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ABSTRACT  

Recent discoveries suggest that ovarian cancer has its origins in the oviducts (Fallopian tubes) and may exist as 
intraepithelial carcinoma for up to 6 years. One route of access to the oviducts and ovaries is through the wall of the vagina. 
We have developed an approximately 3.8 mm diameter rigid salpingoscope for surveillance of high-risk women and early 
detection of ovarian cancer. The salpingoscope contains multiple advanced imaging modalities, as well as a channel for 
instillation of saline or dyes, and another channel for introduction of biopsy forceps. The single optical channel combines 
the modalities of multispectral fluorescence and reflectance wide-field imaging, multiphoton microscopy (MPM), and 
optical coherence tomography (OCT). Multiple modalities through a single channel are achieved by a novel lens system 
with dichroic coatings which create separate optical paths for visible wavelengths (low numerical aperture (NA) imaging) 
and near-infrared wavelengths (high NA imaging). A quartered piezoelectric tube actuator scans a dual-clad fiber with 
added mass to facilitate both relatively slow (OCT) and fast (wide field and MPM) scanning. Visible wavelength laser 
diodes are the source for wide field reflectance and fluorescence imaging, with remitted light collected through 12 high 
NA multimode fibers. A novel femtosecond laser with near-infrared output provides the source for OCT and MPM, with 
remitted light collected through the core and inner cladding of the dual-clad fiber, respectively. Detectors include high 
sensitivity photodiodes for wide field, a linear array with spectrometer for OCT, and photomultiplier tubes to collect two- 
and three-photon signals for MPM imaging. 

Keywords: Endoscopy, Fluorescence Imaging, Multiphoton Imaging, Natural Orifice, Optical Coherence Tomography, 
Ovarian Cancer 
 

1. INTRODUCTION  
Ovarian Cancer is the fifth deadliest cancer among women and is now thought to exist as a curable, precancerous state for 
years in the oviducts1. Currently, there does not exist an efficient and minimally invasive screening technique that is 
capable of detecting early stages of ovarian cancer. Visualization of reproductive organs through optical imaging can 
provide valuable information needed for these early diagnoses, providing better resolution than ultrasound, and a larger 
field of view (FOV) than surgical biopsy. Laparoscopic access is one possibility for visualization, and the investigators 
have already demonstrated successful laparoscopic imaging of the ovaries with high resolution optical coherence 
tomography (OCT) in a relatively large (~5mm diameter) laparoscope2. However, laparoscopy is a minor surgery, 
requiring general anesthesia in a hospital setting. Therefore, it is unlikely to be widely adopted for screening. An interesting 
alternative is to access the oviducts and ovaries via the vagina and into the rectouterine pouch, which is an extension of 
the peritoneal cavity between the uterus and the rectum. An endoscope can be inserted into this area under local anesthesia 
only, turning examination into an office procedure.  

2. DESIGN 
2.1 Requirements 

The salpingoscope needs to provide navigation capability, a wide-field of view imaging modality to identify suspicious 
regions, and a high resolution optical imaging modality(ies) to provide evidence of tissue health or disease. Additionally, 
a channel for saline instillation is desired, so that the floppy oviduct fimbrea can be floated for better visualization. A 
channel for biopsy is desired for cell or tissue collection for, e.g., histological or proteomic analysis. The maximum 
diameter should ideally be less than 4 mm, so that the puncture through the vagina wall is relatively small and requires no  
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wound care. The favorable angle of entrance (direct view to ovaries and distal FT entrance) means that the endoscope can 
be rigid, although a steerable tip may be eventually desirable. To meet these requirements, and given the angle of entrance, 
the optical modalities should be forward-looking. Given limitations on the smallest biopsy devices available, and necessary 
room for saline channel, the optical channel is limited to about 1.5 mm diameter. Combining all modalities into one channel 
provides an optical design challenge but enables larger diameter lenses and scanning mechanisms to be used. Given our 
favorable results in preliminary studies2,3, we have chosen to utilize pseudo-white-light imaging for navigation, 
multispectral fluorescence imaging (MFI) for wide field imaging, and multiphoton microscopy (MPM) and optical 
coherence tomography (OCT) for high resolution imaging. 

