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Intraoperative margin assessment during radical prostatectomy: is microscopy frozen in
time or ready for digital defrost?

Intraoperative frozen section (IFS) is used with the
intention to improve functional and oncological out-
comes for patients undergoing radical prostatectomy
(RP). High resource requirements of IFS techniques
such as NeuroSAFE may preclude widespread adop-
tion, even if there are benefits to patients. Recent
advances in fresh-tissue microscopic digital imaging
technologies may offer an attractive alternative, and
there is a growing body of evidence regarding these
technologies. In this narrative review, we discuss
some of the familiar limitations of IFS and compare
these to the attractive counterpoints of modern digital
imaging technologies such as the speed and ease of

image generation, the locality of equipment within
(or near) the operating room, the ability to maintain
tissue integrity, and digital transfer of images. Confo-
cal laser microscopy (CLM) is the modality most fre-
quently reported in the literature for margin
assessment during RP. We discuss several imitations
and obstacles to widespread dissemination of digital
imaging technologies. Among these, we consider how
the ‘en-face’ margin perspective will challenge urolo-
gists and pathologists to understand afresh the mean-
ing of positive margin significance. As a part of this,
discussions on how to describe, categorize, react to,
and evaluate these technologies are needed to
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improve patient outcomes. Limitations of this review
include its narrative structure and that the evidence

base in this field is relatively immature but developing
at pace.

Keywords: confocal laser microscopy, digital imaging, frozen section, NeuroSAFE, prostate cancer, radical
prostatectomy, surgical margins

Introduction

In radical prostatectomy (RP), the path between max-
imal preservation of nerve-rich periprostatic tissue
and excision of all prostate cancer (PC) is a challeng-
ing balancing act, particularly in patients with
aggressive PC features such as extraprostatic exten-
sion or high-volume, high-grade tumours.
Tissue-sparing techniques such as nerve-sparing (NS),
bladder neck preservation, complete urethral preser-
vation, apical urethral preservation, and
Retzius-sparing RP aim to improve postoperative erec-
tile function (EF) and urinary continence (UC). How-
ever, if this results in a positive surgical margin
(PSM) oncological outcomes can suffer, with evidence
that PSMs are associated with biochemical recurrence
(BCR), metastases, cancer-specific mortality, and over-
all mortality, particularly in high-risk groups.1

Pathologists can play a significant role in helping
surgeons achieve this delicate balance through
intraoperative frozen section (IFS) microscopic margin
assessment.2 The NeuroSAFE technique, developed in
the Martini Klinik, Germany (Figure 1), is a standard-
ized IFS technique that evaluates the posterolateral
prostate surface to confirm that nerve-sparing has
not incurred a PSM that would necessitate a second-
ary resection (SR). It allows surgeons to perform
more NS whilst decreasing PSM rates.3

The accuracy of NeuroSAFE compared to final (i.e.
formal-fixed paraffin-embedded [FFPE]) prostatectomy
specimen margin status is well established.4,5 Fur-
thermore, several observational studies have demon-
strated an increase in NS rates,6 improved urinary
continence and sexual function patients who had RP
conducted with the assistance of the NeuroSAFE tech-
nique when compared to historical and contemporary
standard of care RP cohorts.7–9 Notably, Fossa et al.
showed, using patient-reported outcome measures
(PROMS), that in patients with good EF prior to RP,
the NeuroSAFE technique permitted preservation of
EF in 28% more patients.10 However, as noted in the
2024 updated EAU prostate cancer guidelines,11 pro-
spective randomized comparative studies are still

lacking12 and until now IFS (including NeuroSAFE)
during RP is not considered the standard of care.
Despite these reported benefits of NeuroSAFE, many

centres have been unable to adopt the technique, as
it relies upon IFS performed in the laboratory with
expensive prerequisite equipment and skilled staff to
process the sample. Further, it requires the availabil-
ity of an experienced histopathologist for immediate
reporting of the slides in the midst of a global pathol-
ogy workforce shortage.13 In the NeuroSAFE PROOF
feasibility randomized clinical trial (RCT), our analysis
showed that the NeuroSAFE technique added 1 hour
to the length of robot-assisted RP (RARP)5 and cost
£625.10 per case.12 Other authors have similar
findings.14

With the advent of digital histopathological imag-
ing, there is burgeoning interest in new technologies
that can generate high-quality microscopic images
within minutes. In this narrative review article, we
outline the practical attractions of these novel imag-
ing modalities, we describe deficiencies in the existing
evidence, and we will consider limitations that may
need to be overcome for these technologies to become
game-changing.

N O V E L M I C R O S C O P I C D I G I T A L I M A G I N G – WH A T

I S O U T T H E R E ?

