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Abstract

Objectives: To report 2 children with acute hepatic myelopathy after hepatitis A infection who recovered completely after living
donor liver transplantation. Methods: All the children admitted into liver intensive care unit (LICU) from November Ist 2018 to
31st October 2019, were evaluated for the neurological features. The data was collected from the admission register of the LICU
unit in children below |5 years age. Medical records of these children were reviewed and data collected. Established clinical
criteria were used to categorize the various grades of hepatic encephalopathy/myelopathy. Results: 37 children were seen over
|-year period between 6 months to |5 years age. There were 24 male(64.9%) and |3 females. Acute liver failure was seen in
19 (51.3%) and acute on chronic liver failure in 18 (48.7%). There were 10 cases of hepatitis A in acute liver failure group, 10 of
19 cases (52.6%), while Wilson’s disease and undetermined etiology group formed the chronic group. 2 cases of hepatic
myelopathy were seen in acute liver failure following hepatitis A infection. Both these children underwent live liver donor
transplantation and recovered completely. Further in hepatitis A group,3 children had spontaneous recovery, 4 died and | child
was discharged with end of life care. Overall out of all 37 children with liver failure,20 (54%) were discharged, 6 (16.2%) were
advised end of life care and | | (29.8%) died. Conclusion: Two cases (10.5%) of reversible hepatic myelopathy were seen in acute
liver failure group of |9 cases. 18 out of 37 (48.6%) children had residual neurological features at discharge time.
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Introduction following acute fulminant liver failure is rarely seen and
reported. Two children in our series had hepatic myelopathy
following HE after acute fulminant hepatitis A infection, which
reversed after liver transplantation (LT).

Neurological complications are often seen with chronic liver
disease.'” Extrapyramidal features and neuropsychiatric man-
ifestations are common in chronic liver diseases.”> Hepatic
encephalopathy (HE), the most serious and life threatening
condition is seen in acute liver failure and in acute on chronic
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Methods

All the children admitted into liver intensive care unit (LICU) from
November 1st 2018 to 31st October 2019, were evaluated for the neu-
rological outcome. The data was collected from the admission register
of the LICU unit in all children below 15 years age. All the medical
records of these children were seen and data collected. The diagnosis of
HE was based on well-established clinical criteria in children and was
graded into 4 grades.® The indication for admission to LICU was pres-
ence of grade 3 or 4 HE requiring ventilator support or plasma
exchange. An initial neurological examination was made before admis-
sion to LICU. Neurological assessment was also done after transfer
from LICU to the ward. Final neurological examination and outcome
were assessed at the time of discharge. King’s College Hospital criteria
was used to list the children for liver transplantation [LT] and LT was
done based on trend of rising international normalized ratio (INR) and
increasing HE.” The institute has a living donor LT program. Plasma-
pheresis was done as a bridge to LT whenever there was a delay.® The
children requiring liver transplant were assessed before, after liver
transplantation and at discharge. The children undergoing plasmapher-
esis were assessed in the ward at the time of discharge from hospital.
Baseline blood including complete blood count, liver biochemical
tests, PT, APTT, serum copper, serum ceruloplasmin, autoimmune
profile, ammonia, renal functions, hepatitis profile and day to day
blood tests were done. Imaging of the abdomen was done in all. Brain
imaging and EEG were done when the clinical condition required. The
children with myelopathy were diagnosed after liver transplantation
(LT) when there was complete reversal of encephalopathy but there
was weakness of upper and lower limbs with sphincteric involvement.
Myelopathy was diagnosed on the classic features of upper motor
neuron signs in upper and lower limbs. MRI brain and spine were done
in both children to rule out other causes in brain and spine. Nerve
conduction study was also done in them.

