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Abstract 
Objective: To discuss the etiology, diagnosis and treatment of central pontine myelinolysis (CPM) 
by analyzing 4 cases of our center and 26 cases reported by others in our country. Methods: We 
analyzed the clinical feature, diagnosis and treatment of 4 CPM cases and then compared them 
with 26 CPM cases reported between 2000 and 2010. Results: The average age of our 4 cases (3 
men and 1 woman) was 47.5 years old. All cases were diagnosed by MRI scan. The patients all had 
been diagnosed as liver cirrhosis and most of the CPM related symptoms were observed within 2 
weeks after surgery, including neural and psychic symptoms and physical impairment. Rapid cor-
rection of hyponatremia during perioperative period and high blood concentration of FK506 may 
be the main causes. All cases received etiological and symptomatic combination treatment and 
were continued with neural function training after hospital discharge. A long-term follow-up (29.5 
± 15.0 months) showed an improvement of neural function to different degrees. Conclusion: CPM 
after liver transplantation is a severe complication, of which the etiology and pathogenesis were 
not clear. MRI scan is the main method for confirmative diagnosis. Etiological prevention and timely 
treatment may improve the prognosis. 
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1. Introduction 
Central pontine myelinolysis (CPM) after liver transplantation was first reported by Starzl in 1987, of which the 
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main pathological characteristic is myelinolysis in central pontine caused by various reasons after liver trans-
plantation, and the typical clinical characteristics are limb paralysis, pseudobulbar palsy, locked-in syndrome, 
etc. However, the pathogenesis of CPM has not been clearly identified so far. In this paper, we studied the data 
of 4 CPM cases in our center and analyzed the clinical features and possible causes of CPM after liver trans-
plantation. 

2. Material and Method 
2.1. Clinical Data 
Between November 2000 and December 2010, consecutive orthotopic liver transplantation (OLT) was per-
formed on 184 patients in our center. 4 of them were diagnosed as central pontine myelinolysis (CPM) after the 
operation, and their medical records were retrospectively investigated. Then we retrieved all the literatures from 
the network database like CNKI, and WANFANG DATA with “central pontine myelinolysis after liver trans-
plantation” as keywords. After removing irrelevant, internal journal and review literature, selecting literatures 
reported cases in accord with the diagnosis of “central pontine myelinolysis after liver transplantation”, further 
removing those that lack important clinical data, we finally got 15 effective literatures [1]-[15]. All data were 
based on the reported number. 

2.2. Statistical Analysis 
Set up data base with information of both cases and articles. Measurement data was expressed as mean ± SD and 
enumeration data was expressed as a percentage. Make Use of SPSS 19.0 software for data statistics and analy-
sis.  

3. Result 
3.1. General Data 
Since 2000, consecutive orthotropic liver transplantation (OLT) was performed on nearly 200 cases in our center, 
4 of which were diagnosed as CPM after liver transplantation. Of the 4 patients, 3 were male and 1 was female, 
and their average age was 47.5 ± 10.5 years. The primary diseases were hepatic cirrhosis in 3 cases and chronic 
severe hepatitis in 1 case. Among the 4 patients, 1 patient showed hepatic encephalopathy before the operation, 
and 2 patients had diabetes. All 4 cases in our center received classic orthotropic liver transplantation (OLT) 
(Table 1). By retrieving the previous officially published literatures, we got 15 literatures available, including 
12 Chinese literatures, 2 English literatures and 1 master thesis. Among the 26 cases from the literatures, 23 
cases (88.5%) were male and 3 cases (11.5%) were female. Their average age was 47.15 ± 8.91 years old. The 
primary diseases were severe hepatitis in 7 cases, hepatic B cirrhosis in 16 cases, liver carcinoma, drug liver 
failure, IgA nephropathy, and hepatolenticular degeneration in 1 case, respectively. 