In 2021, a systematic review identified five new
imaging modalities with possible applications in
real-time margin assessment during RP.15 These
were: optical coherence tomography (OCT), photody-
namic diagnosis (PDD), light reflectance spectroscopy,
and confocal laser microscopy (CLM). Other novel
imaging modalities for surgical margin status in gen-
eral include structured illumination microscopy,16

nonlinear microscopy,17 RP specimen positron emis-
sion tomography (PET) computed tomography (CT)
imaging,18 intraoperative fluorescence detection,19

and prostate-specific membrane antigen (PSMA) anti-
body fluorescence detection.20 Until now, none of
these modalities have become mainstream in
real-time surgical PC treatment, although ex vivo
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fluorescence CLM is the technology with the most
ongoing interest and representation in the literature.
This review, therefore, will focus on ex vivo CLM. We
will also discuss the concept of evaluating specimen
margins ‘en-face’, where an entire surface area of the
margin is inspected instead of cross-sections through
the margin at intervals, as is the conventional
approach (Figure 2).
CLM produces high-resolution images of fresh spec-

imens with cellular-level detail using photo-reactive
dyes. The technique works by shining a point laser
onto the specimen that reflects to a laser light detec-
tor positioned immediately behind a pinhole aperture
positioned in an optically conjugate plane, thus elimi-
nating the out-of-focus signal (hence the name confo-
cal). As only reflected light produced by fluorescence
very close to the focal plane is detected, the image’s
optical resolution is very high. Data from returning
fluorescent light is collected and collated to construct
a high-resolution digital image.

F A S T E R R E A L - T I M E I M A G I N G – T H E N E W P R O M I S E

Available machines
This review will consider two commercially available
machines; the Histolog (SamanTree Medical, Lau-
sanne, Switzerland) and the Vivascope (Vivascope,
Munich, Germany), as these have been used and pub-
lished in the surgical oncology literature, including
prostate cancer margin assessment. The Histolog
excites tissue fluorescence with a laser at 488 nm
and fluorescence emission with a wavelength of
>500 nm is collected, producing a toluidine-blue
mono stain-like image. The penetration depth is fixed
at 30 lm. The scanner tray of Histolog microscope
(see Figure 3) allows a larger scan area
(48 9 36 mm) and takes 50 s per image. By con-
trast, the VivaScope system employs a dual laser sys-
tem, with a reflectance mode at a wavelength of
785 nm and fluorescence at 488 nm, enabling dual
contrast (pseudo-H&E) and high-resolution images in

No secondary resection.

Negative Margin

No secondary resection.

Positive Margin

Full secondary resection of NVB.

• Single
section

• Gleason
Grade 3

• <2 mm length

• >1 section
• Any Gleason

Grade 4
• >2 mm length

Gleason
Grade 3

Positive Margin

Figure 1. The NeuroSAFE technique. Schematic diagram demonstrating painting, cut-up, and processing of the prostate during the Neuro-

SAFE technique and the panels demonstrate examples of different outcomes including the intraoperative surgical response (i.e. secondary

resection or not according to the margin status. Reproduced with permission of the authors and BMC from Dinneen et al.12
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various tissue depths ranging from 4 to 200 lm. The
VivaScope provides a maximum total scan area of
25 9 25 mm, allows magnification up to 9550, per-
forms vertical scanning of tissues (allowing for differ-
ent levels to be visualized), and requires 4 min per
sample of this size.

Location of the machine
Whereas IFS must take place in a laboratory with a
cryostat, staining and slide mounting equipment, and
a microscope, CLM microscopes can work off rela-
tively compact computers and thus can easily be situ-
ated in or nearby the operating room (Figure 3). This
is more time-efficient, as there is no need to transport
the specimen. Additionally, either the principal sur-
geon or a member of the surgical team can prepare
and image the specimen, which is particularly valu-
able when areas of concern have been identified
through surgeon suspicion or preoperative imaging
(magnetic resonance imaging [MRI] or PSMA-
PET).21,22

Rapid real-time processing
A key advantage of CLM is the speed and ease with
which samples can be processed; timing is critical
because the patient remains under general anaesthetic
whilst the results are awaited. Rocco et al. reported
proof-of-concept, scanning en-face periprostatic tissue
taking just 1–2 min per sample.23 Baas et al. per-
formed a direct comparison between CLM and IFS.
Posterolateral tissue sections from 50 patients were
analysed with CLM with a median procedural time of
8 min (interquartile range [IQR]: 5–20) then submit-
ted for IFS, which took a median of 50 min (IQR: 45–
59).24 Almeida et al. were the first to report CLM in
RP specimens without the need for any tissue section-
ing. Their evaluation of CLM in 31 patients evaluated
the posterolateral margins en-face in completely intact
RP specimens.25 This technique reduces preparation
time but, critically, also preserves tissue integrity for
subsequent conventional histopathological analysis.
Another potentially important benefit of the afore-

mentioned speed of histological feedback is that it

Figure 2. Cross-sectional versus en-face margin assessment. Top: Illustration of the NeuroSAFE technique. Cross-sections of posterolateral

margins are taken at 5-mm intervals meaning tumours at margins measuring <5 mm (A) can be missed, whereas tumours >5 mm (B) are

more likely to be detected. Bottom: In CLM imaging, margins are scanned en-face. Any length of tumour at the margin can potentially be

detected, but the clinical significance of PSM (particularly smaller PSM) detected from this perspective remains unknown.
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may allow surgeons to expedite their learning curve
and reduce PSM rates quicker. To the best of our
knowledge, there are few other histological feedback
mechanisms that provide this level of detailed infor-
mation so quickly to the operating team. Indeed, low-
ering PSM rates is often considered one of the big
challenges in prostate cancer surgery and can take a
long time to improve significantly.26

