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Figure 1.1: An example of an operating suite withmacroscopic image guidance tools such as computed tomography (CT),

magnetic resonance imaging (MRI), or positron emission tomography (PET) machines. Image credit: Advanced multi-

modal image-guided operating (AMIGO) suite at Brigham andWomen’s Hospital - http://ncigt.org/amigo
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Figure 1.2: A new form ofmicroscopic image guided therapy using a combination of laser painting with a biodegradable

spray-on substrate and machine learning to co-register two very distinct modalities (endoscopic images and OFDI im-

ages), thereby enabling navigational and treatment guidance in the extremely challenging endoscopic environment.
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Figure 1.3: Integrated microscopic image-guided therapy platform: imaging, thermal therapy delivery, and monitoring

are performed using a single balloon catheter which has a flexible radiofrequency electrode array around the balloon.

Real-time therapy monitoring using OFDI ensures that the target lesion is treated at precisely the desired depth with

feedback to achieve optimal outcome andminimize complications in patients.
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Figure2.1: Left: A typical scene in endoscopyduring longitudinal surveillanceof suspicious lesions. Right: Anexample of

anenrichedendoscopic scenewith anavigational landmark. In this case, aQRcode (blue arrowhead)—a special barcode

—was generatedwith a high-power thulium fiber laser.
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Figure 2.2: Clinical workflow illustrating how pattern generation, tracking/co-localization, and navigational guidance

can be incorporated to enable endoscopic image-guided procedures.
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Figure 2.3: Laser printing with three chromoendoscopy dyes commonly used in Barrett’s esophagus patients (crystal

violet, methylene blue, and toluidine blue). The chromoendoscopy dyes were applied evenly on porcine esophagus ex

vivo and laser printing was performed using a 635 nm diode laser.

b a c 
Figure 2.4: Proposed endoscopic image-guided therapy framework, where an OFDI dataset is co-registered using navi-

gational landmarks visible inbothendoscopyandOFDI. (a) Typical scene in anendoscopic procedure (e.g., biopsyor focal

ablationof lesions), (b)RepresentativeOFDIdataset fromaBarrett’s esophaguspatient80, (c) - endoscopic

GPS coordinates (in this case, theMGH logo) for co-registration.





Figure 2.5: Representative examples of endoscopic image datasets for 5 different navigational landmarks generated

using a thulium fiber laser.



Figure 2.6: Representative examples of endoscopic image datasets for 4 different navigational landmarks generated

using a laser printing approachwith a chromoendoscopy dye (crystal violet).
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Figure 2.7: Overview of proposed endoscopic, machine learning based navigational framework. Recognition of laser-

printed navigational landmarks is performed throughobject classification andmachine learning. Toppanel: Overviewof

major training stages (a representativedataset consistingof 200 imagesper classwas extracted fromendoscopic videos;

100 for training, 100 for testing). Bottom panel: real-time identification of navigational landmarks in the esophagus for

localization.
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Figure 2.8: Precision-recall curves for a representative pair (mgh vs. heart) illustrating the relative performance of each

algorithm (average precision: Baseline = 93%, Orderless Bag ofWords [BOW]model = 94%, Bag ofWords [BOW] with

spatial pyramidmodel = 87%).
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Figure 2.9: Precision-recall curves for another representative, worst-case pair (cross vs. heart) illustrating the relative

performance of each algorithm (average precision: Baseline = 61%,Orderless Bag ofWords [BOW]model = 60%, Bag of

Words [BOW]with spatial pyramidmodel = 56%).

Figure 2.10: Average precision for the pairwise classification of different navigational landmarks using the baseline algo-

rithm and the orderless bag of words (BOW)model.
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Figure2.11: (a)Averageprecision for thepairwise classificationofnavigational pairs generatedusing lasermarking (with

the thulium fiber laser) vs. laser printing (with chromoendoscopy dyes). (b) Precision-recall curves for a representative

pair (MGH vs. heart): average precision using baseline algorithm = 93%, orderless bag of words (BOW) model = 94%,

bag of words (BOW)with spatial pyramid = 87%.



