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Objective: To assess the feasibility of apparent diffusion coefficient analysis in evaluating the inflammatory 
severity of extracranial abscesses.
Methods: This retrospective study included 23 patients with solitary body abscesses (except those in the 
brain) who underwent 1.5-T diffusion-weighted magnetic resonance imaging (DWI) at b-values of 0 and 1000 
s/mm2. Three types of the Apparent Diffusion Coefficient (ADC) measurements of abscesses were per-
formed: the mean ADC value in region of interest (ROI), volume of interest (VOI), and histogram analysis 
of the ADC distribution in the VOI. Furthermore, two different areas were used: high-intensity area on b 
= 0 and b = 1000 s/mm2 images. Subsequently, correlations between ADC data and C-reactive protein (CRP) 
levels were assessed using Pearson’s correlation coefficient (R) analyses.
Results: The strongest correlation was observed between the mean ADC value in VOI and CRP level (R = 0.78, 
P < 0.01), followed by ROI (R = 0.77, P < 0.01) by using the high-intensity area on the b = 0 s/mm2 images. 
Conclusion: The mean ADC value in the ROI encompassing the abscess at a b-value of 0 s/mm2 may be useful 
to assess the inflammatory activity of an abscess in daily practice.

Key words: Abscess, Apparent diffusion coefficient, C-reactive protein, Diffusion-weighted magnetic reso-
nance imaging, Histogram analysis

INTRODUCTION

Body abscesses (excluding the brain) are encoun-
tered frequently in daily clinical practice. If managed 
inadequately, they may cause life-threatening septic 
shock. The timely detection of an abscess and deter-
mination of the degree of associated inflammation 
are important in selecting appropriate treatments such 
as antimicrobials or abscess drainage [1, 2]. Increased 
C-reactive protein (CRP) level, white blood cell counts, 
and erythrocyte sedimentation rate are the accurate 
clinical predictors of an abscess [3, 4]. However, almost 
all patients with suspected inflammation or an abscess 
are treated with mild antimicrobial therapy before 
admission to a large hospital, and radiological exam-
inations provide additional help for evaluating the 
inflammatory activity and abscesses in serious cases.

Ultrasonography (US) and computed tomography 
(CT) play important roles in the diagnoses of abscesses 
in the body. They can also evaluate the size and shape 
of the abscess cavity, and are useful in determining the 
possibility of a puncture procedure. The therapeutic 
response can also be assessed by US and CT, although 

it may be difficult to assess the inflammatory severity 
of abscesses using these modalities.

Magnetic resonance imaging (MRI) is also useful in 
the detection and evaluation of abscesses. The utility 
of MRI in this setting may be further enhanced by 
the addition of diffusion-weighted imaging (DWI) [5-
7]. Whole-body DWI is useful for the detection and 
characterization of pathological processes [8]. DWI is 
a fast echo-planar imaging (EPI) technique, and is 
increasingly being used in clinical practice [5]. The dif-
fusivity of water molecules is affected in the organized 
abscess environment containing microorganisms, mac-
romolecules, and inflammatory cells [6, 9] Oto A et al. 
[5] reported that as abscesses demonstrate high signal 
intensity on DWI in the abdominopelvic region, it may 
be possible to differentiate between an abscess and 
non-infected ascites by evaluating the apparent diffu-
sion coefficient (ADC) value. In addition, Yoshizako [7] 
reported that ADC in the positive inflammation activ-
ity group with high CRP levels was significantly lower 
than that in the negative inflammation activity group 
in perianal fistula patients. Based on these preliminary 
data [5, 7, 10], we hypothesize that DWI with ADC 
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measurements may potentially provide information on 
the associated inflammatory activity of an abscess.

An abscess cavity often shows areas of high intensity 
on b = 0 s/mm2 images and low intensity on high 
b-value images. High intensity on b = 0 s/mm2 image 
shows rich water such as exudative fluid or low-vis-
cosity pus in an abscess [11]. Therefore, not only the 
abscess area on b = 1000 s/mm2 images, but also that 
on b = 0 s/mm2 images may need to be considered 
for DWI with ADC measurements. Furthermore, it is 
still unknown whether the region of interest (ROI) or 
the volume of interest (VOI) should be used for ADC 
measurements in this setting.

The purpose of this study was to assess the feasi-
bility of ADC data in evaluating the inflammatory 
severity of body abscesses. 

MATERIALS AND METHODS

Patients
The institutional ethics committee approved this 

retrospective study and granted a waiver for the re-
quirement of informed consent.

