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ABSTRACT

Background: Traumatic brain injury (TBI) is characterized by high prevalence, morbidity, and mortality.
Diffuse axonal injury (DAI) is a specific type of TBI leading to prolonged consciousness impairment and
disability. There is still no standard treatment for DAI, so we introduced traditional Chinese medicine into
the treatment of these patients.
Case summaries: Three patients had TBI after traffic accidents. Their Glasgow Coma Scale (GCS) scores in
the intensive care unit (ICU) were E{VgM3-3, E{VEM>-3, and E{VEM; respectively. All of them were
diagnosed with DAI based on magnetic resonance imaging (MRI). Because of continuing consciousness
disturbances, their families agreed to combine traditional Chinese medicine and modern medicine
treatments through inpatient consultation in Taoyuan General hospital. Two patients took Buyang
Huanwu Decoction, and one Tianma Gouteng Decoction twice a day. All of them received 20 min of
acupuncture treatments 5 times per week. Acupuncture points included Baihui (GV20), Sishencong (EX-
HN1), Shuigou (GV26), Hegu (LI4), and Taichong (LR3). All of them started Traditional Chinese medicine
treatment within 2 weeks after TBI. The GCS of all three patients recovered to E4MsVg.
Conclusions: The early addition of traditional Chinese medicine treatments to Western medical care can
improve the prognosis of patients with diffuse axonal injury.
© 2020 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

varies greatly across countries and regions, and its incidence in
countries such as Sweden, Italy, France, and Norway appears to

Traumatic brain injury (TBI) results in mortality and disability
around the world. In 2013, there were approximately 2.5 million
emergency department visits, 282,000 hospitalizations, and 56,000
deaths related to TBI in the United States.! The incidence of TBI

Abbreviations: TBI, Traumatic brain injury; DAI, Diffuse axonal injury; GCS,
Glasgow Coma Scale; ICU, intensive care unit; MRI, magnetic resonance imaging;
BHD, Buyang Huanwu Decoction; TGD, Tianma Gouteng Decoction.
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have decreased over time, while it might have increased in Spain
and Taiwan.? TBI prevalence in Taiwan is 52,000 cases per year, up
to 25% of which are fatal.®

Diffuse axonal injury (DAI) is defined as a prolonged con-
sciousness disturbance, more than 6 h after head injury, without
demonstrable swelling or ischemic brain lesions.*> Up to 75% of the
patients with moderate to severe head injury who survive the acute
phase are diagnosed with DAL®

DAI comes from high energy shearing forces and it is the main
cause of continued consciousness disturbances, mortality, and
cognitive impairment after TBL.”~° The magnetic resonance imag-
ing (MRI) of DAI cases usually shows lesions in the junction of ce-
rebral white and grey matter, the corpus callosum, and the brain
stem.® 10
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With the progress of medicine, many severe traumatic brain
injury patients can now survive, but their consciousness and ac-
tivity of daily living function are still damaged. After the acute
stage, TBI has long term sequelae, such as impaired consciousness,
anesthesia, speech impediments, severe disability, and post-
traumatic seizures and epilepsy. DAI often results in cognitive,
physical and behavioral impairment, and the patients have diffi-
culties returning to work and to a good quality of life. Since a
satisfactory standard treatment is not available, we tried traditional
Chinese medicine as an alternative therapeutic approach. The
purpose of this report is to show that the treatment of DAI patients
with a combination of traditional Chinese medicine and modern
medicine is safe and effective.

