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C o r r e s p o n d e n c e

Multispectral Optoacoustic Tomography for Assessment  
of Crohn’s Disease Activity

To the Editor: In chronic inflammatory diseas-
es, uncontrolled inflammation is associated with 
increased rates of hospitalization, complications, 
and death. Because of the potential severity of 
these conditions, there is an increased demand 
for new diagnostic approaches.1,2 Multispectral 
optoacoustic tomography (MSOT) is a new im-
aging technique that permits the noninvasive 
quantification of hemoglobin-dependent tissue 
perfusion and oxygenation as surrogates of in-
flammation.3 This approach uses the excitation 
of short-pulsed laser light with near-infrared 
wavelengths to induce the photoacoustic effect in 
targeted tissues, which results in detectable sound 
waves induced by thermoelastic expansion.

In this single-center, cross-sectional diagnostic 
study (ClinicalTrials.gov number, NCT02622139), 
MSOT Acuity Echo (iThera Medical) was used to 
perform transabdominal evaluation of intestinal 
inflammation in 108 patients with Crohn’s dis-

Figure 1 (facing page). MSOT Imaging for the Assessment 
of Crohn’s Disease Activity.

Panel A shows the transabdominal imaging approach, 
which uses the same detector for laser light emission 
and ultrasonic detection of signal levels by means of 
multispectral optoacoustic tomography (MSOT). Erythro-
cytes are the target for laser-light absorption and ultra-
sonic emission. Six different wavelengths (700, 730, 760, 
800, 850, and 900 nm) were used for MSOT data acqui-
sition; MSOT measurements, such as total hemoglobin 
(Hb), oxygenated Hb, deoxygenated Hb, and oxygen 
saturation, are calculated from these measurements. 
These hemoglobin-based measurements permit the 
evaluation of tissue perfusion and oxygenation as sur-
rogates of inflammation with MSOT. Panel B shows 
MSOT-derived total Hb signal levels in the intestinal 
wall (in both the large bowel and the small intestine) in 
44 patients with Crohn’s disease with different degrees 
of endoscopic inflammation. Such evaluation was per-
formed by means of the Simplified Endoscopic Score 
for Crohn’s Disease (SES-CD), which ranges from 0 to 
56, with higher scores indicating a greater severity of 
intestinal inflammation; remission is defined as a score 
of less than 3, low disease activity as a score of 3 to 6, 
moderate disease activity as a score of 7 to 15, and 
high disease activity as a score of 16 or more. The sig-
nal levels are expressed as normalized z scores and 
transformed into a linear scale of arbitrary units (au). 
The red dots represent single measurements for each 
patient; the horizontal lines indicate medians, and I 
bars the interquartile range. A single asterisk denotes 
P<0.05 and a double asterisk P<0.001 for the compari-
son with remission. Panel C shows representative im-
ages of MSOT measurements of total Hb in the large 
bowel and small intestine in patients with different 
grades of endoscopic disease activity (as evaluated by 
means of SES-CD). The top row shows representative 
MSOT measurements of total Hb as color-coded maps 
with an overlay of B-mode ultrasonographic images. 
The middle row shows schematic representations of 
the images shown in the top row. The bottom row 
shows the corresponding endoscopic evaluation.
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ease (Fig. 1A; also see Table S1 and Fig. S1 in the 
Supplementary Appendix and the protocol, avail-
able with the full text of this letter at NEJM.org). 
We compared the distribution of MSOT measure-

ments between patients with active Crohn’s dis-
ease and those with nonactive disease, which 
was determined on the basis of clinical scoring 
(Harvey–Bradshaw index), endoscopic scoring 

Si
gn

al
 L

ev
el

 (a
u)

110

90

100

80

70

50

60

0
Moderate HighLow

Endoscopic Activity

Endoscopic Activity (SES-CD)

Remission

Erythrocytes

Emitted
ultrasonic

waves

Absorbed
laser light

Probe

Inflamed
bowel segment

Moderate HighLowRemission

Skin line

Intestine

Lumen with airRegion of interest

High

Low

MSOT: Hbtotal

 Schematic Diagram

Endoscopy

14 9129
88.0 91.981.169.0

80.8–89.3 78.8–95.674.4–88.662.5–78.8
<0.001 <0.0010.03

C Imaging Examples

A Imaging Principle B MSOT Total Hemoglobin (Hbtotal)

No. of Patients
Hbtotal

IQR
P Value

* ** **

Region of interest

Intestine

Skin line

Lumen with air

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITATSBIBLIOTHEK ERLANGEN NURNBERG on March 30, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 376;13  nejm.org  March 30, 2017

(Simplified Endoscopic Score for Crohn’s Disease), 
and histologic scoring (modified Riley score) as 
reference tests. Furthermore, we compared the 
diagnostic performance of MSOT with clinical 
and laboratory assessments and conventional 
ultrasonography (Section 1 in the Supplementary 
Appendix). Clinical and laboratory assessments 
and ultrasonography (including the calculation of 
Limberg scores, which measure intestinal-wall 
thickness and perfusion) were conducted imme-
diately before MSOT imaging, and endoscopy 
was performed within 6 months (median inter-
val, 8.7 weeks; interquartile range, 1.4 to 13.8) 
after MSOT imaging.

A total of 17 patients were excluded from the 
study, because MSOT imaging could not be evalu-
ated. In the remaining patients, we explored 
MSOT values, including single-wavelength mea-
surements (700, 730, 760, 800, 850, and 900 nm) 
and spectrally unmixed measurements, including 
total hemoglobin, oxygenated hemoglobin, de-
oxygenated hemoglobin, and oxygen saturation 
(Section 1 and Fig. S2 in the Supplementary Ap-
pendix). Using endoscopy as a reference stan-
dard to distinguish active Crohn’s disease from 
nonactive disease in 44 patients, we found that 
there were significant differences between active 
disease and nonactive disease for all the MSOT 
values except for oxygen saturation (P≤0.001) 
(Table S3 in the Supplementary Appendix). We 
had similar results when we used histologic char-
acteristics as the reference standard in 42 pa-
tients but not when we used clinical scoring in 
86 patients (Section 2 and Tables S2 and S4 in the 
Supplementary Appendix). Our findings suggest 
that there was a significant difference in single-
wavelength measurements at 760 nm and spec-
trally unmixed total hemoglobin between patients 
with endoscopic remission and those with low-
grade active disease (P = 0.02 and P = 0.03, respec-
tively) (Fig. 1B and 1C, and Table S5 in the 
Supplementary Appendix). In addition, we com-
pared the diagnostic accuracy of MSOT to detect 
active disease with the accuracy of standard ultra-
sonography and clinical and laboratory assess-
ments (Table S6 and Figs. S4 and S6 in the 
Supplementary Appendix), but given the small 
sample size and the lack of validations of our 
findings in an independent population, we con-
sider these estimates and comparisons to be 
preliminary and exploratory.

In conclusion, this preliminary study suggests 

that MSOT-based assessment of hemoglobin 
levels in the intestinal wall has the potential to 
be used to distinguish active disease from re-
mission in patients with Crohn’s disease without 
the need for more invasive procedures; further 
study is needed.
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