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Objective: Cerebrospinal fluid total protein (CSF-TP) levels in adults with
posthemorrhagic hydrocephalus (PHH) are poorly studied. The objective of this
study was to explore the characteristics of CSF-TP levels in patients with PHH.

Methods: The clinical data of 156 patients with hemorrhagic brain disease were
retrospectively studied and divided into PHH and NPHH groups. Single-factor and
multi-factor analyses were performed, and the key role of CSF-TP was evaluated using
linear analysis.

Results: Among the 156 patients, 85 (54.5%) had PHH and 34 (21.8%) underwent
surgeries. Hypertension (o = 0.017), days [total fever time when body temperature >
38.5°C (p = 0.04)], Glasgow Coma Scale (GCS) score (p < 0.001), and time (from the
onset of the disease to the obtainment of CSF-TP after lumbar puncture (p < 0.001) were
important factors for PHH. Logistic regression analysis revealed that GCS score < 8
[odds ratio (OR) = 2.943 (1.421-6.097), p = 0.004] and CSF-TP x time > 9,600
[OR = 2.317 (1.108-4.849), p = 0.026] were independent risk factors for PHH. All
CSF-TP values were averaged every 2 days. CSF-TP was negatively correlated with time.
Linear analysis showed that CSF-TP in the PHH group was higher than that in the NPHH
group at the same onset time, and that the duration of detectionin the CSF was longer.

Conclusion: Cerebrospinal fluid total protein (CSF-TP) x time > 9,600 and GCS
score < 8 were independent risk factors for PHH. CSF-TP was higher in the PHH group
than in the NPHH group.

Keywords: cerebrospinal fluid total protein, GCS, intraventricular hemorrhage, intracerebral hemorrhage,
subarachnoid space hemorrhage, traumatic brain injuries, posthemorrhagic hydrocephalus

INTRODUCTION

The term posthemorrhagic hydrocephalus (PHH) was first proposed by Murtagh and Lehman in
1967. It initially referred to the progressive dilatation of the brain ventricular system in neonatal
intraventricular hemorrhage (IVH) (1). Later, the usage of the term expanded to include IVH,
intracerebral hemorrhage (ICH), subarachnoid space hemorrhage (SAH), and hydrocephalus
caused by traumatic brain injury (TBI) (2, 3). PHH is caused by obstruction of cerebrospinal fluid
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(CSF) outflow, dysfunction of CSF absorption, or CSF
hypersecretion (4). This study focused on adults with PHH. In
general, hydrocephalus may be acute (<3 days), subacute (4-13
days), or chronic (>14 days). Most cases become chronic and
tend to have a very poor prognosis. Patients typically present
with neurological dysfunction, abnormal gait, dysuria, dyschezia,
etc. The majority of patients with PHH need shunt surgery
to improve their symptoms (5, 6). The occurrence of PHH is
directly related to the blood volume of the ventricular system
(7). At present, the accepted mechanisms mainly involve blood
clot blockage, red blood cell (RBC) degradation products, such
as hemoglobin and iron ions, platelet-releasing transforming
growth factor, and subarachnoid space fibrosis, caused by
transforming growth factor-fl1 (TGF-p1) (8). Whether CSF-
TP values in bloody CSF are related to PHH currently lacks
relevant research.

MATERIALS AND METHODS
Study Design and Population

The objective of this study was to analyze the risk factors for
hemorrhagic brain diseases complicated by PHH and explore
the relationship between CSF-TP and PHH. This study was
approved by the Ethics Committee of Jiangxi Provincial People’s
Hospital (N0.2021-074) and was carried out in strict accordance
with the Helsinki Declaration (2013). Relevant medical records
were collected retrospectively between January 2013 and October
2020. Univariate and multifactorial analyses of clinical factors
were performed to determine the independent risk factor. The
relationship between CSF-TP and PHH was evaluated using
linear analysis.

Inclusion Criteria

(1) TBI, SAH, IVH, ICH, etc., clearly diagnosed by CT.

(2) Biochemical data of the cerebrospinal fluid were collected
during hospitalization.

(3) Hospitalization courses or traceable courses are longer than
2 weeks (diagnosis of chronic hydrocephalus is longer than
2 weeks).

Exclusion Criteria

(1) Hematological diseases, brain tumors, and hydrocephalus
were diagnosed before onset.

(2) Intracranial infection was diagnosed during the course of
the disease.

(3) Decompression of bone flap was performed.

(4) Concomitant complicated liver, kidney, gastrointestinal,
respiratory, cardiovascular, and other diseases that seriously
affect safety assessment.

(5) Concomitant serious infectious disease.

(6) Complications of coagulation dysfunction or long-term use
of antiplatelet or anticoagulant drugs.

(7) Pregnancy or lactation.

