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Magnetic Resonance
Imaging in Infections of the
Central Nervous System

Harold D. Davidson' The magnetic resonance (MR) images in 24 patients with infections of the central
Robert E. Steiner’ nervous system (CNS) were reviewed, and the use of a paramagnetic contrast agent
(Gd-DTPA) in two cases is reported. The clinical diagnoses in the patients, aged neonate
to 71 years old, comprised meningitis, meningitis and subdural empyema, meningoen-
cephalitis, encephalitis, and single or multiple cerebral abscesses. A new sign of CNS
infection, the pial-ependymal line, is described. Other consequences of infection, such
as atrophy, delayed myelination, periventricular cerebrospinal fluid extravasation,
changes in T1 and T2, and mass effect, are reported and discussed. MR imaging may
have a significant application in the study of CNS infections because of the importance
of early diagnosis in instituting effective treatment.

The principles of magnetic resonance (MR) were first described in 1946 [1, 2],
but it was not until 1971 that its potential in detection cf pathology was demon-
strated [3], and not until 1973 that Lauterbur [4] produced the first image. Since
that time, a variety of technologic improvements has made possible excellent
demonstration of both anatomy and pathologic changes. This has been particularly
true in the central nervous system (CNS) [5, 6]. The MR imaging features of benign
and malignant neoplasms, cerebral infarction, intracranial hemorrhage, aneurysms,
arteriovenous malformations, and demyelinating diseases have been described at
considerable length in recent literature, but little has been written about the MR
features of CNS infections. We report our clinical experience to date with MR
imaging in 24 patients with CNS infectious disease examined since 1981.

Materials and Methods

The MR images of all patients referred for examination between March 26, 1981, and
November 15, 1984, with a clinical diagnosis of CNS infection were evaluated in a retrospec-
tive study. All images were obtained with an imaging system based on a cryogenic magnet
operating at 0.15 T (6.5 MHz) using a 256 x 256 display matrix. A variety of pulse sequences
was used including saturation-recovery (SR), inversion-recovery (IR), and spin-echo (SE)
(table 1). Gadolinium-DTPA was administered in two cases according to a previously described
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TABLE 1: MR Pulse Sequences Used in Imaging Patients with
Infections of the Central Nervous System
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TABLE 3: Clinical Diagnoses in Patients with Infections of the
Central Nervous System Studied with MR Imaging

Interval (msec)
Pulse Sequence

TR T TE
SR1000 .. ... ... .. .. ........1000
IR 1400/400 . . .. . .........1400 400 ...
IR 1500/500/44 . . . . .......1500 500 44
IR1800/600 . . .. ....... .. ... ... 1800 600 ...
IR 1800/600/44 N 1800 600 44
SE 1080780 o ~...1080 80
SE1160/160 .. ... ... ... .. ... .. 1160 ... 160
SE1580/80 . . .. .. ... .. ... .. ... 1580 r 80

Note.—TR = repetition time; Tl = inversion time; TE = echo time; SR = saturation
recovery; IR = inversion recovery; SE = spin echo.

TABLE 2: Etiology of Central-Nervous-System Infections in
Patients Studied with MR Imaging

Eicogy Cases
TUDETCUIOUS « v s 555 s sm s m s 6w s w5 aw s e 5w b ois o 5s 5 7
Viral:
HETHES SIMPIEX..; 465 4 & it % 4 a5 @ & 208 08 4 o B e w0 8 2
ROBEIAL &5 e 2 mnam 4 nguns s s dr A ehdas 20 28s 85 2
Variella ccsusovsmsasames s eioymeossss 68 G50 § 17
SUBTOEAL - . o 500 500 5 w5 3w s 0 130 0 50 v 5
Bacterial:
Diplococcus pneumoniae . . . ... ........c.ueeeeninnon 2
StaphyloCOGCUS QUIUS . . i « v v s vssmass ssisss ss aw s 1
ESChBHICHIA COll - . < mvv o av v v sm s s 5w o s wavs 1
Pseudomonas aeruginosa . ...................... 1
SUBOEAl: 5 = saslz a2 250 93 0 HSRETE SHFTS I B8 5
Fungal (Candida albicans) . . . . ..................... 1
Protozoan (Toxoplasma gondii) . . ... ................ 1
CYSHBBICOSIS = 5 s s 6 3 ¢ s 5 & mis 5 6 b SE DT E SGIBE & ¢ il
Miscellaneous:
Meningitis . . ... ... 1
Brainstem encephalitis. . . .. ...... ... ... L 2
Retained surgical SWab . . . ..o cuen i insios os sme s 1
QUBIGTA] & 50 2 08 mme 5 5 T0m s 8 0 B @ 58 @S %5 & Sass s 4
o} £ | A g PP 24

abnormalities were still visible. The other studies were of
good quality. One examination showed no abnormality. This
patient had an established diagnosis of brainstem encephalitis
at the time of the MR examination, although clinically she was
much improved and approaching normal. Abnormalities were
identified in all the other 23 patients. Allowance was made for
age in determining abnormal size for ventricles and subarach-
noid space. In fact the only subarachnoid space enlargement
was in a child (fig. 1).

