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Abstract
AIM
To	 investigate	 the	 changes	 of	 hemodynamic	 and	
laboratory	parameters	during	the	course	of	acute	 liver	
failure	following	acetaminophen	overdose.

METHODS
Eight	pigs	underwent	a	midline	 laparotomy	following	
jejunal	catheter	placement	for	 further	acetaminophen	
intoxication	and	positioning	of	a	portal	vein	Doppler	
flow-probe.	Acute	 liver	 failure	was	 realized	by	 intra-
jejunal	acetaminophen	administration	 in	six	animals,	
two	animals	were	 sham	operated.	All	 animals	were	
invasively	 monitored	 and	 received	 standardized	
intensive	care	 support	 throughout	 the	study.	Portal	
blood	flow,	hemodynamic	and	ventilation	parameters	
were	continuously	 recorded.	Laboratory	parameters	
were	analysed	every	eight	hours.	Liver	biopsies	were	
sampled	every	24	h	 following	 intoxication	and	upon	
autopsy.

RESULTS
Acute	 liver	 failure	 (ALF)	 occurred	 after	 28	±	 5	 h	
resulted	 in	multiple	organ	 failure	and	death	despite	
maximal	support	after	 further	21	±	1	h	(study	end).	
Portal	 blood	 flow	 	 (baseline	 1100	±	156	mL/min)	
increased	to	a	maximum	flow	of	1873	±	175	mL/min		
at	 manifestation	 of	 ALF,	 which	 was	 significantly	
elevated	(P 	<	0.01).	Immediately	after	peaking,	portal	
flow	declined	 rapidly	 to	283	±	135	mL/min	at	study	
end.	Thrombocyte	values	 (baseline	307	×	103/µL	±	
34	×	103/µL)	of	 intoxicated	animals	declined	slowly	
to	values	of	145	×	103/µL	±	46	×	103/µL	when	 liver	
failure	occurred.	Subsequent	appearance	of	 severe	
thrombocytopenia	 in	 liver	 failure	resulted	 in	values	of	
11	×	103/µL	±	3	×	103/µL	preceding	fatality	within	few	
hours	which	was	significant	(P 	>	0.01).

CONCLUSION
Declining	portal	blood	 flow	and	 subsequent	 severe	
thrombocytopenia	after	acetaminophen	 intoxication	
precede	fatality	in	a	porcine	acute	liver	failure	model.

Key words: Acetaminophen	 intoxication;	Acute	 liver	
failure;	Portal	blood	 flow;	Thrombocytopenia;	Animal	
model;	Porcine	model
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Core tip: It	still	remains	difficult	to	predict	the	outcome	
in	patients	with	acute	 liver	 failure	 (ALF).	Therefore	
we	aimed	 to	 investigate	 the	clinical	course	of	portal	

blood	 flow	(PBF)	and	changes	 in	 thrombocyte	count	
in	a	porcine	model	of	acetaminophen	 induced	ALF.	
At	manifestation	of	ALF,	PBF	 increased	maximally,	
followed	by	a	rapidly	decline	until	death	due	to	mul-
tiple	organ	 failure.	 In	addition,	 thrombocytes	values	
declined	slowly	at	 the	onset	of	ALF.	In	the	early	ALF	
course,	 a	 second	 decline	 appeared	 8	 h	 after	 ALF	
escalating	to	a	more	severe	thrombocytopenia	after	16	
h	in	ALF	preceding	fatality	within	few	hours.

Thiel K, Klingert W, Klingert K, Morgalla MH, Schuhmann MU, 
Leckie P, Sharifi Y, Davies NA, Jalan R, Peter A, Grasshoff C, 
Königsrainer A, Schenk M, Thiel C. Porcine model characterizing 
various parameters assessing the outcome after acetaminophen 
intoxication induced acute liver failure. World J Gastroenterol 
2017; 23(9): 1576-1585  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v23/i9/1576.htm  DOI: http://dx.doi.
org/10.3748/wjg.v23.i9.1576

