
RADIOSURGERY
BRIDGING DISCIPLINES



A PHYSICIAN IS OBLIGATED TO 
CONSIDER MORE THAN A DISEASED 
ORGAN, MORE EVEN THAN THE 
WHOLE MAN—HE MUST VIEW THE 
MAN IN HIS WORLD.

HARVEY WILLIAMS CUSHING, MD, NEUROSURGEON   
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CLINICAL INDICATIONS

BRAINLAB TECHNOLOGY
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MORE TREATMENTS THAN ALL OTHER 
STEREOTACTIC TECHNOLOGIES COMBINED.
22 of 25 best US hospitals
300+ Novalis®-configured linacs
500+ ExacTrac patient positioning systems
600 publications
900 Novalis Circle members
1,000,000 treatments

Science and technology revolutionize our lives; experience and 
expertise frame our response.

HOWARD C. CHANDLER, MD

CLINICALLY PROVEN 
TECHNOLOGY

Stereotactic radiosurgery is a distinct neurosurgical discipline aimed at inactivating or 
eradicating defined targets in the brain or spine [1].

Brainlab technology has been used in linear accelerator radiosurgery since 1993 and has been 
leading the radiosurgery evolution ever since, with continuous product refinements in over twenty 
releases based on feedback from hundreds of thousands of treatments. By providing 
elemental tools faithful to a pledge of innovation and automation, Brainlab technology is built 
from the ground up for radiosurgery. 

Brainlab, in partnership with customers, works constantly to discover new ways to transform 
the industry by focusing on best practice. Leveraging access to a worldwide network of leading 
experts, Brainlab actively analyzes today’s challenges, identifies areas of interest that lack technical 
implementation and collects the innovative solutions that are being applied by the brightest minds 
in the field. Brainlab software is developed to incorporate these singular approaches into unified, 
automated, safe and intelligent workflows, enabling treatments of certain indications that weren’t 
possible before.

REFINED FOR OVER TWO DECADES

PIEDMONT HOSPITAL, ATLANTA



CLEARLY BRAINLAB 
Peer-reviewed reports on long term patient follow-up demonstrate equivalent treatment 
outcomes compared to the Gamma Knife [2-5] and ongoing clinical studies with leading 
institutions are designed to advance the field even further.
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Fast is fine, but accuracy is everything.

DAVID W. ANDREWS, MD

SYNCHRONIZED ACCURACY
GREATER THAN THE SUM OF ITS PARTS
Radiosurgery, by definition, requires steep dose gradients to reduce injury to adjacent normal tissue 
while maintaining treatment efficacy in the target [1]. As a consequence of this definition, the overall 
treatment accuracy should be at a millimeter or better [2].

Brainlab provides specialized radiosurgery tools for planning, positioning and monitoring to ensure 
that treatments are tailored to patients’ unique needs. Clinical decision-making relies firmly on 
various imaging modalities, interpreted during treatment planning and for patient position verification. 
Image-guided patient positioning is only as good as the accuracy with which the target is known [3].

The renowned image fusion of Brainlab iPlan® RT is essential for multi-modality image handling 
and provides the basis for correct target identification [4]. Universal and consistent automatic organ 
segmentation of an extensive list of structures minimizes inter- and intra-observer variability [5]. 
Powerful, multi-modal contouring tools guide confident target definition. A unique adaptive dose 
grid, in combination with a fast, full Monte Carlo dose calculation engine, maximize dose calculation 
accuracy without compromising calculation times [6-8]. The image-guided ExacTrac system positions 
a patient with an accuracy of a millimeter in about a minute and allows unique image-guided 
monitoring at any couch angle [9]. Seeing all the details at any time permits confident decision 
making and warrants a high quality of care from positioning to treatment.

The advent of image-guided patient positioning technologies transcends the original neurosurgery/
stereotaxy coordinate-inference concept by facilitating a direct determination of the target’s position. 
This technology paved the way for frameless radiosurgery by eliminating the requirement of a fixed 
relationship between the immobilization device and the cranial skeletal anatomy [9-11]. 

THOMAS JEFFERSON UNIVERSITY, PHILADELPHIA



METICULOUSLY BALANCED
Every step in the radiosurgery process is tracked and verified with Brainlab software 
and integrated workflow — optimizing accuracy and minimizing any ripple effect of error 
accumulation that may occur. In order to treat patients with the highest possible accuracy 
and precision, all stages — from image acquisition over treatment planning to mechanical 
aspects of treatment delivery and intra-fraction motion concerns — must be systematically 
optimized [3].
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The same individual can be a competent microsurgeon and also a 
stereotactic radiosurgeon. Someone competent in both techniques is 
best fitted to decide where the boundaries between the two 
methods should lie.

KAROLINSKA INSTITUTE, STOCKHOLM

Effective implementation of stereotactic radiosurgery involves a multi-disciplinary team of well-
trained neurosurgeons, radiation oncologists, and medical physicists [1]. This cross-disciplinary 
setting inspires all involved specialties. As a result, the definition of stereotactic radiosurgery 
was recently stretched to include treatments of up to five fractions [2], and certain elements from 
stereotactic radiosurgery were adopted by traditional radiotherapy to improve the overall accuracy 
of the latter. 

