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Objective: To explore the disease manifestations and radiological characteristics of patients
with meningeal carcinomatosis (MC) combined with myelopathy.
Patients and Methods: The detailed medical information of patients who suffered from
MC with myelopathy in record system were collected and reviewed.
Results: In these patients, five cases were male and two cases were female. The age was
from fifteen to fifty-seven years. In the course of disease, tumor cells were discovered in
cerebrospinal fluid of three patients and in biopsy samples of four patients. Cerebrospinal
fluid (CSF) test results showed white blood cell counts increased in seven patients, protein
increased in six patients and glucose reduced in five patients. In addition, MRI revealed that
the white matter abnormalities showed in all cases and pia mater was enhanced in four
patients, meningeal enhanced was observed in three patients. All patients were given appro-
priate therapy during hospitalization. Follow-up result showed that all patients passed away
two to five months after diagnosis.
Conclusion: MC causes spinal membrane, spinal nerve root to be involved besides, also can
produce the matter of myelopathy. Early detection of intramedullary lesion is conducive to
strengthening the awareness of the diagnosis of MC.
Keywords: meningeal carcinomatosis, myelopathy, histopathological investigation, CSF
cytology

Introduction
Meningeal carcinomatosis (MC), also known as carcinomatous meningitis, leptome-
ningeal carcinomatosis (LMC)1 or neoplastic meningitis (NM),2 is the diffusion of
tumor cells within the leptomeninges and subarachnoid space.3 MC is mostly diag-
nosed in patients with leukemia and lymphoma (5–15%), followed by solid tumors (1–
5%), and the least common in primary brain tumors (1–2%).4 MC is one of the most
serious forms of brain metastasis which leads to critical morbidity and mortality with
dismal prognosis.2MC can lead to serious neurological complications involving cranial
nerves, brain and spinal cord, which can reduce life expectancy to 4–6 weeks if leaving
untreated or to the 2–6 month when aggressively treated.5 Early diagnosis and prompt
treatment may have a significant impact on improving the prognosis.With the advances
in clinical recognition and diagnostics, an increasing number of patients are diagnosed
with MC. MC has been diagnosed in ten percent of the patients with metastatic cancer
through the clinical process. Among those cases, it occurs in <10% at the time of
diagnosis, and in 20% at first progress after initial treatment.3

MC is usually diagnosed by three methods: clinical symptoms, cytology in cere-
brospinal fluid (CSF), and magnetic resonance imaging (MRI) of the brain and spinal
cord.6 However, there are different limits to the sensitivity or specificity of each method.
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A recent study conducted by de Azevedo et al founded that
fifty-five percent patients suffered from headache, fifty per-
cent with cranial nerve paralysis, twenty-three percent with
raised intracranial pressure, twenty percent with vertigo as
well as twelve percent with seizure onset in a series case
report of sixty patients with MC and breast cancer
combined.7 The appearance of cancer cells in the CSF is
an extremely helpful discovery to make a definite diagnosis
and CSF cytology is still the gold diagnostic standard,2

however, sensitivity of CSF cytologic analysis are as low
as forty-five percent in a single lumbar puncture (LP).5 It is
difficult to make a diagnosis by clinical manifestations of
acute, subacute or advanced stage neurological deficits dur-
ing anticancer therapies; in a high number of cases the
original examinations were confined to a CSF cytology,
which had negative results frequently.8 In clinical practice,
gadolinium magnetic resonance imaging (GdMRI) of the
brain and spinal cord is still a preferable way for the
diagnosis of MC.9 Although diffuse enhancement showed
in the spinal meninges or nerve roots in MRI had been
reported in many studies,10–12 but reports of meningeal
carcinomatosis with myelopathy were still rare. Although
we can show other metastatic diseases with whole-body
18F-FDG PET/CT (positron emission tomography (PET)
with fluorine 18 (18F) fluorodeoxyglucose (FDG)),13 it has
been reported that 18F-FDG PET/CT is insensitive to the
discovery of brain metastases, especially small lesions
might be ignored.14

The prognosis for MC is usually poor, so the early
diagnosis and treatment are of great benefit to longer
survival and prognosis improvement. In the previous stu-
dies, few articles concerning spinal cord parenchyma
involvement caused by MC are reported. In order to
enhance the early diagnosis of MC, we investigated clin-
ical manifestations, imaging characteristics and CSF
examination through a retrospective analysis of clinical
characteristics of 7 patients by reviewing literatures. By
greatly increasing imaging features recognition during
diagnosis, it will provide effective help for the early diag-
nosis and treatment of MC.

