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BACKGROUND: Kernicterus Spectrum Disorders (KSDs) result from hyperbilirubinemia-induced brain injury. We developed a
Toolkit (KSD-TK) to predict the likelihood of KSDs. This study aims to validate the KSD-TK by comparing it to clinical diagnoses made
by the Kernicterus Clinic in the Division of Neurology.
METHODS: Through retrospective chart review, we completed a KSD-TK for 37 patients evaluated between 2011 and 2019 using
highest bilirubin, newborn risk factors, neonatal exam, follow-up exam, auditory testing, tooth enamel, and MRI brain results. KSD-
TK results were compared to the clinical diagnoses given by a kernicterus expert (SS).
RESULTS: Of 37 patients, 29 were clinically diagnosed with kernicterus, including 14/14 with KSD-TK scored as “definite”, 14/15
“probable”, and 1/2 with “possible” kernicterus. None of 6 patients with KSD-TK “not kernicterus” were clinically diagnosed with
kernicterus. Combining KSD-TK “definite” and “probable”, the KSD-TK has 96.6% sensitivity and 87.5% specificity. Each KSD-TK
component had high sensitivity, but only three had specificity ≥0.75: auditory neuropathy spectrum disorder, abnormal movements
and/or tone on follow-up exam, and abnormal globus pallidus and/or subthalamic nucleus on MRI.
CONCLUSION: The KSD-TK is a promising screening tool for patients at risk for kernicterus.

Pediatric Research (2022) 91:862–866; https://doi.org/10.1038/s41390-021-01755-5

IMPACT:

● This study provides validation of a Kernicterus Spectrum Disorders (KSDs) Toolkit.
● The toolkit provides screening criteria for predicting KSD diagnosis.
● Scores of definite or probable have high sensitivity and specificity for KSDs.
● Abnormal auditory processing, exam, and MRI were most specific for KSDs.

OBJECTIVE/BACKGROUND
Neonatal hyperbilirubinemia can result in Kernicterus Spectrum
Disorders (KSDs) due to excess free unconjugated bilirubin
crossing the blood−brain barrier, irreversibly damaging the basal
ganglia, hippocampus, cerebellum, and cranial nerve nuclei,
specifically the oculomotor, vestibular, and cochlear nuclei. This
subsequently causes devastating motor and/or auditory dysfunc-
tion.1 Although it is a relatively rare disorder, kernicterus remains a
major problem and cause of disability worldwide.2–4 Even in
developed countries with neonatal surveillance and prevention
programs, the incidence of kernicterus is estimated to be 1 per
44,000 live births in Canada from January 1, 2007 to December 31,
2008,5 which predicted 97 new cases per year in the USA at that
time,6 and 82 per year currently based on a 16.5% decline in the
USA annual birth rate from 2007 to 2020 (https://www.cdc.gov/
nchs/data/vsrr/vsrr012–508.pdf). Children with kernicterus are
cognitively normal but are afflicted with a lifetime of disability,
including severe and often painful dystonia leading to difficulty
with voluntary movements, and/or auditory neuropathy spectrum

disorders with or without hearing loss.7 Parents of children with
undiagnosed neurodevelopmental disorders and elevated bilir-
ubin levels or jaundice in the neonatal period may question the
possibility that their child could have a KSD.
Due to the lack of knowledge about KSDs as well as limited

follow-up in the neonatal period, especially in resource-poor
settings, many local physicians do not have the expertise they
need to diagnose KSDs.8 The current practice to establish a
kernicterus diagnosis is through clinical diagnosis by an expert
familiar with the diagnosis, but physicians who specialize in KSDs
are not always available.9 This has led to underdiagnosis and
undertreatment of KSDs.10 While the Bilirubin-Induced Neurologic
Dysfunction (BIND) scale can be used to determine the severity
and progression of neonatal acute bilirubin encephalopathy, there
are unfortunately no standardized diagnostic criteria to screen
patients for kernicterus.11,12 In order to address this problem in our
area, we created a Kernicterus Clinic at Children’s Mercy Hospital in
2011, which serves as a point of contact for clinicians or families to
get more information on kernicterus and potentially come for a
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complete evaluation. This clinic is staffed by neurologists with
experience in diagnosing and managing children with kernicterus,
with multidisciplinary involvement from audiology, radiology, and
other subspecialty services as needed, with a nursing coordinator to
oversee patient care. The Kernicterus Clinic has been an excellent
resource for some families, but we recognize that not all children
can be evaluated in such a clinic.
In order to help parents and physicians predict the likelihood of

