2. Using group-based 
trajectory approach, evaluate the association between the 
longitudinal HGB levels and prognosis in HBI patients 
with/without sepsis.

Methods
Data source and Ethics
This study utilized data from the Medical Information 
Mart for Intensive Care (MIMIC-IV) database [15], 
published by the Massachusetts Institute of Technology 
Computational Physiology Laboratory (https:// physi onet. 
org/ conte nt/ mimic iv/2. 2/). The database contains clini-
cal data from patients admitted to the intensive care unit 
(ICU) at Beth Israel Deaconess Medical Center (BIDMC). 
The Institutional Review Board at the BIDMC granted a 
waiver of informed consent and approved the sharing of 
the research resource. Data collected at BIDMC as part 
of routine clinical care are deidentified, transformed, 
and made available to researchers who have completed 
training in human research and signed a data use agree-
ment [16, 17]. The corresponding author Yanfei Shen has 

passed the online training course and has access to this 
database and was responsible for the data extraction.

Ethics
Above all, the study was exempt from our institutional 
review board approval because the databases used dei-
dentified data and also carried preexisting institutional 
review board approval.

Patient selection and grouping method
The International Classification of Diseases 9th Edi-
tion codes were used for the preliminary screening of 
the patients with non-trauma HBI. Exclusion criteria 
included age below 18  years, hospital stays of less than 
three days, or the absence of HGB records. Subgroup 
analyses were conducted on HBI patients with and with-
out concurrent sepsis within 72 h of ICU admission.

Sepsis was defined based on previously established 
criteria [18]: the suspected infection was determined 
according to the time of bacterial culture and antibiotic 
use of the patient, and the diagnosis of sepsis could be 
obtained by combining the SOFA score. When antibiot-
ics are first administered, a microbiological sample must 
be collected within 24 h. When microbial sampling is first 
performed, antibiotics must be administered within 72 h.

Data collection
The clinical and laboratory data of the patients during 
the ICU stay were extracted from the MIMIC database 
using a PostgreSQL tool. The extracted data included 
patient demographics, comorbidities, laboratory param-
eters, and clinical characteristics. HGB values within the 
first 72 h of ICU admission were collected for trajectory 
modeling. Vasopressor use was defined as the use of any 
vasopressor, including dobutamine, dopamine, epineph-
rine, and norepinephrine, within 72  h after ICU admis-
sion. The 28-day mortality rate was used as the primary 
outcome. A poor neurological outcome was the second-
ary outcome, defined as the Glasgow coma scale (GCS) at 
discharge ≤ 8 or death.

Construction of the group‑based trajectory models
Group-based trajectory modeling [19] is used widely to 
map the progress of dynamic laboratory indexes. In this 
study, we used the HGB records obtained within 72  h 
after ICU admission to identify the HBI patients with 
similar HGB trajectories. The model construction pro-
cess was as follows: first, the number of trajectories was 
determined according to the Bayesian information cri-
terion; second, the model complexity was determined 
based on the log Bayes factor  (2loge(B10)); and third, the 
average posterior probability (AvePP) was calculated 
to evaluate the posterior probability of each individual 
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being assigned to the corresponding HGB trajectory, 
with an acceptable value of 0.70.

Sensitivity analysis
Hemodynamic instability is one important risk factor 
for death in HBI patients, especially in those with sepsis. 
Therefore, sensitivity analysis was performed in a cohort 
without vasopressor use.

Missing data management
The frequency of the missing continuous data was < 5%. 
According to the distribution of these variables, the miss-
ing values were replaced by the mean or median values. 
For the binary data (such as gender), the missing values 
were replaced by the modal number.

