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Abstract

AIM: To sum up the clinical characteristics of patients with
central pontine myelinolysis (CPM) after orthotopic liver
transplantation (OLT) and to document the possible causes
of CPM.

METHODS: Data of 142 patients undergoing OLT between
January 1999 to May 2003 were analyzed retrospectively.
Following risk factors during perioperation were analyzed in
patients with and without CPM: primary liver disease,
preoperative serum sodium level, magnesium level and
plasma osmolality, fluctuation degree of serum sodium
concentration, and immunosuppressive drug level, etc.

RESULTS: A total of 13 (9.2%) neurologic symptoms
appeared in 142 patients post-operation including 5 cases
(3.5%) with CPM and 8 cases (5.6%) with cerebral
hemorrhage or infarct. Two patients developing CPM after
OLT had a hyponatremia history before operation (serum
sodium<130 mmol/L), their mean serum sodium level was
130.6±5.54 mmol/L. The serum sodium level was significantly
lower in CPM patients than in patients without neurologic
complications or with cerebral hemorrhage/infarct (P<0.05).
The increase in serum sodiumduring perioperative 48 h after
OLT in patients with CPM was significantly greater than that in
patients with cerebral hemorrhage/infarct but without neurologic
complications (19.5±6.54 mmol/L, 10.1±6.43 mmol/L,
4.5±4.34 mmol/L, respectively, P<0.05). Plasma osmolality
was greatly increased postoperation in patients with CPM.
Hypomagnesemia was noted in all patients perioperation,
but there were no significant differences between groups.
The duration of operation on patients with  CPM was longer
than that on others (492±190.05 min, P<0.05). Cyclosporin
A (CsA) levels were normal in all patients, but there were
significant differences between patients with or without
neurologic complications (P<0.05).

CONCLUSION: CPM may be more prevalent following liver
transplantation. Although the diagnosis of CPM after OLT
can be made by overall neurologic evaluations including
magnetic resonance imaging (MRI) of the head, the mortality
is still very high. The occurance of CPM may be associated
with such factors as hyponatremia, rapid rise of serum sodium
concentration, plasma osmolality increase postoperation, the
duration of operation, and high CsA levels.
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INTRODUCTION
The morbidity and mortality of central nervous system (CNS)
complications after orthotopic liver transplantation (OLT) was
19% and 47% respectively[1]. Central pontine myelinolysis
(CPM)[2] is the most serious CNS complication that could be
seen after OLT, and represents an important source of mortality
early after OLT[3]. CPM following liver transplantation was
reported more and more in foreign literatures[4,5], but it was
rarely reported in our country[6,7].
    In this paper, we studied retrospectively 142 patients
undergoing OLT in our center. Fifteen patients had CNS
complications after OLT including 5 patients with CPM. The
clinical features and possible causes of CPM after liver
transplantation were analyzed.

MATERIALS AND METHODS
Clinical data
Between January 1999 to May 2003, consecutive OLT was
performed on 142 patients at our center. Medical records and
clinical data of the patients were retrospectively investigated.
Of them 117 were males and 25 females, age from 19 to 65
years, their age was 45±8.9 years. Indications for OLT
included severe hepatitis 28 cases, hepatic cirrhosis (32 cases),
liver carcinoma (53 cases), polycystic liver (3 cases), and
others (24 cases). Operative procedures were performed with
the standard technique and UW preservation solution. All
patients had similar perioperative intensive care and received
cyclosporin A (CsA) and methylprednisolone-based induction
immunosuppression.

Observational indicators
Patients who developed posttransplant abnormal neurological
symptoms underwent overall neurological evaluation. Magnetic
resonance imaging (MRI) of head was performed in selected
cases. CPM was diagnosed based on: (1) patients who had a
variety of signs including mental status changes, quadriparesis,
pseudobulbar palsy, and drowsiness, etc; (2) MRI showed a
hypointense signal in T1-weighted images and a hyperintense
signal in T2-weighted images in the central pontine. The signal
of T2 was slightly increased after contrast administration.
      Following risk factors during perioperation were analyzed
between patients with and without CPM: age, gender, primary
liver disease, pretransplant serum sodium , magnesium levels,
plasma osmolality, fluctuation degree of serum sodium and
plasma osmolality 48 h after transplantation, duration of
operation, and CsA level. Hyponatremia was defined as serum
sodium <130 mmol/L. Hypomagnesium was  defined as serum
magnesium <1.5 mg/L.

