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Along with advances in surgical techniques, the adminis-

tration of calcineurin inhibitors (CNIs) has significantly

improved the outcome of organ and tissue transplanta-

tion [1,2]. However, these potent immunosuppressive

drugs possess the capacity to cause toxic side effects.

Central nervous system toxicity presents as a wide spec-

trum of mild-to-severe neurological and psychiatric

disorders that have been observed in approximately

20–40% of liver transplant recipients treated with CNIs

[3–6]. It has been reported that the risk factors for

neurological complications (NCs) possibly include hypo-

glycemia, hypomagnesemia, hypocholesterolemia, elevated

cyclosporine (CsA) and tacrolimus (TAC) blood levels,

hypertension, acute renal failure, pre-operative hepatic

encephalopathy, decreased liver function, and electrolyte

disturbances such as hyper- or hyponatremia [7–10].

Generally, the symptoms of NCs can be reversed by dis-

continuing or reducing the dose of CNIs [7–13]. How-

ever, without appropriate immune monitoring, these

strategies may, in turn, increase the risk of acute cellular

rejection (ACR).

In this study, we describe our experience in treating 10

patients with NCs after living-donor liver transplantations

(LDLTs). Between June 2000 and March 2006, 74 patients

underwent LDLTs at Hiroshima University Hospital. Of

the 74 patients, 45 had not experienced pretransplant

NCs. These 45 patients included 27 males and 18 females;

their ages ranged from 20 to 66 years (mean age ± SD,

50.9 ± 9.4 years). The primary diseases in these patients

included hepatitis B/C virus-related cirrhosis in 30

patients (of these, 19 patients had hepatocellular carci-

noma), primary biliary cirrhosis in five, autoimmune

hepatitis in four, alcoholic cirrhosis in two and other dis-

eases in four patients. The graft donors included 31 off-

spring, nine spouses, three siblings and two parents; their

ages ranged from 18 to 61 years (mean age,

32.5 ± 12.1 years). The graft weight and graft-to-recipient

body weight ratio (GRWR) ranged from 262 to 896 g
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Summary

Neurological complications (NCs) represent a serious problem following liver

transplantation and may develop either because of various peri-operative fac-

tors or the toxicity of immunosuppression. Although the causality assessment

of NCs can be particularly difficult in the setting of organ transplantation, cal-

cineurin inhibitors (CNIs) might influence NCs to a certain extent, regardless

of the etiology. Therefore, minimizing the influence of CNIs could be a reason-

able strategy for alleviating NCs. Based on our hypothesis that lipid supple-

mentation prevents lipophilic CNIs from crossing the blood–brain barrier,

soybean oil was administered to five liver transplant patients with NCs. In all

of these patients, the neurological symptoms improved without discontinuing

or reducing the dose of CNIs. Thus, lipid supplementation might be able to

reduce the adverse neurological effects of CNIs.
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(mean weight, 593.2 ± 150.4 g) and from 0.49% to 1.92%

(mean ratio, 0.97% ± 0.27%), respectively. The basic

immunosuppressive regimen after LDLT comprised TAC/

CsA and methylprednisolone with/without basiliximab.

Of the 45 patients, 11 received CsA-based immunosup-

pressive therapy, while the remaining 34 received TAC-

based immunosuppressive therapy. The choice between

CsA and TAC was left to the surgeon. The target blood

levels of CNIs were achieved in all the 45 recipients in

this series. The trough whole blood levels of TAC were

maintained between 8 and 15 ng/ml in the first few post-

operative weeks and between 5 and 10 ng/ml thereafter;

those of CsA were maintained between 150 and 250 ng/

ml in the first few postoperative weeks and between 100

and 150 ng/ml thereafter.

