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Abstract

Background: The central tegmental tract (CTT) is an extrapyramidal tract between the red nucleus and the inferior olivary nucleus
which is part of the Guillain-Mollaret triangle (dentato-rubro-olivary system). Symmetric central tegmental tract hyperintensity
(CTTH) is a pediatric brain magnetic resonance imaging (MRI) finding with an unclear clinical and radiological significance.
Objectives: The aim of this retrospective study is to determine the radiological significance of CTTH on magnetic resonance imag-
ing (MRI) in children.
Patients and Methods: Pediatric patient’s MRI from January 2015 to January 2017 were retrospectively reviewed in this case series
study. Patient records with presence of CTTH in their MRI were evaluated.
Results: There were 39 out of 2981 brain MRIs with CTTH with a prevalence of 1.3%. Some CTTH lesions disappeared on follow-up. In
two patients, the disappearance of CTTH temporally corresponded to clinical improvement. Also we had patients with hemolytic
uremic syndrome, autoimmune hemolytic anemia, Wilson’s disease, combined immunodeficiency, Bartter syndrome, and autism.
Conclusion: CTTH could be caused by a physiological maturation process or a physiological response of the cells in the central
tegmental tract to a more widespread toxic/metabolic or ischemic insult in the brain. CTTH also appears to have a transient nature
in some cases. Further research elucidating the pathophysiology of CTTH is needed.
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1. Background

The central tegmental tract (CTT) is an extrapyrami-
dal tract between the red nucleus and the inferior oli-
vary nucleus which is part of the Guillain-Mollaret trian-
gle (dentato-rubro-olivary system). It is located bilaterally
and symmetrically in the posterior part of the brainstem
(Figure 1). This tract also includes the ascending afferent
fibers that connect reticular nuclei to the thalamus. Myeli-
nation of CTT starts at approximately 9 months in fetal life
and completes around the first year of age. Symmetric cen-
tral tegmental tract hyperintensity (CTTH) is a pediatric
brain magnetic resonance imaging (MRI) finding with an
unclear clinical and radiological significance (1, 2). This
phenomenon has been associated with various disorders
including epilepsy, cerebral palsy, antiepileptic medica-
tions, hypoxic-ischemic encephalopathy, neoplasms, and
neurodevelopmental disorders (1-13).

2. Objectives

Despite the wide range of clinical conditions reported,
how often this finding is seen with disorders and whether

Figure 1. The central tegmental tract is located in tegmentum pontis between the
red nucleus and the inferior olivary nucleus.

it could also be a benign, incidental finding is not yet
known. Therefore, this retrospective study was planned to
determine the radiological significance of CTTH retrospec-
tively.
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3. Patients and Methods

This retrospective case series study was approved
by the Institutional Review Board (protocol number:
5.12.2018-852).

3.1. Patient Population

Pediatric patients (0 - 18 years) who underwent brain
MRI for any indication at our institution between January
2015-January 2017 were included in the study. The reports
of all imaging studies were evaluated for CTTH.

The images were independently reviewed by two ex-
perienced radiologists. Images in which the radiologists
agreed on the presence of CTTH were included in the study.
All available brain MRI studies of those patients were eval-
uated to determine the temporal course of CTTH. Patient
records were reviewed from the electronic records system
to gather relevant clinical data including the age and gen-
der of the patient and their diagnoses, if any. The exclusion
criteria were nondiagnostic imaging due to artifacts, oper-
ation before imaging, and inappropriate clinical data.

3.2. MRI Technique

MRI examinations were performed after obtaining in-
formed consent from the parents. Sedation was given to
patients by an anesthesiologist if required. MRI images
were acquired with 3T (Magnetom Spectra) or 1.5T (Avanto
or Aera) scanners (Siemens, Erlangen, Germany). The scan-
ner used was determined on a case-by-case basis based on
the clinical indication of the exam and the availability of
the scanners.

The scanning protocol varied based on the clinical in-
dication, with axial Turbo Spin Echo (TSE) T2, T1, Fluid at-
tenuated inversion recovery (FLAIR); sagittal TSE T1 and ax-
ial diffusion weighted imaging (DWI) (b = 0, b = 1000) be-
ing present in all cases. For the purposes of this study, T2-
weighted images (T2WI) and DWI were used.

CTTH was defined as bilateral symmetric hyperinten-
sity in the tegmentum that could be seen on both T2WI
and DWI images in more than two consecutive slices as de-
scribed by Yoshida et al. (1).

