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Abstract

Objectives To identify CT parameters independently associated with infectious mediastinitis after cardiac surgery and to improve

the discrimination of patients with acute infection from those with normal postoperative changes.

Methods In this single-center, retrospective, observational cohort study, we evaluated thoracic CT scans of poststernotomy

cardiac surgery patients. Inclusion criteria were clinically suspected mediastinitis, unclear CT signs (e.g., retrosternal mass),

and subsequent deep revision surgery. Revision surgery and microbiological samples determined the mediastinitis status. Overall,

22 qualitative and quantitative CT imaging parameters were assessed and associated with infectious mediastinitis in univariate

and multivariate regression models. Discriminative capacity and incremental value of the CT features to available clinical

parameters were determined by AUC and likelihood-ratio tests, respectively.

Results Overall 105 patients (82% men; 67.0 = 10.3 years) underwent CT and deep revision surgery. Mediastinitis was confirmed

in 83/105 (79%) patients. Among available clinical parameters, only C-reactive protein (CRP) was independently associated with

infectious mediastinitis (multivariate odds ratio (OR) (per standard deviation) =2.3; p <0.001). In the CT, the presence of free

gas, pleural effusions, and brachiocephalic lymph node size were independently associated with mediastinitis (multivariate

ORs =1.3-6.3; p<0.001-0.039). Addition of these CT parameters to CRP increased the model fit significantly (X*=17.9;

p<0.001; AUC, 0.83 vs. 0.73).

Conclusion The presence of free gas, pleural effusions, and brachiocephalic lymph node size in CT is independently associated

with infectious mediastinitis in poststernotomy patients with retrosternal mass. These imaging features may help to differentiate

mediastinitis from normal postoperative changes beyond traditional clinical parameters such as CRP.

Key Points

* Presence of free gas, pleural effusions, and brachiocephalic lymph node size on CT are associated independently with infectious
mediastinitis.

» Combination of these CT parameters increases the discriminatory capacity of clinical parameters such as CRP.
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Abbreviations

CRP  C-reactive protein

HU  Hounsfield unit

ICC Intra-class correlation coefficient
IQR  Inter-quartile range

Ln Lymph node

OR  Odds ratio

ROI  Region of interest

SD Standard deviation

VOI  Volume of interest

Introduction

Median sternotomy is the most common surgical approach to
access the heart [1, 2]. In up to 3% of patients, median
sternotomy leads to postoperative healing disorders and wound
infections [3, 4] increasing the perioperative risk and costs [5—7].
Infectious mediastinitis may develop into a life-threatening con-
dition, requiring a fast diagnosis and therapy [8, 9].

Usually, postoperative patients are monitored clinically, in-
cluding visual wound control and estimation of frequently
unspecific biomarkers (e.g., body temperature, C-reactive pro-
tein (CRP), and leucocytes levels). In case of suspected
mediastinitis, computed tomography (CT) is often performed
to confirm or reject the diagnosis. Nevertheless, most of the
abnormal CT findings (e.g., retrosternal mass and free air and
fluid) are common after cardiac surgery, and the final diagno-
sis depends on the subjective judgment of the individual ex-
aminer [10-15]. Specifically, retrosternal fluid (e.g., seroma
and hematoma) is common in poststernotomy patients and
may be mistakenly classified as abscesses or as mask infection
signs (Fig. 1). Few more specific CT markers (e.g., pleural
effusion) are based on studies performed decades ago involv-
ing old CT techniques and small cohorts [9, 16-19]. Thus, it
remains unclear which image characteristics can help to dis-
tinguish mediastinitis from normal postoperative changes in
contemporary cohorts using the latest equipment.

We hypothesized that a selection of qualitative and quanti-
tative CT parameters is associated with mediastinitis and has
incremental value to clinical factors for discrimination of
mediastinitis from normal poststernotomy changes. Therefore,
this study aimed to (1) identify CT characteristics which are
independently associated with infectious mediastinitis and (2)
explore their incremental value to clinical parameters.

