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Utility of Hepatic Transaminases to Recognize Abuse
in Children

WHAT’S KNOWN ON THIS SUBJECT: Abdominal injury is an
important cause of mortality in abused children, but it can be
difficult to recognize clinically. Elevated hepatic transaminase

levels can be a sign of occult injury. Experts recommend transaminase
screening with any concern for physical abuse.

WHAT THIS STUDY ADDS: In this population of potentially abused
children, abdominal injuries were identified in 3.2% of the
patients. Using a threshold of 80 IU, transaminase levels had a

sensitivity/specificity of 77%/82%. These results support
recommendations for routine screening.

abstract
OBJECTIVE: Although experts recommend routine screening of he-
patic transaminases (aspartate aminotransferase [AST] and alanine
aminotransferase [ALT]) in cases of potential child physical abuse, this
practice is highly variable. Our objective was to determine the sensi-
tivity and specificity of routine transaminase testing in young children
who underwent consultation for physical abuse.

PATIENTS AND METHODS: This was a prospective, multicenter, obser-
vational study of all children younger than 60 months referred for
subspecialty evaluationofpossiblephysical abuse. Thechildabuse teamat
each center recommended screening transaminases routinely as stan-
dard of care for all cases with a reasonable concern for physical abuse.
Sensitivity and specificity for transaminases and clinical examination find-
ings to detect identified abdominal injurieswere determined, and receiver
operating characteristic analysis was undertaken.

RESULTS: Of 1676 consultations, 1272 (76%) patients underwent
transaminase testing, and 54 (3.2% [95% confidence interval: 2.4–4.2])
had identified abdominal injuries. Area under the curve for the highest
level of either transaminase was 0.85. Using a threshold level of 80 IU/L
for either AST or ALT yielded a sensitivity of 77% and a specificity of 82%
(positive likelihood ratio: 4.3; negative likelihood ratio: 0.3). Of injuries
with elevated transaminase levels, 14 (26%)were clinically occult, lack-
ing abdominal bruising, tenderness, and distention. Several clinical
findings used to predict abdominal injury had high specificity but low
sensitivity.

CONCLUSIONS: In the population of children with concern for physical
abuse, abdominal injury is an important cause of morbidity and mor-
tality, but it is not so common as to warrant universal imaging. Abdom-
inal imaging should be considered for potentially abused children
when either the AST or ALT level is�80 IU/L or with abdominal bruising,
distention, or tenderness. Pediatrics 2009;124:509–516
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Inflicted injury is an important cause
of morbidity and mortality in young
children.1–3 Nevertheless, diagnosis of
inflicted injury is poor, and estimates
of miss rates for abuse are 30% and
higher.4,5 Abdominal injury is second
only to head injury as a cause of mor-
tality in children with inflicted injury.6,7

In young children, inflicted injury
causes nearly asmany abdominal inju-
ries asmotor vehicle crashes and is an
independent predictor of poor out-
come.8–10 Forensically, the discovery of
abdominal injury can help determine if
the history offered for a child’s other
injuries is plausible, because intraab-
dominal injuries are extremely rare
with short falls or stairway falls.11–14

The recognition of intraabdominal in-
jury can be difficult. In studies of non-
inflicted trauma, clinical examination
has had limited sensitivity and speci-
ficity.7,8,15,16 Controversy exists regard-
ing routine laboratory screening for
intraabdominal injury with nonin-
flicted trauma when there is no foren-
sic significance to finding an injury.17–20

In cases of potential abuse, expert
statements21–23 have recommended
routine screening on the basis of 1
small study (N� 49) that found occult
hepatic injuries in 6% of the patients.24

Yet, routine laboratory screening for
intraabdominal injury remains contro-
versial. Groups that recommend
screening in accidental injury differ
widely as to what threshold should be
used to indicate the need for radio-
graphic studies.15,18,20,25 Even less is
known about useful thresholds in
abused children in whom the time of
injury is usually unknown. Our objec-
tive was to determine the sensitivity
and specificity of routine transami-
nase screening relative to clinical ex-
amination for the identification of
intraabdominal injury in a large
population of potentially abused chil-
dren in centers where such screening
is the standard of care.