Figure 2.12: Localization of a laser-printed navigational landmark (HMS logo). The green rectangular window highlights

the detected location of the identified landmark, showing the ability to correctly find the landmark despite viewpoint

changes, different magnification and deformation with themachine learning approach.
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Figure 2.13: A double ballon catheter design to enable high speed, high-resolution laser printing in vivo . A focused light

beam is delivered to the tissue which has been sprayed with a light-sensitive dye. Through the use of a rotary junction

and shutter, laser printing in vivo can be performed across the surface of the tissue at high speed and at high resolution.
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Figure 2.14: Overview of a particular patterning probe design which incorporates a series of patterning films on the

outside of an inflatable balloon and a light delivery fiber that photoactivates or photobleaches a light-sensitive dye to

create the desirable pattern.
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Figure 2.15: An example of a prefabricated pattern on a tissue adhesive film that is protected by a transparent layer and

adheres to the tissue through adhesive elements such asmicroneedles.
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Figure 2.16: Spatial encoding pattern for navigational guidance and localization, which includes a location code inside a

bounding region as well as orientationmarker (and an optional calibrationmarker).



Figure 2.17: Endoscopic image guidance using laser-printed/painted navigational landmarks. Target locations can be

identified by building a virtual grid from carefully laid out navigational landmarks, each of which encodes a specific lo-

cation on the grid. The same grid of navigational landmarks is reconstructed in an enface view of the OFDI dataset to

derive theOFDI image associated with a particular target location.
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Figure 3.1: Overview of polarization-sensitive optical frequency domain imaging (PS-OFDI) system91. The polarization

state of the light ismodulated betweenA-lines (linear and circular polarization) using an electro-opticmodulator (EOM).

PC, polarization controller; LP, linear polarizer; AOM, acousto-optic modulator.
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Figure 3.2: Cross-sectional (2-D)monitoring of laser therapy in porcine skin ex vivo using PS-OFDI. A therapy beam (300

mW, 1890 nm thulium fiber laser) was incident on the skin surface and cross-sectional PS-OFDI imagingwas performed

at the same location for 10 seconds. Colorbars range from0-1.2 deg/ m forPS-LRand0.5-1 forPS-DOP images, respec-

tively. Scale bars = 500 m.
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Figure3.3:Histological validationofPS local retardation (PS-LR) image (b) andPSdegreeofpolarization (PS-DOP) image

(c) with H&E histology (d) in porcine skin (300mW, 1890nm, 10s), demonstrating that the region with reduced LR and

increased DOP corresponds very well with the region with denatured collagen in H&E. The intensity OCT image (a) is

provided for comparison. T, tattoo ink marks for co-registration of histology; h, hair. Dotted blue line, coagulation zone.

Colorbars range from 0-1.2 deg/ m for PS-LR and 0.5-1 for PS-DOP images, respectively. Scale bars = 500 m.
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Figure 3.4: Fractional laser ablation monitoring using PS-OFDI and histological validation of microchannel depth in

porcine skin ex vivo. While conventional intensity OFDI images (a, e, i) do not clearly delineate the microchannels, the

local retardation (d, f, j) and degree of polarization (c, g, k) images clearly demarcate the depth of the microchannels, as

validatedwith H&E histology (d, h,l). 10mJ/pulse, 10% density (a, b, c, d); 25mJ/pulse, 10% density (e, f, g, h); 50mJ/pulse,

10% density (i, j, k, l). Colorbars range from 0-1.2 deg/ m for PS-LR and 0.5-1 for PS-DOP images, respectively. Scale

bars = 500 m (a,b,c,e,f,g,i,j,k), 250 (d,h,l).
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Figure 3.5: Cross-sectional (2-D) monitoring of laser therapy in porcine esophagus ex vivo (300mW) using PS-OFDI. A

therapy beam (300mW, 1890 nm thulium fiber laser) was incident on the surface of the esophagus and cross-sectional