Statistical analyses
The normally distributed continuous variables were 
compared using the Student’s t-test and reported as the 
means ± standard deviations. The non-normally distrib-
uted continuous variables were reported as the medians 
and the interquartile ranges (IQRs) and compared using 
the Wilcoxon rank-sum test. The categorical variables 
were compared using the chi-square or Fisher’s exact 
tests. Propensity score matching (PSM) and inverse-
probability-weighted regression model (IPWRA) were 
used to minimize the effect of confounding factors. A 
propensity score (PS) was calculated based on the sepsis 
probability estimated using a logistic regression model. In 
PSM, a one-to-one nearest neighbor matching algorithm 
was applied using a caliper width of 0.02. Kernel density 
plots of the propensity score were used to examine the 
PSM degree. In the IPWRA, PS was used in the sepsis-
assignment model (propensity score model), and the esti-
mated average treatment effect (ATE) between sepsis and 
non-sepsis groups was investigated in the final model. 
The backward stepwise method was used for cofounder 
selection in the multivariable logistic regression. The 
variance inflation factor was used to test for multicolline-
arity, with the variance inflation factor ≥ 5 indicating sig-
nificant multicollinearity. All the statistical analyses were 
performed using Stata 11.2 (College Station, TX, USA) 
and R 4.2.2. All the tests were two-sided, and P < 0.05 was 
used as the threshold for statistical significance.

Results
Comparisons between groups with sepsis and non‑sepsis
A total of 3,040 patients were included in this study. The 
flowchart of patient selection was presented in Supple-
mentary Figure S1. The comparisons of baseline charac-
teristics are shown in Table 1. The overall mortality rate 
was 9.9%. Compared with the HBI without sepsis group, 
HBI with sepsis group had higher SAPS II (36 (28—44) 

vs. 29 (22—6), p < 0.001), and was more likely to receive 
vasopressors (9.7% vs. 1.4%, p < 0.001). 28-day mortality 
(185/1062 vs. 118/1978, p < 0.001) and poor neurological 
outcome rate (258/1062 vs. 149/1978, p < 0.001) were sig-
nificantly higher in the HBI with sepsis group.

The association between sepsis and 28-day mortal-
ity was estimated in multivariate logistic, IPWRA, and 
PSM models (Table 2). In the multivariate logistic model, 
concurrent sepsis was significantly associated with an 
increased mortality rate (odds ratio (OR) 2.31, 95% con-
fidence interval (CI) 1.77—3.01, p < 0.001) after adjust-
ing for confounders. In the PSM analysis, confounders, 
including age, SOFA on ICU admission, white blood cell 
count, creatinine level, hypertension, diabetes, and vaso-
pressor-use were well balanced (Fig. 1). HBI with sepsis 
was significantly associated with a higher poor neuro-
logical outcome rate (148/942 vs. 102/942, p < 0.001) 
and 28-day mortality (212/942 vs. 130/942, p < 0.001). 
Aiming to reach a stable result, the IPWRA model was 
adopted. The result showed that concurrent sepsis in HBI 
may increase mortality risk by 7.3% (95%CI 0.048—0.099, 
p < 0.001) compared to HBI without sepsis.

Construction of the hemoglobin‑based trajectory model
According to the Bayesian information criterion and the 
statistical significance, four similar HGB trajectories were 
identified in HBI with/without sepsis cohorts (Fig.  2). 
HBI without sepsis cohort: HGB-traj1, patients with 
HGB trajectories of approximately 9  g/dL; HGB-traj2, 
patients with HGB trajectories of approximately 11 g/dL; 
HGB-traj3, patients with HGB trajectories of approxi-
mately 13  g/dL; and HGB-traj4, patients with HGB tra-
jectories of approximately 15  g/dL. HBI with sepsis 
cohort: HGB-traj1, patients with HGB trajectories of 
approximately 8 g/dL; HGB-traj2, patients with HGB tra-
jectories of approximately 10  g/dL; HGB-traj3, patients 
with HGB trajectories of approximately 12  g/dL; and 
HGB-traj4, patients with HGB trajectories of approxi-
mately 14 g/dL. According to the logarithmic Bayes fac-
tor, each trajectory was a unique quadratic equation 
describing the HGB as a function of time (Supplementary 
Table S1). The comparisons within four HGB trajectories 
were presented in Supplementary Tables S2 and S3.

