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ABSTRACT  

Plasmon resonance associated with nanoparticles of gold can enable photothermal ablation of tissues or controlled drug 
release with exquisite temporal and spatial control. These technologies may support many applications of precision 
medicine. However, clinical implementations of these technologies will require new methods of intraoperative imaging 
and guidance. Near-infrared laser surgery is a prime example that relies on improved image guidance.  Here we set forth 
applications of augmented microscopy in guiding surgical procedures employing plasmon resonant gold-coated 
liposomes. Absorption of near-infrared laser light is the first step in activation of various diagnostic and therapeutic 
functions of these novel functional nanoparticles. Therefore, we demonstrate examples of near-infrared visualization of 
the laser beam and gold-coated liposomes. The augmented microscope proves to be a promisingimage guidance platform 
for a range of image-guided medical procedures. 

Keywords: Augmented microscopy, near-infrared laser, plasmon resonant, fluorescence, gold nanoparticles, liposomes, 
intraoperative imaging, image guided surgery 
 

1. INTRODUCTION  
State of the art image guidance technologies and therapeutic strategies are of paramount importance for improving the 
outcomes of surgical procedures. Brain cancer has a high morbidity in part because of the difficult and incomplete 
resection margins.1 This can be attributed to two main impediments: inability to visualize the tumor tissue completely, 
and inadequate techniques for resection of the tumor tissue. Glioblastoma (GBM), considered the most aggressive and 
difficult to treat brain cancer, is highly invasive and grows diffusely with ‘finger-like’ projections. While there is a 
positive correlation between better resection margins and improved prognosis, identifying tumor margins is extremely 
diffciult.2 The diffusivity of GBM creates the need for better diagnostic imaging techniques that can highlight these 
margins. Additionally, there also exists a need for improved treatment strategies to aid in more complete removal or 
even eradication of the tumor tissue. Laser surgery in combination with nanotechnology can potentially improve 
treatment for brain cancer. Nanotechnology has yield new materials of unique properties. For example, gold 
nanoparticles have been shown to absorb energy of near-infrared (NIR) light and enable thermal ablation for biomedical 
applications. Consequently, there has been increased focus on using near-infrared light for surgical image guidance and 
therapy to enhance visualization of abnormal or pathological structures and ablate tissue respectively.2-10 NIR light is 
advantageous for the transparency of biological tissues in this spectral range, and introducing NIR light does not affect 
the perceived colors in the visible spectrum. Currently, surgical imaging technologies have limited capabilities to work 
with images simultaneously in the NIR and visible spectrum. Leading surgical microscopes, like those from Leica or 
Zeiss, provide NIR capabilities as an ‘add-on’ functionality, but these microscopes are not optimized for real-time NIR 
imaging or NIR light sensitivity balanced with visible light sensitivity. Therefore, there is a need to develop more 
effective imaging technologies that can better visualize, and be more sensitive to, the NIR light. We are developing a 
surgical augmented microscope to provide concurrent visualization of the surgical field with images derived from a NIR-
sensitive camera for guiding surgical procedures in the brain that use NIR laser light and novel gold-coated 
nanoparticles.  

Standard gold nanoparticles are typically prepared in the size range of 50-100 nm and there are still concerns regarding 
clearance and toxicity.11 To address clearance and toxicity relevant issues, we investigate gold-coated, plasmon resonant 
liposomes .12 These nanoparticles are synthesized from lipids and have small clusters of gold, less than 5 nm in size, 
reduced onto the surface. We expect that these nanoparticles will degrade via normal biological processes to clusters 
small enough for renal excretion. In addition to addressing clearance issues, gold-coated liposomes are uniquely capable 

Molecular-Guided Surgery: Molecules, Devices, and Applications III, edited by Brian W. Pogue, Sylvain Gioux, 
Proc. of SPIE Vol. 10049, 100490L · © 2017 SPIE · CCC code: 1605-7422/17/$18 · doi: 10.1117/12.2248706

Proc. of SPIE Vol. 10049  100490L-1

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 8/25/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



 

 

of activated drug delivery via modulated NIR laser.13,14 Because of their various modes of interaction with NIR light, 
gold-coated liposomes present a unique choice for visualization and guidance under the surgical augmented microscope.  