PS-OFDI imagingwas performedat the same location for 10 seconds. Colorbars range from0-1.2 deg/ m forPS-LRand

0.5-1 for PS-DOP images, respectively. Scale bars = 500 m.
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Figure 4.1: Visualization of tension-induced HTS and normal skin in vivo using PS-OFDI (10-day group). Intensity (a,e),

local retardation (LR) (b,f), degree of polarization (DOP) (c,g) images and corresponding H&E histology (d,h) are shown

forHTS (a-d) andnormal skin (e-h). HTSexhibits reducedLR (∼0.3deg/ m in the region indicatedbyyellowarrowheads)

and high DOP (1.0) corresponding to thin, densely packed collagen fibers (d), while normal skin contains islands of high

LR (∼0.8 deg/ m in regions indicated by red arrows) and generally lowDOP (∼0.3-0.5) in the dermis corresponding to

thick,mature,more looselydistributedcollagen (h). Colorbars range from0-1.2deg/ mforPS-LRand0.5-1 forPS-DOP

images, respectively. Scale bars = 500 m (a-c, e-g), 250 m (d,h).



Figure 4.2: Histological correlation of PS-OFDI images in 4 day (a, b, c), 6 day (d, e, f), 8 day (g, h, i), and 10 day (j,k,l)

groups. (a,d,g,j) PS-LR images, (b,e,h,k) PS-DOP images, and (c,f,i,l) H&E histology. Each animal was tattooed with a set

of ink marks around the scar for co-registration. Yellow arrowheads, scar region. Dotted blue lines, scar area on H&E.

Color bars range from 0-1.2 deg/ m for PS-LR and 0.5-1 for PS-DOP images, respectively. Scale bars = 500 m.





Figure 4.3: Longitudinal imaging of tension-inducedHTSmodel for 1month post tension device removal, showing rapid

scar remodeling fromweeks 0 to 1, followed by a more progressive phase fromweeks 1 to 4. (a) Left column: PS-LR im-

ages, Right column: PS-DOP images at each time point. Images represent enface average intensity projection across a

100 msectionat indicateddepths. Colorbars range from0-1.2deg/ mforPS-LRand0.5-1 forPS-DOP images, respec-

tively. Scale bars = 500 m. (b) As the collagen fibers remodeled, LR increased progressively at each depth, particularly

in deeper regions, while DOP remained high. The average local retardation (n=3 animals), computed in cross-sectional

slices covering the entire scar, showed a similar trend. Values represent themean +/- SD.



Figure 4.4: Cross-sectional PS-LR and PS-DOP images at major time points providing insights into collagen remodeling

duringwoundhealing: before tension loading (a, b), after tension loading (c, d), and1month after tension device removal

(e, f). Tension loading led to rapid expansion of scar compared to the initial unloaded incisional wound, as revealed by

the region (yellow arrowheads) with extremely low LR and high DOP (After incision: LR=0.03 deg/ m, DOP=1.0; after

loading: LR=0.08 deg/ m, DOP=1.0). As the tension-loaded incisional wound healed over the 1-month period, the scar

regionwasmarked by increased LR (∼0.4 deg/ m) and highDOP (0.98). Color bars range from0-1.2 deg/ m for PS-LR

and 0.5-1 for PS-DOP images, respectively. Scale bars = 500 m.



Figure 4.5: Histology of HTS immediately after tension loading (a, c) and 1 month after device removal (b, d), showing

significant collagen remodelingwithin the scar tissue. Atweek0, immediately after tension loading, the incisionalwound

contained an abundance of thin, newly formed collagen (blue), compared to surrounding normal skin with thicker, more

mature collagen (purple), as indicated byHerovici’s staining (a), as well as proliferatingmyofibroblasts (Ki67/SMA+, see

insert) (c), indicating a phase of acute tissue reaction. Atweek4, the scar region transitioned tomoremature, thicker col-

lagen (b), and a significantly lower density of fibroblasts (with decreased SMA and Ki67 positivity) (d). A representative

section is shown at each time point. Scale bars = 100 m (10 m in insert). Yellow arrowheads, scar region; red arrows,

normal dermis (a, b). Red arrowhead, Ki67/SMA+myofibroblast shown in insert (c). Ki67, brown; SMA, blue (c, d).



