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Evaluating lactate prognostic value in children suspected
of acetaminophen-induced liver failure in Liberia
Mohamad K. Haidar1,2, Nikola Morton3, Thomas Roederer1, Stephanie Mayronne3, Luke Bawo4, Joseph Kerkula4, Klaudia Porten1 and
Frederic J. Baud3,5,6,7

BACKGROUND: The prognostic significance of hyperlactatemia in young children with liver injury suspected to be attributed to
repeated supratherapeutic doses of acetaminophen remain understudied.
METHODS: We conducted a retrospective medical chart review including children aged <5 years admitted with hepatocellular
injury. The study was conducted in Bardnesville Junction Hospital operated by Médecins Sans Frontières in Monrovia, Liberia.
RESULTS: We analyzed 95 children with liver injury in whom a blood lactate measurement on admission was available. Eighty
children (84%) were aged <2 years; 49 children (52%) died during hospitalization. The median acetaminophen concentration on
admission was 20mg/L with 60 (70%) children presenting concentrations exceeding 10mg/L. Median lactate was significantly
higher in children who died (10.7 mmol/L; interquartile range (IQR): 8.5–15.7) than those who survived (6.1 mmol/L; IQR: 4.1–8.5),
P value < 0.001). The optimal threshold obtained was 7.2 mmol/L with a sensitivity of 84% and specificity 70% (area under curve=
0.80). The previously established thresholds of 3.5 and 4mmol/L lactate had very low specificity identifying non-survival in children
included in this study.
CONCLUSION: In this setting, young children with ALF possibly attributed to acetaminophen toxicity were unlikely to survive if the
venous blood lactate concentration exceeded 7.2 mmol/L.
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INTRODUCTION
Pediatric acute liver failure (ALF) is a complex clinical syndrome
that is the final common pathway for many disparate conditions.
One of these conditions is acetaminophen-induced ALF.1

Although intended to determine whether patients should be
referred or transferred to a liver transplantation center, prognostic
evaluation using the modified King’s College Hospital criteria
(KCC) may also be useful for patient’s care in the absence of
transplant facilities. The performance of the original KCC2 was
criticized owing to the imbalance between the sensitivity and
specificity;3,4 hence, the criteria were modified. Currently, the
modified KCC includes measurement of arterial lactate concentra-
tions, with levels >3.5 mmol/L prior to fluid resuscitation
associated with a high likelihood of death.5 Further modifications
of the KCC took place, and the United Kingdom Registration
criteria (UKRC) for super urgent liver transplantation included
modified measurements and criteria including blood lactate >5
mmol/L on admission or >4mmol/L 24 h after in the presence of
liver injury.6 Notably, the UKRC outperformed the modified KCC in
predicting hospital mortality.7 Other studies have proposed
different threshold values,8 but the prognostic value of arterial
lactate in predicting death in adults with acetaminophen-induced
ALF is well accepted.5,9 In contrast, the prognostic value of venous
lactate measurements in children with acetaminophen-induced
ALF remains unclear.10 Since collection of blood can be
challenging in children, using venous lactate concentrations,

which is less invasive than arterial blood collection, could be
an attractive alternative,11 particularly in settings where other
measurements including measurement of blood gases and pH are
not available.
Documented acetaminophen-induced hepatotoxicity among

children is rare and, when reported, is mostly attributed to
accidental or self-inflicted exposure in developed countries.12

From July to December 2015, Bardnesville Junction Hospital (BJH)
in Monrovia, Liberia reported a case series of 77 children aged <5
years who had liver injury. Data were incomplete, but severe
transaminase elevations, respiratory distress without hypoxemia,
encephalopathy, deep hypoglycemia, and metabolic acidosis with
increased anion gap were common findings. This constellation of
findings continued to be reported throughout 2016 and 2017,
with acetaminophen toxicity confirmed only in a minority of cases
but suspected in others. Here we aimed to examine the prognostic
value of venous blood lactate concentration on inpatient mortality
among sample of children admitted with liver injury suspected to
result from supratherapeutic acetaminophen overdose at BJH. We
used venous lactate concentration as a more feasible alternative
to arterial concentration.

