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Abstract
The role of liver transplantation in 29 patients with fulminant and subacute hepatic failure due to a
variety of different causes was examined by comparing the outcome and a variety of
“hospitalization” variables. Transplanted patients (n = 13) were more likely to survive (p < 0.05),
were younger (p < 0.05) and spent more time in the hospital (p < 0.025) than did those who were
not transplanted (n = 16). Despite spending a much longer time in the hospital, transplanted
patients spent less time in the intensive care unit (p < 0.05) in coma (p < 0.01) and on a respirator
(p < 0.01) than did those not transplanted. Most importantly, the survival rate for transplanted
patients was significantly improved (p < 0.05) as compared to those not transplanted. We conclude
that liver transplantation can be applied successfully to the difficult clinical problem of fulminant
and subacute hepatic failure.

Fulminant and subacute hepatic failure are major clinical problems in hepatology because of
the uniformly poor prognosis experienced by its victims. Most series report mortality figures
ranging between 80 to 100% with the majority reporting survival rates of only 5 to 10%
(1-6).

A wide variety of experimental modalities have been used in an effort to improve the dismal
prognosis of such patients. These include charcoal and other resin hemoperfusion systems,
total body blood exchange techniques, temporary liver support using animal organs
connected in series with the patient and heterotopic liver transplantation (7-15). As yet, none
of these methods has provided consistent results. Moreover, in most hands, the with these
modalities have heen little or no better than standard medical care provided in an intensive
care unit.

Since February, 1981 until July 1, 1985, we have been referred for consideration for
orthotopic hepatic transplantation (OLTx) 29 adult patients with acute or subacute hepatic
failure. Herein, we report our experience with these patients.

MATERIALS AND METHODS
Definitions

For the purpose of this study, fulminant hepatic failure was defined as the occurrence of
severe impairment of hepatocellular function progressing to advanced encephalopathy

Copyright © 1987 by rhe American Association for the Study of Liver Diseases
Address reprint David H, Van Thiel, M.D., University of Pittsburgh, School of Medicine, 1000J Scaife Hall, Pittsburgh, Pennsylvania
15261..

NIH Public Access
Author Manuscript
Hepatology. Author manuscript; available in PMC 2011 February 2.

Published in final edited form as:
Hepatology. 1987 ; 7(3): 484–489.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(either advanced Stage 3 or Stage 4) within 8 weeks of onset in an individual without a
history or not of evidence of previous hepatic disease. Subacute hepatic failure was defined
as the occurrence of severe irreversible liver failure which developed within 8 to 28 weeks
from the onset of symptoms in an individual without an antecedent history or evidence of
chronic liver disease.

Patients
All patients admitted to either the medical or surgical services of the authors of this paper
with a diagnosis of acute fuiminant or subacute hepatic failure in advanced Stage III or
Stage IV coma have been considered as possible candidates for OLTx since February, 1981.
Since that time and until July 1, 1985, a total of 29 patients have been evaluated with these
two diagnoses. Of these 29, 11 had fulminant viral hepatitis documented by the appropriate
viral serologic studies and/or a clinical history of a needle stick or other blood exposure in
the cases of non-A, non-B fulminant hepatitis. Nine patients had subacute Wilson’s disease
documented by the presence of Kayser Fleischer rings, an increased urine and hepatic
content of copper and a reduced serum ceruloplasmin level. Nine patients were thought to
have fulminant drug or toxin-induced hepatotoxicity based upon a clinical history of recent
drug or toxin exposure, a consistent history of fever and rapid onset of hepatotoxicity
associated in most cases with an eosinophilia and the absence of any serologic or other
laboratory data to suggest an alternative diagnosis of a recognizable viral or metabolic liver
disease.

Diagnostic Evaluation of the Patients
Each patient underwent a complete liver transplant evaluation consisting of the studies
required to identify the specific etiology and the severity of their disease, and to recognize
and manage any complications that may have developed. This evaluation has been described
before and has not changed over the 41/2 years which encompass this report (16-18).