2. Chinese medicine treatments
2.1. Acupuncture points and protocol

Acupuncture was performed with Casoon stainless steel needles
(030 x 25 mm, 0.35 x 40 mm). Acupuncture points included the
Baihui (GV20 on the head, 5 B-cun superior to the anterior hairline,
on the median line), Sishencong (EX-HN1, four points at the vertex,
one cun from GV20 in a cross formation), Shuigou (GV26, on the
face, at the midpoint of the philtrum midline), Hegu (LI4, on the
dorsum of the hand, radial to the midpoint of the second metatarsal
bone, bilaterally), Taichong (LR3, on the dorsum of the foot, be-
tween the first and second metatarsal bones, in the depression
distal to the junction of the bases of the two bones, over the dorsalis
pedis artery, bilaterally).""'”> We used 2% Chlorhexidine Gluconate
for local disinfection, and avoided applying acupuncture near
traumatic wounds. Needles were left in place for 20 min without
any manipulation or electro stimulation. We performed acupunc-
ture five times per week.

2.2. Decoction selection method

According to previous studies, traditional Chinese medicine
decoctions or compound recipes may be safe and effective for TBL'?
The Buyang Huanwu Decoction (BHD) is a well-known traditional
Chinese medicine prescription, used clinically for stroke-induced
disability. BHD is composed of Astragalus membranaceus Bunge,
Angelica sinensis, Paeonia lactiflora, Ligusticum chuanxiong, Prunus
persica, Carthamus tinctorius and Pheretima aspergillum.'"* BHD is
prescribed for patients with hemiplegia and paraplegia, and several
experimental studies indicate that it can improve the recovery of
behavioral scores.!*~1°

The Tianma Gouteng Decoction (TGD) is prescribed to patients
with headaches, dizziness, hypertension, and insomnia.'” Tianma
Gouteng Decoction contains Rhizoma Gastrodiae, Ramulus cum
Uncis Uncariae, Concha Haliotidis, Fructus Gardeniae, Radix Scu-
tellariae, Eucommia ulmoides Oliver, Radix Cyathulae officinalis,
Ramulus Loranthi, Poria cum Radix Pini, Caulis Polygoni Multiflori,
and Herba Leonuri.

We used different decoctions according to the patient’s clinical
presentation.

2.3. Case report no. 1

2.3.1. Patient information, examination and diagnostic assessment
A 23-year-old man without any past medical history had a traffic
accident and was sent to our emergency room on June 22, 2014. The
GCS was E4V5M,; initially and worsened to E3sM4V,. The patient had
bilateral tibia and left femur fractures, and bruises over his trunk
and limbs. Computed tomography (CT) showed a right subarach-
noid hemorrhage. After surgery of the lower limb fractures, the

patient was sent to the ICU for further treatment and care. Because
of persisting consciousness disturbances (E{VgM,_3), the patient
received an MRI examination which revealed stage 3 diffuse axonal

injury (Fig. 1).

2.3.2. Intervention: acupuncture and decoction therapies
Traditional Chinese medicine (BHD) treatment started on July 3,
2014. The pulse condition of the patient was string-like and we
could not obtain a tongue diagnosis due to endotracheal intubation.
Acupuncture treatment started on July 4. The patient’s GCS was
EoVEM,_3 at the start of traditional Chinese medicine therapy.

(A)

(B)

Fig. 1. Image of case no.1. (A)CT of case no. 1, taken on June 22, 2014: minimal sub-
arachnoid hemorrhage (SAH), right frontotemporal region. (B) MRI (T2 FLAIR) of case
no. 1, taken on July 3, 2014: Diffuse axonal injury, grade III (involving the cerebral
hemisphere, corpus callosum and brain stem), and subacute intracerebral hematoma
in the right parietal lobe can be appreciated.
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2.3.3. Outcome

The patient recovered to a full GCS score in Oct 2014: He could
just pronounce sentences consisting of 3—4 words, and his voice
was not clear. He continued receiving traditional Chinese medicine
treatments together with rehabilitation treatments. The patient
came to our Chinese Medicine outpatient department for follow up
on July 3, 2015: His verbal speed and responses were somewhat
slow, but his voice was clear and smooth. He felt lower extremities
and low back tightness, and he sometimes chocked when drinking
water. He could take care of himself without any assistance.