3.3. Statistical Analysis

Statistical analysis was performed using statistical
package for the social sciences (SPSS) version 15.0.0 (IBM
Corp, Armonk, New York, USA). Frequencies were given in
percentage.

4. Results

4.1. Patient Population

Initial search revealed 2985 patients with brain MRI.
Four cases only had DWI imaging and were excluded. Of

the remaining 2981 patients, 42 (1.4%) had CTTH. Evalua-
tion of these by both radiologists determined by consen-
sus that 39 (1.3%) of them fulfilled the criteria described by
Yoshida et al. (1). The demographical, clinical and radio-
logical features of these patients are presented in Table 1.
The oldest patient was 215 months old (17 years) and the
youngest was 8 days old (mean age: 37.43 ± 49.98 months,
median age: 21 months).

4.2. Imaging Findings

These 39 patients had in total, 82 MRI studies. Forty-
seven of these were scanned with the 3T scanner and the
remaining 35 were scanned with one of the 1.5T scanners
(19 Avanto, 16 Aera, Siemens, Erlangen, Germany).

Twenty-three patients had follow-up MRIs (mean
follow-up: 9.96 ± 12.83 months, median follow-up: 4.13
months). Three patients had no CTTH in their first MRI
(Figure 2) but developed it in the follow-up MRIs at 8, 18,
and 23 months of follow-up. Only one of those patients
were further followed-up for 18 more months, during
which CTTH was still present. In contrast, five patients had
resolution of CTTH during follow-up at 19 days, 2.5, 7, 20,
and 24 months of follow-up. Only one of those patients
were further followed-up for 24 months and CTTH did
not reappear in that interval. Interestingly, in two pa-
tients, CTTH was absent on initial scans, appeared during
follow-up and then resolved. One of these two patients
had neuroblastoma and Wernicke encephalopathy (Figure
3) and the other had acute lymphoblastic leukemia (ALL).
Both stayed in the pediatric intensive care unit (ICU) for
a long time, improved with treatment and the disap-
pearance of CTTH temporally corresponded to clinical
improvement.

Four of the five patients whose CTTH resolved were
scanned with 1.5 T scanners at the time of resolution. In
one other patient, CTTH was observed to have lower signal
intensity in the 1.5 T images compared to previous 3 T im-
ages of the same patient. This patient was followed-up for
33 months, with all further follow-ups being at a 1.5 T scan-
ner and demonstrating similar findings.

CTTH was the only radiologic abnormality in 10 pa-
tients. The remaining 29 had other radiological findings
ranging from hypogenesis of the corpus callosum to hem-
orrhage and findings suggestive of metabolic disorders
such as white matter hyperintensities or atrophy.

4.3. Clinical Findings

Seizures were present in 18 patients, 11 were diagnosed
with epilepsy and eight were on antiepileptic medications
at the time of MRI. Two patients with epilepsy were diag-
nosed with West syndrome and were on vigabatrin. The
other diagnoses were as follows: two patients with non-
ketotic hyperglycinemia, five patients with mitochondrial
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Figure 2. Brain MRI of a 4,2 month-old preterm boy with hypotonia and periventricular leukomalacia (patient No. 34). He had no central tegmented tract hyperintensity
(CTTH) in his first MRI, and CTTH cannot be identified on the axial T2 weighted image (A). He developed CTTH in the follow-up MRI at 23 months. CTTH is evident on axial T2
weighted image (B) and diffusion weighted imaging (DWI) (C).

Figure 3. Brain MRI of a 2.5 year-old girl with acute lymphoid leukemia (patient No. 29). Central tegmented tract hyperintensity (CTTH) is not detected in the first diffusion
weighted imaging (DWI) (A). CTTH appeared during follow-up DWI (B) and then resolved on 24 months follow-up DWI (C).

diseases (one of them was mitochondrial encephalomy-
opathy, lactic acidosis, Stroke-like episodes [MELAS]), two
patients with genetic disorders (mosaic trisomy and con-
genital nonsyndromic sensorineural hearing loss), two pa-
tients with cerebral palsy, two patients with neuroblas-
toma, three patients with leukemia (two acute myeloid,
one acute lymphoblastic), one patient with hemolytic
uremic syndrome (HUS) related to renal transplantation,
one patient with autoimmune hemolytic anemia, two pa-

tients with autism, one patient with acute disseminated
encephalomyelitis (ADEM), one patient with Bartter syn-
drome and one patient with combined immunodeficiency.
Nine of the patients passed away during follow-up.