Clinical outcomes according to the hemoglobin trajectory
A stepwise increase of the initial and maximum HGB val-
ues from HGB-traj1 to HGB-traj4 was observed in HBI 
patients with/without sepsis (Fig. 3). The poor neurologi-
cal outcome and 28-day mortality rates decreased gradu-
ally from the HGB-traj1 to HGB-traj4 in the HBI without 
sepsis cohort (Fig.  3, right panel). However, in the HBI 
with sepsis cohort, less significant decreasing trend was 
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observed in the mortality or poor neurological outcome 
rate (Fig. 3, right panel).

In the multivariable logistic regression model (Table 3), 
the odds ratio (OR) for the 28-day mortality relative to 
the HGB-traj1 decreased stepwise from HGB-traj2 (OR: 
0.56, 95% CI 0.33—0.96) to HGB-traj4 (OR: 0.26, 95% 
CI 0.11—0.59) in HBI without sepsis cohort. Similarly, 
the odds ratio (OR) for the poor neurologic outcome 
decreased stepwise from HGB-traj2 (OR: 0.52, 95% CI 
0.32—0.84) to HGB-traj4 (OR: 0.25, 95% CI 0.12—0.52) 
in HBI without sepsis cohort, referred to HGB-traj1. 
However, these decreasing trends in mortality or poor 
neurologic outcome were not significant in the HBI with 
sepsis cohort (Table  3). The detailed results were pre-
sented in Table  S4. Also, the interaction between RBC 
transfusion and HGB trajectories was evaluated and no 
significant interaction was detected (Supplementary 
Table S5).

Sensitivity analyses
Sensitivity analyses were performed in patients without 
vasopressor use. Similar HGB trajectories were identified 
(Supplementary Figure S2). The results in the multivari-
able logistic regression models (Supplementary Table S6) 
remained stable in the HBI without sepsis and HBI with 
sepsis cohorts.

In addition, survival analysis was also performed to 
reach a stable conclusion. In multivariate Cox regres-
sion (Supplementary Table  S7), the odds ratio (HR) for 
the 28-day mortality relative to the HGB-traj1 decreased 
stepwise from HGB-traj2 to HGB-traj4 in HBI without 
sepsis cohort, but became non-significant in the HBI 
with sepsis cohort. The KM curves also showed similar 
results (Supplementary Figure S3 and S4).

Discussion
The current study has two significant findings: 1. Con-
current sepsis in HBI is significantly associated with 
poor prognosis. 2. High HGB level (9–15  g/dL) was 

Table 1 Baseline comparisons between non-trauma HBI patients with and without sepsis

HBI hemorrhagic brain injury, SOFA sequential organ failure assessment, GCS Glasgow Coma Score, ASP III Simplified acute physiology score II, ICU intensive care unit, 
IQR interquartile range, LOS length of stay