Larger surgical margin surface area
Hitherto, IFS of prostate margins has been performed
in a cross-sectional manner, allowing visualization of
the inked margin in one plane at repeated intervals
(typically 5 mm) (see Figure 1). This cross-sectional
approach to specimen cut-up emulates the same
method used for the FFPE histopathological analysis,
and relies upon the assumption that sampling is rep-
resentative of the larger surgical margin surface
despite less than 1% of the total surface area being
analysed27 (which may explain why local recurrence
sometimes occurs in the context of negative surgical
margins [NSM], and indeed why a close surgical mar-
gin is an independent predictor for BCR28). Although
en-face prostate margin analysis was mooted by Oxley
et al. (emulating the Mohs technique) in 2018,29

technical difficulties particular to specimen prepara-
tion and orientation on a single cryostat chuck ren-
dered this impractical. However, novel digital
imaging modalities permit this approach. Examining
the entire margin may identify PSM missed by con-
ventional whole-mount FFPE margin evaluation as
observed by Wang et al. using en-face Giga-pixel struc-
tured illumination microscopy16 and our studies
using the Histolog Scanner.25

Novel imaging technologies are not tissue-destructive
IFS requires the RP specimen to be sampled through
cut-up, which carries the risk of ink spillage or capsu-
lar retraction that might alter final FFPE margin
assessment. In contrast, CLM and other digital imag-
ing methods can provide images of the specimen mar-
gin without cut-up.30 Acridine orange staining does
not affect subsequent painting, processing, and
reviewing of the RP specimen, nor indeed immuno-
histochemistry, should it be required.31

Digital pictures
Electronic transfer of full-size images that can be
zoomed in to magnifications similarly to high-power
light microscopy is an appealing characteristic of

Figure 3. Setup for intraoperative CLM en-face margin assessment of the prostate. (A) Prostate specimen mounted in a 3D printed holder. (B)

Digital image of the whole posterolateral surface displayed on a monitor for immediate visualization and analysis. (C) High-power digital

magnification of malignant glands. (D) Corresponding histology slide stained with haematoxylin and eosin confirming a PSM. Reproduced

with permission of the authors and publishers from Almeida et al.25
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digital imaging modalities. This function is already
possible on the Histolog scanner. In the future, triage
by surgeon or artificial intelligence supported by
pathologist review where required may reduce the
burden on pathologists.

Novel Digital Imaging – Current Issues and
Uncertainties

Despite these possibilities, to the best of our knowl-
edge, neither CLM nor any other novel digital imag-
ing platform has been adopted as the standard of care
in ex-vivo en-face margin assessment during RP to
date, nor in any surgical oncology with the exception
of skin cancer. Although the field is evolving, most
published studies are at IDEAL stages 1 and 230 or
exploratory studies embedded into trials that focus on
IFS.32,33 With the possible benefits outlined in detail
above, it is adroit to examine the factors hindering
these technologies from becoming widely accepted for
real-time RP margin assessment.

I S E N - F A C E N O V E L I M A G I N G R E L I A B L E F O R

M A R G I N A S S E S S M E N T ?

First, it is important to acknowledge the relative lack
of evidence currently. Per our group’s 2023 system-
atic review, CLM demonstrated good diagnostic accu-
racy (>80%) for margin assessment.34 However, this
was based on only four studies (146 prostate speci-
men evaluated), of which three reports were from the
same group (using the Vivascope where the combined
number of PSMs in the study populations was rela-
tively scarce [total; 5 of 38 13.1%]), meaning that
robust statements on sensitivity cannot yet be
made.23,35,36 The prospective multicentre diagnostic
study, IP8-FLUORESCE (ISRCTN: 21536411), will
have a much larger sample size and a standardized
protocol for assessment of PSM diagnostic accuracy
against traditional histopathological specimen
assessment.
Given that CLM and other digital imaging technol-

ogies provide high-quality microscopic pictures
(Figure 4), they should be able to perform well in
en-face PSM detection, and indeed there is growing
evidence to support this. Ex vivo CLM provides the
same high accuracy as final pathology in the prostate
adenocarcinoma biopsy setting.37,38 More relevant,
Baas et al. evaluated the performance of the Histolog
CLM machine using an en-face technique and found a
high sensitivity (86%) and specificity (96%) against
FFPE.24 Further evidence can be seen in the pictorial

atlas articles from both Rocco and Panarello and
their colleagues who found high levels of agreement
between CLM and final pathology identification of
both prostatic and periprostatic structures.39,40

Panarello et al.40 used the Cellvizio confocal laser
endomicroscope (Manua Kea Technologies, Paris,
France) in the ex vivo setting and demonstrated a
high proportion of ‘highly informative’ images. Ber-
toni et al. using the Vivascope found CLM to FFPE
concordance of 97.14% for muscular, 97.14% for
nervous, 97.14% for vascular, and 94.2% for fatty
tissue.39 A very recent and innovative study by Musi
et al.32,33 demonstrated 100% concordance with IFS
and FFPE when the two pathologists found the CLM
en-face image of the prostate margin as either
‘strongly positive’ or ‘strongly negative.’ However,
these two categories represented 35 and 30 of the 54
margins analysed by CLM overall, and when all CLM
margins were taken into consideration, sensitivity
compared to the reference standard ranged from
64.7% to 70%.33