Materials and methods
Patient population and mediastinitis definition

This single-center, retrospective, observational cohort study
included poststernotomy cardiac surgery patients with
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clinically suspected acute infectious mediastinitis between
February 2010 and October 2015. Further inclusion criteria
were postoperative contrast-enhanced CT and deep revision
surgery with collections of retrosternal microbiological sam-
ples. We excluded patients with exclusively superficial wound
revision, and those who received revision surgery without
prior imaging. We also excluded patients with imported CT
images (different scan protocols) and inconclusive microbio-
logical results or revision surgery reports (Consort diagram;
supplemental Fig. 1S).

All microbiological samples were analyzed according to the
national microbiology procedure quality standards [20], scor-
ing all samples with at least one pathogen as positive.
Furthermore, we searched revision surgery reports for docu-
mented intraoperative clear evidence of retrosternal infection.
Following the most recent guidelines [21], patients with evi-
dence of retrosternal infection in revision surgery or those with
positive microbiological samples were rated as mediastinitis-
positive. Moreover, we recorded blood levels of C-reactive
protein (CRP) and leukocytes as well as the presence of diabe-
tes mellitus prior to the revision surgery. The local ethics com-
mittee approved the study (RN: 3131-15-24082015).

CT data acquisition and scan protocol

We used a second-generation, 128-row, dual source CT scan-
ner (Somatom Definition Flash, Siemens Healthineers) apply-
ing standard protocols. Briefly, all thorax scans were complet-
ed in cranio-caudal direction 90 s after i.v. application of 70—
90 ml (flow rate, 2.5 ml/s) of nonionic iodinated contrast me-
dium (iomeprol, 400 mg iodine/ml, Bracco Imaging). Each
scan started at the thorax aperture and ended at the level of
the lowest part of the lateral pleural recessus. Automatic dose
modulation was applied in all cases to limit radiation exposure.

CT data evaluation

Two radiologists (BF and MM) with 5- and 1-year experience
analyzed the CT data in consensus in a randomized fashion and
blinded to the clinical data. All qualitative and quantitative
analyses were performed using a dedicated postprocessing
software (OsiriX 7.0, Pixmeo; Medical Image Processing,
Analysis, and Visualization (MIPAV), Center for Information
Technology, National Institutes of Health).

Qualitative analysis

The qualitative CT characteristics included the presence of free
fluid, free gas, lymphadenopathy (in all mediastinal locations),
skin defects, and impaired sternal condition. We also document-
ed the presence of pericardial or pleural effusions (> 1-cm
thickness) and pulmonary infiltrates, and we assessed the
presence of marginal contrast enhancement in all fluid
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F, 75 years, CRP= 59mg/1

Postoperative changes

Fig. 1 Postoperative imaging findings after sternotomy. Examples of
postoperative CT scans emphasizing the difficulty in differentiating
between patients with mediastinal infection (a) and those with normal
postoperative changes (b). Both patients presented with similar image
findings in the anterior retrosternal mediastinum (red-dotted line) and
elevated inflammation markers. Ao, aorta; CRP, C-reactive protein; PA,
pulmonary artery

collections. In a supplemental analysis, we explored the mar-
ginal enhancement in an early (<21 days) and in a late
(=21 days after initial surgery) presenting groups. The impaired
sternal condition was defined as a defect/broken osteosynthesis
material, presence of sternal dehiscence (> 2 mm), or osteolysis
and sclerosis of sternotomy edges. Free mediastinal fluid and
gas were not evaluated in case of present mediastinal drainages.

Quantitative analysis

Quantitative analysis included volume (ml) and radiodensity
(Hounsfield units, HU) measurements of the retrosternal mass
as well as the assessment of the maximal short-axis lymph
node (Ln) size (mm), and sternal dehiscence width (mm). To
measure the mediastinal volume, we segmented the
retrosternal mass by interpolating multiple, consecutive, man-
ually drawn regions of interest in transversal images. For de-
tails, see supplemental Fig. 2S. The anatomical borders for the
volume segmentation were the sternum (ventral), pleura (lat-
eral), large vessels/heart (dorsal), manubrium (cranial), and
lower sterno-costal joint (caudal). We further assessed the
composition of the mediastinal volume including volumes of
free gas and fluid based on fixed attenuation thresholds (gas,
—1000 to — 350 HU; fluid, —21 to + 100 HU) [22-24]. In a
subset of 30 patients, volume measurements were highly

reproducible, with both excellent inter- and intra-observer re-
liabilities (intra-class correlation coefficient (ICC)=0.97—
0.99). Each patient’s mean mediastinal radiodensity was
assessed using three representative ROIs.