Demographics HBI without sepsis (n = 1978) HBI with sepsis (n = 1062) p

Age (years) 67.1 ± 15.9 66.3 ± 15.4 0.050

Male [n (%)] 1281 (64.76) 683 (64.31) 0.836

Weight (kg) 78.9 ± 21.0 79.5 ± 21.2 0.481

Comorbidities

 Hypertension [n (%)] 1184 (59.86) 613 (57.72) 0.270

 Diabetes mellitus [n (%)] 405 (20.48) 263 (24.76) 0.007

 Coronary diseases [n (%)] 266 (13.45) 137 (12.90) 0.712

 Subarachnoid hemorrhage [n (%)] 489 (24.7) 312 (29.4) 0.006

 Cirrhosis (%) 29 (1.5) 43 (4.0)  < 0.001

Laboratory indexes

 Initial white blood cell count (10^9/L) 10.1 ± 3.6 11.9 ± 4.9  < 0.001

 Initial hemoglobin level (g/dl) 12.3 ± 1.9 11.9 ± 2.1  < 0.001

 Initial platelet count (10^9/L) 221.7 ± 75.9 213.4 ± 91.3 0.008

 Initial serum creatinine (mg/dl) 1.0 ± 0.8 1.1 ± 0.9 0.129

Treatments

 Vasopressor-use [n (%)] 29 (1.47) 104 (9.79)  < 0.001

 RBC Transfusion [n (%)] 47 (2.43) 90 (8.47)  < 0.001

Clinical evaluation

 GCS at ICU admission [median (IQR)] 15(13–15) 13(8- 14)  < 0.001

 Maximum GCS [median (IQR)] 15(15–15) 15(14–15)  < 0.001

 GCS at ICU discharge [median (IQR)] 15(14–15) 14(9- 15)  < 0.001

 SAPS II at ICU admission [median (IQR)] 29(22–36) 36(28–44)  < 0.001

 Maximum SOFA [median (IQR)] 2(1– 4) 4(3–6)  < 0.001

 ICU LOS (days) 3.3 (1.8–6.3) 8.5 (4.2–15.1)  < 0.001
 Hospital LOS (days) 11.0 (4.9–12.1) 15.3(8.7–23.8)  < 0.001
 Poor neurologic outcome [n (%)] 149 (7.53) 258 (24.29)  < 0.001
 28-day mortality [n (%)] 118 (5.97) 185 (17.42)  < 0.001
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associated with stepwise decreased poor neurological 
outcome and mortality rate in HBI patients without 
sepsis, while this association became non-significant 
in those with sepsis. The strength of the current study 
was that to reach a potential causal relationship, mul-
tivariable logistic regression, PSM, and IPWRA were 
adopted in exploring the association between concur-
rent sepsis and mortality. Additionally, longitudinal 
HGB data, rather than static values, were used to assess 
the relationship between HGB and prognosis, mini-
mizing potential bias through group-based trajectory 
modeling.

Earlier research [20, 21] has identified various factors 
influencing HBI prognosis, such as age, injury severity, 
and concurrent medical conditions. However, whether 
secondary sepsis in HBI has a negative impact on func-
tional prognosis or mortality remains controversial. In a 
retrospective study [22] including 201 ICH patients, Ali 
et  al. reported that the overall infection rate was 11%, 
and infection was not associated with functional prog-
nosis after ICH. However, another study [23] with 800 
ICH patients reported otherwise, that the infections were 
higher (31%) and were associated with poor prognosis. 
However, these studies were limited by small sample size, 

and only multivariate logistic regression models were 
used to explore the relationship.

Different from these studies, sepsis instead of infec-
tion was used as the concurrent factor in this study, as 
it incorporated organ dysfunction, which may be more 
relevant to the prognosis of patients with HBI. In addi-
tion, the current study adopted causal inference meth-
ods, such as PSM and IPWRA, to reach a potential causal 
relationship between sepsis and prognosis. The results 
suggested a detrimental impact of sepsis on the prognosis 
of patients with HBI (ATE on mortality 7.3%), highlight-
ing the need for vigilant monitoring and management 
of infection in this vulnerable population. However, the 
potential mechanism remains unclear. Previous studies 
indicated that HBI initiated a cascade of neuro-inflam-
matory responses that can exacerbate brain damage and 
worsen patient outcomes. Whether concurrent sepsis [5] 
introduces an additional systemic inflammatory burden, 
potentially amplifying the inflammatory response initi-
ated by HBI, still needs further investigation.

Anemia is a common complication in patients with 
brain injury [24, 25], with the reported prevalence rang-
ing from 30 to 50% [26, 27]. Previous studies have shown 
that a low HGB level is associated with various adverse 

Table 2 Estimated associations between sepsis and mortality in multivariate logistic, IPWRA and PSM models

In the PSM model, the imbalanced variables including Age over 65, initial white blood cell count, creatinine level, SOFA on ICU admission, Hypertension, Diabetes and 
vasopressor use in first 3 days were included in the sepsis assignment model (propensity score model), and confounders including Age over 65, initial white blood 
cell count, creatinine level, SOFA on ICU admission, Hypertension, Diabetes and vasopressor use in first 3 days were included in the inverse probability weighted 
regression model.

