
 
Fig. 1: The attenuation of light 
through a sample of middle ear fluid 
shows strong absorption in the 
SWIR (a). The absorption causes 
the fluid to appear black in a SWIR 
image (c), whereas it is translucent 
with visible imaging or by eye (b).A 
model filled with fluid shows the 
improvement in contrast that results 
using SWIR otoscopy (e) compared 
with visible otoscopy (d). 

 
Fig. 2. Representative Raman 
Spectra of serous (top) and mucoid 
(bottom) fluids. 
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Significance: Dr. Valdez is an associate professor of Otolaryngology at the 
University of Connecticut School of Medicine. Since 1999, when he was a 
visiting scientist at LBRC, he has investigated different spectroscopic 
modalities for the diagnosis of head and neck conditions ranging from 
cancer to infectious processes. Two specific publications show his early 
work with spectroscopy for detection of premalignant conditions [1,2]. Most 
recently he has incorporated spectroscopic imaging and computer vision to 
address diagnosis and surveillance of middle ear conditions. As a service 
collaborator with LBRC, he adapted LBRC technologies to implement a 
multi-wavelength otoscope using reflectance and fluorescence images and 
various computer vision algorithms to achieve identification and 
segmentation of middle ear and tympanic membrane structures [3–5]. 
The most common middle ear disease is otitis media, which refers to a 
continuum of inflammatory conditions of the middle ear, including acute 
infection. It is the second most common illness diagnosed in U.S. children, 
with over 8 million cases each year [6]. Over 20 million antibiotic 
prescriptions per year in the U.S. are for otitis media cases [8,11]. However, 
successful diagnosis of otitis media is estimated at only 51% for U.S. 
pediatricians, with over-diagnosis occurring 26% of the time [12-14]. The 
resulting excess antibiotic therapy has made otitis media a primary factor in 
increased antibiotic resistance [10,15-17]. On the other hand, failure to 
diagnose otitis media can lead to long-term hearing impairment, a delay in 
language acquisition, or formation of destructive skin growths in the middle 
ear (cholesteatoma) which require surgical excision [18-21]. 
Approach: Shortwave infrared (SWIR, 1-2 micrometer) from TRD1.1 and NIR Raman spectroscopy from 
TRD3.1 will be used for better diagnosis of middle ear disease. Adapting LBRC technology, Dr. Valdez 
implement an otoscope sensitive to SWIR wavelengths of light for middle ear disease diagnostics. With a first 
prototype, Dr. Valdez carried out a proof of concept IRB-approved study and showed that in healthy adult 
human ears, deeper tissue penetration of SWIR light enables improved visualization of middle ear structures 
through the tympanic membrane compared to conventional visible light otoscopy [6]. In addition, Dr. Valdez 
has investigated the potential for detection of middle ear fluid, which has significant implications for diagnosing 
otitis media. Middle ear fluid shows strong light absorption between 1400-1550 nm, enabling straightforward 
fluid detection in a model using the SWIR otoscope (Fig. 1). As an alternative approach, the endogenous NIR 

Raman spectrum from the middle ear may provide sufficient information for 
diagnosis. To address this need, LBRC transferred an already-established 
multimodal spectroscopy clinical instrument to Connecticut. This instrument 
will collect Raman spectra from human patients’ otitis media. (Fig. 2) This 
service project will address fundamental questions such as molecular make 
up of otitis media, and biochemical changes during infection. 
Two protocols-one for the SWIR otoscope, and one for the Raman 
instrument- have been approved by the Connecticut Children’s Medical 
Center and Massachusetts Institute of Technology Institutional Review 
Boards and we are currently enrolling patients. Our goal is to establish the 
sensitivity and specificity of the SWIR otoscope and NIR Raman 
spectroscopy for detection of middle ear fluid and to compare to the current 

diagnostic standard, pneumatic otoscopy. 
Center Offering: LBRC has provided instrumentation and technological knowledge for characterizing middle 
ear tissue and fluid to obtain a fundamental understanding of their spectroscopic properties. With LBRC 
advices, Dr. Valdez is developing a SWIR otoscope and develop clinical data analysis algorithm. LBRC also 
installed a multimodal spectroscopy (MMS) instrument in Dr. Valdez’s laboratory. Since 2014 December, 
collected spectroscopy data has been analyzed using existing algorithms in LBRC guided by LBRC 
researchers.  



Literature Cited: 
1.  V. Backman, M. B. Wallace, L. T. Perelman, J. T. Arendt, R. Gurjar, M. G. Müller, Q. Zhang, G. Zonios, 

E. Kline, J. A. McGilligan, S. Shapshay, T. Valdez, K. Badizadegan, J. M. Crawford, M. Fitzmaurice, S. 
Kabani, H. S. Levin, M. Seiler, R. R. Dasari, I. Itzkan, J. Van Dam, M. S. Feld, and T. McGillican, 
"Detection of preinvasive cancer cells.," Nature 406, 35–6 (2000). 