There are several challenges of demonstrating diag-
nostic equivalence between en-face digital imaging
modalities (such as CLM) and traditional
cross-sectional final FFPE histopathology reports.
First, the change in perspective from cross-sectional
to en-face analysis necessarily involves a change in
view for pathologists and there may be an associated
learning curve. Second, since FFPE samples are taken
every 5 mm, false-negatives might spuriously reduce
CLM specificity (such as represented diagrammatically
in Figure 2). Third, in some instances there may be
difficulty differentiating between malignant glands
actually touching the surface or being exceedingly
close to the surface but not touching. This can occur
when the absence of an inked margin makes it diffi-
cult to assess the margin exactly. Fourth (and
related), different machines provide images with dif-
ferent levels of tissue depth focus. For instance, the
Histolog depth focus is fixed at 30 lm, which is a lit-
tle greater than the typical epithelial cell length,
whereas the Vivascope depth focus can be altered
from 4 to 200 lm. Interestingly, Musi et al. set their
depth of focus using the Vivascope to the ‘lowest
thickness optical set-up’ but still found that in
approximately half of cases where the CLM was
‘probably positive’ the same margin was negative IFS
and FFPE.33 Further innovative and detailed histo-
pathological diagnostic studies, such as the work
described by Musi et al,33 Almeida et al41 and
IP8-FLUORESCE will need to be conducted to high-
light these fundamental considerations.
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T H E L O N G - T E R M O N C O L O G I C A L S I G N I F I C A N C E O F

E N - F A C E P S M

Although the analysis of a larger surface area from
novel digital imaging is a possible benefit, we should
consider the change in possible oncological signifi-
cance of the PSM. As per the International Society
for Urological Pathology (ISUP) guidelines on the
cut-up of the RP specimen, parallel slices should be
taken in the plane perpendicular to the rectum.42

PSM is then classified by the length of the tumour
touching the ink.43 Consequently, the oncological

significance of PSM is understood in relation to BCR
only by measuring PSM length in this fashion. Mea-
sured in this manner (although possibly analysed in
different statistical ways, such as dichotomised or
continuous), length of PSM appears to be indepen-
dently prognostic for BCR,44 although there are
numerous studies that suggest PSM </= 3 mm are
not associated with a higher risk of BCR compared to
NSM.45,46 Thus, when deciding how to respond to
the IFS PSM and protocolise the performance of SR,
the understanding of the importance circumferential
PSM and length of PSM in the urological literature

Figure 4. Comparison of corresponding prostate margin images generated by (A) traditional cross-sectional formalin-fixed paraffin-embedded

(FFPE) processes and (B) new en-face ex vivo confocal laser microscopy (CLM) including; Top Row, fibrous prostate sheath = negative surgical

margins(NSM), Second Row, periprostatic structures = NSM, Third Row, benign acinar glands = NSM, Bottom Row, malignant acinar

glands = PSM.

� 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology

Intraoperative margin assessment during radical prostatectomy 7

 13652559, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/his.15290 by R

icardo A
lm

eida-M
agana - U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services , W
iley O

nline L
ibrary on [02/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



has been cited by previous groups to establish their
practice.4,5 On the other hand, to the best of our
knowledge, no group has linked any oncological out-
comes and PSM measurement provided from an
en-face perspective, and such information would evi-
dently be pertinent and informative for the intrao-
perative decision-making when a PSM is
encountered.
Given the protracted lead time from RP to BCR

with and without PSM and the relative scarcity of
PSM (~12–16% in large contemporary series1,47,48),
it may be some years before urologists and patholo-
gists have a definitive answer to the question: ‘what
amount of en-face PSM is significant?’ However, some
important questions to consider in subsequent studies
are:
• Should the greatest diameter of PSM be used, or

could the surface area measurement in mm2 be a bet-
ter predictor of BCR?
• Can the Gleason pattern at the margin be distin-

guished and reported on CLM? The ability to report
this may differ according to which part of the pros-
tate is analysed, the nature/size of the PSM, and the
technology or even machine used. The importance of
this aspect of intraoperative assessment is underlined
by various studies that demonstrate the association of
Gleason pattern 4 at the margin and risk of BCR,46

and indeed the NeuroSAFE PROOF trial protocol
instructs SR when any pattern 4 is noted at the
margin.12

• What are the artefacts associated with inadequate
imaging, e.g. excessive pressure, incomplete or pro-
longed staining, movement artefacts, and air bubbles?
An exhaustive list should be created and the fre-
quency of problems reported in early-stage reports.
• Can capsular incision (also known as intrapro-

static) PSM (iPSM) be properly assessed, given that
these crevices within the prostate may retract away
from the surface that is visualized? If it is not feasible
to image iPSM, what are the implications, given that
these can still contribute to an increased risk of
BCR49?
• Should different levels of en-face PSM prompt dif-

ferent types of SR response; focal/partial SR for small
low-grade margins vs. complete ipsilateral NVB SR
for large or high-grade PSM, or in men with
higher-risk preoperative disease characteristics. The
proportion of cases with prostate cancer identified
within the SR specimen varies greatly in the pub-
lished literature from 0% to 42%.2 Sharing data on
cancer rates within SR tissue among different centres
will be important for optimizing protocols in the
future.

W H A T A R E A S O F T H E P R O S T A T E S H O U L D B E

E X A M I N E D E N - F A C E ?

