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Microdialysis allows sampling of the extra cellular fluid of normal and pathological tissues. Accurate posi-
tioning of catheters in viable, representative tumour tissue is crucial for the accuracy and effectiveness of
the technique. We have performed microdialysis with the aid of intra-operative three-dimensional ultra-
sonography (3D-US) to guide the placement of catheters in seven patients undergoing resection for
supratentorial high-grade astrocytoma. The final position of the catheter tip membrane was confirmed
by intra-operative ultrasound scanning.

The accuracy of the spatial targeting was validated by pathological examination and the quality of the
microdialysate was checked with ultra performance liquid chromatography–mass spectrometry.

Our results indicate that intra-operative 3D-US can be used to correctly position catheters for microdi-
alysis and allows adjustment to the catheters, when necessary, prior to the dialysis of viable target
tumour tissue.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Microdialysis is a technique used for sampling low molecular
weight molecules in the extra cellular fluid by means of a catheter
equipped with a semi-permeable membrane inserted into normal
or pathological tissue. In patients with glioma, the technique is
used to monitor variations in the concentrations of amino acids,
monoamines, glucose and lactate, as well as to infuse chemother-
apeutic agents or evaluate the pharmacokinetics of drugs across
the blood–brain barrier.1 In all these applications, accurate posi-
tioning of catheters in viable tumour tissue is crucial. Catheter
insertion can be carried out free-hand or under stereotactic guid-
ance and location is confirmed with a post-procedural CT scan.2

Adjustment of catheters is possible, but their trajectory is difficult
to control and additional scans are subsequently necessary.

The integration of neuronavigation and intra-operative three-
dimensional ultrasound (3D-US) imaging is a well-established
technique to acquire real-time images and guide the planning of
surgery and procedures, with further on-table updating of the
image.3,4
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We present a feasibility study on the use of intra-operative 3D-
US to guide free-hand placement of microdialysis catheters in pa-
tients with glioma.

2. Material and methods

2.1. Patient selection

We used 3D-US in seven adult patients with supratentorial, in-
tra-axial tumours with neuro-imaging features consistent with a
high-grade glioma. Criteria of selection included: (i) Karnofsky per-
formance status score of P 70; (ii) a standard craniotomy approach
for gross total resection; and (iii) no contraindication to the exten-
sion of anaesthetic time. The clinical and neuro-imaging findings
are reported in Table 1. All patients consented to the intra-opera-
tive insertion of catheters and appropriate ethical approval was
obtained.

2.2. Ultrasound assisted insertion of microdialysis catheters

Stereotactic images were uploaded pre-operatively into the
SonoWand™ ultrasound console (Trondheim, Norway) and used
to plan a conventional neuro-navigational approach. The console
was used in the ‘‘any plane” view mode so that the displayed image
slice was based on the 3D angle and rotation (in relation to the cor-
e, three-dimensional ultrasound assisted positioning of catheters in the
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Table 1
Clinical details for the seven patients who had undergone intra-operative, real-time, three-dimensional ultrasound-assisted positioning of catheters in the microdialysis of glial
tumours

Patient
No.

Sex Age (yrs) Symptoms Length of
symptoms

Site

1 M 83 Right hemiparesis; focal seizures; expressive dysphasia 12 wks Left parietal
lobe

2 M 67 Right hemiparesis; generalised seizure 8 wks Left parietal
lobe

3 F 33 Right hemiparesis; frontal headaches; expressive dysphasia 8 wks Corpus callosum
4 M 64 Impaired spatial awareness; short term memory loss; expressive and receptive dysphasia;

left inferior quadrantanopia
3 wks Right occipital

lobe
5 M 46 Generalised seizure; left hemiparesis; memory loss 4 wks Right parietal

lobe
6 F 61 Gerstmann syndrome; receptive dysphasia; seizure 8 wks Left parietal

lobe
7 F 41 Head injury and post traumatic seizure; incidental finding on CT scan No symptoms Right frontal

lobe

F = female, M = male, wks = weeks, yrs = years.
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tical surface) of the sonar waves of the probe (4–8 MHz flat phased
array, optimum focusing at 3–6 cm). After craniotomy, the images
were updated with a trans-dural sweep and ultrasound capture of
the tumour area. This initial intra-operative US scan highlighted
the margins and texture of the tumour and its relation to the sur-
face. Before starting the resection, two catheters were inserted by
free-hand into the lesion. Each catheter was connected to a vari-
able speed, micro-infusion pump (CMA 107; CMA Microdialysis,
Solna, Sweden). The path of insertion was determined using the
pre-operative images together with the newly captured ultrasound
image. The neuro-navigation probe was placed on the cortex and
the potential path of insertion was determined on the SonoWand™
console viewer with an offset trace (Fig. 1). To avoid any additional
risk of causing neurological deficit, the catheters were inserted
through the cortex at the location of the planned corticotomy.
The trajectory and depth were chosen to avoid insertion into cysts
or areas with features consistent with necrosis or haemorrhage.
The tip was placed at 2–3 cm from the cortical surface in homoge-
nously hyper-echogenic tissue and the depth of sampling, esti-
mated from the pre-operative scan, was set by placing a thin
band of Steri-Strip (3 M, St Paul, MN, USA) around the catheter.
The catheter position was determined by intra-operative US, by
visualisation of its longitudinal length or bright hyper-echoic sig-
nal of the gold-threaded tip. Small movements of the US probe
on the brain surface translated into large 3D sweeping views in
the image field, making the catheters relatively easy to identify.
Placing the US probe on the brain surface 2 cm away from the cath-
eter minimised the chance of seeing it in cross section and possibly
misinterpreting the image.