5. Discussion

CTT is a bundle of efferent fibers located between the
mediocentral tegmentum of the pons and dorsomedial
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part of the medulla oblongata (14). Under normal cir-
cumstances, CTT cannot be observed using conventional
MRI sequences (2) but can be observed using diffuse ten-
sor imaging (DTI) and tractography (15). Visualization of
CTT in T2 weighted or DWI images is possible in certain
disorders, where degeneration of the white matter tracts,
edema and gliosis probably accounts for the increased sig-
nal (central tegmental tract hyperintensity) in these se-
quences (2).

The prevalence of this finding in pediatric brain MRIs
has been reported to be 2.8% - 5% (1, 2). Our cohort had a
smaller prevalence of 1.3%. We believe this is related to our
patient population, which includes larger-than-average
numbers of normal imaging studies due to free healthcare
and low threshold of clinicians at our institution for imag-
ing.

Many clinical conditions have been associated with
CTTH, such as cerebral palsy (1, 2), epilepsy, antiepilep-
tic medications, metabolic disorders, post-chemotherapy
syndrome, hypotony, Gorlin syndrome, encephalopathy,
developmental delay and craniosynostosis (1-13). However,
the clinical significance of this finding, especially whether
the presence or absence of it has any prognostic or symp-
tomatic relevance and whether the emergence or disap-
pearance of the hyperintensity correlates to changes in
clinical presentation is unclear.

Yoshida et al. (1), in their study of 395 brain MRIs, re-
ported the most common associated clinical condition to
be cerebral palsy (CP) and reported 30% of their CTTH cases
had CP. Derinkuyu et al. (13) similarly reported a high in-
cidence of CTTH in their cerebral palsy patients compared
to the control group (19% vs. 3.5%). In our cohort, we only
had two patients (5.1%) with CP, which is more similar to
the results reported by Isik and Dincer (2), in which one
out of 34 cases (2.9%) of CTTH had CP. This discrepancy in
the most common etiology is probably caused by differ-
ent patient populations, single or multi-center nature of
the studies and the relatively small number of patients in-
cluded. The most common associated clinical conditions
in our study were seizures and antiepileptic medications;
both of which are well known associations of CTTH. Impor-
tantly, two of our patients with epilepsy were diagnosed
with West syndrome and were on vigabatrin, which has
been specifically reported to be associated with CTTH (2, 3,
7).

This study also reports some potential associations
that have not been previously reported. We had patients
with hemolytic uremic syndrome, autoimmune hemolytic
anemia, Wilson’s disease, combined immunodeficiency,
Bartter syndrome and autism (two patients with autism,
one patient each for other conditions). None of these dis-
orders have been associated with CTTH. However, our data
regarding these has limitations. The patient with autoim-
mune hemolytic anemia (AIHA) also had widespread cuta-

neous candidiasis. While cutaneous candidiasis is a differ-
ent entity than systemic candidiasis (16), widespread man-
ifestations could be related to immunologic disorders (17).
Therefore, in this patient it is still possible that CTTH could
be related to unknown factors at that time, rather than
AIHA. One of the patients with autism was also diagnosed
with epilepsy, so it is more likely that CTTH in that patient
was related to the seizures. However, the other patient had
atypical autism and no other diagnoses as far as could be
determined based on patients’ medical records.

