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Professor Nimmi Ramanujam, Ph.D. 

Director, Global Women’s Health Technologies 

Professor of Biomedical Engineering, 

Global Health and Pharmacology, Duke University 

 

• To improve women’s health through 

technological innovation 

• To increase persistence of women in STEM 

• To increase participation of women in 

innovation and entrepreneurship 

 

Henrietta Lacks 1930-1951 

Cervical Cancer Decline from 1975-

2010 

GLOBOCAN 2012 (IARC)   
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George Papanicolau 1883-1962 

Hans Hinselmann 

1884-1959 

Screening Diagnosis 
Treatment 

Reduction in Mortality attributed to early 

Screening and Diagnosis 
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Cervical Cancer Mortality 

Source: IARC (2012) 

VIA/HPV

  

Colposcopy 

Cryo/LEEP 

Cancer 

Treatment 

Visual Inspection with 

 Acetic Acid (VIA) 

http://pinccorg.blogspot.com/2010_08_01_archive.html
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Mobile Screening in Tamil Nadu, India 

Challenge 

Quality Control and Teleconnectivity 

Majengo Clinic, Moshi Tanzania 

Challenge 

Health Worker Shortage 

Colposcopy 

Specialist 
Provide consultation on 
Images and guide biopsy 

Primary care Provider 
Pap, HPV and Colposcopy 

In One Visit  

No cancers lost 
to follow up 

Low capital 
investment 

No unnecessary 
referrals and 

biopsies 
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Reimagining the 

Colposcope 

Leisegang Optik 2  

@ 3.75, 7.5, and 15 X  

US$ 20,000 and >150 lbs  

Canon SX50HS 

@ 2.75X   

US$ 500 and 1.5 lbs  

Colposcopy/Cervicography 

Portable Colposcopes 

A B C 

D E F 
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Can we put the Light Source and 

Camera on a Tampon? 
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5.0 MP 
Camera 

Probe 

LE
D

 R
in
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USB Hub  

Smartphone /  
Tablet 

LED 
drivers 

Cat6 
Ethernet 

B
at

te
ry

 

Arduino 
μ-controller 

USB 

Diameter – 18 mm 

POCkeT (Point Of Care Tampon) 

Colposcope 

Lam et al., Plos One, accepted, 2015 

Colposcopy/Cervicography 

Leisegang Optik 2  
US$ 20,000 

5 - 35 mm resolution  
  

POCkeT Colposcope 
US$ 500 

7 - 27 mm resolution  
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System 
Illumination 

type 

Electrical 
Power  

(W) 

Optical 
Power 
(mW) 

Irradiance 
(mW/cm2) 

Leisegang 
Optik  

White LED 
5000k 

18 79.3 183.9 

SP Red Filter 18 32.1 77.3 

POCkeT 
Colposcope 

White LED 
5000k 

2.4 1.07 2.36 

Green LEDs 1.2 0.36 0.95 

Illumination Characteristics 

System 
Detector  

Type 

Resolution  

(MP) 

Diagnnal 

FOV 

Leisegang  

Optik  

18 MP 

CMOS 
35 mm 30 mm 

POCkeT 

Colposcope 
5 MP CMOS 35 mm 52 mm 

Detector Characteristics 

Resolution – 35 mm or 14 lp/mm  
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Color  
Corrected- 
POCkeT  
Colposcope 

High-end  
Digital  
Colposcope 

Raw-POCkeT  
Colposcope 

Concordance between the 

Leisegang Optik and the POCkeT 

Colposcope 

Speculum Placement + Vinegar (5% Acetic Acid) 

POCkeT Colposcope 

Leisegang Optik 2  

Blinded Image Interpretation – Ob./Gyn. 

(3 Duke & 3 International) 

Standard of Care Biopsy 

Reid Index 
Lesion Margin, Color,  

Vessels 

Clinical Study Protocol (DUMC) 

35 Image Pairs 
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Kenya 

Peru 

U.S. 