Treatment
All the patients received standardized nursing care and
treatment in the neurosurgery department. Our department

had a well-trained professional team who strictly followed
the guidelines for neurosurgery treatment formulated by
China (9-11). After admission, head CT scans, routine blood
tests, biochemical tests, and other related examinations were
performed. Medical history of the patients including history of
present illness was also recorded. Physical examination by a
neurosurgery specialist was performed upon admission. Only
patients who gave consent personally or through their families
were treated.

Data Collection and Result Evaluation

Basic information (age, sex, diagnosis, GCS score, etc.) was
obtained from the inpatient information management system
of our hospital, from which past information (hypertension
history, diabetes history, drug history, personal history, etc.),
detailed treatment information (onset time, lumbar puncture
time, days (total fever time when body temperature > 38.5°C),
and laboratory test data (CSF biochemistry, blood routine, etc.)
were collected. The diagnosis of PHH was based on the first
discharge diagnosis, review results, and the second admission
diagnosis. Information collection and statistical analysis were
conducted by professional personnel.

Statistical Analysis

The SPSS software (version 26.0; SPSS Inc., Chicago, IL,
United States) was used for the statistical analysis, and the
statistical tests were bilateral. Regarding the distribution of CSF-
TP, the X-axis referred to the time at which CSE-TP was obtained,
where the time of disease onset was set at 0. The Y-axis indicated
the CSE-TP levels. Statistical classification variables are expressed
as counts and percentages (%), and continuous variables are
expressed as mean (x) & SD. Parametric or nonparametric tests
were performed according to whether the data conformed to a
normal distribution. Univariate analysis was carried out using
the t-test or Mann-Whitney U-test and chi-square test, and
multivariate analysis performed binary logistic regression (odds
ratio, OR, >2 was regarded as an independent risk factor). For all
the tests, p < 0.05 was considered statistically significant.

RESULTS

Between January 2013 and December 2020, 3,947 hospitalized
patients were screened using a case information system for
retrospective analysis. Finally, 156 patients were included in the
study based on the inclusion and exclusion criteria. The number
of patients in each phase is shown (Figure 1). Of the 156 patients,
85 had PHH and 71 had NPHH. During hospitalization, there
were only 84 patients with single CSF test results and 72 patients
with >2 CSF test results.

Basic Characters

Data on sex, age, diabetes history, days (total fever time when
body temperature > 38.5°C), hypertension history, CSF-TP
(latest value taken), and time (from the onset of the disease to
the time the CSF-TP was obtained after lumbar puncture) were
collected and included in the study (Table 1).
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3,947 Patients
with hemorrhagic brain disease
(2013.1-2020.12)

589 Patients
with large trauma

craniotomy craniotomy

3,358 Patients
did not undergo large trauma

1,630 Patients
did not undergo lumbar puncture

1,728 Patients
underwent
lumbar puncture

207 Patients
with intracranial infection
were excluded

1,521 Patients
without intracranial infection

1,365 Patients
were excluded by the course of disease can
be traced to less than 2 weeks

156 Patientswere
enrolled

retrospective study.

FIGURE 1 | Case inclusion process. A total of 3,947 patients with hemorrhagic brain diseases were treated in our hospital, and 156 patients were selected for

Variables (age, hypertension, GCS score, time, and days) with
statistical significance (p < 0.05) in the single factor analysis were
analyzed by multiple factors (Hosmer-Lemeshow test, p = 0.09)
(Table 2).

When CSE-TP > 1,200 mg/L and time > 8 days, the rate of
PHH increased significantly (>50%) (Table 4). CSF-TP x time
was statistically significant in the univariate analysis. Therefore,
CSE-TP x time was used as a new reference indicator. Then,
1,200 x 8 = 9,600 was taken as the boundary in the multivariate
analysis after grouping. The factors were divided into two groups.
In binary regression analysis, GCS < 8 [OR = 2.943 (1.421-
6.097), p = 0.004] and CSF-TP x time (>9,600) [OR = 2.317
(1.108-4.849), p = 0.026] were independent predictors (Table 3).

The distribution of CSE-TP of 156 patients in the PHH group
was different from that in the NPHH group (Figure2). The
average of CSF-TP values for every 2 days was calculated. The
correlation analysis showed that CSF-TP had a near negative
correlation with time. Linear analysis was also performed
with the following results: NPHH group: y = —36.358
x + 1,366.7; PHH group: y = —40236 x + 1,759.2
(Figure 3).

After time was divided into groups (0-4, 5-8,9-12, 13-16, and
>16 days), as well as the CSE-TP values (<400, 400-1,200, and
>1,200 mg/L), the number and proportion of complicated PHH
cases were calculated (Table 4).