MATERIALS AND METHODS
The study was approved by the Liberian National Research Ethical
Board (ref NREB-003-16).
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Study setting
In April 2015, Médecins Sans Frontières (MSF) opened a pediatric
hospital within BJH in Monrovia, Liberia. The 82-bed facility serves
as a referral hospital for complicated pediatric cases in the greater
Monrovia area and has general pediatrics, intensive care, and
inpatient nutritional activities. In 2016, among the 4500 admis-
sions, the most common admitting diagnoses were malaria,
severe malnutrition, dehydration induced by non-bloody diarrhea,
and respiratory tract infections.

Study population
We performed a retrospective chart review of patients admitted
between August 2016 and June 2017 with suspected hepatocel-
lular injury. Identifying the etiology of liver injury was challenging,
due to the scarcity of biochemical analyses and absence of on-site
toxicological laboratories.
Hepatocellular injury was clinically suspected if a child

presented any two of the following symptoms: hepatomegaly,
hypoglycemia, respiratory distress without hypoxemia on pulse
oximetry, and gastric bleeding. Upon clinical suspicion, hepato-
cellular injury was confirmed if the children presented with an
alanine aminotransferase (ALT) activity more than three times the
upper limit of normal (ULN), a total bilirubin concentration more
than twice the ULN, or both.13 Severe liver injury was defined
as aspartate transaminase (AST)/ALT >1000 IU/L.13 In case
acetaminophen poisoning was suspected as the cause of liver
injury, N-acetylcysteine was administered as per protocol at the
discretion of the treating physician.

Data collection and definitions
All information was collected from the medical charts archived at
BJH after patient discharge. Information extracted from the charts

was recorded onto a standardized case report form, which was
then entered into Research Electronic Data Capture (RedCap).
Admission data included patients’ age, sex, body weight, vital

signs (heart rate, respiratory rate, capillary refill time, and axillary
temperature), and respiratory and neurological status. The
presence of hepatomegaly was systematically assessed. Children
were screened for malnutrition using body weight, height (or
length for children <2 years), mid-upper arm circumference
(MUAC), and presence of edema upon arrival to the hospital.
Severe acute malnutrition (SAM) was diagnosed in children
presenting with edema, MUAC < 115mm, or a weight-for-height
z-score <−3.14

History of acetaminophen consumption was also assessed on
admission in the preceding 7 days, though accuracy was often
limited by caregivers’ inability to provide the names of medica-
tions administered at home, the doses given, and the timing of
medication administration. If hepatocellular injury was suspected,
laboratory analyses were performed on admission and included
serum electrolytes, transaminase activities, total bilirubin concen-
tration, creatine kinase activity, and venous blood lactate
concentration. Serological tests for HIV and hepatitis A, B, C, and
E were performed. Each child was also screened for malaria with
the SD Bioline Malaria Ag P.f. (HRP2) rapid diagnostic test.
Specific blood draws for acetaminophen quantification from

children with hepatocellular injury were not collected routinely,
but residual frozen (−20 °C) plasma samples of selected patients
were sent for toxicological analysis at ToxLab, Paris, France in
March 2018. Vital signs and biochemical index variables were
defined according to standard reference ranges.15–18 Cardiovas-
cular dysfunction was defined as capillary refill time ≥3 s in the
presence of tachycardia or bradycardia.19 Hepatocellular injury or
ALF possibly due to acetaminophen ingestion was defined as a

Suspected hepatocellular injury on presentation
hypothesized to be related to acetaminophen

overdose by the treating clinician
(N = 109)

ALT ≤3× ULN and total
bilirubin ≤2× ULN

(N = 3) 

Hepatic intracellular injury (ALT > 3×
ULN or total bilirubin >2× ULN)

(N = 106) 

