Turk J Gastroenterol 2010; 21 (3): 270-274

Fulminant hepatic failure and serum phosphorus levels
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Background/aims: Clinical and laboratory predictors of recovery in children with fulminant hepatic failure are limited. Recently, hypophosphatemia has been reported as a laboratory indicator of recovering liver function in children with fulminant
hepatic failure . We aimed to determine the incidence of hypophosphatemia and its association with clinical outcome in children in our center with fulminant hepatic failure. Methods: We
analyzed 21 children who had been diagnosed with fulminant
hepatic failure. Laboratory findings were recorded from admission date until the patient spontaneously recovered, underwent
orthotopic liver transplantation or died. Results: Eight patients (38%) died, 6 (28.6%) underwent orthotopic liver transplantation, and 7 (33.3%) recovered without orthotopic liver
transplantation. We identified hypophosphatemia in 57.1% of
children with fulminant hepatic failure. Serum phosphorus levels were significantly lower in patients who recovered than in
the orthotopic liver transplantation+death group. The presence
of encephalopathy was determined at a much lower rate in the
recovery group than in the orthotopic liver transplantation+death group. Serum phosphorus concentration ≥2.9 mg/dl and
presence of encephalopathy were identified as independent risk
factors for mortality. Conclusions: Hypophosphatemia can be
identified as a marker of recovery in children with fulminant
hepatic failure. Presence of encephalopathy and a serum phosphorus level ≥2.9 mg/dl appear to indicate a poor prognosis in
children with fulminant hepatic failure.

Amaç: Çocukluk ça¤› fulminan karaci¤er yetmezli¤inde iyileﬂmeyi gösteren klinik ve laboratuvar belirteçleri oldukça s›n›rl›d›r. Son zamanlarda, fulminan karaci¤er yetmezli¤i olan çocuklarda baﬂlang›çta hipofosfatemi varl›¤›n›n karaci¤er fonksiyonlar›nda düzelmenin göstergesi oldu¤u bildirilmektedir.
Merkezimizde fulminan karaci¤er yetmezli¤i olan çocuklarda
hipofosfatemi s›kl›¤›n› ve klinik sonuç ile iliﬂkisini araﬂt›rmay›
amaçlad›k. Yöntem: Fulminan karaci¤er yetmezli¤i tan›s› alm›ﬂ 21 çocu¤un dosyalar› incelendi. Klinik ve laboratuvar bulgular› hastan›n geliﬂ tarihinden itibaren spontan düzelme,
ölüm ya da transplantasyon yap›lana dek kaydedildi. Bulgular: Sekiz vaka (38%) ölmüﬂtü, 6’s› (28.6%) transplantasyon’a
ihtiyaç göstermiﬂti ve 7’si (33.3%) spontan düzelmiﬂti. Fulminan karaci¤er yetmezli¤i olan çocuklarda hipofosfatemi s›kl›¤›n› %57.1 olarak bulduk. Serum fosfor düzeyleri spontan düzelenlerde, transplantasyon+ölen gruba göre belirgin düﬂük bulundu. Ensefalopati varl›¤› spontan düzelen grupta, transplantasyon+ölen grubuna göre düﬂük bulundu. Serum fosfor düzeyinin ≥2.9 mg/dL olmas› ve ensefalopati varl›¤› mortalite için
ba¤›ms›z risk faktörleri olarak belirlendi. Sonuç: Fulminan
karaci¤er yetmezli¤i olan çocuklarda baﬂlang›çta hipofosfatemi
varl›¤›, iyileﬂmenin göstergesi olarak tan›mlanabilir. Ensefalopati varl›¤› ve serum fosfor düzeyinin ≥2.9 mg/dL olmas› ise
kötü prognoz iﬂaretidir.
Anahtar kelimeler: Karaci¤er yetmezli¤i, karaci¤er, çocuk, fosfor, transplantasyon
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INTRODUCTION
Fulminant hepatic failure (FHF) is a rare but often fatal disorder in children who were previously
healthy. Despite the advent of orthotopic liver
transplantation (OLT), the mortality rate attribu-