Today, both traditional fractionated radiotherapy and stereotactic radiosurgery rely on frameless 
immobilization and image-guided technologies for their respective cranial procedures [3-5]. While 
these similarities offer temptation to erode the barrier between the disciplines, it is imperative that 
the principles of stereotactic radiosurgery are not diluted by conventional radiotherapy practice. 

Cross-discipline technology and integrated workflows are critical in the adoption of Adaptive Hybrid 
Surgery™ (AHS). This combination treatment goes beyond identification and planning, providing the 
technology to achieve a treatment continuum from the operating room to the radiosurgical suite.* 
AHS is one part of the robust Brainlab commitment to research and development and investment in 
a strong product pipeline.

* Work in progress—currently not for sale in the US.

REDEFINING TEAMWORK
SHARED TOOLS DRIVE EFFECTIVE 
COLLABORATION

LARS LEKSELL, MD



THINK DIFFERENTLY
Brainlab technology spans multiple disciplines including neurosurgery, radiation oncology, 
and medical physics. Inter-connected and integrated workflows, including a shared set of 
common tools, are designed to encourage cross collaboration and facilitate an expanded 
range of radiosurgery treatment options.
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Radiosurgery is a critical option for the treatment of brain metastases [1,2]. With increases in size of the 
individual metastasis, as well as the combined volume of all metastases, current practice patterns 
call for lowering the single fraction treatment dose despite the principle that larger metastases 
require higher doses for achieving tumor control due to the hypoxic effect [3-5]. Hypo-fractionation 
is a viable solution because it allows for an overall biologically effective dose while keeping the 
risk of necrosis down, and at the same time allowing for re-oxygenation of the tumor in between 
fractions [6-8]. This fundamentally good concept becomes impractical once a patient has more than 
one metastasis, as the treatment time per fraction doubles, triples, or quadruples with two, three, 
or four metastases.

Brainlab software consistently and rapidly generates plans for the very efficient treatment of multiple 
metastases.* Typical volumetric deliveries using multiple arcs struggle to block the gap in between 
two metastases once they line up in the direction of the leaf motion, resulting in excess radiation 
spilling to normal tissue [9]. Patent-pending Brainlab technology overcomes this obstacle by adding 
to each arc another one in reverse direction. For each arc, the software automatically selects a 
subgroup of suitable metastases in such a way that the multi-leaf collimator nicely conforms to the 
shapes of these selected targets without leaving any gaps. The algorithm generates an optimized 
volumetric conformal plan in a matter of minutes after all metastases have been outlined so the 
clinical user only needs to focus on reviewing and approving the plan in various innovative and 
comprehensive views. 

Brainlab multiple metastases software enables a very monitor-unit and time efficient treatment, 
minimizing dose to normal tissue, and offering very practical new possibilities for larger volumes and 
higher numbers of metastases. 

BRAIN METASTASES
POWERING DIFFERENT TREATMENT 
OPTIONS
CURRENT TREATMENT PARADIGM

PLANNING AND TREATMENT DELIVERY

Adopting a ‘virtual’ isocenter approach challenges patient positioning as the detrimental effects 
of remaining rotations are magnified when the isocenter shifts outside the volume of the lesion [10]. 
Brainlab ExacTrac 6D robotic alignment is essential for patients with multiple metastases, eliminating 
angular deviation that may result in incomplete target coverage and conformity index degradation. 
ExacTrac enables the verification and realignment of patient position at any couch angle during the 
treatment, increasing overall treatment accuracy [11].

For the majority of patients with brain metastases, there is no pivotal number that 
determines whether or not radiosurgery would add value in terms of survival, 
quality of life and neurocognition. We are therefore moving beyond this question 
and focusing on other issues like effectiveness in terms of cost and quality of care 
relative to competing treatment options. This type of analysis will be an important 
consideration given the upcoming health care reforms.

UNIVERSITY OF VIRGINIA, CHARLOTTESVILLEJASON SHEEHAN, MD

* Work in progress—currently not for sale in the US.



STRIKE A BALANCE
Treat multiple metastatic brain cancer once with Brainlab technology. The software enables 
the treatment of multiple lesions with a single ‘virtual’ isocenter without repositioning the 
patient and while maintaining extra-steep dose gradients [12]. 
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BENIGN BRAIN TUMORS
RUNNING THE RIGHT SOFTWARE CHANGES 
EVERYTHING

Radiosurgery has become the preferred treatment for a significant portion of benign brain tumors 
with very high tumor control rates and similar rates of trigeminal, acoustic, facial and cranial nerve 
preservation compared to surgery [1, 2]. However, not every benign tumor is a radiosurgical target, as 
the size and proximity to vital neurologic and vascular structures may result in too much treatment-
related morbidity. Large tumors can additionally cause a mass effect requiring symptomatic relief 
[3].

So if a surgical intervention is required, why not resect the tumor completely? Aggressive surgical 
interventions aiming at complete excision or gross total resection have long been the standard 
treatment for most benign brain tumors, despite associated complications including disabling 
morbidity [4-7]. Surgery also comes with other inherent risks, such as wound complications and 
CSF leakage, that all increase with the extent and duration of the surgical procedure. Given these 
enormous treatment challenges, today more than half of all cranial benign growths are surgically 
alleviated using less aggressive approaches, realizing a more conservative sub-total resection path 
aimed at enhanced functional preservation with neurocognition retention and neurophysiology 
normalcy [8]. Such a surgical strategy requires that the complete tumor control be achieved via a 
follow up treatment including the use of stereotactic radiation, as a primary tool [9].