3.2. Postoperative CPM 
The symptoms of CPM appeared after the operation at an average time of 9.0 ± 6.0 days, of which the main 
clinic features were nerve, mental symptoms and consciousness change (Table 2). All of these 4 cases had MRI 
scanned, showing a decreased signal intensity of T1-weighted images in the pontine without space occupying 
sign and an increased signal intensity of T2-weighted images in central pontine (Figure 1). All 26 cases from 
the literatures showed many symptoms in a sequence as below: paralysis, disturbance of consciousness, pseu-
dobulbar palsy, epilepsia, Locked-in syndrome, mental disorders and oculomotor disorders (Figure 2). 

3.3. Blood Sodium Fluctuations and Hepatic Encephalopathy 
The 4 cases in our center all showed a great increase (more than 12 mmol/L) in blood sodium concentration 
within the 24-hour perioperative period (Table 3). Among them, case 1, 2 and 3 showed psychiatric symptoms 
to different extents. 26 cases reported in articles suffered a treatment of a rapid correction of hyponatremia 
(more than 12 mmol/L) in 24 hours around the operation, too, and also had preoperative hepatic encephalo-
pathy (Table 4). 

http://dx.doi.org/104236/oalib.1100759


Z.-X. Wang et al. 
 

OALibJ | DOI:104236/oalib.1100759 3 July 2014 | Volume 1 | e759 
 

Table 1. General condition, primary disease and surgical approach of 4 cases in our hopital.                            

case Age (y) Gender Primary disease Preoperative hepatic  
encephalopathy Operation manner 

#1 68 F Hepatitis cirrhosis (HBV) Diabetes type П N OLT 
#2 45 M Hepatitis cirrhosis (HBV) Diabetes type П Y OLT 
#3 29 M Chronic severe hepatitis N OLT 
#4 48 M Hepatitis cirrhosis (HBV) N OLT 

 
Table 2. Clinical manifestation and prognosis of 4 cases in our hopital.                                             

case Onset time  
(d) Cardinal symptom 

Complication 
Outcome Follow-up  

time (m) Infection ARF 
#1 12 Dysarthria, double paralysis of the lower limbs Y(lung) N Cured 40 

#2 5 Confusion, speech increase, dysphoria, lack of logical thinking,  
difficulty swallowing, motor aphasia N N Cured 49 

#3 5 Emotional irritability, consciousness, hemiparesis, dysarthria, motor aphasia N N Cured 26 
#4 11 Mental symptoms, disturbance of consciousness, coma Y(lung) Y Cured 3 

 
Table 3. Concentration of serum sodium and immunosuppressive agents of 4 cases in our hopital.                        

Case Preoperative  
[Na+] a (mmol/L) 

Postoperative  
[Na+] b (mmol/L) Δ [Na+] (mmol/L) Immunosuppressor High drug concentration c 

#1 123.9 142 18.1 FK506 Y 
#2 112 141.1 19.1 FK506 N 
#3 126.4 146 19.6 FK506 Y 
#4 136.8 151 14.2 FK506 Y 

a. preoperative 24h [Na+], b. postoperative 24h [Na+], c. over 20ng/ml at least once before the onset of CPM. 
 
Table 4. Relationship between symptom time and rapid correction of hyponatremia, preoperative hepatic encephalopathy.    

Factor  N (%) Onset time (d) P value 

Rapid correction of  
hyponatremia 

Y 22 (84.6) 8.45 ± 5.20 
0.021 

N 4 (15.4) 11.50 ± 5.20 

Preoperative hepatic  
encephalopathy 

Y 10 (38.5) 6.90 ± 4.30 
0.001 

N 16 (61.5) 10.19 ± 5.36 
 

 
Figure 1. Skull MRI of case 4 (A: horizontal T2 scanning, B: sagittal T1 scanning). The arrow 
indicate lesion in central pontine, characteristicof which is a hypointensity signal of T1- 
weighted images in the pontine without space occupying sign and increased signal intensity of 
T2-weighted images in central pontine.                                              
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Figure 2. Clinical symptoms incidence of CPM reported in lite- 
rature.                                                

3.4. Concentration of Immunosuppressive Drugs in Blood 
4 cases in our center took immunosuppressive drugs (FK506) after the operation in dose of 0.10 - 0.15 mg/kg/d, 
and were detected the blood concentration of FK506 every other day. 3 of them appeared a high level of FK506 
concentration exceeding 20 ng/ml at least for one time (Table 3). 26 cases from the literatures have no detailed 
data of the blood concentration of immunosuppressive drugs. 