table to FHF remains high, at 20% to 68% (1-3).
Clinical and laboratory recovery predictors for
children with FHF are limited. Encephalopathy,
metabolic acidosis, hyperlactatemia, increasing
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serum levels of bilirubin and ammonia, and lower
levels of clotting factors II, V and VII have all been associated with lower survival rates (4, 5). Recently, serum phosphorus (Ph) levels have been
reported as a predictor of the outcome in adult and
pediatric patients with FHF (5-7). Severe hypophosphatemia is a common metabolic abnormality
that is seen in the immediate postoperative period
in donors undergoing right hepatic lobectomy for
living-related transplants and is believed to be the
consequence of the rapid liver regeneration that is
associated with partial hepatectomy (8, 9). The relationship between liver regeneration and hypophosphatemia postulates in patients with FHF was
reported. Low serum levels of Ph represent increased consumption by the rapid synthesis of liver
adenosine triphosphate (ATP) as a consequence of
the high rate of liver regeneration (5). Thus,
hypophosphatemia may be a laboratory indicator
of recovering liver function in children with FHF.
We aimed to determine the incidence of hypophosphatemia in children in our center with FHF
and its association with clinical outcomes of FHF.
MATERIALS AND METHODS
We retrospectively analyzed 21 children referred
to the Pediatric Gastroenterology, Hepatology and
Nutrition Department at Dokuz Eylül University
between November 2000 and December 2007who
had a diagnosis of FHF. The inclusion criteria were the following: (1) Diagnosis of FHF made according to the criteria of the Acute Liver Failure
Study Group (ALFSG) definition of FHF in children (December 1999) (7): (i) absence of unknown
chronic liver disease; (ii) evidence of hepatic injury; (iii) prothrombin time (PT) >15 sec/international normalized ratio (INR) >1.5 with encephalopathy or PT >15 sec/INR >2.0 with or without encephalopathy; (2) Complete medical records; and
(3) Length of hospitalization more than 24 hours
before a terminating event (OLT, recovery, death).
Of 29 FHF patients treated, 21 patients fulfilled
the inclusion criteria.
We reviewed the charts of children with FHF. Age,
gender, etiology of liver disease, and presence of
encephalopathy were analyzed. Serum bilirubin,
albumin, creatinine, ammonium, alkaline phosphatase, magnesium, calcium, HCO3, PT, INR, and
serum Ph levels were recorded from the admission
date until the patient spontaneously recovered,
underwent OLT or died.
Serum inorganic Ph levels were measured accor-

ding to the phosphate ammonium molybdate absorbance method (Beckman Synchron LX-20;
Beckman Instruments, Fullerton, CA).
Since the normal range for serum Ph levels is agedependent, we defined hypophosphatemia at a Ph
level that is at least 2 SD below the mean for the
age of the child. The mean Ph±SD is: 0 to <2 years:
5.6±0.7 mg/dl; 2 to <5 years: 5.2±0.8 mg/dl; 5 to
<12 years: 4.6±0.8 mg/dl; and 12 to <16 years:
3.8±0.6 mg/dl.
Data analyses were performed with SPSS for Windows (version 11.0) and NCSS and PASS (2004).
Univariate analyses was performed using the odds
ratio (OR), likelihood ratio (LR) and the chi-square or Fisher’s exact test to evaluate the association between binary clinical findings and terminating event or outcome. Mann-Whitney U test was
used to assess the relationship between laboratory
variables and terminating event. The power of the
study to detect risk factors for predicting death in
children at the p<0.05 significance level was greater than 90%.
In order to evaluate the accuracy of significant
predictive variables, we used the area under the
receiver operating characteristic curve (ROC area). The statistically significant (p<0.05) risk factors were then dichotomized (high risk 1, low risk 0).
RESULTS
The median age of patients was 8 years (range: <114.7 years), and 33.3% of the patients were female. Nine patients (42.8%) had infections, 5 (23.8%)
had Wilson’s disease and the rest had autoimmune hepatitis (2), cryptogenic liver disease (2), mushroom poisoning (2), or Budd-Chiari disease (1).
The median follow-up until terminating event was
six days.
Eight patients (38%) died, 6 patients (28.6%) underwent OLT, and 7 patients (33.3%) recovered
without OLT (Table 1). We identified hypophosphatemia in 57.1% of children with FHF.
There were no differences between the recovery
group versus the OLT+death group in age, gender
and serum bilirubin, albumin, creatinine, ammonium, alkaline phosphatase, magnesium, calcium,
HCO3, PT, and INR (Table 2).
Hypophosphatemia was found in all of the children who recovered without OLT and in 35.7% of
the OLT+death group. Serum Ph levels were significantly lower in patients that recovered versus
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Table 1. Age, gender, diagnosis and outcome of 21 patients with fulminant hepatic failure
Age (year)

