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Aims To assess EuroSCORE performance in predicting in-hospital mortality in on-pump coronary artery bypass grafting
(CABG) and off-pump coronary artery bypass grafting (OPCAB).

Methods
and results

Additive and logistic EuroSCORE were computed for consecutive patients undergoing CABG (n = 3440, 75%) or
OPCAB (n = 1140, 25%) at our hospital from 1999 to September 2007. The areas under the receiver operating
characteristic (ROC) curves (AUCs) were used to describe performance and accuracy. No difference in performance
between CABG and OPCAB and between additive and logistic EuroSCORE (additive EuroSCORE AUCs of 0.808
and 0.779 for CABG and OPCAB, respectively; logistic EuroSCORE AUCs of 0.813 and of 0.773 for CABG and
OPCAB, respectively) was found, although a marked tendency to overpredict mortality by both models was
evident. A meta-analysis of previously published data was done, and a total of eight studies representing 19 212
and 5461 patients undergoing CABG and OPCAB, respectively, met inclusion criteria. Meta-analysis confirmed
similar performance of EuroSCORE in CABG and OPCAB: estimated AUCs were 0.767 and 0.766 for CABG and
OPCAB, respectively, with an estimated difference of 0.001 (95% CI 20.061 to 0.063).

Conclusion Additive and logistic EuroSCORE algorithms performed similarly, and cumulative evidence suggests comparable per-
formance in CABG and OPCAB procedures; both risk models, however, significantly overestimated mortality.
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Introduction
In-hospital mortality is frequently used as an indicator of the quality
of care in cardiac surgery, and EuroSCORE has gained wide popu-
larity among risk-stratifying tools as it has been validated with good
results in European, North American, and Asiatic Institutions.1– 8

Risk scoring systems, however, show their best performance
when the pre-operative patient characteristics and treatment pro-
files are comparable with those on which the system was origi-
nated. For this reason, any risk scoring system can only be used
reliably when its validity has been tested in the local patient

population and when surgical techniques and—more widely—
patient management did not show substantial changes after the
development of the risk score.9

Off-pump coronary artery bypass grafting (OPCAB) is now con-
sidered a surgical option to treat coronary artery disease; nowa-
days, �20–25% of coronary bypass procedures are performed
off-pump in the United States. The relatively recent introduction
of OPCAB in clinical practice, which occurred sensibly after the
development of currently used risk estimation models, raises the
question whether these algorithms are appropriate for risk esti-
mation in OPCAB.
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In this study, we have evaluated whether there are differences in
EuroSCORE performance in estimating in-hospital mortality of
patients undergoing standard coronary artery bypass surgery
with the use of cardiopulmonary bypass on-pump coronary artery
bypass grafting (CABG) and of patients undergoing OPCAB; this
was done by first analysing our patients data and then by performing
a systematic review of previously published data.

Methods

Single institution experience
This study includes 4580 consecutive patients who underwent isolated
surgical myocardial revascularization at our hospital from January 1999
through September 2007; patients who had associated cardiac or non-
cardiac procedures performed were excluded from the study. Pre-
operative, operative, and in-hospital outcome data were prospectively
collected in a computerized database—i.e. as part of standard clinical
procedures, which is part of the reason why we had no missing data
issues—whose use for research was approved by Centro Cardiologico
Monzino Institutional Review Board because of the large number of
patients and duration of the study. The requirement for individual
informed consent was waived on the condition that the subjects’ iden-
tities were hidden before analysing the data. Additive and logistic Euro-
SCORE were prospectively calculated in our database starting from
1999 and 2003, respectively, whereas logistic EuroSCORE was retro-
spectively computed for the earlier time periods (we have no reason
to expect that this will introduce a significant bias). We assessed
both additive and logistic EuroSCORE performances in risk prediction
for patients undergoing CABG and OPCAB using the following
approaches: (i) comparison of observed and predicted mortality
figures with 95% confidence intervals in all patients, in patient under-
going CABG and OPCAB, and in patients stratified for risk quartiles;10

(ii) receiver operating characteristic (ROC) analysis11,12 using the
model of DeLong et al.13 implemented on the University of Chicago
ROC software (http://xray.bsd.uchicago.edu/krl/) to compare the
areas under the ROC curves (AUCs) generated for additive and logis-
tic EuroSCORE and for patients undergoing CABG and OPCAB,
respectively; (iii) calibration analysis, assessed by the Hosmer–
Lemeshow test.14 P-values ,0.05 were considered significant.