Statistical analysis
Data were expressed as mean±SD. Comparisons of group



means were made with ANOVA for unpaired data, and Chi-
Square test for enumeration data. P<0.05 and P<0.01 were
considered statistically significant.

RESULTS
Clinical features of patients with CNS complications
Fifty-eight of 142 patients undergoing OLT developed abnormal
neurological symptoms such as mania, tremor, confusion,
drowsiness, and diminished state of responsiveness. Thirteen
patients were diagnosed having CNS complications based on
clinical features and MRI. The demographic characteristics of
the patients are outlined in Table 1. There were 10 males and
3 females aged 40-55 years. Primary diseases included severe
hepatitis in 6 cases; hepatic cirrhosis in 4 cases; liver carcinoma,
drug liver failure, IgA nephropathy, and polycystic liver in 1 case,
respectively. Patients developed neurological complications
in the early postoperative period including cerebral hemorrhage/
infarct in 8 cases, CPM in 5 cases. The incidence of cerebral
hemorrhage/infarct and CPM was 5.6% (8/142) and 3.5% (5/142),
respectively. The extent of CPM on MRI was variable, showing
a hypointensity signal of T1-weighted images in the pontine
without space occupying sign (Figure 1A), and increased signal
intensity of T2-weighted images in central pontine (Figure 2A,  2B).
None of the patients showed extrapontine myelinolysis. CNS
complications occurred two weeks after liver transplantation,
ranged from 2 to 18 d. The median time of survival of patients
with CPM after OLT was 24±16.1 d, ranged 7 to 48 d. The patients
who were complicated with cerebral hemorrhage or infarct
survived 2 to 96 d after transplantation, the mean time was
33±30.7 d.

Comparison of clinical characteristics in patients with and
without CPM (Table 2)
Pretransplant hyponatremia was present in all symptomatic
patients with CPM. Two patients developing CPM after OLT
had a severe hyponatremia history before operation (serum
sodium level <130 mmol/L). The average serum sodium level
was 130.6±5.54 mmol/L. The serum sodium level was
significantly lower in patients with CPM than in patients
without neurologic complications or with cerebral hemorrhage/
infarct (P<0.05). The average increase of perioperative serum
sodium 48 h after OLT in patients with CPM, cerebral hemorrhage/
infarct, and without CNS complications was 19.5±6.54 mmol/L,
10.1±6.43 mmol/L, 4.5±4.34 mmol/L, respectively (P<0.01).
Plasma osmolarity was greatly increased 48 h postoperation
in patients with CPM. Despite this, the plasma osmolality was
normal in patients without CPM, but no significant difference
was noted between patient who had complication of cerebral
hemorrhage/infarct and patients who had no CNS complication.
Hypomagnesemia was noted in all patients perioperation, but
there were no significant differences between groups. The
operation time for patients with CPM was longer than that for
others (P<0.05). But no significant difference was found in
operation time between patients who had complication of
cerebral hemorrhage/infarct and those who had no CNS
complication. Following transplantation, all patients received
CsA-based induction immunosuppression. Though the mean
CsA level in all patients was normal, the average CsA level
was greatly higher in patients with CNS complications than in
patients without CNS complications. Age, gender, primary liver
disease were similar among three groups.

Table 1  Clinical characteristics of patients with CNS complications

Patient Hospital Age Gender Primary disease CNS complication        Timing of        Timing of
NO. NO. (yr)         onset (d)       survival (d)