PATIENTS AND METHODS

This was a prospective, observational,
multicenter trial. No interventions
were undertaken for study purposes.
The standard of care for all participat-
ing child abuse teams is to recom-
mend transaminase screening rou-
tinely for consultations in children
younger than 60 months with any rea-
sonable concern for physical abuse.
Nineteen child abuse teams collected
data from all children younger than 60
months who were referred for consul-
tation with concerns of physical abuse.
Each participating center received ap-
proval from its local institutional re-
view board with waiver of informed
consent. Definitive testing for abdomi-
nal injuries (abdominal computed to-
mography [CT], MRI, autopsy, or surgi-
cal evaluation) was undertaken at the
discretion of the clinical team.

Enrollment occurred between April 1,
2007, and March 31, 2008. Each center
collected data from all consultations
regardless of whether transaminase
testing was undertaken. For the pur-
pose of this study, consultation was
considered to have occurred if a child
abuse consultant had done any of the
following: (1) written a note in themed-
ical record; (2) performed a physical
examination; or (3) recommended di-
agnostic or therapeutic management.

In the absence of a reliable and vali-
dated scale of abuse likelihood,26 we
did not measure the ultimate level of
concern for abuse. In some consulta-
tions, initial evaluation by the child
abuse consultant led to the opinion
that there was no reasonable concern
for abuse (as when a mimic of abuse
was identified) and that transaminase
screening, therefore, was not recom-
mended. These cases were not ex-
cluded from analysis. This category did
not include patients in whom other
evaluations for abuse (ophthalmologic
examination, head CT, skeletal survey)
were undertaken.

Enrollment was undertaken by a re-
sponsible child abuse consultant at
the time of child abuse team disposi-
tion (discharge, sign-off, or death). To
ensure complete enrollment, each
center established an independent
method of determining the census of
eligible patients. Missed patients were
identified by monthly checks, and
missed data were entered retrospec-
tively. It was established prospectively
that centers that failed to enroll�90%
of the eligible patients would be ex-
cluded from analysis.

Data Collected

Data were entered via a secure, Web-
based data-entry form (Quickbase [In-
tuit, Waltham, MA]). Data included de-
mographic information, details of the
history offered by the patient or care-
taker, symptoms (vomiting, fussiness,
fever, abnormal oral intake, bleeding),
physical examination findings (abdom-
inal bruising, abdominal tenderness,
bowel sounds, abdominal distention,
shock, Glasgow coma scale [GCS]
score), and results of any diagnostic
testing. All data represented the final
opinions of the responsible child abuse
consultants, who were not blinded to
transaminase results. Data included the
opinions of the responsible child abuse
consultants as towhether transaminase
testing changed clinical, social, or legal
management.

We used the following definition as our
gold standard for identified intraab-
dominal injury: radiographic or patho-
logic evidence of solid organ (hepatic,
splenic, pancreatic, adrenal, renal)
laceration or contusion, hollow viscus
hematoma or perforation, vascular in-
jury, or mesenteric hematoma or tear.
Nonspecific findings such as a small
amount of free peritoneal fluid without
further definition or bowel wall edema
of unclear etiology do not meet this
definition.27 Intraabdominal injuries
were considered to be occult if abdom-
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inal bruising, tenderness, and disten-
tion were not noted, according to the
definition used by Coant et al.24

Statistical Analysis

Sensitivity, specificity, and likelihood
ratios for identified abdominal injuries
were determined for dichotomous
variables. Analyses were performed
by using Excel (Microsoft, Redmond,
WA). Receiver operating characteris-
tics (ROC) analysis was undertaken
for aspartate aminotransferase
(AST) and alanine aminotransferase
(ALT) levels by using the highest
value (AST or ALT) of the first
transaminase levels obtained. The
ROC curve was constructed by using
SPSS 17 (SPSS Inc, Chicago, IL).

RESULTS

The centers completed 1676 consulta-
tions for physical abuse in children
younger than 60months. One consulta-
tion was excluded because the child
was transferred between 2 participat-
ing institutions during 1 evaluation of
abuse. One center enrolled 1 patient
before subsequently withdrawing
from the study. This patient was ex-
cluded from analysis. Demographic
characteristics of enrolled patients
are shown in Table 1. Patients had a
broad range of injury severity from
very mild to lethal. The most common
injuries identified are listed in Table 2.