2.  M. G. Müller, T. A. Valdez, I. Georgakoudi, V. Backman, C. Fuentes, S. Kabani, N. Laver, Z. Wang, C. 
W. Boone, R. R. Dasari, S. M. Shapshay, and M. S. Feld, "Spectroscopic detection and evaluation of 
morphologic and biochemical changes in early human oral carcinoma.," Cancer 97, 1681–92 (2003). 

3.  R. Pandey, S. K. Paidi, J. W. Kang, N. Spegazzini, R. R. Dasari, T. A. Valdez, and I. Barman, 
"Discerning the differential molecular pathology of proliferative middle ear lesions using Raman 
spectroscopy.," Sci. Rep. 5, 13305 (2015). 

4.  T. A. Valdez, R. Pandey, N. Spegazzini, K. Longo, C. Roehm, R. R. Dasari, and I. Barman, 
"Multiwavelength fluorescence otoscope for video-rate chemical imaging of middle ear pathology.," 
Anal. Chem. 86, 10454–60 (2014). 

5.  T. A. Valdez, N. Spegazzini, R. Pandey, K. Longo, C. Grindle, D. Peterson, and I. Barman, "Multi-color 
reflectance imaging of middle ear pathology in vivo.," Anal. Bioanal. Chem. 407, 3277–83 (2015). 

6.  Table 2: top 5 diagnoses at visits to office-based physicians and hospital outpatient departments by 
patient age and sex: United States 2008. (Centers for Disease Control and Prevention, 2008). 

7.  Leibovitz, E. Acute otitis media in pediatric medicine: Current issues in epidemiology, diagnosis, and 
management. Pediatr. Drugs 5, 1–12 (2003). 

8.  Soni, A. STATISTICAL BRIEF #434: The Five Most Costly Children’s Conditions, 2011: Estimates for 
U.S. Civilian Noninstitutionalized Children, Ages 0-17. (Agency for Healthcare Research and Quality, 
2014). 

9.  Teele, D. W., Klein, J. O., Rosner, B. & Group, G. B. O. M. S. Epidemiology of Otitis Media During the 
First Seven Years of Life in Children in Greater Boston: A Prospective, Cohort Study. J. Infect. Dis. 160, 
83–94 (1989). 

10.  Steinbach, W. J., Sectish, T. C., Benjamin, D. K., Chang, K. W. & Messner, A. H. Pediatric Residents’ 
Clinical Diagnostic Accuracy of Otitis Media. Pediatrics 109, 993–998 (2002). 

11.  Long, S., Pickering, L. & Prober, C. Principles and practice of pediatric infectious diseases. (Churchill 
Livingstone, 2003). 

12.  Pichichero, M. E. Diagnostic Accuracy of Otitis Media and Tympanocentesis Skills Assessment Among 
Pediatricians. Eur. J. Clin. Microbiol. Infect. Dis. 22, 519–524 (2003). 

13.  Pichichero, M. & Poole, M. Assessing Diagnostic Accuracy and Tympanocentesis Skills in the 
Management of Otitis Media. Arch. Pediatr. Adolesc. Med. 155, 1137–1142 (2001). 

14.  Pichichero, M. E. & Poole, M. D. Comparison of performance by otolaryngologists, pediatricians, and 
general practioners on an otoendoscopic diagnostic video examination. Int. J. Pediatr. Otorhinolaryngol. 
69, 361–366 (2005). 

15.  Powers, J. H. Diagnosis and Treatment of Acute Otitis Media: Evaluating the Evidence. Infect. Dis. Clin. 
North Am. 21, 409–426 (2007). 

16.  McGrath, L. J., Becker-Dreps, S., Pate, V. & Brookhart, M. A. Trends in Antibiotic Treatment of Acute 
Otitis Media and Treatment Failure in Children, 2000–2011. PLoS ONE 8, 1–6 (2013). 

17.  Garbutt, J., Jeffe, D. B. & Shackelford, P. Diagnosis and Treatment of Acute Otitis Media: An 
Assessment. Pediatrics 112, 143–149 (2003). 

18.  Pelton, S. I. & Leibovitz, E. Recent advances in otitis media. Pediatr. Infect. Dis. J. 28, S133-137 
(2009). 

19.  Rovers, M. M. The burden of otitis media. Vaccine 26, Supplement 7, G2–G4 (2008). 
20.  Gupta, A. & Agarwal, S. R. A study of prevalence of cholesteatoma in complications of suppurative 

otitis media. Indian J. Otolaryngol. Head Neck Surg. 50, 140–146 (1998). 
21.  Masanta, W. O., Hinz, R. & Zautner, A. E. Infectious Causes of Cholesteatoma and Treatment of 

Infected Ossicles prior to Reimplantation by Hydrostatic High-Pressure Inactivation. BioMed Res. Int. 
2015, e761259 (2015). 



22.  Carr, J. A., Valdez, T. A., Bruns, O. T. & Bawendi, M. G. Using the shortwave infrared to image middle 
ear pathologies. Proc. Natl. Acad. Sci. 201610529 (2016). doi:10.1073/pnas.1610529113 

 


