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Objective: To explore the etiology and diagnosis and treatment strategy of traumatic

brain injury complicated with hyponatremia.

Methods: 90 patients with traumatic brain injury admitted to our hospital fromDecember

2019 to December 2020 were retrospectively analyzed and divided into hyponatremic

group (50 patients) and non-hyponatremic group (40 patients) according to the patients’

concomitant hyponatremia, and the clinical data of the two groups were collected

and compared. In addition, patients in the hyponatremia group were divided into a

control group and an experimental group of 25 patients each according to their order of

admission, with the control group receiving conventional treatment and the experimental

group using continuous renal replacement therapy (CRRT). Hemodynamic indices,

mortality and serum neuron-specific enolase (NSE) indices before and after treatment

were compared between the control and experimental groups. The Glasgow coma scale

(GCS) was used to assess the degree of coma before and after the treatment in the two

groups, and the patients’ disease status was assessed using the Acute Physiological

and Chronic Health Evaluation Scoring System (APACHE II).

Results: The etiology of traumatic brain injury complicated with hyponatremia is related

to the degree of brain injury, ventricular hemorrhage, cerebral edema, and skull base

fracture (P < 0.05). After the treatment, the hemodynamic indexes, APACHE II scores,

death rate, and NSE levels of the experimental group were significantly lower than those

of the control group (P < 0.001); The experimental group yielded remarkably higher GAC

scores as compared to the control group (P < 0.001).

Conclusion: The degree of brain injury, ventricular hemorrhage, cerebral edema, and

skull base fracture were considered to be the main factors for traumatic brain injury

complicated with hyponatremia. Continuous renal replacement therapy can effectively

improve the clinical indicators of the patients with a promising curative effect, whichmerits

promotion and application.
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BACKGROUND

Traumatic brain injury, as a common disease in neurosurgery,
refers to the organic damage to the brain tissue caused by
severe head trauma (1, 2), with a rather high disability rate
and fatality rate. Clinical manifestations include symptoms such
as disturbance of consciousness, dizziness, and headache, the
delayed treatment for which may give rise to complications such
as permanent dysfunction, amnesia, and epilepsy, jeopardizing
patients’ life safety and hindering the quality of life (3–5).
Hyponatremia, defined as serum sodium below 135 mmol/L, is
a common complication after traumatic brain injury and often
manifests as cerebral salt-wasting syndrome and inappropriate
antidiuretic hormone secretion syndrome, which can lead to
serious adverse consequences if not treated promptly (6).
After traumatic brain injury, the release of anterior pituitary
gland adrenocorticotropic hormone increases due to the stress
response, which has a certain impact on sodium excretion,
and the application of a large amount of dehydrating drugs
after traumatic injury can also lead to low sodium, which may
cause impaired nerve cell function, resulting in neurological
dysfunction and even disability or death in severe cases (7, 8).
In addition, patients with traumatic brain injury are frequently
complicated with hyponatremia, which may trigger neurological
dysfunction or even death and disability in severe cases due
to damages to the patients’ nerve cells. It has been found
clinically that the understanding of the causes of traumatic
brain injury complicated by hyponatremia serves to a better
prognosis of patients and drives down mortality (9–11). In
addition, the clinical treatment of this disease is mainly
gastrointestinal sodium supplementation, which has obvious
limitations and poor efficacy (12), so it is also urgent to explore
more ideal treatment methods. Continuous renal replacement
therapy (CRRT) refers to a group of therapeutic techniques
for extracorporeal blood purification, which are now widely
used in the treatment of critically ill patients with various
non-renal diseases (13). It has the advantages of continuous,
slow, isotonic and high-volume solute exchange, hemodynamic
stability, removal of medium-molecular substances such as
inflammatory mediators, and continuous and stable control of
electrolyte and acid-base balance (14). To explore the etiology
and diagnosis and treatment strategy of traumatic brain injury
complicated with hyponatremia, the clinical data of 90 patients
with traumatic brain injury admitted to our hospital from 2019
to 2020 were retrospectively analyzed to dissect the etiology, and
of the 90 cases included, 50 cases diagnosed with hyponatremia
were identified as research objects. The report is as follows:

MATERIALS AND METHODS

General Information
The clinical data of 90 patients with traumatic brain injury
admitted to our hospital from December 2019 to December 2020
were retrospectively analyzed to dissect the etiology. Of the 90
cases included, the patients were divided into a hyponatremic
group (50 cases) and a non-hyponatremic group (40 cases)
according to their concomitant hyponatremia. Clinical data
such as gender, age, body mass index (BMI), vasodilator drug

application, place of residence, were collected and compared
between the hyponatremic group and the non-hyponatremic
group. In addition, patients in the hyponatremia group were
divided into a control group and an experimental group of
25 patients each according to their order of admission, with
the control group receiving conventional treatment and the
experimental group using continuous renal replacement therapy.