Transaminase screening was not per-
formed for 404 (24%) patients (Fig 1).
Of these, 144 (36%) children did not
undergo testing because, on initial
evaluation, the child abuse consultant
did not feel that there was a reasonable
concern for physical abuse (“clearly not
abuse”). In 141 (35%) cases, the child
abuse consultant did not recommend

screening transaminases despite a rea-
sonable concern for physical abuse
(“oversight”). The treating teamdeclined
to obtain transaminase testing despite
consultant recommendation in 110
(27%) of the cases.

At least 1 abdominal injury was identi-
fied in 54 patients (3.2% [95% confi-
dence interval (CI): 2.4–4.2]; Table 3).
Seventeen identified injuries were clin-
ically occult (ie, no abdominal tender-

1676 
subjects enrolled  

404 subjects – no transaminase 
levels obtained

levels obtained

 Clearly not abuse 144 
 Oversight 141 
 Treating team declined 110 
 Patient moribund 5 
 Previous definitive testa 4 

1272 
subjects with transaminase

1013
AST and ALT  80 IU 

259 
AST or ALT > 80 IU 

117 
with definitive test 

896 
no definitive test 

138 
with definitive test 

121 
no definitive test 

12 
abdominal 

injury identified 

105 
no abdominal 

injury identified 

41 
abdominal 

injury identified 

97 
no abdominal 

injury identified 

FIGURE 1
Patient flow. aOne subject with prior definitive testing had an injury identified.

TABLE 1 Age and Gender of Enrolled Subjects

Age, mo Injury Not
Identified
(N� 1622),
n (%)

Abdominal
Injury
Identified
(N� 54),
n (%)

P

0–6 591 (36.4) 14 (25.9)
6–12 369 (22.7) 7 (13.0)
12–24 306 (18.8) 13 (24.1)
24–36 163 (10.0) 10 (18.5)
36–48 116 (7.1) 6 (11.1)
48–60 77 (4.7) 4 (7.4)
Mean age (SD),
mo

14.4 (14.5) 19.8 (15.5) .007

Male gender 929 (57.2) 34 (63.0) .48

Children with injuries were slightly older than children
without injuries.

TABLE 2 Identified Injuries

Identified Injury n (%)

Cutaneous injury 889 (53.0)
Bruising 605 (36)
Bite marks 40 (2.4)
Burns 147 (8.8)
Other 170 (10.1)
Patterned injury 87 (5)
Fracture(s) 755 (45.0)
Traumatic brain injury 393 (23.4)
Retinal hemorrhage
Any 151 (9.0)
Characteristic 97 (5.8)
Intra-abdominal injury 54 (3.2)
Total with any of these injuries 1452 (86.6)

Many subjects had �1 injury identified. Other cutaneous
injuries included lacerations, crush injuries, rashes, pete-
chiae, blisters, hematomas, etc.

TABLE 3 Identified Abdominal Injuries

Organ All
Patients

AST and ALT
�80 IU/L, n

Liver 26 2
Bowel/mesentery 10 4
Spleen 10 3
Pancreas 6 2
Adrenal 6 1
Kidney 3 1
Other 9 3

Seventy injured abdominal organs were identified among
54 patients. Each patient was counted no more than once
for any given category. For example, a patient with 2 liver
lacerations and 2 areas of perforated bowel would be
counted once in �liver� and once in “bowel/mesentery.”

ARTICLES

PEDIATRICS Volume 124, Number 2, August 2009 511
 at Spectrum Health Group on October 11, 2011pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


ness, bruising, or distention). One ab-
dominal injury was identified in a child
without transaminase testing because
imaging was obtained before the child
abuse consultation was undertaken.
Abdominal injuries were seen in a
higher proportion of older patients
(Table 1), and themean age of children
with abdominal injuries (19.8 months)
was older than that of the general co-
hort (14.5 months) (P� .007).

