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5.1            Introduction 

 Intraoperative ultrasound for brain tumor surgery is 
an established technique in clinical routine. 
Application is noninvasive and cheap and can be 
applied repetitively during any stage of surgery 
without any harm for the patient [ 1 ]. Since the fi rst 
description of intraoperative ultrasound (iUS) for 
neurosurgical use in 1982 by Chandler et al. [ 2 ], it 
has mainly been used for brain tumor surgery. 
Especially when approaching invasive intraaxial 
lesions, classical landmarks are often missing. iUS 
allows for a good orientation in these situations. 
Additionally, brain shift might change the anatomy 
signifi cantly. Until introduction of intraoperative 
MRI (iMRI), iUS was the only means of intraop-
erative imaging depicting residual tumor during 
surgery [ 3 ]. Since its fi rst use in neurosurgery until 
present, imaging capability has improved signifi -
cantly. Dedicated probes for dedicated indications 
are available. Another important innovation is the 
integration of ultrasound devices into neuronaviga-
tion systems [ 4 ,  5 ]. By this method, iUS images 
can be referenced to a preoperative MRI dataset, 
which is displayed in the reconstructed plane of the 

2D ultrasound image. Thus, interpretation of ultra-
sound fi ndings becomes much easier and occurring 
brain shift can be identifi ed early by comparing 
landmarks between intra and preoperative images. 
The main challenge when using iUS is interpreta-
tion of imaging fi ndings. Especially during the 
course of surgery, artifacts might increase and iden-
tifi cation of residual tumor can get challenging. 

 In the actual chapter, we will elucidate indica-
tions, techniques, and devices to optimize image 
quality in ultrasound-assisted brain tumor surgery.  

5.2     Indications 

 As far as our experience goes, there is an indi-
cation for the use of ultrasound in every intra-
axial brain tumor surgery. Each surgical step 
has its typical applications. At fi rst, before inci-
sion of the dura, ultrasound helps to assess 
whether the target lesion is centered in the cra-
niotomy (Fig.  5.1 ). Thus a simple verifi cation 
of neuronavigation can be performed, and if 
needed, based on iUS fi ndings, a safe extension 
of craniotomy can be performed before dural 
opening. Second, after dural opening by release 
of CSF or brain swelling, a signifi cant brain 
shift may occur which unexpectedly changes 
surgical anatomy. At this step of surgery, a 
quick ultrasound sweep might help to identify 
the targeted lesion and important landmarks 
close by (Fig.  5.2 ). Further, the ultrasound 
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 provides  information which gyrus is infi ltrated 
and which might be spared. Since intraopera-
tive ultrasound provides real-time information, 
when in doubt iUS provides more reliable 
information compared to neuronavigation.

    In case of marked brain swelling due to large 
tumors with cystic components, intraoperative 
sonography allows for save inline cyst puncture or 
even ventricular puncture before removal of the 

solid tumor mass. By this means, a lot of tension 
is relieved which eases further dissection. If a 
deep-seated lesion is approached, an ultrasound- 
based planning of a trajectory is recommended for 
fi rst, not missing the lesion. Second, the appropri-
ate sulcus leading to a lesion can be verifi ed 
(Fig.  5.3 ). During the course of surgery, we rec-
ommend using the ultrasound probe from time to 
time to adapt to surgically induced changes of the 

Transducer

Craniotomy

Targeted
lesion

  Fig. 5.1    Typical 
application of 
intraoperative ultrasound 
before dural opening: 
assessment of craniotomy 
size with regard to the 
targeted lesion       

  Fig. 5.2    Intraoperative screenshot of the neuronavigation 
system with an integrated 15 Mhz linear array transducer. 
The probes is at a coronary position depicting the border 
of an anaplastic astrocytoma between superior and medial 
temporal gyrus, right after dural opening before beginning 
of tumor resection. In the neuronavigation system, the tar-

geted lesion is depicted with a  white line . The white 
arrows show the direction of the occuring brain shift. Due 
to brainswelling the tumor is pushed in the direction of the 
ultrasound probe while it appears deeper in the corre-
sponding MRI image of the neuronavigation         
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tumor or brain surface. Thus, it is easier to distin-
guish artifacts from residual tumor at a later stage 
of surgery (Fig.  5.4 ). Additionally adjacent struc-
tures like corpus callosum or the ventricles can be 
identifi ed and the remaining distance tracked 
(Fig.  5.5 ). The short time consumed by the use of 
the iUS during tumor resection is easily out-
weighed by the increase of speed after gaining a 
confi dent idea of the surrounding structures.