INTRODUCTION
Acetaminophen (Paracetamol®) can cause severe 
hepatic injury if taken in large amounts either unin-
tentionally or with suicidal intent[1]. Currently it rep-
resents the most common cause of acute liver failure 
(ALF) in both United States and United Kingdom with 
a trend to increasing incidence[2]. Various prognostic 
models have been established to predict the outcome 
of patients suffering from ALF[3-9]. The most widely 
accepted criteria are those defined by King’s College 
Hospital[10], which include predominantly biochemical 
parameters including arterial pH, prothrombin time 
and serum creatinine to identify patients in need 
of liver transplantation. Unfortunately, a variety of 
biochemical parameters in ALF are deranged repre-
senting indices of altered biochemical pathways or 
epiphenomena of liver necrosis. Furthermore the 
King’s criteria was questioned by Bailey et al[11] in a 
systematic review and meta-analysis of established 
prognostic scores. The authors concluded that all cri-
teria presently available are insensitive and may miss 
patients requiring emergency liver transplantation. 
The crucial question as to whether the liver regener-
ates spontaneously, or that liver transplantation will be 
unavoidable remains the most important challenge for 
the attending physician. To address this problem, ani-
mal models analysing the pathophysiologic alterations 
in the course of ALF provide an opportunity to improve 
therapeutic strategies and investigate new prognostic 
parameters. The requirements for parameters of 
interest are availability, feasibility and robust assur-
ance in diagnosis. Although acetaminophen toxicity 
has been extensively studied in rat[12,13] and mouse 
models[14,15], the precise pathogenic mechanisms of 
hepatocyte damage which are potentially reversible 
are still poorly understood. Recently, large models of 
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acetaminophen intoxication have been established in 
porcine models[16,17] which are more appropriate to 
represent the human liver physiology and the clinical 
course of acetaminophen poisoning. These models are 
also of sufficient size to allow use of a representative 
human intensive care setting, which permits testing of 
novel therapeutic interventions.

Based on observations of a preliminary animal 
study of acetaminophen intoxication in which a distin-
ctive pattern of portal blood flow (PBF) and alterations 
in thrombocyte count were measured[17], the following 
animal study was aimed to characterize the clinical 
course of PBF and changes in thrombocyte count 
during the development, onset and further course of 
acetaminophen induced ALF.

MaTeRIaLs aND MeThODs
Animal model
After approval by the institutional review board for 
animal experiments, all experiments were performed 
according to the international principles governing 
research on animals and under the supervision of a 
veterinarian, who set the guidelines for minimizing 
suffering.

The study was performed in eight female German 
landrace pigs weighing 38 ± 2 kg. Premedication, 
anaesthesia, intensive care medication and algorithms 
for standardized intensive care management have 
been previously reported in detail[18].

 In brief, intramuscular premedication consisted of 
atropine 0.1% (0.05 mg/kg), ketamine (14 mg/kg), 
azaperone (2 mg/kg) and midazolam (0.5 mg/kg). 
Pigs were orally intubated and ventilated with a pres-
sure controlled ventilation modus. Continuous intrave-
nous anesthesia consisted of ketamine (15 mg/kg per 
hour), fentanyl (0.02 mg/kg per hour) and midazolam 
(0.9 mg/kg per hour).

Surgical procedures
The jugular and femoral veins  as well as the femoral 
artery were instrumented to measure central venous 
pressure (CVP) and mean arterial pressure (MAP). A 
probe was inserted in the frontal brain parenchyma 
to record intracranial pressure. Following a median 
laparotomy the portal vein was separated and a 10-15 
mm peri-vascular Doppler flow-probe (Medi-Stim, 
Oslo, Norway) was placed without restricting the portal 
vein diameter, and fixed to periportal tissue. PBF data 
were recorded electronically by a CM-2000 Doppler 
Flowmeter (Medi-Stim, Oslo, Norway). A jejunal 
catheter (Gentle-FloTM, Tyco Healthcare, Tullamore, 
Ireland) was inserted into the upper jejunum for fur-
ther acetaminophen administration and a 14F urinary 
catheter (Ruesch Care, Kernen, Germany) was placed 
by cystostomy. The abdominal wall was closed with 
a running suture. Liver biopsies were sampled every 
24 h following intoxication and upon autopsy. Clear 

ascites (500 to 1500 mL) was removed in the intoxica-
tion group during liver biopsy procedures which were 
performed surgically by reopening the abdomen.

