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BACKGROUND Acute disseminated encephalomyelitis (ADEM) is a rare, acquired demyelination syndrome that causes cognitive impairment and
focal neurological deficits and may be fatal. The potentially reversible disease mainly affects children, often after vaccination or viral infection, but may
be seen rarely in adults.

OBSERVATIONS A 50-year-old woman presented with loss of visual acuity of the left eye. Magnetic resonance imaging (MRI) revealed an intra- and
suprasellar mass, which was removed successfully. On postoperative day 1, MRI showed gross total resection of the lesion and no surgery-related
complications. On postoperative day 2, the patient presented with a progressive left-sided hemiparesis, hemineglect, and decline of cognitive
performance. MRI showed white matter edema in both hemispheres. Cerebrospinal fluid analysis revealed mixed pleocytosis (355/mL) without further
evidence of infection. In synopsis of the findings, ADEM was diagnosed and treated with intravenous immunoglobulins. Shortly thereafter, the patient
recovered, and no sensorimotor deficits were detected in the follow-up examination.

LESSONS Pituitary gland pathologies are commonly treated by transsphenoidal surgery, with only minor risks for complications. A case of ADEM after
craniopharyngioma resection has not been published before and should be considered in case of progressive neurological deterioration with multiple
white matter lesions.

https://thejns.org/doi/abs/10.3171/CASE21293
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Acute disseminated encephalomyelitis (ADEM) is a rare, acquired
demyelination syndrome that causes cognitive impairment and focal neu-
rological deficits and may be fatal. This case describes the first mention
of ADEM as a complication of a craniopharyngioma resection.

Illustrative Case
A 50-year-old woman presented to our neurosurgical outpatient clinic

with loss of visual acuity and an enlarged blind spot of the left eye. On
magnetic resonance imaging (MRI), a partially hemorrhaged pituitary
adenoma was suspected (13 � 13 mm) (Fig. 1A–C). A treatment
attempt with cabergoline (0.5 mg every third day in the 12 days before
surgery) had already been made under the suspicion of a prolactinoma
because of an elevated prolactin level (1,541 mIU/L [reference range

102–496 mIU/L]). Because an insufficient effect was seen under this
treatment, surgical removal was indicated. The lesion was removed via
an endoscopic endonasal binostril approach. During tumor resection, the
paper-thin diaphragm ruptured and a major cerebrospinal fluid (CSF)
leak occurred. Intraoperatively, it became clear that the lesion was a cys-
tic craniopharyngioma. After tumor removal, the skull base defect was
closed with fat taken from the belly. Surgery and anesthesia went well,
with no complications. The patient woke up without any new neurological
deficits and was transferred to our intensive care unit (ICU) for overnight
observation. MRI performed on postoperative day 1 confirmed a gross
total tumor resection without complications (Fig. 1D–F).

On postoperative day 2, however, the patient developed a rap-
idly progressive left hemiparesis (upper extremity: Medical Research
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Council [MRC] scale 0/5; lower extremity: MRC scale 2/5) with hemine-
glect and altered state of consciousness. MRI showed extensive white
matter edema. The white matter lesions were most prominent in the pari-
etal and frontal lobe of the right hemisphere but involved both sides.
There was no cortical involvement. Atypical posterior reversible encepha-
lopathy syndrome (PRES) was radiologically assumed because of the
pattern of the white matter edema (Fig. 2A–C). However, an infectious
origin, such as progressive multifocal leukoencephalopathy, ADEM, or
osmotic demyelination syndrome (ODS), was also included in the differ-
ential diagnosis. The initial treatment consisted of intravenous fluid infu-
sion and lowering of high blood pressure when necessary. During the
patient’s stay in the ICU, we recorded slightly elevated blood pressures
(Fig. 3). We did not observe seizures, nor did the daily clinical examina-
tion or ophthalmological examination with perimetric testing on days 1
and 15 indicate any worsening of vision. Because of lack of hypertension
and suspected correlation with the procedure, atypical PRES as the
causative factor was soon rejected.

In the meantime, pathology confirmed a craniopharyngioma World
Health Organization °I. A spinal tap on postoperative day 8 was per-
formed to exclude an infectious or autoimmune origin of the white mat-
ter edema. It showed pleocytosis (335 leukocytes/mL [reference range:
<5/mL]; 44% neutrophils, 47% lymphocytes), an elevated lactate con-
centration (lactate: 4.4 mmol/L [reference range: <2.5 mmol/L]), an

elevated concentration of total protein (614 mg/L [reference range:
<500 mg/L]), and oligoclonal bands (OCBs) isolated in the CSF
(Table 1). The pathological, microbiological, and virological diagnostics
regarding human immunodeficiency virus, herpes simplex virus, varicella
zoster virus, Epstein Barr virus, human polyoma virus 1, John Cunning-
ham virus, and bacterial infection were negative. Because of suspected
perioperative infection based on CSF analysis, the patient empirically
received antibiotic treatment with vancomycin (1,000 mg every 12 hours)
and meropenem (250 mg/h continuously) for 48 hours. Another spinal tap
or cerebral biopsy was not performed because the patient did not consent.