Snapshot images were taken using the US probe and fused with
pre-operative stereotactic CT scans or MRI to confirm the 3D rela-
tionship of the catheter to the tumour. If the position was not sat-
isfactory, catheters were repositioned and their location re-
checked.
2.3. Microdialysis

Microdialysis catheters with a 20 kDa molecular size cut-off
(10 mm dialysis membrane, 0.6 mm diameter, CMA 70, Solna)
were chosen so that the collected fluid was protein free and could
be analysed directly by ultra performance liquid chromatography–
mass spectroscopy (UPLC-MS). Pump speeds were set at 0.3 lL/
min and 2.0 lL/min.

The time of dialysis was selected on the basis of the dead vol-
ume time for the slow catheter (0.3 lL/min) since that produced
the smallest volume of dialysate. We estimated that sufficient vol-
Please cite this article in press as: Homapour B et al. Intra-operative, real-tim
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ume of dialysate could be obtained in 40 minutes (12 lL total vol-
ume for the slow catheter, 80 lL total volume for the fast catheter).

Once the sampling time had elapsed, the resection was
initiated.

2.4. Pathological examination

Tissue from the two insertion sites was removed at the begin-
ning of the resection, with the catheters still in place, to assess
the location of the catheter tip. This tissue and the samples used
for routine diagnosis were fixed in 4% buffered formalin and rou-
tinely processed. Tumours were graded according to the current
World Health Organization (WHO) classification.5

2.5. Ultra performance liquid chromatography–mass spectroscopy
analysis

Microdialysate from the slow catheter was diluted to provide
sufficient volume for two 10 lL injections (one each for positive
and negative modes), while fluid from the fast catheter was in-
jected undiluted. Microdialysate was injected onto a
2.1 � 100 mm HSS T3 Acquity column (Waters Corporation; Mil-
ford, MA, USA) and eluted over a 12-minute gradient of 100% water
(0.1% formic acid) to 95% acetonitrile (ACN) (0.1% formic acid).
Samples were analysed using a Micromass Q-ToF Premier (Waters
Corporation) in positive and negative electrospray modes with a
scan range of 50 m/z to 1000 m/z. Capillary voltage was 3.2 kV in
positive mode and 2.4 kV in negative mode. The sample cone
was 35 V, desolvation temperature 350 �C, source temperature
120 �C, and desolvation gas flow 900 L/hour. Leucine encephalin
was used as the lockmass; a solution of 200 pg/lL (50:50 ACN:-
H2O) was infused into the instrument at 3 lL/min. Data were col-
lected every 15 s and averaged over 3 scans to perform mass
correction. In order to confirm that the central nervous system per-
fusion fluid used for the microdialysis (CMA Microdialysis) was
free from contamination, a sample of unused perfusion fluid from
the same batch was analysed using the same method and
parameters.
3. Results

None of the patients experienced any adverse event as a result
of the procedure.

Pre-operative scanning used in neuro-navigation, and the intra-
operative US image were used to guide free-hand placement and
assess the depth of insertion (Fig. 1A, B). The catheters were cor-
e, three-dimensional ultrasound assisted positioning of catheters in the
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Fig. 1. (Patient 7): Intra-operative console panel view of the intra-operative three-dimensional ultrasonography (3D-US) neuronavigation system prior to insertion of
microdialysis catheters showing (A) an on-table 3D-US; and (B) a pre-operative neuronavigation scan. The blue line represents the position and trajectory of the
neuronavigation pointer and the green line is a 1 cm projected offset. The red arrow indicates a hyper-echogenic region of probable higher cellularity of the tumour. On
histological examination of haematoxylin and eosin stained tissue, the lesion shows features of (C) a fibrillary astrocytoma with a low grade (�20) and (D) an anaplastic
component in an area where the catheter was inserted (�20).
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rectly placed within the tumour in four patients (patients 1, 4, 5
and 6), despite the presence of a large cystic component in two le-
sions (Fig. 2). In one patient (patient 2), the catheter tips were too
Fig. 2. (Patient 1): (A) Axial T1-weighted MRI scan following gadolinium enhancement s
cystic component. (B) Ultrasonography images showing the cystic component (yellow, a
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close to each other and one was therefore repositioned in a differ-
ent region of similar echogenicity (Fig. 3). In patient 3, one catheter
was very close to the insertion track of another that had been
howing an intrinsic tumour of the left parieto-occipital region with a large necrotic/
rrow). One catheter lies outside and close to the edge of the cyst (red arrow).

