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Abstract
Acute liver failure (ALF) in children is a severe disease with a high mortality rate. The
current treatment strategies are still defective, with many cases die when liver transplantation
is unavailable. The current protocol of steroids therapy improved the survival rate of hepatitis
A virus (HAV)-related ALF. However, there is still a high mortality for non-HAV cases. Stem cell
therapy (SCT) has been tried in experimental animals with ALF and in few adult studies with
acute-on-chronic liver failure. No previous trials of SCT have been tested in children with ALF.
The absence of SCT application in ALF in children could be due to some issues. These could
be related to safety, sources, administration route, optimum dosage, eﬃcacy, and survival. It is
proposed that could be the future therapy if these obstacles have been well studied and solved.

Background
Despite the improvement of acute liver failure (ALF)
survival in children with fulminant hepatitis A (from 27% to
83%) after our recent protocol of steroids in its treatment [1],
there is still a high mortality in non-hepatitis A virus (HAV)related ALF. When liver transplantation (LT) is not feasible,
the standard medical therapy (SMT) and other supportive
measures as liver dialysis are insuf icient to achieve recovery.
Even when LT is possible, it carries many signi icant risks
[2]. Within the last eight months, the mortality of non-HAV
patients with ALF in our center reached 60%.
Due to ALF’s insuf icient therapeutic modalities, a new
therapeutic line needs to be introduced to ill the gap between
those responding to SMT plus steroids and those waiting for
LT with other supportive measures as liver dialysis (Figure 1).
It has been shown that the stem cell (SC) has a hopeful
therapeutic effect in liver disease [3]. However, no previous
trials of SC therapy (SCT) have been accomplished in children
with ALF. It is a dream that SCT could be the solution to this
critical situation.
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for blood and marrow transplantation listed many indications
for SCT in children, including hematological malignancies
(e.g., acute lymphocytic leukemia, acute myeloid leukemia,
and Hodgkin lymphoma) and non-malignant disorders,
including hemoglobinopathies (e.g., thalassemia and sickle
cell disease). Also, severe combined immunode iciency,
chronic granulomatous disease, Fanconi anemia, and severe
aplastic anemia are among the reported indications [4,5].
Moreover, SCT has been used in the lysosomal storage
diseases as Hurler’s syndrome [6]. Also, it was reported in
Ewing’s sarcoma, Wilms tumor, and neuroblastoma [7].
The lack of SCT clinical application in ALF in children
could be due to many obstacles; if solved, it could be the
future of this fatal disease.

Main text
SCT has been used in many pediatric diseases. It achieved
a dramatic improvement in pediatric hematological oncology
in the past few years. The American and European societies
https://doi.org/10.29328/journal.acgh.1001024

Figure 1: Illustration of previous and future modalities of acute liver failure
therapy in children.
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Stem cells (SCs) are undifferentiated cells with selfrenewal ability. They can differentiate into specialized cells
and also have anti-apoptotic and anti- ibrotic activity. It
plays a signi icant role in regenerative medicine nowadays,
despite many concerns like carcinogenesis and low survival
that requires extensive research [8].
Many SCs’ sources are available, namely, embryonic,
which has a signi icant ethical issue, fetal, umbilical cord
(UC), placental, and adult stem cells. The most commonly
isolated adult SCs are those obtained from peripheral blood,
bone marrow (BM), and adipose tissue [9].
SCT has been proposed as a therapeutic alternative for
ALF. However, all studies were preclinical ones that have been
applied in animals. These studies proved SCT’s ef icacy in
improving ALF in animals by different mechanisms; the hepatocyte-like cell transformations and the immunomodulation action. Despite the number of these preclinical studies on
animal models of ALF [10-12] and the few clinical ones in
adults with acute-on-chronic liver failure (ACLF) [13,14],
there are still many unsolved issues. These are the safety,
ef icacy, route of administration, immunosuppression, and
oncogenicity. Other problems are the need for a bridge until
SCs’ therapy effectiveness and which type and source of SCs
are preferable; autologous or allogenic.
In one of the few clinical studies, Lin, et al. [15] tried
allogeneic BM-derived mesenchymal stromal cells (MSCs)
to treat 56 adults with hepatitis B virus-related ACLF. They
infused 1.0 to 10 × 105 cells/kg allogeneic BM-derived MSCs
weekly for four weeks and then followed for 24 weeks. The
survival rate was 73% vs. 55% in the control group (p = 0.03).
Compared with the control group, allogeneic BM-derived
MSC treatment markedly improved clinical and laboratory
measurements, including serum total bilirubin and Model
for End-Stage Liver Disease (MELD) scores. The incidence of
severe infection in the MSC group was much lower than that
in the control group (16.1% vs. 33.3%, p = 0.04). Mortality
from multiple organ failure and severe infection was higher
in the control group than in the MSC group (37.0% vs. 17.9%,
p = 0.02).
All SC research goals are to ind the best source and to
test ef icacy and safety in humans in different diseases [8].
MSCs, one of the adult SCs, can differentiate into hepatocytelike cells and have immunomodulation capacity through
secretions of many factors. Thus, MSCs participate in liver
repair through direct and indirect mechanisms [3].
Stem cells sources
It is a dilemma of which source is better to use; UC, BM,
or peripheral blood. Some researchers consider that BM and
UC are the best two SC sources until now in humans [9]. BM
transplantation (BMT) had been used a lot before in SCT,
https://doi.org/10.29328/journal.acgh.1001024