Of the 45 patients, 10 presented with a wide range of

neurological and psychiatric disorders (NC group). The

remaining 35 patients did not show any symptoms of NC

(non-NC group). The characteristics of these patients are

listed in Table 1. No significant differences were observed

between the NC group and the non-NC group with

respect to age, sex, operation time, time to extubation,

GRWR, or the type of CNIs used for immunosuppres-

sion. The mean onset of symptoms was after 6.9 ± 4.3

post-operative days. When NCs developed, the serum

levels of neurotoxic substances – such as bilirubin or

ammonia – in the NC-group patients were comparable

with those in the non-NC group patients on the 7th

post-operative day (Table 2). No clear relationship was

observed between the blood levels of CNIs and the inci-

dence of NCs. No significant difference was observed in

the pretransplant serum cholesterol values between the

NC group and the non-NC group (145.1 ± 17.9 and

135.3 ± 8.8 mg/dl, respectively; unpaired Student’s t-test).

Notably, when NCs developed, serum cholesterol values

were remarkably lower in the patients with NCs when

compared with those in patients without NCs on the 7th

post-operative day (Table 2).

In the patients suffering from NCs (Table 3), the first

two patients (cases 1 and 2) recovered after the dose of

CNIs was reduced. The next three patients recovered after

TAC was withdrawn and the basal immunosuppressant

Table 1. Patient characteristics.

Non-NC group (n ¼ 35) NC group (n ¼ 10) P-value

Age at LTx (years) 51.4 ± 1.6 49.1 ± 2.6 0.50

Sex (male/female) (n) 22/13 5/5

Primary diagnosis (n)

Cirrhosis 12 6

HCC 16 3

Others 7 1

Operation time (min) 724.8 ± 22.7 685.4 ± 22.5 0.38

Time to extubation (days) 2.9 ± 0.5 2.2 ± 0.5 0.49

GRWR 0.99 ± 0.04 0.90 ± 0.07 0.29

CsA/TAC (n) 8/27 3/7

NC, neurological complication; LTx, liver transplantation; HCC, hepatocellular carcinoma; GRWR, graft-to-recipient body weight ratio; CsA,

cyclosporine; TAC, tacrolimus.

Data are expressed as mean ± standard error of mean.

Statistical differences were determined by unpaired Student’s t-test. Differences with P < 0.05 were considered significant.

Table 2. Clinical parameters.

Non-NC group (n ¼ 35) NC group (n ¼ 10)

(Averaged data of POD7) [Averaged data at the time of development of NC (POD 6.9 ± 4.3)]

Total bilirubin (mg/dl) 5.2 ± 0.7 6.2 ± 0.9

AST (IU/l) 81.0 ± 8.6 82.0 ± 20.1

ALT (IU/l) 246.0 ± 28.5 178.1 ± 44.7

Ammonia (lmol/l) 34.3 ± 1.8 33.1 ± 4.8

CsA trough (ng/ml) 204.3 ± 26.5 221.1 ± 64.5

TAC trough (ng/ml) 9.3 ± 1.8 11.1 ± 1.7

Total cholesterol (mg/dl) 97.5 ± 4.7 73.5 ± 5.8

NC, neurological complication; POD, post-operative days; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CsA, cyclosporine;

TAC, tacrolimus.

Data are expressed as mean ± standard error of mean.
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was switched from TAC to CsA (cases 3, 4, and 5). How-

ever, one of these patients subsequently suffered from

ACR that probably occurred because of the reduction in

the dose of CNIs (case 3).