3.5. Treatment and Prognosis 
The 4 cases in our center received a comprehensive therapy, including nerve nutrition and brain function im-
provement, etc. Meanwhile, the liver function, kidney function, electrolyte and blood concentration of immuno-
suppressive drugs of the patients were monitored carefully. Among these 4 cases, both cases 1 and 4 suffered 
pulmonary infection and received anti-infection treatment; case 4 also suffered acute kidney failure and received 
continuous renal replacement therapy (CRRT). All of them were discharged and recovered to different degrees 
within an average time of 29.5 ± 15.0 months’ follow up. 

Among 26 cases reported in literatures, 17 (65.4%) had concurrent infection, and for single factor regression 
analysis with clinical outcomes, the difference was statistically significant (P < 0.05). 11 (42.3%) had concurrent 
kidney failure, and for single factor regression analysis with clinical outcomes, the difference was statistically 
significant (P < 0.05). 15 (57.7%) cases were dead before discharge. 

4. Discussion 
As one of the leading death causes after liver transplantation [16] [17], CPM has aroused a wide awareness. Al-
though the incidences are different in different countries according to various transplant centers’ reports, the to-
tal incidence of CPM after liver transplantation lies between 5% and 10%, which is much higher than that of the 
general population (0.16% - 5.8%). 

4.1. Etiology and Incentive 
As little known of the exact etiology and effective treatment of CPM, its prevention seems to be particularly 
important, and the present study shows that the etiology may but not limited to as follows. 

4.2. Rapid Correction of Hyponatremia and Preoperative Hepatic Encephalopathy 
Rapid correction of hyponatremia is one of the most widely accepted incentive factors of CPM, and some re-
searchers have successfully made CPM animal models by correcting the hyponatremia rapidly [18]. The reasons 
of serum sodium concentration fluctuation for preoperative liver transplantation cases contain: a). As patients 
with end-stage liver diseases have poor ability to degrade hormone, the serum concentration of antidiuretic 
hormone and aldosterone are relatively high. Meanwhile, some patients with renal insufficiency were given 
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long-term diuretic treatment, so almost all preoperative cases had low serum sodium, even chronic and intracta-
ble hyponatremia. b). Massive transfusion of plasma, albumin, red blood cells and 5% sodium bicarbonate dur-
ing the operation can increase the sodium concentration within a short time [19]. Besides, as a result of the do-
nor liver’s normal ability to degrade antidiuretic hormone and aldosterone, a lot of water and relatively small 
amount of sodium excreted and as a result the concentration of serum sodium increased further. The great fluc-
tuation of serum sodium levels in a short time can cause excessive fluctuations of plasma osmolality, endothelial 
injury, intercellular tight junctions open up, cross-vascular transshipment increases and large amounts of myelin 
toxic substances release, all contributing to the occurrence risk of CPM [20]. Abbasoglu et al. [21] regarded 
preoperative hepatic encephalopathy as another risk factor of CPM, and other scholars believed that the lack of 
brain inositol in patients with chronic liver disease may increase their sensitivity of serum sodium levels fluctua-
tions [22]. 