KSDs in a standardized format, we developed a screening tool: The
Kernicterus Spectrum Disorders Diagnostic Toolkit (KSD-TK). This
toolkit looks at the child’s risk factors for KSDs and most recent
neurologic and auditory evaluation in order to calculate the
likelihood of KSDs. The toolkit was created using the risk factors
determined by our kernicterus experts that contribute most to the
clinical diagnosis of kernicterus. Numerical values were assigned
to each of these risk factors to create a rating scale that estimates
the likelihood of a kernicterus diagnosis. This toolkit could then be
used by clinicians or potentially family members less familiar with
kernicterus to estimate the likelihood of a kernicterus diagnosis
in their patient or child. While not substituting for a clinical
evaluation with a kernicterus expert, this tool would allow
clinicians and families to estimate the likelihood of a KSD in their
child and use this to determine if further evaluation is needed. The
primary objective of this study is to estimate the accuracy of the
KSD-TK by comparing the results of the KSD-TK to the clinical
diagnosis by a kernicterus expert. The secondary objective is to
learn which risk factors on the KSD-TK have the greatest
association with a KSD diagnosis.

METHODS
A retrospective chart review was performed to determine the validity of
the KSD-TK result when compared to the clinical diagnosis given by a
kernicterus expert (S.M.S.) at the Children’s Mercy Kansas City’s Kernicterus
Clinic. Patient consent was not obtained for this study as it is a
retrospective chart review, and no identifying information was included
in the manuscript. The study was deemed exempt and granted a waiver of
HIPAA Authorization under 45 CFR 164.512(i)(2)(ii) by the Institutional
Review Board of Children’s Mercy Hospital.
Chart review and completion of the KSD-TK were performed by a project

member (V.R.D.) who was not involved in the clinical diagnosis of the
patients. As the information for the KSD-TK was obtained through viewing
chart records from the patient’s visit to the Kernicterus Center, it was not
possible to fully blind the chart review to the patients’ clinical diagnoses.
However, as the KSD-TK focused on recording objective measures and
clinical findings that were already outlined in the chart, it was determined
that this did not contribute to significant bias for a preliminary study.
Inclusion criteria included: age < 18 years, evaluation for KSDs at the
Kernicterus Clinic from 2011 to 2019, and the presence of all necessary
information to complete the KSD-TK in the patient’s chart. A total of 55
patient charts were reviewed from the Kernicterus Clinic database, but only
37 patients were ultimately included in the final study group; the 18
patients were excluded due to inadequate information in their charts or
lack of formal evaluation by a clinic physician. Thirteen of the excluded
patients sent records to the Kernicterus Clinic but were never formally
evaluated or diagnosed in the Kernicterus Clinic. The remaining five
patients were seen in the clinic but did not have sufficient information in
their records or testing to complete the toolkit. The demographic data for
the 37 patients included in the final study group are shown in Table 1
Demographic data for the 18 excluded patients were not included in this
paper as most of these patients were not evaluated at our Kernicterus
Clinic, and thus key information is lacking, and we were unable to make a
definitive clinical diagnosis.
For each patient included, we completed a KSD-TK (Fig. 1) based on

their highest bilirubin value, newborn risk factors, results of the neonatal
exam, results of the last follow-up exam, presence or absence of dental
enamel dysplasia in the deciduous (baby) teeth, auditory testing for
Auditory Neuropathy Spectrum Disorder (ANSD), and presence or
absence of abnormal hyperintensity of the global pallidus and/or the
subthalamic nuclei on brain MRI to determine the KSD-TK diagnostic
prediction. Infants with unerupted teeth were recorded as having
normal enamel development for the purposes of this study. Given the

known evolution of MR hyperintensities in kernicterus patients over
time, a record of any MRI with this pattern of injury was considered in
the results.13 Information about these qualitative factors were assigned
quantitative values for each subdivision on the KSD-TK scoring sheet and
then totaled to determine the final score (Fig. 1). Based on the total
range of possible KSD-TK scores from 0 to 14 and a prior article on the
diagnosis and treatment of KSDs,1 we classified the KSD-TK results as
“definite” (score of 10–14), “probable” (score of 6–9), “possible” (score of
3–5), and “not kernicterus” (score of 0–2).
We first compared KSD-TK predictions to clinical diagnoses given after

evaluation at our Kernicterus Clinic. The four prediction outcomes were
also dichotomized (combining “definite” and “probable” kernicterus
(scores 6–14) and combining “possible” and “not” kernicterus (scores
0–5)) to allow for estimation of the sensitivity and specificity of the KSD-TK
in correctly predicting the clinical diagnosis. We then evaluated the KSD-TK
predictions by logistic regression, using each individual risk factor (i.e., sub-
scale score) as an explanatory variable one at a time, due to the small
sample size and multicollinearity. The sensitivity, specificity, accuracy, and
area under the curve of each individual risk factor were calculated as well
to determine the utility of each risk factor included on the KSD-TK.