Statistical analysis

Categorical variables were expressed as frequencies and per-
centages and continuous variables as medians and inter-
quartile ranges (Q1-Q3, IQR). Continuous variables were
tested for distribution using the Shapiro-Wilk test, and skewed
variables were /og-transformed. Differences between
mediastinitis-positive and mediastinitis-negative patients were
tested with the independent Student ¢ test, Mann-Whitney U
test, or Fisher exact test as appropriate.

In univariate logistic regressions, we associated individual
CT parameters with mediastinitis and used multivariate con-
ditional backward selection to render independent parameters
from those which reached significance (p < 0.05) in the uni-
variate analysis. Collinearity was excluded by calculating the
variance inflation factor which was in average 1.02 (collinear-
ity threshold =4). We used receiver operator characteristic
(ROC) curves to determine the area under the curve (AUC)
as a measure of discriminatory capacity for mediastinitis in
following models: (1) clinical parameters, (2) CT parameters,
and (3) combination of CT + clinical parameters (nested mod-
el). The DeLong method was applied to test the difference of
discriminatory capacity between the clinical and CT parame-
ters (nonnested models). To test the incremental value of CT
to the clinical parameters, we evaluated whether the model fit
increases by adding CT parameters to the clinical parameters
using the likelihood-ratio test (nested model). Corresponding
equations to calculate individual risk are provided in the sup-
plemental Text 1S. We used STATA 14.0 for all the analyses
and considered two-sided p value of <0.05 as statistically
significant without adjustment for multiple comparisons.

Results
Patient characteristics and clinical parameters

The study population consisted of 105 patients, 86 (81.9%)
males with a median age of 68.0 (62.0-74.0) years (Table 1).
The interval between the initial surgery and CT was 22.0
(12.0-35.5) days followed by the revision surgery in median
1.0 (1.0-3.0) day later. Infectious mediastinitis was detected in
83/105 (79.1%) patients with Staphylococcus epidermidis as
the most frequent pathogen (31.4%) (supplemental Table 2S).
All qualitative CT parameters, lymph node diameters, and
sternum dehiscence width were assessed in all 105 patients
while the measurement of volume and density was available
in 99/105 (94.3%) patients. The six individuals were excluded
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Table 1 Clinical patient

characteristics Clinical characteristic All patients Mediastinitis Mediastinitis p
(n=105) yes (n=83) no (n=22)
Age (years) 68.0 (62.0-74.0) 70.0 (63.0-75.0) 66.5 (54.3-71.3) 0.084
Male, n (%) 86 (81.9) 67 (80.7) 19 (86.4) 0.757
Height (cm) 173.5 (167.8-178.3)  173.5(167.8-178.0)  174.0 (167.5-179.8)  0.948
Weight (kg) 86.0 (76.4-97.5) 86.0 (78.1-96.0) 91.0 (73.9-103.0) 0.288
BMI (kg/m?) 29.5 (26.0-32.8) 29.5 (26.1-32.5) 29.3 (24.9-36.3) 0.544
Interval surgery to CT (days) 22.0 (12.0-35.5) 22.0 (12.0-35.0) 24.5 (12.8-111.0) 0.395
Concomitant diseases, 7 (%)
Arterial hypertension 92 (87.6) 72 (86.7) 20 (90.9) 0.732
Hyperlipidemia 62 (59.0) 51(61.4) 11 (50.0) 0.332
Diabetes mellitus 54 (51.4) 47 (56.6) 7 (31.8) 0.038
Renal insufficiency 18 (17.1) 17 (20.5) 14.5) 0.112
Current smoker 15 (14.3) 14 (16.9) 1(4.5) 0.185
COPD 14 (13.3) 12 (14.5) 2(9.1) 0.729
Pulmonary hypertension 15 (14.3) 14 (16.9) 14.5) 0.185
PAD 12 (11.4) 11 (13.3) 1 4.5) 0.453
Medication, n (%)
Anticoagulation 97 (92.4) 75 (90.4) 22 (100.0) 1.000
Immunosuppression 4 (3.8) 4(4.8) 0 (0.0) -
Serum biomarkers
CRP (mg/l) 128.4 (65.0-222.9) 136.9 (82.0-229.0) 65.0 (7.8-128.2) 0.001
Leucocytes (Gpt/l) 10.1 (8.0-13.5) 10.6 (8.0-14.1) 9.3 (8.0-11.6) 0.204

