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Abstract
Rationale: Hepatic myelopathy (HM), also known as portal-systemic myelopathy, is a rare neurological complication that
occurs in patients with chronic liver disease. There is no easy and feasible treatment, liver transplantation is the only accepted
therapy that may be effective for patients at early stage at present. The pathogenesis of the disease is not clear yet, and the
prognosis is poor. Here we describe a reversible HM after fecal microbiota transplantation.

Patient concerns: In this report, a middle-aged female patient with hepatitis B cirrhosis, occurred HM after transjugular
intrahepatic portosystemic shunt, a progressive spastic paraparesis in both legs were the main symptoms.

Diagnosis: The patient was diagnosed with HM.

Interventions: The patient received 3 times of fecal microbiota transplantations (FMT).

Outcomes: The patient’s muscle strength of both legs were increased at various degrees, the patient’s condition improved from
HM2 to HM1.

Lessons: FMT may be another effective way to treat HM. It is cheaper, more operable, and simpler than the approved treatment
and worthy of further research.

Abbreviations: BBB = blood-brain barrier, FMT = fecal microbiota transplantation, G-CSF = granulocyte colony stimulating
factor, HbsAg = hepatitis B surface antigen, HE = hepatic encephalopathy, HM = hepatic myelopathy, MEPs = motor evoked
potentials, SSC = systemic sclerosis, TIPS = transjugular intrahepatic portosystemic shunt.
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1. Introduction easy to reverse, but HM is a progressive disease. It is more
Some patients with decompensated cirrhosis have neurological
alterations, the most usual is hepatic encephalopathy (HE), and
hepatic myelopathy (HM) is far less common. HE is relatively
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common after transjugular intrahepatic portosystemic shunt
(TIPS) or spontaneous portosystemic shunt of blood. In the
beginning, HM is characterized by progressive spastic para-
paresis. The symptom is the weakness of legs, and eventually
developed into spastic paralysis of lower extremities. Up to now,
patients with HM mostly does not respond well to conservative
treatment of drugs. And the only accepted treatment that may be
effective is liver transplantation.[1,2] However, therapeutic
strategies remains an ongoing challenge due to the difficulty of
the surgery and the questionable effectiveness. In recent years,
there have been some coverages reporting that fecal microbiota
transplantation (FMT) has successfully treat some diseases such as
hepatitis B,[3] alcoholic hepatopathy,[4]Clostridium difficile infec-
tion,[5] alopecia areata,[6] and so on. There are also increasingly
studies determining the relation between intestinal flora and
brain.[7] Many central nervous system disease are found to have
tight connections with intestinal flora such as HE,[8] depression,[9]

autism,[10] Parkinson’s disease,[11] dementia,[12] sepsis-associated
encephalopathy,[13] and so on. Considering that both HM and
HE are neurological complications in the decompensated stage of
liver cirrhosis, and more and more evidence shows that FMT is
effective for HE.[14,15] So, we made FMTs in a patient with HM
after informed consent, and achieved good efficacy. This case
substantiate that FMT can be a promising treatment for HM.
2. Case report

A45-year old womanwas admitted onApril 14, 2015, because of
upper abdominal discomfort which aggravated with blood in
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stool for 1 day. The patient found the hepatitis B surface antigen
(HbsAg) were positive 16 years ago. Liver B ultrasonic
examination showed liver cirrhosis, portal vein broadening,
and splenomegaly. Gastroscopic examination during hospitali-
zation indicated sever esophageal varices and portal hypertensive
gastropathy, so she underwent endoscopic variceal ligation. On
May 18, 2015, she admitted again because of hematemesis.
Gastroscopy revealed the ligation of the esophageal varices and
severe varicose gastric fundus veins. She discharged after acid
suppression and hemostasis. On July 27, 2015, she was admitted
for the third time due to the aggravation of upper abdominal
malaise and hematochezia. Emergency gastroscopy showed
esophageal varices bleeding. Considered that the patient bled
again after ligation, the risk of re-ligation or sclerotherapy is
relatively high, and the efficacy is not clear. TIPS can effectively
reduce portal pressure, and she had no HE, child-pugh class was
B. So, there was a pointer to TIPS, she did TIPS on July 29, 2015.
In June 2016, she was admitted the fourth time because of a