Chart Review and Validation
The charts of the 29 patients included in this study were reviewed following their discharge
or death to obtain the various data herein reported. All records including intensive care unit
data sheets, anesthesia records, operative reports and the medical and surgical progress notes
were reviewed. In addition, the health status of the 10 surviving patients has been
determined by telephone contact with the patients and their local physicians.

Statistical Analysis
All data are reported as mean values ± S.E. Statistical differences have been determined
using the Student’s t test. Associations have been assessed using the adds ratio to
approximate the relative risk. In this setting, OLTx has been considered to be antecedent to
the outcome (survival), and thus the odds ratio has been used to measure the odds in favor of
experiencing the outcome (survival). When the confidence interval around the odds ratio
excluded unity, indicating excess odds in favor, the significance of the association between
transplantation and survival was tested using χ2 (19,20).

RESULTS
The mean age of the 29 patients included in this study was 27.5 ± 2.2 years. Sixteen were
female and 13 were male. Table 1 shows the individual ages, final diagnoses, type of hepatic
failure, time from admission to onset of coma and outcome of the 29 patients studied. Table
2 shows the liver injury and hematologic parameters of the patients studied just before
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OLTx or at the time of death or peak level of abnormality (which ever was greater) if OLTx
was not performed.

Of these 29, only three patients, two females with acute hepatic failure due to recurrent
halothane exposure and acetaminophen overdose respectively, and a young adult male with
Wilson’s disease, recovered and left the hospital alive not having required a liver transplant.
Of the 26 remaining patients, 13 died waiting to be transplanted while 13 others received an
OLTx. Of those transplanted, 7 are alive and 6 died, for an overall survival rate of 10 of 29
(34%). However, it should be noted that 55% of those transplanted actually survived (Figure
1).

In order to determine whether any differences existed between those who died waiting to be
transplanted and those who actually lived long enough to receive a transplant, the age, the
time spent in hospital, time spent in an intensive care unit, and the time in coma and/or on a
respirator either prior to transplantation or death as well as the amount of blood products
consumed by these patients were compared (Tables 3 to 5). The patients who lived long
enough to be transplanted following admission to the hospital were younger (p < 0.05) and
spent less time in the intensive care unit (p < 0.05), in coma (p < 0.01) and on a respirator (p
< 0.01) than did those who died waiting to be transplanted (Tables 3 and 4). However,
because the patients who were transplanted survived the early hospital period, as a result of
being tranplanted, they spent more total time in the hospital than did those who were not
transplanted, most of whom (13 of 16 or 81%) died (Table 3). Despite such a greater
hospitalization time for those transplanted compared those not transplanted, no significant
difference for blood product consumption was evident between the four groups.

In order to determine what factors contributed to poor posttransplant outcome, the same
variables as as several others known to affect survival following OLTx were compared
between those who survived and those who did not survive OLTx (Table 4). No statistical
differences between the two groups were evident for of the 16 separate variables studied.
However, a trend for a greater amount of time spent in the intensive unit, time on a
respirator and units of blood products consumed prior to transplantation was seen for the
non-surviving group. Had the two groups been larger, these differences may have achieved
statistical significance. It should be noted, however, that the survivors had a longer
hospitalization prior to transplant than did those who died, suggesting that they may have
been less severely ill initially. Again, Table 4 shows a trend for greater intensive care unit
use, time in coma, total time on a respirator and total blood product consumption by those
who died as compared to those who survived following OLTx. Moreover, the duration of the
anhepatic phase of transplant procedure itself tended to be longer in those did not survive.
However, as a direct consequence of their survival, the survivors actually spent more time in
the hospital than did nonsurvivors when all groups are compared (Table 5).

The immediate cause of death of the 13 patients died waiting to be transplanted and those
who following OLTx are reported in Table 5.