While this shift in practice patterns — using multi-modality therapy including a safe surgical 
resection followed by radiation — may seem intuitive, there is no general consent in determining 
when a resection is sufficient and when follow-up radiosurgery treatment is safe. Striving to achieve 
the maximum safe surgical resection without any guidance or consent may cause morbidity and 
irreversible neurological damage [4-7]. 

This prevailing neurosurgical paradigm shift is supported by an increasing number of clinical 
publications regarding stereotactic radiation, which have established this technique as a safe, 
efficient and minimally invasive adjuvant treatment [10-12]. Radiosurgery alone, as an alternative 
to surgery, often induces toxicity that could be mitigated through a perfectly tailored surgical 
intervention [10]. Not considering this combination upfront causes late referrals into radiation 
oncology and potentially restricts treatment options [8]. Less attractive fractionated regimens might 
be the only option when critical organs decompress and cancel the surgically created distance 
separating the partially alleviated tumor. Integrating radiosurgery upfront can facilitate radiation 
oncology referrals through neurosurgeons, thereby creating more comprehensive overall treatment 
and stimulating multi-departmental collaboration.

CURRENT TREATMENT PARADIGM



PERFECT HAND-OFF 
Brainlab benign tumor surgery with planned follow-up radiosurgery allows surgeons to sculpt 
the surgical subtotal resection to match radiosurgery requirements; involving surgeons 
closely throughout the treatment chain drives referrals for the radiosurgery department.
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* Work in progress – currently not for sale in the US.

ADAPTIVE HYBRID SURGERY
Adaptive Hybrid Surgery offers the opportunity to combine the best of surgery with the best of 
radiosurgery. On-the-fly assessment in the operating room facilitates an understanding of how 
appropriate the tumor residual is for a subsequent radiosurgery treatment, given the potential 
toxicities to the tissue around it.* 

The term ‘hybrid’ refers to the integration of radiosurgical intelligence into surgical planning, thereby 
augmenting the surgical strategy and prompting consideration of combination treatment. Brainlab 
offers a complete set of automated tools that enable neurosurgeons to continuously evaluate the 
feasibility of complementary radiosurgery at any time while planning and performing a surgical 
resection. Rather than relying on intuition, this helps establish the perfect crossing point between 
the two treatment techniques and offers a reliable method to quantify the ideal level of sub-total 
resection [13-16].

First, the surgeon defines what is expected to be reasonable residual based on available pre-
operative images. The excercise helps the clinician think about the combination of both surgery 
and radiosurgery in a different way. Once in the O.R., the Brainlab Curve Image Guided Surgery 
facilitates the resection with detailed information on two screens: one displaying the surgical 
information with continuous navigation updates, and the other screen summarizing the radiation 
treatment plan information.

For the residual tumor, three alternative radiosurgery plans are proposed: single fraction and hypo-
fractionated radiosurgery plans and a conventional fractionated radiotherapy plan. User-friendly 
traffic light visuals instantly display and promote easy understanding of the most relevant aspects 
of the three different treatment plans, especially highlighting mean and maximum doses tolerated 
by critical neurological structures. This approach may help shorten surgery times, therefore 
reducing cost and the patient risks associated with a surgical procedure in general. 

Bundling radiosurgery with surgery into a comprehensive care path requires both procedures to 
be performed to the same high standard. Brainlab offers technology that converts a radiotherapy 
unit into a dedicated radiosurgery system that delivers the same meticulous treatment that patients 
expect from a neurosurgeon during sub-total resection [17]. 

If you were diagnosed with a vestibular schwannoma, would you want 
to take the risk of a complete resection and incur the facial palsy, the 
hearing loss, the CSF leak, the vertigo, etc., or would you prefer to 
have Adaptive Hybrid Surgery? I don’t think there’s any neurosurgeon 
around who would not prefer that approach.
MICHAEL SCHULDER, MD NORTH SHORE UNIVERSITY HOSPITAL, NEW YORK



TOGETHER WITH BRAINLAB, 
NEUROSURGERY AND 
RADIATION ONCOLOGY CROSS-
COLLABORATORS ANDREW PARSA, 
MD, AND IGOR BARANI, MD, 
REVIEWED TREATMENT OUTCOMES 
FROM THE PAST 25 YEARS OF 
MORE THAN 3,000 CAVERNOUS 
SINUS MENINGIOMAS AT UNIVERSITY 
OF CALIFORNIA, SAN FRANCISCO 
(UCSF). AS THEY REVIEWED THE 
MORBIDITY AND RECURRENCE 
RATES FOR VARIOUS PROCEDURES, 
IT BECAME APPARENT THAT A SHIFT 
IN THE PARADIGM WAS ESSENTIAL 
FOR FUNCTIONAL PRESERVATION 
AND LONG-TERM SURVIVORSHIP.
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ARTERIOVENOUS 
MALFORMATIONS
THE PATH TO CLARITY
CURRENT TREATMENT PARADIGM

Brainlab software enables faster and comprehensive definition of an AVM nidus. The software 
processes an anteroposterior and lateral 2D dynamic image sequence and color codes the timing 
of the blood flow.* A proprietary algorithm co-registers an additional 3D data set to the 
unlocalized 2D sequence using a fully automated seven-degrees-of-freedom transformation. This 
co-registration allows mapping of the timing information from the 2D sequence onto the 3D data 
set. After outlining the approximate nidus on the anteroposterior and lateral projections, a 
sophisticated volumetric algorithm is used to segment vascular structures in the 3D data set so 
that they precisely match the projection outline.