progressive spastic paraparesis in both legs of 2 months duration.
First, the symptom was the weakness of the lower extremities,
beginning with the right lower extremity, and gradually
spreading to the left lower extremity. The right side was more
severe than the left side. Gradually, she was unable to walk, ride a
bicycle, and go to work. On admission, even though she walked
with assistive tools, it was also extremely difficult for her, she was
bedridden much at the time of hospitalization, and a significant
muscle stiffness appears. The upper limb and sphincter was not
involved. There was no history of alcohol consumption. And she
Figure 1. Abdominal CT image of the patient. Arterial phase (A) and venous phase
And CT scan (C, D) showing implantation of stent and infarctions of spleen after por
abnormality. Sagittal T2-weighted MR images of the cervical (G), thoracic (H), and
tomography, MR = magnetic resonance.
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had no family history of neurological illness. On neurological
examination, she was well orientated and cooperative. The
cranial nerve examinations were entirely normal.Muscle strength
in the right limb was MRC grade 3. Muscle strength in the left
limbwasMRC grade 4-.Muscular tension of both legs increased.
There was hyperreflexia of double lower limbs. There were no
somatosensory symptoms. And there was no other deficit.
Hemogram disclosed thrombocytopenia (25∗109), leukocytope-
nia (2.35∗109), and microcytic hypochromic anemia (3.3∗1012).
Liver function tests revealed normal alanine transaminase (ALT)
and glutamic oxaloacetic transaminase (AST), minimally raised
alkaline phosphatase (ALP) (124U/L), reduced albumin (36.6g/
L) and acetylcholinesterase (AchE) (137U/L). Direct bilirubin
(DBIL) was elevated to 21.4mmol/L, total bilirubin (TBIL) was
elevated to 54.7mmol/L. Anti-HBs was negative, and HBsAg
(»225.00ng/ml), anti-HBe positive (11.55PEIU/ml). Blood
ammonia was elevated to 84.3mmol/L. Serological test for
syphilis was negative. Colony stimulating factor (CSF) examina-
tion was not conducted because of thrombocytopenia. The
estimation of folate and serum B12 was normal. Computed
tomography (CT) (abdomen) showed features of cirrhosis of
liver, splenomegaly, the stones-chronic cholecystitis, and the
formation of spleen venous thrombosis (Fig. 1A–D). Cranial CT
exhibited empty sella (Fig. 1E and F). The magnetic resonance
imaging (MRI) of the cervical spine showed a herniated disk in
the area of C4-5. MRI of the thoracic spine disclosed no
abnormalities. The MRI of the lumbar spine indicated lumbar
disc herniation. And there is no evidence of spinal cord
(B) of CT abdomen showing liver cirrhosis, splenomegaly, ascites, cholecystitis.
tacaval shunts. Cranial CT (E, F) indicated the possibility of empty sella, no other
lumbar (I) spine, there was no pressure on the spinal cord. CT = computed
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compression (Fig. 1G–I). Electromyography (EMG) revealed that
the movement conduction velocity, the sensory conduction
velocity, and the action potential amplitude were normal.
Somatosensory evoked potentials of the lower limbs were
normal. Motor evoked potentials (MEPs) studies disclosed
MEP abnormalities of double lower limbs.[16] There is no
uniform standard for HM diagnosis currently. In view of
decompensated cirrhosis, increases of Blood ammonia concen-
tration, history of TIPS, the abnormity of MEPs, free of spinal
cord injuries, and excluding other causes of spinal cord disease,
her spastic paraparesis was diagnosed with HM secondary to
TIPS. Considering splenomegaly and hypersplenism, she was
treated with partial spleen embolization. After several weeks of
antiviral medications, B Vitamins supplements, liver protection,
and nerve-nurturing, the MRC grade and self- care ability had
not worsened. One month later, she was discharged. She can
walk a few meters with auxiliary tools and she presented obvious
scissors gait at that time.
According to the report, the prognosis of HM is poor. In view