Inclusion Criteria
① Patients met the diagnostic criteria (15) for traumatic brain
injury; ② Acute hyponatremia occurred within 7 days of onset,
and the serum sodium concentration was <125 mmol/L; ③ This
study was approved by the hospital ethics committee, and the
patients and their families signed the informed consent form after
being fully informed of the purpose and process of the study.

Exclusion Criteria
① With coagulation dysfunction; ② Pregnant and lactating
women; ③ Patients with a history of metabolic diseases; ④

Patients with hyponatremia caused by primary diseases such as
chronic renal failure and nephrotic syndrome.

Methods
The control group received conventional treatment. The patient’s
central venous pressure was closely monitored. After sodium
supplementation and intravenous drip of 3% hypertonic fluid,
the vascular volume state was evaluated through the patient’s
clinical indicators, with the fluid intake stabilized at 900mL
each time. The patients were also given an intravenous infusion
of 20mg furosemide injection (manufacturer: Changbaishan
Pharmaceutical Co., Ltd.; NMPA Approval Number H22024699;
specification 2 ml: 20mg), 1 time per day. On this basis, patients
were supplemented with hypertonic saline, with the rate of serum
sodium increase at 9 mmol/L every 24 h to avoid the occurrence
of central pontine myelinolysis.

The experimental group was treated with continuous renal
replacement therapy. A double-lumen catheter was inserted into
the femoral vein to construct temporary vascular access, and
a hemofiltration machine (manufacturer: Guangzhou Guolun
Technology Co., Ltd.; model: Fresenius-5008S) was used to
implement continuous venous hemodiafiltration treatment.
During the treatment, the patient’s blood Na+ concentration
was closely monitored for 8 h each time, and the sodium
ion concentration of the replacement solution was adjusted
according to the actual situation of the patient’s blood Na+

concentration. On this basis, sodium supplementation was
performed according to the patient’s blood Na+ concentration.
After 24 h, the therapy was continued if the patient’s blood Na+

concentration was still inadequate, and would be terminated
when the patient’s 72 h blood Na+ concentration was maintained
at 140 mmol/L−145 mmol/ L.

All the above treatments were completed in our hospital, and
the detailed process was shown in Figure 1.

Observational Indexes
According to the diagnosis, 90 patients were divided into the
non-hyponatremia group and hyponatremia group. Past medical
history, degree of traumatic brain injury, mannitol use, clinical
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FIGURE 1 | Research flow chart.

manifestations (concussion, ventricular hemorrhage, cerebral
edema, and skull base fracture) were collected from both groups
to analyze the etiology of hyponatremia complicated by traumatic
brain injury.

An ECG monitor (manufacturer: Changhai Berry Electronic
Technology Co., Ltd.; model: JHY-40) was used to observe and
compare the heart rate (HR) and mean arterial pressure (MAP)
in hemodynamics before and after the treatment between the
two groups.

The “Glasgow Coma Scale (GCS)” (16) was used to
evaluate the coma degree of the two groups of patients before
and after the treatment. The GCS includes three scoring
systems, including best eye opening (maximum 4 points),
best verbal response (maximum 5 points) and best motor
response (maximum 6 points), with a total score of 3 to 15
points. The lower the score, the more severe the coma of
the patients.

The “acute physiology and chronic health evaluation
scoring system (APACHE) II Score Scale” (17) was used
to evaluate the patient’s condition before and after the
treatment. The scale includes components of acute physiology,
chronic health status and age, the total score of the scale

is 71 points. The higher the score, the more severe the
patients’ condition.

The death rate of the two groups of patients after the treatment
were observed and recorded.