Acetaminophen intoxication and ALF
Two pigs (2/8) were sham operated as a control group 
and received no acetaminophen intoxication. Dosage, 
administration and acetaminophen plasma level moni-
toring for a reproducible onset of acute liver failure 
after intrajejunal acetaminophen intoxication has been 
previously described in detail[17]. In brief, six pigs (6/8) 
received an initial enteric acetaminophen bolus of 250 
mg/kg body weight via the implanted jejunal catheter. 
Intoxication was continued initially by an enteric main-
tenance dose of 2000 mg acetaminophen every hour. 
Acetaminophen plasma levels were recorded every 
four hours to adapt acetaminophen maintenance dose 
(1000-3000 mg) to targeted plasma levels between 
300-450 mg/L.

The onset of the ALF syndrome was defined by 
presence of coagulopathy represented by a decline of 
the prothrombin time (PT) value below 30% at which 
point acetaminophen intoxication was stopped.

Standardized intensive care management
All pigs (8/8) remained under anaesthesia receiving 
pressure-controlled ventilation until conclusion of the 
study. Intensive care medication and algorithms for 
standardized fluid management which were used to 
ensure hemodynamic stability have been previously 
reported in detail[17,18]. Relevant vital parameters as 
electrocardiogram, heart rate, MAP, CVP, intracranial 
pressure and body temperature were recorded elec-
tronically throughout the experiment (IntelliVue MP50, 
Philips Medical Systems, Andover MA, United States). 
Arterial blood gas analysis (ABL 800, Radiometer, 
Copenhagen, Denmark) including haemoglobin, meth-
aemoglobin, hematocrit, lactate, serum electrolytes, 
acid base balance and blood glucose levels were 
monitored hourly and ventilation parameters [12-30 
breaths/min, tidal volume 6-12 mL/kg and oxygen 
concentration (FiO2) 0.3 - 1.0] were adjusted accord-
ingly. Complete blood count, PT, aspartate aminotrans-
ferase, creatinine, albumin, bilirubin, ammonia and 
total plasma protein were measured before, immedi-
ately after and every eight hours following acetami-
nophen intoxication until study end. Norepinephrine, 
in combination with hydroxyethylstarch 6% (Voluven®  

HES 130/0.4, Fresenius, Bad Homburg, Germany) and 
sodium chloride solution 0.9% were used to ensure 
hemodynamic stability. After the onset of ALF, four 
fresh-frozen plasma units (300 mL/unit) were given 
within 24 h to avoid spontaneous bleeding complica-
tions which were observed in pilot studies. Packed 
erythrocyte units (300 mL/unit) were given if haemo-
globin levels decreased below 6 g/dL. Blood glucose 
levels were maintained > 100 mg/dL with glucose 
20% solution. Sodium bicarbonate 8.4% solution was 
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used to compensate metabolic acidosis. Death was 
defined by a decline of MAP below 35 mmHg whilst 
receiving maximal vasopressor support. Sham animals 
were killed by a single intravenous bolus of 10 mL T 
61 (Intervet, Unterscheißheim, Germany) at 48 post 
surgery.

Continuous venovenous hemofiltration
At ALF, continuous venovenous hemofiltration was 
administered to all animals of the intoxication group 
(6/6). Continuous hemofiltration therapy was admin-
istered  in both sham animals from 24 h (Prismaflex®  
system. Gambro, Hechingen, Germany) using a TF 
1000 PRE SET membrane filter (Gambro Industries, 
Meyzieu, France). The device system was washed and 
primed according to the manufacturer’s instruction 
and connected to the right femoral double-lumen 
catheter. Hemofiltration settings were: mean blood 
flow rate of 100 mL/min; filtration rate of 35 mL/kg 
body weight per hour; with fluid withdrawal at 60 
mL/h. Unfractionated heparin (250 IU/h, B. Braun 
Melsungen AG, Germany) was administered to avoid 
clotting.

Biochemical analysis
All biochemical parameters including acetaminophen 
plasma level were measured by the certified central 
laboratories of the Tuebingen University Hospital 
(Division of Endocrinology, Diabetology, Angiology, 
Nephrology, Pathobiochemistry and Clinical Chemistry, 
Department of Internal Medicine, Tuebingen University 
Hospital, Germany). Arterial albumin, lactate and cre-
atinine (enzymatic) concentrations were determined on 
the ADVIA 1800 Clinical Chemistry analyzer, ammonia 
and acetaminophen plasma concentrations were 
determined on the Dimension RXL Clinical Chemistry 
analyzer and the ADVIA 2120 Hematology analyzer 
was used for blood counts (all Siemens Healthcare 
Diagnostics, Eschborn, Germany). Coagulation tests 
were performed on the ACL TOP 700 Hemostasis 
Testing System, (Instrumentation Laboratory, Kirch-
heim, Germany). Sample analysis was conducted 
within 1 h of collection at each time point.