Venous lactate sample collected and
documented

(N = 95)

Venous lactate not 
collected or documented

(N = 11)

Died
(N = 49)

Discharged
(N = 46)

Fig. 1 Flow chart of children admitted to BJH with hepatocellular injury between August 2016 and June 2017.
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suspected hepatocellular injury in the presence of blood acet-
aminophen concentration >10mg/L when first measured or a
reported cumulative dose of acetaminophen of at least 150mg/kg
(or 75mg/kg in 24 h).20,21 For this analysis, we used data based on
ALT activity, total bilirubin concentration, and availability of blood
lactate measurement upon suspicion of the liver injury.

Data analysis
The primary outcome was survival to hospital discharge. We
excluded children who were admitted with findings suggestive of
hepatocellular injury that upon further investigation was not
confirmed. Children who did not have a venous blood lactate
measurement documented were also excluded (Fig. 1). We
described the frequencies, central values and distributions of
clinical signs and symptoms, and biochemical and serological
tests. Blood lactate medians were compared between children: (i)
surviving to discharge and those who died during hospitalization,
(ii) with and without malaria, (iii) severely acutely malnourished

and normal nutritional status, and (iv) with and without
cardiovascular dysfunction. Differences in medians were tested
using Kruskal–Wallis for variables with more than two categories
and Mann–Whitney for the ones with two categories.
Associations between lactate concentrations and death were

calculated and adjusted for potential confounders using
incidence risk ratios (IRR), P values, and 95% confidence intervals
(CIs) derived from Poisson regression analysis with robust error
variance. We adjusted for age, sex, cardiovascular dysfunction,
SAM, and diagnosis of malaria. Time at risk was defined in hours
as the time between admission and death or discharge. Only
time spent in BJH was included in the analysis. Two-sided tests
were considered statistically significant if P value was <0.05. The
sensitivity and specificity of venous blood lactate to predict
mortality were studied simultaneously for any possible threshold
values. The receiver operating characteristic curve was traced for
these cut-offs and its area under curve (AUC) was calculated. A
sensitivity analysis was conducted including the children who

Table 1. Demographic, clinical history, and presentation upon admission and biochemical values of children admitted with suspected hepatocellular
injury (n= 95).

Patient characteristics n (%) Mean (range) Median [IQR]

Age (months) 14.7 (1.1–51.6) 12.5 [6.3–19.2]

<12 44 (46)

12–23 36 (38)

24–60 15 (16)

Body weight <10 Kg 81 (85) 7.4 (2.0–16) 7.0 [5.7–8.8]

Hepatomegaly 93 (98)

Respiratory distress without hypoxemia 63 (66)

Altered neurological status 76 (80)

Irritability 8 (8)

Lethargy 41 (43)

Coma 27 (28)

Gastric bleeding (n= 94) 17 (18)

Axillary temperature (°C) (n= 94) 37.6 (34.2–40.6) 37.8 [36.7–38.4]

Hyperthermia >38 °C 44 (47)

Hypothermia <35 °C 5 (5)

Respiratory rate (breath/min) 53.3 (16–92) 52 (40–64)

Bradypnea 5 (5)

Tachypnea 71 (75)

Apneic or gasping 8 (8)

Pulse oximetry >90% 68 (72) 93.1 (48–100) 98 [88–100]

Heart rate (beats/min) 146.3 (48–234) 154 [125–179]

Tachycardia 45 (47)

Bradycardia 16 (17)

Capillary refill ≥3 s 11 (12)

Hemoglobin (g/dL) (n= 56) 8.7 (5–13.8) 8.9 [6.9-10.2]

Glucose (mg/dL) (n= 92) 31 (undetectable–301) Undetectable [undetectable–41]

Hypoglycemia <60mg/dL (n= 92) 72 (78)

AST > 1000 (IU/L) 85 (89) 7794 (66–20,000) 6950 [2000–11,540]

ALT > 1000 (IU/L) 70 (74) 2891 (72–20,000) 1873 [934–3570]