This paper reviews our continuing work toward a surgical augmented microscope for guiding NIR laser surgery with 
gold-coated, plasmon resonant liposomes. We discuss a new optical module that will enable augmentation within a 
surgical stereomicroscope for better visualizing contrast agents and NIR laser beams concurrently with presentation of 
the surgical field. 

2. MATERIALS AND METHODS 
All animal procedures performed in this study were approved by the Institutional Animal Care and Use Committee at the 
University of Arizona.  

2.1 Surgical Augmented Microscope 

Current implementation of the augmented microscope is based on our work presented earlier.9,10 It uses a surgical ENT 
microscope body and stand (Prima ENT, Labo America, Inc., Fremont, CA) (Fig. 1a) and meets optical and ergonomic 
standards that are expected in the clinical setting (i.e., working distance, depth of focus, white light flux, 
maneuverability). This microscope retains the Galilean optical design, with two parallel optical paths for stereovision, 
which enables a modular augmentation module to be inserted into the optical path. Here, we are developing a complete, 
single module that will enable stereoscopic augmentation in the new surgical microscope (Fig 1b). The new module 
contains the excitation source optics for NIR fluorescence applications. It uses NIR optics and NIR sensitive camera 
(ImageM EM-CCD, Hamamatsu, Hamamatsu City). The module employs a miniature digital micromirror device (DMD) 
picoprojector (DLP LightCrafter Display 2010 EVM, Texas Instruments, Dallas, TX) to inject the synthetic image into 
the optical path of the microscope. A patent pending technology for combining real and synthetic images uses a spatial 
light modulator, presented in Poster 10049-42.  

2.2 Cerebrovascular Angiography with Plasmon Resonant Gold-Coated Liposomes 

2.2.1 Gold-Coated Liposomes with NIR Fluorescence 

NIR-fluorescent gold-coated liposomes were prepared using standard techniques and loaded with a hydrophobic NIR 
fluorescent dye (IR792, Sigma-Aldrich, St. Louis, MO).13 Briefly, a mixture of lipids with a NIR dye was dried 
overnight using a vacuum cold trap and then rehydrated with phosphate buffered saline. Freeze/thaw cycles were 
subsequently performed followed by high pressure extrusion through 100 nm pore size filters. Gold coating was 
performed by reducing gold-chloride onto the surface of the liposomes in the presence of ascorbic acid. The presence of 
plasmon resonance was confirmed by absorption spectra (Cary5, Santa Clara, CA), and the size of nanoparticles was 
confirmed via dynamic light scattering (ZetaSizer Nano ZS90, Malvern, UK). The gold-coated liposomes were prepared 
at 30 mM lipid concentration with 0.1 mole percent of the NIR dye.  

2.2.2 Cerebrovascular Angiography 

Angiography was performed in a rat model of an open craniotomy. The animal was anesthetized (1-3% isoflurane, 
Henry Schein, Melville, NY) and monitored visually and using tow pinch technique periodically during surgery. 
Immediately the tail vein was cannulated for vascular access. Under the augmented microscope, approximately 2 x 5 mm 
craniotomy was performed on the right lateral side of the superior central sulcus between bregma and lambda using a 
high-speed drill. The dura was carefully removed using microsurgical technique to fully expose brain vasculature and 
any bleeding was controlled. The gold-coated liposomes with NIR dye were injected (0.5 mL) through the tail vein 
cannula while the surgical field and NIR fluorescence were observed within the oculars of the augmented microscope 
and recorded for further analysis.  