Figure 4.6: Excisional HTS model imaged 6 months after injury with PS-OFDI, demonstrating the ability to probe colla-

gen remodelingnon-invasivelyover longperiodsof time indeeper scars. The top regionwith lowLR [0.2deg/ m] (yellow

arrowhead) in thePS-LR image (a) andhighDOP [1.00] in thePS-DOP image (b) corresponds histologically to the scar re-

gionwith an abundance of fibroblasts and relatively thin, disorganized collagen bundles (d), while the regionwith higher

LR [0.9 deg/ m] (red arrow) and highDOP [0.96] corresponds to thicker, more organized collagen bundles in the dermis

and relatively few fibroblasts (e). T=Tattoo mark. Color bars range from 0-1.2 deg/ m for PS-LR and 0.5-1 for PS-DOP

images, respectively. Scale bars = 1mm (a-c), 100 m (d, e).
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Figure 5.1: Schematics of the laser thermal therapy monitoring setup integrating an optical frequency domain imaging

systemwith awavelength tunable thulium fiber laser. SimultaneousOCT imaging and laser therapywith a thulium fiber

laser is achieved using a dichroicmirror and programmable shutter to synchronize the timing of therapy. AOM, acousto-

optic modulator; PC, polarization controller; PD, photodiode; FBG, fiber Bragg grating.
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Figure 5.2: Overview of processing algorithm for laser thermal therapy monitoring and coagulation zone visualization.

Complex B-scans are processed in batches ofMB-scans to produce rawCDV ( ) frames. Using a calibrationwin-

dow in a static regionwithin the tissue, a calibration curve for the SNR dependence is estimated and applied to produce

the calibratedCDV frames ( ). The final image is produced by overlaying the intensity image on top ( −
vs. − ), showing significant improvements with calibration. The coagulation zone is visualized by detecting

regions that have reached the cumulativeCDV threshold ( ) and returned to a low instantaneousCDVupon coagulation

( ).

( ) = { ( ) > } ∩ { ( ) < ε}





Figure 5.3: Laser thermal therapy monitoring in bovine retina ex vivo using calibrated complex differential variance

( ). Images representcross-sectional slicesat thecenterof the thulium laser therapybeam(300mWor60W/cm2)

every 2 s for 10 s, where was overlaid on intensity images. H&E histology (inset) reveals a coagulation zone ex-

tending into the sclera that corresponds with the region with reduced CDV (yellow) at the center delineated by an ex-

panding boundary with high CDV (purple). Colorbar ( ) ranges from 0 to 0.5. Blue dotted lines, coagulation zone.

r, retina; c, choroid; s, sclera. Scale bars = 500 .

Figure 5.4: Impact of varying the averaging parameter ( =10, 5, and 2 consecutive B-scans) on the overall ability to

visualize the dynamics of the coagulation process (using the samedataset as Fig. 5.3 at t=2 s). Colorbar ( ) ranges

from 0 to 0.5. r, retina; c, choroid; s, sclera. Scale bar = 500 .



Figure 5.5: Laser therapymonitoring in porcine skin ex vivo at 300mW (60W/cm2) for 1.5 s. NBTC histology with eosin

counterstaining (inset) at treatmentendpoint confirmsthat theextentandshapeof thermaldamage in thedermis (NBTC-

negative region in pink) correspondswell with the expanding zonewith reducedCDV (yellow) delineated by a boundary

with high CDV (purple). Colorbar ( ) ranges from 0 to 0.5. Blue dotted lines, coagulation zone. e, epidermis; d,

dermis. Asterisks (*), air bubbles. Scale bars = 500 .



