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Surgically Induced Intracranial Contrast Enhancement:
Potential Source of Diagnostic Error in Intraoperative

MR Imaging

Michael Knauth, Nurdagül Aras, Christian Rainer Wirtz, Arnd Dörfler, Tobias Engelhorn, and Klaus Sartor

BACKGROUND AND PURPOSE: Intraoperative MR imaging is being used increasingly dur-
ing neurosurgical interventions. The aim of this study was to describe and classify different
forms of surgically induced intracranial contrast enhancement observed during intraoperative
MR examinations.

METHODS: A total of 51 intraoperative MR examinations were performed to assess the
extent of brain tumor removal. The intraoperative MR results (T1-weighted images, unen-
hanced and obtained serially after the IV administration of paramagnetic contrast material)
were compared with preoperative and early postoperative MR findings. Animal experiments
were conducted to obtain further evidence of the mechanism of surgically induced contrast
enhancement.

RESULTS: Four different types of surgically induced contrast enhancement were found:
meningeal enhancement, increased enhancement of the choroid plexus, delayed enhancement
at the resection margins, and immediate intraparenchymal contrast enhancement. The types
of surgically induced contrast enhancement differ regarding their location, configuration, and
time course. Their potential to be confused with contrast-enhancing, residual tumor also varies.
Three of the four types of surgically induced contrast enhancement were reproducible in an
animal model.

CONCLUSION: Surgically induced contrast enhancement is a potential source of error in
intraoperative MR imaging. Careful analysis of the location, configuration, and time course of
intraoperatively observed intracranial enhancement is critical to avoid confusing surgically
induced contrast enhancement with contrast-enhancing, residual tumor.

CT and sonography have been used during neuro-
surgical operations (123). With the advent of the
so-called open scanners, MR imaging, the imaging
method with the highest soft-tissue resolution, now
can be used intraoperatively to guide the neurosur-
geon and to control the extent of tumor resection
(428). Nonetheless, because there have been re-
ports of postsurgical contrast enhancement on post-
operative MR examinations (9215), surgically in-
duced contrast enhancement (ie, enhancement that
is caused by the surgical manipulation itself) might
also exist on intraoperative MR examinations. The
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danger this represents is that surgically induced
contrast enhancement potentially can be confused
with residual tumor enhancement, thus leading to
unnecessary further resection. The aim of this study
was to describe and characterize the different forms
of surgically induced contrast enhancement in in-
traoperative MR imaging to minimize the danger
of confusion with residual tumor enhancement.

Methods

Patient Study

A total of 51 intraoperative MR examinations were performed
in 48 patients to assess the extent of brain tumor resection. The
setup of the intraoperative MR unit was identical to that previ-
ously described (4, 6). The field strength was 0.2 T.

Twelve patients underwent surgery for nonenhancing, low-
grade gliomas, two patients had solitary intracranial metasta-
ses, and the remaining patients underwent surgery for high-
grade gliomas and glioblastomas multiforme. Imaging
consisted of T1-weighted spin-echo sequences that were ob-
tained before and serially (5, 10, and 20 minutes) after the IV
administration of a double dose (0.2 mmol of gadolinium di-
ethylenetriamine penta-acetic acid/kg of body weight) of a
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FIG 1. Surgically induced meningeal enhancement. The preoperative MR image (left) (674/20/2) does not show contrast enhancement
of the pial surface in the central sulcus, which clearly enhances on the intraoperative MR examination (middle, arrow) (532/15/3). This
enhancement persists on the early postoperative MR examination (right, arrow) (674/20/2).