Previous groups who advocate IFS have focussed on
the posterolateral prostate margin, as the NS status is
unequivocally related to EF and UC after RP. Further,
NeuroSAFE has a well-described methodology of SR
for conversion of a PSM to a NSM3 with BCR rates
equivalent to that of patients with initial NSM.6 Fas-
ter digital imaging technologies may enable assess-
ment of more of the RP specimen. One option is to
guide assessment by preoperative imaging and
augmented-reality image overlay as described by Pet-
ralia and colleagues.21,32 Alternatively, implementing
standardized protocols to image certain aspects of the
prostate (including apex and base) during all proce-
dures could be employed as described by von
Bodman,50 Tully,51 and Pak.52

The problem of correlating areas for SR in the sur-
gical bed based on identification of a PSM in a pros-
tate that has been excised remains unsolved. Rocco
et al. have suggested measuring the distance of PSM
on CLM digital image and then using the same mea-
surement by placing a measuring tape briefly inside
the patient to determine where the tissue may har-
bour cancer.35 Augmented-reality console image
overlay with IFS/CLM of at-risk margins may also
help direct targeted partial SR when intraoperative
assessment reveals a PSM.33,53 The possibility of leav-
ing coloured clips (for example) as fiducial markers
during the original dissection strategy is an interest-
ing proposition that remains unexplored. All of these
strategies try to overcome the issue that after the
prostate is excised there is considerable deformation
of the periprostatic tissues within the fossa that ren-
der accurate SR excision of the corresponding tissue a
challenge.

C O S T O F M A C H I N E S & D I F F E R E N T M A C H I N E S

The availability of equipment for en-face novel digital
imaging is not widespread. The cost of consumables
is low (particularly when compared to IFS); however,
the initial price for these machines are considerable
currently; for instance, the Histolog Scanner costs >
£200,000. Integrating health economic analysis in
studies evaluating these technologies will be impor-
tant and should take account of ancillary savings to
the hospital, such as consumables, technician train-
ing, turnaround times, and the potential for use in
multiple tissue types. Ultimately, the value of this
additional cost will depend upon and be measured
against the benefits to patients. Currently, the

� 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology
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evidence on the benefit of intraoperative margin
assessment is largely limited to retrospective studies
examining IFS of the prostate, although, as men-
tioned, many of these demonstrate patient benefits.
The results of the NeuroSAFE PROOF RCT will also
help to inform the degree of patient benefit. In the
future, the cost of CLM technology is likely to
decrease, and indeed its speed and versatility may
mean improved or widened intraoperative applica-
tions, but, at the time of writing, this remains work
for the future. As with any new methodology, user
groups will need to become familiar with their own
equipment and develop standard operating
procedures39 to optimize image generation for inter-
pretation. Provision of training and annotated image
libraries by manufacturers and expert mentoring will
be key to this process.

Conclusion

This narrative review article highlights the promise of
en-face novel microscopic digital imaging modalities to
replace and potentially surpass IFS during RP. How-
ever, as with all complex surgical innovations, these
new strategies need thorough evaluation to ensure
that they are reliable and improve patient outcomes.
Whilst further expansion of the literature on these
techniques is expected, some of the functional and
oncological outcomes pertinent to RP will take time
to mature and be reported. In the meantime, detailed
prospective pathological studies comparing en-face
PSM to traditional PSM are essential for clinicians to
integrate these technologies into their practice. Col-
laboration between experts, high-volume centres, and
industry will be key to addressing the knowledge gaps
described above, with the aim to improve outcomes
for men undergoing RP in the modern era.

Author contributions

ED wrote the article. ED, GS, RA, TAH, AF, NM, and
AH were involved in the concept for the article. ED,
GS, RA, TAH, AF, AH, IF, MW, and NM performed
critical review and editing of the article. ED, RA,
TAH, and NM prepared the figures for the article.

Acknowledgements

GS has received financial support for a medical con-
ference attendance from SamanTree but no other
financial support.

Conflict of Interests

There are no other conflicts of interest to report. No
commercial parties, nor study sponsors, had any
involvement nor influence in the study design, in the
collection, analysis and interpretation of data, in the
writing of the review and in the decision to submit
for publication.

Data availability statement

Data sharing not applicable to this article as no data-
sets were generated or analysed during the current
study.

Patient consent

Where histological images of patients have been used
in this article, full written consent for such was
obtained prior to image preparation.

Permission to reproduce material from
other sources

Figures 1 and 3 have been reproduced with the per-
mission of the authors and publishers from previous
academic publication.

References

1. Pellegrino F, Falagario UG, Knipper S et al. Assessing the

impact of positive surgical margins on mortality in patients

who underwent robotic radical prostatectomy: 20 years’ report

from the EAU robotic urology section scientific working group.

Eur. Urol. Oncol. 2023; 7; 888–896.
2. Dinneen EP, Van Der Slot M, Adasonla K et al. Intraoperative

frozen section for margin evaluation during radical prostatec-

tomy: a systematic review. Eur. Urol. Focus 2020; 6; 664–673.
3. Schlomm T, Tennstedt P, Huxhold C et al. Neurovascular

structure-adjacent frozen-section examination (NeuroSAFE)

increases nerve-sparing frequency and reduces positive surgical

margins in open and robot-assisted laparoscopic radical prosta-

tectomy: experience after 11,069 consecutive patients. Eur.

