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Iatrogenically Induced Cortical Blindness
Associated with Leptomeningeal Enhancement

Leonard V. Petrus, J. F. Lois, W. W. M. Lo
Summary: Leptomeningeal enhancement is usually infec-
tive or neoplastic in origin. We present a case in which a
patient received total parenteral nutrition via a catheter
unknowingly placed within the right vertebral artery. We
postulate that the hyperosmolar nature of the infused so-
lution induced temporary osmotic disruption of the blood-
brain barrier, resulting in cortical blindness associated
with localized leptomeningeal enhancement.

Abnormal meningeal enhancement may take two
forms: dura-arachnoid enhancement, which follows
the inner contour of the calvaria, or pia–subarachnoid
space enhancement, which extends into the depths of
the sulci. The latter, also referred to as leptomenin-
geal enhancement, is often caused by an infectious or
neoplastic process (1, 2). We present a case of
marked regional leptomeningeal enhancement ac-
companied by cortical blindness thought to be due to
the inadvertent infusion of a hyperosmolar solution
into a vertebral artery.

Case Report
A 37-year-old HIV-positive man was admitted for investiga-

tion of hyperbilirubinemia associated with fevers and chills.
Early in his hospital stay, a central venous catheter was inserted
via a right infraclavicular approach. The tip of the catheter,
which extended up the right side of the neck, was assumed to lie
within the right internal jugular vein. The catheter was initially
perfused with a dextrose-saline solution. Six hours after place-
ment of the line, total parenteral nutrition was administered via
the catheter. Over the ensuing 8 hours, the patient reported
light-headedness and blurred vision, which progressed to com-
plete binocular loss of vision. Clinical examination revealed
cortical blindness without other focal neurologic signs. A lum-
bar puncture showed a pressure of 310 mm of water. The
protein content was also elevated, at 84 mg/dL. No abnormal
cells were present.

A contrast-enhanced MR examination 5 hours after com-
plete loss of vision showed marked, patchy pial–subarachnoid
space and subpial enhancement over the cerebellum, the oc-
cipital lobe, and the thalami, suggesting involvement of the
vertebrobasilar arterial territory (Fig 1A–C). Review of a por-
table chest radiograph showed the tip of the central catheter
extending cephalad over the right transverse processes of the
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lower cervical spine. Contrast material injected into the central
catheter confirmed the position of the catheter in the right
vertebral artery (Fig 1D). The catheter was removed and a new
catheter inserted via the left infraclavicular approach into the
left innominate vein.

Over the ensuing 2 weeks, the patient’s symptoms improved
and he was left with a mild right homonymous hemianopia. A
repeat MR study showed only minimal high signal intensity on
T2-weighted images within the left optic radiation. The pial-
arachnoid enhancement had completely resolved (Fig 1E).

Discussion
The arachnoid and pia mater compose the lepto-

meninges. Breakdown of the leptomeningeal blood-
brain barrier (BBB) from a variety of causes, but
especially from infection and neoplasia, is responsible
for the abnormal contrast enhancement seen on con-
trast-enhanced MR images.

Animal studies suggest that in infectious meningit-
ides, breakdown of the leptomeningeal BBB is due to
the bacterial cell wall components inciting an inflam-
matory reaction that results in opening of the tight
intercellular junctions in the arachnoidal capillary
bed (2, 3). In carcinomatous meningitis, it is sug-
gested that there is neoplastic invasion of the menin-
ges, which disrupts the tight capillary junctions of the
outer layer of the arachnoid, resulting in pial-sub-
arachnoidal enhancement after administration of
contrast material (4). The presence of leptomeningeal
enhancement in our HIV-positive patient, although
localized over the cerebellum, occipital lobes, and
portions of the mesial temporal lobes, raised the pos-
sibility of tuberculosis, cryptococcosis, or lymphoma
(5, 6). However, the presence of enhancement in the
anterior thalamus and the choroid plexus, in addition
to the localized leptomeningeal enhancement, sug-
gested a process involving branches of the vertebro-
basilar system. This prompted a search for the source,
which led to the discovery of the malpositioned cath-
eter.