For one thing, among the 26 cases reported in collected literature, 12 cases (84.6%) appeared an excessive 
correction of perioperative hyponatremia, 10 cases (38.5%) appeared preoperative hepatic encephalopathy, and 
9 cases showed both (34.6%). The time for the symptom appearance of those who had a history of correcting 
hyponatremia too quickly was 8.45 ± 5.20 days, while the others’ was 11.50 ± 5.20 days, and statistically sig-
nificant difference existed between the two groups (P < 0.05). Meanwhile, the time for the symptom appearance 
of those who had a history of preoperative hepatic encephalopathy was 6.90 ± 4.30 days, while the others’ was 
10.19 ± 5.36 days, and statistically significant difference also existed between the two groups (P < 0.05). For 
another, cases 1, 2, 3 in the 4 cases of our hospital all showed a great fluctuation of serum sodium levels (>12 
mmol/L in 24 hours) (Table 3), 3 of which existed a preoperative hyponatremia. Only 1 case was diagnosed as 
preoperative hepatic encephalopathy, and all had hepatic encephalopathy after the liver transplantation. It is 
suggested that perioperative hepatic encephalopathy may have a close relationship with CPM after liver trans-
plantation. 

Immunosuppressive Agents 
CsA and FK506, the two major immunosuppressive agents given to cases after liver transplantation, are both 
calcineurin inhibitors and play an immunosuppressive effect by combined with immunophilin [23]. However, 
they may have neurotoxic effects with a high serum concentration. Studies also found that CsA [7] [19] [24] and 
FK506 have a positive correlation with the occurrence of CPM [24]. Researchers found that CsA and FK506 can 
damage the intracranial vascular bed, which may subsequently cause vasospasm and microvascular injury [25], 
and this intracranial vascular injury may be more serious when accompanied by an internal environment disord-
er. Drug’s metabolism and clearance are very slow in liver transplant patients who have impaired liver and renal 
functions. Therefore, CsA or FK506 might show a neurotoxic effect on these patients even within therapeutic 
doses [26]. In addition, glucocorticoids can also result in the nervous system injury through its induced immune 
suppression or a direct toxic effect. Some researchers found that glucocorticoids also have a synergy effect with 
calcineurin inhibitors, by which they may enlarge their nervous toxic effect. Among the 4 cases of our center, 3 
cases had a high FK506 concentration and the left one case had a rapid correction of hyponatremia and multiple 
organ failure before the operation, all of which may cause the metabolic disorder of the immunosuppressive 
agents. So it is rational to consider the electrolyte fluctuations during surgery and elevating speed of plasma 
concentration of immunosuppressive agents as the risk factors for CPM. 

5. Clinical Manifestation and Diagnosis 
The clinical manifestation of CPM after liver transplantation is complex and non-specific, and it generally oc-
curs in 2 - 11 d after the operation with an average time of 7 d [22]. In severe cases, it is manifested as spastic 
paralysis, pseudobulbar palsy, ataxia, locked-in syndrome and so on (Figure 2), and some cases were often mis-
diagnosed as mental illness for only some psychiatric symptoms. In addition, some concomitant factors, such as 
hypoxia, hepatic encephalopathy, electrolyte and metabolic disorders, infection etc., can result in coma and 
psychological symptoms before surgery and subsequently bring some interference for timely diagnosis of CPM. 
Therefore, it is necessary to consider the possibility of CPM after liver transplantation when patients show un-
explained mental disorders. Particularly, there could probably be a higher possibility of CPM for the patients 
with preoperative hepatic encephalopathy who appear psychiatric symptoms and even coma again after regained 
consciousness after liver transplantation [27]-[30]. At the present, the diagnosis of CPM mainly based on brain 
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MRI scanning, but it should be noted that the MRI of some cases would not show obvious performance until 2 - 
3 weeks after the onset of symptoms [31]. Such as case 4 in our hospital, MRI brain scanning was given twice 
on day 3 and day 17 after the onset of symptoms respectively, but not any significant change was found in the 
brain parenchyma until on day 23 when the result of MRI scan was positive. Therefore, it may not be appropri-
ate to exclude those suspected cases only by one negative MRI result, and the combination of clinical symptoms 
and multiple inspections is indispensable. 

