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Abstract
One challenge in the surgical management of breast cancer is maximizing the preservation of healthy tissue while achieving
acceptable negative margins. Tools capable of assessing disease-margin involvement intraoperatively and in real-time could
provide clinically useful guidance regarding the adequacy of margin resection before the surgery is over. Here we report the
intraoperative use of optical coherence tomography (OCT) in 3 patients with DCIS. In all 3 cases, additional lesions identified by OCT during surgery were also noted in histopathology reports 3 to 5 days post-surgery, suggesting that intraoperative
use of OCT is a valuable tool for margin determination in real-time.
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Introduction
The goal of breast-conserving therapy (BCS) for stage 0 - II
breast cancer is to prevent local recurrence by removing diseased tissue completely, while preserving as much healthy
tissue as possible for maximal cosmetic and functional outcome [1–3]. Oncologic surgeons typically approach this by
excising a volume of tissue slightly larger than that of the
target tumor to obtain an outer layer of presumably healthy
tissue known as the tumor margin. The surgeon may also
take additional margin of tissue shaved from the walls of the
cavity created by the tumor [4–6]. If, on postoperative analysis, the pathologist determines the margins to be free of cancerous cells to a depth of 2 mm or more from the main tumor
for DCIS, and no ink on tumor for invasive cancer, then the
chances of local disease recurrence are relatively low. If,
however, cancerous cells are detected within or at the edge
of this margin (i.e., a diagnosis of positive or close margin),
the risk of local recurrence is elevated and the patient may
need to return to the operating room for additional tissue
resection [7–9]. These re-excision procedures, which can
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occur in 20 to 30% of cases, are associated with risk of new
surgical complications, delayed initiation of adjuvant treatments, worse cosmetic outcomes, higher total cost of treatment, and increased patient anxiety and discomfort.
The challenge is that gold-standard histopathologic
assessment typically requires days to weeks to complete.
There are currently no highly effective technologies to facilitate direct, intraoperative assessment of the adequacy of
margin resection as part of the surgical workflow, representing a significant unmet clinical need.
Optical coherence tomography (OCT) is a non-invasive
method of evaluating tissue that exploits variations in the
light-scattering properties of different tissues to produce
volumetric images to a depth of 1 to 2 mm. OCT can be
considered analogous to the use of tissue-specific soundscattering properties for ultrasound imaging, but with
markedly greater resolution [10–13]. We have evaluated the
intraoperative use of wide-field OCT (WF-OCT) to guide
additional margin cavity shaves in BCS.

Patients and Methods
These cases were from a small, prospective, multi-center
pilot study. The protocol was approved by Western Institutional Review Board and our institution’s ethics review committee. All patients gave informed consent for procedures
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Fig. 1  Patient 1, DCIS-positive posterior and superior lump margins.
A, OTIS specimen photograph and WF-OCT scan of the posterior
margin showing a suspicious region of interest. B, OTIS specimen

photograph and WF-OCT scan of the superior margin showing a suspicious region of interest. Scale bars: 1 mm

performed. Tumor and cavity shave resections were performed according to standard of care. Fresh lumpectomy
specimens were scanned at the time of the surgical procedure using the OTIS™ 2.0 Optical Coherence Tomography
System (Perimeter Medical Imaging AI, Toronto, Canada),
according to the manufacturer’s operating instructions.
Volumes were captured at up to 8.5 × 8.5 cm of tissue surface, at approximately 15 μm resolution and up to 2 mm
deep. Each margin scanned with OTIS 2.0 was assessed
intra-operatively by the trained clinician. Additional margin shaves taken based on OTIS image review and routine
tissue assessment of the primary specimen were also imaged
and assessed. All specimens were subsequently submitted
for standard pathology processing. Overall data analysis
was performed at the margin level. Representative regions
of interest, marked intra-operatively, are shown in Figs. 1–3.
Patient 1 (a 65-year-old female) underwent a right breast
lumpectomy in Jan 2020 for a pre-operative clinical diagnosis of ductal carcinoma in situ (DCIS). Following lumpectomy, all six margins of the lump were scanned by WF-OCT,