The patient did not show clinical or radiological improvement
under antibiotic treatment, which favored the differential diagnosis
of ADEM. Therefore, we continued ongoing treatment with hydro-
cortisone, which was routinely initiated during surgery as a standard
protocol for pituitary surgery. Further desmopressin applications,
which were initially necessary because of high diuresis and rising
sodium levels, were avoided.

Beginning on day 10, we decided to treat primarily with overall
2 g/kg intravenous immunoglobulin (IVIG) for 3 days. High-dose corti-
costeroids were not used so as not to interfere with wound healing
and avoid further homeostatic disturbances. After 3 days of treatment,
the patient showed improvement of hemiparesis and neglect in clinical
examination (upper extremity: MRC scale 0/5; lower extremity: MRC

FIG. 1. A–C: MRI obtained before surgery. A and C: Axial fluid-attenuated inversion recovery (FLAIR) images. B: Sagittal T2-weighted image showing a
13� 13-mm pituitary mass. D–F: MRI obtained 1 day after surgery. T2-weighted images showing gross tumor resection with fat seal in place.
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FIG. 2. A–C: MRI obtained 3 days after surgery. Axial FLAIR images showing multiple subcortical hyperintense lesions in both cerebral hemispheres.
D–F: MRI obtained 94 days after surgery. Axial FLAIR images showing a marked but incomplete resolution of the lesions.

FIG. 3. A: Initial mild hyponatremia with postoperative increase on day 3. B: Recorded blood pressure values during
residency.
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scale 4/5). She could be transferred to the neurosurgical ward on
postoperative day 13. MRI revealed declining subcortical edema, and
the patient was transferred to the rehabilitation clinic on postoperative
day 23.

She presented to the outpatient clinic with results from MRI
(Fig. 2D–F) performed on day 94, and the treating clinician noted a
subjective reduced cognitive performance without any further neurologi-
cal symptoms (Barthel scale 100/100; Modified Rankin Scale 1/6).

Discussion
Observations

We present the first case of ADEM after craniopharyngiomal
resection. ADEM is a single, multifocal inflammatory demyelination
disorder of the central nervous system (CNS) and is described as
one of the acquired demyelination syndromes. ADEM is a rare dis-
ease (incidence of 0.07–0.9/100,000) and is seen mainly in children
(median age 5–8 years). It is associated with prodromal viral infec-
tions, vaccinations, and, although uncommon, bacterial infections in
up to 67%.1–4 Mild pleocytosis in CSF (usually <100/mL, although
according to reports up to 270/mL) is frequent in up to 73% of
adults, whereas OCBs are rarely detected (in only 28% of adult
patients with ADEM) and may disappear over time.5–7

The first neurological deficits occur usually after 2 to 21 days.1 The
pathogenetic mechanism is understood to involve an autoimmune reac-
tion against myelin proteins (e.g., myelin basic protein) as a form of a
molecular mimicry.8–10 Another theory based on animal experiments
describes ADEM as an inflammatory response with vascular congestion
and increased permeability of CNS vasculature facilitating antigen

exposure.10 This is thought to induce an inflammatory cascade of
edema, infiltration of inflammatory cells, and perivenous hemorrhage,
which results in demyelination, gliosis, and necrosis.10 Although more
frequently detected in children, ADEM can also rarely occur in adults. As
a result of the rarity of the disease in adults, no international definition for
ADEM in adults exists. Clinical and radiological criteria were revised for
children by Krupp et al. and include the criteria shown in Table 2.4

Treatment suggestions derive from expert opinions and observational
studies and propose a high dosage of intravenous methylprednisolone
for 3 to 5 days followed by oral administration of corticosteroids with
gradual dosage reduction for 4 to 6 weeks. IVIG or plasma exchange is
considered second-line therapy for steroid-unresponsive ADEM.1,11

Even with early initiation of therapy, up to 35% of patients have perma-
nent deficits. The mortality rate in children is 1%–3%, but in adults it is
much higher at 25%.11,12 Long-term multicenter studies for evaluation of
treatment recommendations and clinical outcome are thus needed.
Because it is not always possible to force pathological confirmation with
a brain biopsy, diseases that come into question for differential diagnosis
must often be excluded in the diagnostic process, particularly infections
(especially when CSF pleocytosis >100/mL is present). Therefore, initial
empirical treatment with antibiotics and extensive diagnostics is recom-
mended.1,5 First occurrence of other autoimmune diseases, such as mul-
tiple sclerosis, can be hard to differentiate and is sometimes only
distinguishable during the course of the disease.5