paramagnetic contrast agent. Because we were examining
anesthesized patients, the timing of the imaging was identical
in all patients. A double dose of contrast agent was used, be-
cause at low-field imaging, it yielded the same lesion-to-white
matter contrast as in high-field MR examinations after the ad-
ministration of a standard dose (0.1 mmol/kg) (unpublished
results), ie, an enhancing tumor showed the same lesion-to-
white matter contrast in the intraoperative (low-field) MR ex-
aminations as in the pre- and postoperative (high-field) MR
examinations. The imaging parameters of the intraoperative
MR imaging were 15/532/3 (TE/TR/excitations); section thick-
ness, 6 mm; field of view, 230 3 230 mm; matrix, 192 3 256;
and acquisition time, 5 minutes 10 seconds. In the cases of
low-grade gliomas, an additional T2-weighted sequence was
obtained before the IV administration of the contrast agent.
The intraoperative unenhanced and postcontrast T1-weighted
images were compared with preoperative and early postoper-
ative T1-weighted images obtained with a high-field scanner
(1.5 T) after the IV administration of a single dose (0.1 mmol/
kg) of a paramagnetic contrast agent. Early postoperative MR
examinations were performed on days 1 to 3 after surgery. The
imaging parameters of the T1-weighted images of the high-
field examinations were 20/674/2; section thickness, 6 mm;
field of view, 230 mm; matrix, 192 3 256; and acquisition
time, 3 minutes 14 seconds.

Surgically induced contrast enhancement was said to be
present if the intraoperative postcontrast T1-weighted images
showed contrast enhancement that had not been observered on
MR images before the operation (maximum of 3 days). Sur-
gically induced contrast enhancement was classified regarding
its location, configuration, time course, and appearance on the
early postoperative MR images.

The study was approved by our institution’s review board,
and informed consent was obtained from all patients before the
intraoperative examinations were performed.

Animal Experiments

Animal experiments were conducted in accordance with na-
tional animal protection laws. The aim of the animal experi-
ments was to reproduce different types of surgically induced
contrast enhancement to obtain information about their etiology.
For this, 24 male Wistar rats were divided into three groups: in
the control group, only a small craniotomy without dural open-
ing was performed; in the second group, the cortex and under-
lying white matter were ablated by means of a sharp spoon; and
in the third group, superficial electrocoagulation of the cortex

was performed. The aim was to produce brain lesion types with
and without vessel opening. Thirty minutes after inducing the
different types of brain lesions (or after simple craniotomy), the
animals were examined with a high-field MR scanner (1.5 T).
A high-field scanner was used to obtain better signal-to-noise
ratios in the small animal brains. The use of different field
strengths (low-field in patients and high-field in rats) did not
seem problematic because, in the animals, we focussed on the
configuration and time course of surgically induced contrast en-
hancement rather than the absolute amount of enhancement. The
imaging protocol consisted of T1-weighted sequences obtained
before and serially (5, 10, and 15 minutes) after the IV admin-
istration of a single dose (0.1 mmol/kg) of a paramagnetic con-
trast agent. The imaging parameters were 20/500/4; section
thickness, 2 mm; field of view, 65 mm; matrix, 256 3 256; and
acquisition time, 4 minutes 16 seconds.

Results

Patient Study
Surgically induced enhancement was observed

in all patients. Four different types could be distin-
guished: meningeal enhancement, increased en-
hancement of the choroid plexus, linear enhance-
ment at the resection margins, and immediate
intraparenchymal contrast enhancement.

Meningeal enhancement was seen in all patients
as linear enhancement of the leptomeninges or the
dura or both. On the intraoperative MR image, en-
hancement was already visible on the first postcon-
trast study and remained stable during the obser-
vation period (20 minutes). On the early
postoperative MR study, it was either the same as
observed intraoperatively or had even increased
(Fig 1).