Obliteration rate drops are reported as AVM size increases, resulting from lower radiation doses 
used for mitigating radiation-induced toxicity during single-fraction radiosurgery practices. Hypo-
fractionated radiosurgery has the potential to escalate the dose to the AVM while minimizing the 
dose burden to the surrounding normal tissue, allowing for sublethal repair in between fractions 
[2-5]. ExacTrac is the perfect tool for frameless hypo-fractionated patient setup. Brainlab 
technology constitutes the only integrated suite of products that adequately combines 
comprehensive volumetric segmentation with frameless hypo-fractionated treatment of large 
AVMs. Applying this new and unique combination of tools to challenging AVMs may prove to 
overcome a longstanding, clinically challenging indication.

PLANNING

POSITIONING AND TREATMENT DELIVERY

* Work in progress – currently not for sale in the US.

Hypo-fractionated stereotactic radiotherapy may be an important alternative to 
single-fraction radiosurgery because it allows the safe administration of a higher 
radiation dose than is possible to deliver in single-fraction radiosurgery.

ANTONIO A.F. DE SALLES, MD UCLA MEDICAL CENTER, LOS ANGELES

Successful radiosurgical outcomes for AVMs rely on a clear differentiation of the nidus from related 
arteries and draining veins, as irradiation of draining veins may cause them to collapse before 
complete nidus obliteration is achieved, leading to hemorrhage [1]. 25 years ago, Brainlab was the 
first to introduce software to simultaneously display stereotactically correlated angiograms and 
CT images. The visualization tools for volumetric assessment of an AVM nidus have continuously 
evolved since then, aiming at greater confidence in clinical decision making. 



UNRAVELING THE DISEASE
Brainlab software enables clinicians to combine the unique insights gained from planar DSA 
images with the spatial information gained from volumetric imaging data sets, thereby clearly 
distinguishing effluent and affluent vessels from the nidus.
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TECHNOLOGY SPARKS EXPANDED 
TREATMENT OPTIONS

Functional radiosurgery is about precise positioning and target definition. Target definition of the 
trigeminal nerve is straightforward for an experienced neuroradiologist. Brainlab software adds 
additional confidence to the definition process by automatically fusing various diagnostic 
data sets, enabling clinicians to consider the complete information at hand. Unique Brainlab 
processing of DTI MRI data allows clinicians to track fiber bundles, offering additional validation 
of the correct position  [1].

Diagnostic images, especially advanced MRI sequences, are prone to geometric distortions, 
which may potentially result in targeting errors of multiple millimeters, possibly completely 
missing the target. The close proximity of the trigeminal nerve to the brainstem and the high 
doses involved with functional radiosurgery are reasons for concern about such targeting error 
[2]. Brainlab addresses this problem by applying the image fusion only to select areas of interest, 
such as the skull base in this case. A new Brainlab elastic image fusion algorithm will provide 
even more elegant means to correct for any distortions.*

Only ExacTrac combines the patient comfort associated with frameless positioning with the 
required level of accuracy needed for trigeminal neuralgia treatment [3]. Not only does ExacTrac 
support precise setup, but also allows continuous monitoring of the correct patient position 
based on internal anatomy in the skull base, any time during the relatively lengthy treatment [4]. 
Brainlab has and will continue to leverage its experience in functional radiosurgery, accumulated 
over more than two decades to continuously refine the tools for functional SRS.

TRIGEMINAL NEURALGIA

CURRENT TREATMENT PARADIGM

PLANNING

POSITIONING AND TREATMENT DELIVERY

* Work in progress – currently not for sale in the US.

Stereotactic radiosurgery holds a unique niche as both a noninvasive and 
effective treatment. To deliver a precise target dose with stereotactic 
radiosurgery, comprehensive quality assurance is essential. Target 
localization and spatial orientation are achieved through a combination of 
medical imaging, image fusion, dose planning, mechanical errors, patient 
positioning, intraoperative movements, target positioning overlays, and the 
radiation dose delivery system. 

JOSEPH CHEN, MD KAISER PERMANENTE MEDICAL CENTER, LOS ANGELES



LIGHTING THE WAY
Mapping a clear treatment for trigeminal neuralgia requires potent visualization and the 
highest level of diligence and sophisticated equipment. Brainlab tools facilitate precision 
image fusion, patient positioning and dose distribution plans. This end-to-end accuracy 
is of utmost importance for the entire radiosurgery process as a millimeter-sized target is 
irradiated through a millimeter-sized conical collimator in a split second. 
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SPINAL TUMORS
CHOREOGRAPHING THE 
COMPREHENSIVE SOLUTION

Spinal radiosurgery is facing two challenges: the correct definition of the target volume and the 
precision requirements throughout the entire treatment process because of the proximity to the 
spinal cord.