2.4. Case report no. 2

2.4.1. Patient information, examination and diagnostic assessment

A 20-year-old male without any past medical history had a
traffic accident on Nov 11, 2014, and was sent to the emergency
room. His GCS on arrival to the ER was E;V1Mg4. His pupil size was
2.5 mm (right) and 3.0 mm (left) with positive light reflex. When he
stayed at our ER, his body temperature increased to 40 °C with
tremors of the upper extremities. CT showed left thalamus hem-
orrhage, intraventricular hemorrhage, falx subdural hematoma,
and subarachnoid hemorrhage. The patient was then transferred to
the Surgical Intensive Care Unit (SICU) for further treatment.

The patient’s consciousness became worse after admission
(E1VEM>.3), so a new brain CT was performed on Nov 28 (Fig. 2),
which showed a delayed hemorrhage of the corpus callosum and
the bilateral frontal lobes. An intracranial pressure (ICP) monitor
was inserted on the same day. After surgery, the patient’s ICP was
kept below 20 mmHg and cerebral perfusion pressure (CPP) higher
by mannitol and sedation.

The patient consciousness was still poor. His GCS was around
E1VEM,_3. The patient had intermittent fever up to 38 °C and per-
sisting tremor of the extremities. The Chinese Medicine Depart-
ment was consulted due to persisted poor conscious status
(Eq1VEM3-3) on Dec 3, 2014.

2.4.2. Intervention: acupuncture and decoction therapies

We noticed red acne on his face, and sweat around his head. The
pulse condition of the patient was string-like and rapid. We could
not obtain a tongue diagnosis due to endotracheal intubation. We

Fig. 2. CT of case no. 2, taken on Nov 28, 2014: Note the multiple intracranial hem-
orrhage (ICHs) in the left thalamus.

started TGD treatment on Dec 3, and the fever subsided from Dec 5.
An MRI exam was performed on Dec 8 (Fig. 3) and showed stage 3
diffuse axonal injury, explaining the persisting poor GCS level, which
returned to E;_,VEM4. Acupuncture treatment started on Dec 16.

2.4.3. Outcome

The patient’s GCS recovered to E4VEMy progressively. His facial
acne was healed but a few scars were left. The tremor of the upper
extremities stopped on Jan 2, 2015.

The endotracheal tube was removed on Jan 6, and he was
transferred to the regular neurosurgery ward on Jan 13 and to the
rehabilitation ward on Jan 26. We adjusted the administration of
Chinese medicine decoction from TGD to BHD on Jan 26. He could
say simple words on Feb 26. The patient continued the rehabilita-
tion program alongside traditional Chinese medicine treatment and
was discharged on July 10, 2015 with a GCS of E4VsMg. He could
perform all his daily activities by himself and return to school
without problems.

2.5. Case report no. 3

2.5.1. Patient information, examination and diagnostic assessment

A 58 year-old woman with a history of hypertension under
regular medication control was hit by a vehicle when riding a
motorbike. She was sent to our ER on Nov 23, 2015 with multiple
bruises. Her GCS was E{V;M;. Brain CT showed diffuse subarach-
noid hemorrhage in the bilateral cerebral hemispheres and basal
cisterns (Fig. 4). X-rays showed left pulmonary atelectasis and
fractures of the left ribs. After endotracheal intubation, an ICP
monitor was inserted in the operating room. The patient was then
admitted to the SICU for further treatment guided by ICP and CPP
levels.

2.5.2. Intervention: acupuncture and decoction therapies

The patient’s poor consciousness (GCS: E;VgM;) persisted, and
traditional Chinese medicine was started. Pulse condition of the
patient was string-like and we could not obtain a tongue diagnosis
due to endotracheal intubation. BHD use started on Nov 26, and
acupuncture treatment started on Dec 1. MRI on Dec 7 showed
acute infarction of the right thalamus, left parietal lobe, and corpus
callosum, and stage 3 diffuse axonal injury was diagnosed (see
Fig. 5).

