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Surgery remains a critical step in the 
management of most of the 9,400 brain 
tumours diagnosed in the UK each year. 
The role of surgery is to obtain tissue for 

diagnosis and often also to immediately improve 
symptoms of mass effect. Obstacles to successful 
surgery include difficulty in identifying a suitable 
target for biopsy, resulting in a non-diagnostic 
procedure and difficulty in identifying the tumour 
itself which results in residual tumour left behind 
after surgery and thus early recurrence of disease. 
Both of these difficulties may lead to the need for 
a second operation. Difficulty in identifying the 
difference between tumour tissue and normal brain 
tissue can also result in neurological damage if 
functioning brain tissue is damaged; this may mean 
that crucial further treatment such as radiotherapy 
cannot be offered resulting in decreased survival 
and a poor quality of life for the patient. Accurate 
tissue identification is also required for the maximal 
safe resection of intrinsic tumours.

Rapid tissue characterisation is a potential 
solution to these problems which Neurosurgeons 
confront every time they operate on brain 
tumours, particularly on intrinsic tumours with less 
well defined margins and tissue characteristics.

Neuro-Oncological Surgery 
Neurosurgeons currently use a multi-modality 
approach to help determine resection margins 
when operating on tumours. Although defining 
brain metastatic disease can be relatively easy as 
there is a clearer delineation between tumour and 
brain, intrinsic tumours pose more of a challenge 
as they often have less well defined brain/tumour 
interface. Preoperative MRI scans can be used during 
surgery as part of a neuronavigation system and 
can help delineate tumour characteristics during 
surgery as long as there is no significant brain shift 
which renders the preoperative scans inaccurate. 
Intraoperative MRI (available only in a small number 
of centres in the UK due to cost) or intraoperative 
ultrasound can help maintain navigational accuracy 
during surgery. Optical methods such as an operating 
microscope and 5-ALA fluorescence further help 
the surgeon in identifying the tumour and its 
margin. 5- ALA is however not as useful due to poor 
fluorescence in low grade gliomas. Texture and feel 
are also important features which help the surgeon 
further define the tumour. 

The current gold standard for tissue diagnosis 
during Neurosurgery is frozen section. This can 
take up to an hour to process, during which time 
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E: b.vaqas13@imperial.ac.uk Figure 1 Mass Spectral Analysis on a Principle Component Analysis plot showing separation of different tissue types.
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the surgeon continues to operate without 
knowing the type of tumour on which they 
are operating. Frozen sections also have 
poor spatial resolution, normally relying on 
the surgeon labelling the general area from 
which the sample is taken. 

The limitations of current technology 
have led to the need for new modalities 
to help better define intrinsic brain 
tumours and immediately characterise the 
tissue type being sampled.

Medical Mass Spectrometry
Mass spectrometry is an analytical 
chemistry technique that can identify the 
amount and types of chemicals present in 
a sample by calculating the mass to charge 
ratio of gas-phase ions. Currently it is 
widely used in industry.

Mass spectrometry also holds great 
promise as a method for fast and 
accurate tissue classification during 
surgery. The technique involves utilising 
the aerosolisation effect of bipolar 
electrocautery used by Neurosurgeons 
in almost all brain tumour operations. 
Tumour tissue particles form the smoke 
produced by bipolar forceps which has 

for long been considered a nuisance and 
even carcinogenic in its own right. The 
extracted smoke consists of gas-phase ionic 
species amenable to mass spectrometric 
analysis. The iKnife is the name given to the 
coupling of a mobile mass spectrometry 
machine with electrosurgical instruments 
in the operating theatre so that the smoke 
generated from surgery is instantly analysed 
to produce a mass spectrum. The resulting 
mass spectrometric profiles are highly tissue 
specific allowing tissue characterisation 
and identification. This process is extremely 
fast, taking place within seconds, allowing 
immediate feedback to the operating 
surgeon. The elegance of this solution lies 
in that no sample preparation is required as 
is the case with other mass spectrometry 
systems and the system requires no new 
surgical instrumentation; it simply analyses a 
byproduct of surgery and is easily integrated 
into the operating theatre workflow. 
Two recent studies have shown that 
intraoperative mass spectrometry can be 
undertaken and can yield accurate results.

Balog et al [1] published their ex-vivo 
analysis of 37 brain tumours and in-vivo 
analysis of 11 tumours reaching 100% 

sensitivity and specificity. The tumour 
types successfully diagnosed included 
glioblastoma multiforme (GBM) and WHO 
grade 2 oligoastrocytoma as well as lung 
and colon metastases. 

A second study by Eberlin et al. [2] has 
shown the ability of Desorption Electron 
Spray Ionisation Mass Spectrometry (DESI-
MS) to classify stereotactically registered 
surgical specimens with excellent 
correlation with histopathology. The 
system could also determine tumour cell 
concentration in peripheral regions of the 
tumour. This system is different from the 
iKnife as sample pre-treatment is required 
prior to mass spectrometry readings.

This has led to the development and 
use of the iKnife as a new intraoperative 
tool for surgeons to help maximise the 
safe and more complete resection of 
tumours.

Current Use at Imperial 
College London
The iKnife is currently being trialled 
at Imperial College London on several 
body sites during brain tumour surgery, 
gastrointestinal tumour surgery, breast 
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Figure 2: Overview of iKnife data collection and analysis.
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cancer surgery and gynaecological 
surgery. The aim is to establish a database 
of spectra which are then matched to 
the histological diagnosis to establish 
sensitivity and specificity of the new 
technique. 

Our current protocol in Neurosurgery 
involves iKnife data collection at specific 
points during surgery tracked by 3D 
Neuronavigational ultrasound. Samples 
are taken from the surface corticotomy, 
brain/tumour interface, contrast 

enhancing margin, main tumour bulk and 
the resection bed as well as peri-lesional 
gliotic areas. 

Recruitment is currently ongoing in 
all body sites in the iKnife study, with 
data expected to be published once 
recruitment and data analysis is complete. 

Conclusion
The hope is that after the current proof 
of principle study the system may be 
used as part of a multicentre trial to see 
if enabling surgeons to quickly identify 
tumour tissue and thereby undertake 
maximal safe resection can help improve 
patient outcomes. There is also the 
possibility that novel diagnostic and 
prognostic biomarkers may emerge from 
the data sets being collected.
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