Urol. 2012; 62; 333–340.
4. van der Slot MA, den Bakker MA, Klaver S et al. Intraoperative

assessment and reporting of radical prostatectomy specimens to

guide nerve-sparing surgery in prostate cancer patients (Neuro-

SAFE). Histopathology 2020; 77; 539–547.
5. Dinneen E, Haider A, Grierson J et al. NeuroSAFE frozen section

during robot-assisted radical prostatectomy: perioperative and

histopathological outcomes from the NeuroSAFE PROOF feasi-

bility randomized controlled trial. BJU Int. 2021; 127; 676–
686.

6. van der Slot MA, den Bakker MA, Tan TSC et al. NeuroSAFE

in radical prostatectomy increases the rate of nerve-sparing

� 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology

Intraoperative margin assessment during radical prostatectomy 9

 13652559, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/his.15290 by R

icardo A
lm

eida-M
agana - U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services , W
iley O

nline L
ibrary on [02/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



surgery without affecting oncological outcome. BJU Int. 2022;

130; 628–636.
7. van der Slot MA, Remmers S, van Leenders G et al. Urinary

incontinence and sexual function after the introduction of Neu-

roSAFE in radical prostatectomy for prostate cancer. Eur. Urol.

Focus 2023; 9; 824–831.
8. Ambrosini F, Preisser F, Tilki D et al. Nerve-sparing radical

prostatectomy using the neurovascular structure-adjacent

frozen-section examination (NeuroSAFE): results after 20 years

of experience. Prostate Cancer Prostatic Dis. 2024. Epub ahead

of print. https://doi.org/10.1038/s41391-024-00851-x

9. Kinnear N, Fonseca PC, Ogbechie C et al. Impact of frozen sec-

tion on long-term outcomes in robot-assisted laparoscopic pros-

tatectomy. BJU Int. 2024. Epub ahead of print. https://doi.org/

10.1111/bju.16437

10. Fossa SD, Beyer B, Dahl AA et al. Improved patient-reported

functional outcomes after nerve-sparing radical prostatectomy

by using NeuroSAFE technique. Scand. J. Urol. 2019; 53; 385–
391.

11. Cornford P, van den Bergh RCN, Briers E et al. EAU-EANM-

ESTRO-ESUR-ISUP-SIOG guidelines on prostate Cancer-2024

update. Part I: screening, diagnosis, and local treatment with

curative intent. Eur. Urol. 2024; 1; 32. https://doi.org/10.

1016/j.eururo.2024.03.027

12. Dinneen E, Grierson J, Almeida-Magana R et al. NeuroSAFE

PROOF: study protocol for a single-blinded, IDEAL stage 3,

multi-centre, randomised controlled trial of NeuroSAFE

robotic-assisted radical prostatectomy versus standard

robotic-assisted radical prostatectomy in men with localized

prostate cancer. Trials 2022; 23; 584.

13. The Royal College of Pathologists. Meeting pathology demand

Histopathlogy workforce census. London: The Royal College of

Pathologists, 2018.

14. Gretser S, Hoeh B, Kinzler MN et al. The NeuroSAFE frozen

section technique during radical prostatectomy – implementa-

tion and optimization of technical aspects in a routine pathol-

ogy workflow. Pathol. Res. Pract. 2023; 242; 154297.

15. Olde Heuvel J, de Wit-van der Veen BJ, Huizing DMV et al.

State-of-the-art intraoperative imaging Technologies for Pros-

tate Margin Assessment: a systematic review. Eur. Urol. Focus

2021; 7; 733–741.
16. Wang M, Tulman DB, Sholl AB et al. Gigapixel surface imag-

ing of radical prostatectomy specimens for comprehensive

detection of cancer-positive surgical margins using structured

illumination microscopy. Sci. Rep. 2016; 6; 27419.

17. Cahill LC, Wu Y, Yoshitake T et al. Nonlinear microscopy for

detection of prostate cancer: analysis of sensitivity and specific-

ity in radical prostatectomies. Mod. Pathol. 2020; 33; 916–
923.

18. Darr C, Costa PF, Kahl T et al. Intraoperative molecular posi-

tron emission tomography imaging for intraoperative assess-

ment of radical prostatectomy specimens. Eur. Urol. Open Sci.

2023; 54; 28–32.
19. Rajakumar T, Yassin M, Musbahi O et al. Use of intraoperative

fluorescence to enhance robot-assisted radical prostatectomy.

Future Oncol. 2021; 17; 1083–1095.
20. Baranski AC, Schafer M, Bauder-Wust U et al. PSMA-11-

derived dual-labeled PSMA inhibitors for preoperative PET

imaging and precise fluorescence-guided surgery of prostate

cancer. J. Nucl. Med. 2018; 59; 639–645.
21. Petralia G, Musi G, Padhani AR et al. Robot-assisted radical

prostatectomy: multiparametric MR imaging-directed

intraoperative frozen-section analysis to reduce the rate of pos-

itive surgical margins. Radiology 2015; 274; 434–444.
22. Koseoglu E, Kulac I, Armutlu A et al. Intraoperative frozen sec-

tion via Neurosafe during robotic radical prostatectomy in the

era of preoperative risk stratifications and primary staging with

mpMRI and PSMA-PET CT: is there a perfect candidate? Clin.