2.5.3. Outcome

The patient was transferred to the respiratory care centrer for
ventilation weaning. Her consciousness recovered to E4VEM5 on Jan
8, 2016. Her GCS progressively recovered to E4V3_4Mg and her
endotracheal tube was removed on Jan 22. She was transferred to
the general ward on Jan 26, and her GCS was fully recovered to
E4VsMg on Jan 29. She was discharged on Feb 4.

2.6. Adverse effect and safety

Neither complications nor adverse effects were reported by the
patients during the course of treatment in Taoyuan General Hos-
pital; however, further observation would be necessary to deter-
mine possible adverse effects and general long term follow-up.

3. Discussion

We gathered three cases receiving traditional Chinese medicine
interventions after traumatic brain injury, and all of them had good
recovery. Combining traditional Chinese medicine (decoctions and
acupuncture) with Western medicine treatments is thus another
therapeutic choice for diffuse axonal injury caused by severe
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(A)

(B)

(€

Fig. 3. MRI (Flair2) of case no. 2, taken on Dec 18, 2014: Suspect diffuse axonal injury.
Multiple ICHs, with the largest ones at the corpus callosum and bifrontal lobes,
intraventricular hemorrhage (IVH), and SAH can be detected.

Fig. 4. CT of case no. 3, taken on Nov 23, 2015: Diffuse bilateral SAH and right con-
tusional hemorrhage can be appreciated.

traumatic brain injury.
3.1. Diffuse axonal injury

According to previous reports, DAI is found in 65—72% of the
patients with moderate to severe head injury who survive the acute
phase.!”!® The injuries are caused by shearing forces due to accel-
eration and deceleration. The damage usually appears in several
locations. The most common sites are the junction of cerebral white
and grey matter, the corpus callosum and the brain stem. The
outcome of DAI was reported to be associated with injury location
and number.5'0

According to Salazar et al., patients with DAI have lower GCS
scores, worse outcomes and poorer prognosis than patients with
other lesions.'” The median Glasgow Outcome Scale-Extended
(GOSE) score measured after 12 months post-injury in patients
with DAI is 7, compared with 8 without DAI Skandsen et al. clas-
sified DAI into three stages (Table 1). There were no significant
differences in outcome between stage 1 and 2, but stage 3 was
associated with a higher rate of disability.® According to Park et al.,
higher DAI grades are associated with slower consciousness re-
covery: The mean time of GCS recovery to E4VsMg was 3.7 days in
stage 1 patients and 59.9 days in stage 3 patients.”’

In brain trauma injury with DAI, the standard medical treatment
aims to maintain stable vital signs, and monitor intracranial pres-
sure and cerebral perfusion. The ICP and CPP were kept within
normal range by sedation and osmotherapy. If ICP progressively
increased after suitable medicine treatment, decompressive crani-
otomy was performed.?!

3.2. Pathophysiology

Trauma and stroke are difficult insults sharing similar molecular
and cellular mechanisms leading to brain cell death, as shown in
previous studies.>’ %% After stroke damage, local brain tissue
swelling leads to moderate to severe reduction of cerebral blood
flow, which in turn results in oxygen and glucose deprivation.
These phenomena induce metabolic stress, energy failure, ionic
imbalance, and ischemic injury.?** In severe TBI, cerebral blood
flow reduction also occurs due to brain swelling, causing secondary
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(C)

Fig. 5. MRI (DWI1) of case no. 3, taken on Dec 17, 2015: Hyperdiffusion in the right
thalamus, splenium of corpus callosum (more severe on left), and left parietal
subcortical white matter.

ischemia. Cells in an ischemic environment will die within
minutes.”%%7

3.3. Traditional Chinese medicine

In the Chinese medicine literature, there is no specific discussion
and treatment for DAI, possibly because there was no appropriate

vital sign supportive care system and treatment for severe brain
trauma patients until recent times, and the mortality rate was high.
Given the similarities between TBI secondary injuries and stroke,
we combined stroke-related traditional Chinese medicine treat-
ments with modern medicine.