     Despite intraoperative orientation, the main 
indication for iUS while approaching intraaxial 
lesion is residual tumor assessment. Especially 
in low-grade glioma surgery, distinguishing 

between most likely tumor-free tissue and 
 invasive glioma areas is challenging. Extent of 
resection is a signifi cant predictor of overall sur-
vival in low- as well as high-grade gliomas 
[ 6 ,  7 ]. Intraoperative ultrasound helps to increase 
extent of resection [ 8 ]. Most contemporary iUS 
probes for intracranial use can discriminate 
between tumor and normal brain tissue at least at 
the beginning of surgery. In the chapter “tumor 
depiction,” we will elucidate visibility of intra-
axial tumors in more detail. An issue while per-
forming iUS for residual tumor control is the 
appearance of surgery-induced artifacts which 

Fig. 5.2 (continued)

Cavernoma

Adjacent
sulcus

Transducer

  Fig. 5.3    Illustration of a 
small subcortical lesion 
(cavernoma). Ultrasound 
helps to fi nd the best 
trajectory to the lesion. Even 
identifi cation of an 
appropriate sulcus for a 
transsulcal approach can be 
performed       
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  Fig. 5.4    Chronological screenshots of the neuronaviga-
tion system using linear array intraoperative ultrasound as 
a resection control. (1) Precise localization of the affected 
gyrus ( upper row ). (2) Identifi cation of residual tumor and 

its adjacent anatomical structures ( middle row ). (3) Final 
inspection after tumor removal ( lower row ) (Copyright 
Coburger Acta neurochiru. 2015. Springer)       
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lead to a lower specifi city of iUS during the 
course of surgery [ 9 ]. Surgeons should be aware 
of possible false-positive fi ndings due to blood 
or local brain contusions. We will discuss the 
different types of artifacts and options for image 
optimization later on in this chapter. 

 When using iUS referenced to a neuronaviga-
tion device, some systems provide the option for 
intraoperative 3D dataset acquisition. This allows 
to acquire a new intraoperative image set as a 
base for neuronavigation comparable to an intra-
operative MRI Scan. We will comment on the 
topic of navigated iUS later on during this 
chapter.  

5.3     Ultrasound Transducers 
for Intracranial Use 

 Ultrasound transducers for intracranial use need 
to have a small aperture to be positioned in typi-
cal craniotomies. Basically, there are 3 types of 
ultrasound transducers. Naming is based on the 
positioning of the piezoelectric crystals in the tip 
of the probes (Fig.  5.6 ).

   Linear array transducers are producing parallel 
ultrasonic waves, thus creating a rectangular image 
with high-resolution and little artifacts. Based on 
the parallel sound waves, broadness of image is 

limited by the aperture of the transducer. Therefore 
overview is limited in probes with a small foot-
print which are needed for intracranial use. Usually 
high frequencies are used for linear transducers 
leading to a high image resolution. However, there 
is an inverse correlation of penetration depth and 
increasing frequency. Typical frequencies used are 
7–15 Mhz allowing for a penetration depth roughly 
from 2 to 7 cm. These parameters are highly vari-
able based on tissue and transducer used. 