The early morning fasting cubital venous blood of the
two groups of patients was collected to separate the serum
by centrifugation. The supernatant was collected and stored
at −80◦C. The serum Neuron-specific enolase (NSE) level
in the sample was detected according to the enzyme-linked
immunosorbent assay (ELISA) kit instructions. The operation
strictly followed the kit instructions and operating procedures for
standardized inspections.

Statistical Processing
SPSS 20.0 software was used to analyze the data in this
study, and GraphPad Prism 7(GraphPad Software, San
Diego, USA) was used to plot the graphics. The research
included count data and measurement data. Count data
were expressed by n(%) and analyzed by χ

2 test, and the
measurement data were expressed by (Mean, SD), analyzed
by t-test and normal distribution. P < 0.05 indicated
statistical significance.
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TABLE 1 | Comparison of general information of the two groups of patients

[(mean, SD), n (%)].

Hyponatremia

group (n =

50)

Non-

hyponatremia

group (n =

40)

χ
2 or t

value

P value

Gender

Male 27 (54.00) 21 (52.50) 0.020 0.887

Female 23 (46.00) 19 (47.50)

Average age

(years)

49.27 ± 2.31 49.31 ± 2.27 0.082 0.935

BMI (kg/m2 ) 21.55 ± 3.42 21.49 ± 3.31 0.084 0.933

Application of

vasodilator

drugs

Yes 17 (34.00) 20 (50.00) 2.349 0.125

No 33 (66.00) 20 (50.00)

Place of

residence

Urban 30 (60.00) 25 (62.50) 0.058 0.809

Rural 20 (40.00) 15 (37.50)

RESULTS

Comparison of General Information
There were no significant differences in gender, average age, BMI,
application of vasodilator drugs, and place of residence between
the two groups of patients (P > 0.05). See Table 1 for details.

Analysis of the Etiology of Hyponatremia in
Patients With Traumatic Brain Injury
The etiology of patients with complicated hyponatremia had no
correlation with past medical history, mannitol application, and
concussion (P > 0.05), while it was correlated with the degree
of craniocerebral injury, intraventricular hemorrhage, cerebral
edema, and skull base fracture (P < 0.05). See Table 2 for details.

Comparison of Hemodynamic Indexes
Between the Control Group and the
Experimental Group Before and After
Treatment
After treatment, HR and MAP in both groups decreased
significantly compared with those before treatment, and the
levels of each index in the experimental group were significantly
lower than those in the control group (P < 0.05) (Table 3).

Comparison of GCS Scores Between the
Control Group and the Experimental Group
After treatment, the GCS scores in both groups increased
significantly compared to the pre-treatment, strong evidence of
significantly higher GCS scores in the experimental group was
found, in comparison with those of the control group (P < 0.05),
as shown in Figure 2.

TABLE 2 | Etiology analysis of the patients with hyponatremia [n (%)].

Hyponatremia

group (n =

50)

Non-

hyponatremia

group (n =

40)

χ
2 value P value

Past medical

history

0.080 0.777

Diabetes 26 (52.00) 22 (55.00)

Hypetension 24 (48.00) 18 (45.00)

Degree of brain

injury

Mild 5 (10.00) 13 (32.50) 7.031 0.008

Moderate 17 (34.00) 22 (55.00) 3.991 0.046

Severe 28 (56.00) 5 (12.50) 18.107 <0.001

Use of mannitol 0.172 0.679

Yes 45 (90.00) 37 92.50()

No 5 (10.00) 3 (7.50)

Concussion 0.057 0.811

Yes 20 (40.00) 17 (42.50)

No 30 (60.00) 23 (57.50)

Ventricular

hemorrhage

19.306 <0.001

Yes 37 (74.00) 11 (27.50)

No 13 (26.00) 29 (72.50)

Brain edema 6.889 0.009

Yes 35 (70.00) 17 (42.50)

No 15 (30.00) 23 (57.50)

Skull base fracture 6.255 0.012

Yes 32 (64.00) 15 (37.50)

No 18 (36.00) 25 (62.50)

Comparison of APACHE II Scores Between
the Control Group and the Experimental
Group
Lower APACHE II scores were observed in the experimental
group in contrast to the control group after the treatment (P <

0.05) (Figure 3).