IPWRA  inverse probability weighted regression model, PSM Propensity score matching, ATE estimate average treatment effect, OR odds ratio, 95% CI 95% confidence 
interval

Multivariate logistic model

Variables OR (95%CI) p

Sepsis 2.31 (1.77—3.01)  < 0.001

SOFA on ICU admission 1.12 (1.03—1.21) 0.010

Hypertension 1.31 (1.001—1.713) 0.049

Cirrhosis 2.78 (1.56—4.95) 0.001

Initial WBC count 1.08 (1.05—1.11)  < 0.001

Initial Serum creatinine level 1.39 (1.24—1.55)  < 0.001

Initial Platelet count 0.996 (0.994—0.997)  < 0.001

Vasopressor usage in 3 days 2.28 (1.63—3.19)  < 0.001

Propensity score matching

Outcomes HBI with sepsis (n = 942) vs. HBI without sepsis (n = 942) p

Poor neurologic outcome [n (%)] 148/942 vs. 102/942  < 0.001

28-day mortality [n (%)] 212/942 vs. 130/942  < 0.001

IPWRA model (ATE on 28‑day mortality)

Variables ATE (95% CI) p

No sepsis Ref

Sepsis 0.073 (0.048 to 0.099)  < 0.001
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outcomes in patients with HBI, such as increased risks 
of hematoma expansion [28], worse neurological out-
comes, and higher mortality rates [13, 29–31]. In a recent 
meta-analysis [32] that included seven cohort studies, 
the pooled results showed that anemia on admission 
was associated with higher mortality and a poor neuro-
logical outcome rates. However, most previous studies 
[12, 13, 32, 33] divided patients into anemic and non-
anemic groups based on static data, with inconsistent 
cutoff values, such as 10 g/dL10, 11 g/dL12, and 12 g/dL13. 
These different definitions of anemia increased the diffi-
culty of applying these study results to clinical practice, 
and whether a higher HGB level than these cutoff values 
can further improve prognosis remains unclear. Also, 
HGB changes dynamically in clinical practice. Simply 
using a static value to represent the total HGB status may 
increase the risk of bias.

Different from previous studies, we investigated 
the impact of HGB based on longitudinal HGB data 
within 72  h. We found that higher HGB levels (11 to 
15  g/dL) were dose-correlated with better neurologi-
cal outcomes and 28-day mortality compared to lower 
HGB levels (9 g/dL). This finding is an important addi-
tion to the current consensus that recognizes anemia 
as an important risk factor for the poor prognosis of 
patients with HBI but does not recognize that there 
is a benefit gradient between the HGB levels and the 
outcomes in non-anemic patients. For instance, in a 
recent web-based survey that included 868 societies 
of ICU physicians who managed their patients accord-
ing to their HBI levels, almost all these physicians used 
an HGB threshold of 7–9 g/dl for RBC transfusions in 
patients with HBI. However, it is important to note that 
although several statistical methods have been used to 
draw a causal conclusion, the dose-dependent effect 

Fig. 1 Propensity score matching of key factors between HBI with and without sepsis in the PSM analysis, confounders, including age, SOFA 
on ICU admission, white blood cell count, creatinine level, hypertension, diabetes, and vasopressor-use were included. Kernel density plots 
of the propensity score showed that all these variables were well matched after propensity score matching
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between HGB and improved prognosis still needs to be 
validated in prospective studies.

