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Abstract 
Two cases of veno-occlusive disease (VOD) occurring in meta- 

static neuroblastoma patients are reported. Treatment included a 
remission induction by conventional chemotherapy and surgery 
followed by an early consolidation with massive chemotherapy, 
total body irradiation and cleared autologous bone marrow trans- 
plantation (ABMT). Both patients had multiple halothane anes- 
thesias. Liver complications occurred 10 and 21 days respective- 
ly after ABMT. The first patient had a precocious and severe 
clinical and biological VOD, heparinotherapy and symptomatic 
treatment were ineffective and he died 12 days after ABMT. The 
second patient had a moderate and later syndrome which was 
controlled by heparin therapy (100 Ulkgtday) delivered by con- 
tinuous infusion; he is now alive free of hepatic disturbance 28 
months after ABMT. The potential iatrogenic factors are dis- 
cussed, with special focus on the use of halogenated anesthetic 
drugs. 
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Veno-occlusive disease (VOD) is a rare clinico-patho- 
logical entity, with obscure pathogeny. Classically it is 
described as a complication of some medical treatments 
(anticancer, immunosuppressive, oral contraception). In- 
troduction of more and more aggressive therapy in treat- 
ing some cancers in children, and specially intensive treat- 
ment followed by bone marrow transplantation, has been 
associated with increasing frequency of VOD. Many pre- 
disposing factors have been accused during the last few 
years, such as pre-existing biological liver defects, the use 
of some anticancer drugs andlor total body irradiation 
(TBI) (1, 12, 13, 19), and halothane anesthesia (3, 18). 

We report two cases of VOD occurring in stage IV 
neuroblastoma patients who underwent intensive chemo- 
therapy with total body irradiation in our hospital. Both 

patients were repeatedly subjected to general halothane 
anesthesia, which can have been an additional risk factor. 

The patients were treated according to the French co- 
operative protocol NB 84 for children more than I year 
old with metastatic neuroblastoma. This treatment in- 
volved: 1) induction chemotherapy including sequential 
cisplatinum-VM 26 (PE) and vincristine-cyclophospha- 
mide-doxorubicin (CAdO) every 3 weeks, with a total of 3 
cycles ( 2 ) ,  2) surgical removal of the primary and 3) early 
systematic consolidation treatment in the first complete or 
partial remission with intensive therapy, by high-dose 
vincristine and melphalan, and TBI up to 12 Gy (lung 
protection after 10 Gy) in 6 fractions and 3 days (14). 

The hematological recovery was ensured by transplan- 
tation of an immunodepleted autologous bone marrow 
(ABMT), (5).  

Case reports 
Case 1. A 13-month-old boy presented in December 1983 with 

a bulky abdominal neuroblastoma and numerous bone and bone 
marrow metastases. Liver tests and hepatitis AB serologies were 
normal at diagnosis. The induction phase was characterized by 
poor hematological tolerance with several episodes of bacillus 
septicemia, which lengthened the treatment (7 months) and dis- 
crete reversible hepatic cytolysis occurring after every cyclo- 
phosphamide course (repeated serological tests remained nor- 
mal). Nevertheless, bone and bone marrow remission was ob- 
tained according to previously described criteria (2, 14), and sur- 
gical excision of the primary was performed (stage pT 3 B) (10). 

Consolidation treatment was accomplished according to the 
protocol. Irradiation had to be delivered (twice a day for 3 days) 
under general anesthesia because of patient’s age. At day 10 after 
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ABMT he got fever, which was not bacteriologically explained 
and was concomitant with a painful, progressive general hepato- 
megaly with ascites. Abnormally rapid consumption of trans- 
fused platelets and a slight increase of serum transaminase 
(SGPT : 113 IUII), total bilirubin (39 mmoV1) and gammagluta- 
myl-transpeptidase (GT) (65 IUD) were also noted. Ultrasono- 
graphy showed homogeneously enlarged liver and reduced dia- 
meter of the subhepatic veins. VOD was considered as highly 
probable and treatment with heparin delivered by continuous 
infusion at a dose rate of 100 IUlkglday associated with diuretics 
and hydric restriction was started. Rapid worsening, marked by 
increasing ascites and major uncontrolled metabolic disorders led 
to death at day 12 after ABMT. Autopsy was refused and histo- 
logical specimen provided by biopsy-needle was unrewarding. 