ROC analysis was undertaken for the
first set of transaminases by using the
higher of the 2 tested levels (AST or ALT).
Areaunder thecurve (AUC) for transami-
nases as a test for identified abdominal
injurywas 0.85 (95%CI: 0.78–0.91; Fig 2).
A cutoff of 80 IU/L identified 41 of 53 ab-
dominal injuries, with 218 false-positives
among 1219 children without identified
abdominal injury (sensitivity: 77%; spec-
ificity: 82%). Previous studies of nonin-
flicted injury have suggested using
higher thresholds ranging from 100 to
400 IU/L.15,18,25 Test characteristics for
these thresholds had lower sensitivity
with moderately increased specificity
(sensitivity/specificity: 68%/87% for 100
IU/L and 40%/98% for 400 IU/L). Abdomi-
nal and pelvic CT was performed in 256
patients, of whom 133 had either AST or

ALT levels of �80 IU/L. Of 259 patients
with elevated transaminase levels (�80
IU/L), 121 did not undergo CT or other
definitive testing for abdominal injury.

Transaminase levels were elevated in
14 of 17 patients who had identified oc-
cult intraabdominal injuries. Transam-
inase levels were more sensitive than
any single clinical characteristic ex-
amined, although several clinical find-
ings had better specificity (Table 4).
Combining abdominal bruising, ab-
dominal tenderness, or an abnormal
GCS score had similar test character-
istics as transaminase levels. Twelve
patients had abdominal injuries identi-
fied despite both transaminase levels
being �80 IU/L. Injuries in these pa-
tients are listed in Table 3 and included
4 hollow viscus or mesenteric injuries
with 1 small bowel perforation.

Investigators reported that the results
of transaminase testing changed clini-
cal management in 24 (44%) of the 54
patients with identified injuries. In
most cases, transaminase levels were
listed as the reason that imaging was
obtained, even in several cases where
other indicia (abdominal tenderness
or bruising) of abdominal injury were
present. Transaminase levels were re-
ported to have changed the social or
legal management of the patient in 8
(15%) cases with injuries.

DISCUSSION

In these 1676 patients, the pretest
probability of finding abdominal injury
was 3.2%, which seems to fall below
the testing threshold to obtain abdom-
inal CT for most clinicians. Using a
threshold of 80 IU, hepatic transami-
nase levels identified 14 cases of oc-
cult abdominal injury in this group of
children who underwent consultation
for concerns of physical abuse. Using
this threshold, the positive predictive
value for identified abdominal injury
was nearly 16%, potentially an under-
estimate because abdominal CT was
omitted in nearly half of the children
with such elevations and these pa-
tients were counted as having no in-
jury. This yield is substantially higher
than the yield in a recently published
series of children who underwent CT in
the setting of accidental trauma.28

Given the clinical and forensic signifi-
cance of these injuries, we recom-
mend screening transaminase levels
for all young children who undergo
consultation for physical abuse who
would not otherwise undergo defini-
tive testing (abdominal CT, MRI, au-
topsy, or surgical evaluation).

Our estimate of the rate of abdominal
injuries should be considered as a
minimum. Nearly half of the children

TABLE 4 Test Characteristics of Transaminase Levels and Several Clinical Examination Findings

Finding Sensitivity, %
(95% CI)

Specificity, %
(95% CI)

PPV, % NPV, % LR� LR� n

AST or ALT� 80 IU/L 77 (65–87) 82 (80–84) 16 99 4.3 0.3 1272
Abdominal bruising 37 (25–50) 95 (94–96) 21 98 7.9 0.7 1657
Abdominal tenderness 52 (39–65) 99 (98–99) 55 98 36.9 0.5 1614
Abdominal distention 46 (33–60) 97 (96–98) 5 98 16.8 0.6 1658
Abnormal bowel sounds 47 (34–60) 93 (92–95) 19 98 7.2 0.6 1513
GCS score� 15 49 (36–63) 85 (85–87 9 98 3.8 0.6 1592
Lipase� 100 K/�L 44 (28–60) 75 (72–79) 10 95 1.8 0.8 521
Vomiting 37 (25–51) 88 (87–90) 9 98 3.2 0.7 1633
WBCs� 11 K/�L 55 (41–68) 40 (38–43) 4 95 0.9 1.11 1182
Hematuria (any) 28 (16–45) 93 (90–95) 24 94 4.1 0.8 439
Abdominal bruising or
tenderness or GCS
score� 15

