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Background: To explore the application of magnetic resonance imaging (MRI) and diffusion-weighted
imaging (DWI) in the diagnosis of hypoxic-ischemic encephalopathy and kernicterus in premature infants.
Methods: Fifty-cight premature infants with hypoxic-ischemic encephalopathy and fifty-eight premature
infants with kernicterus who were examined and treated in our hospital between January 2018 and January
2021 were assigned to the observation group or the control group. All patients were examined by MRI
imaging and DWI imaging, and the examination results were compared between the two groups.

Results: No significant differences were found in sensitivity, specificity, positive predictive value, or
negative predictive value between the observation group and the control group (P>0.05). MRI could
clearly visualize the signal changes of patients, whereas DWI did not show any signal changes. There was
no significant difference between MRI and DWI in the diagnosis of hypoxic-ischemic encephalopathy
in premature infants. Further, there was no significant difference in the diagnostic performance of MRI
between the observation group and the control group (P>0.05). However, the diagnostic performance of
DWI in the control group was better than that in the observation group, and the difference was statistically
significant (P<0.05).

Conclusions: MRI and DWI imaging have high detection rates for the diagnosis of hypoxic-ischemic
encephalopathy and kernicterus in premature infants. These imaging methods can benefit the treatment of

premature infants and have important clinical application value.
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Introduction mainly caused by severe hyperbilirubinemia (1), can easily
Kernicterus, also termed bilirubin encephalopathy, is and severely affect the globus pallidus, ventral brainstem
a serious central nervous system condition that affects nuclei, and nerve nuclei of patients. A failure to deliver
infants in the neonatal period. This condition, which is timely diagnosis and treatment leads to the aggravation
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of the patient’s condition and death (2). Furthermore, for
patients with kernicterus, there are inevitable sequelae (3).
Neonatal hypoxic-ischemic encephalopathy, a persistent
brain injury caused by neonatal asphyxia, can affect patients’
neurological function (3,4). Therefore, early diagnosis and
treatment of hypoxic-ischemic encephalopathy is of critical
clinical significance, and can effectively reduce the disability
and mortality rates among patients (5).

Magnetic resonance imaging (MRI) has a high resolution
to enable the diagnosis of intracranial lesions in children
(6,7). However, few studies have investigated the clinical
application of MRI and diffusion-weighted imaging (DWI)
in the diagnosis of Hypoxic-ischemic encephalopathy and
kernicterus. To promote the progress of clinical diagnostic
medicine, we conducted a diagnostic study of premature
infants with hypoxic-ischemic encephalopathy and
kernicterus who were examined and treated in our hospital
in the period from January 2018 to January 2021. We
present the following article in accordance with the STARD
reporting checklist (available at http://dx.doi.org/10.21037/
tp-21-128).

Methods
General patient information

Fifty-eight premature infants with hypoxic-ischemic
encephalopathy and 58 premature infants with kernicterus
who were examined and treated in our hospital between
January 2018 and January 2021 were assigned to the
observation group or the control group. In the control group,
there were 27 and 31 females and males, respectively. For
these patients, the gestational age ranged from 27-40 weeks,
with an average gestational age of 33.5+6.5 years, and their
body weights ranged from 1.5-4.1 kg, with an average
body weight of 2.80+1.30 kg. In the observation group,
there were 29 females and 29 males. For these patients, the
gestational age ranged from 26-40 weeks, with an average
gestational age of 33+7 years, and their body weights ranged
from 1.5-4.2 kg, with an average weight of 2.85£1.25 kg.
Comparison of the basic data of the control and observation
patients revealed no differences, meaning the two groups
were comparable (P>0.05). All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by ethics board of Children’s Hospital
Affiliated to Kunming Medical University (NO.: IRB-2018-
011) and informed consent was taken from all the patients.
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The inclusion criteria for patients were as follows: (I) a
clinical diagnosis of hypoxic-ischemic encephalopathy or
kernicterus of premature infants; (II) complete clinical data;
and (III) the families of the patients were fully informed
of the study and agreed to participate voluntarily. The
exclusion criteria were: (I) accompanied with congenital
heart disease; (II) unable or refused to cooperate with the
research; and (III) patients who were due to receive surgery
in the near future.

MRI examination procedures

All patients underwent MRI examination using an
AVANTOI-CLASS 1.5T superconducting MR scanner.
The head was examined with a phased array coil, and
chloral hydrate (50 mL/kg) was used for enema before the
examination. The patient was placed in the appropriate
position, usually the supine position, with their ears
plugged with cotton and their head fixed. It is worth noting
that warming measures needed to be applied during the
examination. The patients were scanned by cranial MRI.
The scanning parameters were: (IR 2,000 ms, TE 9 ms),
slice thickness 4 mm, layer spacing 1 mm, and matrix
512x512.