Case 2. A 2-year-old boy, presented in January 1985 with a 
typical Hutchinson’s syndrome, a right-sided supra-renal secret- 
ing tumor and bone marrow metastases. The induction phase was 
marked by good hematological tolerance and discrete hepatic 
cytolysis with negative serological tests. After surgery (stage pT 
3 A), the patient achieved complete remission. Consolidation 
treatment was given according to the protocol during 6 months 
following diagnosis. General anesthesia with halothane was nec- 
essary twice a day for 3 days to deliver TBI. At day 14 after 
ABMT unexplained fever, weight gain, painful hepatomegaly and 
progressive ascites appeared. At the same time, the efficiency of 
platelet transfusions decreased after having previously been sat- 
isfactory. Serum transaminase levels raised, but other hepatic 
tests remained within normal range. Liver ultrasonography was 
not contributive. Heparin therapy, fluid restriction and diuretic 
treatment were started without delay. The following course was 
favorable with decreasing hepatomegaly, ascites and transami- 
nase values within 4 days and a normal temperature after 8 days. 
The GT level raised temporarily one week later (113 IUII) but all 
clinical and biological disorders disappeared 4 weeks after the 
start of heparin, which was then stopped. This patient is alive 28 
months after ABMT with disease, but without evidence of hepat- 
ic disorder. 

Discussion 
In the reported 2 cases, the diagnosis of VOD was 

based only upon clinical and biological criteria. Liver 
scintigram and CT (3) could not be performed as patients 
were isolated under a laminary air flow due to their bone 
marrow aplasia. Transcutaneous or transvenous liver bi- 
opsy (9) was impossible as platelet counts remained too 
low. Yet, to us the diagnosis seemed to be certain since 
both patients had painful hepatomegaly with ascites and 
unexplained fever, and also abnormal platelet consump- 
tion combined with biological hepatic abnormalities. 

In both cases we find 3 of the factors classically predis- 
posing to an iatrogenic VOD: 
- Pre-existence of biological signs of liver disturbance 

before ABMT (12) which in our patients seemed to be 
related to drug toxicity; moderate increase of transami- 
nase levels occurred after each cyclophosphamide-vin- 
cristine-doxorubicin course, and normalization was ob- 
served before every further course. No viral etiology was 
detected on serological tests. At the time of massive 
therapy, the preliminary hepatic records were normal. 
- Intensive chemotherapy with melphalan. Alkylating 

agents are supposed to be involved in the occurrence of 
VOD ( I ,  8). 

- TBI, which can cause liver lesions on its own (111, 
and certainly increases the risk when combined with cyto- 
toxic drugs in a pre-transplantation conditioning regimen 
(1, 12, 17). 

An additional factor has to be considered, namely the 
repeated halothane anesthesias. Both our patients under- 
went 6 short general anesthesias in 3 days, in order to 
receive TBI. Furthermore, they had been previously 
anesthetized 14 (patient 1) and 6 (patient 2) times before 
the consolidation treatment, to perform bone marrow 
stagings, bone marrow harvesting, to set in central cath- 
eters, to remove the primary, and to perform CT scans. 

The anesthetics commonly used in children are haloge- 
nated compounds, such as halothane. This drug is known 
for its hepatic toxicity after repeated uses (4) and when 
associated with anticancer treatments (6, 18) This toxicity 
is classically an isolated and reversible cytolysis, but very 
likely it can participate in the induction of VOD. 

It seems justified to advocate the limitation of general 
anesthesias as much as possible, specially with halothane, 
in children whose treatment program involves intensive 
therapies, with or wihtout TBI. A very close clinical and 
biological attention is mandatory in order to detect any 
sign of VOD at an early stage. The estimation of early 
parameters, such as factors VII and X, plasminogen and 
antithrombin 111, and N-P 3 P, have been recently investi- 
gated (15, 16) and seems quite interesting for this purpose, 
especially as other valuable tools for the diagnosis of 
VOD, such as liver radionuclide scan and liver CT, cannot 
be performed when patients are in isolation rooms. Ex- 
periments conducted in rats have shown that heparin 
prevents histological lesions associated with liver irradia- 
tion (7). Yet, we believe that the systematic institution of 
heparin therapy at an antiaggregating dose rate, starting 
with the pre-ABMT conditioning regimen, could be pro- 
posed as a way of prevention. 

ACKNOWLEDGEMENT 
This work was Supported by grant INSERM No. 736400. 

Request of reprints: Dr J. C. Gentet, Service d’oncologie 
Pkdiatrique, HBpital de la Timone, F-13385 Marseille Cedex 5 ,  
France. 

REFERENCES 
1. BERK P. D., POPPER H., KRUEGER G. R. F., DECTER .I., HERT- 

ZIG G. and GRAW R. G.: Veno-occlusive disease of the liver 
after allogenic bone marrow transplantation. Ann. Int. Med. 
90 (1979), 158. 