Figure 2 shows a life table analysis of the 29 patients herein reported. The survival rates at
time points of 1 month or longer from time of hospital admission were significantly
increased in the transplanted group as compared to those who did not receive a transplant.
Specifically, the odds in favor of survival (odds ratio; upper 95% confidence interval; lower
95% confidence interval; and χ2 significance level, respectively) as a result of OLTx were
increased 7-fold at 1 month (7.33; 38.86,1.38; p < 0.05) and 5-fold at 6 months (5.06; 15.38,
1.66; p < 0.05).
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DISCUSSION
This report clearly documents the poor prognosis of patients with acute fulminant and
subacute hepatic failure whether treated medically or surgically. It also supports the
commonly held idea that youthful persons better than do older patients with such an illness.
It should be noted, however, that only 4 of our 29 subjects were less than 20 years of age,
the usual cut-off age cited for individuals having a better prognosis with fulminant or
subacute hepatic failure. Moreover, two of these four died while one recovered without
OLTx (Table 1). Thus, we do not believe that the younger mean age of the transplanted
patients accounts for their greater survival. Most importantly, this report demonstrates that
the shorter the time the patient is in coma and/or on a respirator, the better the overall
prognosis of the patient. This observation is consistent with earlier reports of poorer
posttransplant survival in patients hospitalized within intensive care units and those on
respirators prior to OLTx (21). Finally, the present data document that liver transplantation
alters the natural history of patients in advanced Stage III or IV hepatic coma due to acute
fulminant and subacute hepatic failure by improving survival and changing the causes of
death in those who ultimately die. Specifically, those who die prior to transplantation do so
because of hepatic failure or one of it’s several associated complications (Table 5), while
those who die after transplantation do so primarily because of either bacterial or fungal
sepsis or renal failure, both of which are probably related to the use of cyclosporin-
prednisone immunosuppression. The causes of death following transplantation observed in
the patients herein reported do not differ from those of patients transplanted for the more
usual indications for OLTx reported previously (22).

Nonetheless, the present data clearly document a 2.8-fold increased survival rate at 6 months
for those patients who were transplanted as compared to those who were not. Data
concerning the long-term survival of these patients are currently not available. However, as
one would not expect the original toxic or metabolic liver disease to reoccur in the patients
with such diseases originally, it is not unreasonable to believe that their long-term survival
should be no different from that of individuals surviving OLTx performed for other
indications. These data suggest that the survival curve is nearly flat 3 months after OLTx
and remains so for approximately 6 years, the limits provided by the currently available
experience for the large number of patients surviving OLTx. It is of some interest to note
moreover that the single survivor of acute fulminant type B hepatitis became hepatitis B
surface antibody-positive post-operatively and is currently working full time free of any
clinical or biochemical evidence of liver disease.

Finally, it should be noted that liver failure, particularly its fulminant and subacute hepatic
forms, is not a homogenous condition and that survival is known to be influenced by the
underlying etiology (23,24). In fact, the mix of patients herein reported is somewhat
unusual, with 9 of the 29 having had fulminant Wilson’s disease. It should be noted in
addition, however, that with the exception of this report, no case of fulminant Wilson’s
disease has been reported to survive to date without OLTx. It shouId also be noted that only
those who use less restrictive definitions of fulminant and subacute hepatic failure (e.g., not
requiring the obligate presence of deep Stage 3 or Stage 4 coma) have reported survival rates
of between 33 and 70%, which are comparable to what we have found in advanced stages of
hepatic encephalopathy (1,3,5,10,23-28). Clearly, the role of liver transplantation in patients
having less severe fulminant or subacute hepatic dysfunction but not in advanced Grade 3 or
4 hepatic encephalopathy but rather in Stage 2 and early Stage 3 remains to be determined.
The current data suggest, however, that once an advanced stage of hepatic encephalopathy is
reached, that liver transplantation improves survival in this particularly ill subset of patients
with fulminant and subacute hepatic failure. This is particularly evident when one considers
that spontaneous recovery, as evidenced by a return of consciousness, removed patients
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herein reported from the active transplant candidate list and thereby actually prejudices the
data for survival in favor of the group not transplanted.
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Fig. 1.
Schematic outline of the hospital course of the 29 patients evaluated.
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Fig. 2.
Actuarial life table analysis of the 29 patients evaluated with acute fulminant and subacuk
hepatic failure divided into two groups: those transplanted (closed squares) and those not
transplanted (open circles).
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Table 3