Comparison of Mortality Rate Between
Control Group and Experimental Group
There was one case of death in the experimental group and nine
cases of death in the control group. The experimental group was
recorded with fewer death cases when compared with the control
group (P < 0.05), as shown in Figure 4.

Comparison of NSE Levels Between the
Control Group and the Experimental Group
Results in Figure 5 presented lower NSE levels in the
experimental group than the control group (P < 0.05).
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TABLE 3 | Comparison of hemodynamic indexes between the two groups (mean, SD).

Groups HR (time/min) MAP (mmHg)

Before treatment After treatment Before treatment After treatment

Experimental group (n = 25) 95.37 ± 3.55 75.01 ± 2.13 110.27 ± 22.12 81.55 ± 10.51

Control group (n = 25) 94.88 ± 3.69 85.99 ± 3.51 110.12 ± 22.45 98.89 ± 16.35

t value 0.478 13.372 0.024 4.461

P value 0.635 <0.001 0.981 <0.001

FIGURE 2 | Comparison of GCS scores between the control group and the

experimental group (Mean, SD). The abscissa represents before and after the

treatment, and the ordinate represents GCS score, points; the GCS scores of

patients in the experimental group before and after the treatment were (6.59 ±

1.11) points and (13.27 ± 0.88) points respectively; the GCS scores of the

control group before and after the treatment were (7.01 ± 1.12) points and

(9.66 ± 0.53) points respectively; * Indicates that there is a significant difference

in the GCS scores of the experimental group before and after the treatment (t

= 23.579, P < 0.001); ** Indicates that there is a significant difference in the

GCS scores of the control group before and after the treatment (t = 10.693, P

< 0.001); *** Indicates that there is a significant difference in the GCS scores of

the two groups of patients after the treatment (t = 17.571, P < 0.001).

DISCUSSION

Brain injury is mainly caused by trauma, with hyponatremia as
the most influential factor in the prognosis of the disease (18–
20). Currently, most scholars believe that the pathogenesis of
traumatic brain injury complicated by hyponatremia is related
to abnormal secretion of antidiuretic hormone and cerebral salt
wasting syndrome (21, 22). Specifically, brain injury predisposes
to brain salt depletion syndrome, leading to increased renal
sodium excretion and low sodium reabsorption rates, ultimately
leading to excessive sodium secretion and hyponatremia (23).
In addition, brain injury also stimulates antidiuretic hormone
secretion, which strengthens the renal tubule reabsorption
capacity, resulting in a significant decline in blood sodium
and then hyponatremia. The complications of hyponatremia in
traumatic brain injury may induce symptoms such as irritability,
nausea, and lethargy, or even death in severe cases if patients
fail to receive effective treatment (24, 25). It has been found
clinically that the understanding of the etiology of traumatic
brain injury complicated by hyponatremia serves to a better
prognosis of patients. In this study, it was found that the cause
of traumatic brain injury complicated by hyponatremia was

FIGURE 3 | Comparison of APACHE II scores between the control group and

the experimental group (Mean, SD). The abscissa represents before and after

the treatment, and the ordinate represents APACHE II score, points; the

APACHE II scores of patients in the experimental group before and after the

treatment were (24.88 ± 3.11) points and (7.65 ± 2.45) points respectively;

the APACHE II scores of the control group before and after the treatment were

(24.89 ± 3.12) points and (19.88 ± 2.95) points respectively; * Indicates that

there is a significant difference in the APACHE II scores of the experimental

group before and after the treatment (t = 21.759, P < 0.001); ** Indicates that

there is a significant difference in the APACHE II scores of the control group

before and after the treatment (t = 5.834, P < 0.001); *** Indicates that there is

a significant difference in the APACHE II scores of the two groups of patients

after the treatment (t = 15.946, P < 0.001).