Total bilirubin >2× ULN (mg/dl) (n= 92) 59 (64) 3.5 (0.4–21.0) 2.6 [1.6–4]

Creatinine (mg/dL) 1.1 (0.2–10.1) 0.8 [0.5–1]

Venous blood lactate (mmol/L) 9.7 (1.8–26) 8.5 [5.4–13.1]

Estimated anion gap >16mmol/L 78 (84) 24.2 (10.3–47.7) 24.4 [18.7–28.8]

Creatine kinase (IU/L) (n= 44) 1539 (73–5000) 417 [159–2711]

Plasma acetaminophen concentration >10mg/L (n= 86) 60 (70) 27.1 (0–158.5) 20.4 [7.9–34.9]
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had hepatocellular injury possibly due to acetaminophen
ingestion. All analyses were performed using Stata© 13.1
(College Station, TX).

RESULTS
Data from 95 children admitted between August 2016 and June
2017 were analyzed (Fig. 1). The average age at admission was
14.7 months and 49 (52%) were males. Forty-nine (52%) children
eventually died during hospitalization (Table 1). The average
length of hospital stay was 6 days (range: <24 h, 21 days). The
total observation time was 618 person-days. All children were
<20 kg and 81 (85%) were <10 kg. At admission, hepatomegaly
was the most prevalent symptom followed by lethargy and
coma and respiratory distress without hypoxemia (Table 1).
AST activity exceeded 1000 IU/L in 85 (90%) children, and ALT
exceeded 1000 IU/L in 70 (74%). Hypoglycemia was present in
72 (78%) children. Median venous lactate concentration was

8.5 mmol/L, interquartile range (IQR) 5.4–13.1, and 60/86 children
with measurements (70%) had a plasma acetaminophen
concentration >10 mg/L.
Among all children, 70/95 (74%) reported acetaminophen

consumption. Caregivers of 59 children were able to quantify
the dose given prior to hospitalization. Of these, the mean
reported dose was 88mg/kg/day (range 10–625) and the median
was 66 mg/kg/day [IQR 50–100], with 23/59 (39%) reporting
supratherapeutic doses prior to hospitalization. When considering
both the plasma acetaminophen concentration and doses
reported by caregivers, hepatocellular injury possibly due to
acetaminophen ingestion was present in 67/95 children (44 by
concentration, 7 by history, 16 by both). The clinical profile
presented by these children was similar (Table S1).
Among the serological tests performed, no child had hepatitis B

(n= 93) or Hepatitis C (n= 92). One child had hepatitis A (n= 64)
and one child had hepatitis E (n= 72). The child with hepatitis A had
a history of acetaminophen consumption; however, his blood
plasma was measured on the third day of hospitalization resulting in
a non-detectable level. The child presenting with hepatitis E had a
plasma acetaminophen level of 61.5mg/dL ascertaining toxic levels.
Venous lactate concentrations were higher in patients who died

(10.7 mmol/L, IQR 8.5–15.7) than those who survived (6.0 mmol/L,
IQR 4.1–8.5; P value < 0.001) but were not different among
children presenting with either malaria, SAM, or cardiovascular
dysfunction in comparison with those without (Table 2). There was
no difference in proportions of SAM, cardiovascular dysfunction,
and malaria among the patients who met the acetaminophen
intoxication criteria (Table S2). Moreover, the risk of death
increased by 15% with every increase of 1 mmol/L in blood
lactate concentration (95% CI 1.11–1.20, P value < 0.001) among all
the children included (Table 3, Model II). Similarly, this risk
increased by 16% (95% CI 1.09–1.23) among the children who met
the intoxication criteria (Table S3).
Receiver operating characteristic analysis identified an early

venous blood lactate concentration of 7.2 mmol/L as the optimal
threshold to discriminate risk of mortality among children
presenting with hepatocellular injury (AUC= 0.80, Fig. 2a). The
AUC was similar for the same threshold value when only
considering children with hepatocellular injury possibly due to
acetaminophen ingestion (AUC= 0.79, Fig. 2b). In total, 41/55
children (75%) who had lactate concentration >7.2 mmol/L
measured early after admission died in comparison to 14/46

Table 2. Distribution of blood lactate values upon suspicion of the
diagnosis, the outcome of hospitalization, and other potential risk
factors of hyperlactatemia (n= 95).