Case Summaries

Case |. A 5 year 8 months boy presented in a critical condition to the
hospital emergency of institute of liver and biliary sciences (ILBS).
The boy had 3 days history of jaundice, 1 day history of deranged
sensorium. He was intubated before transfer from a peripheral hospi-
tal. At admission he had bradycardia (heart rate of 45/minute) and
pupils were reacting both sides. Laboratory work up revealed INR
3.17, serum bilirubin of 25.3mg/dl (15.6mg/dl direct), ASAT-1035
(5-40 TU/L), ALAT-1358 (10-40 IU/L), serum ammonia ranged
between 290-434 (12-60 ug/L), normal ceruloplasmin 0.21
(0.2-0.6 g/L).HIV profile was negative. ANA, double stranded DNA
were negative. Hepatitis B, C and E were negative. IgM Hepatitis A
antibody was positive. Renal functions were normal. EEG revealed
bi-hemispherical delta activity suggestive of encephalopathy with
raised intracranial pressure. An urgent living donor LT was performed
within 72 hours of hospitalization with father as donor. The surgery
was uneventful without any complications. The child was extubated
24 hours after LT. After 48 hours of liver transplantation encephalo-
pathy started improving but he was not able to move upper and lower
limbs. Examination revealed normal cranial nerves. Both upper and
lower limbs had grade 1/5 power. Deep tendon reflexes were exag-
gerated and plantars were upgoing. MRI brain and spinal cord were
normal. Nerve conduction study was normal. Liver functions returned
to normal in 2 months time. His power in limbs improved gradually.
He was able to sit after 2 weeks, stand after 4 weeks and walking at
the day of discharge (60 day of hospitalization).

Case 2. A 5 year girl presented to the emergency of ILBS hospital
with hepatic encephalopathy and raised intracranial pressure. She had
been intubated outside due to grade 4 HE. On examination the pupils
were reacting both sides. Laboratory work up revealed INR 5.6, serum
bilirubin of 23.6mg/dl (10mg/dl direct), ASAT-1174 (5-40 IU/L),
ALAT-336 (10-40 IU/L), serum ammonia ranged between 334-443
(12-60 ug/L), normal ceruloplasmin 0.22 (0.2-0.6 g/L).HIV profile
was negative. ANA, double stranded DNA were negative. Hepatitis
B, C and E were negative. IgM anti HAV was reactive. Hepatitis A
antigen was positive. Renal functions were normal. CT brain was
normal. EEG revealed bilateral delta activity. She underwent living
donor LT within 36 hours of admission with mother as donor. She
required prolonged ventilation and underwent tracheostomy on post
operative day 13. While recovering from encephalopathy weakness of
upper and lower limbs was noted. She had features of upper motor
neuron lesion in both upper and lower limbs. MRI brain and spinal
cord was normal. Nerve conduction was normal.The girl recovered
gradually and was able to walk after 2 months of liver transplantation.

Results

37 children were admitted in LICU over 1 year period. The age
ranged between 6 months to 15 years of age with a mean of
8.9 years. There were 24 male (64.9%) and 13 females (35.1%).
Acute liver failure (ALF) was seen in 19 (51.3%) and acute on
chronic liver failure in 18 (48.7%). Hepatitis A was the main
cause in ALF group 10 out of 19 (52.6%), Wilson disease and
undetermined cause in chronic group. Associated multi-organ
involvement was seen in 4, renal failure in 3 and pneumoniain 1.
Table 1 shows types of liver disease and neurological work up.
Neurological features and outcome are given in the Table 2. Two
children with acute hepatic myelopathy were seen after recover-
ing from hepatic encephalopathy. They recovered completely in
about 8 and half weeks(60 days) after LT.

Discussion

Neurological complications are often seen with chronic liver
disease.'” Extrapyramidal features and neuropsychiatric fea-
tures are common in chronic liver diseases.> Hepatic encepha-
lopathy is the most serious and life threatening condition seen
in acute liver failure and in acute on chronic liver disease.’
Raised intracranial pressure is the life threatening condition
seen in acute hepatic encephalopathy,3 which is not a common
feature in the chronic liver disease. Intracranial hemorrhages,
focal deficit and seizures are uncommon but seen in these
children.? Spinal cord involvement is uncommon and usually
associated with extensive porto-systemic shunt of blood either
surgically created or occurring spontaneously in chronic liver
disease.*> Spinal cord involvement is labeled as Hepatic mye-
lopathy (HM).It is most often seen in chronic liver disease.” !
Acute hepatic myelopathy gets obscured by dominant encepha-
lopathy in acute liver failure, hence less often reported. The
underlying mechanism for hepatic myelopathy on autopsy
studies have shown selective demyelination of corticospinal
tracts, possible due to the nitrogenous toxins like ammonia.'®
There is symmetrical loss of myelin in the lateral pyramidal
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Table 1. Shows Types of Liver Disease and Neurological Work up.