India 

John Schmitt  
Duke Ob/Gyn, 

KCMC 
 

Peyton Taylor  
Duke Ob/Gyn, 

KCMC 

Lisa Muasher  
Duke Ob/Gyn 

(NC, USA) 

JS Malliga 
WIA Cancer  

Institute 
(Chennai, India) 

Anthony Wanyoro 
Kenyatta  

University 
(Nairobi, Kenya) 

Gino Venegas 
La Liga Peruana de  

Lucha Contra el Cancer 
(Lima, Peru) 

Physician Readers 

Clinician # 1 2 3 4 5 6 Total 

All (kappa) 0.4444 0.971 0.4913 0.5019 0.4380 0.5360 0.6256 

Normal+HSIL (kappa) 0.3739 0.9592 0.5455 0.6139 0.3777 0.6014 0.6319 

Concordance Testing across 6 Physicians 

Comparison of Physician Reading to 

Gold Standard Pathology 

Clinicians  
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Improving Specificity 

POCkeT Colposcope Leisegang Optik 

Imaging Blood Vessels with  

a Green Filter 

Can we use Neovascularization 

to Detect CIN 2+? 

Chang et al., JBO, 2009 



8/3/2016 

11 

lens2 

Iris (d2) 

Beam 

splitter 

Objective 

4X 

Sample 

LED 

source 

lens1 Stop (d1) 

Optical 

fiber 

Scattered light 

Illuminating light 

Stop 

d1 

Iris 

d2 

d1>d2 for dark field imaging 

Illuminating light Scattered light 

High Resolution Vascular Imaging 

Filter wheel 
(440, 540, 580, 600 nm) 

Reject specular reflection 

Dysplasia(14) SCC(8) 

C
o

u
n

t 

Resolution = 3.1 µm 

440/600 

540/600 

580/600 

Normal Dysplasia SCC Ratio 
(nm/nm) 

500 μm 

High-Resolution Vascular Imaging 

High-Resolution Vascular Imaging 

Normal 

500 μm 

Gold standard Gabor mask 

Dysplasia 

SCC 

540/600 
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Diagnostic Vessel Characteristics 
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Normal vs. SCC Normal vs. Dysplasia 

Features used: tortuosity, diameter, area fraction 

Classification results 

Summary 

• Rethinking the implementation of the traditional 
colposcope to a tampon configuration enables 
low cost innovation with comparable 
performance 
 

• Vascular contrast decoupled from scattering is 
enhanced in severe dysplasia 
 

• Multi wavelength dark field microscopy unravels 
vessel contrast at different depths in 
precancerous lesions 
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Collaborators 

John Schmitt  
Duke Ob/Gyn, 

KCMC 
 

Peyton Taylor  
Duke Ob/Gyn, 

KCMC 

Lisa Muasher  
Duke Ob/Gyn 

(NC, USA) 

JS Malliga 
WIA Cancer  

Institute 
(Chennai, India) 

Anthony Wanyoro 
Kenyatta  

University 
(Nairobi, Kenya) 

Gino Venegas 
La Liga Peruana de  

Lucha Contra el Cancer 
(Lima, Peru) 

Ololo Oneko 
Kilimanjaro Christian 

Medical Center 
(Moshi, Tanzania) 

Jennifer 
Smith 
UNC 

Robert Miros 
3rd Stone Design 

Rae Jean 
Proeschold-Bell 

DGHI 

Lavanya  
Vasudevan 

DGHI 

Al Erkanli 
Duke Biostats 

Danny Hamrick 
CGGC 

Roopa Hariprasad 
ICPO 

Guiillermo Shapiro 
Duke ECE 

Tops Lab 

Chris Lam  
Duke BME 

Marlee Krieger  
BME, DGHI, GWHT 

Jenn Gallagher  
Duke Surgery 

Mercy Asiedu 
Duke BME 

Betsy Asma  
DGHI 

Rhea Chitalia 
Duke BME 

Jenna Mueller 
Duke BME 

Denali Dahl 
DGHI 

Kailani Montane 
Duke BME 

Collyn Heier 
Duke BME 

Raina Kishan 
Duke BME 

Julia Agudogo 
Duke BME 

Ross Winston 
Duke Trinity 

Jannis Stoter 
Woodberry Forest 

Robert Morhard 
Duke BME 
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Funding 

• NIH R21 Quick Trials – 2012-2015 

• NIH RO1 2015-2020 

• NIH R01 Quick Trials 2015-2018 

• NIH STTR Phase II grant 2014-2016 

• Duke School of Medicine Grant 2014-2015 

• DGHI – PRATT seed grant 2014-2015 

 