Because the normal choroid plexus already
shows contrast enhancement, enhancement of the
choroid plexus is not surgically induced but sur-
gically increased. It was observed in seven patients
(13.7%) and simply consisted of increased en-
hancement of the choroid plexus on one side com-
pared with the other (Fig 2). In each patient in
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FIG 2. Surgically induced, increased enhancement of the choroid plexus. Note that the ventricle has been opened. Intraoperative T1-
weighted images (left, 5 minutes postcontrast; middle, 20 minutes postcontrast) (532/15/3) show increased enhancement of the left
choroid plexus (arrows) that remains constant during the observed time interval. Early postoperative MR image (right) (674/20/2) shows
the persistence of this enhancement (arrow).

whom increased enhancement of the choroid plexus
was observed, the ventricle had been opened sur-
gically. In each of four other patients, however, a
ventricle also had been opened but no increased
enhancement of the choroid plexus was observed.
It is likely that additional factors such as manipu-
lation of the choroid plexus or exposure to air are
necessary to produce this type of increased en-
hancement. On the early postoperative MR images,
the degree of enhancement was either equal to that
observed intraoperatively or had even increased.

In 41 patients (80.4%), a linear enhancement at
the resection margins was visible that was more
pronounced the more time elapsed from the injec-
tion of the paramagnetic contrast agent (Fig 3). In
some cases, contrast agent diffused into the saline-
filled resection cavity, leading to increasingly high-
er signal of the fluid (Fig 3). In early postoperative
MR examinations, this kind of enhancement either
was reduced markedly or absent (Fig 3). Because
of its typical location, configuration, and time de-
pendence, confident diagnostic separation from en-
hancing, residual tumor was the rule, although we
did encounter some more difficult cases.

In five patients (9.8%), intraparenchymal en-
hancement was observed that was already fully de-
veloped in the first postcontrast study and showed
practically no time dependence in the observed pe-
riod thereafter (Fig 4). In contrast to the delayed
enhancement at the resection margins, the imme-
diate intraparenchymal enhancement had a ‘‘solid,’’
sometimes almost nodular, appearance. Thus, im-
mediate intraparenchymal enhancement has the
same appearance and time course as enhancing re-
sidual tumor.

In all but one patient, in whom immediate intra-
parenchymal enhancement was observed, bleeding
had necessitated repeated electrocoagulations in the
region where the immediate intraparenchymal en-
hancement was later observed. In the other case,

sonographic aspiration had been performed at the
border between enhancing and nonenhancing tis-
sue. In early postoperative MR examinations, the
immediate intraparenchymal enhancement either
was reduced markedly or absent (Fig 4).

Animal Experiments
Surgically induced enhancement was observed

in all animals. Intraparenchymal enhancement was
observed even in the control group (ie, in the ani-
mals in which only craniotomy had been per-
formed). We take this as an indicator that our cra-
niotomy technique was not as atraumatic to the
brain as we intended it to be. In all animals in
which electrocoagulation of the cortex had been
performed, immediate intraparenchymal enhance-
ment with practically no time dependence was ob-
served (Fig 5), indicating a blood-brain barrier dis-
ruption. This type of enhancement, however, was
also present in six of the eight animals in which an
ablation of the cortex and the underlying white
matter had been performed. In two of these ani-
mals, delayed, time-dependent enhancement was
seen at the resection margin (Fig 6). In contrast,
delayed enhancement at the resection margins was
not seen in any of the animals of the control group
or in any of the animals in which electrocoagula-
tion of the cortex had been performed.

All rats showed some degree of dural enhance-
ment regardless of the type of lesion inflicted on
the brain. Thus, three of the four types of surgically
induced contrast enhancement described above
were reproduced in the animal model.