related to the degree of brain injury, ventricular hemorrhage,
cerebral edema, and skull base fracture (P < 0.05), which may
be attributed to the following factors (26, 27): ① Severe brain
injury inhibits the activity of renal sympathetic nerves, thereby
increasing the glomerular filtration and causing the reduction of
sodium reabsorption in the renal tubules; ② Abnormal secretion
of the antidiuretic hormone leads to hyponatremia as symptoms
such as intraventricular hemorrhage and cerebral edema trigger
blood circulation disorder, hypothalamus damage, and increased
intracranial pressure; ③ Cerebrospinal fluid leakage after skull
base fracture impairs the patient’s hypothalamic function,
resulting in hyponatremia. Clinically, most patients with brain
injury are complicated with hyponatremia, which aggravates
the condition and increases the mortality rate if effective
treatment measures are absent. Therefore, in clinical treatment,
after diagnosis of cerebral salt wasting syndrome, sodium
supplementation was timely provided to maintain a balanced
state of electrolytes in the patient’s body. However, the treatment
approach is conservative and has limitations (28, 29). CRRT
can effectively remove solute and water to restore the electrolyte
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FIGURE 4 | Comparison of mortality rate between control group and experimental group [n (%)]. (A) This figure is the death rate of the experimental group; (B) is the

death rate of the control group; In the experimental group, one case of death (4.00%) and 24 cases of survival (96.00%) were recorded. In the control group, nine

cases of death (36.00%) and 16 cases (64.00%) of survival were recorded; There was a significant difference in the death rate between the two groups of patients

after the treatment (χ2 = 8.000, P < 0.05).

FIGURE 5 | Comparison of NSE levels between the control group and the

experimental group (Mean, SD). The abscissa indicates before and after the

treatment, and the ordinate indicates the NSE level, µg/mL; The NSE levels of

patients in the experimental group before and after the treatment were (51.88

± 11.33) µg/mL and (25.65 ± 8.02) µg/mL respectively; The NSE levels of

patients in the control group before and after the treatment were (51.75 ±

11.45) µg/mL and (38.02 ± 9.52) µg/mL respectively; * Indicates that there is a

significant difference in the NSE level of the experimental group before and

after the treatment (t = 9.448, P < 0.001); ** Indicates that there is a significant

difference in NSE level before and after the treatment in the control group (t =

4.610, P < 0.001); *** Indicates that there is a significant difference in the NSE

levels of the two groups of patients after the treatment (t = 4.969, P < 0.001).

balance. Furthermore, timely adjustment of the replacement fluid
Na+ according to the patient’s blood Na+ concentration avoids
the imbalance of blood Na+ correction speed and reduces the
occurrence of excessive blood pressure osmotic fluctuations. In
addition to the correction of hyponatremia, continuous renal
replacement therapy effectively relieves cerebral edema, removes
nitrogen metabolites, reduces osmotic pressure, and maintains
the patient’s internal environment in a stable state (30). The
results of this experiment showed a significantly lower death
rate and a lower NSE level of the experimental group after the

treatment than the control group (P < 0.05), indicating that the
therapy can improve the patient’s clinical indicators to reduce
mortality. In addition, the present study also found that the
GCS score after treatment was higher in the experimental group
than in the control group (P < 0.05), and the results of James
E (31) et al. stated that “the GCS score after treatment was
(14.1 ± 0.73) in the treatment group, which was significantly
higher than that of (8.9 ± 0.52) in the control group (P
< 0.05)”, which is generally consistent with the results of
this study. It fully indicates that CRRT produced significant
clinical effects in improving patients’ conditions compared with
conventional treatment.

In conclusion, the degree of brain injury, ventricular
hemorrhage, cerebral edema, and skull base fracture were
considered the main factors for traumatic brain injury
complicated with hyponatremia. CRRT can effectively
improve the clinical indicators of the patients with
a promising curative effect, which merits promotion
and application.

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.

ETHICS STATEMENT

The studies involving human participants were
reviewed and approved by the Ethics Committee of
the Affiliated Lianyungang Second People’s Hospital
of Bengbu Medical College. The patients/participants

Frontiers in Surgery | www.frontiersin.org 6 February 2022 | Volume 9 | Article 848312

https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang et al. Traumatic Brain Injury/Hyponatremia/Etiology

provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

JZ is responsible for writing the article. WD is responsible for
the design of the study. XD is responsible for the collection
of case data. JW and PY are responsible for the recording of

the results and statistics. HS is the instructor of the entire
study. All authors contributed to the article and approved the
submitted version.

FUNDING

This research is supported by the Lianyungang Municipal Health
Commission (202120).

