
Pre-operative

Post-Operative

PET imaging gives a 3D images along with monitoring metabolic or

biochemical function of tissues and organs, uses a radioactive drug (tracer) to

show both normal and abnormal activities, and measures blood flow, oxygen

use and blood sugar (glucose) metabolism.

In vivo: MRI/CT, PET/MRI, MRA, MRS, MRSI, iMRI

DESI is an ambient ionization surface analysis technique (Pancreatic cancer

tissue, breast cancer tissues, Lymphnodes, surgical glioma patients), Mass Spec

pen ( ex vivo; Human breast, lung, ovary cancer), Picosecond infrared laser (PIRL)

[Medulloblastoma xenografts], Robot-Assisted SpiderMass (ex vivo; Fresh human

abdominal skin discs (12 mm diameter))

Bruker Corporation owns the copyright to the MALDI images (steps 4 and 5). 

Intra-Operative

Multi-Modal Imaging

Post-Operative

Intraoperative

Post-Operative

Preoperative Intraoperative Post Operative

Photo courtesy  to Hyperfine, Inc.

Ultra-Low-Field MR Imaging

Swoop Portable MR

Imaging for intra operative

surgery; Bring MRI to patient’s

bedside. Fast, simple, cost-

effective, and AI-driven point-

of-care neuroimaging.
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Preoperative

Preoperative

iKnife does not need sample treatment or LC; At a fast pace, it determines

differences within and between tissue samples; other sampling techniques can be

potentially combined towards an untargeted profiling strategy (in vivo and ex vivo biopsy);
The Takats group discovered iKnife in 2009 for routine surgical instruments;

Setup for in vivo drop-in MasSpec Pen experiments; For traditional

histopathology works, the average wait time is 40 minutes or more but with mass

spec pen, it is ~10 seconds — without leaving the operating room or tissue removal

from the patient to wait for traditional histopathology results

Eberlin L., et al., 2020; Reproduced with a copyright permission from American Chemical Society
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General multimodal image

registration workflow via

representative images from each

modality and masks to perform

the alignment.

Key Features and Applications        Alternatives

A pipeline to automatically

map MSI data sets of mouse and

human brains to the Allen Brain

Reference Atlas (Publicly

Available, combining gene

expression with brain anatomical

locations.

MALDI - FT- ICR IMS is

useful in ultra-complex mixture

analysis, visualizing the instant

and intuitive ion images and mass

spectra, spatial component

distributions and distribution

patterns along with statistical

charts and reports; providing 3D

MS imaging studies; applications

in pharmaceutical drug

development, tissue-resolved

biomarker discovery, and

translational pathology research

to complement

immunohistochemistry; with the

SpatialOMx workflow from

MetaboScape® , visualizing

metabolites, lipids, and glycans

for digital pathology .

Imaging Mass Cytometry

(IMC) provides information about

heterogeneity in cell function;

assesses complex phenotypes

and tumor-immune interactions at

tissue and tumor

microenvironment level; No

autofluorescence; Imaging up to

40 protein markers at single-cell

resolution.

Positron Emission Tomography (PET) imaging

HALO Products

Allen Institute

Mass Spectrometry-based tech  

Multimodal Imaging
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Guiding Principles

Akbari B., 2023 created with Biorender.com 

Behnaz Akbari

Chobanian & Avedisian School of Medicine, Boston University, 72 E Concord St, Boston, MA 02118

A New Infographics-Guided Method using Multimodal Imaging Mass Spectrometry Technology 

for Chemists, Pathologists and Surgeons 
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Sample 
Collection

Surface Sample

Local regions with different 

compositions
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Sample 
Preparation

Method 
Validation

Analytical 
Program

Data Smoothing 
Clinical 

Translation

Percent Recovery

If the analyte has remained 

after the sample pretreatment 

and preparation steps

Liquid sample

Areas of different densities or 

composition may be present

Pretreatment methods

Filtering, weighing and diluting, 

derivatization, digestion, separation

Requirements

Accuracy, Limit of Detection, 

Range/Response, Specificity, 

Precision, Limit of Quantification, 

Linearity, and 

Robustness/Stability

Facilities

Laboratory, Instruments, Computers, etc

Smoothing

Box Car Averaging, Moving 

Average, Savitzky-Golary 

Smoothing

Digital Filtering

Data Filtering, Fourier 

Transforms in Chemical Analysis

Quality Assurance

Quality Control, Facilities, 

Personnel

Signal averaging

Lower the effects of noise 

and checking the 

reproducibility

On-Site Scenarios

Ambulances and outdoors 

for point of care system

Low analyte concentration 
sample

Not all areas of a sample may contain a 

representative amount of the analyte.