Patient characteristics stratified by the presence of infectious mediastinitis. Continuous variables are listed as
median (IQR). Ao aorta, BMI body mass index, COPD chronic obstructive pulmonary disease, CRP C-reactive
protein, PAD peripheral arterial disease

from the quantitative analysis due to insufficient image quality
(i.e., hardening artifacts due to implants n =3 or high image
noise 7 = 3). One had normal postoperative changes while the
remaining five had mediastinitis.

Clinical parameters

Among the clinical parameters, CRP was higher, and diabetes
mellitus was more common in patients with mediastinitis
(Table 1). In the multivariate analysis, exclusively the
CRP was independently associated with mediastinitis
(OR (per SD) =2.3; 95% CI, 1.38-3.69; p=0.001)
(supplemental Table 3S). The majority of the patients
(65%) underwent coronary bypass, valvular surgery
(38%), or replacement of the aorta (12%).

CT characteristics

While free mediastinal fluid was present in all patients, the
prevalence of other CT parameters ranged between 11.0 and
69.8%. Free gas and pleural effusions were nearly twice as
common in patients with mediastinitis compared to those with
normal postoperative changes (Table 2). The univariate re-
gression analysis has confirmed these findings, and the
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multivariate regression has revealed independent associations
of free gas and pleural effusions with mediastinitis (free gas:
OR =3.9, 95% CI 1.27-11.78, p=0.017; pleural effusion:
OR=6.3,95% CI12.06-19.10, p=0.001) (Table 3). The pres-
ence of fluid margin enhancement was not associated with
mediastinitis. There was also no association in a subanalysis
stratified by the time point of the CT relative to the initial
surgery (<21 vs. >21 days) (supplemental Table 4S).

Regarding the quantitative measures, the volume of free
retrosternal fluid was significantly higher in patients with
mediastinitis compared to those with normal postoperative
changes (112.2 (89.7-139.3) vs. 85.2 (63.8-106.5) ml, p =
0.009). While the volume was associated with mediastinitis in
the univariate analysis (OR (per 10 ml increase) = 1.1; 95% CI,
1.01-1.29; p=0.030), the significance vanished after adjust-
ment for other CT parameters (p = 0.339). The median volume
of free air was low (0.03 (0.01-0.19 ml)) but ranged between 0
and 107.1 ml. Even though the median volume of free air was
higher in patients with mediastinitis compared to those without
(0.06 vs. 0.01 ml, p=0.013) (Table 2), it was not significantly
associated with mediastinitis (p =0.411) in the univariate re-
gression (Table 3). The overall median radiodensity of
retrosternal mass did not differ between patients with and with-
out mediastinitis (p =0.231) (Tables 2 and 3).
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Table 2 CT characteristics
stratified by mediastinitis status CT characteristic All patients Mediastinitis Mediastinitis p
(n=105) yes (n=83) no (n=22)
Qualitative
Free fluid 105 (100.0) 83 (100.0) 22 (100.0) -
Margin enhancement 59 (55.7) 50 (61.0) 9 (40.9) 0.145
Free gas 73 (69.5) 63 (75.9) 10 (45.5) 0.009
Lymphadenopathy 36 (34.3) 31(374) 5(22.7) 0.312
Pericardial effusion 36 (34.3) 28 (33.7) 8 (36.4) 1.000
Pleural effusion 74 (70.5) 65 (78.3) 9 (40.9) 0.001
Pulmonary infiltrates 12 (11.4) 10 9.1) 2 (12.1) 1.000
Sternum status
Dehiscence 70 (66.7) 56 (67.5) 14 (63.6) 0.801
Lysis 31(29.5) 26 (31.3) 5(22.7) 0.600
Sclerosis 21 (20.0) 16 (19.3) 5(22.7) 0.767
Broken cerclages 42 (40.0) 33 (39.8) 9 (40.9) 1.000
Skin defect 40 (38.1) 35(42.2) 5(22.7) 0.138
Quantitative
Total volume (ml) 2504 (195.8-311.3)  261.5(201.3-322.7)  231.5(138.4-265.7)  0.078
Air (ml) 0.03 (0.01-0.19) 0.06 (0.01-0.21) 0.01 (0.004-0.08) 0.014
Fluid (ml) 106.5 (83.5-139.0) 112.2 (89.7-139.3) 85.2 (63.8-106.5) 0.009
Radiodensity (HU) —3.8 (-15.2-6.6) -3.6 (—-13.3-7.3) —12.1 (-26.0-5.1) 0.231
Lymph node sizes (mm)
Parasternal 2.0 (0.0-4.0) 2.0 (0.0-4.0) 3.0 (2.0-4.0) 0.182
Brachiocephalic 5.0 (3.0-7.0) 5.0 (3.0-7.0) 4.0 (2.0-5.0) 0.024
Anterior mediastinal 5.0 (4.0-6.0) 5.0 (4.0-7.0) 5.0 (4.0-6.0) 0.858
Posterior mediastinal 8.0 (6.0-11.0) 9.0 (6.0-9.0) 7.5 (6.0-11.0) 0.229
Sternum dehiscence (mm) 5.0 (0.0-12.0) 5.0 (0.0-12.0) 5.5 (0.0-14.0) 0.736