83 (71–91) 80 (78–82) 13 99 4.1 0.2 1562

PPV indicates positive predictive value; NPV, negative predictive value; LR�, positive likelihood ratio; LR�, negative likelihood
ratio; n, number of patients for whom test results were documented; WBC, white blood cells.
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FIGURE 2
ROC curve for the higher of the initially obtained
transaminase levels (AST or ALT). Arrows indi-
cate test characteristics for various proposed
transaminase cutoff levels. AUC is 0.85 (95% CI:
0.78–0.91). AUC for a perfect test will be 1.0,
whereas AUC for a useless test is 0.5.
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with elevated transaminase levels did
not undergo definitive diagnostic test-
ing, and normal or minimally elevated
transaminase levels were frequently
cited as a reason to forego abdominal
imaging. These results would be more
robust if we had followed children for
later evidence of abdominal injury or
other abuse or if definitive testing had
been performed in all children when
either transaminase level was �80
IU/L. Because our inclusion criteria in-
cluded concern for physical abuse, we
required a waiver of informed consent
and, therefore, were unable to require
testing or follow-up by the clinical team.

Although the test characteristics of
transaminase levels were generally
superior to individual clinical examina-
tion findings, neither alone offered
both universal sensitivity and accept-
able specificity. Although less sensi-
tive, the clinical findings of abdominal
bruising, tenderness, and distention
had very high specificity and positive
predictive values. Twelve patients had
abdominal injuries identified despite
having normal transaminase levels.

It has been suggested that small bowel
perforation may be specific for in-
flicted injury and that these injuries
may be less likely to be associatedwith
transaminase elevation.29,30 Only 1 of
these 4 bowel/mesenteric injuries in
the 12 patients with low transaminase
levels was a small bowel (jejunal) per-
foration, whereas 5 such injuries were
identified among patients with elevated
transaminase levels. It is possible that
bowel perforation is associated with lo-
cal trauma or inflammation that may
lead to transaminase elevation. Un-
like solid organ injury, hollow viscus
perforations are very likely to
progress clinically and eventually to
become clinically apparent.31

Authors who have advocated using
screening transaminases have sug-
gested a variety of levels as threshold
values to suggest the need for further

imaging.15,18,25 Karam et al20 identified
several children with traumatic inju-
ries whose transaminase levels were
minimally elevated or normal. Our re-
sults suggest that a threshold of 80
IU/L provides a useful balance of sen-
sitivity and specificity.

Although we reported all abdominal in-
juries, our rate of injury was lower
than that of a group that excluded
thosewith abdominal bruising, tender-
ness, or abnormal bowel sounds.24 Al-
though our rate is lower, it is within the
CI reported in that small study. Our rel-
atively higher rate of abdominal inju-
ries in older children stands in distinc-
tion to the pattern seen in a review of a
national trauma database by Trokel et
al,30 which suggests that transaminase
testing remains useful among rela-
tively older children.

First among the limitations of this
study was our inability to clearly deter-
mine which abdominal injuries were
truly “occult.” Ideally, the management
plan for a patient would be assessed
both before and after transaminase
results were available. Alternatively, a
trial that randomly assigned centers
to routine or judicious testing could
theoretically better test transaminase
utility. We felt that such a randomized
trial would be unethical and impracti-
cal, because existing evidence and ex-
pert recommendations had led partic-
ipating centers to consider routine
testing to be standard of care.21–23

Because we were unable to pursue ei-
ther of these approaches, we chose 2
surrogate measures to determine the
impact of transaminase testing. First,
we used the Coant et al24 definition to
define occult injury (no abdominal
bruising, tenderness, or distention).
However, some injured patients with-
out these signs underwent imaging be-
fore transaminase results were avail-
able, suggesting that their injuries were
not truly occult. Conversely, other pa-
tients with clinical findings such as ab-

dominal bruising were nevertheless
scheduled for discharge until the discov-
ery of elevated transaminase levels
drawn at the recommendation of the
child abuse team, suggesting that these
injuries were, in fact, occult.

Several clinical indicators besides those
used by Coant et al may suggest injury
(abdominal pain, fever, vomiting, fussi-
ness, etc). Although the vast majority of
injured children had at least 1 clinical
finding that might be related to abdomi-
nal injury, this was also true of the ma-
jority of patients without injury.