7.1±3.8

Gender
Female

7 (33.3%)

Male

14 (66.7%)

Diagnosis
Infection

9 (42.8%)

Wilson’s disease

5 (23.8%)

Mushroom poisoning

2 (9.5%)

Autoimmune hepatitis

2 (9.5%)

Budd-Chiari syndrome

1 (4.8%)

Cryptogenic

2 (9.5%)

Outcome
Spontaneous recovery

7 (33.3%)

OLT

6 (28.6%)

Death

8 (38.0%)

OLT: Orthotopic liver transplantation.

those in the OLT+death group (p>0.05) (Table 2).
Presence of encephalopathy was determined at a
much lower rate in the recovery group than in the
OLT+death group (p<0.05) (Table 2).
By logistic regression analysis, Ph concentration
≥2.9 mg/dl (OR 15.0, 95% CI 1.6-122.1) and presence of encephalopathy (OR 9.2, 95% CI 1.3-65.5)
were identified as independent risk factors for
mortality. Association between serum Ph and clinical outcome is seen in Figure 1.
DISCUSSION
Nanji and Anderson (10) first reported hypophosphatemia in a case of FHF in 1985. Thereafter, va-

Figure 1. Serum phosphorus and clinical outcome. Serum
phosphorus levels were significantly lower in patients that recovered versus those that died or underwent OLT (2.7±0.9 versus
4.8±1.3 mg/dl; p<0.05).

rious studies reported hypophosphatemia in adult
and pediatric patients with FHF and hepatic resection (5-9, 11). The latter studies suggest that
hypophosphatemia may be the consequence of liver regeneration.
The hypophosphatemia that develops in patients
with FHF suggests that a massive influx of Ph
may be occurring in the residual liver that is attempting to regenerate (12). Hepatic Ph may serve to meet the metabolic or synthetic demands of
hepatic regeneration and may be used as substrate for various kinase enzymes that phosphorylate
proteins, which play critical roles in the regeneration process (13-18). Hepatic Ph levels may also be

Table 2. The comparison of clinical and laboratory parameters as a prognostic factor between the spontaneous recovery group versus the OLT+Death group (mean±SD)
Parameter

Recovery
(n=7)2

OLT+Death
(n=14)a
OLT (n=6)
Death (n=8)

Presence of encephalopathy
INR
PT (s)
Serum total bilirubin (mg/dl)
Serum creatinine (mg/dl)
Serum albumin (g/dl)
Serum ammonium (Ìg/dl)
Serum alkaline phosphatase (U/L)
Serum magnesium (mg/dl)
Serum calcium (mg/dl)
Serum HCO3 (mmol/L)
Serum phosphorus (mg/dl)

2 (28.6%)
2.8±1.2
32.0±19.4
20.7±7.6
0.7±0.3
3.1±0.7
138.1±37.2
155.7±41.3
1.9±0.3
9.3±0.9
19.1±3.2
2.7±0.9

4 (66.7%)
3.2±1.7
32.1±9.4
17.8±2.4
0.8±0.5
3.1±1.3
177.5±96.6
171.6±52.0
1.8±0.3
8.9±0.9
19.0±2.6
3.3±0.6

7 (87.5%)
3.4±1.3
32.1±9.4
22.4±4.0
0.9±0.6
2.8±0.5
189.2±47.2
143.2±40.1
1.9±0.3
8.9±0.9
18.5±2.0
5.3±1.0

aAnalyses include patients on supportive care.
bAnalyses show the difference between recovery versus OLT+Death group.