Figure 5.6: Effect of increasing output power of the thulium fiber laser in porcine esophagus ex vivo: (a) 300 mW [60

W/cm2], (b) 400mW [80W/cm2], and (c) 500mW [100W/cm2]. NBTC histology with counterstaining was performed at

the treatment endpoint (t=5 s), showing close correspondence between the NBTC-negative region (pink) and the zone

with reduced CDV (yellow) delineated by a boundary with high CDV (purple). Colorbar ( ) ranges from 0 to 0.5.

Asterisks (*), air bubbles. Scale bars = 500 .



Figure5.7: Visualizationof the coagulation zone inporcineesophagususing thehistoryofCDVvalues at differentpower

settings: (a) 300mW [60W/cm2], (b) 400mW [80W/cm2], and (c) 500mW [100W/cm2]. Purple color indicates regions

that have reached the coagulation threshold defined by the cumulative CDV parameter and low instantaneous CDV (

=2 and =0.1), which provides an alternative way to more clearly delineate the thermal coagulation zone as confirmed

byNBTC histology. Scale bars = 500 .

= .



Figure 5.8: Histological validation of CDV-based coagulation zone monitoring in porcine esophagus ex vivo at 400 mW

(80W/cm2) for 5 s. NBTC histology with counterstaining was obtained at each representative time point (1 s, 3 s, and

5 s), showing close correspondence between the NBTC-negative coagulation zone (pink) (a) and the region showing the

transition from high to lowCDV (purple to yellow) (b), which is difficult to delineate clearly using intensity images alone

(c). e, epithelium; lp, lamina propria; mm, muscularis mucosa; sm, submucosa. Scale bars = 500 m.
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Figure 5.9: Quantitative validation of coagulation zone depth (injury depth) in porcine esophagus after laser therapy at

400 mW (80 W/cm2) for 1 s, 3 s, and 5 s. Each data point represents the mean +/- SD of the injury depths on the OCT

(CDV) image and corresponding NBTC histology measured independently by three experts. The solid line represents

perfect correlation of OCT and histology measurements for comparison. Blue circles, 400 mW (80W/cm2) at 1 s. Red

triangles, 400mW (80W/cm2) at 3 s. Yellow diamonds, 400mW (80W/cm2) at 5 s.
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Figure 6.1: Finite element model of a bipolar radiofrequency electrode array consisting of 6 electrodes (500 m wide

and 10 mm long, with a 500 m spacing) on top of a two-layer tissue slab (a), with corresponding finite element mesh

showing a progressively finer tetrahedral mesh around the electrode area (b).
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Figure 6.2: Simulated surface temperature distribution duringRF heatingwith the 6-electrode bipolar RF array (20Vrms

applied for 10 s). The average temperature was computed across the region defined by the dotted rectangle. Colorbar

ranges from 25 oC to 100 oC.

Figure 6.3: Measured surface temperature distribution during bipolar RF heating of porcine esophagus with the 6-

electrode bipolar RF array ex vivo (20 Vrms applied for 10 s). The average temperature was measured across the region

defined by the dotted rectangle. Colorbar ranges from 25 oC to 100 oC.
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Figure 6.4: Experimental validation of the simulated average surface temperature across the bipolar electrode array (20

Vrms, 10 s). Average temperature valueswere computed across the region covered by the electrodes as illustrated in Fig.

6.3.
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Figure 6.5: Simulated average surface temperature as a function of applied voltage (15, 20, 25 Vrms - bottom to top

curves). The bipolar radiofrequency electrode array consists of 6 electrodes (500 mwide and 10mm long, with a 500

m spacing).
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Figure 6.6: Simulated cross-sectional temperature profile and necrotic tissue fraction resulting from RF ablation with

the 6-electrode bipolar RF array (20 Vrms applied for 10 s). Colorbar in (a) ranges from 25 oC to 100 oC; colorbar in (b)

ranges from 0 to 1 (100% tissue damage).



Figure 6.7: Simulated cross-sectional temperature profile and necrotic tissue fraction (between consecutive electrodes

at the center of the array) resulting from RF ablation with the 6-electrode bipolar RF array (20 Vrms applied for 10 s).