The BBB may be opened experimentally by intro-
ducing hyperosmolar solutions into the bloodstream
(7, 8). Osmotic dehydration of the capillary endothe-
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FIG 1. 37-year-old man with cortical blindness.
A, Noncontrast axial T1-weighted MR image (540/15/2) at the level of the thalami and occipital lobes appears normal.
B, Axial T2-weighted MR image (2500/90/1) shows high signal intensity within the left optic radiation (arrow).
C, Sagittal contrast-enhanced T1-weighted MR image (538/15/2) shows leptomeningeal enhancement over the cerebellum and

occipital lobe. Enhancement is also seen in the thalamus.
D, Contrast injection into the catheter in the right side of the neck opacifies the right vertebral artery (arrow).
E, Sagittal contrast-enhanced T1-weighted MR image (580/15/2) 2 weeks later shows no remaining abnormal enhancement.
F Plain radiograph of the lower neck and upper chest shows the abnormal medial course of the catheter (arrows).
G, Plain radiograph in a different patient shows normal course of a catheter within the right internal jugular vein. Note that the catheter

does not overlie the transverse processes of the lower cervical vertebrae (arrows).
lial cells may cause them to shrink, thus pulling apart
or “unzipping” the tight junctions (9). Intentional
injection of hyperosmolar solutions of urea and man-
nitol into the cerebral arteries has been used to open
the BBB, after which chemotherapeutic agents may
be delivered to those portions of brain tumors with an
otherwise intact BBB (10, 11).

Our patient had been inadvertently receiving ver-
tebral intraarterial total parenteral nutrition that con-
tained 30% dextrose together with 20% fat and a
mixture of trace elements and electrolytes at an esti-
mated osmolality of 1500 mOsm/L through a catheter
thought to be located intravenously. We postulate
that this hyperosmolar solution induced osmotic dis-
ruption of the BBB, which led to the patient’s blind-
ness and the subsequent MR findings. The presence
of the catheter within the vertebral artery may have
caused periodic impairment of vertebral artery flow.
It is possible that inadvertent air emboli from the
central line or fat emboli from the injection of the
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total parenteral nutrition may have resulted in scatted
cerebral and cerebellar infarction, but the onset of
enhancement in cerebral infarction is nearly always
delayed for several days after the event and therefore
seems unlikely (12).

Our patient received 16 mL of gadopentetate dime-
glumine through the indwelling catheter. Although
there have been a few reports on the intraarterial use
of gadolinium (13, 14), no mention was made about
the possible neurotoxic effects. The direct intraarte-
rial injection of a gadolinium complex in our patient’s
case occurred after his symptoms developed and can-
not be incriminated, but the possibility exists that it
may have caused the enhancement pattern seen. Lan-
tos (15) in 1989 reported four cases of reversible
cortical blindness occurring as a complication of ce-
rebral arteriography. In his study, abnormal paren-
chymal enhancement was seen on CT scans within 1
hour of the event and he postulated that this was
related to the hyperosmolar nature of the contrast
material. Although his cases and ours suggest osmotic
disruption of the BBB, physical or chemical chemo-
toxicity may have contributed.

Central venous catheters are inserted via an inter-
nal jugular or subclavian vein approach. An infracla-
vicular approach is used for the subclavian vein access
and the catheter is ideally positioned at the junction
of the superior vena cava and the right atrium. How-
ever, in some situations, the catheter may not be
negotiated into the subclavian vein and will be di-
rected cephalad and placed within the internal jugular
vein. On plain radiographs of the neck, catheters
within the internal jugular vein should be seen lying
lateral to the transverse processes of the lower cervi-
cal vertebra, as opposed to the situation in our pa-
tient, in which the catheter was overlying the trans-
verse processes (Fig 1F and G).

Normally, the vertebral artery arises as the first
branch of the subclavian artery. Although the verte-
bral artery can be cannulated via a subclavian artery
puncture, vertebral artery catheterization is usually
performed via a transfemoral approach. Retrograde
brachial or axillary angiography or direct percutane-
ous vertebral angiography are seldom used but may
be employed in certain patients with severe, general-
ized occlusive vascular disease or extremely tortuous
great vessels, or in some therapeutic embolization
procedures (16).