in the operating room, within the cold ischemic window.
The specimen was then processed for comprehensive histopathological evaluation. Time from excision to the pathology report availability was 5 days.
Pathology found a DCIS tumor approximately 2.4 cm in
size, 0.5 mm from the superior-posterior margin. WF-OCT
images also showed suspicious regions of interest on the superior and posterior margins, which were marked intra-operatively. However, as this was a training case, no action was taken
to address these margins (Table 1, Fig. 1). The patient returned
for a re-excision to remove the additional margins.
Patient 2 (a 76-year-old female) underwent a right breast
lumpectomy in Feb 2020 with a pre-op clinical diagnosis of
invasive ductal carcinoma (IDC). All specimens and margins
were scanned with WF-OCT before histopathology. Time
from excision to pathology report availability was 3 days.
The deep margin had IDC at 0.3 mm from the margin, this
was also observed on OCT in the intra-operative analysis,
however, the margin was the pectoral fascia, and no additional tissue was removed. The actionable posterior margin

13

Indian Journal of Surgery
Table 1  Comparison of results from traditional pathology and wide-field optical coherence tomography at the point of care in 3 cases
Patient/pathology/
specimen

Margin

Pathology

WF-OCT

Cavity shave taken?

Final
margin
pathology

Lump

Posterior
Anterior
Medial
Lateral
Superior
Inferior/Lateral
Lateral
Medial
Inferior
Anterior
Superior
Deep (posterior
pectoral fascia)

Positive (DCIS 0.5 mm)
Negative
Negative
Negative
Positive (DCIS 0.5 mm)
Negative
Negative
Negative
Negative
Negative
Negative
Negative (IDC 0.3 mm)

N
N
N
N
N
N
N/A
N/A
N/A
N/A
N/A
No (due to pectoral fascia)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Posterior
Medial

Positive (DCIS 0.6 mm)
Negative

N
Y

N/A
Negative

Anterior
Lateral
Inferior
Superior

Negative
Negative
Negative
Positive (DCIS 0.8 mm)

Positive
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative (IDC suspicious regions
marked)
Positive
Negative (IDC suspicious regions
marked)
Negative
Negative
Negative
Positive

N
N
N
N

N/A
N/A
N/A
N/A

Lump

Lump

“Final margin pathology,” pathology of the corresponding shave, if taken, N/A if no shave was taken for that margin. DCIS, ductal carcinoma
in situ; IDC, invasive ductal carcinoma

was already taken down to the pectoral muscle (Table 1 and
Fig. 2).
Patient 3 (a 68-year-old female) underwent a left breast
lumpectomy in June 2020 for IDC. WF-OCT was used to
scan all margins of the primary specimen and a medial
shave. DCIS was found 0.6 mm from the posterior margin
and 0.8 mm from the superior margin. These margins were
not marked as suspicious during the intra-operative analysis, but regions of interest were found in these scans during
a more detailed analysis of the scans by a trained reader.
IDC was found on the OCT scan of the medial margin, and
action was taken by excising the medial shave. However, the
pathology report did not specify the distance of the tumor
from the medial margin. Time from excision to the pathology report was 3 days (Table 1 and Fig. 3).

Discussion
The cavity shave technique has been shown to reduce but not
eliminate the incidence of positive margins after BCS [4–6].
Room for improvement remains in margin involvement and
with it, the rates of both re-excision and local recurrence