Colorbar in (a) ranges from 25 oC to 100 oC; colorbar in (b) ranges from 0 to 1 (100% tissue damage).

Figure 6.8: Simulated cross-sectional isotherms (40, 50, 60, 70, 80, 90 oC) and necrotic tissue fraction (between consec-

utive electrodes at the center of the array) resulting from RF ablation with the 6-electrode bipolar RF array (20 Vrms at

t=10 s). The 60 oC isotherm (green) corresponds well with the necrotic tissue fraction simulated. Colorbar in (a) shows

the discrete isotherm levels (40, 50, 60, 70, 80, 90 oC) ; colorbar in (b) ranges from 0 to 1 (100% tissue damage).



Figure 6.9: Simulated cross-sectional temperature profile (a) and necrotic tissue fraction (b) resulting from RF ablation

with the 6-electrode bipolar RF array (15 Vrms applied for 25 s). Colorbar in (a) ranges from 25 oC to 100 oC; colorbar in

(b) ranges from 0 to 1 (100% tissue damage).



Figure 6.10: Simulated cross-sectional temperature profile (a) and necrotic tissue fraction (b) resulting fromRF ablation

with the 6-electrode bipolar RF array (25 Vrms applied for 10 s). Colorbar in (a) ranges from 25 oC to 100 oC; colorbar in

(b) ranges from 0 to 1 (100% tissue damage).



Figure 6.11: Simulated cross-sectional temperature profile (a) and necrotic tissue fraction (b) resulting fromRF ablation

with the 6-electrode bipolar RF arraywith increased electrode spacing of 1mm (20Vrms applied for 25 s). Colorbar in (a)

ranges from 25 oC to 100 oC; colorbar in (b) ranges from 0 to 1 (100% tissue damage).
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Figure 6.12: Simulated average surface temperature as a function of applied voltage (15, 20, 25 Vrms - bottom to top

curves) with an increased electrode spacing. The bipolar radiofrequency electrode array consists of 6 electrodes (500

mwide and 10mm long, with a 1mm spacing).

Figure 6.13: Simulated average surface temperature as a function of applied voltage (15, 20, 25 Vrms - bottom to top

curves) with a smaller electrode width. The bipolar radiofrequency electrode array consists of 6 electrodes (250 m

wide and 10mm long, with a 500 m spacing).



Figure 6.14: Simulated cross-sectional temperature profile (a) and necrotic tissue fraction (b) resulting fromRF ablation

with the 6-electrode bipolar RF array in the duodenum (20 Vrms applied for 10 s). Colorbar in (a) ranges from 25 oC to

100 oC; colorbar in (b) ranges from 0 to 1 (100% tissue damage).
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Figure 6.15: Integrated OFDI-RFA catheter with a bipolar radiofrequency (RF) electrode array on a flexible circuit

around a clinical OFDI balloon catheter. Imaging is performed between alternating electrode pairs (+: active electrode,

-: dispersive or ground electrode) to enable real-timemicroscopic image guidance.
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Figure6.16:Overviewofprocessingalgorithmformonitoring themicroscopic thermal lesion inaclinical catheter setting

using calibrated CDV and feature-based NURD correction.



Figure 6.17: Radiofrequency ablationmonitoring using calibrated CDV in a clinical balloon catheter, demonstrating the

ability to clearly visualize the dynamics of thermal coagulation process in porcine esophagus ex vivo. Imaging was per-

formed between the gaps of consecutive bipolar radiofrequency ablation electrodes (applied voltage = 20 Vrms at 500

kHz for 10 s) integrated around the OFDI balloon catheter. A region with increased CDV (purple) was observed at the

center of the electrodes in the epitheliumup to the lamina propria (t=7-8s) and eventually reaching slightly into themus-

cularis mucosa (t=9-10 s) . Imaging was performed until after the RF source was turned off (at t=10 s) to illustrate the

rapid decrease in CDV. e, epithelium; lp, lamina propria; mm,muscularismucosa. Color bars range from0-0.5. Scale bars

= 1mm. The same scale bar is rotated and overlaid at t=10 s as a reference.