CTTH also appears to have a transient nature in some
cases. We had three patients with newly appearing CTTH
during their follow-up for disease and five patients in
whom CTTH disappeared during follow-up. This seems
to support the hypothesis that CTTH is related to a
maturation-related physiologic process that could be mod-
ified by endogeneous or external factors as speculated by
Aguilera-Albesa et al. (7). In favor of this idea is also the ob-
servation that CTTH is always bilateral, even if the under-
lying associated condition is not (1, 2). It is possible that
at a specific timepoint of this maturation process, CTT is
more susceptible to toxic, ischemic or metabolic injury or
accumulation, which leads to the increased T2 and DWI sig-
nal. As the maturation is complete, the signal changes be-
come less prominent and the finding is not observed any-
more. This is supported by the fact that CTTH is reported
almost always in young children between 4 months and 8
years of age (2, 7, 13). However, older patients up to 15 years
old have also been reported by Derinkuyu et al. (13) in cere-
bral palsy patients. We had patients ranging from 8 days
old to 17 years old, with the majority being younger than
8 years. Two of the older patients had neuroblastoma and
acute myeloid leukemia with graft-versus-host disease. It
is possible that in these patients, the lesions actually rep-
resented real tumor deposits rather than the more con-
ventional ‘physiologic’ CTTH, accounting for the finding
at a later age. In fact, in the neuroblastoma patient, CTTH
disappeared with treatment, which could further support
our hypothesis. Another patient had Wilson’s disease (16
years-old). This patient had similar lesions in the thalamus,
lentiform nucleus and caudate nucleus bilaterally and we
believe CTTH was related to either copper accumulation
or toxic effects related to this accumulation. Since the ac-
cumulation did not decrease in time, the imaging finding
probably also persisted. Finally, our oldest patient (17 years-
old) had known epilepsy and congenital hearing loss. In
this patient, we cannot speculate as to the reason of the
persistence of CTTH for so long. It is clear that at this point,
our knowledge regarding this entity is lacking and the eti-
ology and mechanisms of CTTH require further studies.

Our study also had limitations. The most important
was the retrospective nature of the study. This means that
the diagnosis, examination findings and clinical course of
the patients all had to be gathered from patient charts,
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which limited our access to information that might have
been potentially relevant. Due to the same reason, the
follow-up MRIs of the patients were not uniform or accord-
ing to a certain, single protocol. This caused some exams
to be on 3 T scanners and some on 1.5 T, which could have
caused us to miss some lesions on 1.5 T scanners that might
have been seen on 3 T. We also did not review all brain
MRIs but used the reports to determine the patients with
CTTH. While this might have caused us to miss some pa-
tients where the finding was not reported, we believe the
number of such cases would be small since all the reports
have either been written or approved by faculty members
with more than 15 years of pediatric radiology experience
and with knowledge and awareness of CTTH.

In conclusion, CTTH can be seen in association with
many different disorders, most importantly epilepsy and
antiepileptic use. It is observed mostly in children younger
than 8 years old but can be seen as late as 17 years of age.
In a significant number of patients, the finding appears or
disappears during the course of disease with no clear asso-
ciation with clinical findings at the time. We believe it is
caused by a physiological maturation process or a physio-
logical response of the cells in CTT to a more widespread
toxic/metabolic or ischemic insult in the brain. Further re-
search elucidating the pathophysiology of CTTH and con-
firming our findings in prospective studies is needed.
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Table 1. Demographical, Clinical and Radiological Features of Patients

Patient
Num-
ber

Age (months)
at the time of

first MRI

Sex MRI
indication

Medication Diagnosis MRI findings besides
CTTH

Death during
follow-up

1 88 Female Seizure Not used before
imaging

Premature, CP, epilepsy,
HUS, CRF, renal
transplant

PVL, on follow up MRI
pontine myelinolysis,
intraparenchymal and
ventricular
hemorrhage. CTTH
disappears on
follow-up.

No

2 44 Male MMR No None None No

3 31 Female MMR Levetiracetam Epilepsy None No

4 22 Male MMR, seizure No Premature PVL, periventricular
calcifications, delayed
myelinization

No

5 25 Male MMR No None Hypogenesis of the
corpus callosum

No

6 21 Female Neuroblastoma No Neuroblastoma Neuroblastoma with
skull involvement,
increased extracerebral
distance, bilateral
chronic subdural
effusion

Yes

7 141 Female Altered
consciousness,
seizure

Levetiracetam,
clonazepam

Neuroblastoma,
epilepsy, Wernicke
encephalopathy

Diffusion restricting
lesions in thalamus and
mesencephalon. CTTH
disappears in follow-up

No

8 36 Female Single afebrile
seizure

No Mitochondrial gene
mutations present
(LHON syndrome)

CTTH with decreasing
signal intensity
(scanner was changed
to 1.5T at time of signal
decrease onset)

No

9 19 Male Single afebrile
seizure

No No diagnosis or
follow-up on record

None No

10 3 Male Seizure, MMR,
dysmorphic
facial features

Phenobarbital Premature (has a twin),
CP, epilepsy

CTTH appeared during
follow-up

No

11 7 Male Hypotonia Not used before
imaging

Epilepsy CTTH appeared during
follow-up, delayed
myelinization

No

12 9 Male Seizure, MMR,
hypotonia

Phenobarbital,
levetiracetam,
vigabatrin

Epilepsy, infantile
spasm

CTTH appeared during
follow-up

No

13 24 Female Failure to walk No Acute myeloid leukemia Delayed myelinization Yes

14 37 Male Encephalopathy No No follow-up on record,
history of ICU stay due
to hepatic failure