A total of 28 patients who were diagnosed with a 
solitary abscess by either US, CT, or MRI at the Tokai 
University Hospital (2003/ Oct.-2014/ Mar.) were 
eligible for inclusion. Three patients with two or more 
foci of inflammation and two patients who had un-
dergone drainage therapy were excluded before MRI 
analysis. Thus, a total of 23 patients were included in 
the present study. All patients were clinically diagnosed 
with bacterial abscesses and given a clinical course 
of antimicrobial therapy. The patients consisted of 15 
men and eight women, and ranged in age from 43 to 
79 years (mean age, 61.5 ± 10.6 years). The locations 
of the abscesses were as follows: eight in the liver; eight 
in the pelvis; one in the peritoneal cavity; two in the 
neck; one in the prostate; and three in muscle layers of 
the body (i.e., the psoas major, gluteus maximus, and 
erector spinae muscles). Prior to the MRI examination, 
18 patients had been administered antimicrobials for 
durations ranging from 2-53 days (mean duration, 11 
± 14 days). Eleven patients were administered antiphlo-
gistics either orally or intravenously because of highly 
febrile states. Five patients did not receive antimicrobi-
als or antiphlogistics.

MRI
All patients were examined with a 1.5-T system 

(Gyroscan Intera; Philips Healthcare, Best, The 
Netherlands) using a phased-array body coil or head 
and neck coil. DWI was performed in the axial plane 
using a short TI inversion recovery-EPI (STIR-EPI) 
sequence with the following parameters: repetition 
time/echo time/inversion time of 5000-10000/70/180 
ms, slice thickness/gap of 5/1 mm, field of view was 
attached to the area of targets ( 450 × 450 - 350 × 350 
mm2 ), acquisition matrix of 128 × 81, motion probing 
gradients in three orthogonal axes, b-values of 0 and 
1000 s/mm2, number of signal averages of 7, and im-
age acquisition under free breathing condition. Axial 
trace ADC maps were created from signals obtained 
from images with two b-values (0 and 1000 s/mm2).

Image analysis
An abscess may have two components: pus and 

exudative fluid. We hypothesized that whole pus 
exhibits high signal intensity at b = 1000 s/mm2 (Fig. 
2) and low-viscosity pus or exudative fluid shows high 
signal intensity at b = 0 s/mm2 (Fig. 3). Therefore, we 
analyzed both areas. Two radiologists with more than 
15 years of experience, who were blinded to the CRP 
levels and other clinical information, used a work-
station (Ziostation, Ziosoft, Tokyo, Japan) to conduct 
volumetric segmentation on DWI at b = 1000 s/mm2 
and b = 0 s/mm2 of abscess. We also examined the 
inter-observer correlation between both readers, using 
a Spearman’s rank correlation coefficient. The level of 
agreement by Rho (t) values was categorized as fol-
lows: 0-0.20, little or no correlation; 0.21-0.40, moder-
ate correlation; 0.41-0.70, good correlation; and 0.71-
1.0, very good or excellent correlation. Edematous and 
fluid-rich tissues around an abscess were distinguished 
from the true abscess cavity using T2 weighted image 
(T2WI) or gadolinium-enhanced T1 weighted image 
(T1WI) for delineation of the abscess (Fig. 1a, b). The 
axial image that showed the largest area was selected 
for the ROI measurement at b = 1000 s/mm2 and b = 
0 s/mm2 (Fig. 2a, Fig. 3a), respectively. Furthermore, 
images that showed the entire high-intensity area at b = 
1000 s/mm2 and b = 0 s/mm2 was selected for the VOI 
measurement (Fig. 2b, Fig. 3b).

Then, the mean ADC value of VOIs at b = 1000 
and b = 0 s/mm2 were calculated. Subsequently, the 
mean ADC value of the ROI at the b = 1000 and b = 
0 s/mm2 delineations were calculated as well (Fig. 2c, 
Fig. 3c). An ADC histogram analysis was then conduct-
ed by means of hand-made software. Representative 
examples of this procedure are shown in Fig. 2d and 
3d.

The definitions of kurtosis and skewness are as fol-
lows: 

Kurtosis = ∑ (Xi - µ)4

   Nv4

Skewness = ∑ (Xi - µ)3

   Nv3

where Xi is the element value, µ is the average, v is the 
standard deviation, and N is the number.

Then, the percentage of the total amount of voxels 
was measured for each ADC.

CRP level
Plasma CRP concentration was measured in a latex 

particle-enhanced turbidimetric immunoassay with an 
autochemistry analyzer (type 7600 or 7700, Hitachi, 
Japan) using the Eiken LZ test (Tokyo, Japan). The 
lower limit of detection for plasma CRP was 0.09 mg/
dL, and the reference range was less than 0.30 mg/
dL.

