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Globally white-light endoscopy with biopsy sampling is the gold standard diagnostic modality for esophageal, gastric, and colonic 
pathologies. However, there is overwhelming evidence to highlight the deficiencies of an approach based predominantly on eyeball 
visualization. Biopsy sampling is also problematic due in part to excessive sampling and hence attendant cost. Various innovations are 
currently taking place in the endoscopic domain to aid operators in diagnosis forming. These include narrow band imaging which aims 
to enhance the surface anatomy and vasculature, and confocal laser endomicroscopy which provides real time histological information. 
However, both of these tools are limited by the skill of the operator and the extensive learning curve associated with their use. There 
is a gap therefore for a new form of technology that relies solely on an objective measure of disease and reduces the need for biopsy 
sampling. Raman spectroscopy (RS) is a potential platform that aims to satisfy these criteria. It enables a fingerprint capture of tissue in 
relation to the protein, DNA, and lipid content. This focused review highlights the strong potential for the use of RS during endoscopic 
gastroenterological examination. Clin Endosc  2016;49:404-407
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INTRODUCTION

White-light endoscopy with biopsy sampling has been es-
tablished globally as the gold standard diagnostic modality 
for esophageal, gastric, and colonic pathologies. However, 
overwhelming evidence highlights the deficiencies of ap-
proaches based predominantly on eyeball visualization. Bi-
opsy sampling is also problematic partly because of excessive 
sampling and hence attendant cost. Various innovations in the 
endoscopic domain are currently underway to aid operators 
in diagnosis. These include narrow band imaging, which is 
aimed at enhancing the surface anatomy and vasculature, and 

confocal laser endomicroscopy, which provides real-time his-
tological information. However, both of these tools are limited 
by the skill of the operator and the extensive learning curve 
associated with their use (Table 1).

Therefore, a new form of technology that relies solely on 
an objective diagnostic parameter of disease and reduces 
the need for biopsy sampling needs to be developed. Raman 
spectroscopy (RS) is a potential platform that aims to satisfy 
these criteria. In brief, RS involves the application of light that 
induces molecular polarization changes and inelastic scatter-
ing of incident photons that correspond to the exact nature of 
the Raman vibrational modes of the molecules in question.1 
It enables fingerprint (FP) capture of tissue in relation to the 
protein, DNA, and lipid contents.

This focused review highlights the strong potential for the 
use of RS during endoscopic gastroenterological examinations.

ESOPHAGUS

Wang et al.2 used surface-enhanced Raman scattering (SERS) 
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nanoparticles (NPs) to aid in the detection of cell surface bio-
markers specific to esophageal cancer. A validated spectral en-
doscope was developed to aid in imaging SERS NPs that target 
the epidermal growth factor receptor and human epidermal 
growth factor receptor 2 by applying them in a rat esophageal 
cancer model. Whole luminal scanning was achieved at a 
speed of 0.6 cm/min. The highlighted advantages of SERS NPs 
are their excitation ability at a single wavelength (785 nm), en-
abling equal analysis of all NP reporters in terms of intensity, 
area, and depth.2

Bergholt and colleagues1 at the National University Hospital 
Singapore developed an in vivo Raman spectroscopic system 
for the real-time detection of Barrett’s associated dysplasia 
(Fig. 1). The custom-built probe was designed in such a way 
as to enable its insertion within the preexisting endoscopic 
biopsy channel with subsequent placement on surface lesions. 
Results obtained noted a sensitivity and specificity of 87% and 
84.7%, respectively, for high-grade dysplastic tissue.1

Further work in relation to Barrett’s associated dysplasia and 
adenocarcinoma conducted an ex vivo analysis of 62 patients. 

Table 1. Summary of Benefits and Drawbacks of the Currently Used Endoscopic Tools

Endoscopic tool Benefits and drawbacks

White-light endoscopy Requires little training but has poor sensitivity for lesion detection

Narrow band imaging Shows enhanced surface anatomy and vasculature but has complicated classification systems

Confocal laser endomicroscopy Provides real-time histological details but has a steep learning curve

Autofluorescence imaging Poor sensitivity and specificity in lesion detection

Chromoendoscopy Capable of enhanced surface lesion detection but has a strong interobserver disagreement

Raman spectroscopy U�seful for objective diagnosis and requires little training. Its current drawbacks include its 
ability to only diagnose focal lesions.

Fig. 1. Schematic diagram of the custom-built in vivo  Raman spectroscopy system at National University Health System. Adapted from Bergholt et al.,1 with permis-
sion from Elsevier. CCD, charge coupled device; AFI, autofluorescence imaging; WLR, white-light reflectance; NBI, narrow band imaging.  
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A sensitivity of 86% and specificity of 88% for the detection of 
both tissue subtypes were reported.3

Previous work by the same group involved measuring 337 
Raman spectra from esophageal tissue samples from 28 pa-
tients. Analysis to distinguish between Barrett’s esophagus and 
neoplasia demonstrated a sensitivity of 88% and a specificity 
of 87% for malignant disease.4

In relation to esophageal cancer, RS was used to assess 75 
esophageal tissue samples from 27 patients. Esophageal cancer 
tissue demonstrated Raman signals associated with several as-
pects, including cell proliferation, decrease in lipid level, dys-
functional nuclear activity, and neovascularization. Elements 
such as actin, DNA, histones, triolein, and glycogen yielded an 
accuracy of 96.0% (i.e., sensitivity of 97.0% and specificity of 
95.2%) for an in vivo diagnosis of disease.5