None No

15 18 Male Paraparesia No No diagnosis or
follow-up on record

None No

16 7 Male Seizure No Premature, Bartter
syndrome

Benign enlargement of
the subarachnoid
space, hypogenesis of
the corpus callosum

No

17 11 Female Altered
consciousness,
Seizure,
Hypotonia,
MMR

No MELAS CTTH with similar
lesions in the
mesencephalon and
medulla oblongata

Yes

18 15 Male Febrile seizure No No diagnosis or
follow-up on record

None No

19 8 Male Seizure No Findings clinically
consistent with
mitochondrial disease
but no definite
diagnosis

CTTH with similar
lesions in the thalamus,
mesencephalon and
optic radiation

No
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20 66 Female Seizure, MMR Not used before
imaging

Findings clinically
consistent with
mitochondrial disease
but no definite
diagnosis, epilepsy

CTTH with similar
lesions in the pons and
cerebellum

Yes

21 18 Male MMR,
hypotonia

No Premature, findings
clinically consistent
with mitochondrial
disease but no definite
diagnosis

Periventricular
increased signal

No

22 29 Female MMR,
hypotonia

No None None No

23 113 Male Altered
consciousness,
fever

No Acute myeloid
leukemia, GVHD.

Ventricular
hemorrhage on
follow-up

Yes

24 3 Male MMR,
hypotonia,
cardiac arrest

No Suspected nonketotic
hyperglycinemia no
definitive diagnosis

CTTH, similar lesions in
the thalamus and
globus pallidus at
follow-up (hypoxic
encephalopathy)

No

25 15 Male Altered
consciousness,
desaturation,
hypotension

No Autoimmune hemolytic
anemia, widespread
cutaneous candidiasis.

CTTH with similar
lesions in the medulla
oblongata bilaterally
(Hypoxic
encephalopathy)

Yes

26 25 Male MMR No Mosaic trisomy None No

27 0 Male Respiratory
arrest

No None CTTH with widespread
similar lesions in the
internal capsule and
crus cerebri

Yes

28 6 Female Seizure No Combined
immunodeficiency

CTTH with similar
lesions in the globus
pallidus and crus
cerebri

Yes

29 29 Female Altered
consciousness

No Acute lymphoid
leukemia

Periventricular
increased signal. All
findings disappeared
during follow-up

No

30 0 Male Seizure,
hypotonia

No Nonketotic
hyperglycinemia

CTTH with similar
findings in the
corticospinal tract and
dentate nuclei,
hypogenesis of the
corpus callosum,
subdural hemorrhage

Yes

31 215 Female Seizure, MMR Valproate Epilepsy, congenital
hearing loss (suspected
congenital
nonsyndromic
sensorineural hearing
loss)

CTTH with similar
lesions in the
cerebellum, brainstem
and widespread in the
cerebral white matter

No

32 198 Female Ataxia No Wilson disease CTTH with similar
lesions in the thalamus,
lentiform nucleus and
caudate nucleus
bilaterally

No

33 68 Female Seizure Valproate Epilepsy None No

34 0 Male Hypotonia No Premature PVL. No

35 24 Female Seizure Levetiracetam Epilepsy, autism CTTH, disappears on
follow-up

No

36 21 Male MMR No Atypical autism None No

37 10 Female MMR No None Delayed myelinization No

38 14 Female Seizure, MMR Vigabatrin. Infantile spasm CTTH disappears on
follow-up

No

39 40 Male Ataxia No ADEM CTTH disappears on
follow-up

No

Abbreviations: ADEM, acute disseminated encephalomyelitis; CP, cerebral palsy; CRF, chronic renal failure; CTTH, central tegmental tract hyperintensity; GVHD, graft
versus host disease; HUS, hemolytic-uremic syndrome; ICU, Intensive Care Unit; LHON, Leber’s hereditary optic neuropathy; MELAS, mitochondrial encephalomyopathy,
lactic acidosis, Stroke-like episodes; MMR, motor-mental retardation; PVL, periventricular leukomalacia.
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