INR: International normalized ratio. OLT: Orthotopic liver transplantation. PT: Prothrombin time.

p valueb
<0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
>0.05
<0.05

Fulminant hepatic failure and serum phosphorus levels

required as substrate for the formation of ATP
that may be excessively consumed in rapidly dividing hepatocytes (13-18). In fact, liver regeneration after hepatectomy or ischemia has been associated with derangement in energy metabolism, as
measured by the decrease in the ratio of ATP to its
inorganic Ph hydrolysis product (13, 14). The depletion energy status was mirrored in biochemical
indices of liver function and restitution paralleled
the course of restoration of hepatic mass (13). In
the liver, Ph depletion may stimulate lactic acid
production by reducing hepatic ATP stores (Pasteur effect) and producing intracellular alkalosis.
ATP depletion may also limit the hepatic uptake
of lactate. These effects may complicate the clinical course of FHF. Baquerizo et al. (5) also hypothesized that the maximal rate of ATP synthesis in
the liver may be impaired in patients with low serum Ph and that administration of supplemental
Ph may prevent the decrease in ATP synthesis, facilitating the regeneration of the liver and improving the outcome of patients with FHF.
Quirós-Tejeira et al (7) hypothesized that, if the
relative mass of the regenerating liver is small,
the decline in serum Ph may not be clinically evident. Alternatively, if the derangement in liver
synthetic function is mild, the actual size of the regenerating liver may be insufficient to induce the
decline in serum Ph levels. The absence of hypophosphatemia in a patient with normal renal function may be an indication of a liver whose regenerative mass is of insufficient size to induce changes in serum Ph. These opinions are supported by
the data in our study in which hypophosphatemia
was found in many FHF patients (57%).
The ability to assess prognosis accurately in FHF
generates greater confidence in selecting patients
for transplantation. Many prognostic markers have been extensively analyzed to identify patients
who will require OLT (4, 19-24). Although not
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standardized, most centers have adapted the
King’s College (4) and the Clichy criteria (21). In
our study, the univariate analysis of the other factors further reinforced previous observations (1, 4,
21, 25, 26) that encephalopathy was a statistically
significant factor that differentiated between patients who recovered spontaneously and those who
died or required OLT.
The results of this study demonstrate that serum
Ph level is an important predictive factor in children with FHF. A statistically significant better
prognosis has been observed in patients with
hypophosphatemia. It may be hypothesized that
this is related to the metabolic and synthetic demands of a liver with the capacity to regenerate.
In contrast, serum Ph greater than 2.9 mg/dl in
children with FHF was the main predictive factor
for spontaneous recovery failure and would suggest massive hepatocyte necrosis and lack of liver
regeneration.
The limitations of this study are two-fold: the
small number of cases and its retrospective design. The previous observation of hypophosphatemia in other clinical states of liver regeneration
suggests that low serum Ph level may be a useful
laboratory marker of a recovering liver in pediatric patients with acute liver dysfunction. However,
the actual role of Ph and etiology of hypophosphatemia in pediatric patients with FHF will need to
be assessed in a prospective, multi-center study.
Additional studies are required to further investigate serum Ph as a potential prognostic parameter
in FHF.
In conclusion, hypophosphatemia is a frequent occurrence in the setting of FHF. Lower serum Ph
levels are noted in children who have recovered as
compared with those who have either died or had
OLT. Presence of encephalopathy and a serum Ph
level of ≥2.9 mg/dl appear to indicate a poor prognosis in Turkish children with FHF.

REFERENCES
1. Schiodt FV, Atillasoy E, Shakil AO, et al. Etiology and outcome for 295 patients with acute liver failure in the United
States. Liver Transpl Surg 1999; 5: 29-34.
2. Vickers C, Neuberger J, Buckels J, et al. Transplantation
of the liver in adults and children with fulminant hepatic
failure. J Hepatol 1988; 7: 143-50.
3. Aydo¤du S, Ozgenç F, Yurtsever S, et al. Our experience
with fulminant hepatic failure in Turkish children: etiology
and outcome. J Trop Pediatr 2003; 49: 367-70.

4. O'Grady JG, Alexander GJ, Hayllar KM, Williams R. Early
indicators of prognosis in fulminant hepatic failure. Gastroenterology 1989; 97: 439-45.
5. Baquerizo A, Anselmo D, Shackleton C, et al. Phosphorus
as an early predictive factor in patients with acute liver failure. Transplantation 2003; 75: 2007-14.
6. Chung PY, Sitrin MD, Te HS. Serum phosphorus levels
predict clinical outcome in fulminant hepatic failure. Liver
Transpl 2003; 9: 248-53.