Brainlab Image Fusion allows clinicians to effectively incorporate a multitude of diagnostic data 
sets, such as various MR sequences. The image fusion tools available address the curvature of 
the spine which may be different for each scan, taking all information into account. The situation 
becomes even more challenging when implants from prior spinal surgeries cause imaging artifacts. 
Again, Brainlab software can overcome this problem by incorporating pre-operative images.

As spinal metastases are often within millimeters of the spinal cord, careful dose shaping must be 
utilized to treat the target. Brainlab HybridArc calculates highly refined plans significantly faster 
than traditional rotational intensity-modulated approaches, making the variation of critical 
parameters more interactive [1,2]. The result is a dose distribution that not only optimizes 
coverage of complex structures, but also minimizes dose to critical structures [3]. 

Since the patient cannot be fully immobilized, even minor movement can induce severe spinal cord 
toxicity. ExacTrac effectively establishes and controls the sub-millimeter precision required for 
spinal patient setup. Selective image fusion — taking only the vertebrae in the target region into 
account—compensates for any spinal curvature variability after imaging [4]. To ensure that the 
spine target is properly aligned at all times, ExacTrac Patient Positioning provides Snap 
Verification; imaging that can be taken at any time during the radiation treatment delivery to 
confirm and correct patient position.

CURRENT TREATMENT PARADIGM

PLANNING

POSITIONING AND TREATMENT DELIVERY

There are unique features of spine radiosurgery: the need to monitor and 
track the spine curvature, tilt, or spine movement during single or multiple 
treatment sessions; presence of the mucosal structures and highly functional 
fine neck muscles in the cervical regions; and the spinal cord tolerance to 
single high dose or hypo-fractionated treatments. Spine radiosurgery will be 
an important treatment for a spectrum of clinical entities ranging from 
vertebral metastasis to spinal cord compression.

HENRY FORD HOSPITAL, DETROITSAMUEL RYU, MD



GRACEFUL PRECISION
Brainlab technology allows clinicians to monitor treatment delivery even when the patient 
is moving due to respiration. Because the patient cannot be immobilized fully in spinal 
radiosurgery, even minor movement can induce severe spinal cord toxicity. ExacTrac 
effectively establishes and controls the sub-millimeter precision required for spinal patient 
setup.
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IT'S ELEMENTARY
EXPERIENCE TRUE CHANGE AGENTS

The growing and increasing complexity of combined treatments across various clinical 
sub-specialties requires solutions for simple and straightforward information sharing among 
experts to enable closer cooperation.

Brainlab Elements* brings instant access to a suite of radiosurgery pre-planning solutions that 
work seamlessly together, delivering capability without complexity. Clinicians define the individual 
elements they need based on their caseload, patient need and departmental infrastructure. 

Brainlab Elements bridge departments and offer working, scalable connections between clinical 
subspecialties like neurosurgery, spine surgery, orthopedics and radiation oncology. Streamlined 
access to patient data sets fundamentally informs every radiosurgery planning and decision-
making process. Powerful, on-demand data enrichment tools maximize the potential of patient 
images and provide comprehensive information in a ready-to-use format:
 

The Brainlab cloud-based network provides a secure environment to access, control, and share 
diagnostic images. This network fosters a collaborative approach toward disease management 
and better treatment outcomes. Centralized web storage enables clinicians regardless of their 
location to swiftly manage data exchange within their professional network. Referring physicians 
benefit from convenient access to experts and their knowledge and remain involved throughout 
the care delivery process. Simultaneous access to treatment plans between clinicians permits 
instant online collaboration and discussion to achieve the optimal patient care.

Offering the freedom to work online on preferred devices including iPad® and iPhone®, or offline on 
a workstation, Brainlab Elements fits into the physician’s digital life and any department’s IT setup. 
Multi-platform flexibility makes it easy to plan and review, even for the busiest clinicians.
The use of ‘thin client’ technology offers simplified manageability and optimized performance, 
without the requirement to download the patient data. Users have access to full software 
functionality and get the most out of Brainlab Elements with easy setup and usage on any device.

BRAINLAB ELEMENTS

Clinicians and referring neurosurgeons can take advantage of intuitive dose displays, 
affording them with instantaneous review and information on critical structures. 
Refined and advanced 3D views enhance the standard clinical experience, providing 
users with a more comprehensive overview of all essential information. 
The new ‘SmartBrush’ allows fast volumetric contouring – users simply identify targets 
based on information gleaned from multiple fused modalities and ‘a priori’ knowledge 
about the indication.

•

•

* Work in progress – currently not for sale in the US.
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SPOT-ON EXACTRAC
TUNE INTO IGRT

ExacTrac is the leading platform for highly accurate frameless patient positioning and tumor 
targeting [1-5]. This highly automated image-guided radiotherapy (IGRT) system enables precise 
patient setup in a quick two-minute process.

With ExacTrac, patients can be easily positioned and monitored with the system’s integrated 
optical tracking system. In addition, the system uses high-resolution stereoscopic X-Ray images 
acquired before or during treatment delivery to instantly detect and visualize internal structures 
and their displacement [6].