2.2 Overall Design 

A photograph of the salpingoscope prototype is shown in Figure 1. The outer portion is made from 178 µm thick stainless 
steel hypotube, and the end is capped with a cover glass. The handle is three-dimensional printed plastic. A clear vinyl 
tubing covers the fibers and wires emerging from the proximal end of the handle. The tubing that goes back to be plugged 
into a standard rack which holds isolated power supply, light sources, detectors, and computational/display components. 
All components which come into contact with the surgeon or patient are comprised of biocompatible materials and are 
designed to be sterilized with hydrogen peroxide. In addition to the optical channel, lumens for biopsy and saline or dye 
introduction are accommodated with breakouts in the handle. The biopsy channel is 1.22 mm inner diameter to 
accommodate miniature commercially available biopsy forceps. The saline channel is 0.85 mm diameter.  

 
Figure 1. Salpingoscope prototype with an outer diameter of 3.8 mm and insertable portion measuring 29 cm in length. 

2.3 Distal Tip Design 

The Salpingoscope includes a distal ferrule that holds the fibers, lenses, piezo assembly, and biopsy/saline tubing in place. 
A rendering of the tip is shown in Figure 2. Scanning of a dual clad fiber is performed by a quartered piezoelectric tube 
actuator with a cantilevered fiber with an added mass. The mass is micromachined stainless steel designed to be nearly 
cylindrically symmetric except for a radial port for injecting adhesive. Only about the center 500 µm of the 2.7 mm length 
mass is adhered to the fiber, to avoid constraining fiber deflection. The piezo, cantilevered fiber, and mass characteristics 
are designed such that the first resonance of the fiber is at approximately 60 Hz, which is appropriate for OCT cross-
sectional imaging, and the third resonance is approximately 6000 Hz, appropriate for MFI and MPM imaging. Scanning 
can thus be performed with any combination of first and third resonance frequency on the two axes of the quartered piezo 
to achieve raster or spiral scanning. The approximately 400 µm fiber tip deflection raster-scan is translated by the lenses 
into one of two patterns on the tissue dependent upon wavelength. High numerical aperture (NA) modality (OCT and 
MPM) remitted light is gathered by the core and cladding, respectively, of the dual clad fiber. Low NA modality (MFI) 
remitted light is gathered by 12 multimode collection fibers. 

   
Figure 2. Left: Solid rendering of the salpingoscope tip, with incorporated channels: biopsy, saline flush or dye 
administration, and optical. The optical channel consists of a piezo scanned fiber and lenses. Wide-field imaging utilizes 
collection fibers. A stainless steel sheath and cover glass are not shown in this rendering. Right: Solid rendering of the tip 
fiber mass, designed to have the proper mass and fit in the constrained space yet limit length of attachment to fiber. 
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2.4 Optical Design 

The optical design has been described previously4, and a ray diagram is shown in Figure 3. Briefly, a telescope-like design 
is achieved with cemented triplet with dichroic coatings on the inner surfaces. At wavelengths approximately between 
950-1450 nm, light from the scanning fiber is reflected off a centrally deposited coating, then an annular coating. An 
asphere then focuses light to an approximately diffraction limited spot about 50 µm deep into the tissue with a FOV of 11- 
µm. This configuration is appropriate for MPM and OCT. At wavelengths between approximately 450-900 nm, the 
coatings have high transmission and a low NA, approximately 35° scan pattern is achieved. This configuration is 
appropriate for MFI and could also be used for shorter-wavelength OCT applications. 

 
Figure 3. Optical ray diagram with high NA near infrared (left) and low NA visible (right) wavelength configurations. 

2.5 Light sources and detectors 

A set of laser diodes in the visible is combined to produce illumination for MFI (405, 488, 520 nm) or pseudo-white light 
(488, 520, 642 nm) imaging. Remitted light from the collection fibers is directed to a sensitive photodiode. A unique laser 
source has been designed for simultaneous OCT and MPM in the near infrared. The requirements for this source are: broad 
spectral bandwidth (100-200 nm), short pulse duration (<1 ps) and high peak power (>10 kW). An all-fiber optical 
parametric chirped pulse amplifier (FOPCPA) has been built with a high power and broadband output, seeded with a 
supercontinuum which was previously demonstrated5. A typical spectrum of the amplifier output is shown in Figure 4, 
with up to 1 W average power, which will be attenuated to less than 100 mW on the tissue. This source is capable of 
generating two-photon excited fluorescence (2PEF), second harmonic generation (SHG), three-photon excited 
fluorescence (3PEF) and third harmonic generation (THG). Light is detected with a set of photomultiplier tubes with 
suitable dichroic and laser blocking filters. Reflected OCT light is detected with a spectrometer with linear array. 
LabVIEW software performs piezo control, data acquisition, and image display. 

 
Figure 4. Output spectrum of the fiber optical parametric chirped pulse amplifier (FOPCPA). 
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