[1–7]. An imaging technology that can be used intraoperatively and in real-time to supplement standard-of-care tissue
assessment has the potential to improve such outcomes. In
this report we have summarized three cases illustrating the
utility of WF-OCT, for this purpose.
In a manner analogous to the use of soundwave scattering in ultrasound imaging [10], WF-OCT images are
formed based on the interaction between light and the
specimen of interest. Microscopic, regional differences in
tissue samples possess different optical scattering properties, thus yielding changes in the image density and
appearance that correspond to variations in tissue microstructure and composition. Although the penetration depth
of OCT is less than that of ultrasound, the use of nearinfrared light yields an image resolution of 15 μm, which
is tenfold greater than that of ultrasound imaging and 100fold greater than that of magnetic resonance imaging. This
makes OCT suitable for evaluating subsurface structures in
tissue samples obtained through surgical excision.
OCT has been in use for nearly three decades for ophthalmology and intravascular imaging applications [10, 14];
however, until recently the technology was capable of scanning visual fields measuring only a few square millimeters
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Fig. 2  Patient 2, IDC 0.3 mm from the posterior margin. A: OTIS specimen photograph and B: WF-OCT scan of the posterior margin showing
invasive cancer rising up to the surface of the specimen. Scale bars: 1 mm

Fig. 3  Patient 3, DCIS-positive .6 mm from posterior and .8 mm
from superior lump margins. A, OTIS specimen photograph and
WF-OCT scan of the posterior margin showing a suspicious region

of interest. B, OTIS specimen photograph and WF-OCT scan of the
superior margin showing a suspicious region of interest. Scale bars:
1 mm

at a time and was therefore impractical for assessment of
larger tissue specimens. WF-OCT enables volumetric imaging of 8.5 × 8.5 c m2 of specimen surface at a depth of up to

2 mm, facilitating acquisition of a complete dataset of cross
sectional, digital images of the specimen’s surface of interest
during a single automated scan.
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The OTIS 2.0 WF-OCT platform consists of a portable
tissue-imaging console and a single-use disposable component that immobilizes the specimen for scanning, in the
orientation set by the clinical user. OTIS 2.0 was cleared by
the US FDA with an indication for use as an imaging tool
in the evaluation of excised human tissue microstructure by
providing two-dimensional, cross-sectional, real-time depth
visualization, with image review manipulation software for
identifying and annotating regions of interest. The safety
and effectiveness of the OTIS device for diagnostic analysis
(i.e., differentiating normal versus specific abnormalities) in
any tissue microstructure of specified disease has not been
evaluated.
WF-OCT acquires volumetric data, akin to digital, serial
cross-sections. With inked specimens, the WF-OCT images
can be compared to histopathology sections prepared using the
same physical orientation and perspective. As demonstrated in
Figs. 1–3, the key, basic features of breast tissue microstructure
were readily observable even to the untrained eye.
The results shown in these cases support the findings of a
recent reader study by Ha and colleagues [11]. The readers
were trained to distinguish non-suspicious from suspicious
findings in WF-OCT images. After a mean of just 3.4 ±
1.2 h with a training dataset, readers were shown WF-OCT
images and asked to identify regions suspicious of cancer
while being blinded to other clinical data including histopathology report. Readers showed overall 80% sensitivity,
87% specificity, and 87% accuracy, with breast radiologists
and pathologists achieving the highest accuracy.
Thus, with adequate training, pathologists, radiologists,
and oncologic surgeons can use the information from WFOCT to supplement gross and microscopic evaluation of
breast specimens at the time of excision. If such information were available as part of the surgical workflow, it has
the potential to either increase confidence that the tumor
has been excised with sufficient margins, or to indicate that
additional cavity shavings are advisable prior to closing.
While WF-OCT would not replace a detailed post-operative pathological analysis and confirmatory diagnosis, it
could help to reduce the incidence of re-excision surgery,
which is highly desirable for clinical outcomes, patient satisfaction, and savings in healthcare resources and costs.
To further explore the potential of WF-OCT, a multicenter, randomized controlled study is being planned to
assess the impact of the use of WF-OCT for ex vivo imaging on the re-excision rate in BCS.

Conclusion
The three cases presented here demonstrate the potential
capabilities of WF-OCT technology for producing rapid,
real-time, volumetric tissue images on the scale of resected

breast cancer tumors. Further development of this technology as a supplemental tool for intraoperative imaging of
tumor and cavity-shave margin specimens is warranted.
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