Histological examinations
Biopsy specimens of the liver were obtained every 24 
h after intoxication and immediately post-mortem, and 
fixed in used 4% formaldehyde. Sections of the speci-
men were routinely stained with haematoxylin-eosin. 
Additionally Ki-67 immunostaining by using alkaline 
phosphatase staining was performed.

Statistical analysis and calculation
Mean values were compared by Wilcoxon test (JMP®  
8.0, SAS Institute, Cary, NC, United States). Values 
of the laboratory parameters were compared to 
baseline values by the Wilcoxon matched pairs test. 
A P value < 0.05 was considered significant. Results 
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are reported as mean ± SE. The statistical methods of 
this study were reviewed by Martin Schenk, University 
Hospital Tuebingen.

ResULTs
Manifestation of ALF
All intoxicated animals (n = 6) developed features of 
ALF within 28 ± 5 h, confirmed by a decrease in PT 
below 30%. Mortality due to ALF occurred after 21 ± 
1 h due to multiple-organ failure (end of the study). 
The course of the hemodynamic parameters MAP, CVP, 
the amount of vasopressor support (norepinephrine 
dosage) required to maintain organ perfusion, is given 
in Figure 1A-C. Both sham operated animals (n = 
2) survived the observation period of 48 h without 
substantial changes of hemodynamic and laboratory 
parameters. Significant hemodynamic changes in 
MAP occurred 8 h after the onset of ALF (P < 0.05; 
Figure 1A), CVP 16 h after ALF (P < 0.02; Figure 1B) 
and norepinephrine dosage 16 h after ALF (P < 0.04; 
Figure 1C). Slightly elevated intracranial pressure 
baseline values of 19 ± 1 mmHg (n = 8) resulted from 
the unphysiological supine position of the animals. An 
elevation due to ALF was noticed after 16 h (19 ± 2 
mmHg in sham animals vs 30 ± 2 mmHg in intoxi-
cated animals, P < 0.03) and 24 h (17 ± 1 mmHg vs 
35 ± 5 mmHg) post ALF.

Course of mean PBF
Portal vein flow remained hepatopetal in all animals 
throughout the experiment. The course of PBF during 
acetaminophen intoxication, manifestation of ALF and 
following multiple-organ failure is shown in Figure 
1D. The sham operated animals started with a PBF at 
baseline of 1016 ± 16 mL/min. The PBF remained sta-
ble with an overall flow of 825 ± 91 mL/min through-
out. At start of acetaminophen administration in the 
intoxication group (n = 6) baseline PBF was 1100 ± 
156 mL/min. Three animals in the acetaminophen 
group required between 36-40 h to develop ALF, while 
the remainder achieved ALF within 16-20 h. Within 
the animals that required a prolonged acetaminophen 
loading phase the PBF increased only slightly for the 
initial period but showed a substantial rise 8 h before 
manifestation of ALF analogous to the course of the 
more susceptible animals. Maximum portal blood flow 
was 1873 ± 175 mL/min (n = 6) at the onset of ALF. 
The elevation in PBF 8 h before and at the onset of 
ALF was found to be significant compared to the sham 
animals at 24 h (P < 0.01). Immediately after ALF, 
PBF started to decline rapidly to a minimal value of 
283 ± 135 mL/min (n = 6) at study end.