274

7. Quirós-Tejeira RE, Molina RA, Katzir L, et al. Resolution
of hypophosphatemia is associated with recovery of hepatic
function in children with fulminant hepatic failure.
Transpl Int 2005; 18: 1061-6.
8. Pomposelli JJ, Pomfret EA, Burns DL, et al. Life-threatening hypophosphatemia after right hepatic lobectomy for
live donor adult liver transplantation. Liver Transpl 2001;
7: 637-42.
9. George R, Shiu MH. Hypophosphatemia after major hepatic resection. Surgery 1992; 111: 281-6.
10. Nanji AA, Anderson FH. Acute liver failure: a possible consequence of severe hypophosphatemia. J Clin Gastroenterol 1985; 7: 338-40.
11. Schmidt LE, Dalhoff K. Serum phosphate is an early predictor of outcome in severe acetaminophen-induced hepatotoxicity. Hepatology 2002; 36: 659-65.
12. Fisher B, Szuch P, Fisher ER. Evaluation of a humoral factor in liver regeneration utilizing liver transplants. Cancer
Res 1971; 31: 322-31.
13. Mann DV, Lam WW, Hjelm NM, et al. Human liver regeneration: hepatic energy economy is less efficient when the
organ is diseased. Hepatology 2001; 34: 557-65.
14. Yang M, Shimada H, Kobayashi T, et al. Predicting the viability of grafted livers in rats through a rapid and sensitive metabolic indicator assessed by 31P-NMR spectroscopy.
Surg Today 1995; 25: 711-6.
15. Morikawa S, Inubushi T, Takahashi K, et al. Glucose and
energy metabolism in rat liver after ischemic damage assessed by 13 C and 31 P NMR spectroscopy. J Surg Res
1996; 63: 393-9.
16. Morikawa S, Inubushi T, Kitoh K, et al. Chemical assessment of phospholipid and phosphoenergetic metabolites in
regenerating rat liver measured by in vivo and in vitro 31PNMR. Biochim Biophys Acta 1992; 1117: 251-7.

ÖZTÜRK et. al

17. Lee RG, Lanir A, Clouse ME. Liver adenine nucleotide metabolism during ischemia and reperfusion of mice livers
studied by phosphorous-31 nuclear magnetic resonance. Invest Radiol 1987; 22: 479-83.
18. Ellermann J, Gewiese B, David H, et al. Electron microscopic and 31-P NMR studies of ischemic injured rat livers during preservation and reflow. Exp Toxicol Pathol 1992; 44:
245-53.
19. Bismuth H, Samuel D, Castaing D, et al. Orthotopic liver
transplantation in fulminant and subfulminant hepatitis.
The Paul Brousse experience. Ann Surg 1995; 222: 109-19.
20. Emond JC, Aran PP, Whitington PF, et al. Liver transplantation in the management of fulminant hepatic failure.
Gastroenterology 1989; 96: 1583-8.
21. Bernuau J, Goudeau A, Poynard T, et al. Multivariate
analysis of prognostic factors in fulminant hepatitis B. Hepatology 1986; 6: 648-51.
22. Harrison PM, O'Grady JG, Keays RT, et al. Serial prothrombin time as prognostic indicator in paracetamol induced fulminant hepatic failure. BMJ 1990; 301: 964-6.
23. Van Thiel DH, Udani M, Schade RR, et al. Prognostic value of thyroid hormone levels in patients evaluated for liver
transplantation. Hepatology 1985; 5: 862-6.
24. Pereira LM, Langley PG, Hayllar KM, et al. Coagulation
factor V and VIII/V ratio as predictors of outcome in paracetamol induced fulminant hepatic failure: relation to other
prognostic indicators. Gut 1992; 33: 98-102.
25. Castells A, Salmerón JM, Navasa M, et al. Liver transplantation for acute liver failure: analysis of applicability. Gastroenterology 1993; 105: 532-8.
26. Shakil AO, Kramer D, Mazariegos GV, et al. Acute liver failure: clinical features, outcome analysis, and applicability
of prognostic criteria. Liver Transpl 2000; 6: 163-9.