RESULTS
After performing the chart review, we found that 29 of our 37
patients were clinically diagnosed with kernicterus after evalua-
tion at the Kernicterus Clinic while eight were determined not to
have kernicterus after clinical evaluation. When compared to the
KSD-TK’s prediction, all 14 patients with KSD-TK “definite”
kernicterus and 14 of the 15 patients with KSD-TK “probable”
kernicterus were clinically diagnosed with kernicterus (Table 2).
The patient with KSD-TK “probable” kernicterus who was
incorrectly classified had a score of 6, the lowest possible score
to be included as “probable” rather than “possible” kernicterus.
One of the two patients with KSD-TK “possible” kernicterus
(score of 5) was clinically diagnosed with kernicterus while the
other patient (score of 4) was not. None of the six patients with
KSD-TK “not kernicterus” were clinically diagnosed with kernic-
terus. When KSD-TK “definite” and “probable” were combined
and “possible” and “not kernicterus” were combined, the KSD-TK
had a sensitivity of 96.6% (28/29) in correctly predicting a
clinical diagnosis of kernicterus and a specificity of 87.5% (7/8) in
detecting the absence of kernicterus in patients who truly do
not have the disorder.

Table 1. Demographic table of study patients diagnosed with or
without a Kernicterus Spectrum Disorder (KSD) including the patient’s
age at evaluation, gender, and gestational age.

Patients clinically
diagnosed
with a KSD

Patients clinically
diagnosed as
not KSD

Total 29 (78%) 8 (22%)

Age at evaluation

0–1 year 10 (34%) 2 (25%)

1–5 years 5 (17%) 1 (13%)

5–10 years 9 (31%) 4 (50%)

10–18 years 5 (17%) 1 (13%)

Gender

Male 22 (76%) 6 (75%)

Female 7 (24%) 2 (25%)

Gestational age

Preterm
<37 weeks

7 (24%) 3 (38%)

Term 37–42 weeks 22 (76%) 5 (63%)

KSD Kernicterus Spectrum Disorder.
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When considering the value of using each individual risk factor
from the KSD-TK for diagnosis, logistic regression suggested that
all of the risk factors had high classification accuracy and
sensitivity, and area under the ROC curve was >0.5 (Table 3).
While the sensitivity was high for every risk factor, only three risk

factors had a specificity ≥0.75: presence of ANSD, dystonia or
abnormal movements on the last follow-up exam, and abnormal
globus pallidus ± subthalamic nucleus on MRI results. These
factors also had an area under the ROC curve of 0.86–0.97,
indicating that they are all good measures to distinguish patients

Fig. 1 Kernicterus Spectrum Disorders Diagnostic Toolkit (KSD-TK). Each patient’s chart was reviewed and assigned a score for each
question on this toolkit. The scores were totaled for each individual patient and used to determine the KSD-TK’s diagnostic prediction.
Bilirubin levels are given in milligrams per deciliter (mg/dL) and micromoles per liter (μM), where 1mg/dL bilirubin= 17.1 μM.
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with and without kernicterus. Overall, ANSD had the best model fit
statistics; however, the logarithm of the odds was unstable as
indicated by the large standard error. This occurred because none
of the patients designated as “not kernicterus” on the KSD-TK had
a diagnosis of ANSD and therefore all of their values were 0 for
this variable.

DISCUSSION
Kernicterus is a classic cause of dyskinetic CP and presents as (1)
excessive abnormal movements and tone (dystonia) ± athetosis
(slow, writhing movements, a.k.a. choreoathetosis) due to lesions in
the globus pallidus (GP); (2) auditory neuropathy spectrum
disorder (ANSD) due to lesions in auditory brainstem nuclei ± nerve,
and (3) oculomotor impairments.9 We have recently described
motor-predominant and auditory-predominant subtypes as part of a
continuum of kernicterus spectrum disorders.1