CT computed tomography, HU Hounsfield units

Among the 83 patients with mediastinitis, only 5/83 (6%)
presented with lymphadenopathy (i.e., Ln size > 10 mm at any
location). Although not reaching the threshold of 10 mm, the
brachiocephalic lymph nodes were larger in patients with
mediastinitis compared to those with normal postoperative
changes (median 5.0 (3.0-7.0) vs. 4.0 (2.0-5.0) mm, p=
0.024). The size of the lymph nodes in other locations did
not differ significantly. Although the difference of the median
size was small, the size of brachiocephalic Ln revealed a sig-
nificant univariate association with mediastinitis (OR (per mm
increase) = 1.3;95% CI, 1.01-1.65; p = 0.014). Moreover, this
association was independent of other CT parameters in the
multivariate regression (adjusted OR=1.3; 95% CI, 1.01-
1.65; p=0.039) (Table 3).

Incremental value of the CT to CRP

In the ROC analysis, the independent CT parameters reached
a good discriminatory capacity (AUC =0.81; 95% CI, 0.70—
0.92), which was comparable to the one of the CRP (AUC =
0.73; 95% CI, 0.59-0.86) (DeLong test for the difference, p =
0.337). Adding the CT parameters to CRP (nested model)

resulted in a statistically significant improvement of model
fit (likelihood-ratio test (3 degrees of freedom): X*=17.9;
p<0.001) and AUC 0f 0.83 (95% CI, 0.72-0.94) (Fig. 2).

Discussion

Our study of CT findings in poststernotomy patients with
suspected mediastinitis and retrosternal mass on CT has two
major findings. First, the presence of free gas, pleural effusion,
and the brachiocephalic Ln size are independent imaging
markers of deep mediastinal infection. Second, addition of
these markers to CRP increases the discriminatory capacity
of CRP significantly. Taken as a whole, our findings provide
a selection of independent CT parameters which may help
with the challenging discrimination of infectious mediastinitis
from normal postoperative changes.

Even though the CT has already been routinely used to
confirm or reject clinically suspected mediastinitis, it is un-
known which CT characteristics can discriminate between
mediastinitis and normal mediastinal changes after cardiac sur-
gery. Older studies have described a high sensitivity and low
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Table 3  Independent associations of selected CT features with mediastinitis
CT parameters Univariate Multivariate—all with Multivariate—backward
p>0.05 in univariate selected independent var.
OR 95% CI P OR 95% C1 p OR 95% C1 p

Qualitative
Free fluid - - -

Margin enhancement 2.3 0.87-5.89 0.096
Free gas 3.8 1.42-10.06 0.008 4.7 1.46-15.24 0.009 3.9 1.27-11.78 0.017
Lymphadenopathy 2.0 0.67-5.92 0.217
Pericardial effusion 0.9 0.35-2.45 0.872
Pleural effusion 49 1.83-13.32 0.002 54 1.55-18.54 0.008 6.3 2.06-19.10 0.001
Pulmonary infiltrates 1.4 0.27-6.67 0.712
Sternum status