Patients and Methods
Patients
A total of 7 patients diagnosed as MC with spinal cord
lesions admitted to Department of Neurology, Xuanwu
Hospital, Capital Medical University, from January 2013 to
January 2017 were analyzed retrospectively.

Demographic Information and Clinical
Characteristics
Demographic information on age and sex, as well as
clinical characteristics, including chief complaint, disease
duration and accompanying symptom were obtained from
medical records and analyzed in detail.

Laboratory Tests
A standard cerebrospinal fluid (CSF) evaluation was per-
formed. All 7 cases underwent lumbar puncture. CSF
analyses include pressure, cell counts, protein, glucose
and the IgG index.

Histopathological Assessment and
Imaging Assessment
The collected samples are examined by histopathological
investigation. Specimens were fixed in 10% neutral buf-
fered formalin, and then paraffin-embedded, next routinely
processed for light microscopy. Other then routine hema-
toxylin–eosin staining, immunohistochemical staining was
performed on 4-μm sections using a BenchMark ULTRA
autostainer, version 12.3 (Ventana Medical Systems,
USA). Mouse monoclonal anti-human antibodies against
CK, EMA, CK7 and CK5/6, as well as rabbit polyclonal
anti-human antibodies against CK20 and P40 were pur-
chased from ZS company. MRI enhanced scans of brain
and spinal cord were performed in all patients.

Treatment and Prognosis
The patients were treated with radiotherapy and/or symp-
tomatic treatment. All of patients were routinely followed
up by telephone or outpatient visit for 2 months to 5
months.

Results
Demographic Information and Clinical
Characteristics
In the present study, the clinical data of seven cases (five
males and two females; age, 42.3±16.6 [15–57] years)
confirmed patients have been analyzed retrospectively
(Table 1).

Clinical characteristics and neurological examinations
were summarized as follows: 3 cases with headache, 2
cases with dizziness, 2 cases with epilepsy, 3 cases with
double vision, 2 cases with blurred vision, 5 cases with
limb weakness, 4 cases with sensory dysfunction, 4 cases
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Table 1 Demographics and Clinical Characteristics of 7 MC Patients Accompanied by Spinal Cord Lesion

Case Gender/

Year(y)

Clinical Symptoms CSF MRI

Membrane

Enhancement

MRI Imaging Primary

Cancer Lesion
Initial

Symptom

Accompanying

Symptom

Pressure

(mmH2O)

WBC

(×106

/L)

Protein

(mg/dl)

Glucose

(mg/dl)

IgG

(mg/

dl)

1 M/26 Headache Double vision, limb

weakness

> 330 9 480 74 309 Yes Thickened and strengthened meninges; patchy signals in the

cervicothoracic spinal cord

glioma

2 M/48 Recurred

fever

Double vision,

weakness in both

lower limbs, bowel

and bladder

dysfunction

125 16 251 33 36 Yes Lesions with obvious enhancement in corpus callosum, bilateral

periventricular white matter, and left hemispherical center; long

T2 signal in the spinal cord

glioma

3 M/15 Neck stiffness

and lower

back pain

Neck stiffness and

lower back pain

worsened

115 136 438 37 119 Yes Occupying lesions in the pineal region; thickened and

strengthened membrane of the spinal cord; high T2 signal in

cervicothoracic medullary

teratoma

4 F/57 Right eyelid

drooping and

double visual

Lumbar and leg

pain

140 15 73 9 42 Yes Dot-like abnormal signals under frontoparietal cortex;

inhomogeneous thickened and enhanced of the pleural spinal

membrane; T1-5 abnormal strip-shaped signal in the thoracic

medullary; intraspinal occupying circular abnormal signal

Adenocarcinoma

5 M/56 Progressive

numbness and

weakness of

lower

extremities

Progressive

numbness and

weakness of lower

extremities

worsened

200 84 388 41 50 Yes Cerebellar vermis lesions with uneven enhancement;

demyelinating changes in the spinal cord

Adenocarcinoma

6 F/38 Headache Visual acuity loss >330 27 250 51 10 Yes Abnormal signals in the quadrigeminal cisterns (multiple fluid

void signals), corpus callosum, and great cerebral veins; C7-T4

multiple linear and nodular enhancement

tumor cells

7 M/56 Dizzy Headache, limb

weakness

> 330 9 37 18 2.5 Yes Multiple abnormal signals in the lateral ventricles and frontal and

temporal cortex; C4-6 intramedullary strip long T2 signal

lung cancer
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with micturition arduous, 6 cases with positive meningeal
irritation sign, 5 cases with reduced tendon reflexes, 2
cases with hyperreflexia of upper limb combined with
reduced ankle reflexes, 5 cases with reduction of body
mass.