Course of PT, thrombocytes and selected ALF related 
laboratory parameters
The course of PT is shown in Figure 2A. PT in all ALF 
animals declined constantly following acetaminophen 
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administration. There was a transient decrease in 
sham animals due to the surgical trauma and volume 
of fluid resuscitation which later normalised. Baseline 
thrombocyte values for ALF animals were measured 

at 307 × 103/µL ± 34 × 103/µL; and 367 × 103/µL ± 
18 × 103/µL in sham animals. Thrombocyte values 
for ALF animals declined following acetaminophen 
to 145 × 103/µL ± 46 × 103/µL at the onset of ALF. 
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Figure 1  Profile of mean arterial pressure, central venous pressure, norepinephrine dosage and portal blood flow in sham operated and acetaminophen 
intoxicated animals. The course of mean arterial pressure (A), central venous pressure (B), dosage of norepinephrine (C) and portal blood flow (D) in sham (white 
line) and acetaminophen intoxicated (black line) animals. All values are given as mean ± SE relative to the onset of acute liver failure (ALF) (in hours). Black arrows 
on x-axis indicate start of acetaminophen intoxication of individual animals. ap < 0.05 vs sham animals.

Figure 2  Profile of prothrombin time and thrombocytes in acetaminophen intoxicated and sham animals. The course of prothrombin time (PT) (A) and 
thrombocytes (B) in sham (white line) and acetaminophen intoxicated (black line) animals. All values are given as mean ± SE relative to the first onset of ALF (in 
hours). Black arrows on the X-axis indicate start of acetaminophen intoxication of individual animals. ap < 0.05, vs sham animals. ALF: acute liver failure.
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and were further reduced after 8 h post ALF (33 × 
103/µL ± 18 × 103/µL, P < 0.01) resulting in severe 
thrombocytopenia with values of 11 ± 3 × 103/µL (P 
< 0.01) after 16 h in ALF preceding death within few 
hours (Figure 2B). Values of the laboratory parameters 
are shown in Figure 3. The decline of albumin (baseline 
2.0 ± 0.2 g/dL vs ALF 0.2 ± 0.1 g/dL vs study end 0.2 
± 0.1 g/dL) was statistically significant (P < 0.05) at 
both time-points (Figure 3A). Plasma ammonia levels 
(baseline 34 ± 5 µmol/L and ALF 39 ± 3 µmol/L) 

increased to 95 ± 35 µmol/L at study end, though the 
difference was not found to be significant (Figure 3B). 
The increase of lactate (baseline 1.5 ± 0.5 mmol/L vs 
ALF 0.9 ± 0.1 mmol/L vs study end 12.9 ± 2.6 mmol/L) 
was significant (P < 0.05) at death compared with 
baseline values (Figure 3C). Creatinine values (baseline 
0.8 ± 0.1 mg/dL vs ALF 0.5 ± 0.1 mg/dL vs study 
end 1.1 ± 0.2 mg/dL) remained near normal physi-
ological values due to effective continuous venovenous 
hemofiltration therapy during the course of ALF (Figure 

1581 March 7, 2017|Volume 23|Issue 9|WJG|www.wjgnet.com

3.0

2.5

2.0

1.5

1.0

0.5

0.0
Intoxication													ALF															Study	end

Ab
um

in
	g

/d
L

A

aa

200

150

100

50

0
Intoxication													ALF															Study	end

Am
m

on
ia

	 μ
m

ol
/L

B

15

10

5

0
Intoxication													ALF															Study	end

La
ct

at
	m

m
ol

/L

C
a

1.5

1.0

0.5

0.0
Intoxication													ALF															Study	end

Cr
ea

tin
in

e	
m

g/
dL

D

Figure 3  Acute liver failure related laboratory parameters of acetaminophen intoxicated animals. Box plot analysis of the selected laboratory values albumin (A), 
ammonia (B), lactate (C) and creatinine (D) at the moments: start of intoxication, ALF and study end. All values are given as mean ± SE. ap < 0.05, vs the moment 
start of intoxication. ALF: acute liver failure.

200	µm200	µm

Figure 4  Light microscopic preparations (haematoxylin-eosin staining) of liver biopsies. Biopsies taken 24 h after acetaminophen intoxication show enlarged 
liver sinus with beginning centrilobular necrosis (A); Exitus biopsy shows progedient centrilobular necrosis (B); Bar indicates 200 µm; objective magnification × 20.
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3D).
The increase of plasma aspartate transaminase 

(baseline 50 ± 9 U/L vs ALF 105 ± 28 U/L vs study 
end 237 ± 109 U/L) was significant raised (P < 0.02) 
at death compared with baseline values. Alanine 
aminotransferase plasma values did not change sub-
stantially during the course of ALF (baseline 33 ± 3 
U/L vs ALF 23 ± 10 U/L vs study end 26 ± 7 U/L) and 
total bilirubin plasma levels remained in the physiologi-
cal range (baseline 0.1 ± 0.0 mg/dL vs ALF 0.1 ± 0.0 
mg/dL vs study end 0.3  ± 0.1 mg/dL).