 Sector array transducers provide a triangular 
image leading to an increasing fi eld of view 
and due to lower ultrasound frequencies 
 increasing penetration depth. Typical frequencies 
are 4–8 Mhz. A sector array transducer has a 
small footprint; therefore it can be used even in 
small craniotomies or burr holes while still pro-
viding a useful overview of the tissue beneath 
[ 10 ]. Apparently, resolution is lower as in linear 
array transducers. Especially, increasing penetra-
tion depth is going along with decreased lateral 
resolution as the ultrasound waves are diverging. 
Matrix array transducers are a special type of sec-
tor array transducers with piezoelectric elements 
arranged like a chessboard. Thus, a real-time 3D 
image or live cross-plane visualization can be 
created. This increases overview and enhances 
understanding of the respective intracranial 
pathology [ 11 ]. 

Lateral horn
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  Fig. 5.5    Illustration of 
the important use of 
intraoperative US during 
resection. Continuously 
extent of resection and the 
distance to eloquent 
structures can be 
evaluated by this means       
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  Fig. 5.6    The illustration shows the most commonly used 
types of transducers: ( left to right ) A linear array trans-
ducer produces parallel sound waves. Thus, resolution 
theoretically stays the same independent from depth. 
However the higher frequency leads to a decreased pene-
tration depth. Sector array transducers have a small aper-
ture and provide a trapezoid image. Therefore resolution 
is high close to the transducer and gets lower with increas-
ing depth; however fi eld of view is enlarged in the same 

matter. Thus, it allows for a wide fi eld of view through 
small openings. A curved array transducer has a curved 
arrangement of the piezoelectric elements. It combines 
the previous transducer types. Penetration depth and fi eld 
of view are increased while the fi eld of view and the reso-
lution close to the probe are still acceptable. Matrix array 
transducers are a special type of sector array transducers 
with piezoelectric elements arranged like on a chessboard. 
Thus, a real-time 3D image can be created       

 Curved array transducers are using lower fre-
quencies between 2 and 10 Mhz. The  positioning 
of the piezoelectric elements provides a compro-
mise between the both types mentioned above. 
Curved array ultrasound was developed for 

abdominal ultrasound in order to provide a good 
resolution for superfi cial liver ultrasound as well 
as deep lesions. Therefore in the past probes were 
rather large. With recent technical advances, 
smaller probes for intracranial use became avail-
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able, too. While resolution close to the transducer 
is high, it still provides a good overview due to 
the trapezoid imaging shape. Additionally, a pen-
etration depth which allows for a good intracra-
nial overview is provided (Fig.  5.7 ).

   Depending on the indication several types of 
transducers may be required. Based on the tech-
nical features, the best compromise for typical 
intraaxial lesions is a small curved array trans-
ducer. For intraoperative use, hockey stick shaped 
linear array high-frequency transducer have been 
developed by several companies. The hockey 
stick shape allows for an intracavital use. Thus, 
penetration depth is not a limiting factor and the 
advantage of the high local resolution can be 
seized [ 12 ] (Fig.  5.8 ). In low- and high-grade 
glioma  surgery, accuracy of residual tumor detec-
tion has been shown to be signifi cantly higher as 
compared to conventional sector array probes 
[ 13 ,  14 ].

   All types of ultrasound transducers can be ref-
erenced to a conventional neuronavigation sys-
tem (Brainlab Vector vision, Brainlab AG, 
Feldkirchen, Germany) [ 15 – 17 ] or are available 
for the SonoWand system (Trondheim, Norway) 

as a dedicated device of navigated intraoperative 
ultrasound [ 3 ].  

5.4     Tumor Depiction 

 Echogenicity of an intracranial tumor is depen-
dent on cell density. With increased cell density 
especially in high-grade gliomas or in metasta-
sis, a strong hyperechogenic signal can be 
depicted. Therefore, in low-grade gliomas, dif-
ferentiation of the border of the lesion again 
might be more challenging. This effect is more 
pronounced in sector or curved array transduc-
ers as in linear array probes (Fig.  5.9 ). As a fi rst 
step, we recommend to optimize contrast 
between most likely tumor-free tissue and 
tumor even before dural opening. Thus, based 
on imaging settings and depth of the lesion 
contrast, focus and other imaging settings can 
be optimized before any artifacts will obscure 
vision. In general contrast between “uninfi l-
trated” brain tissue and tumor is higher when 
using a linear array transducer [ 18 ]. Using a 
high-resolution linear array device, normal 