Laboratory Tests
All patients underwent lumbar puncture, CSF pressure
increased in 3 cases, white blood cells increased in 7
cases, protein increased in 6 cases, glucose decreased in
5 cases, and IgG index increased in 7 cases. In cases 2, 6,
7, tumor cells were found in cerebrospinal fluid confirmed
by immunohistochemical staining, and cases 1, 3, 4 and 5
were confirmed by biopsy of meninges and nerve root for
diagnosis. In addition, all patients underwent blood and/or
cerebrospinal fluid virus antibody, antibody against Lyme
disease, Brucella agglutination test, tuberculosis antibody,
serological test for syphilis, Cryptococcus capsular antigen
and other related tests, and the results were negative.

Histopathological Assessment
The pathological findings are presented in Figure 1. Tumor
cells were found in CSF of three patients, including case 2,
case 6, case 7. Tumor cells in biopsy samples were found
in four cases (case 1, case 3, case 4, case 5) (Figure 1).

MRI Assessment
All seven patients underwent enhanced MRI scanning of
brain and spinal cord. Findings showed white matter
abnormalities in the spinal cord without reinforcement in
all 7 patients (Figure 2). Pia mater enhancement was seen
in four cases and meningeal enhancement was seen in
three cases.

Treatment and Prognosis
All patients were treated with radiotherapy and/or sympto-
matic therapy. Conventional treatments were composed of
reducing intracranial pressure, preventing infection, reliev-
ing pain and other symptomatic treatment by using man-
nitol, neurotrophic drugs, and so on. After diagnosis, all
patients were transferred to local hospitals or tumor hos-
pitals for further treatment. All patients died within 2 to 5
months after diagnosis by telephone follow-up.

Discussion
In our study, we summarized the clinical characteristics,
pathological features and imaging findings of 7 patients
with MC, in order to increase the identification of suspected
MC patients with spinal cord lesion for clinical workers. We
reported 7 MC patients associated with myelopathy, whose
initial symptoms were headache or cranial nerve involve-
ment. After admission, all patients were confirmed as MC by

Figure 1 Histopathological and immunohistochemical findings of case 3 to 5. In case 4, adenocarcinoma was found metastasized to the vertebrae of L2 (A), with the tumor cells
positive for CK7 (B). In case 5, adenocarcinoma had infiltrated the meningeal of L2 (C) and showed immunoreactivity for EMA (D). Nerve roots invasion of squamous cell
carcinoma was observed in case 3 (E), with CK5/6 positive (F). (The arrows showed metastatic tumour cells. Bars =50 μm for (A, C, D and F). Bars=100 μm for (B and E).
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histopathological assessment and they all received the radio-
therapy and symptomatic treatment after diagnosis, but they
all passed away within two to five months after discharge.

The clinical symptoms of MC are related to the
involved sites of CNS. Meningeal involvement can be
manifested as increased intracranial pressure; cerebral
parenchyma involvement can be manifested as epilepsy
or disturbance of consciousness; spinal nerve roots and
cranial nerves involvement could be manifested as cra-
nial nerve palsy and reduced tendon reflex. However, the
early clinical manifestations of MC are often atypical,
which can be manifested as 1 or 2 sets of symptoms and
signs in cranial hypertension syndrome, cranial nerve
palsy, and spinal nerve root damage. A study found
that cranial nerve palsy, headache, and spinal nerve
root injury were the most common clinical manifesta-
tions of MC.15 In our series, there were 4 (57.1%) cases
with cranial nerve involvement and 3 (42.9%) cases with
headache or epileptic seizure.

The diagnosis of MC relies on a combination of the
clinical observation, neuroimaging studies, CSF cyto-
pathology and histopathology.6 In MC, it is significant to
examine meningeal irritation, nerve root symptoms, and
myelopathy related to spinal parenchymal lesions based on
the pathologic findings.16 The appearance of tumor cells in
CSF is most helpful and simple pathway to confirm the
diagnosis. Finding tumor cells in CSF is currently consid-
ered to be gold standard for diagnosis of MC, but there is
a certain false-negative rate, which may require repeated
CSF cytopathology.17 In case 3, 4 times of cerebrospinal

fluid cytology were negative, and the diagnosis was finally
confirmed by meningeal and nerve root biopsies, indicat-
ing that negative cytology could not rule out MC
diagnosis.