STOMACH

Wang et al.6 used RS to assess premalignant gastric patholo-
gies. They obtained 5,792 Raman spectra from 441 tissue sites 
in 191 gastric patients. Diagnostic sensitivity rates of 96.0%, 
81.8%, and 88.2%, and specificity rates of 86.7%, 95.3%, and 
95.6% were obtained for the classification of normal, dysplas-
tic, and cancerous gastric tissues, respectively.6

The same group used RS in the assessment of gastric intesti-
nal metaplasia (IM). They obtained 4,520 Raman spectra from 
157 patients. Diagnostic sensitivity rates of 89.3%, 89.3%, and 
75.0%; specificity rates of 92.2%, 84.4%, and 82.0%; positive 
predictive values of 52.1%, 35.2%, and 28.4%; and negative 
predictive values of 98.9%, 98.8%, and 97.2% were achieved by 
using a combined FP/high wave number (HW), FP, and HW 
Raman process, respectively. Further analysis demonstrated 
an area under the curve of 0.92 for IM.7

Another group successfully used RS for endoscopic assess-
ment of premalignant lesions (adenomatous polyp, n=27) and 
cancer tissues (adenocarcinoma, n=33). Sensitivity rates of 
96.3%, 96.9%, and 96.9%, respectively, and specificity rates of 
93%, 100%, and 95.2%, respectively, were observed in discrim-
ination of normal, adenomatous polyp, and adenocarcinoma 
gastric tissues.8

Bergholt et al.9 used RS in the detection of precancerous 
gastric IM and dysplasia. In an analysis of 1,277 spectra from 
a patient sample of 83, results indicated that RS is useful for 
identifying normal mucosa at a sensitivity of 75.88% and spec-
ificity of 87.21%, IM at a sensitivity of 46.67% and specificity 
of 87.55%, dysplasia at a sensitivity of 83.33% and specificity 
of 95.80%, and adenocarcinoma at a sensitivity of 84.91% and 
specificity of 95.57%.9

Additional gastric work comes from a total of 2,748 gastric 

tissue spectra, encompassing a patient sample size of 305. RS 
provided a diagnostic accuracy of 85.6%, sensitivity of 80.5%, 
and specificity of 86.2% for the detection of gastric cancer.10

Kawabata et al.11 obtained 213 Raman spectra from 12 malig-
nant gastric lesions. A sensitivity, a specificity, and an accuracy 
of 73%, 73%, and 72%, respectively, were attained for cancer 
diagnosis. RS proved valuable in the differentiation between 
tumor grades and between early and advanced cancers, with a 
focus on T1a (M) and T1b (SM) with high accuracy (98%, 93%, 
and 98%, respectively).11

The molecular capabilities of RS can help to determine the 
biological changes that occur from normal to malignant tis-
sues. This provides added value in determining potential cell 
surface markers suitable for enhanced endoscopic diagnosis 
and possible future drug targets. Chen et al.12 used RS to ana-
lyze the biochemical nature of molecules associated with ma-
lignant gastric mucosa. Results demonstrated a notable DNA 
phosphate backbone instability in cancer cells with an increase 
in the relative content of histones; a reduction in collagen 
content, enhancing metastasis; and an increase in unsaturated 
fatty acid levels.12

COLON

Work in relation to the real-time diagnosis of adenomatous 
polyps has been undertaken by using RS. The FP/HW Raman 
spectra of 17 colorectal polyps from 50 patients were obtained. 
Raman spectral differences between hyperplastic lesions and 
adenomas that were significant at p<0.001 were observed. This 
was speculated to be due to changes in protein, DNA, and 
lipid contents. Simultaneous FP/HW RS provided a diagnostic 
sensitivity of 90.9% and specificity of 83.3% for differentiating 
adenomas from hyperplastic polyps.13

Additional research by the same group used RS for several 
anatomical colonic sites from the rectosigmoid through the 
ascending colon in 50 patients. In this regard, a diagnostic ac-
curacy of 88.8% (sensitivity 93.9% and specificity 88.3%) was 
reported for colorectal cancer detection.14

Pre-malignant stages of colorectal cancer can also benefit 
from the use of RS. Veenstra et al.15 evaluated the spectra of 
patients with ulcerative colitis, focusing on the mucosal and 
serosal regions. Regarding the mucosa, RS had a sensitivity of 
82% and specificity of 89%. For the serosal regions, RS had a 
sensitivity of 87% and a specificity of 93%.15

CONCLUSIONS

Limitations of endoscopic examination are well known. 
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The inability of white-light endoscopy to truly distinguish 
malignant lesions from inflammatory lesions is a persistent 
issue, and only astute examination can help reduce missed 
lesions. While additional modalities such as narrow band 
imaging aim to enhance the surface anatomy of lesions, clas-
sification systems are complex and require extensive training. 
RS is aimed at providing a more objective endoscopic diag-
nosis. Thus, it provides several benefits, including limited 
or a more targeted biopsy sampling. In view of the current 
guidelines established by the American Society for Gastro-
intestinal Endoscopy for Preservation and Incorporation of 
Valuable Endoscopic Innovations, which focus on real-time 
diagnosis and treatment, RS allows for real-time diagnosis 
and further aids endoscopic resection through appropriate 
margin detection. Currently, pathological examination tech-
niques remain the gold standard diagnostic method. Further 
research will allow RS to provide clinicians with significant 
advantage in the detection of malignant and pre-cancerous 
pathologies.
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