  Fig. 5.7    Tangential iUS image of a supratentorial metas-
tasis close to the falx using a curved array transducer. 
Tumor depiction after dural opening before start of tumor 
preparation ( left ). Final scan after tumor removal ( right ). 
Typical signals of residual blood at the fl oor of the resec-
tion cavity and along the tentorium. Residual tumor can 

only be excluded when comparing with previous images 
(no tumor along the tentorium). In comparison to the left 
image, a typical attenuation artifact is seen: The echo 
intensity of the cerebellar folia is increased (Images were 
provided by Mrs Nadji-Ohl, Department of Neurosurgery, 
Klinikum Stuttgart, Germany)       
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  Fig. 5.9    Comparison of a transcortical image of navi-
gated sector array intraoperative ultrasound ( upper row ) 
and linear array intraoperative ultrasound ( lower row ) 

with the corresponding iMRI image (T2 space) as calcu-
lated by the neuronavigation system (Copyright Coburger 
2015 Acta Springer)       

Hockey stick
shaped linear

array 
transducer  

Brain parenchyma 

Resection cavity 

  Fig. 5.8    Typical 
application of a hockey 
stick-shaped linear array 
high-frequency transducer. 
Using the device, even 
small resection cavities 
can be scanned 
meticulously without use 
of a coupling fl uid. Due to 
the small distance to the 
target and the absence of 
substances with different 
attenuation coeffi cients, 
attenuation artifacts are 
not relevant in this setup       
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subcortical tissue refl ects very little signal and 
appears blackish. In Fig.  5.10  we provide a 
schematic table comparing signal intensity of 
typical anatomical structures (green), patho-
logical structures (red and yellow), and surgi-
cally induced artifacts (gray). Obviously based 
on ultrasound conditions and transducers 
applied, a high variability may occur. Therefore, 
the provided gray scales have to be used as a 
schematic illustration and not as a calibration 
scale. Mair et al. established a grading system 
for ultrasound visibility of typical intracranial 
lesions and its discrimination at the border 
[ 19 ]. Grade 0 describes lesions that are not vis-
ible. Grade 1 describes tumors diffi cult to visu-
alize without an exact border with normal brain 
tissue. Grade 2 is a clearly identifi able lesion 
lacking a clear boarder with normal brain tissue 
and grade 3 is a lesion clearly identifi able with 
a clear border with normal tissue. Figure  5.11  
shows an illustration by the abovementioned 
authors describing grade I to grade III lesions. 
Figure  5.12  shows a characteristic of typical 
intracranial lesions by the same authors and the 
respective visibility using intraoperative ultra-
sound. The specifi c value of the cited study is 
that the authors used sector and linear array 
probes from 5 to 12 MHz. Therefore the data 

provide an extraordinary overview on ultra-
sound depiction in 105 intracranial lesions. 
Depiction of tumor borders is not only depen-
dent on the quality of the ultrasound images but 
on the type of lesion itself. Especially diffuse 
low-grade gliomas and lymphomas do not have 
a histologically defi ned border. In high-grade 
gliomas, intraoperative ultrasound is capable to 
identify different multiforme compartments of 
the solid lesion (Fig.  5.13 ) like necrosis, cysts, 
bleedings, irregular dense tumor, and the inva-
sion zone. Especially the latter is diffi cult to 
differentiate from edema. A direct comparison 
of intraoperative MRI and sector and linear 
array ultrasound showed that linear array ultra-
sound is more sensitive for tumor detection 
than the other two techniques. However, it also 
detects the infi ltration zone of the lesions 
(Table  5.1  unpublished data by our group). 
Histologically in glioblastoma, 60–100 % of 
tumor cell density can be found between 6 and 
14 mm distant to the border of contrast enhance-
ment [ 20 ]. Thus, an “over detection” might be 
favored by the surgeon. However, caution must 
be paid close to eloquent areas: Even though 
Gd-DTPA contrast enhancement does not enter 
an eloquent area, it does not mean the tumor 
does. New motor or language defi cits are not 
only associated with decreased quality of life 
but with signifi cant decreased overall survival 
[ 21 ]. Thus, when using these very detailed and 
sensitive imaging techniques in eloquent areas, 
we recommend using intraoperative monitor-
ing. Additionally, surgeons should always keep 
in mind that contrast enhancement in iMRI and 
tumor depiction using intraoperative ultrasound 
might not be congruent at the border of the 
lesion. From our experience especially in low-
grade gliomas, the signal of the FLAIR 
sequence of iMRI matches very well with 
iUS. In these entities, when using the iUS ref-
erenced to the navigation system, we recom-
mend performing a T2 space sequence 
providing a 3D dataset with isovoxel for a pre-
cise reconstruction of the corresponding pre- 
or intraoperative MRI image (Fig.  5.14 ) In 
HGG, the same goes for a T1 MPRAGE with 
contrast.