Table 2. Shows Neurological Features and Outcome.

Features Conditions Number
Types of liver Hepatitis A 10 27.0 %
disease Hepatitis E | 2.7 %
Autoimmune hepatitis 3 8.1 %
Biliary atresia (BA) 8 21.6 %
Wilson 7 18.9 %
Undetermined 7 18.9 %
Drug induced | 2.7 %
HE grades | 5 13.5 %
clinical 2 9 243 %
3 8 21.6 %
4 15 40.5 %
Procedures Liver transplant I I (Hepatitis A-2,Biliary
atresia-5,Unknown-4)
Plasma exchange 13
EEG (6) Grade 4 5
Normal |
Brain imaging (7) MRI- 4
Basal ganglia changes |
Hemorrhage |
Normal 2
CT- 3
Edema |
Normal 2

Percentage of 4, 5, 6 rows not done as the number is small.

tracts, with demyelination beginning in the cervical spine,
becoming more intense at lower levels, and occasionally being
associated with axonal loss.>'? In the early stages, demyelina-
tion seems to predominate, but as the disease progresses, axonal
loss occurs, and this is likely to be irreversible.'® MRI studies
have shown abnormalities in the corticospinal tracts but often
there are no abnormalities seen in the spinal cord.” In a detailed
review from 1966 to 2013, 90 cases of HM were diagnosed. The
first description of the case of the HM goes to 1949,
Hepatic myelopathy is difficult to diagnose in acute liver
failure encephalopathy as acute encephalopathy obscures the
signs of myelopathy and particularly when the patient is in
higher grades of encephalopathy or intubated. After the liver
transplant these patients recover rapidly in higher functions but
they are unable to move upper and lower limbs. Examination
reveals typical upper motor neuron features in the limbs char-
acteristic of myelopathy. A pathology anywhere in the corti-
cocpinal tracts could manifest as weakness of upper and lower
limbs. Normal higher mental functions, language and cranial
nerves after extubation suggest pathology in the spinal cord
most likely when there is acute weakness of upper and lower
limbs.This pattern was seen in our 2 cases. A normal MRI has
been reported in patients with myelopathy due to cirrhosis.’
One has to differentiate hepatic myelopathy from compressive
and non-compressive myelopathy, transverse myelitis,'* acute
myo-neuropathy associated with hepatitis A infection'® and
critical care / intensive care associated neuropathy in these
patients. In this latter condition, the weakness is of lower motor
neuron type with areflexia. Nerve conduction study further helps

Neurological
features Number Percent
At admission HE 37 100.0
to ICU (37) Raised 13 35.1
intracranial
pressure
At discharge (20) Focal deficit | 2.7
(hemiparesis)
Seizures 3 8.1
Extrapyramidal 8 21.6
features
Neuropsychiatry 4 10.8
features
Myelopathy 2 54
(recovered)
No deficit 2 54
Outcome (37) Discharge 20 54.0
End of Life 6 16.2 (Hepatitis E-1,
Care (ELC) Hepatitis A-1,
Wilson-3,
undetermined-|)-
Death I 29.7 (Hepatitis A-4,

Wilson- 1,
Biliary atresia-3,
autoimmune- |,
metabolic/
mitochondrial-
171)

in differentiating this from myelopathy. MRI is often normal in
hepatic myelopathy, as it was in both of our children.” Medical
treatment and shunt surgeries have made some improvement in
myelopathy but liver transplantation may reverse the neurolo-
gical deficit.'®'* The grade of improvement is related to the time
interval between onset of the first symptoms of hepatic myelo-
pathy and liver transplantation.”'° If the liver transplant is done
early there is complete reversal of the myelopathy. Recovery of
myelopathy after liver transplantation is slow and may be
incomplete in chronic liver disease as these patients have under-
gone axonal loss due to the chronicity of the disease. However in
acute liver failure associated myelopathy, the recovery is fast
and complete as these patients have only demyelinating changes
and not the axonal loss.>"'* Furthermore these patients receive
steroids and tacrolimus after liver transplantation which may
also be helpful in recovery. After liver transplantation our 2
children had a rapid recovery on follow up.