Other differential diagnoses in our case involved atypical PRES
and ODS. PRES typically presents with headache, seizures, altered
mental state, and visual loss. It is often accompanied by severe
hypertension (>150–160 mm Hg), which exceeds the autoregulatory
limits of the brain and leads to capillary bed injury, fluid egress, and
vasogenic edema.13 PRES manifestations typically involve the pari-
eto-occipital subcortical substance (53%) with the above-mentioned
symptoms. In rarer cases, PRES may manifest in other locations
(superior frontal sulcus [17%], central [14%], and holohemispheric
watershed [17%]).14 In our patient, the diagnosis of atypical PRES
was rejected because of permanent normal systolic blood pressure
(Fig. 3), higher cell count in CSF, which is not described in PRES
(pleocytosis in PRES up to 41/mL), and the atypical MRI pattern (Fig.
2A–C).14–16 Extrapontine myelinolysis as part of ODS is mostly local-
ized in the basal ganglia and cerebellum and is associated with extra-
pyramidal motor symptoms (60%). The risk of fast compensating
hyponatremia (>12 mmol/24 h) may end in a fatal ODS.17 Although
the sodium level rose approximately 20 mmol/20 h between days 3
and 4 in our patient, the brain edema and clinical symptoms revolved
before this osmotic disturbance. All in all, the atypical localization of
the brain edema not involving typical structures of ODS and the miss-
ing temporal association with compensation of hyponatremia make
ODS implausible.17

This report describes the first case of ADEM as a complication of
craniopharyngiomal resection. Although no cerebral biopsy was per-
formed, the neurological symptoms and MRI characteristics fit the
consensus diagnostic criteria.4 Relevant differential diagnoses were
excluded in the diagnostic workup. The excellent outcome of the
patient with one cycle of IVIG administration further supports the diag-
nosis of ADEM.1 We hypothesize that the patient is equipped with a
certain immunological susceptibility and reacted to an antigen pre-
sentation either displaced based on the transnasal approach or thro-
ugh intraoperative microtrauma during tumor resection. We have no
knowledge of infections or vaccinations before the operation as a
potential trigger mechanism.3 Current case reports describe ADEM

TABLE 1. CSF lab values on day 8 after surgery

CSF Lab Value

Lactate (reference range: 0.6–2.5 mmol/L) 4.4 mmol/L

Total protein (reference range: <500 mg/L) 614 mg/L

Erythrocytes (reference range: 0/mL) 59/mL
Leukocytes (reference range: <5/mL) 355/mL

Lymphocytes 47%

Neutrophil granulocytes 44%

Activated lymphocytes 3%

OCB Isolated in CSF

TABLE 2. Revised ADEM criteria for children

First polyfocal, clinical CNS event with presumed inflammatory
demyelinating cause

Encephalopathy (not explained by fever)

No new findings (clinical & MRI) $3 mos after onset

Abnormal MRI during the acute phase (3 mos)

MRI conspicuities

Typical: diffuse, large (>1–2 cm) lesions involving predominantly
cerebral white matter

Seldom: T1 hypointense lesions in white matter

Possible: deep gray matter lesions (e.g., thalamus or basal
ganglia)

Data obtained from Krupp et al., 2013.
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as a consequence of severe acute respiratory syndrome coronavirus
(SARS-CoV-2) infection.18 However, our patient tested negative for
SARS-CoV-2 twice, so there is no evidence of a link to a previous
infection. In our opinion, minor discrepancies do not contradict our
reasonable suspicion. The detected OCBs are found in 10%–29% of
ADEM, and the unusually high pleocytosis may have originated with
additional surgical trauma.6,7 The established and required treatment
with desmopressin after pituitary gland surgery may have additionally
increased ADEM, as suggested by animal studies.19

There is only one comparable case report of ADEM, which
occurred after a third ventricle colloid cyst resection. The authors sus-
pected that the ultrasonic device, in our case not used, spread cyst
content, which resulted in a possible inflammatory response.20 Never-
theless, there may be an unknown but similar pathogenic pathway.
Surprisingly, there are even cases of ADEM noted after appendec-
tomy, prostate resection, and cranial aneurysm coiling, suggesting
unknown independent risk factors in surgical procedures.21–23

Lessons
This case report shows the first described case of ADEM as a

complication of a pituitary gland procedure with fast improvement
under IVIG therapy. Even under the recommended treatment,
ADEM still results potentially in lifelong physical and cognitive im-
pairment. The occurrence of ADEM as a rare periprocedural neuro-
surgical complication with possible fatal consequences shows the
importance of not only alerting neurosurgeons and critical care
physicians but also extensively investigating the linkage and patho-
physiology of ADEM in adults in the future. The research objective
should also be to improve treatment and avoid these uncommon
complications.
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