Dehiscence 1.2 0.45-3.22 0.708

Lysis 1.6 0.50-5.00 0.436

Sclerosis 0.9 0.28-3.09 0914

Broken cerclages 0.9 0.36-2.40 0.890

Skin defect 24 0.82-7.20 0.110
Quantitative
Total volume (ml) 1.0 0.99-1.01 0.207

Air (ml) 1.4 0.64-2.95 0411

Fluid (ml) 1.01 1.00-1.03 0.030 1.0 0.99-1.02 0.339

Radiodensity (HU) 1.0 1.00-1.05 0.124
Lymph node sizes (mm)

Parasternal 0.9 0.79-1.09 0.369

Brachiocephalic 1.3 1.06-1.62 0.014 1.3 1.00-1.65 0.050 1.3 1.01-1.65 0.039

Anterior mediastinal 1.0 0.83-1.19 0.928

Posterior mediastinal 1.1 0.94-1.27 0.250
Sternum dehiscence (mm) 1.0 0.91-1.04 0.417

CI confidence interval, CT computed tomography, HU Hounsfield units, OR odds ratio

specificity of various CT qualitative characteristics, mainly
pointing out the presence of free fluid and gas as potential
markers [10-15]. However, all these studies focused on the
qualitative assessment without accounting for quantitative
measures (e.g., fluid/gas volume, radiodensity, and lymph
node size) and lacked power due to a low number of patients
with confirmed infections. Thus, there was a need for an in-
vestigation in a large contemporary cohort with a high enough
prevalence of confirmed infections, using state-of-the-art scan-
ner technology and involving qualitative and quantitative CT
parameters. Our study delivers this data and employs qualita-
tive and quantitative CT findings in combination with clinical
parameters in a cohort with high prevalence of mediastinitis.
The current investigation confirms the low specificity in
the majority of the 22 tested CT parameters as in part reported
in the past. For example, all patients presented with
retrosternal mass, which is in agreement with previous reports
describing imaging findings after sternotomy [10, 12—-14].
The high prevalence and low specificity limit the diagnostic
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value of qualitative imaging markers if considering only their
presence. Thus, to optimally leverage the information provid-
ed by the CT image, we assessed the volume and radiodensity
of the retrosternal mass. Indeed, the volume of free fluid with-
in the retrosternal mass was associated with mediastinitis, al-
though its presence was not decisive while found in the entire
study population.

The volume of free air within the retrosternal mass was low
(median 0.03 ml) and not associated with mediastinitis.
However, patients with free air in the retrosternal location had
almost four times higher likelihood to have mediastinitis (OR =
3.9) compared to those with retrosternal mass without free air.

Furthermore, we added measurements of lymph node di-
ameters to enhance the clinical standard of reporting the sole
presence of regional lymphadenopathy. Even though the pres-
ence of lymphadenopathy (i.e., at least one lymph node
> 10 mm) was not associated with mediastinitis, the measure-
ment of Ln sizes in separate locations revealed that the exclu-
sively increase of brachiocephalic Ln size was significantly



Eur Radiol (2019) 29:2949-2957

2955

M Free gas

M Pleural effusion

OR=3.9; p=0.017

OR=6.3; p<0.001

M Brachiocep. Ln size 0 0.25 0.5 0.75 1.0
OR= 1.3; p=0.039

0.75

Sensitivity
[=1
W

0.25 Parameter AUC 95%CI
B CRP 0.73 0.60-0.86
CT 0.81 0.70-0.92

B CRP+CT 0.83 0.72-0.94

1 - Specificity
CRP + CT vs. CRP: Chi? 17.9; p<0.001

Fig. 2 Discriminatory capacity of the CT features and CRP. a The three
selected CT features independently associated with infectious
mediastinitis (free gas, pleural effusion, and brachiocephalic lymph
node size) with corresponding multivariate odds ratios. b The
discriminatory capacity of CT features, CRP, and the combination of

associated with acute mediastinal infection. Thus, we assume
that considering the Ln location and alternatively lower
thresholds may be superior to the routinely used general ap-
proach and threshold of 10 mm. The brachiocephalic Ln size
exceeded 10 mm in only 6% (5/83) of the mediastinitis-
positive patients; thus, the majority would not have fulfilled
the lymphadenopathy criteria. The specific enlargement of
brachiocephalic Ln may be explained by the predominant
drainage of anterior mediastinum including the thymus, thy-
roid glands, heart, and pericardium [25].