Statistical analysis
Statistical analyses were executed using MedCalc 

Software (MedCalc, Mariakerke, Belgium).
1)  The associations between the mean ADC value in 

the selected ROI (at b = 0 and b = 1000 s/mm2) and 
CRP level were assessed using Pearson’s correlation 
coefficient (R). 

2)  Associations between the mean ADC values of the 
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selected VOI (at b = 0 and b = 1000 s/mm2) and 
CRP level were assessed using Pearson’s correlation 
coefficient (R). 

3)  ADC histogram analysisIt was hypothesized that ac-
tive abscesses (i.e., those associated with higher CRP 
levels) would contain more exudative fluid than less 
active abscesses (i.e., those with lower corresponding 
CRP levels); as a result, the former would contain 
more voxels in the higher ADC regime. Since no 
a priori threshold exists for defining which voxels 
belong to the “low” ADC regime and which voxels 
belong to the “high” ADC regime, multiple ADC 
thresholds ranging from 0.5 to 2.0 × 10-3 mm2/s at 
steps of 0.1 × 10-3 mm2/s were explored to separate 
the two groups. The percentage of voxels in the 
“high” ADC regime (%ADC) was measured for each 
of these thresholds separately at b = 0 and b = 1000 
s/mm2. The correlation between the percentage of 
voxels in the “high” ADC regime (for the different 
thresholds described earlier) and CRP level was 
assessed using Pearson’s correlation coefficient (R). 
The correlation between kurtosis/skewness and CRP 
level were also assessed using Pearson’s correlation 
coefficient (R).
P-values < 0.05 were considered statistically signif-

icant. Pearson’s R values ranging from 0-0.19, 0.2-
0.39, 0.40-0.59, 0.6-0.79, and 0.8-1 were considered 
to indicate very weak, weak, moderate, strong, and 
very strong correlations, respectively.

RESULTS

The inter-observer correlation for the ADC values 
was very good (t = 0.83; P < 0.001). CRP levels were 
measured within ± 1 day of the MRI examination and 
ranged between 0.28 and 25.40 mg/dL (mean CRP, 
8.46 ± 7.35 mg/dL). Antimicrobial therapy or abscess 
drainage improved all abscesses based on a radiolog-
ical diagnosis. Eight abscesses were drained after the 
MRI examination, and the culture results were after 
drainage were, 1; Enterobacter cloacae, 2; Enterococcus 
faecalis, 3; Klebsiella pneumonia, 1; Escherichia coli, 1; 
Alpha haemolitic streptococcus, 2; Staphylococcus aureus, 
2; Staphylococcus epidermidis, 1; Peptostreptococcus, 1 
(some have overlap). One patient had a positive blood 
culture (Klebsiella pneumonia), 13 had negative blood 
cultures and no cultivation test was carried out for 6 
patients. None of the cases involved surgery. The over-
all results including the measurement types with any R 
are shown in Tables 1 and 2, including the R measure-
ments. For the two types of b-values, stronger correla-
tions were observed at b-values of 0 s/mm2 than with 
b-values of 1000 s/mm2. Among the three types of 
datasets (i.e., ROI, VOI, and ADC histogram) at b-val-
ue of 0 s/mm2, the strongest correlation was observed 
for the mean ADC value in VOI analysis (Pearson’s R 
= 0.78, P < 0.01), followed by the mean ADC value in 
ROI analysis (Pearson’s R = 0.77, P < 0.01), and %ADC 
for ADC threshold of 1.8 × 10-3 mm2/s (Pearson’s R 

a

c d e

b

Fig. 1	 A 78-year-old man with an abscess in the right psoas major with an active inflammatory process (CRP level 
of 13.8 mg/dL)

	 a)  T2-wighted fat-saturated image shows a high intensity area in the right psoas major with a capsule and 
bulkhead structure.  

	 b)  T1-wighted fat-saturated image with gadolinium enhancement shows enhancement of the capsule and bulk-
head structure.

	 c)  DWI (b = 1000 s/mm2 image) shows high intensity in the posterior portion of the inside of the abscess. 
Moreover, the largest high intensity area was measured to calculate the ROI.

	 d) DWI (b = 0 s/mm2 image) shows high intensity inside the whole abscess. 
	 e)  ADC map shows low intensity in the in the posterior portion of the inside of the abscess and in the capsule 

and bulkhead structure.
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Fig. 2	 Calculation of the b = 1000 s/mm2 image
	 a)  DWI (b = 1000 s/mm2 image) through the largest area of the lesion is used for the ROI measurement.
	 b)  The segmented VOI on b = 1000 s/mm2 image is shown.
	 c)  ADC map with high intensity area on b = 1000 s/mm2 image is shown.
	 d)  Histogram with high intensity area from b = 1000 s/mm2 image.