Evaluation of Results

Age (p = 0.005), hypertension history (p = 0.017), days
(p = 0.04), GCS score (p < 0.001), and time (p < 0.001) were
unbalanced variables in the entire cohort. Because the value of
CSF-TP changes with time, we analyzed the CSF-TP and time
variables as a product of each other, and the results showed that
the CSF-TP x time index was a significant factor (p = 0.001).
After grouping, the binary logistic regression analysis showed
that a GCS score < 8 [OR = 2.943 (1.421-6.097), p = 0.004]
and CSE-TP x time (>9,600) [OR = 2.317 (1.108-4.849),
p = 0.026] were independent risk factors for PHH. CSE-TP
changed gradually with time, and the average TP was obtained by
grouping the values every 2 days for statistical linear analysis. The
distribution of TP values in the NPHH group was significantly
lower than that in the PHH group, with some TP values lower
than the normal level, which indicated that the PHH of patients
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TABLE 1 | Univariate analysis of the association between potential risk factors
and posthemorrhagic hydrocephalus (PHH).

Factors Total PHH NPHH P-value
(n = 156) (n = 85) (n=171)

Gender Male 36 36 0.297
Female 49 35

Age (year) 62.341 +£10.858  55.831 + 13.731 0.005*

Diabetes Yes 6 3 0.681
No 79 68

Hypertension Yes 51 29 0.017*
No 34 42

Days 5.071 £+ 3.693 3.887 + 3.323 0.040*

GCS 8.400 + 3.367 11.028 £ 3.664  <0.001*

CSF-TP (mg/L) 1,1569.988 + 1,061.127 + 0.441

764.418 652.251
Time 15.624 + 7.561 9.507 + 4.581 <0.001*

Results are expressed as number (%) for categorical variables and mean (+ SD) for
numerical variables.

GCS, Glasgow Coma Scale; CSF-TR  cerebrospinal fluid-total protein; PHH,
posthemorrhagic hydrocephalus; NPHH, non-PHH.

*The difference has statistical significance. The bold values mean that the P-values have
statistical significance.

TABLE 2 | Multivariate analysis of important factors.

Factors Odds ratio (95%Cl) P-value
Age 1.064 (1.026-1.104) 0.001*
Hypertension 1.603 (0.717-3.586) 0.251

Days 1.082 (0.959-1.220) 0.200*
GCS 0.802 (0.717-0.896) <0.001*
CSF-TP x time 1.000 (1.000-1.000) 0.001*

GCS, Glasgow Coma Scale; CSF-TP x time, cerebrospinal fluid-total protein x time; Cl,
confidence interval.

*The difference has statistical significance. The bold values mean that the P-values have
statistical significance.

TABLE 3 | Multivariate logistic analysis of the derivation cohort of PHH.

Factors Odds ratio (95%Cl) P-value
Age > 60 1.667 (0.791-3.513) 0.179
Hypertension 1.845 (0.892-3.817) 0.099
Days > 5 1.468 (0.685-3.146) 0.324
GCS <8 2.943 (1.421-6.097) 0.004*
CSF-TP x time (>9,600) 2.317 (1.108-4.849) 0.026*

GCS, Glasgow Coma Scale; CSF-TP x time, cerebrospinal fluid-total protein x time; Cl,
confidence interval.

*The difference has statistical significance. The bold values mean that the P-values have
statistical significance.

had occurred at this time. The CSF-TP values were divided into
two groups (400-1,200 mg/L and >1,200 mg/L). The statistics of
the rate of PHH (PHH-R) in the two groups showed that PHH-
R increased significantly, and that the >1,200 mg/L group was
more obvious (Figure 4).

DISCUSSION

Posthemorrhagic hydrocephalus (PHH) is a common
complication of intracranial hemorrhage that can be secondary
to ICH, IVH, TBI, or SAH (5). The mortality rate of the PHH
group was higher than that of the NPHH group, and the PHH
group generally had a poorer prognosis (12). PHH mainly
refers to chronic hydrocephalus, with a time of onset ranging
from 2 weeks to 1-month post-injury (12, 13). At present,
research on the pathogenesis of PHH focuses on the components
of bloody CSE such as red blood cells, hemoglobin, iron,
thrombin, and fibrosis of the subarachnoid space (3, 14, 15).
The mass effect of hematoma and ventricular inflammation
are the main mechanisms implicated in PHH (16, 17). For
patients with intracranial hemorrhage, the development of
hydrocephalus is an important predictor of a poor prognosis
(18, 19). The progression of hydrocephalus can be used to
predict mortality (18, 20). Epidemiologic studies indicate that
ventricular dilatation, craniotomy, decompressive craniectomy,
and intracranial infection are independent predictors of PHH
(12, 21). CSF-TP is the most common CSF biochemical marker,
and previous studies on CSF protein in PHH were mainly
conducted in pediatric patients, whereas this study mainly
involved adult patients. However, studies on the characteristics
of CSF-TP in PHH are lacking, and this article focuses on the
relationship between CSE-TP changes in bloody cerebrospinal
fluid and PHH during hospitalization; therefore, patients
with decompressive craniectomy and intracranial infection
were excluded.