Autopsy and histological examinations of liver biopsies
Upon autopsy, massive ascites (2000 to 3000 mL) and 
a dark-blue necrotic liver was found in all ALF animals. 
Liver biopsies taken at 24 h showed enlarged liver 
sinus with early centrilobular necrosis (Figure 4A). 
Exitus biopsy demonstrated progedient centrilobular 
necrosis (Figure 4B) in contrast to normal liver archi-
tecture in sham operated animals (data not shown). 
No evidence for increased hepatocyte proliferation 
(Ki-67 immunostaining) was found in any animals (data 
not shown). Macroscopically, kidneys were swollen 
with hemorrhagic infarctions. Histological examination 
showed acute tubular necrosis and biopsies of brain 
tissue revealed substantial edema (data not shown).

DIsCUssION
In this present study we sort to characterise the course 
of PBF and thrombocyte count in order to analyse 
their prognostic value for predicting a fatal outcome in 
a porcine model of acetaminophen intoxication. The 
objective of these studies is to identify the moment at 
which recovery will be unlikely and emergency liver 
transplantation remains the ultimate treatment option. 
The distinctive pattern of PBF and thrombocyte count 
in combination with worsening hemodynamics were 
identified as relevant parameters.

The high reproducibility of ALF resulting in 100% 
mortality due to multiple-organ failure confirmed 
the results of the our previously published porcine 
model of acetaminophen intoxication[17]. Within the 
current experimental setting, continuous venovenous 
hemofiltration was administrated in addition to stan-
dardized intensive care therapy in order to maximally 
prolong survival in ALF for patients after massive 
acetaminophen overdose[19]. The use of a continuous 
renal support device itself, applied to both sham oper-
ated animals after 24 h analogous to the onset of ALF 
in intoxicated animals did not influence the change of 
mean PBF nor the fall in thrombocytes substantially.

Unexpectedly 3/6 animals needed a longer aceta-
minophen loading period (36-40 h) for the development 
of ALF in contrast to other animals (16-20 h). Both 
subgroups showed different kinetics in PBF changes. 
The slowly intoxicating animals presented only a slight 
increase in PBF during the initial intoxication phase 

followed by a rapid increase within the last 8 h before 
manifestation of ALF. This phenomenon is likely associ-
ated with the animal’s individual tolerance towards 
toxic acetaminophen metabolites. The observation that 
the rapid increase of PBF within 8 h before ALF in both 
subgroups suggests that the rapid change in PBF, even 
before the onset of ALF, is indicative of the extent of 
toxicity for the animal.

As PBF represents the main component of the 
liver perfusion and portal vein flow measurement is 
easily accessible for the attending physician in the 
clinical setting, we decided to focus on the changes 
determined in PBF. We abstained from quantifying 
hepatic artery flow which would increase surgical 
trauma and which varies considerably following the 
application of norepinephrine administration in ALF. 
Although assessment of volume blood flow by Doppler 
ultrasound is subject to a number of variables, errors 
can be minimized with careful attention to detail[20]. 
To evaluate a complete pattern of PBF, continuous 
recording was obtained by a surgically implanted 
Doppler flow-probe placed around the portal vein. 
Portal vein hemodynamics have recently been inve-
stigated in liver transplantation[21], in small for size 
syndrome after extended hepatectomy[22], and in 
living donor liver transplantation[23] in both clinical and 
experimental animal studies. The portal vein inflow, 
within its physiological range, is a stimulus for hepatic 
regeneration[24,25], but excessive PBF has been shown 
to be detrimental to the function of the affected 
liver[26,27]. Several studies investigating the changes 
of PBF in ALF have been performed in patients by 
serial Doppler ultrasound examinations[28] or in rats[29] 
by using a radioactive microsphere technique. They 
demonstrated a significant increase of PBF in the 
development and early onset of ALF followed by a 
steady return to baseline values during liver regen-
eration. The increase of PBF was clearly identified 
as a consequence of elevated cardiac output similar 
to the hemodynamic changes seen in hyperdynamic 
septic shock. Although the MAP during ALF could 
be stabilized by intensive care support, a constant 
decline of PBF was observed in the post ALF period. 
Norepinephrine which was required for hemodynamic 
stabilisation in ALF in our experimental setting does 
not influence the mesenteric venous blood flow as 
previously demonstrated in animal models[30,31]. This 
phenomenon could be related to refractivity to volume 
replacement and vasopressor support[32,33]. The ongo-
ing impairment of liver perfusion additionally reduced 
the oxygen supply essential for survival of hepatocytes 
and liver regeneration.