Indicator Total, n (%) Venous blood lactate,
median [IQR]

P value

Outcome

Died 49 (52) 10.7 [8.5–15.7] <0.001

Discharged
46 (48) 6.0 [4.1–8.5]

Malaria

No 75 (79) 8.0 [5.3–13.1] 0.46

Yes 20 (21) 9.1 [6.0–13.6]

Severe acute
malnutrition

No 68 (72) 8.7 [5.7–13.4] 0.30

Yes 27 (28) 8.0 [4.8–10.7]

Cardiovascular dysfunction

No 85 (89) 8.6 [5.7–13.5] 0.18

Yes 10 (11) 7.7 [4.8–9.6]

Table 3. Univariate and multivariable Poisson regression of venous blood lactate as a predictor of death adjusted for other diagnoses predicting a
fatal outcome and possibly causing hyperlactatemia (n= 95).

Indicator No. of death/total no. of
patients (%)

Univariate analysis Model I—lactate thresholds Model II—lactate as a
continuous variable

IRR (95% CI) P value Multivariate analysis Multivariate analysis

Adjusted IRR
(95% CI)

P value Adjusted IRR
(95% CI)

P value

Lactate >3.5mmol/L 47/86 (55) 3.4 (0.75–15.27) 0.111

Lactate >4.0mmol/L 47/82 (57) 5.87 (1.33–25.94) 0.020 5.50 (1.20–25.11) 0.028

Lactate (continuous variable)
(mmol/L)

1.13 (1.09–1.18) <0.001 1.15 (1.11–1.20) <0.001

Malaria 12/20 (60) 0.65 (0.29–1.46) 0.279 0.52 (0.18–1.50) 0.229 0.46 (0.19–1.10) 0.080

SAM 14/27 (52) 1.19 (0.56–2.54) 0.650 1.29 (0.60–2.78) 0.515 1.29 (0.61–2.73) 0.497

Cardiovascular organ
dysfunction

6/10 (60) 1.34 (0.47–3.82) 0.584 1.44 (0.52–4.01) 0.482 2.13 (0.81–5.62) 0.124

Model I included venous lactate >4.0 mmol/L as the main exposure.
Model II included venous lactate as the main exposure continuous variable.
In addition to the variables presented in the table, all models were adjusted for age and sex.
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children (25%) who did not (Pearson’s chi-squared P value <
0.001). The threshold value of 7.2 mmol/L venous lactate
concentration had a sensitivity of 84% and specificity of 70%
when considering all children with suspected hepatocellular injury
(Fig. 2c) and a sensitivity of 92% and specificity 61% in the subset
of patients who had hepatocellular injury possibly due to
acetaminophen ingestion (Fig. 2d).

DISCUSSION
We investigated the prognostic implications of venous blood
lactate concentrations among children aged <5 years presenting
with hepatocellular injury and meeting the case definition for
suspicion of acetaminophen poisoning in an urban referral
hospital in Monrovia, Liberia. More than two-third of the patients
met the criteria for hepatocellular injury due to acetaminophen
ingestion.
Previous studies have examined the prognostic value of