All patients were examined by DWI with a single-shot
spin echo planar imaging (SE-EPI) DWI sequence. The
scanning parameters were (TR 5,400 ms, TE 75 ms), and 0,
500 and 1,000 s/mm’” were selected for scanning.

Observation index

After the imaging examination of patients in the observation
and control groups, the MRI and DWI images were
analyzed by experienced diagnostic physicians, and the
results of the two groups were compared. The sensitivity,
specificity, positive predictive value, and negative predictive
value were determined, and the diagnostic coincidence rate
was calculated.

Statistical method

Data were analyzed by SPSS 21.0 software (SPSS, Inc.,
Chicago, IL,USA). Measurement data were compared by
Student’s 7-test and expressed as mean = standard deviation
(xxs). Count data were analyzed using the y’ test, and
expressed by rate (%). P<0.05 was considered to represent a
significant difference.
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Table 1 Comparison of MRI and DWI results between the two groups (n=58)

Indexes Observation group Control group 1 P

Sensitivity (%) 49 50 0.069 0.793
Specificity (%) 48 47 0.058 0.809
Positive predictive value (%) 51 50 0.077 0.782
Negative predictive value (%) 53 50 0.78 0.377

MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging.

Figure 1 Imaging results of kernicterus in a premature infant.

Results

Comparison of the results of MRI and DWI between the
two groups

As shown in Table 1, no significant difference was found in
sensitivity, specificity, positive predictive value, or negative
predictive value between the observation and control groups
(P>0.05). Representative images of cases with kernicterus
and hypoxic-ischemic encephalopathy are shown in Figures 1
and 2, respectively. For patients with kernicterus in Figure I,
DWI detected no abnormalities; however, MRI revealed
the bilateral globus pallidus to be significantly increased,
with a blurred boundary. In the patients with hypoxic-
ischemic encephalopathy in Figure 2, the main observations
were diffuse edema, low signal intensity in the white matter
around the occipital lobe, and narrowing of the sulcus and
ventricle.

The globus pallidus in different groups
Table 2 shows a comparison of MRI and DWI in depicting
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the condition of the globus pallidus in the patients. MRI
could clearly visualize the signal changes in patients,
whereas DWI did not show any signal changes.

Comparison of MRI and DWI results of patients in the
observation group

As shown in Table 3, no significant difference existed
between MRI and DWI in the diagnosis of hypoxic-
ischemic encephalopathy in premature infants in the
observation group (P>0.05).

The diagnostic performance of MRI

As shown in Table 4, the diagnostic performance of MRI did
not differ significantly between the observation group and
the control group (P>0.05).

The diagnostic performance of DWI
As shown in Table 5, the diagnostic performance of DWI
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Figure 2 Imaging results of hypoxic-ischemic encephalopathy in a premature infant. The arrows indicate location of ischemic hypoxic

encephalopathy in premature infants.

Table 2 The condition of globus pallidus in the control group (n=58)

Indexes MRI DWI v P

Signal change 27 5 20.887 0.000
Significantly increased 19 7 7.139 0.008
No significant increase 11 6 1.723 0.189
No change 1 40 57.378 0.000

was better in the control group than in the observation
group, and the difference was statistically significant
(P<0.05).

Discussion

Neonatal hypoxic-ischemic encephalopathy is a serious
complication in clinical medicine. Although its pathogenesis
has not been fully explained, relevant research results
indicate that it is largely related to placental abnormalities,
heart failure and other factors (8-10). When neonatal
hypoxic-ischemic encephalopathy occurs, the patient
experiences gas exchange disturbance. In the neonatal
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period, the brain tissue is in the stage of growth and
development, and the metabolic ability is strong. The
occurrence of symptoms such as ischemia or hypoxia can
cause lactic acid to accumulate in the brain tissue, resulting
in brain atrophy (11). Cases of intracranial hemorrhage in
patients with neonatal hypoxic-ischemic encephalopathy
can be divided into intraventricular hemorrhage, subdural
hemorrhage, cerebral parenchyma hemorrhage (12,13).
Therefore, to effectively avoid the occurrence of above
symptom, it is essential that patients are diagnosed
and treated early to reduce the occurrence of adverse
complications, and promote better recovery (14).

Bilirubin is an important factor causing bilirubin
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Table 3 Comparison of the results of MRI and DWT in the observation group (n=58)

Indexes MRI DWI $ P
Intracranial hemorrhage 21 20 0.038 0.846
Delayed myelination of white matter 15 13 0.188 0.664
Brain perforation malformation 12 13 0.051 0.821
Caudate nucleus abnormality 10 12 0.224 0.636
MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging.