2. BERNARD J. L., PHILIP T., ZUCKER J. M. et al.: Sequential 
cisplatinum-VM 26 and vincristine-cyclophosphamide doxo- 
rubicin in metastatic neuroblastoma. An effective alternating 
non-cross resistant regimen? J. Clin. Oncol. 5 (1987), 1957. 

3. BJORK O., EKLOF O., WILLI U. and AHSTROM L.: Veno- 
occlusive disease and peliosis of the liver complicating the 
course of Wilms’ tumour. Acta Radiol. Diagn. 26 (1985), 589. 

4. BOTI~GER L. E., DALEN E. and HALLEN B.: Halothane-in- 
duced liver damage. An analysis of the material reported to 



VENO-OCCLUSIVE DISEASE AFTER ANTINEOPLASTIC TREATMENT 581 

the Swedish Adverse Drug Reaction Committee, 1966-1973. 
Acta Anaesth. Scand. 20 (1976), 40. 

5 .  FAVROT M. C., KEMSHEAD J., PHILIP I. and PHILIP T.: What 
can be expected from an immunomagnetic bone marrow 
purging procedure? Bone Marrow Transpl. 1 (1986), 321. 

6. GOUNOT R . ,  PERRET-POULAT H., METAFIOT H. et al.: HCpatite 
post-anesthesique. Responsabilite de l'association halothane- 
antimitotiques. Ann. Fr. Anesth. RCanim 3 (1984), 212. 

7. KINZIE J . ,  STUDER R. K., PEREL B. and POTCHEN E. J.: Non- 
cytokinetic radiation injury: anticoagulant as radioprotective 
agents in experimental radiation hepatitis. Science 175 
(1972), 1481. 

8. LAZARUS H. M., GOTTFRIED M. R. and HERZIG R. H.: Veno- 
occlusive disease of the liver after high dose mitomycin C 
therapy and autologous bone marrow transplantation. Can- 
cer 49 (1982), 1789. 

9. LEBREC D., GOLDFARFI G., DEGOTI C., RUEFF B. and BENHA- 
MOW J. P.: Transvenous liver biopsy. An experience based on 
1 000 hepatic tissue samplings with this procedure. Gastroen- 
terology 83 (1982), 338. 

10. LETOURNEAU J .  N., BERNARD J. L., HENDREN W. H. and 
CARCASSONNE M.: Evaluation of the role of surgery in 130 
patients with neuroblastoma. J.  Pediatr. Surg. 20 (1985), 244. 

1 1 .  LEWIN K. and MILLIS R. R.: Human radiation hepatitis. 
Arch. Pathol. 96 (1973), 21. 

12. LOCASCIULLI A., UDERZO C., CONTER V., MASERA G., PORT 
MANN B. and ALBERTI A.: Liver disease after bone marrow 
transplantation in childhoodleukemia. Bone Marrow Transpl. 
1 (1986), 208. 

13. LUDWIG J . :  Drug effects on the liver. A tabular complication 
of drugs and drug-related hepatic diseases. Dig. Dis. Sci. 10 
(19791, 787. 

14. PHILIP T., BERNARD J. L., ZUCKER J. M. et al.: High dose 
chemotherapy with bone marrow transplantation as consoli- 
dation treatment in neuroblastoma. An unselected group of 
stage IV patients over 1 year of age. J .  Clin. Oncol. 5 (1987), 
266. 

15. RIO B., ANDREU G., ARRAGO J. P.et al.: Early platelet transfu- 
sion refractoriness and increased N-P 3 P are prodomic signs 
of venocclusive disease. Bone Marrow Transpl. 1 (1986), 76. 

16. SCROBOHACI M. L., DROUET L., VILMER E. et al.: Changes in 
endothelial and coagulation parameters after allogenic bone 
marrow as a mean of prediction of veno-occlusive disease. 
Abstr. No. 54. 12th Annual meeting of the EBMT, Interlaken 
1986. 

17. SHULMAN H. M., MCDONALD G. B., MAITHEWS D. et al.: An 
analysis of hepatic venocclusive disease and centrilobular 
hepatic degeneration following bone marrow transplantation. 
Gastroenterology, 79 (1980), 1178. 

18. SPIEGEL R., PIZZO P. A., FANTONE J. C. and ZIMMERMAN H. 
J.: Fatal hepatic necrosis after high-dose chemotherapy fol- 
lowing haloalkane anesthesia. Cancer Treat. Rep. 64 (19801, 
1023. 

19. ZAFRANI E. S. ,  PINAUDEAU Y. and DHUMEAUX D.: Drug in- 
duced vascular lesions of the liver. Arch. Intern. Med. 143 
(1983), 495. 