As the current model resulted in 100% mortality, 
it makes the identification of any regenerative process 
difficult to ascertain. This could mean that the decline 
in PBF observed during the ALF course could be misin-
terpreted as a start of systemic and hepatic restora-
tion. However, firstly the hemodynamic situation of 
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recovering animals would certainly be stabilized and 
secondly the decrease of PBF, when liver restoration 
occurred, has already been described as a compara-
tively slow process in contrast to the rapid decline in 
the end stage of ALF[28].

It has recently been demonstrated experimen-
tally[27,34] and clinically[35,36] that thrombocytes are able 
to promote liver regeneration after extended hepatec-
tomy or liver transplantation. Their predictive value 
in the context of ALF remains unclear. Thrombocyte 
activation and increased fibrinolysis, highly sugges-
tive of disseminated intravascular coagulation, occurs 
in ALF and may be related to endotoxemia or the 
release of thromboplastic material from the damaged 
liver.

The diagnosis remains difficult to substantiate as 
plasma concentrations of both fibrinogen and fibrin 
degradation products may be altered by ALF induced 
impairment of all serum coagulation parameters. 
Thrombocytopenia is a common finding in ALF from 
any cause[37]. Secondary to acetaminophen overdose it 
has been reported in a number of patients[38]. Clinical 
cases of acetaminophen intoxication with a plasma 
level of 250 mg/L ten hours after an intentional over-
dose of 50 g Paracetamol® tablets resulted in severe 
thrombocytopenia without accompanying anaemia or 
leucopenia approximately 48 h after ingestion[39]. A 
retrospective analysis of 174 patients by Fischereder 
and Jaffe[40] demonstrated that thrombocytopenia 
occurring early in the course of acetaminophen over-
dose was not uncommon and may identify a subset of 
patients with a high risk of hepatotoxicity. Our findings 
of a secondary sudden decline of thrombocytes follo-
wing elevated acetaminophen plasma level (300-450 
mg/L) support this hypothesis.

We conclude that the distinctive pattern of PBF 
during the intoxication process and subsequent ALF 
represents a reliable parameter for acetaminophen 
toxicity. Declining PBF in combination with ongoing 
worsening of hemodynamics and organ function 
precedes a fatal outcome after acetaminophen intoxi-
cation. An additional secondary sudden appearance of 
severe thrombocytopenia in ALF was found to reliably 
precede fatality within few hours.
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COMMeNTs
Background
Several prognostic models have been invented to predict the outcome of 
patients suffering from acute liver failure (ALF). The crucial question is 
whether the liver regenerates spontaneously or if liver transplantation will 
be unavoidable. Large models of acetaminophen intoxication have been 
established in pigs recently.

Research frontiers
Based on observations of a preliminary animal study of acetaminophen 
intoxication in which a distinctive pattern of portal blood flow (PBF) and 
alterations in thrombocyte count were measure, the following animal study was 
aimed to characterize the clinical course of PBF and changes in thrombocyte 
count during the development, onset and further course of acetaminophen 
induced ALF.

Innovations and breakthroughs
This study verifies the expected distinctive pattern of PBF during the course of 
acetaminophen induced ALF: a considerable increase of PBF at manifestation 
of ALF followed by a rapid decline of PBF until end of the study. A parallel 
slow decline of thrombocyte values at manifestation of ALF was observed. 
Subsequent severe thrombocytopenia resulted in death due to multiple organ 
failure within few hours.

Applications
Declining portal blood flow during the course of ALF precedes fatality. Additional 
sudden appearance of severe thrombocytopenia leads to death due to multiple 
organ failure within few hours.

Peer-review
This paper highlights very important issue on acetaminophen intoxication. This 
is very current problem for the humans. The investigations were performed on 
a porcine model, not mice or other small vertebrates, which make them very 
valuable.
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