Fig. 3	 Calculation of the b = 0 s/mm2 image
	 a) DWI (b = 0 s/mm2 image) through the largest area of the lesion is used for the ROI measurement.
	 b) The segmented VOI on b = 0 s/mm2 image.
	 c) ADC map with high intensity area on b = 0 s/mm2 image is shown.
	 d) Histogram with high intensity area from b = 0 s/mm2 image.
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= 0.71, P < 0.01). The ROI areas at b-values of 0 s/
mm2 showed a moderate correlation with CRP levels 
(Pearson’s R = 0.59, P < 0.01), and at 1000 s/mm2 
showed moderate correlation (Pearson’s R = 0.42, P < 
0.01); the volumes of the VOI at b-values of 0 s/mm2 

showed moderate correlation with CRP levels as well 
(Pearson’s R = 0.54), and at 1000 s/mm2 showed weak 
correlation (Pearson’s R = 0.32, P < 0.01). Regarding 
the ADC histogram analysis, a higher correlation with 
CRP level was observed at ADC threshold of 1.8 × 10-3 
mm2/s (Pearson’s R = 0.71, P < 0.01) at b-value of 0 s/
mm2 than with 1.2 × 10-3 mm2/s (Pearson’s R = 0.58, P 
< 0.01) at b-value of 1000 s/mm2.

There was moderate or no significant correlation 
between skewness and CRP level at b = 0 or b = 1000 
s/mm2 (Pearson’s R = 0.56, P = 0.02 and R = -0.18, 
P = 0.96, respectively), or between kurtosis and CRP 
level at b = 1000 s/mm2 (Pearson’s R = -0.04, P = 0.37). 
There was a strong negative correlation between kurto-
sis and CRP level at b = 0 s/mm2 (Pearson’s R = -0.60, 
P < 0.01).

DISCUSSION

Diffusion is sensitive to the random Brownian mo-
tion of water molecules, which is thought to depend 
mainly on limitations from interactions with cell mem-
branes and macromolecules in biological tissues [6, 7, 
12, 13]. Therefore, malignant lesions frequently show 
high intensity on DWI because of their relatively high 
cellular density and lower level of extracellular space. 
On the other hand, abscesses also show high intensity 
on DWI, but due to a different mechanism. Abscesses 
consist of inflammatory cells, a matrix of proteins, cel-
lular debris, and bacteria in high-viscosity pus, which 
results in low ADC values [6-8, 14].

Cartes-Zumelzu et al. [13] reported that brain abscess 
cavities demonstrated high signal intensity on DWI, 
and after treatment with antimicrobials or surgical 
drainage, the abscesses had low signal intensity on 
high b-value DWI with high ADC value. Yoshizako et 
al. [7] reported that active perianal fistulas had lower 
ADC values than inactive perianal fistulas, although 
there was a considerable overlap in ADC values be-
tween the two groups. Oto A et al. reported that an 

abdominopelvic abscess demonstrated high signal on 
DWI, and the ADC value at 2.0 × 10-3 mm2/s was the 
optimal threshold to differentiate between an abscess 
and non-infected ascites [5]. 

In this report, abscess cavities showed high signal on 
DWI as well (b = 1000 s/mm2). The mean ADC value 
in ROI and VOI of the high-intensity area on images 
at b-value of 0 s/mm2 were positively correlated with 
CRP levels. However, several abscess cavities had areas 
that only showed high signal at b = 0 s/mm2; hence, 
examining both areas should be considered to evaluate 
the whole abscess cavity. Furthermore, before the start 
of this study, we speculated that we should consider the 
VOI analysis as a better approach rather than a simple 
ROI analysis.