Conclusions

Acute reversible hepatic myelopathy is uncommon and rarely
reported. It becomes obvious after recovery from hepatic ence-
phalopathy when the person is not able to move the limbs.
Rapid recovery suggests demyelinating mechanism involved
in the spinal cord. This weakness has to be differentiated from
other causes in brain, spine, nerves and muscles.



Child Neurology Open

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

ORCID iD

Roshan Koul

https://orcid.org/0000-0002-5048-1223

References

1.

Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei
AT. Hepatic encephalopathy definition, nomenclature, diagnosis,
and quantification: final report of the working party at the 11th
World Congresses of Gastroenterology, Vienna, 1998. Hepatol-
ogy. 2002;35(3):716-721.

. Blei AT, Cordoba J, Practice parameters Committee of the Amer-

ican College of Gastroenterology Hepatic Encephalopathy. Am J
Gasteroenterol. 2001;96(7):1968-1976.

. Mukherjee KK, Chhabra R, Khosla VK. Raised intracranial pres-

sure in hepatic encephalopathy. Indian J of Gastroeneterology.
2003;22(S):S62-S65.

. Liao H, Yan Z, Peng W, Hong H. Hepatic myelopathy: case report

and review of the literature. Liver Research Open Journal. doi:10.
17140/LROJ-1-108

. Nardone R, Holler Y, Storti M, et al. Spinal cord involvement in

patients with cirrhosis. World J Gastroenterol. 2014;20(10):
2578-2585. doi:10.3748/wjg.v20.110.2578

10.

12.

13.

14.

. Squires RH Jr, Shneider BL, Bucuvalas J, et al. Acute liver failure

in children: the first 348 patients in the Pediatric Acute Liver
Failure Study Group. J Pediatr. 2006;148(5):652-658. doi:10.
1016/j.jpeds.2005.12.051

. O’Grady JG, Alexander GJ, Hayllar KM, Williams R. Early

indicators of prognosis in fulminant hepatic failure. Gastroenter-
ology. 1989;97(2):439-445.

. Lal BB, Sood V, Snehavardhan P, et al. A novel, bedside, etiology

specific prognostic model (Peds-HAV) in hepatitis A induced
pediatric acute liver failure. Hepatol Int. 2020;14(4):483-490.
doi:10.1007/s12072-020-10050-0

. Panicker J, Sinha S, Taly AB, Ravishankar S, Arunodaya GR.

Hepatic myelopathy: a rare complication following extra hepatic
portal vein occlusion and lienorenal shunt. Neurology India.
2006;54(3):298-300.

Rao PKS, Sheth KA, Nadiq R, Patil M, Channagiri AK. Porto-
systemic myelopathy: a rare neurological presentation of porto-
systemic shunts. J Clin Exp Hepatol. 2012;2(4):393-395. doi:10.
1016/j.jceh.2012.10.005

. Pant SS, Bhargava AN, Singh MM, Dhanda PC. Myelopathy in

hepatic cirrhosis. Br Med J. 1963;1(5337):1064-1065.

Kim SY, Kim MG, Choi WC. Acute transverse myelitis after
acute hepatitis A: findings on magnetic resonance imaging. Clin
Gastroenterol Hepatol. 2008;6(9):xxviii-el.

Stubgen JP. Neuromuscular complications of hepatitis A virus
infection and vaccines. J of Neurol Sci. 2011;300(1-2):2-8. doi:
10.1016/j.jns.2010.09.015

Weissenborn K, Tietge UJ, Bokemeyer M, ef al. Liver transplan-
tation improves hepatic myelopathy: evidence by three cases.
Gastroenterology. 2003;124(2):346-351.


https://orcid.org/0000-0002-5048-1223
https://orcid.org/0000-0002-5048-1223
https://orcid.org/0000-0002-5048-1223


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