but according to liver conditions, Zhong, et al. [16] showed
impaired proliferation of BM-derived MSCs in cirrhotic liver
and chronic hepatitis B.
UC blood SCs are described to have some advantages over
that of BM. For example, it can be easily collected with no
hazards on donor, availability, low rate of rejection, greater
proliferation capacity, minimal risk of viral transmission, and
using a previously prepared UC-derived SCs may be bene icial
not to lose time for processing in rapidly deteriorating cases
[17].
On the other hand, peripheral blood-derived SCs need
some time for their separation. The patient or a sibling is
given stimulating factors to get many SCs in the blood [18].
This couldn’t save a rapidly deteriorating patient with limited
available time to start SCT. Lastly, the embryonic and fetal
SCs have signi icant ethical issues [19].
Route of injection
Different routes for injection of SCs are described
in hepatic patients, like peripheral intravenous (IV),
intrahepatic, intraportal, and intrasplenic. The best injection
route is not standardized yet. Different administration routes
were used in clinical trials. It seems that the IV route is the
easiest and safest without the need for an expert on invasive
techniques. A comparison of routes to choose which is the
best is dif icult as each trial has its dosage and different source
[9]. Ef icacy was reported to be slightly affected according to
the administration’s route [3].
Amer, et al. [20] compared intrahepatic with intrasplenic
BM-derived SCs administration route in end-stage liver
failure patients with no statistically signi icant difference
between both. However, the splenic route was slightly easier
but with a higher incidence of mild complications. El-Ansary,
et al. [21] also compared the splenic versus the IV route for
BM-derived SCs administration in end-stage liver failure
with no signi icant difference in results.
Meanwhile, it seems that the IV and invasive techniques
like injection of SCs through splenic, portal, or hepatic artery
are equal to each other [9].
Dose and repetition
SCs dosage was given around 1-2 million cells/kg in
most clinical conditions and didn’t exceed 12 million cells/
kg [22]. Others suggested that the dosage should be adjusted
according to the severity, and even it may be repeated and
supposed to have a better outcome with earlier repetition.
Safety
Most of the studies are short term studies, with few long
term ones up to 66 months. Most of the short-term studies
showed safety. Some long term studies showed complications
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as hepatocellular carcinoma (HCC) development after
autologous BMT in 5 patients out of 19 (26.3%); one case
had it before SCT and removed surgically, the other four
cases developed at 16, 17, 18, and 56 months after SCT
[23]. However, more studies are still needed to detect longterm complications, especially in children with long life
expectancy.
Eﬃcacy
Most of the studies showed ef icacy in many liver diseases
like chronic liver failure, ALF post hepatitis B, and graft
rejection post-transplantation. Outcomes were assessed
according to different study measures, with the most
important like bilirubin, prothrombin time, albumin, MELD
score, ascites, lower limb edema, and encephalopathy [3].
Improving SCs eﬀectiveness
Kang, et al. [24] illustrated some ways to improve SCT’s
effectiveness that can be followed, like tissue engineering,
preconditioning to improve cell resistance, and genetic
engineering.
Survival
Some studies showed survival for up to one year [25].
However, in pediatric ALF, it is supposed that the need for
SCs would be temporary to overcome the massive acute
destruction of hepatocytes. So it is expected that the result
will be better than in chronic liver diseases.
Proposed treatment strategy
Understanding SCT’s current status in different pediatric
liver disorders, the outcome, obstacles, and possible solutions
could be the basis for well-designed trials for SCT in ALF in
children. We recommend that when a child presents with
ALF, a stepwise therapy should be rapidly applied. The irst
step is the introduction of steroids from the irst day beside
the SMT. Then rapidly preparing allogeneic or autologous SCs
hand in hand with a liver donor preparation, living-related or
cadaveric according to the country policy in organ transplant.
When the SCs and/ or the liver donor is ready, the patient
status is evaluated, if signi icantly improving, and the Kings’
criteria discourage LT, continue on the previous regimen. If
not improving and the Kings’ criteria suggest high mortality
and indication for transplantation, proceed for LT if donor
is available; otherwise, SCs are infused. When a liver donor
is ready (if was not prepared before), reassess the patient. If
improving, continue on the previous lines; if not, proceed for
the third step, LT. We hypothesize that this approach could
considerably ill the gap for the many lost cases (Figure 2).

Figure 2: Algorithm for the proposed stepwise approach for the management of
acute liver failure in children.
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