of the therapeutic effect of FMT on HE,[15] and the relationship
between liver disease and gut bacteria.[17] She volunteered to
receive FMTs during the follow-up period. The study protocol
was approved by the Ethics Committee of the First Affiliated
Hospital of ChengduMedical College and passed the US Clinical
Trial Registration Certification (ClinicalTrials.gov ID:
NCT03013712). After getting the informed consent of the
patient, we performed 3 FMTs from 4 healthy donors. The first
time administered by colonoscopy, and the remaining twice by
gastroscopy. Because the patient’s compliance is not good, the
time of FMT is not absolutely regular. There were no adverse
events related to FMT during follow-upmonitoring. After 3 times
FMTs, the appetite improved, the weight increased, the TBIL
decreased, the total bile acid slightly increased, and the number of
fecal microbiota recovered normal. The score of Child-Pugh
decreased to 6 after 3 FMTs (Table 1). More importantly, there
arose both subjective and objective changes in spinal conditions.
Subjectively, the patient reported that her legs seemed to have
toned up since May 2017 (shortly after the third FMT).
Objectively, Muscle strength in the right limb was improved to
MRC grade 4-. Muscle strength in the left limb was improved to
MRC grade 4. The length of her stride became longer. She was
able to walk a few meters without auxiliary tools at once and the
gait improved. She realized taking care of life for herself the most
time. Some scholars have classifiedHM into the following 4 levels
Table 1

Several varying indicator after FMT.

Date Basic 2017.01.25 After FMT1 2017.0

TBIL, umol/L 53.4 42.2
ALB, g/L 35.6 39.2
PT, s 15.1 14.4
Ascites Mild Little
HE No No
TBA, umol/L 48.1 58.4
Fecal flora ratio Total number ↓:

45%gm+, 45%gm�,
9%gpc, 1%gnc

Total number is norm
43%gm+, 48%gm
6%gpc, 3%gnc

Child-Pugh score 8 8

ALB= albumin, HE=hepatic encephalopathy, PT=prothrombin time, TBA= total bile acid, TBIL= total
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as Supplementary Table 1, http://links.lww.com/MD/D119.[18]

This grading classifies the severity of HM in detail, and is
particularly suitable as a basis for judging changes in HM
conditions. According to this standard, the patient’s condition
improved from HM2 to HM1. The patient was pleased with this
result, and she has provided informed consent for publication of
the case.
Fecal samples were obtained from the patient before FMT and

a period of time after FMT. Microbial DNA was extracted using
the TIANamp Stool DNA Kit (TIANGEN Biotech, Beijing,
China) and using 16S rRNA sequencing. Sequencing was
performed using a 2 � 300 paired-end configuration; image
analysis and base calling were conducted by the MiSeq Control
Software embedded in the MiSeq instrument. Diversity indices
were calculated using the QIIME (Version 1.9.1). A principal
coordinates analysis (PCoA) based on the unweighted UniFrac
distances was conducted to compare patients’ samples. And we
used consensus-based clinical case reporting guideline develop-
ment to construct this paper.
Histograms of stool microbial composition in a several time

points were shown in Figure 2A. PCoA analysis based on
unweighted unifrac distance (Fig. 2B) found that the distribution
of bacteria in samples FMT2 and FMT3 was more similar. And
the principal component PC1 distinguished Basic, FMT1 (PC1
>0) from FMT2, FMT3 (PC1 <0). This indicates the microbial
composition before FMT is similar to that after the first FMT, and
the receivers’ bacteria that after the third FMT had the similar
composition to that after the seconded FMT. That is, the
composition of gut bacteria was changed after multiple FMTs.
The first heat map showed the beneficial bacteria Lactobacillus
and Faecalibacterium had a high abundance in the donor
samples, which had a low abundance in the recipient samples
before FMT, and increased after FMT. Some harmful bacteria,
such as Fusobacterium, Veillonella, and Haemophilus, had a
lower abundance in the donor samples, but a higher abundance in
recipients before FMT and a reduced abundance after serial
FMT. This indicated that FMT effectively regulated the flora
structure in the recipient (Fig. 3A). The second heat map also
indicated that the abundance of Veillonella and Haemophilus
were reduced after subsequent FMT (Fig. 3B). Although
Faecalibacterium, which played a positive role in human health,
had a tendency to decrease in abundance after the initial FMT,
the abundance increased after the third FMT. In addition, the
abundance of Staphylococcus, sutterella, streptococcus increased
2.15 After FMT2 2017.04.11 After FMT3 2017.05.09

42.8 40.6
34.4 36.7
15 13.6
Little No
No No
53.7 61.3

al:
�,

Total number ↓ 54%gm+ ,
40%gm�, 6%gpc

Total number is normal:
35%gm+, 58%gm�,
4%gpc, 3%gnc

7 6

bilirubin.
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Figure 2. (A) Histograms of stool microbial composition at the genus level. The first 4 columns represented the patient’s profile after serial FMT. The remaining
columns represented donor profile at 4 different time points of fecal donation. (B) PCoA plots based on unweighted UniFrac metric. Basic: before fecal transplant;
FMT1: the first FMT; FMT2: the second FMT; FMT3: the third FMT. Donor 1, Donor 2, Donor 3, Donor 4 referred to 4 healthy donor. FMT = fecal microbiota
transplantations, PCoA = principal coordinates analysis.
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after subsequent FMT. Fusobacterium, as a positively correlated
bacterium with the risk of inflammatory bowel disease and
colorectal cancer,[19] decreased its abundance after the first FMT,
increased after the later FMT, but declined overall (Fig. 3B).