Wealsoused theopinionof thechildabuse
consultant to determine if transaminase
testing changed management. Investiga-
tors reported that screening changed
management in nearly half of the cases in
which abdominal injurywas identified, but
this finding is limited by the potential for
bias.

It is unclear if resultswould be similar in
a population with noninflicted injuries. If
abusedchildrenaremore likely tohavea
delay in seeking care, the optimal
thresholdmight be lower in abused chil-
dren given the tendency of hepatic
transaminase elevations to normalize
rapidly.14 However, the dogma that
abused children present later for care
has been called into question in the case
of abdominal injuries.32

We are also limited by the variable na-
ture of our key inclusion criterion: the
decision to obtain child abuse consul-
tation.26,33–35 Participating centers that
serve similar populations had widely
divergent rates of consultation, sug-
gesting that the threshold to consult
varies from center to center. This
threshold also undoubtedly varies be-
tween clinicians at the same center
and even within a single clinician from
patient to patient.26,36 The proportion of
identified abdominal injuries for each
center did not correlate with the num-
ber of child abuse consults obtained,
which likely represents “real-world”
variability in clinical practice and,
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thus, might be seen to further rein-
force our suggested threshold for he-
patic transaminase levels.

It should be emphasized that although
our population included children who
underwent consultation for abuse, some
must have had noninflicted injury. We
chose to include all children who under-
went consultation for physical abuse
rather than including only those with
confirmed abuse for several reasons.
First, we are aware of no objective and
reliable standard for determining which
children have been abused and no scale
of abuse likelihood that has been rigor-
ously validated.26 Second, the decision to
recommend transaminase testing must
be made at the initiation of the child
abuse workup rather than when it has
been completed; to retrospectively ex-
cludechildrenultimatelydeterminednot
to have been abusedmight artificially in-
flate the utility of transaminase testing.
Finally, results of transaminase testing
can affect the perceived likelihood of
abuse, which could lead to circular rea-
soning. Although we must have included
some children with accidental injuries,
we feel that this is asmuch a strength of
our protocol as aweakness. By including
all childrenwith abuse consultations,we
more closely approximated the real-
world decision that faces child abuse
consultants.

We did not measure interrater reliabil-
ity of clinical examination findings, al-
though some key findings (abdominal
tenderness and GCS score) may be dif-
ficult to determine clearly in young
children.37 We did not enter data be-
fore the results of definitive testing
were available. It is possible that the
perception or recording of such clini-
cal findings as abdominal tenderness,

bruising, and abnormal bowel sounds
could have been biased by test results.
If definitive testing biased recognition
of these clinical signs, the result would
have been to overestimate the accu-
racy of clinical examination findings.

Our results are also subject to confir-
mation bias, because patients with
normal transaminase levels and no
clinical findings were much less likely
to undergo definitive testing with im-
aging or surgery. If, as we expect, the
rate of unrecognized abdominal injury
is higher in the group with elevated
transaminase levels who did not un-
dergo CT, relative to the group with
normal transaminase levels, we
would underestimate the utility of
transaminase levels. If, however, the
rate of unrecognized injury were
higher in the group with normal
transaminase levels, we would over-
estimate their utility.

It is possible that children with abdom-
inal injuries had transaminase eleva-
tion at the initial time of their injury but
that transaminase levels normalized
before the evaluation for abuse. Al-
thoughwe collected data on the time of
injury when it was available, these
data were unavailable in �60% of the
cases and could not be corroborated
in the majority of others.

CONCLUSIONS

In young children undergoing subspe-
cialty consultation with concerns for
physical abuse, abdominal injuries are
uncommonbut not rare.We recommend
using a threshold of 80 IU/L for either
transaminase (AST or ALT) as an indica-
tion for pursuing definitive testing in a
population with concern for abuse re-
gardless of examination findings. How-
ever, neither transaminase levels nor

clinical examination are sufficient to
identify all traumatic abdominal injuries
and retain acceptable specificity. Mildly
elevated or normal transaminase levels
do not exclude abdominal injury, espe-
cially in children with clinical indicia of
injury such as abdominal bruising, dis-
tention, or tenderness.
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