Genitourin. Cancer 2023; 21; 602–611.
23. Rocco B, Sighinolfi MC, Bertoni L et al. Real-time assessment of

surgical margins during radical prostatectomy: a novel

approach that uses fluorescence confocal microscopy for the

evaluation of periprostatic soft tissue. BJU Int. 2020; 125;

487–489.
24. Baas DJH, Vreuls W, Sedelaar JPM et al. Confocal laser micros-

copy for assessment of surgical margins during radical prosta-

tectomy. BJU Int. 2023; 132; 40–46.
25. Almeida-Magana R, Au M, Al-Hammouri T et al. Improving

fluorescence confocal microscopy for margin assessment dur-

ing robot-assisted radical prostatectomy: the LaserSAFE tech-

nique. BJU Int. 2023; 83; S1934.

26. Papa N, Perera M, Bensley JG et al. A decade of declining pros-

tatectomy margin positivity within a prostate cancer clinical

quality registry. Urol. Oncol. 2022; 40(12); 537.e19–537.e24.
27. Iremashvili V, Lokeshwar SD, Jorda M, Pelaez L, Soloway MS.

Prognostic implications of partial sampling of radical prostatec-

tomy specimens: comparison of 3 methods. J. Urol. 2013; 190;

84–90.
28. Lu J, Wirth GJ, Wu S et al. A close surgical margin after radi-

cal prostatectomy is an independent predictor of recurrence. J.

Urol. 2012; 188; 91–97.
29. Oxley J, Bray A, Rowe E. Could a Mohs technique make Neu-

roSAFE a viable option? BJU Int. 2018; 122; 358–359.
30. Heidkamp J, Scholte M, Rosman C, Manohar S, Futterer JJ,

Rovers MM. Novel imaging techniques for intraoperative mar-

gin assessment in surgical oncology: a systematic review. Int.

J. Cancer 2021; 149; 635–645.
31. Giacomelli MG, Faulkner-Jones BE, Cahill LC, Yoshitake T, Do

D, Fujimoto JG. Comparison of nonlinear microscopy and fro-

zen section histology for imaging of Mohs surgical margins.

Biomed. Opt. Express 2019; 10; 4249–4260.
32. Musi G, Mistretta FA, de Cobelli O et al. A phase 3 prospective

randomized trial to evaluate the impact of augmented reality

during robot-assisted radical prostatectomy on the rates of

postoperative surgical margins: a clinical trial protocol. Eur.

Urol. Open Sci. 2024; 61; 1–9.
33. Musi G, Mistretta FA, Ivanova M et al. Evaluation of margins

during radical prostatectomy: confocal microscopy vs frozen

section analysis. BJU Int. 2024. Epub ahead of print. https://

doi.org/10.1111/bju.16441

34. Au M, Almeida-Magana R, Al-Hammouri T, Haider A, Shaw

G. Accuracy of ex-vivo fluorescence confocal microscopy in

margin assessment of solid tumors: a systematic review. J. His-

tochem. Cytochem. 2023; 71; 661–674.
35. Rocco B, Sighinolfi MC, Cimadamore A et al. Digital frozen sec-

tion of the prostate surface during radical prostatectomy: a

novel approach to evaluate surgical margins. BJU Int. 2020;

126; 336–338.
36. Rocco B, Sarchi L, Assumma S et al. Digital frozen sections

with fluorescence confocal microscopy during robot-assisted

radical prostatectomy: surgical technique. Eur. Urol. 2021; 80;

724–729.
37. Rocco B, Sighinolfi MC, Sandri M et al. Digital biopsy with fluo-

rescence confocal microscope for effective real-time diagnosis

� 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology

10 E Dinneen et al.

 13652559, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/his.15290 by R

icardo A
lm

eida-M
agana - U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services , W
iley O

nline L
ibrary on [02/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1038/s41391-024-00851-x
https://doi.org/10.1111/bju.16437
https://doi.org/10.1111/bju.16437
https://doi.org/10.1016/j.eururo.2024.03.027
https://doi.org/10.1016/j.eururo.2024.03.027
https://doi.org/10.1111/bju.16441
https://doi.org/10.1111/bju.16441


of prostate cancer: a prospective, comparative study. Eur. Urol.

Oncol. 2021; 4; 784–791.
38. Titze U, Hansen T, Brochhausen C et al. Diagnostic perfor-

mance of ex vivo fluorescence confocal microscopy in the

assessment of diagnostic biopsies of the prostate. Cancers

(Basel) 2021; 13; 5685.

39. Bertoni L, Puliatti S, Reggiani Bonetti L et al. Ex vivo fluores-

cence confocal microscopy: prostatic and periprostatic tissues

atlas and evaluation of the learning curve. Virchows Arch.

2020; 476; 511–520.
40. Panarello D, Comperat E, Seyde O, Colau A, Terrone C, Guil-

lonneau B. Atlas of ex vivo prostate tissue and cancer images

using confocal laser endomicroscopy: a project for intraopera-

tive positive surgical margin detection during radical prostatec-

tomy. Eur. Urol. Focus 2020; 6; 941–958.
41. Almeida-Magana R, Au M, Al-Hammouri T et al. A0960 –

accuracy of fluorescence confocal microscopy for detecting pos-

itive surgical margins during robot-assisted radical prostatec-

tomy: blind assessment and inter-rater agreement. Eur. Urol.

2024; 85; S2032–S2033.
42. Samaratunga H, Montironi R, True L et al. International Soci-

ety of Urological Pathology (ISUP) consensus conference on

handling and staging of radical prostatectomy specimens.