For patients with clinical suspected MC, MRI manifes-
tations will contribute to establishing the diagnosis.
Suggestive MRI manifestation include the following four
manifestations: 1.nerve thickening; 2. linear leptome-
ninges enhancement; 3. superficial multiple brain metas-
tases; 4. intradural nodules. However, in patients not
accompanied by previous tumor history, who appear
a meningeal or sub-arachnoid space enhancement.
Neurosarcoidosis, neuroschistosomiasis, chronic meningi-
tis and Guillain–Barré syndrome are also able to produce
gadolinium-enhanced in the above parts. In patients with
LP, a linear enhancement could appear in the puncture site
as well as along the neuroaxis, which may last from
several weeks to a few months, followed with headache
resulting from low intracranial pressure in many cases.18

Therefore, patients with suspicions of MC are supposed to
have MRI examination before the LP. Kizawa et al16 found
that not only meninges but also cauda equina showed
enhanced after gadolinium administration in some
patients, which suggested crucial prompts.

T.Kon et al19 found that carcinoma cells can spread to
not only the subarachnoid space but also spinal cord. Tumor
cells in subarachnoid can infiltrate the cranial nerves and the
cells also can infiltrate the spinal nerves. In addition, cancer
cells which was in nerve roots can extend to brain parench-
yma and spinal cord beyond CNS and PNS connection. In

Figure 2 MR images. (A–E) MR images of the patients. (A) Sagittal T2-weighted MR images of the cervical spinal cord showed hyperintensity lesions (arrow showed). (B)
Axial T2-weighted MR images of the cervical spinal cord showed hyperintensity lesions (arrow showed). (C) Contrast-enhanced MR scan showed sagittal enhancement of
the spinal membrane (arrow showed). (D) MR contrast-enhanced sagittal scan showed disseminated implant metastases (arrows showed). (E) The enhancement of the
spinal membrane in the axial view (arrow showed).
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MC, spinal nerve roots may be the pathway of parenchymal
invasion as well as cranial nerve roots. The typical spinal
cord involvement of MC mainly includes spinal cord com-
pression by epidural metastases, meningeal carcinomas and
intramedullary metastases, and few cases with MC asso-
ciated with spinal white matter lesions have been reported
in the previous literature.13,19–22 The meningeal involve-
ment by neoplastic cells is considered to have some reasons,
for example, the hematology invasion which include sub-
arachnoid space/cerebral ventricles, and then the neoplastic
cells spread to the CSF, such as in germinoma, ependy-
moma, primitive neuroectodermal tumors(PNETs) and so
on. In addition, the neoplastic cells can direct spread to the
endocranium, leptomenings, or ependyma, permitting local
growth, as occurs in nasopharyngeal carcinoma, cortical-
based brain metastase, epidural bone metastase.18 Autopsy
of MC patients showed that no obvious spinal parenchymal
damage was found in MC patients with mild subarachnoid
space invasion, but pathological changes such as spinal
white matter demyelination, axonal swelling, and small
spongy changes caused by giant cell invasion were
observed in patients with severe tumor cell invasion.16

In the present study, intramedullary neoplastic lesions
were found in 2 patients and intraspinal white matter
lesions were found in all. In some patients, MRI sagittal
enhancement scan revealed obviously thickened linear
enhancement of meninges and nodular enhancement.
MC patients with myelopathy and meningeal enhance-
ment need to be differentiated from infectious diseases,
such as central nervous system tuberculosis, Lyme dis-
ease, neurobrucellosis and neurosarcoidosis. Some
patients had already developed myelopathy prior to
meningeal enhancement and suffered from spinal nerve
root injury. For these patients, we cannot rule out MC
and patients will be benefit from the CSF cytology and
tumor screening.

Conclusion
The clinical manifestations of MC are various, involved
with central and peripheral nervous systems, CSF cytology
and enhanced MRI of brain and spinal cord are required
for diagnosis. The spinal cord injury of MC mostly
involves the spinal membrane and spinal nerve root as
well as spinal cord lesions. It is of great significance to
improve the prognosis and prolong the survival time of
patients by improving the early diagnosis rate and early
intervention. Thus, when suspected patients develop

symptoms of spinal cord injury, it is necessary for clinical
workers to be alert to the diagnosis of MC.
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