It is well known that both CsA and TAC are highly

lipophilic; moreover, the lipophilic nature of both the

substances implies that they do not rapidly enter the

brain tissue [10,13]. In blood, approximately 40% of CsA

is taken up by erythrocytes. Most of the remaining 60%

is bound to the lipoprotein fractions, which include tri-

glycerides, phospholipids, free cholesterol, cholesterol

esters and apolipoproteins. It appears that <10% of CsA

is not bound to lipoproteins or erythrocytes [8,14,15]. In

the presence of hypolipidemia, unusually large amounts

of CNIs may remain unbound or free. If the blood–brain

barrier is impaired, the unbound CNIs might be able to

cross it, leading to their increased uptake in the brain. In

addition, there exists strong evidence suggesting that the

average level of FK-binding proteins (FKBP) in brain tis-

sues is 10–40 times higher than that in the immune tis-

sues [16]. A combination of high FKBP levels in the

brain and increased TAC content in the brain tissues

might result in local TAC-associated toxicity. Based on

this concept, we hypothesized that exogenously supplied

lipids can prevent lipophilic CNIs from crossing the

blood–brain barrier. A previous report, which has demon-

strated that the anti-proliferative effect of CNIs is

enhanced when they are bound to low-density lipopro-

teins [17], encouraged us to apply this idea in a clinical

setting. After obtaining approval from the ethical com-

mittee of our institute, we preliminarily tested lipid sup-

plementation in five patients with NCs (cases 6, 7, 8, 9,

and 10). We continuously administered 20% soybean oil

(Intralipos�; Otsuka Pharmaceutical Factory Inc., Naruto,

Japan) at a dose of 0.1–0.2 ml/kg/h for 2–3 days. The

neurological symptoms of all the five patients improved

remarkably after the initiation of the treatment with i.v.

injections of soybean oil without discontinuing or even

reducing the dose of CNIs. During the observation per-

iod, neither adverse effects caused by the soybean oil

treatment nor an episode of ACR was encountered in

these patients. In the context of the other risk factors

known to be related with NCs such as hypertension, fluid

overload, high-dose methylprednisolone concomitant

therapy, and administration of other drugs that inhibit

CNIs metabolism, we have not observed significant differ-

ences between the patients with NCs treated with lipid

supplementation and those treated with dose reduction of

CNIs. In addition, we have not seen observed remarkable

changes in those above-mentioned risk factors before and

after lipid supplementation in the five patients. Hypo-

magnesemia might also be a possible risk factor in NCs.

Although we have not routinely monitored the serum

levels of magnesium, it is unlikely that the soybean oil

Table 3. Characteristics of patients suffering from neurological complication.

Case

Age

(years) Sex

Indication

for LTx CNI

Onset

of NC

Neurological

symptoms

Immunosuppressive

treatment for NC

Duration of

symptoms

(days)

Pre.

T.cho

Onset.

T.cho

Post.

T.cho

1 46 F Alcoholic cirrhosis TAC POD3 Mental status change Dose of TAC reduced 9 89 60 65

2 57 M HBV cirrhosis/HCC CsA POD6 Mental status change Dose of CsA reduced 4 204 80 88

3 52 M PBC TAC POD7 Confusion, seizures TAC withdrawn,

switched to CsA

5 142 63 77

4 32 F AIH TAC POD3 Altered level of

consciousness

TAC withdrawn,

switched to CsA

3 59 50 58

5 38 M HBV cirrhosis TAC POD7 Headache, tremor TAC withdrawn,

switched to CsA

2 228 76 89

6 59 F HCV cirrhosis CsA POD10 Altered level of

consciousness

CsA unchanged + lipid

supplementation

2 98 65 71

7 54 F HCC TAC POD7 Mental status change TAC unchanged + lipid

supplementation

2 159 52 63

8 52 M HCV cirrhosis CsA POD6 Altered level of

consciousness

CsA unchanged + lipid

supplementation

2 197 90 92

9 51 F PBC TAC POD18 Neuralgia TAC unchanged + lipid

supplementation

1 101 99 121

10 50 M HBV cirrhosis/HCC TAC POD4 Mental status change TAC unchanged + lipid

supplementation

1 174 100 102

LTx, liver transplantation; M, male; F, female; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; PBC, primary biliary

cirrhosis; AIH, autoimmune hepatitis; POD, post-operative day; for other abbreviations see footnotes to Tables 1 and 2.

Mental status changes include psychosis, paranoia, restlessness, etc. Altered levels of consciousness include disorientation, confabulation, fixation,

obsession, hallucinations, etc.
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treatment affects those levels because soybean oil does not

contain magnesium.

The mechanism underlying NCs has not been clearly

elucidated. Several investigators have suggested the pres-

ence of some disturbance in the blood–brain barrier

[8,12,13]. The analysis of cerebrospinal fluid after liver

transplantation has demonstrated the presence of CNIs

and their metabolites; further, high-dose corticosteroids

that are administered during transplantation inhibit the

metabolism of CNIs in the liver. Both these observations

suggest a direct toxic effect of CNIs on neural tissues.