arterial lactate in hepatocellular injury among adults but with

these values remaining unclear for children.5,9 The arterial lactate
thresholds identified for adults did not perform well for
predicting death when applied to pediatric venous blood
samples (Table S4).5,8 Such comparison might be unfeasible
due to the contextual differences in addition to the medium of
blood used for lactate measurement (venous versus arterial). The
optimal threshold of 7.2 mmol/L for venous lactate identified
here was a predictor of mortality among all children with
hepatocellular injury as well as the group who had hepatocellular
injury due to suspected acetaminophen ingestion. The venous
lactate values as high as those seen in this pediatric population
are associated with severe illness thereby complicating its
use as a clinical tool. Nevertheless, the lactate threshold of
7.2 reported here is higher than those reported for other diseases
causing lactic acidosis among children in similar contexts
including, sepsis (>3 mmol/L),22 shock (>5 mmol/L),23 and
malaria (>5 mmol/L).24,25 In a setting where the modified KCC,
UKRC, and the Pediatric Sequential Organ Failure Assessment
score could not be used because of lack of laboratory capacity,
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Fig. 2 Receiver operating characteristic and sensitivity and specificity curves for different cut-off values for venous blood lactate
predicting a fatal outcome. a and c include all the children with suspected hepatocellular injury (n= 95). b and d include only the children
with hepatocellular injury possibly due to paracetamol ingestion (n= 67).
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relying on venous lactate alone was a predictor of death, but
further investigation is needed.26

Children in the present study showed markedly elevated
transaminase activity, suggestive of extensive hepatocellular
injury, but only 67/95 met our criteria of hepatocellular injury
possibly due to acetaminophen overdose. This is partially due to
incomplete and/or unreliable information: plasma acetaminophen
levels were only available on a subset of patients, and caregiver
reporting may have been unreliable. Although we are unable to
attribute acetaminophen ingestion as the cause of the presenta-
tion in this case series, it is possible that it was at least a partial
cause in many cases.
Indeed, diagnosing chronic acetaminophen poisoning is

extremely difficult and requires various tests, which were
mostly unavailable in Monrovia nor are they available in similar
low-resource settings. In Monrovia and at BJH, diagnosing
acetaminophen poisoning started recently when a biochemistry
minilab was made available despite the absence of other
important laboratory indicators. For instance, toxicology labora-
tories quantifying acetaminophen are unavailable in Monrovia,
making real-time diagnosis impossible. Consequently, in the
absence of important laboratory measurements, underdiag-
noses remain a possibility not just in Monrovia rather in
all contexts where this phenomenon might be taking place.
In this study, we unveiled acetaminophen poisoning in
children in Monrovia; however, that might not be specific to
Liberia only but rather to all countries with unrestricted access
to medication especially the ones with prevalent risk factors,
for instance SAM. Understanding the prognostic factors is of
importance in hospital contexts despite the limited treatment
options. Therefore, preventative public health interventions
remain the hallmark response in tackling this problem in this
context.
This analysis has several key limitations. First, lactate

values were recorded upon suspicion, which may have led to
higher values, rather than on admission with liver injury. This
may have compounded difficulties in obtaining reported
acetaminophen consumption from caregivers as well as timely
collection of blood samples (and their interpretation) for
acetaminophen concentration. Second, the unavailability of
some diagnostic tools and laboratory tests made differential
diagnosis of hepatocellular injury etiology challenging. As such,
we were not able to include several other components of
validated predictive scales (such as arterial pH and blood
coagulation tests) in our predictive models. It is possible that,
with the addition of these other data, our models may have
performed differently. Nonetheless, the simplicity of using
venous blood lactate alone for predicting death on admission
may be useful to classify patients in prognostic categories in
resource-limited settings thereby facilitating clinical care. An
obvious limitation of these results is that, in a setting like BJH in
Monrovia, there are few, if any, therapeutic options for children
who have been identified as being at high risk for in-hospital
mortality. Finally, the data presented here is hypothesis
generating and a specific study aiming to establish a lactate
threshold criteria for use in low-resource settings would be
needed.

CONCLUSION
Venous lactate measurement is a value alternative to arterial
lactate measurement in resource-limited settings. In the present
study, venous lactate value of >7.2 mmol/L identified children at
risk of in-hospital mortality, but to examine additional uses of
blood lactate thresholds for prognostic classification for suspected
acetaminophen overdose in low-resource settings, additional
research is needed.
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