  1 287206 40 Male Severe hepatitis Cerebral hemorrhage   6 11

  2 286967 48 Male Severe hepatitis CPM 10 15

  3 291172 41 Female Severe hepatitis Cerebral hemorrhage   8 26

  4 299921 54 Male Severe hepatitis CPM   6 23

  5 306331 53 Female polycystic liver Cerebral infarct   4 28

  6 312075 51 Male Hepatic cirrhosis Cerebral hemorrhage   2   9

  7 314112 53 Male Severe hepatitis CPM 18 48

  8 325113 49 Male Liver carcinoma Cerebral hemorrhage   2   2

  9 315349 41 Male Hepatic cirrhosis CPM   3 20

10 328762 46 Male Drug liver failure CPM   5   7

IgA nephropathy

11 351480 55 Female Hepatic cirrhosis Cerebral hemorrhage 14 56

12 362960 52 Male Hepatic cirrhosis Cerebral hemorrhage   3 36

13 363980 46 Male Severe hepatitis Cerebral hemorrhage 14 96

Table 2  Comparison of Clinical characteristics in patients with and without CPM

CNS Complications
Index NO CNS Complication

CPM Cerebral hemorrhage
/cerebral infarct

Preoperative serum sodium (mmol/L) 130.6±5.54bc 135.9±2.61 137.4±3.83
Preoperative serum magnesium (mg/L)     0.8±0.19     0.9±0.20     1.0±0.21
Preoperative sosm (mOsm/kg H2O)              274.3±33.09 290.2±22.12 292.5±26.05
Change in serum sodium After 48 h (mmol/L)   19.5±6.54bd   10.1±6.43b     4.5±4.34
Postoperative  sosm (mOsm/kg H2O) 341.6±14.99bc 317.9±29.76 308.8±16.89
Surgery time (min) 492.0±190.05a 450.0±93.50 399.9±76.07
CsA level (ng/dL) 301.3±9.23b 273.8±28.55a 247.2±35.44

Abbreviations: Sosm: Serum Osmolarity aP<0.05 (0.016, 0.037), bP<0.01 (0.000, 0.001) compared with no CNS complications; cP<0.05
(0.017, 0.02), dP<0.01 (0.000) compared with cerebral hemorrhage/infarct.
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Figure 1  T1-Weighted axial magnetic resonance imaging scan
shows symmetric area of hypointensity in the pons. (arrow).

Figure 2  A: T2-Weighted axial magnetic resonance imaging
shows bilaterally symmetric high-signal intensity is seen in
the central pons. (arrow) B: T2-Weighted sagittal magnetic reso-
nance imaging demonstrates hyperintensity area in central
pons. (arrow).

DISCUSSION
CPM was first described in 1959 by Adams. CPM after OLT
was first reported by Starzl[8] in 1978. CPM[9,10] was
characterized by symmetrical loss of myelin in the pontine
basalis, with relatively well-preserved axons and neuronal cell
bodies. Acute CPM often occurred and had a variety of signs
including quadriparesis, pseudobulbar palsy, and locked-in
syndrome. As a severe neurological complication, the progress
of CPM was usually dismal, with a high mortality rate[11]. Most
cases of CPM were diagnosed post-morten. With the recognition
of CPM and the development in MRI technology, more cases
of CPM could be diagnosed while patients were alive. Liver
transplant recipients constituted a high risk group for
developing CPM. The incidence of CPM after OLT varied
from 5-10%[12-14], which was higher than that in other patients
(0.16-5.8%)[15]. The exact etiology of CPM is uncertain, the
rapid correction of hyponatremia might be an important factor.
However, controversy has been going on[16-20].

Pathogenesis of CPM after OLT
End-stage hepatic insufficiency was a common feature of
pretransplanted patients. Advanced liver failure was always
associated with some degree of renal insufficiency. So almost
all hyponatremic states associated with liver disease were
chronic and difficult to be corrected[21]. Input for patients after
OLT was considerably increased as a consequence of bleeding
during operation. The sodium content for fresh frozen plasma
was around 165 mmol/L, 150 mmol/L for albumin solution,
and 140 mmol/L for red blood cells, significantly higher than
the serum sodium of patients with hyponatremia. Correction
of blood loss would thus inevitably lead to a rapid rise in serum
sodium concentration. A multicenter study showed[22] that rapid
correction of hyponatremia exceeding 18 mmol/L in the first
48 h was significantly associated with CPM. The present study