A standard linac couch can only correct patient position in four degrees of freedom. However, 
improved setup accuracy is necessary to avoid irradiation of critical structures, especially for head 
and neck, spine, prostate and other stereotactic radiosurgery indications. ExacTrac provides a fully 
integrated robotic module that allows for optimal patient positioning in all six degrees of freedom 
enabling an improved setup accuracy compared to translational corrections alone [5].

The fundamental architecture of ExacTrac allows for instantaneous imaging of internal structures 
(without moving any detectors or imaging units into position) anytime during beam-on, even at 
various table and gantry angles, unlike any other image-guided system. User-defined thresholds 
automatically trigger warnings, indicating whether patient setup correction is recommended or not. 
ExacTrac automatic couch control can then be used to realign the patient remotely.

Brainlab has refined and revolutionized precise patient setup for stereotactic treatments for more 
than two decades. More than 1,000 centers have relied on Brainlab technology for cranial 
treatments, including more than 500 ExacTrac customers. ExacTrac precision is deeply embedded 
in all of its many facets: from refined installation procedures to ever-developing customer training 
to a vital network of experienced users. Today over one million frameless treatments have been 
performed with ExacTrac because leading institutions worldwide have confidence and trust in the 
benefits of the system. With the ability to conduct a direct calibration to the radiation isocenter, the 
intrinsic accuracy of the system has been pushed to yet another level.

EXACTRAC PATIENT MONITORING AND POSITIONING
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GENERATING BUZZ
CENTRALIZED INFORMATION HUB

Buzz is the next generation Brainlab centralized information hub for collaborative data 
management: software-centric, workflow-centric and patient-centric. Compact, yet powerful 
hardware and sophisticated software bundled together to provide the ultimate hive of data activity. 
Powerful, centralized capabilities are sleekly packaged in a high-performance control center. 

Buzz offers full flexibility with video inputs ranging from analog to state-of-the-art digital and 
features an integrated sound system with iPod® dock, speakers and volume control. Instant data 
sharing with colleagues near and far is enabled via full HD video routing, streaming, recording and 
screenshots at the clinician’s fingertips.

An ultra-slim multi-touch interface is the gateway to the dynamic software functionality inside. The 
sealed touch screen allows for easy cleaning and even disinfection. Various data sources—
navigation, audio, video, plans and scans—converge, creating an information central station. 

Smart software tools were distinctly developed for specific indications in the fields of 
neurosurgery, orthopedics and radiation therapy to cater to the needs of both clinician and patient. 
SmartBrush allows intelligent, computer-assisted tumor outlining. Multi-disciplinary tumor board 
meetings are enlightened by intuitive, computer-assisted Dose Review of radiation plans.*

Buzz offers flexible system configurations that are designed to fit everybody’s needs. From simple, 
all-in-one solutions to sleek in-wall setups, the desired arrangement is possible and versatile.

BUZZ DIGITAL O.R.

* Work in progress – currently not for sale in the US.
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CURVE AHEAD
INFORMATION-GUIDED INTERVENTIONS
CURVE IMAGE GUIDED SURGERY
Together we empower surgeons with the latest image-guided computer technology and navigation 
information, increasing the power to foster collaboration and potentially improve patient outcomes. 
Winner of the Red Dot Award, Curve Image Guided Surgery is the latest iteration in core Brainlab 
technology and brings it all together across disciplines and across indications.

A powerful surgical navigation system on its own, Curve also offers unique capabilities that permit 
combination surgeries such as Adaptive Hybrid Surgery (AHS). Software running on Curve has the 
ability to integrate radiosurgical intelligence into surgical planning, augmenting the surgical 
strategy and prompting consideration of adjuvant treatment. 

Accessible at the touch of a sterile touch pen or non-sterile finger, Curve is bigger, brighter, 
sharper and faster. The dual-option, large touch monitors provide more space to display and 
efficiently organize information. Clinicians are guided by images from multiple views helping 
increase decision-making with confidence, with software technology decreasing display 
deterioration, enhancing images and providing higher contrast for crystal clear tissue 
differentiation. 

Curve Image Guided Surgery is the ultimate command and control center for information-guided 
surgery, optimizing navigation with pre-op planning and surgical visualization. Surgeons shift easily 
from DICOM viewing to surgical navigation to video routing, controlling the clinical workflow with a 
touch of the permanent ‘Home’ button. The centralized ‘Start’ screen – accessible at any time via 
the ‘Home’ button – makes launching software applications and displaying contents a breeze with 
drag-and-drop functionality. 

Curve form flows from function, effortlessly docked together for easy moving and parking while 
fitting user needs perfectly with optimized usability and quick setup and tear down. Separately 
moving and braking wheels maneuver easily around cables and over door jams, rapidly and 
efficiently navigating in and out of the operating room, the elevator and the storage room. 