Figure 6.18: Radiofrequency ablationmonitoring using cumulativeCDV in a clinical balloon catheter, demonstrating the

ability to more clearly visualize the evolution of thermal coagulation process in porcine esophagus ex vivo. Imaging was

performedbetween thegapsof consecutivebipolar radiofrequencyablationelectrodes (appliedvoltage=20Vrms at500

kHz for 10 s) integrated around the OFDI balloon catheter. A growing region with increased cumulative CDV (purple)

was observed in the epithelium and eventually reaching slightly into the muscularis mucosa. e, epithelium; lp, lamina

propria; mm, muscularis mucosa. Color bars range from 0-20. Scale bars = 1 mm. The same scale bar is rotated and

overlaid at t=12 s as a reference.



Figure 6.19: Radiofrequency ablationmonitoring using calibrated CDV in a clinical balloon catheter, demonstrating the

ability to clearly visualize the dynamics of thermal coagulation process in porcine esophagus ex vivo. Imaging was per-

formed between the gaps of consecutive bipolar radiofrequency ablation electrodes (applied voltage = 25 Vrms at 500

kHz for 10 s) integrated around the OFDI balloon catheter. A region with increased CDV (purple) was observed at the

center of the electrodes in the epithelium up to the lamina propria (t=6-7s) and eventually reaching all the way through

themuscularismucosa (t=8-10 s) . Imagingwasperformeduntil after theRFsourcewas turnedoff (at t=10s) to illustrate

the rapid decrease in CDV. e, epithelium; lp, lamina propria; mm, muscularis mucosa. Color bars range from 0-0.5. Scale

bars = 1mm.



Figure 6.20: Radiofrequency ablationmonitoring using cumulativeCDV in a clinical balloon catheter, demonstrating the

ability to more clearly visualize the evolution of thermal coagulation process in porcine esophagus ex vivo. Imaging was

performedbetween thegapsof consecutivebipolar radiofrequencyablationelectrodes (appliedvoltage=25Vrms at500

kHz for 10 s) integrated around the OFDI balloon catheter. A growing region with increased cumulative CDV (purple)

was observed in the epithelium and eventually reaching all the way through the muscularis mucosa. e, epithelium; lp,

lamina propria; mm, muscularis mucosa. Color bars range from 0-20. Scale bars = 1mm.



Figure 6.21: Histological validation of the coagulation zone delineated by cumulative CDV (a, c) at the treatment end-

point using NBTC staining (b, d). The estimated lesion depth (red bar; NBTC-negative region in pink) is∼ 700 m at 20

Vrms and∼ 1000 m at 25 Vrms. e, epithelium; lp, lamina propria; mm, muscularis mucosa; sm, submucosa; mp, muscu-

laris propria. Scale bars = 1mm.

∼

∼



Figure 6.22: Radiofrequency ablationmonitoring in porcine duodenum ex vivo using calibrated CDV in a clinical balloon

catheter. Imaging was performed between the gaps of consecutive bipolar radiofrequency ablation electrodes (applied

voltage = 20 Vrms at 500 kHz for 10 s) integrated around the OFDI balloon catheter. Imaging was performed until after

the RF source was turned off at t=10 s. Color bars range from 0-0.5. Scale bars = 1mm.

Figure 6.23: Radiofrequency ablationmonitoring in porcine duodenum ex vivousing cumulativeCDV in a clinical balloon

catheter. Imaging was performed between the gaps of consecutive bipolar radiofrequency ablation electrodes (applied

voltage = 20 Vrms at 500 kHz for 10 s) integrated around the OFDI balloon catheter. Color bars range from 0-20. Scale

bars = 1mm.
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Figure 6.24: Impact of NURD correction and SNR calibration: (a) Intensity OCT image; (b) CDV computation without

NURD correction and SNR calibration; (c) RawCDVafter NURD correction; (d) CalibratedCDV after NURD correction;

(e) Visualization of the thermal lesion using cumulative CDV.
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