6. Prevention and Treatment 
For the little knowledge about the etiology and effective treatment of CPM, its prevention must be the focus. 
Many risk factors may be involved in inducing CPM after liver transplantation as mentioned above, so it is es-
sential to do as follows for perioperative liver transplant cases: 1) Correct hyponatremia slowly (24 h correction 
rate < 12 mmol/L), and pay attention to other electrolyte disorders for maintaining the plasma osmolality at 
normal range; 2) Prevent the neurotoxicity of the immunosuppressant by adjusting the dosage of CsA or FK506 
appropriately according to the serum drug concentration; 3) Protect the nervous system function before surgery 
as soon as possible and avoid other incentives of hepatic encephalopathy. 

As for the treatment, as the presence of spastic paralysis, varying degrees of conscious disturbance and wea-
kened cough reflex, CPM patients often suffer co-infection, renal failure and other complications which can re-
sult in the internal environment disorder, important organs dysfunction and poor prognosis [2], so it is necessary 
to pay special attention to prevention and treatment of complication, such as aspiration pneumonia infection, re-
trograde urinary tract infection, renal failure and so on. 2 cases of our center co-suffered respiratory tract infec-
tion and1 of them recovered after anti-infective treatment. 1 case of our hospital suffered acute renal failure and 
was given the continuous renal replacement therapy. Animal experiments and clinical reports imply that timely 
and reasonable application of glucocorticoid has a certain effect on the prevention and treatment of CPM [32] 
[33], so we gave large doses of glucocorticoids to 4 cases of our hospital and obtained a certain effect. Besides, 
nutrition and long-term exercise of neurological function was also given for the treatment of the 4 cases of our 
hospital. Furthermore, some case reports implied that plasmapheresis, immune globulin, thyrotropin-releasing 
hormone and hyperbaric oxygen therapy may be effective to CPM cases [34]-[36], but the exact effect requires 
further clinical validation. 

7. Prognosis 
The prognosis of CPM after liver transplant is still uncertain. Some scholars believe that the CPM is a self-li- 
mited disease [37] and its prognosis is good. Meanwhile, some others deem that the prognosis of CPM after liv-
er transplantation is ominous [3] for its high mortality (one of the major causes of death after liver transplanta-
tion). All of the 4casesof our hospital were cured, but were still left over sequel to varied degrees. However, 
only 11 cases (42.3%) among the 26 cases reported in the literature survived and the other 15 cases (57.7%) 
died.CPM after liver transplantation often occurs in the high-incidence period of the intra-abdominal hemorr-
hage, vascular thrombosis, and graft dysfunction and other complications of liver transplantation. Moreover, 
CPM can cause lung infections and other complications itself, so prevention of other complications is very im-
portant. According to the analysis above, we believe that the prognosis of CPM after liver transplantation is still 
not optimistic at present, and prevention measures for the incentive and symptomatic treatment is crucial. 

In addition, it is widely believed that preoperative hepatic encephalopathy is not only an important incentive 
of CPM, but also has a close relationship with its prognosis. But in a total of 30 cases in our hospital and re-
ported in the literature, 6 cases (54.5%) of 11 cases which suffered preoperative hepatic encephalopathy died, 
and 9 cases (36.8%) of 19 cases without preoperative hepatic encephalopathy died, showing no significant dif-
ference between the two groups. There maybe two reasons for this result. For one thing, the number of cases we 
collected was not big enough so that it could not represent the overall situation of CPM after liver transplanta-
tion. For another, subjective differences in the diagnostic criteria of hepatic encephalopathy among different liv-
er transplantation centers may affect the accuracy of the comprehensive analysis. Therefore, it is necessary to 
make a more objective and effective diagnostic criteria. 

8. Conclusion 
As a seldom-happened complication, the etiology and pathogenesis of CPM after liver transplantation are not 
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understood completely, and its diagnosis mainly relies on brain MRI presently. For the high mortality and non- 
specific treatment, both the prevention of the probable incentive and appropriate diagnosis and treatment are of 
great importance for improving the prognosis of CPM after liver transplantation. 
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