Many new devices are available for use with central
venous catheters. A stop-cock with a one-way valve
was used in our patient to facilitate safe and bloodless
exchange of infusion bags. This device, although a
help to nursing personnel, prevented the timely rec-
ognition of the arterial location of the catheter.

Conclusion

Osmotic disruption of the BBB should be added to
the already extensive causes of pial-arachnoidal en-
hancement. Diligent care should be undertaken in the
evaluation of neck catheters. Any catheter that over-
lies the transverse processes of the lower cervical
vertebra may well lie within the vertebral artery
rather than within the internal jugular vein.

References
1. Phillips M, Ryals T, Kambhy S, Yuh W. Neoplastic vs. inflamma-

tory meningeal enhancement with Gd-DTPA. J Comput Assist To-
mogr 1990;14:536–541

2. Kioumehr F, Dadsetan M, Feldman N, et al. Postcontrast MRI of
cranial meninges: leptomeningitis versus pachymeningitis. J Com-
put Assist Tomogr 1995;19:713–720

3. Quagliarello V, Scheld W. Bacterial meningitis: pathogenesis,
pathophysiology, and progress. N Engl J Med 1992;327:864–872

4. Frank J, Girton M, Dwyer A, Wright D, Cohen P, Doppman J.
Meningeal carcinomatosis in the VX2 rabbit tumor model: detec-
tion with Gd-DTPA-enhanced MR imaging. Radiology 1988;167:
825–829

5. Tien RD, Chu PK, Hesselink JR, et al. Intracranial cryptococcosis
in immunocompromised patients: CT and MR findings in 29 cases.
AJNR Am J Neuroradiol 1991;12:283–289

6. Dina TS. Primary central nervous system lymphoma versus toxo-
plasmosis in AIDS. Radiology 1991;179:823–838

7. Rapoport SI, Hori M, Klatzo I. Reversible osmotic opening of the
blood-brain barrier. Science 1971;173:1026–1028

8. Chiueh CC, Sun CL, Kopin IJ, Fredericks WR, Rapoport SI. Entry
of (3H) norepinephrine, (1251)albumin and Evan’s blue from
blood into brain following unilateral osmotic opening of the blood-
brain barrier. Brain Res 1978;145:291–301

9. Thompson HK, Bindinger JM. Equi osmolal opening of the blood-
brain barrier in the rabbit by different contrast agents. Acta Radiol
(Diagn) 1974;16:21–32

10. Hasegaiva H, Allen JC, Mehta BM, Shapiro WR, Posner JB.
Enhancement of CNS penetration of methotrexate by hyperosmo-
lar intra-carotid mannitol or carcinomatous meningitis. Neurology
1979;29:1280–1286

11. Neuwelt EA, Frankel EP, Diehl J, Vu LH, Rapoport SI, Hill S.
Reversible osmotic blood-brain barrier disruption in humans: im-
plications for the chemotherapy of malignant brain tumors. Neu-
rosurgery 1980;7:44–52

12. Norton GA, Kishore PRS, Lin J. CT contrast enhancement in
cerebral infarction. AJR Am J Roentgenol 1978;131:881–885

13. Kinno Y, Odagiri K, Andoh K, Hoh Y, Taro K. Gadopentetate
dimeglumine as an alternative contrast material for use in angiog-
raphy. AJR Am J Roentgenol 1993;160:1293–1294

14. Matcheff WJ, McFarland DR, Russell DK, Sailor DM, Moursi
MM. Azotemia: gadopentetate dimeglumine as contrast agent at
digital subtraction angiography. Radiology 1996;201:569–571

15. Lantos G. Cortical blindness due to osmotic disruption of the
blood-brain barrier by angiographic contrast material: CT and
MRI studies. Neurology 1989;39:567–571

16. Hanafee W. Axillary approach to carotid, vertebral, abdominal
aorta, and coronary angiography. Radiology 1963;81:559–567