Echodensity
High echo Low echo

Blood

Tumor

Cortical
tissue

Subcortical
tissue

Water

Scar tissue

Edema

Plexus

Cyst

Meningea

Brain
contusion 

Necrosis

  Fig. 5.10    Schematic illustration comparing signal inten-
sity of typical anatomical structures ( green ), pathological 
structures ( red and yellow ), and surgically induced arti-
facts ( gray )       
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         During resection, even though there is still 
solid tumor depicted under the microscope, we 
recommend periodic quick iUS sweeps to iden-
tify remaining tumor. This approach allows 
continuous assessment of subtle changes in 
ultrasound depiction between the solid tumor 
and the infi ltration zone. Otherwise interpreta-
tion might be diffi cult at a later stage of sur-

gery, when the solid tumor mass is almost 
removed. 

 Brain metastases are usually well circum-
scribed and have a defi ned border in MRI and in 
the corresponding ultrasound images. A typical 
depiction of a metastatic lesion is found in Fig.  5.7 . 
Many mainly solid and circumscribed metastatic 
lesions show infi ltrative zones, too. Usually in this 

  Fig. 5.11    Ultrasonographic visibility of brain lesions. 
( a ) Grade III: the lesion is clearly identifi able and has a 
clear border with normal tissue; artistic representation, 
preoperative CT with contrast, and intraoperative ultra-
sound; coronal image.  T  tumor,  F  falx,  LV  lateral ventri-
cles. ( b ) The lesion is clearly identifi able but has no clear 
border with normal tissue; CT with contrast—mesial tem-

poral tumor, power angio mode. Tumor and its relation-
ship to neighboring vessels are visible.  T  tumor,  WC  
Willis circle,  PCA  posterior cerebral artery. ( c ) The lesion 
is diffi cult to visualize and has no clear border with nor-
mal tissue but remains identifi able on MRI (T2).  T  tumor, 
 F  falx,  CP  choroid plexus in the lateral ventricles 
(Copyright Springer Mair et al. Acta neuro 2013)       
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  Fig. 5.12    Characterization of individual lesions using 
the grading system by Mair et al.: grade 0 describes 
lesions that are not visible. Grade 1 describes lesions dif-
fi cult to visualize and no clear boarder with normal tissue. 

Grade 2 is a clearly identifi able lesion but no clear boarder 
with normal tissue and grade 3 is a lesion clearly identifi -
able with a clear boarder with normal tissue       

  Fig. 5.13    High-resolution linear array ultrasound of a 
glioblastoma before tumor resection showing a precise dif-
ferentiation of the “multiforme” parts of the lesion includ-
ing necrosis and diffuse infi ltration of the adjacent cortex       

type of lesions, infi ltration zones are found only in 
certain parts of the lesion (Fig.  5.15 ).

5.5        Artifacts and Image 
Optimization 

 When performing intracranial ultrasound, a good 
knowledge of typical ultrasound artifacts is cru-
cial in order to interpret imaging results properly. 