The high sensitivity and specificity of the KSD-TK indicate that it
is a promising screening tool to determine the likelihood of KSD
diagnosis and could allow for earlier evaluation of a patient with
suspected KSD by a qualified provider as well as earlier treatment.
Furthermore, the high sensitivity of each individual risk factor
included on the KSD-TK supports the use of these measures in
determining a KSD diagnostic prediction. The specificity ≥0.75 of
ANSD, specific abnormal MRI brain results, and dystonia or
abnormal movements on last follow-up exam indicate that these
factors are the most predictive of KSD. This toolkit can be used on

any child who is outside of the neonatal period, provided they
have the necessary testing and clinical results.
When reviewing the patients included in the study, we found

that only 2 of the 37 patients were incorrectly classified by the
KSD-TK. Only one of eight patients who were not clinically
diagnosed with kernicterus was incorrectly classified “probable”
kernicterus by the KSD-TK. This patient had an elevated peak
bilirubin of 32mg/dL (2 points), an abnormal neonatal exam due
to opisthotonus (arching of the back and neck) and high-pitched
cry (2 points), abnormal last follow-up exam due to mild dystonia
and hypertonicity (1 point), and probable abnormal MRI results
due to subtle hyperintensity in the globus pallidus bilaterally (1
point) for total KSD-TK score of 6. This score is at the lowest end of
the range for “probable” kernicterus and just one point above
“possible” kernicterus. This patient’s severe encephalopathy was
ultimately not clinically attributed to kernicterus because many of
the patient’s abnormal features were not characteristic of
kernicterus including spasticity, sensorineural hearing loss that
did not fit the ANSD pattern, additional abnormalities on MRI
including atrophy and hydrocephalus ex-vacuo, multiple episodes
of pneumonia, a lack of the attentiveness, interaction and
awareness that most patients with even severe kernicterus
maintain and, finally, seizures continuing past a few months of
age, when most seizures secondary to kernicterus resolve.
Similarly, only 1 of 29 patients who were clinically diagnosed
with kernicterus was classified incorrectly as “possible” kernicterus.
This patient had an elevated peak bilirubin of 33 mg/dL (2 points),
lethargy (1 point), mild dystonia and athetosis (1 point), mild
ANSD with abnormal ABRs (1 point), and mild posterior lateral
ventriculomegaly without lesions in the globus pallidus on MRI (0
points) for a total score of 5. This score is on the highest end of the
range for “possible” kernicterus and only 1 point away from
“probable” kernicterus. This patient was ultimately determined to
have mild classical kernicterus based on clinical evaluation due to
neonatal history, mild dystonia and athetosis, and mild ANSD.
These two examples emphasize the importance of evaluation by a
qualified physician after KSD-TK diagnostic prediction for both
final diagnosis and potential treatment, while still acknowledging
the value of the KSD-TK in providing families with an early
diagnostic prediction to guide follow-up.
Limitations of this study include an unbalanced study sample in

that, out of 37 patients, 29 were clinically diagnosed with
kernicterus, while only 8 patients did not have a kernicterus
diagnosis. This selection bias occurred because our patient sample
consisted of children who were referred to and evaluated at our
Kernicterus Clinic due to high suspicion for kernicterus and
therefore were more likely to have kernicterus. Consequently, the
reported prediction parameters (sensitivity, specificity, and area
under ROC curve) may be an overestimate.

Table 2. KSD-TK percent of correct diagnostic predictions.

Clinical
diagnosis
Kernicterus

Clinical
diagnosis
Not kernicterus

KSD-TK Kernicterus
(Definite+ Probable)

28 1

KSD-TK Not Kernicterus
(Possible+Not Kernicterus)

1 7

A total of eight patients were clinically diagnosed as not having
kernicterus. The toolkit correctly predicted six of these patients as “not
kernicterus” and one as “possible kernicterus”. One patient predicted as
“possible kernicterus” on the KSD-TK was determined to have kernicterus
on clinical diagnosis. Additionally, one patient predicted as “probable
kernicterus” on the KSD-TK was determined on clinical diagnosis to not
have kernicterus (see text for further discussion). Combining KSD-TK
“definite” and “probable” (scores 6–14) yields a sensitivity of 96.6% for the
KSD-TK. Combining “possible” and “not kernicterus” (scores 0–5) yields a
specificity of 87.5% for the KSD-TK.

Table 3. Accuracy, sensitivity, specificity, area under the curve, logistic regression coefficient, and standard error for each individual risk factor
included on the KSD-TK.