Curve Image Guided Surgery adapts to virtually any surgical operating room setup for almost any 
navigated surgical intervention with a camera stand that can be independently raised. As an all-
in-one smart hub based on user-centered design, Curve seamlessly connects to the outside world 
and rapidly integrates third party surgical devices. The mobile, wireless networking lets surgeons 
stream and record to linked workstations where colleagues can watch, in digital HD, via the 
hospital’s ‘Brainlab OR web portal’. A built-in high fidelity music dock allows surgeons to 
navigate to their own soundtrack.
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Available at more than 350 centers worldwide, Novalis Radiosurgery is built on over two decades of 
stereotactic expertise. This advanced configuration of specialized tools is dedicated to fast, precise 
and highly targeted SRS and SBRT treatments. With more treatments than all other stereotactic 
technologies combined, Novalis Radiosurgery strengthens the strategic position of facilities that 
possess a focused vision for excellence in targeted cancer treatments. 

The high-resolution beam shaping and patented collimation have been specifically designed and 
commissioned to deliver elevated radiosurgical accuracy. The micro multi-leaf collimator accurately 
mirrors the contour of the tumor while sophisticated treatment planning offers constant adaptation 
of the beam shape enabling steep dose fall-off at lesion boundaries.

Novalis Radiosurgery incorporates ExacTrac technology for continuous tracking of patient 
movement including frameless X-ray verification, and 6D fusion and correction throughout the 
treatment. Highly automated IGRT enables precise patient setup and verification in a streamlined 
workflow. Frameless positioning and alignment control are vital in the maintenance of consistent, 
end-to-end treatment accuracy. Novalis offers room-based ‘anytime’ imaging with dual X-ray 
monitoring available even at rotated table angles.

Dedicated Brainlab software sets the standard for fast, precise radiosurgery with easy-to-use tools 
that provide access to the most sophisticated treatments. Clinicians achieve fast contouring and 
consistency with automatic organ segmentation of major critical structures for cranial and spine 
procedures. Additional workflows are available for head & neck, lung and prostate treatments. 
Meticulous dose plans can be created for high-resolution micro multi-leaf collimators and smaller, 
irregularly shaped targets.

KNOW NOVALIS
KNOW NO COMPROMISE
NOVALIS RADIOSURGERY
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Clinicians will benefit greatly from Novalis Circle membership. This worldwide network of clinicians 
is dedicated to the advancement of radiosurgery. Comprised of nearly 1000 members worldwide, 
Novalis Circle makes up the largest cross-functional community that exists across radiation 
oncology, radiosurgery and neurosurgery. This clinical forum connects doctors and programs 
worldwide to collaborate, develop and share new ideas, enabling a rapid exchange of clinical 
advances and joint scientific research, all while optimizing treatment protocols.

Novalis Certified™ is an independent accreditation program that promotes the delivery of cranial 
and body radiosurgery at a level of efficacy and safety commensurate with the highest standards 
of clinical practice. This impartial initiative focused on protocols and procedures of continual self-
assessment and quality improvement.
The comprehensive program review includes training and qualifications, quality assurance, policies 
and procedures, clinical protocols, and commissioning.

Brainlab offers a comprehensive marketing package for customers to promote their cancer center 
of excellence with Novalis Radiosurgery to professional, consumer and third-party audiences. The 
materials include dynamic online and offline tools that are proven, cost effective and customizable. 
The powerful online patient referral program is designed to increase website ranking, traffic and 
visibility. The geographically customized digital marketing essentials include website landing 
pages, Google Analytics and detailed reports/dashboards.



ENSURING A STANDARD OF 
SAFETY FOR RADIOTHERAPY AND 
RADIOSURGERY PROGRAMS 
ACROSS THE GLOBE IS OF 
THE UTMOST IMPORTANCE,” 
EXPLAINED DR. SOLBERG. “IT IS THE 
RESPONSIBILITY OF EVERYONE WHO 
PLAYS A PART IN RADIOTHERAPY 
TREATMENTS, NOT JUST PHYSICISTS 
AND PHYSICIANS, TO REMAIN 
VIGILANT AT ALL TIMES. NOVALIS 
CERTIFIED EXISTS TO ENSURE 
THAT ADVANCED TECHNOLOGIES 
ARE BEING IMPLEMENTED IN 
ACCORDANCE WITH BEST 
PRACTICES ON A CONSISTENT 
BASIS.

DR. TIMOTHY D. SOLBERG, PhD, NEUROSURGEON   



brainlab.com

Clinically Proven Technology
[1] Barnett G.H. et al., J Neurosurg 106, 1, 2007  
[2] Smith Z. et al., Int J Radiat Oncol Biol Phys 81(1), 225, 2011
[3] Andrews D. et al., Int J Radiat Oncol Biol Phys 50(5), 1265, 2001  
[4] Zahra H. et al., Technol Cancer Res Treat 8(6), 407, 2009
[5] Solberg T.D. et al., J Neurosurg 101 (Suppl 3), 373, 2004

Synchronized Accuracy
[1] Paddick I. et al., J Neurosurg 105 Suppl, 194, 2006 
[2] Tsao, M.N. et al., Clin Oncol 24, e81, 2012
[3] Njeh C. et al., Med Phys 40(4), 040601, 2013 
[4] Grosu A. et al., Int J Radiat Oncol Biol Phys 56(5), 1450, 2003
[5] Stapleford L.J. et al., Int J Radiat Oncol Biol Phys 77, 959, 2010 
[6] Ohtakara K. et al., Int J Radiat Oncol Biol Phys 29(9), 630, 2011
[7] Krieger T et al., Phys Med Biol 50, 859, 2005  
[8] Vazquez-Quino L. et al., J Appl Clin Med Phys 13(5), 3960, 2012
[9] Wurm R.E. et al., Neurosurg 62(5), A11, 2008 
[10] Simpson D.R. et al., Cancer 116, 3953, 2010 
[11] Verellen D. et al., Radiother Oncol 67, 129, 2003