The observation that pleural effusions had over six times
higher probability of mediastinitis confirms an old small case-
control study (n=21) showing that bilateral pleural effusions
combined with a mediastinal mass may be an indicator for
poststernotomy infection [13]. Besides confirming these find-
ings in a larger group of patients, we show that pleural effusion
represents a marker which is independent of other CT param-
eters. These findings encourage future studies to investigate the
pathophysiology of pleural effusions in mediastinitis.

Interestingly, neither the presence of marginal enhancement
nor the overall radiodensity of the retrosternal mass was asso-
ciated with mediastinitis. These results are somewhat contrary
to a study which has suggested that margin enhancement may
be a marker of mediastinitis at least 14 days after the initial
surgery [11]. However, this conclusion is based on an observa-
tion of one single postoperative patient (9th postoperative day)
with a proven infection and missing enhancement. In a strati-
fied analysis (< 21 vs. > 21 days after initial surgery), there was
no diagnostic value of margin enhancement or density increase
in those with a longer interval between initial surgery and CT
imaging. According to other studies, marginal enhancement in
the CT has been described in numerous pathological conditions

both with the likelihood-ratio test results indicating an improvement of
the model fit by adding CT to CRP. Ao, aorta; AUC, area under the curve;
CRP, C-reactive protein; CT, computed tomography; LV, left ventricle;
OR, odds ratio (multivariate)

(septic and aseptic) including acute pancreatitis [26], acute de-
scending necrotizing mediastinitis [11], and pericarditis [27].
Thus, we conclude that marginal enhancement may indicate
inflammation rather than infection. Moreover, our results ques-
tion the use of contrast agents in patients after cardiac surgery
and encourage future studies to investigate the benefits of con-
trast agents in postoperative patients. In the future, more sophis-
ticated techniques, such as the positron emission tomography
with 2-deoxy-2-[fluorine-18]fluoro-D-glucose integrated with
CT ("*FDG-PET/CT), may be a helpful tool to distinguish be-
tween infection and aseptic inflammation by delivering addi-
tional metabolic data [28].

The CRP, an independent marker of mediastinitis, present-
ed with a moderate discriminatory capacity (AUC, 0.73).
Therefore, clinical parameters may benefit from additional
imaging features as shown by the increased model fit after
adding CT parameters to CRP. Furthermore, looking at the
shape of the AUC curves, apparently, the difference in AUC
between CT and CRP + CT is caused by the high specificity/
low sensitivity and high sensitivity/low specificity areas at the
borders of the AUC curves. On the other hand, at the point
with both optimal sensitivity and specificity, the values hardly
differ, indicating that CRP could even be ignored.

Our study has limitations. The number of cases is too low
for a complete inclusion of all potential imaging and clinical
confounders. However, it is larger than the previously evalu-
ated cohorts, and it is the first study performing adjustment for
potential confounders. Advanced clinical measures of infec-
tion were not available in all patients; thus, we relied on the
traditional ones (i.e., CRP and leukocyte counts). Studies in-
corporating further clinical measures of infection/sepsis are
warranted. Finally, the patient selection in our study (revision
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surgery and CT) may have introduced a selection bias reduc-
ing the generalizability of our results. However, particular
patients with unclear CT findings, as included in our study,
are the most challenging ones and may benefit from the pre-
sented results the most. Our study is of exploratory nature, and
future prospective studies need to validate our results and
should investigate the potential positive influence on the sur-
vival after cardiac surgery.

Conclusion

The presence of free gas, pleural effusions, and brachiocephalic
lymph node size in CT is independently associated with infec-
tious mediastinitis in poststernotomy patients with retrosternal
mass. After validation in future studies, these imaging features
may help to differentiate mediastinitis from normal postopera-
tive changes beyond traditional clinical parameters such as
CRP.
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