3. Discussion

As far as we know, this is the first report that use FMT to treat
HM. The strengths of this case were that it provided a feasible
treatment solution for HM. The limitation was that there was no
more FMT to see if it has better effect. In this case, the clinical
igure 3. (A) Heat map based on the abundance of stool microbial composition at the genus level, from samples of donors and recipient. (B) Heat map based on
e abundance of stool microbial composition at the genus level, from samples of recipient. FMT1: the first FMT; FMT2: the second FMT; FMT3: the third FMT.
onor 1, Donor 2, Donor 3, Donor 4 referred to 4 healthy donor. FMT = fecal microbiota transplantations.
F
th
D
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symptoms improved after serial FMT. The composition and
diversity analysis of the bacteria found that the microbial
composition changed significantly after serial FMTs, mainly
including the increase in relative abundance of Faecalibacterium,
the reduction in relative abundance of maleficent bacteria like
Fusobacterium, Veillonella, and Haemophilus. Faecalibacterium
is related to decrease gut permeability and reduce inflamma-
tion,[20] affect the effect of anti-tumor therapy,[21] produce of
butyrate, exert profound immunometabolic effects that it leads to
reduction of its abundance in type 2 diabetes.[22] The
pathogenesis of HM is not completely clear. Considering the
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obvious relationship with the shunt, a common theory is that
hepatic dysfunction and portosystemic shunt lead to toxic
substances accumulate in the body, and toxic substances
produce damage to the spinal cord after passing through the
blood-brain barrier (BBB).[23] Interesting, the SCFA butyrate is
able to restore BBB integrity. That is, bacterial species which
can produce butyrate have an effect on the physiological state
of the BBB via metabolic signals.[24] In this case, the lower
abundance of Faecalibacterium may increase permeability of
the BBB, vanish the selective barrier of serum and lead to many
toxins cross the BBB. There is also a theory suggests that HM
might associate with ischemia injury of spinal cord and
meninges because of the predominant position of the spinal
cord lesions.[25] Intriguingly, microbiota is related to plasma
concentration of the cytokine granulocyte colony stimulating
factor (G-CSF).[26] And G-CSF has a protective effect following
ischemic injury.[27] This may be 1 reason why FMT works,
Faecalibacterium or other microbial taxa may have the
competent to contribute to the production of G-CSF. Another
theory is that immune damage may play a role in the
pathogenesis of HM, since viral infection and replication can
cause cellular immune responses in the extrahepatic spinal cord
and nerves, and there is an effective case of antiviral treatment
for hepatitis c virus-related HM.[28] Gut bacteria can affect
autoimmune diseases like systemic sclerosis (SSc). It is worth
noting that patients with SSc also have less abundance of
Faecalibacterium and increased abundance of Fusobacte-
rium.[29] The gut bacteria of this disease changes roughly
similar to this HM case, which confirms the possibility that gut
microbiota control neurological function through the immune
system in this HM case. Microbial-associated molecular
pattern can prompt innate immune cells to produce pro-
inflammatory cytokines, which can cross BBB and act on
receptors expressed by microglia.[30] An animal study has
shown that intestinal flora of laboratory mice can control the
period at which microglial cells attains maturity and its
functions.[31] Besides,M2microglia can enhance remyelination
and resist demyelination.[32] And a symmetric loss of myelin in
the lateral corticospinal tracts was the specific feature of
HM.[33] The above concepts also set up a bridge between
intestinal flora and HM. In previous coverage, patients with
HM had poor prognosis, and the damage was almost
irreversible.[34] So, FMT may affect HM in many aspects.
The only well-established treatment method is liver transplan-
tation at the early stage, it can improve the symptoms of legs.[2]

But the extremely high operation fee, limited liver source, and
complex process of liver transplantation make the feasibility of
treating HM with liver transplantation limit. Previous studies
about microbiome-gut-brain axis provide us new enlighten-
ment for the therapy of HM. This case indicated that FMT may
have a good therapeutic effect for HM and deserve further
investigation.
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