REFERENCES

1. Harbert A, Northam W, Elton S, Quinsey C. Targeted head CT

reduction for pediatric patients with hydrocephalus and traumatic

brain injury: academic center institutional experience as an example

of opportunities for further improvement. Childs Nerv Syst. (2020)

36:583–9. doi: 10.1007/s00381-019-04376-w

2. Schur S, Martel P, Marcoux J. Optimal Bone Flap Size for Decompressive

Craniectomy for Refractory Increased Intracranial Pressure in Traumatic

Brain Injury: Taking the Patient’s Head Size into Account. World

Neurosurgery. (2020). 139E430-E436. doi: 10.1016/j.wneu.2020.01.232

3. Bree D, Mackenzie K, Stratton J, Levy D. Enhanced post-traumatic headache-

like behaviors and diminished contribution of peripheral CGRP in female

rats following a mild closed head injury. Cephalalgia. (2020) 40:748–

60. doi: 10.1177/0333102420907597

4. Guilhaume-Correa F, Cansler SM, Shalosky EM, GoodmanMD, Evanson NK.

Greater neurodegeneration and behavioral deficits after single closed head

traumatic brain injury in adolescent versus adult male mice. J Neur Res. (2020)

98:557–70. doi: 10.1002/jnr.24535

5. Khanuja T, Unni HN. Intracranial pressure-based validation and

analysis of traumatic brain injury using a new three-dimensional

finite element human head model. Proc Inst Mech Eng H. (2020)

234:3–15. doi: 10.1177/0954411919881526

6. Baek SH, Jo YH, Ahn S, Medina-Liabres K, Oh YK, Lee JB, et al. Risk

of overcorrection in rapid intermittent bolus vs slow continuous infusion

therapies of hypertonic saline for patients with symptomatic hyponatremia:

The SALSA randomized clinical trial. JAMA Intern Med. (2021) 181:81–

92. doi: 10.1001/jamainternmed.2020.5519

7. Hoffmann DB, Popescu C, Komrakova M,Welte L, Saul D, LehmannW, et al.

Chronic hyponatremia in patients with proximal femoral fractures after low

energy trauma: A retrospective study in a level-1 trauma center. Bone Rep.

(2019) 12:100234. doi: 10.1016/j.bonr.2019.100234

8. Jäckle K, Klockner F, Hoffmann DB, Roch PJ, Reinhold M, Lehmann

W, et al. Influence of hyponatremia on spinal bone quality and

fractures due to low-energy trauma. Medicina (Kaunas). (2021)

57:1224. doi: 10.3390/medicina57111224

9. Singh S, Das KK, Deora H, Jaiswal AK, Behari S. Traumatic partial posterior

cord brachial plexus injury in a patient with aberrant innervation of the long

head of the triceps by the axillary nerve: Implications in nerve transfer surgery.