After IVH, red blood cells in the bloody CSF rarely increase
again but gradually lyse. There have been many studies on lysed
products; however, there are few reports on the influence of CSF-
TP on PHH. CSF-TP is age-dependent, and its concentration
in men is slightly higher than in women at 40 mg/L (22). A
study on CSF composition changes after IVH showed that CSF-
white blood cell (WBC) and CSF-RBC counts increased slightly
in the first 3 days then decreased gradually thereafter, beginning
on the second day. CSF-TP mainly originates from erythrocyte
lysis, platelet release, leukocyte release, and the release of brain
tissue from the trauma (23). CSF-WBC is positively correlated
with blood loss, which is related to aseptic CSF inflammation
in the early stages of the disease (23). A 20-year clinical study
suggested that CSF-TP is correlated with WBC and RBC counts
(22). However, studies on CSF-TP and routine blood tests in
hemorrhagic brain diseases are lacking.

CSF amyloid protein, nerve cell adhesion molecule-L1
(LICAM), nerve cell adhesion molecule-1 (NCAM-1), and
other proteins involved in nerve development are highly
correlated with PHH in premature infants (24). Clinically,
it is observed that there are high levels of proteins in the
cerebrospinal fluid of patients with hydrocephalus, such as
thrombopoietin, carbonicanhydrase-I (CA-I) and peroxidase-2
(Prx-2) (25), TGF-B1 (26), S-100protein, glial fibrillary acidic
protein (GFAP) (27, 28), neuron-specific enolase (NSE), and
vascular endothelial growth factor (29). Absorption decreases
after the accumulation of a large number of proteins in the
ventricular system (30), leading to increased osmotic pressure
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FIGURE 2 | Distribution of CSF-TP in PHH and NPHH groups. X-axis:0 means the beginning of the disease.
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FIGURE 4 | PHH-R in 400-1,200 group and > 1,200 group. PHH-R, Rate of posthemorrhagic hydrocephalus.

and promotion of hydrocephalus (31-33). The contents of
I C-terminal propeptide (PICP), N-terminal procollagen III,
propeptide (PIIINP), hyaluronic acid (HA), and laminin (LN)
in the cerebrospinal fluid of patients with chronic hydrocephalus
after craniocerebral trauma were significantly higher than those
in the control group (34, 35), suggesting that the subarachnoid
space and arachnoid granulations of the patients had obvious
fibrosis formation, which may be the pathological basis of chronic
hydrocephalus after TBI (34). In a PHH study on children,
longitudinal changes in CSF transferring (increased) and ferritin
(decreased) levels were associated with ventricular changes
and improved neurodevelopmental outcomes (36). In addition,
interleukin-10 (IL-10), interleukin-6 (IL-6), interleukin-8 (IL-8),
matrix metalloprotein-7 (MMP-7), and matrix metalloprotein-
9 (MMP-9) levels were significantly elevated in the CSF protein
analysis of PHH (37). The protein components in bloody CSF
are complex, and many proteins may play a role in complications
associated with PHH (38).

Osmotic pressure changes are caused by the accumulation
of a large number of proteins in the cerebrospinal fluid that
break the osmotic balance of cerebrospinal fluid circulation and
cause hydrocephalus, have attracted much attention (28, 31).
Recent studies on human infants have shown that CSF-TP was
significantly increased in patients with PHH, but that its effect on
osmotic pressure was limited (39). External ventricular drainage,

TABLE 4 | PHH after grouping CSF-TP and time group.

Time group PHH CSF-TP group (mg/L)
<400 400-1,200 (%) >1,200 (%)
0-4 Yes 0 1(16.7) 0(0)
No 0 5 (83.3) 2 (100)
5-8 Yes 1 4 (19.0) 7 (36.8)
No 1 17 (81.0) 12 (63.2)
9-12 Yes 0 7(41.2) 14 (73.7)
No 2 10 (568.8) 5(26.3)
13-16 Yes 1 12 (63.2) 7 (63.6)
No 2 7 (26.8) 4 (26.4)
>16 Yes 9 15 (78.9) 7 (100)
No 0 4(21.1) 0(0)

CSF-TR, Cerebrospinal fluid-total protein.
Results are expressed as numbers (%) for categorical variables.

lumbar drainage, and external ventricular drainage (EVD) can
reduce the risk of hydrocephalus (12). A clinical comparative
study on shunt-dependent chronic hydrocephalus showed that
the drainage volume of EVD was not statistically significant, and
that the average concentrations of TPd5, TPd11, andTPd14 in
shunt-dependent patients were significantly higher than those
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in non-shunt-dependent patients (p < 0.05) (40). The CSF-TP
of patients with subarachnoid space hemorrhage (median 130
mg/L) was significantly higher than that of patients without shunt
dependence (median 43 mg/L) (41). It is suggested that increase
in CSF-TP can predict the occurrence of chronic hydrocephalus
after SAH, but there were only 63 patients in this study, including
those undergoing decompressive craniectomy.