Individual risk factora Accuracy Sensitivity Specificity AUC Logistic regression coefficient Standard error

Auditory Neuropathy Spectrum Disorder 0.95 0.93 1 0.97 21.5 5.671

Abnormal follow-up exam 0.92 0.97 0.75 0.95 3.5 1.2

Abnormal GP ± STNb on MRI 0.78 0.76 0.88 0.86 2.1 0.9

Dental enamel dysplasia 0.78 1 0 0.72 18.9 2.982

Peak bilirubin level 0.81 0.97 0.25 0.77 1.6 0.7

Abnormal newborn exam 0.78 1 0 0.69 1.1 0.6

Newborn risk factors 0.78 1 0 0.68 1 0.6
aSee Fig. 1 for a detailed explanation of the individual risk factors.
bGP ± STN= globus pallidus ± subthalamic nucleus.
The bold values indicate the risk factors with the highest specificity: Auditory Neuropathy Spectrum Disorder (ANSD) (1), abnormal MRI results (0.88), and
abnormal at last follow-up exam (0.75).
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However, the increased incidence of kernicterus worldwide serves
to emphasize the importance of a validated kernicterus screening
tool. Worldwide, 24 million infants are at risk for neonatal
hyperbilirubinemia-related adverse outcomes.2 The incidence of
severe neonatal jaundice (bilirubin ≥25mg/dL) is estimated to be
244/10,000 live births in low- and middle-income countries versus 4/
10,000 in high-income countries.4 Without surveillance and mea-
sures to prevent severe hyperbilirubinemia 8/1000 term and 42/
1000 preterm infants worldwide develop kernicterus13 and account
for about 10% of all cases of cerebral palsy (CP). Recent estimates are
that worldwide 56/100,000 live births (~1:1800) develop kernicterus
with 73/100,000 (~1:1400) in eastern Europe, Asia, Latin America and
Africa.2 Even in the United States, where kernicterus is considered to
be essentially eliminated, an estimated incidence of 5/100,000
would result in 200 new cases of kernicterus per year in the
USA.2,14,15 This underscores that while kernicterus may be forgotten,
it is not gone, and the KSD-TK can bridge gaps in the recognition
and diagnosis of affected children.
Whereas the KSD-TK may be a useful tool to suggest the

diagnosis of a KSD in under-resourced areas, we recognize that
our current KSD-TK relies in part on information that may not be
available in under-resourced countries where the incidence of
KSDs is high. Namely, MRI scans and ABRs to diagnose ANSD may
not be available, and blood and/or transcutaneous bilirubin levels
may not be available in many cases. Modifications of the original
bilirubin-induced neurologic dysfunction (BIND) scoring algorithm
designed to diagnose acute bilirubin encephalopathy (ABE) in
resource-limited settings found that the modified BIND-M score
was reliable and useful for predicting the development and
severity of ABE in neonates.12 Similarly, we hope that our KSD-TK
or a modification thereof can be validated to screen for KSDs in
under-resourced settings.
Future studies to validate these results should include completion

of the KSD-TK by parents of patients, outside nurses, or outside
clinicians who are less familiar with KSDs in order to determine if the
KSD-TK accurately predicts KSDs in these settings as well. While the
project member completing the KSD-TK for these patients did not
determine the patients’ clinical diagnosis, she did have the
knowledge and resources about KSDs, and this could be a
contributing bias that should be eliminated in future studies.
Furthermore, future multi-center studies in a larger patient
population, potentially spanning multiple countries where kernic-
terus is more common, could be designed to recruit equal numbers
of patients in each group and allow for a more balanced sample. A
modified KSD-TK without MRI, ABR, and bilirubin levels and with a
greater emphasis on clinical findings could be created and validated
in limited resource areas. These data could be combined with our
previously published KSD-TK2 detailing kernicterus subtype and
severity1 to create a validated Kernicterus Registry and track
incidence, prevalence, natural history, and responses to various
treatments16 regarding the kernicterus spectrum disorders.

CONCLUSION
The KSD-TK is an effective screening tool for parents and
clinicians. Based on the data, it is an accurate diagnostic predictor
with a sensitivity of 97% and a specificity of 87%. Furthermore,
each individual risk factor included in the toolkit showed a high
classification accuracy, supporting the use of each risk factor in the
diagnostic toolkit. Utilizing the KSD-TK as a standardized screening
tool could lead to more prompt diagnoses, fewer missed
diagnoses, and earlier treatment, while also enhancing our
understanding of the incidence, prevalence and natural history
of KSDs. Future prospective studies can be done with larger
sample sizes, different populations, and using KSD-TK predictions

completed by external physicians and caregivers, which will
further corroborate this data.
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