Discussion
The danger that surgically induced contrast en-

hancement represents for the interpretation of in-
traoperative MR findings is that it mistakenly can
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FIG 3. Surgically induced, delayed (time-dependent) enhancement at the resection margins. Preoperative MR image (top) (674/20/2)
shows a left occipital, contrast-enhancing tumor. Intraoperative T1-weighted images (middle [from left to right], unenhanced and 5, 10,
and 20 minutes postcontrast) (532/15/3) show linear enhancement at the resection margin, which is more pronounced the more time
has elapsed since the administration of the contrast agent (arrows). Also note the diffusion of the contrast agent into the fluid-filled
resection cavity, leading to increased signal intensity of the fluid on the delayed images. The probable cause of this type of surgically
induced contrast enhancement is leakage of contrast agent out of surgically opened blood vessels. The enhancement is not present on
the preoperative (top) or postoperative (bottom) MR images (674/20/2).

be diagnosed as enhancing, residual tumor. The first
two types of surgically induced contrast enhance-
ment, meningeal enhancement and increased en-
hancement of the choroid plexus, do not present a
problem because there is practically no potential of
confusion with residual, enhancing tumor. Menin-
geal enhancement can be identified in early post-
operative MR examinations (10), and our study
found that meningeal enhancement is already visi-
ble very early (ie, during the course of surgery).
The delayed enhancement at the resection margins
is somewhat more difficult. Its time dependence,
location, configuration, the observed diffusion of
contrast agent into the fluid-filled resection cavity,

and the fact that this type of enhancement is either
reduced or absent on the early postoperative MR
examination suggest that leakage of contrast media
out of surgically opened vessels at the resection
margin is the cause. This assumption also is sup-
ported by the results of animal experiments in
which this type of enhancement was exclusively
produced in animals in which a vessel-opening
brain lesion had been created by ablation. Time de-
pendence, location, and configuration are the key
features for distinguishing this type of surgically
induced contrast enhancement from residual en-
hancing tumor. Nonetheless, overlap exists and
confident diagnostic separation is possible in most
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FIG 4. Surgically induced immediate intraparenchymal enhancement. Intraoperative T1-weighted images (upper row [from left to right],
unenhanced and 5 and 20 minutes postcontrast) (532/15/3) show a solid-appearing, intraparenchymal contrast enhancement that shows
almost no time dependence. Early (day 1 after surgery) postoperative T1-weighted images (lower row: left, unenhanced; right, postcon-
trast) show a intraparenchymal hyperintensity but no contrast enhancement (674/20/2). This type of enhancement probably represents
(transient) blood-brain barrier disruption. The hyperintensity on the unenhanced T1-weighted images of the postoperative examination
is possibly caused by contrast agent administered intraoperatively, which is ‘‘captured’’ in the tissue after the blood-brain barrier disruption
resolves. It is, however, too early to represent methemoglobin.

FIG 5. Animal model of surgically induced
immediate intraparenchymal enhance-
ment. In all animals in which a cortical
electrocoagulation (non-vessel-opening
brain lesion) had been performed, an intra-
parenchymal and non-time-dependent
contrast enhancement (arrows) surround-
ing a zone of necrosis was observed. Post-
contrast T1-weighted images (from left to
right, 5 and 15 minutes after administration
of the contrast agent) (500/20/4).

but not all cases. Figure 7 shows a case that is
problematic in this respect.

The most confounding surgically induced con-
trast enhancement is the immediate intraparenchy-
mal enhancement, because residual, enhancing tu-
mor has the same appearance and time course. In
such cases, a comparison with the preoperative MR
examination is essential. Whenever we observed
immediate intraparenchymal enhancement intra-
operatively, some additional surgical damage
(mostly repeated electrocoagulation) had been done

to the brain tissue. It likely represents surgically
induced blood-brain barrier disruption, similar to
that described after therapeutic brain lesions (16,
17). In these studies, however, the perilesional en-
hancement persisted during longer periods of time,
whereas in our study, the enhancement already was
reduced markedly or even absent on the early post-
operative MR studies (ie, the blood-brain barrier
disruption was transient). This difference may sim-
ply reflect the lesser amount of deposited energy
and subsequent tissue damage in our patients as
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FIG 6. Animal model of surgically induced delayed (time-dependent) enhancement at the resection margins. Only in animals in which
a vessel-opening brain lesion had been performed (cortical ablation) was this type of surgically induced enhancement seen (arrows).
Postcontrast T1-weighted images (from left to right: 5, 10, and 15 minutes after administration of the contrast agent) (500/20/4).