In conclusion, the authors found that CSE-TP is closely
related to PHH. Because the laboratory parameters of CSF are
difficult to obtain continuously in a single patient, a large amount
of data is needed for analysis. A total of 156 samples that
met these requirements were collected. Time was an important
factor in PHH, and change in CSF-TP was found to be time-
dependent. Although the CSE-TP level decreased after 2 weeks,
some of the patients still developed PHH. Therefore, CSE-
TP x time was innovatively analyzed as an index, and after
setting the reference value at CSF-TP x time > 9,600 (1,200
mg/L x 8) and pooling the data into groups, the multi-factor
analysis showed that it is an independent risk factor. Taking
the average CSF-TP value every 2 days to establish a linear
analysis, it was found that CSF-TP in the PHH group gradually
decreased to normal levels within 18 days and lasted for ~35
days, and that CSF-TP in the NPHH group was significantly
lower. Therefore, we suspected that patients in the PHH group
developed PHH within 18 days. CSE-TP was divided into three
groups (<400, 400-1,200, and >1,200 mg/L), and the proportion
of complicated PHH every 4 days was observed: <400 mg/L
group samples were too less to obtain statistically significant
data, and nine cases in the >16-day group had complicated
PHH. Finally, it was observed that the proportion of PHH
in the 400-1,200 mg/L and >1,200 mg/L groups gradually
increased with time, with a more obvious increasing trend for
the latter.

There are some limitations to this study. First, this was
a retrospective, single-center study, which may have led to
unclear data collection and information deviation. Second,
other factors that may have affected the results cannot be
excluded. Therefore, more clinical data are required, and further
prospective randomized trials are needed to confirm the findings
of this study.

CONCLUSION

Posthemorrhagic  hydrocephalus (PHH) is a common
complication of neurosurgical hemorrhagic brain disease.
There is a lack of research on the pathogenesis and risk factors
of CSE-TP. In this study, the clinical data were analyzed using
univariate and multivariate analyses, and it was found that GCS
score < 8 and CSF-TP x time (>9,600) were important risk
factors for PHH, and that CSF-TP in the PHH group was higher

REFERENCES

1. Murtagh E Lehman R. Peritoneal shunts in the management of
hydrocephalus. JAMA. (1967) 202:1010-4. doi: 10.1001/jama.202.
11.1010

than in the NPHH group. Lastly, the time course of changes in
CSE-TP levels significantly differed between the two groups.

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 author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Biological and Medical Ethics Committee of
Jiangxi Provincial People’s Hospital (No. 2021-074). Written
informed consent for participation was not required for
this study in accordance with the national legislation and
institutional requirements.

AUTHOR CONTRIBUTIONS

RL and HX conceived and supported this research and revised
the manuscript. ZW, YC, and XZ designed and conducted
the present study, and drafted the manuscript. ZW and FM
conducted statistical analysis and interpreted the data. YC
and CW collected the primary data. FM and CW completed
the follow-up and collected the associated data. ZW and
XZ participated in the statistical analysis of data and article
writing. All authors of this study met the ICMJE criteria
for authorship, made substantial contributions to conception
and design, acquisition of data, analysis and interpretation
of data, and drafting, critical revision, and final approval of
this manuscript.

FUNDING

This study was supported by the Beijing Municipal Science and
Technology Commission (Grant No: Z181100001518005).

ACKNOWLEDGMENTS

The authors would like to show my deepest gratitude to my
supervisor RL, who has provided me with valuable guidance. He
shall extend his thank to HX for all her kindness and help. He
would also like to thank all his friends who have helped me to
conduct the statistical analysis and interpretation of the data.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsurg.
2022.692383/full#supplementary-material

2. Demirgil BT, Tugcu B, Postalci L, Guclu G, Dalgic A, Oral Z. Factors leading
to hydrocephalus after aneurysmal subarachnoid hemorrhage. Minim Invasive
Neurosurg. (2003) 46:344-8. doi: 10.1055/s-2003-812500

3. Garton T, Keep RE Wilkinson DA, Strahle JM, Hua Y, Garton H]J,
et al. Intraventricular hemorrhage: the role of blood components in

Frontiers in Surgery | www.frontiersin.org

February 2022 | Volume 9 | Article 692383


https://www.frontiersin.org/articles/10.3389/fsurg.2022.692383/full#supplementary-material
https://doi.org/10.1001/jama.202.11.1010
https://doi.org/10.1055/s-2003-812500
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Wang et al.