Table 4 The diagnostic performance of MRI (n=58)

Indexes Observation group Control group Y P
High signal 33 32 0.035 0.852
Slightly higher signal 21 18 0.348 0.555
Equal signal 4 8 1.487 0.223
MRI, magnetic resonance imaging.

Table 5 The diagnostic performance of DWI (n=58)

Indexes Observation group Control group $ P
Visible edema area 27 39 5.062 0.024
Invisible 31 19 5.062 0.024

DWI, diffusion-weighted imaging.

encephalopathy. At present, there are three kinds of
bilirubin monitoring in children with hyperbilirubinemia:
venous blood biochemical analysis, trace blood bilirubin
determination and percutaneous bilirubin determination.
Percutaneous bilirubin monitoring is non-invasive and
easy to operate. At present, it is mainly used for early
screening, monitoring and phototherapy evaluation of
children with jaundice. There is no significant difference
between the determination of trace blood bilirubin and the
value of bilirubin measured by venous blood biochemical
analysis. The result of micromethod is accurate, easy to
operate, easy to operate and less damage. It is not affected
by the severity of bilirubin and skin factors, which is
suitable for close monitoring of the level of bilirubin in
blood. Continuous monitoring of blood S100B and Tau
protein levels can guide the treatment of children with
hyperbilirubinemia and further prevent the occurrence
of bilirubin encephalopathy. Creatine kinase brain
isozyme is one of the sensitive and objective indexes
for early diagnosis of bilirubin brain injury. Magnetic
resonance imaging is one of the more mature methods
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for the diagnosis of bilirubin encephalopathy at present,
and most of the diagnosis of acute and chronic bilirubin
encephalopathy can be determined by MRI. Magnetic
resonance spectroscopy is more sensitive than conventional
MR], so it can be used for early detection of brain injury
caused by bilirubin neurotoxicity. At present, it is advocated
that routine MRI and magnetic resonance spectroscopy
should be combined to monitor the damage of nerve tissue
in time and comprehensively, so as to better guide clinical
intervention and rehabilitation prognosis. The abnormal
change of brainstem auditory evoked potential is one of the
common manifestations of bilirubin encephalopathy, and
it can also be the only manifestation of bilirubin-induced
neurological dysfunction, and it is one of the earliest and
lightest manifestations of bilirubin neurotoxicity. Brainstem
and VIII brain nerves are particularly sensitive to bilirubin
toxicity III. Neonatal neurobehavioral score can be used for
early diagnosis of neonatal bilirubin encephalopathy, and its
sensitivity to hearing impairment is even better than that of
auditory brainstem response. The advantages of neonatal
neurobehavioral score are: sensitive, reliable, repeated
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testing will not cause damage to newborns, easy to operate,
no need for special technical training, the tools required are
simple and economical, and are easy to be widely used in
clinic. EEG can detect abnormal brain function as early as
possible through the real-time recording of EEG activity,
so it can be used in one of the early diagnosis of brain
injury caused by high bilirubin, especially the application
of amplitude integrated EEG. It provides a new means
for neonatal nerve development and brain injury, in order
to guide early clinical intervention and disease prognosis
evaluation.

Neonatal kernicterus mainly occurs due to serious
complications caused by hyperbilirubinemia in the neonatal
period and has an immense adverse impact on the lives of
infants. If positive and effective treatment measures are not
taken, the risk of sequelae increases, and severe cases can
even prove life-threatening (15,16). The clinical symptoms
of kernicterus are usually yellowing of the skin, lethargy,
and limb convulsions (17); however, due to the particularity
of the newborn, it shows different physiological jaundice
in the neonatal period, which is difficult to distinguish to
a large extent. Therefore, misdiagnosis can easily happen,
which is not conducive to the timely treatment of patients,
which requires an early clinical diagnosis (18). Pathological
injury in the neonatal period can lead to the accumulation
of a large number of nuclei in the central nervous system,
including the globus pallidus, which has the most vulnerable
nuclei. In patients with abnormal bilirubin, the signal
intensity of the globus pallidus will show an increasing
trend (19,20). Therefore, positive and effective diagnostic
imaging can aid in the accurate assessment of the condition
and form a basis for clinical diagnosis, which facilitates
timely treatment, thus avoiding serious damage to the
patient’s health.