Hospitalization characteristics of the 29 patients studied

OLTx
survived

(n = 7)

OLTx
died

(n = 6)

No OLTx
survived

(n = 3)

No OLTx
died

(n = 13)

Age (yr) 21.0 ± 4.0 19.7 ± 4.4 35.3 ± 9.9 34.2 ± 3.0

Time in hospital
 (days) 12.1 ± 6.9 5.6 ± 2.8 21.7 ± 6.0 3.3 ± 0.6

Time in ICU (days) 1.6 ± 0.5 3.1 ± 0.7 5.7 ± 3.2 2.4 ± 0.5

Time in coma
 (days) 1.3 ± 0.3 2.4 ± 0.3 3.3 ± 1.9 1.1 ± 0.5

Time on respirator
 (days) 1.1 ± 0.4 1.7 ± 0.4 1.3 ± 1.3 1.8 ± 0.5

RBC (units) 3.9 ± 0.9 8.6 ± 3.5 4.0 ± 2.2 7.8 ± 1.6

FFP (units) 15.5 ± 3.5 32.4 ± 15.5 8.0 ± 3.1 17.4 ± 3.2

The abbreviations used are: ICU = intensive care unit; RBC = red blood cells; FFP = fresh frozen plasma.
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Table 4

Characteristics of 13 transplanted patients

Characteristic Survivors
(n = 7)

Nonsurvivors
(n = 6)

Age (yr) 21.0 ± 4.0 19.7 ± 4.4

Time in hospital prior to
 OLTx (days)

12.1 ± 6.9 4.6 ± 2.6

Time in ICU prior to OL Tx
 (days)

0.6 ± 0.5 1.1 ± 0.5

Time in coma prior to OLTx
 (days)

0.3 ±O.3 0.4 ± 0.3

Time on respirator prior to
 OLTx (days)

0.1 ± 0.2 0.7 ± 0.5

Units of RBC used prior to
 OLTx

1.9 ± 0.8 4.6 ± 2.5

Units of FFP used prior to
 OLTx

10.5 ± 3.3 22.4 ± 12.5

Total time in hospital (days) 67.8 ± 19.4 26.0 ± 13.7

Total time in ICU (days) 2.8 ± 0.8 14.1 ± 5.9

Total time in coma (days) 0.5 ± 0.4 7.3 ± 4.7

Total time on respirator
 (days)

1.8 ± 0.4 9.9 ± 4.8

Time for hepatectomy (min) 221.3 ± 42.5 168.6 ± 41.8

A hepatic time (min) 64.6 ± 11.8 96.7 ± 21.8

Implantation time (min) 262.8 ± 50.5 320.6 ± 84.8

Total units RBC (per hospi-
 talization)

13.8 ± 3.5 32.2 ± 10.5

Total units FFP (per hospi-
 talization)

22.4 ± 5.6 41.1 ± 14.1

Values are mean ± S.E.

The abbreviations used are: ICU = intensive care unit; RBC = red blood cells; FFP = fresh frozen plasma.
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Table 5

Cause of death observed in the 19 patients who died

I. Those not transplanted (n = 13)

 Hepatic failure

  Cerebral edema 1

  Hepatorenal syndrome 4

 Hemorrhagic pancreatitis 1

 Bacterial sepsis 3

 Gastrointestinal bleeding 2

 Cerebral hemorrhage 2

II. Those transplanted (n = 6)

 Fungemia 1

 Renal failure 1

 Subarachnoid hemorrhage 1

 Bacterial sepsis 3
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