FIG 7. Surgically induced enhancement: problematic case. Preoperative MR (left) (674/20/2) shows a ring-enhancing lesion. Intra-
operative T1-weighted images (middle images, 5 and 20 minutes postcontrast) (532/15/3) show enhancement at the resection margin
with some time dependence. A confident differential diagnosis of this enhancement (tumor or not?) could not be made, and the surgery
was terminated. Early postoperative MR image (right) (674/20/2) shows possible residual tumor (arrowhead).

FIG 8. Surgically induced enhancement: problematic case. This was one of the first patients in whom an intraoperative MR examination
was performed. The tumor is above the level of these T1-weighted images. Preoperative MR image (left) (674/20/2) does not show
enhancement in the head of the right caudate nucleus. Problems with hemostasis necessitated repeated electrocoagulations in this
region. Intraoperative MR images (middle images, 5 and 20 minutes postcontrast) (532/15/3) partially show solid-appearing contrast
enhancement of the head of the caudate nucleus with almost no time dependence during the observed time interval. A small biopsy
was taken from this region, which did not show residual tumor histologically. Surgery was terminated. Early postoperative MR imaging
(674/20/2) did not show persistent enhancement of the head of the caudate nucleus. The intraoperative enhancement probably repre-
sented transient blood-brain barrier disruption.

compared with the patients of Kahn et al (16) and
Anzai et al (17) who aimed at tissue necroses of
considerable volume.

As noted above, immediate intraparenchymal
enhancement necessitates careful comparison

with preoperative MR examinations to avoid con-
fusion with residual, enhancing tumor. Figure 8
shows one of the first cases in our study in which
we did not adhere to that (then not yet estab-
lished) rule.
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Overview over the different types of surgically induced contrast enhancement

Type of Surgically
Induced

Enhancement

Fre-
quency

(%)
Localization/
Configuration

Time
Dependence in
Intraoperative

MR

Early
Postoperative

MR
Hypothesized

Pathomechanism

Potential for
Misdiagnosis of
Residual Tumor

Meningeal 100 Leptomeningeal/dural None Equal or increased Meningeal reaction/
irritation

Practically none

Increased enhancement
of choroid plexus

13.7 Choroid plexus None Equal or increased Choroid plexus reaction/
irritation

Practically none

Delayed enhancement
at resection margin

81 Resection margin/linear Marked Reduced or absent Leakage of contrast me-
dia out of surgically
opened vessels

Moderate

Immediate intraparen-
chymal enhancement

9.8 Intraparenchymal
‘‘Solid’’/Nodular

Little–none Reduced or absent Transient BBB disruption High

Table 1 summarizes the frequency, characteristic
features, hypothesized pathomechanisms, and the
confounding potential of the different forms of sur-
gically induced contrast enhancement to be mistak-
en for residual, contrast-enhancing tumor. Using
these findings, we were able to distinguish confi-
dently surgically induced enhancement from resid-
ual, contrast-enhancing tumor in 90.2% of the
cases.

Surgically induced contrast enhancement was the
main source of trouble in the interpretation of in-
traoperative contrast-enhanced MR examinations.
It is possible that new developments in MR contrast
agents, such as iron oxide microparticles that are
phagocytosed by high-grade gliomas (18, 19), will
render the intraoperative administration of a para-
magnetic contrast agent unneccessary and thus
abolish the whole problem of surgically induced
contrast enhancement.

MR imaging is being used increasingly as an in-
terventional imaging technique, and it is foresee-
able that many groups will use MR imaging to as-
sess the radicality of brain tumor surgery.
Nevertheless, one has to be aware of the different
forms of surgically induced contrast enhancement
that exist and that there is danger of confusing at
least some of them with residual, enhancing tumor.
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