demonstrated that not all patients with hyponatremia developed
CPM. But increase of serum sodium 48 h after OLT in patients
with CPM was 19.5±6.54 mmol/L, which was significantly
higher than that in patients without CPM. Plasma osmolality
was also greatly increased 48 h postoperation. The results of
our study suggested that rapid correction of hyponatremia and
abrupt change of plasma osmolality might account for the
development of CPM. Liver failure might lead to disruption
of astrocyte metabolism with resulting abnormalities of blood-
brain barrier function and a decreased ability to generate new
intracellular osmoles in response to osmotic changes. Thus,
patients with liver transplantation were particularly susceptible
to CPM[23,24]. Lien et al.[25] suggested that rapid correction of
hyponatremia might produce acute dehydration of edematous
brain, leading to high ion to organic osmolyte ratio, osmotic
endothelial injury, and endothelial cell shrinkage with
loosening of tight junctions. Subsequently, transvascular
transport increased and myelinotoxic factors released. Because
of an extensive gray-white matter admixture in the pontine,
this anatomic arrangement could provide a suitable environment
wherein myelinotoxic factors, chiefly derived from the richly
vascular gray matter, could interact with surrounding bundles
of myelin-containing white matter, then lead to demyelination
viz development of CPM.
      Dunn et al.[26] demonstrated the neurotoxicity of CsA in
transplanted patients. Three cases developing CsA associated
akinetic mutism after liver transplantation were reported by Bird
et al.[27], two of three were identified by MRI. The CsA level in all
patients was monitored and controlled in normal range. Although
the mean in-hospital CsA level in CPM group was not different
with that in cerebral hemorrhage/infarct group, the CsA leves in
patients with CNS complications was higher than that in patients
without CNS complications. In this study, pretransplant
hypomagnesemia was noted in all patients after OLT. Previous
study suggested[28] that CsA neurotoxicity could lead to massive
white matter lesions. Hypomagnesemia might contribute to CsA
neurotoxicity and was associated with development of CPM
after OLT, although the mechanism of CPM is unclear.
      The results of our study also suggested that operation time
in patients with CPM was significantly longer than that in
patients without CNS complications. But there were no
differences in operation time between patients with cerebral
hemorrhage/infarct and without CNS complications, indicating
that CNS lesions in liver transplant recipients may be related
with intraoperative bleeding, prolonged low blood perfusion.

Prevention and therapy of CPM after OLT
To our knowledge, at present there is no definitive therapy for
CPM. Therefore, prevention of this condition has become
crucial[29]. Slower correction of perioperative hyponatremia
may be critical for patients undergoing OLT. The rate of
correction should not exceed 15 mmol/L/24 h or 18 mmol/L/48 h.
Major fluctuations in serum sodium during surgery should be
avoided. Plasma osmolality level should be remained within
normal reference, and aggressive magnesium replacement
should be initiated for hypomagnesemia. To decrease the
duration of operation and intraoperative bleeding, no veno-
venous bypass should be recommended. Immunosuppressive
agent concentrations should be carefully monitored and
controlled to avoid neurotoxicity[30]. MRI of head should be
performed when patients occurred neurologic and psychiatric
symptoms after OLT[31,32]. The best way of preventing CPM
was to perform transplantation at an early stage of the disease.
More recently, subclinical CPM after OLT was reported[33],
the patients were nearly asymptomatic, but MRI showed
marked lesions in the pontine. According to these we suggest
that the diagnosis of CPM should be considered in patients
undergoing OLT with major electrolyte fluctuations, and high
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immunosuppressive agent levels. MRI is currently the best modality
available to identify CPM. Support treatment is very important for
patients with CPM. It was reported that cortical hormonel, vitamin,
and serum replacement were used in CPM[34]. Whether these
therapies play a role in CPM remains to be determined.

Prognosis of CPM after OLT
A previous study showed[35] that the occurrence of CPM after
OLT varied from 2 to 11 d, average 7 d. The prognosis of CPM is
usually dismal, with a high mortality rate. The results of the
present study demonstrated that CPM occurred 3 to 18 d OLT.
The median time of survival after OLT was 24.6±16.13 d, ranged
7 to 48 d, the mortality was 100%. These liver transplant recipients
with CPM were associated with the following aspects. (1) Patients
with CPM often had other complications[36], such as infection,
hemorrhage of digestive tract, and multi-organ failure. (2)
Inadequate water intake and electrolyte derangements were not
corrected due to CPM. (3) Venovenous bypass was used in
part of transplantations[37,38], which led to the increase in
operation time, interoperative bleeding, time of low perfusion.
The limited number of patients in this study may account for
the high mortality of CPM after OLT.
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