Working group 1: specimen handling. Mod. Pathol. 2011; 24;

6–15.
43. Tan PH, Cheng L, Srigley JR et al. International Society of Uro-

logical Pathology (ISUP) consensus conference on handling

and staging of radical prostatectomy specimens. Working

group 5: surgical margins. Mod. Pathol. 2011; 24; 48–57.
44. John A, Lim A, Catterwell R, Selth L, O’Callaghan M. Length

of positive surgical margins after radical prostatectomy: does

size matter? - a systematic review and meta-analysis. Prostate

Cancer Prostatic Dis. 2023; 26; 673–680.
45. Dev HS, Wiklund P, Patel V et al. Surgical margin length and

location affect recurrence rates after robotic prostatectomy.

Urol. Oncol. 2015; 33(3); 109.e7–109.e13.

46. Preisser F, Coxilha G, Heinze A et al. Impact of positive surgi-

cal margin length and Gleason grade at the margin on bio-

chemical recurrence in patients with organ-confined prostate

cancer. Prostate 2019; 79; 1832–1836.
47. Swindle P, Eastham JA, Ohori M et al. Do margins matter? The

prognostic significance of positive surgical margins in radical

prostatectomy specimens. J. Urol. 2008; 179(5 Suppl); S47–
S51.

48. Khadhouri S, Miller C, Fowler S et al. The British Association

of Urological Surgeons (BAUS) radical prostatectomy audit

2014/2015 – an update on current practice and outcomes by

centre and surgeon case-volume. BJU Int. 2018; 121; 886–
892.

49. Philippou Y, Harriss E, Davies L et al. Prostatic capsular inci-

sion during radical prostatectomy has important oncological

implications: a systematic review and meta-analysis. BJU Int.

2019; 124; 554–566.
50. von Bodman C, Brock M, Roghmann F et al. Intraoperative fro-

zen section of the prostate decreases positive margin rate while

ensuring nerve sparing procedure during radical prostatec-

tomy. J. Urol. 2013; 190; 515–520.
51. Tully KH, Schulmeyer M, Hanske J et al. Identification of

patients at risk for biochemical recurrence after radical prosta-

tectomy with intraoperative frozen section. BJU Int. 2021;

128; 598–606.
52. Pak S, Park S, Kim M, Go H, Cho YM, Ahn H. The impact on

oncological outcomes after radical prostatectomy for prostate

cancer of converting soft tissue margins at the apex and blad-

der neck from tumour-positive to -negative. BJU Int. 2019;

123; 811–817.
53. Bianchi L, Chessa F, Angiolini A et al. The use of augmented

reality to guide the intraoperative frozen section during robot-

assisted radical prostatectomy. Eur. Urol. 2021; 80; 480–488.

� 2024 The Author(s). Histopathology published by John Wiley & Sons Ltd., Histopathology

Intraoperative margin assessment during radical prostatectomy 11

 13652559, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/his.15290 by R

icardo A
lm

eida-M
agana - U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services , W
iley O

nline L
ibrary on [02/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


	 Introduction
	 Novel Microscopic Digital Imaging - What Is Out There?
	 Faster �Real-�Time� Imaging - The New Promise
	 Available machines

	his15290-fig-0001
	 Location of the machine
	 Rapid �real-�time� processing

	his15290-fig-0002
	 Larger surgical margin surface�area
	 Novel imaging technologies are not �tissue-�destructive�
	 Digital pictures

	his15290-fig-0003

	 Novel Digital Imaging - Current Issues and Uncertainties
	 Is �en-�face� novel imaging reliable for margin assessment?
	 The �long-�term� oncological significance of �en-�face��PSM
	his15290-fig-0004
	 What areas of the prostate should be examined �en-�face�?
	 Cost of machines and different machines

	 Conclusion
	 Author contributions
	 Acknowledgements
	 Conflict of Interests
	 Data availability statement

	 Patient consent
	 Permission to reproduce material from other sources
	 References
	his15290-bib-0001
	his15290-bib-0002
	his15290-bib-0003
	his15290-bib-0004
	his15290-bib-0005
	his15290-bib-0006
	his15290-bib-0007
	his15290-bib-0008
	his15290-bib-0009
	his15290-bib-0010
	his15290-bib-0011
	his15290-bib-0012
	his15290-bib-0013
	his15290-bib-0014
	his15290-bib-0015
	his15290-bib-0016
	his15290-bib-0017
	his15290-bib-0018
	his15290-bib-0019
	his15290-bib-0020
	his15290-bib-0021
	his15290-bib-0022
	his15290-bib-0023
	his15290-bib-0024
	his15290-bib-0025
	his15290-bib-0026
	his15290-bib-0027
	his15290-bib-0028
	his15290-bib-0029
	his15290-bib-0030
	his15290-bib-0031
	his15290-bib-0032
	his15290-bib-0033
	his15290-bib-0034
	his15290-bib-0035
	his15290-bib-0036
	his15290-bib-0037
	his15290-bib-0038
	his15290-bib-0039
	his15290-bib-0040
	his15290-bib-0041
	his15290-bib-0042
	his15290-bib-0043
	his15290-bib-0044
	his15290-bib-0045
	his15290-bib-0046
	his15290-bib-0047
	his15290-bib-0048
	his15290-bib-0049
	his15290-bib-0050
	his15290-bib-0051
	his15290-bib-0052
	his15290-bib-0053