Several published clinical trials indicate that traditional Chinese
medicine improves the treatment of experimental TBI or cerebral
ischemic injury.?>>'~*? The evidence of the beneficial effects of
traditional Chinese medicine for TBI is increasing, and involves
Chinese medicine decoctions, Chinese medical extracts and
acupuncture. A systematic review suggested, as possible mecha-
nisms, that Chinese medicine decoctions may reduce brain water
content, improve the blood-brain barrier permeability, and
decrease tumor necrosis factor alpha/nitric oxide (TNF-a/NO)
expression.'?

3.3.1. Buyang Huanwu Decoction (BHD)

BHD was the primary prescription for hemiplegia and para-
plegia in the past. Today, it is extensively used for cerebral ischemic
injury such as stroke and TBL.'* Many experimental studies indicate
that BHD can improve the recovery of behavioral scores and
decrease ischemia-reperfusion injury. The extract of Astragalus, the
main herb in BHD, has protective effects on cerebral ischemia injury
when used with Panax notoginseng saponins extract. Its mecha-
nism may be based on the improvement of the early energy
metabolism and the prevention of delayed apoptosis by inhibition
of the mitochondrial apoptosis pathway.”® Based on a study by Mu
et al., BHD exerts its neuroprotective effect by improving blood
circulation, reducing calcium overload, inhibiting excitotoxicity,
promoting angiogenesis and the migration of neural precursor cells
to the infarct zone, reducing the inflammatory response, and
inhibiting neuronal apoptosis.?®

3.3.2. Tianma Gouteng Decoction (TGD)

TGD is often prescribed in China as an experimental treatment
for stroke and neurodegenerative diseases. A study showed that
TGD prevents the onset of hypertension and alters its develop-
ment.>° Five major compound groups are contained in TGD: alka-
loids, flavonoids, iridoids, carotenoids and natural phenols. These
compounds exert strong anti-inflammatory effects by reducing the
production of cytokines, chemokines and proteases in neuronal
cells. They also reduce neuron necrosis and apoptosis by anti-
oxidative and antiapoptotic effects.’’

BHD and TGD can interrupt the biochemical cascades occurred
in TBI and stroke, and are therefore potential therapeutic candi-
dates for TBI and ischemic brain injury.

3.3.3. Acupuncture

All patients were treated with acupuncture a few days after
Chinese decoctions were administered. The acupuncture points
were: Baihui (GV20), Sishencong (EX-HNT1), Shuigou (GV26), Hegu
(LI4), and Taichong (LR3).>?

Baihui (GV20)-based scalp acupuncture can improve infarct
volume and neurological function scores, exerting neuroprotective
effects in experimental ischemic brain injury.>> Sishencong (EX-
HN1), Taichong (LR3), and other acupuncture points could improve
cognitive performance, as observed by functional magnetic reso-
nance imaging (fMRI), by strengthening the connections between
cognition-related regions such as the insula, dorsal prefrontal cor-
tex, hippocampus, thalamus, inferior parietal lobule and anterior
cingulate cortex.>*

The Baihui (GV20), Shuigou (GV26), and Hegu (LI4) acupuncture
point regimens can significantly increase the number of neural
stem cells, neurons and astrocytes cells in TBI rats, and acupuncture
can also improve neurogenesis by stimulating the proliferation and
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Table 1
Magnetic resonance imaging-based classification of DAL

Stage Definition

1? Confirmed traumatic lesions to the lobar white matter or cerebellum only

2 Traumatic lesions is the corpus callosum, with or without lesions in the lobar white matter
3b Traumatic lesions in the brainstem in areas typical of DAI (dorsolateral quadrant of the upper brainstem, superior cerebellar peduncles) with or without lesions in

the lobar white matter or corpus callosum

@ Signal loss compatible with microbleeds (in the gradient echo sequence) or increased signal intensity compatible with tissue edema (in the FLAIR sequence).
b In cases with unilateral superficial brain stem lesions, the lesion was interpreted as a contusion rather than DAL