e, three-dimensional ultrasound assisted positioning of catheters in the
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Fig. 3. (Patient 2): (A) An axial CT scan showing a left parietal intra-axial tumour with irregular enhancement. (B) An intra-operative photograph showing three-dimensional
ultrasonography (3D-US) for confirmation of location of the two catheters positioned after dural opening. (C) US showing the tumour differentiated from the surrounding
tissue. The echogenicity of the central portion is suggestive of necrosis. The two catheter tips are in close proximity to one another (red arrow). (D) Scaled chromatograms for
the microdialysate (upper trace) and unused central nervous system perfusion fluid (lower trace) showing peaks in the microdialysate chromatogram in the 1 minute to 9
minute retention time region (main peak, arrow at approximately 3 minutes) that were absent from the perfusion fluid.

4 B. Homapour et al. / Journal of Clinical Neuroscience xxx (2010) xxx–xxx

ARTICLE IN PRESS
placed at a greater depth. Repositioning was necessary to ensure
that the more superficially placed catheter was not dialysing trau-
matised tissue (Fig. 4). In patient 7, catheters were inserted in tu-
mour tissue of higher echogenicity with the aim of targeting the
regions with higher cellularity (Fig. 1A, B).

Six patients were diagnosed as having glioblastoma multiforme
(WHO grade IV) and one lesion (patient 7) as anaplastic astrocy-
toma (WHO grade III). Pathological examination of the tissue cor-
responding to the site of insertion showed no haemorrhagic
changes and no necrosis. Patient 6 showed microscopic calcium
deposits but they were distant from the insertion location and
did not seem to interfere with the position of catheters. The patient
with an anaplastic astrocytoma (patient 7) featured a low-grade
component (Fig. 1C) but both catheters were inserted in the re-
gions showing anaplastic features (Fig. 1D).
Fig. 4. (Patient 3): (A) A coronal T1-weighted MRI showing a large, deeply seated tumou
visualise and required multiple sweeps of the probe to delineate its margins. The core
superficial part of the lesion (red arrow).
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Evaluation of the dialysate with UPLC-MS demonstrated that 40
minutes of dialysis at a pump speed of 2.0 lL/min could produce
samples of excellent quality in all cases, with some large chro-
matographic peaks (Fig. 3D) Fluid from the slow pump was too di-
lute to produce any significant chromatographic peaks. Mass
spectrometry confirmed the presence of a wide range of metabo-
lites of interest in the sample from the fast pump. The perfusion
fluid showed no significant chromatographic peaks, as expected.
4. Discussion

Our results support the use of 3D-US in positioning microdialy-
sis catheters in viable, representative tumour tissue, without the
need for post-operative imaging for confirmation of catheter loca-
r involving the corpus callosum; (B) on ultrasonography the lesion was difficult to
of the tumour shows uniform echogenicity; the two catheters can be seen in the

e, three-dimensional ultrasound assisted positioning of catheters in the
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tion. There was no substantial increase of the anaesthetic time
compared to non-US guided free-hand placement. In this study,
repositioning of the catheters was only necessary in two instances
(patients 2 and 3), and it was performed during the same operating
procedure, with dialysis being completed before commencement
of the resection. The resulting trauma to target tissue was
negligible.

High-grade astrocytomas represented a good model for assess-
ing this technique because they show regions of varying echoge-
nicity corresponding to regions of different cellularity, and cystic,
necrotic or haemorrhagic areas. In addition, the sonographic
appearance of gliomas and the correlation with histopathological
features are well described.6–8

Since the ultrasound probe has an optimal resolution at a depth
greater than 2 cm, only patients eligible for standard or mini crani-
otomy were enrolled in this study. The use of saline at the craniot-
omy site provided greater elevation, and an improved angle of
view of the catheter, enabling better perception of its depth and
direction.

The technique proposed in this study offers advantages over
free-hand, non-monitored placement of catheters as it allows
microdialysis to proceed without the need for a frozen section con-
firmation of tissue at the site of insertion or additional imaging to
check the catheter position. 3D-US is conversely not applicable to
stereotactic-based placement of catheters because the US probe
is too large to insert into the standard twist drill or burr-hole open-
ing used for biopsies. An additional opening (port) of suitable cal-
ibre or an enlarged opening may provide a suitable mode, however.

In conclusion, our results suggest that the use of 3D-US can en-
hance the accuracy of free-hand catheter insertion for microdialy-
sis and can supplant post-insertion scanning to confirm
appropriate placement. This technique could be extended to other
Please cite this article in press as: Homapour B et al. Intra-operative, real-tim
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applications of microdialysis, such as retrodialysis or sampling of a
traumatic/haemorrhagic penumbra.
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