A strong correlation between the mean ADC value 
and CRP level was not produced by the ROI/VOI 
delineation at b-value of 1000 s/mm2. Unexpectedly, 
strong correlations were observed for the ROI/VOI 
delineation at b-value of 0 s/mm2. Regarding the three 
datasets (ROI, VOI, and ADC histogram), the strongest 
correlation was observed for the mean ADC value in 
the VOI (Pearson’s R = 0.78, P < 0.01), followed by the 
mean ADC value in ROI (Pearson’s R = 0.77, P < 0.01), 
and %ADC for ADC threshold of 1.8 × 10-3 mm2/s 
(Pearson’s R = 0.71, P < 0.01). Because there was only 
small difference and the ROI analysis is simpler than 
the VOI analysis, the ROI analysis may be the most 
practical approach for this purpose. Our results seem 
to contradict previous studies that showed a tendency 
for active inflammatory process to have low ADC 
values [5, 7, 13] because our mean ADC data were 
positively correlated with the CRP level. One possible 
explanation is that previous studies made compari-
sons between “non-active” and “active” inflammatory 
groups. Another explanation is that the areas were 
extracted from b = 0 s/mm2 images. One explanation 
is that active abscesses contain more exudative fluid 
than less active abscesses, and as a result, the former 
would have a larger high signal area on b = 0 s/mm2 
images, which would lead to high ADC value. To our 
knowledge, this is the first study that has showed the 
importance of performing an ADC measurement 
based on the ROI/VOI delineation on b = 0 s/mm2 

Table 1	 The results of Pearson’s R for the correlation between the measurements and CRP level on b = 
0 s/mm2 image

b = 0 s/mm2 ROI
(area)

ROI
mean ADC

VOI
(volume)

VOI
mean ADC

%ADC Skewness Kurtosis

Pearson’s R 0.586 0.771 0.535 0.782 0.705 0.557 -0.599

P < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.017 < 0.01

Table 2	 The results of Pearson’s R for the correlation between the measurements and CRP level on b = 
1000 s/mm2 image

b = 1000 s/mm2 ROI
(area)

ROI
mean ADC

VOI
(volume)

VOI
mean ADC

%ADC Skewness Kurtosis

Pearson’s R 0.422 0.428 0.324 0.665 0.582 -0.183 -0.04

P < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 0.96 0.37
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image to evaluate the inflammatory activity of a body 
abscess cavity. 

 Regarding the ADC histogram analysis, the highest 
correlation was seen at an ADC threshold of 1.8 × 10-3 
mm2/s (Pearson’s R = 0.71, P < 0.01) at b-value of 0 s/
mm2, and at 1.2 × 10-3 mm2/s (Pearson’s R = 0.58, P < 
0.01) at b-value of 1000 s/mm2. However, there was no 
additional advantage in performing a more complicat-
ed histogram analysis over calculating the mean ADC 
value for the assessment of inflammatory activity.

Histogram analysis was reported to be helpful for 
the determination of the efficiency of chemotherapy 
in malignant tumors [16, 17], although the skewness 
and kurtosis did not show stronger correlations with 
the CRP level than the mean ADC value in the ROI/
VOI. Therefore, we may omit a histogram analysis to 
evaluate the inflammatory activity of abscesses.

Our study has several limitations. The major 
limitation is that our analysis was a retrospective, 
single-institution study. Therefore, a referral bias could 
exist. Second, our sample size was small, and among 
the 23 patients, 18 patients had previously received 
antimicrobials either orally or intravenously because 
of their highly febrile state, while the other patients 
did not receive medical treatment. This difference may 
have influenced the results, especially with regard to 
the amount of exudative fluid and low-viscosity pus 
present. However, in our study, found no significant 
difference in all of the data sets between medicated 
and non-medicated patients (including the mean ADC 
value for the ROI/ VOI at b = 0 s/mm2) that were 
assessed using an unpaired t-test. In daily clinical 
practice, the majority of patients undergoing the MRI 
examination for scrutiny of the abscess have previ-
ously received some medication (e.g., antimicrobial or 
anti-inflammatory agents) at the first contact with a 
doctor who make a diagnosis of some sort of infec-
tious disease based on the symptoms and laboratory 
examinations (blood screening, ultrasonography, or a 
CT scan). All for these reasons, it may be practical to 
investigate patients with and without a history of med-
ical treatment. Third, the affected region and causative 
organism of these abscesses varied. However, Henning 
et al. [18] reported that the mean ADC value of abscess 
for several organs (i.e., muscle, liver, spleen, and kid-
ney) showed little difference, with the exception of a 
tuberculous soft tissue abscess. Fourth, the sequence 
that we used is a popular single-shot spin-echo EPI 
sequence, which inherently suffers from the effects of 
distortion. This distortion may cause inaccurate values 
for ADC calculations because of differences in distor-
tion between b = 0 and b = 1000 mm2/s images. 

CONCLUSION

The mean ADC value in the ROI or VOI encom-
passing an abscess at b-value of 0 s/mm2 was positively 
correlated with the CRP level. Overall our results 
suggest that because of its simplicity, the ROI mea-
surement may be the best way to assess the associated 
inflammatory activity of an abscess in daily practice.
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