Type and extent of artifacts change from type of 
transducer used and based on the tissue assessed. 

 Therefore, a change of transducer during sur-
gery might lead to a change of artifacts 
encountered. 

 Reverberation artifacts are refl ections of 
ultrasound waves causing a mirrored image or 
 multiple mirrored objects. In brain tumor sur-
gery, this type of artifact might occur when visu-
alizing a resection cavity fi lled with irrigation. 
The mirrored images will move when the trans-
ducer is changed. Thus, these artifacts are easily 
identifi able in most cases. Figure  5.16  shows a 
reverberation artifact as a combination of refl ec-
tion at the resection cavity and the frontal skull 
base. Due to the level of artifacts, it is not possi-
ble to assess residual tumor in the presented 
position of the transducer.

   Distortions and phase range artifacts are less 
common in neurosurgery since the brain is a 
rather homogenous organ. Usually this type of 
artifacts is elicited when a change of speed of 
sound occurs. Speed of sound in water, for 
 example, is much higher as in brain tissue. 
Potential issues might be a resection cavity fi lled 
with fl uid, a cystic lesion, or the ventricle. Errors 
in deep range might occur in this case since sound 
travels faster in water as in brain tissue. Thus 
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lesions behind a water-fi lled cavity could appear 
closer compared to lesions in brain tissue in the 
same depth. 

 A similar problem occurs based on different 
attenuations between different tissues. 
Attenuation in brain tissue is relatively high. 
Brain tissue even when infi ltrated by a tumor is 
relatively homogenous with regard to attenua-
tion. This is the reason for the high image quality 
in intraoperative ultrasound at the beginning of 
tumor resection. Water compared to brain tissue 
shows very little attenuation. Thus, if a resection 

cavity is fi lled with  irrigation, a signifi cant differ-
ence in attenuation between brain tissue at the 
walls of the resection cavity and the bottom of the 
resection cavity is found. Therefore, a different 
signal at the fl oor of the cavity might be cause by 
this type of artifact (Fig.  5.7 ). This area might 
appear hyperechogenic and might be confound 
with residual tumor. Additionally, blood and 
micro-contusions may cause hyperechogenic sig-
nals. Therefore the importance of regular ultra-
sound sweeps during the process of tumor 
resection cannot be stressed enough. Thus, atten-

  Fig. 5.14    Diffuse astrocytoma of the right operculum ( white line ). Linear array ultrasound ( left upper row ), corre-
sponding T2 SPACE MRI in the neuronavigation       
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uation artifacts are easily identifi ed since the arti-
fact will move deeper and increase while the 
resection cavity is enlarged. We encourage also 
to take screenshots during this process in order to 
have images to compare to the actual ultrasound 
images (Fig.  5.17 ). Another option to decrease 
attenuation artifacts is to decrease distance of 
probe and object of interest. Most transducers for 
intracranial use can be inserted in typical resec-
tion cavities. Especially hockey stick shaped lin-
ear array high-frequency transducer facilitate 
intracavital use. Using such a device, irrigation is 

not needed in most cases (Fig.  5.8 ). In glioma 
surgery we found that intracavital use of hockey 
stick shaped linear array high-frequency trans-
ducer is feasible in over 90 % of cases [ 14 ]. Serra 
et al. described the approach to meticulously scan 
the whole resection cavity. This maneuver is best 
performed with a hockey stick- shaped probe at 
least in smaller resection cavities. The angle of 
the lateral wall is otherwise more diffi cult to 
assess. Additionally use of a linear array trans-
ducer is favorable for this approach since best 
tumor depiction is found close to the transducer. 