Table 2
Summary of the cases.
Case 1 Case 2 Case 3
Age, sex 23, Male 20, Male 58, Female
TBI date June 22, 2014 Nov 11, 2014 Nov 23, 2015
Decoction BHD TGD (Dec 3, 2014—Jan 25, 2015) BHD

TCM start date
GCS at TCM start date
Acupuncture start date

July 3, 2014(11th)
E2VEM; 3
July 4, 2014(12th)

BHD (Jan 26, 2015)
Dec 3, 2014(22nd)
E1VEM3 3

Dec 16, 2014(35th)

Dec 1, 2015(8th)
E1VEM,
Dec 1, 2015(8th)

TBI, traumatic brain injury; TCM, traditional Chinese medicine; GCS, Glasgow Coma Scale.

differentiation of brain neural stem cells.>* By activating the brain-
derived neurotrophic factor/tropomyosin receptor kinase B (BNDF/
TrkB) signaling pathway, Baihui (GV20), Shuigou (GV26), Hegu
(LI4), and other acupuncture point regimens promote the recovery
of neurological impairment in rabbits after TBL.>4%°

In the Taiwan’s National Health Insurance Research Database’s
cohort study, patients with TBI receiving acupuncture treatment
returned to the emergency room and were re-hospitalized in the
first year after injury less often than those who did not receive
acupuncture.® In another study by the same group, TBI patients
undergoing acupuncture treatment were shown to have lower risk
of stroke than patients who did not receive the treatment.>’

Acupuncture improves motor and speech functions and GCS
score recovery.>® In the rehabilitation stage, acupuncture can
further improve motor function and muscle strength.>>“? However,
areview article indicated that many studies on this subject showed
low methodological quality and varying acupuncture modalities,
strategies, and outcome measurements.”!

Modern medicine allows patients to survive the acute stage of
TBI, but the treatment options are limited to ICP and CPP. Tradi-
tional Chinese medicine includes decoctions, acupuncture, blood-
letting or their various combinations. The main purpose of tradi-
tional Chinese medicine in this context is to facilitate weaning from
mechanical ventilation, improving consciousness, and shortening
hospitalization. Traditional Chinese medicine treatments in TBI,
and in particular in DAI, can compensate the insufficiency of
modern medicine. Cheng et al. reported a case of early Chinese
medicine intervention, 4 days after traumatic brain injury. That
case had full recovery of consciousness (from E{V{My to a GCS score
of 15) and was discharged in 2 months. The experience of tradi-
tional Chinese medicine can significantly improve our approach to
this disease.*?

3.3.4. Selecting decoction criteria

We chose BHD as our decoction according to previous litera-
ture and our experience. In traditional Chinese medicine, TBI
leads to qi deficiency, qi, and blood stasis in the body. The
mechanism of BHD in traditional Chinese medicine is to sup-
plement the qi and remove stasis to promote blood circulation,
thus aligning with the treatment direction for TBI. Hence, we did
not see cause to add or subtract other herb medicines in the
treatment course.

Case no. 2 presented as fever and persisting tremor in the
beginning of the treatment course. According to the theory of
traditional Chinese medicine, Liver yang flamed up and internal
wind may have led to high body temperature and tremor. After
considering previous literature, we administered TGD to subside
the Liver yang and extinguish internal wind. We replaced TGD with
BHD when the patient started the rehabilitation program (Table 2).

4. Conclusions

This report described two Chinese medicine decoctions com-
bined with acupuncture treatment in three cases with DAI from
severe traumatic brain injury, all resulting in good outcomes. Ac-
cording to previous literature, DAI has poor prognosis. In this
report, we demonstrate that traditional Chinese medicine and
acupuncture may be safe and effective alternative treatments for
TBI with DAI, though the consequences derived from the natural
course of DAI cannot be ruled out. More rigorous studies are still
needed to prove the effectiveness of traditional Chinese medicine,
and the appropriate treatment protocol in TBI and DAL
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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