As a tomographic imaging technology, MRI has the
characteristics of high resolution and imaging diversity
for clinical diagnosis, and its clinical application does not
expose the patient to unnecessary radiation damage (21).
MRI can clearly show the focus range of the patient,
and provide a diagnostic basis for clinical diagnosis
and treatment (22). 3.0TMR high resolution imaging
technology combines multi-channel body coils and
respiratory instrumentation techniques to help reduce
the production of motion artifacts in breathing, improve
image clarity. 3.0TMR high resolution imaging is applied
to nuclear jaundice and hypoxic ischemic encephalopathy.
It is accurately judging the severity of the condition, which
is conducive to the improvement of the development
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and prognosis effect of the treatment plan. Patients with
hypoxic-ischemic encephalopathy have a high probability
of brain edema, which is mainly caused by the continuous
increase of brain water content after the occurrence of
asphyxia or other conditions. As an early symptom, this kind
of complication may affect the surrounding tissue and result
in sequelae, even affecting patients’ life and health (23,24).
In clinical practice, routine computed tomography (CT)
has a very limited value for diagnosing neonatal kernicterus;
furthermore, it involves some radiation exposure. Using
MRI technology to diagnose patients can not only
effectively reduce the radiation damage to patients, but it
can also accurately highlight abnormal signals of the globus
pallidus in patients. It is worth noting that great similarity
exists between signals and the globus pallidus during
neonatal development. Lack of a certain discrimination
point is also the limitation of MRI in clinical application
(25,26). Therefore, the use of this method alone cannot
effectively achieve a scientific diagnosis; thus, it needs to be
combined with other methods to improve the diagnostic
accuracy, and DWI technology is used more frequently in
clinic (27). In terms of DWI technology, conventional CT
and other examination methods can be used to diagnose
and evaluate brain injury; however, conventional CT
cannot detect mild brain edema in time, and conventional
CT lacks accuracy and sensitivity, so its use is extremely
limited. Therefore, brain injury needs to be diagnosed
and monitored more accurately in a more reasonable way
(25,28,29). DWI technology has a certain value in the
diagnosis of neonatal brain tissue damage. However, it is
worth mentioning that due to the high water content in the
brain tissue of newborns, it is often impossible to accurately
evaluate the scope and degree of brain injury when ischemia
has led to the dispersion of water molecules in patients (30).
In the face its limitations, it is necessary to enhance the
diagnostic accuracy of this imaging method through its
joint application with MRI technology. Therefore, in the
diagnostic examination of premature infants with hypoxic-
ischemic encephalopathy and kernicterus, when used alone,
MRI or DWI technology cannot accurately depict the
brain tissue. However, by effectively combining the two
methods, we can improve the scientific basis of diagnosis,
provide scientific guidance to inform early treatment, and
reduce the occurrence of misdiagnosis. Furthermore, the
joint application of the two methods can effectively improve
the quality of treatment and the overall reputation of the
hospital.

Studies have shown that MRI examination has positive
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significance for assessing the nerves in brain tissue. MRI
generates images of the internal organs of the human body
using a magnetic field and radio waves. Due to its good
efficacy, it has a wide range of clinical applications (31).
DWI technology also has a clear positive significance for
clinical diagnosis, and can be used to effectively assess
clinical symptoms, such as brain edema, and provide a
scientific basis for clinical treatment (32). In this study, 58
premature infants with hypoxic-ischemic encephalopathy
and 58 premature infants with kernicterus were selected for
evaluation using these two diagnostic methods, and their
imaging results were compared. There was no significant
difference in sensitivity, specificity, positive predictive
value, or negative predictive value between the observation
group and the control group (P>0.05). Therefore, on the
whole, in the diagnosis and treatment of premature infants
with hypoxic-ischemic encephalopathy or kernicterus, we
need to take positive and effective approaches to obtain an
early diagnosis, and the combined use of MRI and DWI
can effectively improve the diagnostic accuracy for such
patients (33). However, it is worth noting that, although
this approach can effectively improve the diagnostic
efficiency, the pathological features and the degree of
pathological change in patients can vary greatly due to the
differences between individuals and their clinical symptoms
(34-36). Furthermore, after the occurrence of hypoxic-
ischemic encephalopathy, patients are prone to intracranial
hemorrhage and brain edema. In clinical diagnosis, the
degree of brain tissue injury cannot be evaluated in detail,
and patients need to be clinically assessed before diagnosis
(37,38). Furthermore, treatment and other intervention
factors can affect the accuracy of MRI (39,40). Therefore, in
clinical diagnosis, it is necessary to make a sound assessment
based on the patient’s condition in order to reduce the risk
of misdiagnosis and the effect of other factors which are not
conducive to the timely treatment of the patient.

In conclusion, MRI and DWI imaging have a high
detection rate for the diagnosis of hypoxic-ischemic
encephalopathy and kernicterus in premature infants. The
combined application of these two methods can make up
for their limitations individually, improve the diagnostic
accuracy, and provide a scientific basis for diagnosis, which
is conducive to the treatment of patients and can better
promote their recovery. The combined use of MRI and
DWI has positive significance for improving the overall
quality of treatment and can benefit the doctor-patient
relationship; therefore, this method has important clinical
application value.
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