2.3 NIR Laser Guidance Using Augmented Microscope 

The augmented microscope was used to observe an ultrafast Ti:Sapphire NIR laser beam to develop an experimental 
protocol for NIR laser ablation with gold-coated liposomes. We launched a Ti:Sapphire laser beam (MaiTai, Spectra 
Physics, Santa Clara, CA) at <5 mW average power into a hollow core photonic crystal fiber (PCF) (HC-800B, 
Thorlabs, Newton, NJ) using a precision single mode fiber launch stage (MBT612D, Thorlabs). A FC type connector 
(30140E1, Thorlabs) and appropriate beam collimator (F230FC-780, Thorlabs) was attached to the distal end of the 
fiber. The NIR laser beam was observed using the augmented microscope and images recorded for analysis. 

Proc. of SPIE Vol. 10049  100490L-2

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 8/25/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



 

 

3.1 Surgica

A custom au
and Mechani
augmentation
assembly an
maneuverabi

Figure 1
ocular he
microsco

3.2 Cerebro

The NIR-fluo
rat under the
molecular dy
Fluorescent s
vasculature. 
2b). There w
signal. 

l Augmented 

ugmentation mo
ical Engineerin
n within the n
nd component
ility of the micr

: Surgical augme
ead. A. Labomed
pe with new aug

ovascular Ang

orescent gold-
e augmented m
ye making it 
signal was con
A noticeable s

was minimal sc

Microscope 

odule was desi
ng machine sho
new surgical m
s for enabling
roscope head w

ented microscop
d surgical ENT m
gmentation modu

giography with

coated liposom
microscope (F
less likely to 

nfined to the ce
signal was also
cattered fluore

3.

igned using So
op (Fig 1b). Th
microscope. A
g augmentatio
while minimizi

pe fitted with pre
microscope being
ule inserted betw

h Plasmon Re

mes were used 
ig 2). The NI
extravasate th

erebral vascula
o observed thr

escence signal 

RESULTS

olidWorks and
his module hou

A custom 3D p
on. The new 
ing added weig

eliminary augme
g used for the up
ween microscope

esonant Gold-C

for angiograp
R-fluorescent 
hereby reducin
ature. A strong
rough the cran
within the cra

d machined at t
uses the neces
printed plastic
augmentation 

ght to the panto

entation module 
pdated augmente
e body and ocula

Coated Liposo

phy and visuali
gold-coated li

ng background
g signal was ob
nium directly a
aniotomy main

the University 
ssary optics and
c mold holds 

module is d
ographic arm.  

 
between micros

ed microscope; B
ar head.  

omes 

ized within an 
iposomes are 
d signal over 
bserved from t
above the supe
ntaining clear a

of Arizona Ae
d technology t
and aligns the

designed to al

cope body and 
B. surgical ENT 

open cranioto
larger than a 
subsequent inj

the fully expos
rior sagittal sin
and crisp fluor

erospace 
to enable 
e optical 
llow for 

my on a 
standard 

njections. 
sed brain 
nus (Fig 
rescence 

Proc. of SPIE Vol. 10049  100490L-3

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 8/25/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



 

 

Figure 2
dye as NI
Horizonta

3.3 NIR La

We visualize
surgery proc
queues as see
microscope. 
augmentation

Figure 3
PCF. A. n
visible sp

The augment
identified cer
first prototyp
order of 10 c
than 30 cm. 
for working 
objective tha
ensure that a
intense illum
microscope, 
unable to pro
being addres

: Augmented va
IR contrast agen
al line seen in th

ser Guidance 

ed a Ti:Sapphir
cedures (Fig 3)
en in Fig 3. Th
Location of 

n enabled. 

: NIR laser guid
no augmentation
patial features; C

ted microscop
rtain limitation

pe used a stand
cm. Current su
This is essenti
with tools un

at also produce
ll structures wi

mination of the
under full sur

oduce images w
sed via new m

ascular angiograp
nt. A. Image show
he right image is 

Using Augme

re laser beam u
). The microsc
he fiber collima
the NIR laser

dance using augm
n doesn’t allow f
C. augmented vie

e has been ex
ns and concern
dard, modular O
urgical microsc
ial for ergonom
nderneath the 
es a large depth
ithin the field o
e field of view
rgical illuminat
with adequate 