Hydrocephalus Cerebrospinal Fluid Total Protein

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

secondary injury and hydrocephalus. Transl Stroke Res. (2016) 7:447-
51. doi: 10.1007/s12975-016-0480-8

. Sun T, Guan J, You C, Yang J, Li X, Yuan Y, et al. Shunting

outcomes in  post-hemorrhagic  hydrocephalus: a
systematic review and meta-analysis. Medicine (Baltimore).
99:€21640. doi: 10.1097/MD.0000000000021640

protocol  for
(2020)

. Hua C, Zhao G. Biomarkers in adult posthemorrhagic hydrocephalus. Int J

Stroke. (2017) 12:574-9. doi: 10.1177/1747493017706187

. Wang Z, Wang K, Qian Z, Zeng L, Gao L. Lumboperitoneal

and shunt  surgery for  posthemorrhagic
communicating hydrocephalus: a comparison. World Neurosurg. (2019)
127:¢638-e43. doi: 10.1016/j.wneu.2019.03.235

ventriculoperitoneal

. Gao C, Du H, Hua Y, Keep RE, Strahle ], Xi G. Role of red blood cell lysis and

iron in hydrocephalus after intraventricular hemorrhage. J Cereb Blood Flow
Metab. (2014) 34:1070-5. doi: 10.1038/jcbfm.2014.56

. Chen Q, Feng Z, Tan Q, Guo J, Tang ], Tan L, et al. Post-hemorrhagic

hydrocephalus: recent advances and new therapeutic insights. J Neurol Sci.
(2017) 375:220-30. doi: 10.1016/j.jns.2017.01.072

. Cao Y, Yu S, Zhang Q, Yu T, Liu Y, Sun Z, et al. Chinese Stroke

Association guidelines for clinical management of cerebrovascular
disorders: summary and 2019 update of clinical
management of intracerebral haemorrhage. Stroke Vasc Neurol. (2020)
5:396-402. doi: 10.1136/svn-2020-000433

Dong Y, Guo ZN, Li Q Ni W, Gu H, Gu YX, et al. Chinese
Stroke Association guidelines for clinical management of cerebrovascular
disorders: executive summary and 2019 update of clinical management of
spontaneous subarachnoid haemorrhage. Stroke Vasc Neurol. (2019) 4:176-
81. doi: 10.1136/svn-2019-000296

Brain Trauma F, American Association of Neurological S, Congress of
Neurological S, Joint Section on N, Critical Care AC, Carney NA, et al.
Guidelines for the management of severe traumatic brain injury. Introduction.
J Neurotrauma. (2007) 24(Suppl. 1):51-S2. doi: 10.1089/neu.2007.9997

Hu R, Zhang C, Xia J, Ge H, Zhong J, Fang X, et al. Long-term
outcomes and risk factors related to hydrocephalus after intracerebral
hemorrhage. Transl Stroke Res. (2021) 12:31-8. doi: 10.1007/s12975-020-
00823-y

Tian HL, Xu T, Hu J, Cui YH, Chen H, Zhou LF. Risk factors related

executive

to hydrocephalus after traumatic subarachnoid hemorrhage. Surg
Neurol.  (2008) 69:241-6; discussion 6. doi: 10.1016/j.surneu.2007.
02.032

Wilson TJ, Stetler WR Jr, Davis MC, Giles DA, Khan A, et al. Intraventricular
hemorrhage is associated with early hydrocephalus, symptomatic vasospasm,
and poor outcome in aneurysmal subarachnoid hemorrhage. ] Neurol Surg A
Cent Eur Neurosurg. (2015) 76:126-32. doi: 10.1055/s-0034-1394189

Chen Q, Tang J, Tan L, Guo J, Tao Y, Li L, et al. Intracerebral
hematoma  contributes to  hydrocephalus after intraventricular
hemorrhage via aggravating iron accumulation. Stroke. (2015)
46:2902-8. doi: 10.1161/STROKEAHA.115.009713

Kanat ~ A.  Pathophysiology  of
subarachnoid  hemorrhage. ~ World
e7. doi: 10.1016/j.wneu.2013.08.007
Xiong G, Elkind JA, Kundu S, Smith CJ, Antunes MB, Tamashiro
E, et al. Traumatic brain injury-induced ependymal ciliary loss
decreases  cerebral spinal fluid flow. ] Neurotrauma. (2014)
31:1396-404. doi: 10.1089/neu.2013.3110

Diringer MN, Edwards DF, Zazulia AR. Hydrocephalus: a previously
unrecognized predictor of poor outcome from supratentorial intracerebral
hemorrhage. Stroke. (1998) 29:1352-7. doi: 10.1161/01.STR.29.7.1352

Xi G, Strahle J, Hua Y, Keep RF. Progress in translational research on
intracerebral hemorrhage: is there an end in sight? Prog Neurobiol. (2014)
115:45-63. doi: 10.1016/j.pneurobio.2013.09.007