Asian J Neurosurg. (2020) 15:391–3. doi: 10.4103/ajns.AJNS_160_19

10. Gillespie CS, Mcleavy CM, Islim AI, Prescott S, McMahon CJ. Rationalising

neurosurgical head injury referrals: development and validation of the

Liverpool Head Injury Tomography Score (Liverpool HITS) for mild TBI. Br

J Neurosurg. (2020) 34:127–34. doi: 10.1080/02688697.2019.1710825

11. Anderson TN, Hinson HE, Dewey EN, Rick EA, Schreiber MA, Rowell

SE. Early tranexamic acid administration after traumatic brain injury is

associated with reduced syndecan-1 and angiopoietin-2 in patients with

traumatic intracranial hemorrhage. J Head Trauma Rehabil. (2020) 35:317–

23. doi: 10.1097/HTR.0000000000000619

12. Phillips N, Dalziel SR, Borland ML, Dalton S, Lyttle MD, Bressan S, et al.

Imaging and admission practices in paediatric head injury across emergency

departments in Australia and New Zealand: A PREDICT study. Emerg Med

Australas. (2020) 32:240–9. doi: 10.1111/1742-6723.13396

13. Hoff BM, Maker JH, Dager WE, Heintz BH. Antibiotic dosing for critically

Ill adult patients receiving intermittent hemodialysis, prolonged intermittent

renal replacement therapy, and continuous renal replacement therapy: an

update. Ann Pharmacother. (2020) 54:43–55. doi: 10.1177/1060028019865873

14. Alharthy A, Faqihi F, Memish ZA, Balhamar A, Nasim N, Shahzad A, et

al. Continuous renal replacement therapy with the addition of CytoSorb

cartridge in critically ill patients with COVID-19 plus acute kidney injury: A

case-series. Artif Organs. (2021) 45:E101–12. doi: 10.1111/aor.13864

15. Araki T, Yokota H, Morita A. Pediatric traumatic brain injury: characteristic

features, diagnosis, andmanagement.Neurol Med Chir (Tokyo). (2017) 57:82–

93. doi: 10.2176/nmc.ra.2016-0191

16. Wang J, Zhou W, Yin X. Improvement of hyponatremia is associated

with lower mortality risk in patients with acute decompensated heart

failure: a meta-analysis of cohort studies. Heart Fail Rev. (2019) 24:209–

17. doi: 10.1007/s10741-018-9753-5

17. Rinaldi S, SantoniM, Leoni G, Fiordoliva I,Marcantognini G,Meletani T, et al.

The prognostic and predictive role of hyponatremia in patients with advanced

non-small cell lung cancer (NSCLC) with bone metastases[J]. Support Care

Cancer. (2019) 27:1255–61. doi: 10.1007/s00520-018-4489-2

18. Chen Z, Jia Q, Liu C. Association of hyponatremia and risk of

short- and long-term mortality in patients with stroke: a systematic

review and meta-analysis. J Stroke Cerebrovasc Dis. (2019) 28:1674–

83. doi: 10.1016/j.jstrokecerebrovasdis.2019.02.021

19. Sato Y, Yoshihisa A, Oikawa M, Nagai T, Yoshikawa T, Saito Y, et al.

Hyponatremia at discharge is associated with adverse prognosis in acute

heart failure syndromes with preserved ejection fraction: a report from

the JASPER registry. Eur Heart J Acute Cardiovasc Care. (2019) 8:623–

33. doi: 10.1177/2048872618822459

20. Holland-Bill L, Christiansen CF, Ulrichsen SP, Ring T, Lunde Jørgensen JO,

SørensenHT. Preadmission diuretic use andmortality in patients hospitalized

with hyponatremia: a propensity score-matched cohort study. Am J Ther.

(2019) 26:e79–91. doi: 10.1097/MJT.0000000000000544

21. Woodfine JD, Sood MM, MacMillan TE, Cavalcanti RB, van Walraven C.

Derivation and validation of a novel risk score to predict overcorrection of

severe hyponatremia: the severe hyponatremia overcorrection risk (SHOR)

score. Clin J Am Soc Nephrol. (2019) 14:975–82. doi: 10.2215/CJN.12251018

22. Portales-Castillo I, Sterns RH. Allostasis and the clinical

manifestations of mild to moderate chronic hyponatremia: no

good adaptation goes unpunished. Am J Kidney Dis. (2019)

73:391–9. doi: 10.1053/j.ajkd.2018.10.004

23. Yoon HK, Lee HC, Kim YH, Lim YJ, Park HP. Predictive factors

for delayed hyponatremia after endoscopic transsphenoidal surgery in

patients with nonfunctioning pituitary tumors: a retrospective observational

study. World Neurosurg. (2019) 122:e1457–64. doi: 10.1016/j.wneu.2018.

11.085

24. Lassey SC, Napoe GS, Carusi D, Schantz-Dunn J, Robinson JN. Hyponatremia

among parturients transferred to the hospital after prolonged labor

during an attempted home birth. Obstet Gynecol. (2019) 134:106–

8. doi: 10.1097/AOG.0000000000003306

25. Pomeranz D, Irwin C, Lipman GS. Large-volume hypertonic saline

for empiric treatment of severe exercise-associated hyponatremia

in an ultramarathon runner. Curr Sports Med Rep. (2019)