Redefining Teamwork
[1] Smith Z. et al, J Neurosurg 99(3), 511, 2003  
[2] Barnett G.H. et al., J Neurosurg 106, 1, 2007
[3] Linthout, N. et al., Med Phys 33, 504, 2006  
[4] Ramakrishna N. et al., Radiother Oncol 95, 109, 2010 
[5] Lamba M. et al., Int J Radiat Oncol Biol Phys 74(3), 913, 2009

Brain Metastases
[1] Barani I. J. et al., Surg. Neurol. Int. 4, S220–30, 2013  
[2] Suh J. H., N. Engl. J. Med. 363, 1119, 2010 
[3] Shaw E. et al., Int. J. Radiat. Oncol. Biol. Phys. 47, 291–8, 2000  
[4] Likhacheva A. et al., Int. J. Radiat. Oncol. Biol. Phys. 85(3), 656, 2013 
[5] Rofstad E. K. et al., Brit. J. Canc. 83, 354–359, 2000  
[6] Wiggenraad R. et al., Radiother. Oncol. 98, 292–7, 2011 
[7] Manning M. A. et al., Int. J. Radiat. Oncol. Biol. Phys. 47, 603–8, 2000  
[8] Kim Y.-J. et al., Int. J. Radiat. Oncol. Biol. Phys. 81, 483–9, 2011 
[9] Wolff H. et al., Radiat. Oncol. 5, 77, 2010  
[10] Jin J. et al., Med Dos 33, 124, 2008 
[11] Ackerly T. et al., Med Phys 38, 5040, 2011  
[12] Pasciuti K. et al., Radiother Oncol 87, 110, 2008 

Benign Brain Tumors
[1] Badakhshi H. et al., J. Radiat. Res. 1–5, 2013. doi:10.1093/jrr/rrt101  
[2] Murphy E. S. et al., Int. J. Radiat. Oncol. Biol. Phys. 79, 985–97, 2011
[3] Mendenhall W. M. et al., Skull base 14, 53–60, 2004  
[4] Newman et al., Trans Am Ophthalmol Soc 105, 392, 2007
[5] Nanda et al., J Neurosurg 114(5), 1268, 2011  
[6] Raza et al., Neurosurg 67(4), 885, 2010
[7] Mathiesen et al., Neurosurg 60(6), 982, 2007  
[8] Mendenhall W. et al., Skull Base 14(1), 53, 2004
[9] Hardesty D. et al., J Neurosurg (2013). doi: 10.3171/2012.12.JNS12414, 2013  
[10] Bloch O. et al., J Neurooncol 107, 13, 2012
[11] Hasegawa T. et al., J Neurosurg 118, 557, 2012  
[12] Litre F. et al., Radiother Oncol 106, 169, 2012
[13] Hamm K. et al., Zentralbl Neurochir 69, 14, 2008 
 [14] Metellus P. et al., Int J Radiat Oncol Biol Phys 78(3), 836, 2010
[15] Soyuer S. et al., Radiother Oncol 71, 85, 2004  
[16] Selch M.T. et al., Int J Radiat Oncol Biol Phys 59, 101, 2004
[17] Rahimian J. et al., J Neurosurg 101(Suppl 3), 351, 2004

Arteriovenous Malformations
[1] Pollock, B.E., Neurosurg 47, 1178, 2000  
[2] Xiao F. et al., Surg. Neurol. Int. 3, 105, 2012
[3] Blamek S. et al., Radiol. Oncol. 47, 50, 2013  
[4] Lindvall P. et al., Neurosurgery 53, 1036, 2003 
[5] Xiao F. et al., Neurosurgery 67, 1253, 2010

Trigeminal Neuralgia
[1] Mori S. et al., NMR Biomed. 15, 468, 2002  
[2] Smith Z. et al., Int J Radiat Oncol Biol Phys 81, 225, 2011
[3] Verbakel W. et al., Radiother Oncol 97, 390, 2010  
[4] Chen J. et al., World Neurosurg 74, 538, 2010

Spinal Tumors
[1] Petoukhova A. et al., Phys Med Biol 56, 5411, 2011  
[2] Gevaert T. et al., Radiother Oncol 7, 120, 2012
[3] Robar J.L. et al., Med Dosim 37(4), 358, 2012  
[4] Agazaryan N. et al., Phys Med Biol 53, 1715, 2008

Spot-On ExacTrac
[1] Ramakrishna N. et al., Radiother Oncol 95, 109, 2010  
[2] Lamba M. et al., Int J Radiat Oncol Biol Phys 74(3), 913, 2009
[3] van Santvoort J. et al., Int J Radiat Oncol Biol Phys 72(1), 261, 2008  
[4] Kim J. et al., Int J Radiat Oncol Biol Phys 79(5), 1588, 2011
[5] Gevaert T. et al., Int J Radiat Oncol Biol Phys 83(1), 467, 2011  
[6] Wurm R.E. et al., Neurosurg 62, A11, 2008