Internal Standard

A substance is added to a sample, 
but not originally present in the 
sample with similar properties

Characterization Methods

Signal-to-Noise Ratios, LOD, 

LOQ & LOB 

Quality Control

Reference Standards, Calibration 

Standardization, Replicates Spike, 

Split and Blind Samples, Control 

Charts, Statistical Analysis

Personnel

Miniature MS system

Direct sampling method, Point 

of Care system service and 

Personalized treatment

Number  of staff

Pathology Workstations

P
h
o
to

 c
o
u
rte

s
y
 to

 In
d
ic

a
 L

a
b
 In

c
.; R

e
p
ro

d
u
c
e
d
 w

ith
 c

o
p
y
rig

h
t p

e
rm

is
s
io

n
, 2

0
2
3

usa.united-imaging.com

HALO products are a Gold standard image analysis platform to do quantitative tissue analysis in digital pathology; Fast, ease-of-
use in pharmaceutical, healthcare and research organizations in oncology, neuroscience, metabolism, toxicology and more; No
autofluorescence

Islet FL

Count pancreatic

islets fluorescently-

labeled with up to

three dyes, quantify

number of dye

positive cells per islet

and area of dye

positivity per islet

Membrane IHC

Quantify intensity of

brightfield membrane

markers on a per cell

basis and bin cells

according to intensity (0,

1+, 2+, 3+)

Count one or two objects

and measure the object

area, diameter, stain

intensity, and

colocalization; Microvessel

and amyloid plaque

quantification are most

common applications.

Microglial Activation

Quantify microglial

activation based on

length and thickness

of microglial

processes

Area Quantification FL

Measure the positive

area, average intensity

and dye colocalization

(where applicable) of an

unlimited number of

fluorescent dye.

Branch Structure

Quantify branched objects

such as capillaries in

brightfield and

fluorescence.

Tissue Microarray 
(TMA) Add-on

Module to assist in

the segmentation of

TMA spots for further

analysis

FISH-IF (RNAScope®)

Quantify an unlimited

number of fluorescent

RNA/DNA probes and IF

protein biomarkers on a

per cell basis. Includes

support for fluorescent

RNAscope® assay

Multiplex IHC
Quantify expression of

up to five brightfield

stains in any cellular

compartment -

membrane, nucleus, or

cytoplasm.

Cytonuclear IHC
Quantify expression of

up to four brightfield

cytoplasmic/nuclear

markers on a per cell

basis and bin cells

according to intensity

(1+, 2+ and 3+)

Islet IHC
Count pancreatic islets,

quantify number of alpha

and beta cells in each

islet, and determine area

of islets stained with

insulin and glucagon or

other islet-specific stains

High-plex FL

Quantify expression of an

unlimited number of

biomarkers in any cellular

compartment - membrane,

nucleus, or cytoplasm.

Summary
The infographic IMS project incorporated educational technology and engaged the multi

disciplinary team (chemists, pathologists, and surgeons) in clinical laboratories. Several

beneficial features, such as a quick overview of IMS technology in the clinical setting and

multimodal imaging integration, could promote visual literacy and develop creativity in the

imaging domain.

Outlook

It is very likely that PET imaging is combined with IMS to unravel many biological

questions in preoperative and intraoperative surgery. Also, multimodal imaging can

potentially support clinical opportunities, from special phenotyping to diagnose and assess

the stage of diseases (e.g., cancer, infections, and rare diseases (including benign)

Object Colocalization

Matrix-assisted  laser desorption/ionization Fourier Transform   Ion Cyclotron Resonance MSI 

Intraoperative
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