The CNIs may gain access to the neural tissues either

directly due to membrane toxicity or indirectly through

the disruption in the blood–brain barrier that is associ-

ated with severe hepatic failure. However, we could not

precisely differentiate NCs from the dementia/mental

derangement associated with hepatic coma – a common

complication in patients with acute liver failure. Thus, the

causality assessment of NCs can be particularly difficult

after liver transplantation. Nevertheless, CNIs might influ-

ence the development of NCs to a certain extent, regard-

less of the etiology. Therefore, minimizing the influence

of CNIs could be a reasonable strategy to alleviate NCs.

Our experience suggests that the exogenous supply of

lipid supplementation might be able to reduce the adverse

neurological effects of CNIs without the risk of insuffi-

cient immunosuppressive therapy.

References

1. Starzl TE, Klintmalm GB, Porter KA, Iwatsuki S, Schroter

GP. Liver transplantation with use of cyclosporin a and

prednisone. N Engl J Med 1981; 305: 266.

2. Starzl TE, Todo S, Fung J, Demetris AJ, Venkataramman

R, Jain A. FK 506 for liver, kidney, and pancreas trans-

plantation. Lancet 1989; 2: 1000.

3. Lewis MB, Howdle PD. Neurologic complications of liver

transplantation in adults. Neurology 2003; 61: 1174.

4. Saner F, Gu Y, Minouchehr S, et al. Neurological compli-

cations after cadaveric and living donor liver transplanta-

tion. J Neurol 2006; 253: 612.

5. Tombazzi CR, Waters B, Shokouh-Amiri MH, Vera SR,

Riely CA. Neuropsychiatric complications after liver trans-

plantation: role of immunosuppression and hepatitis C.

Dig Dis Sci 2006; 51: 1079.

6. Saner FH, Sotiropoulos GC, Gu Y, et al. Severe neurologi-

cal events following liver transplantation. Arch Med Res

2007; 38: 75.

7. Thompson CB, June CH, Sullivan KM, Thomas ED.

Association between cyclosporin neurotoxicity and hypo-

magnesaemia. Lancet 1984; 2: 1116.

8. de Groen PC, Aksamit AJ, Rakela J, Forbes GS, Krom RA.

Central nervous system toxicity after liver transplantation.

The role of cyclosporine and cholesterol. N Engl J Med

1987; 317: 861.

9. Wszolek ZK, McComb RD, Pfeiffer RF, et al. Pontine and

extrapontine myelinolysis following liver transplantation.

Relationship to serum sodium. Transplantation 1989; 48:

1006.

10. Wijdicks EF. Neurotoxicity of immunosuppressive drugs.

Liver Transpl 2001; 7: 937.

11. Mueller AR, Platz KP, Bechstein WO, et al. Neurotoxicity

after orthotopic liver transplantation. A comparison

between cyclosporine and FK506. Transplantation 1994;

58: 155.

12. Bechstein WO. Neurotoxicity of calcineurin inhibitors:

impact and clinical management. Transpl Int 2000; 13: 313.

13. Freise CE, Rowley H, Lake J, Hebert M, Ascher NL,

Roberts JP. Similar clinical presentation of neurotoxicity

following FK 506 and cyclosporine in a liver transplant

recipient. Transplant Proc 1991; 23: 3173.

14. Lemaire M, Tillement JP. Role of lipoproteins and erythro-

cytes in the in vitro binding and distribution of cyclospo-

rin A in the blood. J Pharm Pharmacol 1982; 34: 715.

15. Gurecki J, Warty V, Sanghvi A. The transport of cyclospo-

rine in association with plasma lipoproteins in heart and

liver transplant patients. Transplant Proc 1985; 17: 1997.

16. Steiner JP, Dawson TM, Fotuhi M, et al. High brain

densities of the immunophilin FKBP colocalized with

calcineurin. Nature 1992; 358: 584.

17. Lemaire M, Pardridge WM, Chaudhuri G. Influence

of blood components on the tissue uptake indices of

cyclosporin in rats. J Pharmacol Exp Ther 1988; 244: 740.

Ide et al. A novel therapeutic approach for neurological complication

ª 2007 The Authors

Journal compilation ª 2007 European Society for Organ Transplantation 20 (2007) 632–635 635