18:163–5. doi: 10.1249/JSR.0000000000000593

26. Xiao S, Liu Y, Li K, Lou B, Chen K, Chang Z. Successful treatment of

an 86-year-old patient with severe hyponatremia leading to central and

extrapontine myelinolysis: A case report. Aging Med (Milton). (2019) 2:56–

9. doi: 10.1002/agm2.12056

Frontiers in Surgery | www.frontiersin.org 7 February 2022 | Volume 9 | Article 848312

https://doi.org/10.1007/s00381-019-04376-w
https://doi.org/10.1016/j.wneu.2020.01.232
https://doi.org/10.1177/0333102420907597
https://doi.org/10.1002/jnr.24535
https://doi.org/10.1177/0954411919881526
https://doi.org/10.1001/jamainternmed.2020.5519
https://doi.org/10.1016/j.bonr.2019.100234
https://doi.org/10.3390/medicina57111224
https://doi.org/10.4103/ajns.AJNS_160_19
https://doi.org/10.1080/02688697.2019.1710825
https://doi.org/10.1097/HTR.0000000000000619
https://doi.org/10.1111/1742-6723.13396
https://doi.org/10.1177/1060028019865873
https://doi.org/10.1111/aor.13864
https://doi.org/10.2176/nmc.ra.2016-0191
https://doi.org/10.1007/s10741-018-9753-5
https://doi.org/10.1007/s00520-018-4489-2
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.02.021
https://doi.org/10.1177/2048872618822459
https://doi.org/10.1097/MJT.0000000000000544
https://doi.org/10.2215/CJN.12251018
https://doi.org/10.1053/j.ajkd.2018.10.004
https://doi.org/10.1016/j.wneu.2018.11.085
https://doi.org/10.1097/AOG.0000000000003306
https://doi.org/10.1249/JSR.0000000000000593
https://doi.org/10.1002/agm2.12056
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang et al. Traumatic Brain Injury/Hyponatremia/Etiology

27. Filippone EJ, Ruzieh M, Foy A. Thiazide-associated

hyponatremia: clinical manifestations and pathophysiology.

Am J Kidney Dis. (2020) 75:256–64. doi: 10.1053/j.ajkd.2019.

07.011

28. Sarmiento K, Gioia GA, KirkwoodMW,Wade SL, Yeates KO, A. commentary

for neuropsychologists on CDC’s guideline on the diagnosis and management

of mild traumatic brain injury among children. Clin Neuropsychol. (2020)

34:259–77. doi: 10.1080/13854046.2019.1660806

29. Fu P, Bai L, Cai Z, Li R, Yung KKL. Fine particulate matter

aggravates intestinal and brain injury and affects bacterial community

structure of intestine and feces in Alzheimer’s disease transgenic mice.

Ecotoxicol Environ Saf. (2020) 192:110325. doi: 10.1016/j.ecoenv.2020.11

0325

30. Ibrahim KA, Eleyan M, Abd El-Rahman HA, Khwanes SA, Mohamed

RA. Quercetin attenuates the oxidative injury-mediated upregulation

of apoptotic gene expression and catecholaminergic neurotransmitters

of the fetal rats’ brain following prenatal exposure to fenitrothion

insecticide. Neurotox Res. (2020) 37:871–82. doi: 10.1007/s12640-020-00

172-6

31. Sweeney JE, Johnson AM. Exploratory study of HRB signs, patterns,

and right-left differences relating to spatial cognition following nonimpact

mild traumatic brain injury. Appl Neuropsychol Adult. (2020) 27:532–

9. doi: 10.1080/23279095.2019.1575220

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 Zhang, Dong, Dou, Wang, Yin and Shi. 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 8 February 2022 | Volume 9 | Article 848312

https://doi.org/10.1053/j.ajkd.2019.07.011
https://doi.org/10.1080/13854046.2019.1660806
https://doi.org/10.1016/j.ecoenv.2020.110325
https://doi.org/10.1007/s12640-020-00172-6
https://doi.org/10.1080/23279095.2019.1575220
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

	Etiology Analysis and Diagnosis and Treatment Strategy of Traumatic Brain Injury Complicated With Hyponatremia
	Background
	Materials and Methods
	General Information
	Inclusion Criteria
	Exclusion Criteria
	Methods
	Observational Indexes
	Statistical Processing

	Results
	Comparison of General Information
	Analysis of the Etiology of Hyponatremia in Patients With Traumatic Brain Injury
	Comparison of Hemodynamic Indexes Between the Control Group and the Experimental Group Before and After Treatment
	Comparison of GCS Scores Between the Control Group and the Experimental Group
	Comparison of APACHE II Scores Between the Control Group and the Experimental Group
	Comparison of Mortality Rate Between Control Group and Experimental Group
	Comparison of NSE Levels Between the Control Group and the Experimental Group

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