  Fig. 5.15     Upper row : ultrasound images (US) of a deep- 
seated small metastasis (*) after dural opening before 
resection. Left 7 MHz US; right 15Mhz high-resolution 
US.  Lower row : US of the resection cavity after microsur-
gical complete removal; left 7 Mhz US displays resection 
cavity with an adjacent sulcus due to a manipulation arti-

fact; the tissue surrounding the resection cavity cannot be 
assessed. Right:15 Mhz high-resolution US reveals the 
infi ltration zone of the metastasis ( big arrows , histologi-
cally confi rmed). Typical surgery-induced artifacts are 
shown: blood at the bottom of the resection cavity ( small 
arrows ) and a gelfoam (#) that was inserted       
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A drawback of intracavital ultrasound using a 
transducer with a small  footprint is the relatively 
small fi eld of view and the uncommon perspec-
tive of the acquired images. Thus, orientation and 
retrieval of detected residual tumor can be chal-
lenging. A navigated use of the ultrasound trans-
ducer facilitates tumor detection. Additionally, a 
3D sweep can be performed to get an “off-line” 
overview of the walls of the resection cavity 
(Fig.  5.17 ).

   Another option to avoid attenuation artifacts 
easily feasible also with larger transducers is 
transcortical ultrasound. The lateral wall of the 
resection cavity is used as a “sound window” to 
assess the bottom and the walls for residual tumor 
(Fig.  5.18 ). Unsgaard et al. even propagated a 
second burr hole for continuous ultrasound imag-
ing as a resection control in glioma surgery [ 22 ].

   Selbek et al. described an acoustic coupling 
fl uid with the same attenuation coeffi cient as 

  Fig. 5.16    Sector array ultrasound image ( upper left ) of a 
residual tumor of a diffuse astrocytoma confi rmed by 
intraoperative MRI. Reconstructed intraoperative T2 
according to the ultrasound position ( upper right ), sagittal 

T1 + contrast ( lower left ), coronary T1 + contrast ( lower 
right ); residual tumor is marked with a continuous  gray 
line ; reverberation artifacts are marked with #       
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brain tissue. Data are still preliminary. First results 
show a signifi cantly better image  quality com-
pared to normal saline as irrigation fl uid [ 23 ]. 

 Irregularly shaped surfaces can be covered 
with an ultrasound gel pad to increase coupling 
of transducer and tissue. We frequently use 
these devices in peripheral nerve surgery at our 
center. In brain tumor surgery, it is rarely 
needed for this indication. However, gel pads 
can be useful to increase the distance between 
the tissue of interest and the probe. When using 

sector or some curved array transducer, a very 
superfi cial lesion might not be visualized 
appropriately due to the triangular or trapezoid 
fi eld of view. Slightly increasing the distance 
with a gel pad might be enough to gain an ade-
quate depiction. 

 Retrieval of areas of interest with the ultra-
sound which were found in the microscope and 
vice versa can be challenging. Orientation inside 
a resection cavity especially in deep lesions when 
visualization without retractor is not possible and 

a b c

  Fig. 5.17    Navigation display showing the reformatted ultra-
sound image slices on top of the corresponding reformatted 
MR image slice. Ultrasound image slice from 3D ultrasound 
volume acquired prior to start of resection ( a ), toward the end 
of resection with some tumor tissue  remaining ( b ), and after 

completed tumor resection ( c ). Notice the signal enhance-
ment below the cavity (marked with  arrows ) seen in c, which 
is not observed in a or b. Hence, it is very likely that the 
enhancement is an artifact and not remaining tumor (Selbek 
et al. [ 23 ] Acta Springer Copyright)       

Transducer Bone

Brain

Resection
cavity

Residual
tumor 

  Fig. 5.18    Illustration of a 
tangential transcortical 
ultrasound in order to 
decrease attenuation 
artifacts       
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neuronavigation for the ultrasound is not avail-
able adds to the problem. As a fi rst step, anatomi-
cal landmarks which can be identifi ed by both 
modalities like adjacent vessels, falx cerebri, 
ventricle, etc. should be identifi ed. If this is not 
possible, artifi cial landmarks are a helpful option 
to “mark” certain areas of interest. Wong et al. 
described the use of a blood-soaked gelfoam as 
an internal fi ducial [ 24 ]. Gelfoam is easily avail-
able and its intraoperative use is saved even if it 
remains in situ.     
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