module design a

phy with gold-co
ws without augm
a result of visib

ented Microsc

under the augm
cope enables c
ator produces a
r beam or su

mented microsco
for visualization 
ew shows both N

4. D
tensively evalu

ns that needed 
Olympus SZX
copes used in t
mics and functi
objective. The

h of field. The
of view are in 

w to compensa
tion and maxim
contrast again

and hardware in

oated liposome n
mentation enable
le camera artifac

copy 

mented micros
complete visua
a 5 mm diamet
rrounding spa

ope. Visualizatio
of the laser beam

NIR laser beam (

DISCUSSIO
uated and char
to be addresse

X7 stereomicros
the neurosurgic
ionality during
e longer work
large depth of 
full focus. How
ate for lower l
mum microsco
st white light w
n the updated s

nanoparticles syn
ed, B. Image sho
ct. Scale bar 1 m

scope to demon
alization of the
ter beam that i
atial features w

on of 820 nm Ti:
m; B. NIR view 
(false colored gre

N 
racterized prev
ed before mov
scope that had 
cal operating r

g the surgical p
king distance r
f field is also im
wever, the low
light throughp
ope light outpu
within the micr
surgical augme

nthesized with IR
ws with augmen

mm. 

nstrate the abil
e laser beam an
s clearly visibl
would not be 

Sapphire laser fr
only shows the 

een) and visible 

viously. From 
ving to clinical

a marginal wo
room have wor
procedures and
requires a low
mperative for s

wer numerical a
put. The initial
ut, had an OL
roscope. These

ented microsco

R792 fluorescen
ntation enabled. 

lity to guide N
nd surrounding
le using the aug

possible with

from a hollow co
laser beam with
spatial features.

prior experim
l research mod
orking distance
rking distances

d enables enou
wer numerical 
surgical applica
aperture require
l prototype aug

LED projector t
e primary conc

ope. 

 
nt 

NIR laser 
g spatial 
gmented 
hout the 

 
ore 
hout 
 

ments, we 
dels. The 
e, on the 
s greater 
gh room 
aperture 
ations to 
es a very 
gmented 
that was 
cerns are 

Proc. of SPIE Vol. 10049  100490L-4

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 8/25/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



 

 

The current prototype combines all the necessary parts into one complete module for insertion between ocular head and 
microscope body of a surgical microscope. To address the inadequate contrast between augmentation images and white 
light observed in the first prototype, we have fitted the new module with a DMD picoprojector, capable of high 
luminance and excellent contrast that can more closely match the intensity of surgical illumination. This produces better 
quality augmentation within the oculars while retaining full surgical illumination. The surgical augmented microscope 
uses an EMCCD sensor for detecting NIR light to retain sensitivity required in proposed imaging applications. 

The gold-coated liposomes were clearly visualized within brain vasculature demonstrating their possible use as a 
vascular contrast agent. In contrast with molecular dyes (e.g. indocyanine green), we observed little extravascular 
background signal. The relatively larger size of the gold-coated liposomes impedes extravasation, even within diseased 
vasculature in the brain. The fluorescence signal seen above the superior sagittal sinus indicates the deep detection depth 
through the cranium.  

These observations point to several potential clinical applications of the augmented microscopy. The augmented 
microscope visualized near-infrared laser light while still maintaining the ability to monitor surrounding spatial cues. 
When working with gold-coated, plasmon resonant liposomes the NIR laser light can be introduced to activate therapies 
for subsequent therapeutic processes. Gold-coated liposomes can either release their contents, heat up and ablate tissue, 
or both. NIR fluorescent dyes can be added to liposomes to track their distribution and evaluate the therapeutic process. 
When accumulated at a tumor site, the nanoparticles could be illuminated with NIR laser light during surgery to improve 
spatial control and accuracy of the therapeutic process. In another area of potential clinical applications, the delivery and 
monitoring of ultrafast laser pulses under the augmented microscope may enable implementation of non-thermal laser 
ablation technologies for surgery.  

The surgical augmented microscope provides a promising image guidance technology for visualizing NIR procedures. 
The simple and ergonomic integration of the module into a surgical microscope will be advantageous to the surgical 
community and provide easy access to augmented imaging. 
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