In 19 cases specific etiologic agents were identified (table
2). In two cases of brainstem encephalitis, the specific etio-
logic agent was not identified, but the combination of clinical,
computed tomographic (CT), and MR findings as well as the
favorable response to steroid therapy, left little doubt about
the diagnosis. In the case listed only as meningitis and in

Clinical Diagnosis: Etiology

Meningitis:
Escherichia coli . . . .
Pseudomonas aeruginosa . . .. .. ...« cesssss s
Diplococcus pneumoniae . . . ... ..................
THDGHICHIOUIS i ¢ . 615 2 507 5 5 56 oinl 5o ik 1 om0 om0
Nonspecific .. . . ..
Meningitis and subduralempyema . . ... ... ... ... .. ...
Meningoencephalitis: Tuberculous . . . . . ......... ... ..
Encephalitis:
Herpes SiMpleXis : ssses vs sarpsssswyms sssusas aas
Rubella ... ... . ... ..
Varicella . . ... .. ...
NONSPECIE: « vy 2 ms0s vEa RIS TELADE 04 96 2EE il 5 3 B3
Cerebral abscess (single or multiple):
Staphylococcus . ... ... ...
Tuberculous . . ........... .0ttt
Candida albicans «: s ivses svsssassuiFs e5sw 55 8
Toxoplasma gonaii' « .. ccvsvnvsmvwsssvessieeses
Cysticercosis . . ................... ...
Foreign body-retained swab . ... ... ... ... .. ... ....

Total .. 24
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TABLE 4: MR Imaging Findings in Infections of the Central
Nervous System

No. of Cases (n = 24)

MRI Parameter

Tb Viral  Bacterial Other

Ventricular enlargement . . ... ... ... 2 1 2 2

Periventricular line of increased T2 . . 1 1 0 0
Increased subarachnoid space . ... .. 0 0 1 0
Subdural accumulation . . ... ... ... . 1 0 1 0
Mass effect:

Ventricle deformed/displaced . . . . . . 1 1 1 1

Sulcieffaced. . ... ..... ... ... .. 1 1 0 0

Midline structures displaced . . . . . . . 0 0 1 2
Delayed myelination . ... .......... 0 0 1 2
Altered brain relaxation times:

PEL of increased T1 . . ... ... .. .. 2 2 2 0

Loss of gray-white matter contrast . . 5 3 2 2

Increased T1and T2 . . .......... 4 4 0 2

Increased T1 with no SE scan . . . .. 0 1 2 0

Normal T1 and increased T2 . . .. .. 0 0 0 1

Increased T2 withno IR scan. . . . .. 1 0 0 0

Decreased T1 after Gd-DTPA . . . .. 1 0 0 1

Decreased signal intensity due to

calcification . . . ... ... ... .. 2 0 1 1

Note.—Tb = tuberculous; PEL = pial-ependymal line; SE = spin echo; IR = inversion
recovery.

another associated with a retained surgical swab, an offend-
ing organism was not isolated. The case of cysticercosis was
diagnosed elsewhere, and confirmatory data were unavaila-
ble.

The choice of repetition time (TR) and echo time (TE) was
critical in the detection of lesions of the brain. For example,
the high-intensity signal of the periventricular line of increased
T2 was seen easily on SE 1580/80 images contrasted against
the relatively low-signal intensity of the adjacent ventricles
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Fig. 1.—10-month-old child with pre-
vious pneumococcal meningitis. IR 1500/
500/44 scan. Large subarachnoid space,
communicating cisterns, and ventricles.
Less white matter than usual for this age.

Fig. 2.—27-year-old woman with tu-
berculous meningitis. SE 1580/80 scan.
Periventricular line of increased T2 (white)
at margin of lateral ventricles.

Fig. 3.—5-year-old girl with varicella
brainstem encephalitis. IR 1500/500/44
(A) and SE 1580/80 (B) scans. Upper
brainstem lesion seen on both scans (ar-
rows).

and white or gray matter (fig. 2). However this periventricular
line was obscured by the high signal intensity of cerebrospinal
fluid using the SE 1160/160 sequence. Similarly, with SE
techniques, lesions of increased T2 within the substance of
the brain become more apparent with longer values of TE
using SE sequences (fig. 3B).

The subdural empyema had a long T1 (dark on IR se-
quences) and was crescentic or lentiform in shape (fig. 4A).
The liquid pus of intracerebral abscess also had a long T1
(fig. 5). The mass effects on the ventricles, sulci, and septum
pellucidum were essentially identical to CT.

In six cases a serpentine line (occasionally more than one)
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of increased T1 was observed extending from the pial surface
of the brain to the ependymal lining of the ventricle (figs. 4B
and 6A). This was related to the frontal horn or atrium, and
radiated anteriorly or anterolaterally if situated in the frontal
lobe and posteriorly, posteromedially, or posterolaterally if
situated in the parietal or occipital lobe. In all instances it
accompanied another abnormality with which it was often in
contact.

The gray-/white-matter contrast displayed on IR pulse se-
quences was reduced in the two cases of subdural empyema
(fig. 4A).