Yang WS, Shen YQ, Zhang XD, Zhao LB, Wei X, Xiong X, et al
Hydrocephalus growth: definition, prevalence, association with poor
outcome in acute intracerebral hemorrhage. Neurocrit Care. (2021)
35:62-71. doi: 10.1007/s12028-020-01140-w

Chen H, Yuan E Chen SW, Guo Y, Wang G, Deng ZF, et al. Predicting
posttraumatic hydrocephalus: derivation and validation of a risk scoring
system based on clinical characteristics. Metab Brain Dis. (2017) 32:1427-
35. doi: 10.1007/s11011-017-0008-2

after
82:e386-

acute
Neurosurg.

hydrocephalus
(2014)

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

McCudden CR, Brooks J, Figurado P, Bourque PR. Cerebrospinal fluid total
protein reference intervals derived from 20 years of patient data. Clin Chem.
(2017) 63:1856-65. doi: 10.1373/clinchem.2017.278267

Fam MD, Zeineddine HA, Eliyas JK, Stadnik A, Jesselson M, McBee N, et al.
CSF inflammatory response after intraventricular hemorrhage. Neurology.
(2017) 89:1553-60. doi: 10.1212/WNL.0000000000004493

Morales DM, Smyser CD, Han RH, Kenley JK, Shimony JS, Smyser TA,
et al. Tract-specific relationships between cerebrospinal fluid biomarkers
and periventricular white matter in posthemorrhagic hydrocephalus of
prematurity. Neurosurgery. (2021) 88:698-706. doi: 10.1093/neuros/nyaa466
Connor DE Jr, Chaitanya GV, Chittiboina P, McCarthy P, Scott LK, Schrott
L, et al. Variations in the cerebrospinal fluid proteome following traumatic
brain injury and subarachnoid hemorrhage. Pathophysiology. (2017) 24:169-
83. doi: 10.1016/j.pathophys.2017.04.003

Dong C, Ming X, Ye Z, Wang P, Wang L, Li Z, et al. Icariside II attenuates
chronic hydrocephalus in an experimental subarachnoid hemorrhage rat
model. ] Pharm Pharm Sci. (2018) 21:318-25. doi: 10.18433/jpps29811

Li R, Ma K, Zhao H, Feng Z, Yang Y, Ge H, et al. Cattle encephalon glycoside
and ignotin reduced white matter injury and prevented post-hemorrhagic
hydrocephalus in a rat model of intracerebral hemorrhage. Sci Rep. (2016)
6:35923. doi: 10.1038/srep35923

Krishnamurthy S, Li J. New concepts in the pathogenesis of hydrocephalus.
Transl Pediatr. (2014) 3:185-94. doi: 10.3978/j.issn.2224-4336.2014.07.02
Zhan C, Zhang X, Xiao G. [Advances in research on the pathogenesis of
hydrocephalus]. Zhong Nan Da Xue Xue Bao Yi Xue Ban. (2019) 44:1188-
95. doi: 10.11817/j.issn.1672-7347.2019.180662

Zimmerman RS, Hayes RL, Morris DL, Lyeth BG, Dewey WL, Young HF.
Beta-endorphin in cerebrospinal fluid and serum after severe head injury.
Neurosurgery. (1990) 26:764-70. doi: 10.1227/00006123-199005000-00005
Oreskovic D, Klarica M. Development of hydrocephalus and classical
hypothesis of cerebrospinal fluid hydrodynamics: facts and illusions. Prog
Neurobiol. (2011) 94:238-58. doi: 10.1016/j.pneurobio.2011.05.005

Katayama Y, Kawamata T. Edema fluid accumulation within
necrotic brain tissue as a cause of the mass effect of cerebral
contusion in head trauma patients. Acta Neurochir Suppl. (2003)

86:323-7. doi: 10.1007/978-3-7091-0651-8_69

Kawamata T, Mori T, Sato S, Katayama Y. Tissue hyperosmolality
and brain edema in cerebral contusion. Neurosurg Focus. (2007)
22:E5. doi: 10.3171/f0c.2007.22.5.6

Xu H, Wang Z, Zhang S, Tan G, Zhu H. Procollagen Type I C-terminal
propeptide, procollagen Type III N-terminal propeptide, hyaluronic acid, and
laminin in the cerebrospinal fluid of rats with communicating hydrocephalus.
] Neurosurg Pediatr. (2013) 11:692-6. doi: 10.3171/2013.2.PEDS12324

Hao X, Junwen W, Jiaging L, Ran L, Zhuo Z, Yimin H, et al. High
fibrosis indices in cerebrospinal fluid of patients with shunt-dependent
post-traumatic chronic hydrocephalus. Transl Neurosci. (2016) 7:92-
7. doi: 10.1515/tnsci-2016-0015

Strahle JM, Mahaney KB, Morales DM, Buddhala C, Shannon CN, Wellons
JC, et al. Longitudinal CSF iron pathway proteins in posthemorrhagic
hydrocephalus: associations with ventricle size and neurodevelopmental
outcomes. Ann Neurol. (2021) 90:217-26. doi: 10.1002/ana.26133