On the other hand, the HGB thresholds used for 
sepsis and HBI differed significantly. According to the 
latest guidelines [14], an HGB level of 7.0  g/dL is rec-
ommended in sepsis to maintain an adequate oxygen 
supply. Currently, many intensivists initiate RBC trans-
fusions in mixed sepsis patients with HGB < 7 g/dL [34]. 
Although HGB levels as low as 7  g/dL are well toler-
ated in most critically ill patients, the optimal trans-
fusion threshold in HBI with sepsis patients remains 
unclear. In the current study, we found that maintain-
ing the HGB at a high level (> 8  g/dL) within 72  h is 
not beneficial in HBI patients with sepsis. This finding 
is consistent with the result from a landmark trial [35], 
which found that a high level of HGB provided no ben-
efit in mixed sepsis patients. Several factors may help 
explain this non-significant association. First, in sep-
sis, elevated hemoglobin levels can contribute to oxi-
dative stress and exacerbate nitric oxide consumption, 
potentially disrupting microcirculation and increas-
ing mortality risk [36–38]. Additionally, red blood cell 
morphological changes in sepsis may impair oxygen-
carrying capacity, which may diminish the benefits of 
higher HGB levels [36, 37]. Furthermore, clinical stud-
ies have suggested a non-linear relationship between 
HGB levels and 28-day mortality in sepsis patients [39], 
which is consistent with our findings.Noteworthy, the 
lowest HGB trajectory was 8 g/dL in the current study, 
and whether there is a benefit gradient in the influence 

of HGB levels in the range of 7–8 g/dL is unclear, and 
further research is needed.

Our study had several limitations. First, it was a ret-
rospective study. Although many potential confounders 
were considered, data on some potential confounders, 
such as intracranial pressure, were unavailable; there-
fore, there may have been residual confounding. Second, 
the association between HGB and 28-day mortality was 
investigated. However, the impact of HGB on long-term 
neurological outcomes, such as the Modified Rankin 
Scale and Glasgow Outcome Scale, was not analyzed due 
to a lack of data, which needs further investigation. Third, 
our study focused mainly on the longitudinal HGB level. 
Factors regarding transfusion, such as the timing or the 
transfusion volume, were not analyzed in the current 
study. Further studies are needed to investigate whether 
transfusion with a high HGB threshold can improve 
prognosis in these patients. Fourth, due to the nature of 
the retrospective study, there are certain inaccuracies in 
the diagnosis. For instance, the diagnosis of sepsis was 
based on logical inference instead of the ICD diagnosis 
code mentioned in the method section.

Conclusions
In patients with HBI, concurrent sepsis increases the 
28-day mortality rate and promotes poor neurologic 
outcome occurrence. Increased HGB levels (within the 
range, 9–15 g/dL) was associated with a decreased mor-
tality rate. However, in HBI patients with concurrent sep-
sis, maintaining HGB at a high level was not associated 

Fig. 2 Hemoglobin-based trajectories of patients with hemorrhagic brain injury In the HBI-without-sepsis cohort: HGB-traj-1 (n = 215), patients 
with a HGB trajectory around 9 g/dL; HGB-traj-2 (n = 697), patients with a HGB trajectory around 11 g/dL; HGB-traj-3 (n = 783), patients with a HGB 
trajectory around 13 g/dL; and HGB-traj-4 (n = 283), patients with a HGB trajectory around 15 g/dL. In the HBI-with-sepsis cohort: HGB-traj-1 
(n = 102), patients with a HGB trajectory around 8 g/dL; HGB-traj-2 (n = 276), patients with a HGB trajectory around 10 g/dL; HGB-traj-3 (n = 464), 
patients with a HGB trajectory around 12 g/dL; and HGB-traj-4 (n = 220), patients with a HGB trajectory around 14 g/dL. HGB hemoglobin
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with an improved prognosis. Rigorously designed studies 
are needed to determine whether there is a causal rela-
tionship and determine the potential mechanisms.

Fig. 3 Comparisons of hemoglobin levels and clinical outcomes within four hemoglobin trajectories: There was a stepwise increase 
of the initial and maximum HGB level from Traj-1 to Traj-4. The vasopressor use and RBC transfusion percentage, GCS score and the 28-day 
survival rate decreased gradually from HGB-traj-1 to HGB-traj-4 in HBI-without-sepsis cohort, but 28-day survival rate not significant in patients 
with HBI-with-sepsis cohort. GCS Glasgow Coma Scale, HGB hemoglobin, HBI hemorrhagic brain injury
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