Lesions causing alterations of T1 and T2 were found in
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nearly all areas of the brain. However, only three cases (two
herpes simplex and one rubella) exhibited any specific locali-
zation. In these three cases the temporal lobes displayed
extensive lesions of increased T1 and T2, including the ex-
ternal capsule (fig. 7).

In three cases a delay in the development of myelination
relative to that in normal controls was observed, as has been
described previously [8].

In the case of toxoplasmosis, scattered lesions with in-
creased T1 and increased T2 were associated with low-signal
areas due to calcification. Zones of increased T2 and de-
creased T1 in the subependymal germinal matrix were be-
lieved to be secondary to hemorrhage. CT and sequential MR
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Fig. 4.—62-year-old man with pneu-
mococcal meningitis and subdural em-
pyema. IR 1400/400 scans. A, Lentiform
extracerebral (subdural) empyema is dis-
played and pial ependymal line is seen
(arrows). B, Bilateral frontal pial-ependy-
mal lines (arrows) are out of contact with
other visible abnormality.

Fig. 5.—13-year-old girl with occipital
Candida albicans abscess. A, IR 1400/
400 scan. Both edema and pus are dark
within occiptal lobe. B, SE 1080/80 scan.
Edema is separated from pus.

examinations confirmed these impressions.

An aneurysm was seen in the region of the bifurcation of
the internal carotid artery into anterior and middle cerebral
arteries. This was characterized by low signal on IR and SE
pulse sequences in a patient with a probable tuberculous
lesion of the adjacent brain and meninges.

In the patient with tuberculosis who received Gd-DTPA, the
long T1 of the lesion was reduced (fig. 6). In another
patient with a posterior fossa space-occupying lesion, marked
contrast enhancement was observed 8 months after surgery
for glossopharyngeal neuralgia (fig. 8). At reexploration four
pieces of cotton gauze were removed from within a multiloc-
ular abscess.
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Fig. 6.—71-year-old man with tuber-
culous encephalitis/meningitis. IR 1500/
500 scans before (A) and after (B) Gd-
DTPA. A, Long T1 lesions adjacent to
right lateral venticle (black arrow). Left
occipital pial-ependymal line (white ar-
rows). B, Enhancement of anterior lesion
(arrow).

Fig. 7.—38-year-old man with herpes
simplex encephalitis. IR 1500/500/44 (A)
and SE 1580/80 (B) scans. Long T1 of
lesions and abrupt medial margin at ex-
ternal capsule. Frontal lobe lesions are
also seen.

Discussion

In the initial stage of development of MR imaging, machines
were slow and were often located in factories or other clinically
inconvenient sites. This created considerable difficulty in ex-
amining seriously ill patients, and few patients with CNS
infections were studied until recently. Despite these difficul-
ties, MR imaging may prove to have a significant application
in the study of CNS infections because of the importance of
early diagnosis in instituting effective treatment.

The lesions of an active, nonhemorrhagic, infectious proc-
ess of the brain are characterized by increased T1 and T2
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relaxation times in most instances, although decreased T1
and increased T2 relaxation times may indicate hemorrhage.
One patient with evidence of a normal T1 on IR scan had a
long T2 lesion on the SE sequence, suggesting that this latter
sequence may be the most sensitive technique for the detec-
tion of the primary cerebral focus.

Liquid pus has a very long T1. Because of the influence of
T1 on SE pulse sequences, fluid may appear dark unless
longer values of TR are used. The surrounding inflammatory
brain response and edema will also have increased values of
T1 and T2, but this is usually less than liquid pus.

The myelination process can be followed with MR [8], and
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it was possible to observe disturbance of myelination in three
patients. In all instances the brain appeared to be that of a
younger child. No cause and effect relation was provided with
respect to etiology (7. gondii, D. pneumoniae, and unknown),
location of disease (one encephalitis and two meningitis),
gender (two boys and one girl), or age (1-22 months).

The pial-ependymal line of increased T1, which was ob-
served in both subdural and intracerebral lesions, has not
been seen in other pathologic conditions of the brain on MR
images at our institution, and a report of its observation
elsewhere has not been found. Because all of these patients
(six) survived, pathologic correlation was not available. All
were adults (28-71 years) of both genders with varied infec-
tions (tuberculous, viral, and bacterial causes). Whether this
sign is specific for inflammatory disease or not awaits further
observation.

Focal distribution of lesions may be characteristic of certain
viruses, as shown in figure 7. However, not all viruses produce
this characteristic distribution. When present, this pattern
suggests a viral etiology, but its absence has no particular
etiologic significance.

Gadolinium-DTPA is a paramagnetic material that reduces
T1 (increases signal intensity). When given intravenously it
concentrates in areas of blood-brain barrier damage similar
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Fig. 8.—69-year-old woman with post-
operative retained cotton gauze swabs.
IR 1500/500/44 scans. A, Before Gd-
DTPA. Long T1 lesion displaces fourth
ventricle (arrow). B, Ring enhancement
after administration of Gd-DTPA (arrow).

to that observed with iodinated contrast media in CT. This
occurred in both patients examined, and the agent may prove
valuable once it is fully evaluated.
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