Harris CA, Morales DM, Arshad R, McAllister JP 2nd, Limbrick DD
Jr. Cerebrospinal fluid biomarkers of neuroinflammation in children
with hydrocephalus and shunt malfunction. Fluids Barriers CNS. (2021)
18:4. doi: 10.1186/s12987-021-00237-4

Lolansen SD, Rostgaard N, Oernbo EK, Juhler M, Simonsen AH,
MacAulay N. Inflammatory markers in cerebrospinal fluid from patients
with hydrocephalus: a systematic literature review. Dis Markers. (2021)
2021:8834822. doi: 10.1155/2021/8834822

Otun A, Morales DM, Garcia-Bonilla M, Goldberg S, Castaneyra-
L, Yan Y, et al profile of human
cerebrospinal  fluid in hemorrhage and post-
hemorrhagic hydrocephalus of prematurity. Fluids Barriers CNS. (2021)
18:62. doi: 10.1186/s12987-021-00295-8

Lenski M, Biczok A, Huge V, Forbrig R, Briegel ], Tonn JC,
et al. Role of cerebrospinal fluid markers for predicting shunt-
dependent hydrocephalus in patients with subarachnoid hemorrhage
and external ventricular drain placement. World Neurosurg. (2019)
121:e535-e42. doi: 10.1016/j.wneu.2018.09.159

Ruiz Biochemical infant

intraventricular

Frontiers in Surgery | www.frontiersin.org

February 2022 | Volume 9 | Article 692383


https://doi.org/10.1007/s12975-016-0480-8
https://doi.org/10.1097/MD.0000000000021640
https://doi.org/10.1177/1747493017706187
https://doi.org/10.1016/j.wneu.2019.03.235
https://doi.org/10.1038/jcbfm.2014.56
https://doi.org/10.1016/j.jns.2017.01.072
https://doi.org/10.1136/svn-2020-000433
https://doi.org/10.1136/svn-2019-000296
https://doi.org/10.1089/neu.2007.9997
https://doi.org/10.1007/s12975-020-00823-y
https://doi.org/10.1016/j.surneu.2007.02.032
https://doi.org/10.1055/s-0034-1394189
https://doi.org/10.1161/STROKEAHA.115.009713
https://doi.org/10.1016/j.wneu.2013.08.007
https://doi.org/10.1089/neu.2013.3110
https://doi.org/10.1161/01.STR.29.7.1352
https://doi.org/10.1016/j.pneurobio.2013.09.007
https://doi.org/10.1007/s12028-020-01140-w
https://doi.org/10.1007/s11011-017-0008-2
https://doi.org/10.1373/clinchem.2017.278267
https://doi.org/10.1212/WNL.0000000000004493
https://doi.org/10.1093/neuros/nyaa466
https://doi.org/10.1016/j.pathophys.2017.04.003
https://doi.org/10.18433/jpps29811
https://doi.org/10.1038/srep35923
https://doi.org/10.3978/j.issn.2224-4336.2014.07.02
https://doi.org/10.11817/j.issn.1672-7347.2019.180662
https://doi.org/10.1227/00006123-199005000-00005
https://doi.org/10.1016/j.pneurobio.2011.05.005
https://doi.org/10.1007/978-3-7091-0651-8_69
https://doi.org/10.3171/foc.2007.22.5.6
https://doi.org/10.3171/2013.2.PEDS12324
https://doi.org/10.1515/tnsci-2016-0015
https://doi.org/10.1002/ana.26133
https://doi.org/10.1186/s12987-021-00237-4
https://doi.org/10.1155/2021/8834822
https://doi.org/10.1186/s12987-021-00295-8
https://doi.org/10.1016/j.wneu.2018.09.159
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

Wang et al.

Hydrocephalus Cerebrospinal Fluid Total Protein

41. Lewis A, Irvine H, Ogilvy C, Kimberly WT. Predictors for delayed
ventriculoperitoneal shunt placement after external ventricular drain removal
in patients with subarachnoid hemorrhage. Br J Neurosurg. (2015) 29:219-
24. doi: 10.3109/02688697.2014.967753

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Wang, Chen, Zhou, Wang, Chen, Min, Liu and Xiang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Surgery | www.frontiersin.org

February 2022 | Volume 9 | Article 692383


https://doi.org/10.3109/02688697.2014.967753
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Risk Factor of Posthemorrhagic Hydrocephalus: Cerebrospinal Fluid Total Protein
	Introduction
	Materials and Methods
	Study Design and Population
	Inclusion Criteria
	Exclusion Criteria

	Treatment
	Data Collection and Result Evaluation
	Statistical Analysis

	Results
	Basic Characters
	Evaluation of Results

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