Meta-analysis
To gain further insight into how EuroSCORE performs for OPCAB vs.
CABG, a meta-analysis was done following the Meta-analysis Of
Observational Studies in Epidemiology (MOOSE) guidelines.15 On
15 March 2008, two reviewers searched Medline (1950 to 1st week
of March 2008), Embase (1966 to March 2008), PubMed (up to
15 March 2008), and The Cochrane Library including electronic links
to related articles. The text string employed was the single word ‘Euro-
SCORE’. In order to further reduce the probability of losing any major
related study an electronic search of four major cardio-thoracic
surgery journals in the electronic format (Interactive CardioVascular
and Thoracic Surgery, The Annals of Thoracic Surgery, The European
Journal of Cardiothoracic Surgery, The Journal of Thoracic and Cardio-
vascular Surgery, available at http://ats.ctsnetjournals.org/search.dtl)
was performed; the journals were searched from January 1999 to
March 2008 for the single word ‘EuroSCORE’ in the full text of all
articles. The title of every paper was considered first, then selected
abstracts were searched in order to identify reports about risk predic-
tion by EuroSCORE for coronary bypass surgery. Full text of these
papers was retrieved and searched for in-hospital or 30-day mortality

prediction by additive and/or logistic EuroSCORE in CABG and/or
OPCAB. Figure 1 reports the flow chart of paper selection.

Once papers were identified, a mandatory selection criterion for
meta-analysis inclusion of each study was the presence of the assess-
ment of discriminatory power of EuroSCORE by ROC analysis report-
ing the figures of merit and the dispersion parameters (standard error
and/or 95% CI) necessary for the meta-analysis. Since the purpose of
this meta-analysis is to gain insight into the general discriminatory
characteristics of the EuroSCORE models for the two surgical modal-
ities, we included only the area under the curve, instead of building a
complete summary ROC curve. Moreover, an extremely large number
of cases is necessary to make reliable statements about ROC curve
shapes. Our analysis follows the work of McClish16 and Zhou.17

Finally, the QUADAS quality assessment tool for systematic reviews
of diagnostic accuracy was applied to all selected studies.18

All calculations were done either with University of Chicago software,
Excel (Microsoft Office Excel 2003, Microsoft Inc., Redmond, WA, USA)
or using Mathematica (Mathematica 6, Wolfram Research Inc., Cham-
paign, IL, USA). A more detailed description of statistical methods is
reported in Appendix 1 (see Supplementary material online).

Results

Single institution experience
The clinical features of the CABG and OPCAB patient population
are reported in Table 1. Of note, both additive and logistic average
EuroSCORE values were slightly, although statistically significantly,
higher in OPCAB patients. Overall in-hospital mortality was 0.83%
(38/4580 patients, 95% CI 0.70–1.00%), and it was 0.84% (95% CI
0.70–1.04%) in CABG and 0.79% (95% CI 0.56–1.20%) in OPCAB,

Figure 1 Flow chart of the meta-analysis.
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respectively. Figure 2 reports the plots of observed vs. predicted
mortality rates by risk quartiles in all, in CABG, and in OPCAB
patients, and the ratio between observed vs. expected deaths. In
addition, the predicted vs. observed mortality rates for additive
and logistic EuroSCORE in the whole patient population, in CABG,
and in OPCAB by risk quartiles are reported in Appendix 2,
Table A1 (see Supplementary material online).

Data show a marked propensity to over-predict in-hospital
mortality in all risk quartiles; this was true for the whole patient
population, and also when patients were stratified by surgical
strategy (CABG vs. OPCAB). The behaviour of both additive and
logistic models was very similar in both CABG and OPCAB.

Table 2 shows the calibration and discrimination performance
of additive and logistic EuroSCORE for different subcategories of
patients. All models showed good calibration by the Hosmer–
Lemeshow test, suggesting that they predict accurately on
average. Also, the discriminatory power, assessed using ROC
areas, was fair for almost all the models, with values around 0.8
for all subcategories, indicating that all the models could be
useful for stratifying patients into risk groups for surgical manage-
ment. Notably, only small differences in discrimination were

observed for both additive and logistic EuroSCORE for patients
undergoing CABG and OPCAB, although with some degree of
uncertainty as shown by relatively wide confidence intervals
(Table 2).

Finally, no differences were detected in discrimination between
additive and logistic EuroSCORE models in the whole patient popu-
lation (delta AUC =2 0.003, SE = 0.007, 95% CI 20.017 to 0.011,
P . 0.05), in patients undergoing CABG (delta AUC =2 0.006, SE
= 0.009, 95% CI 20.023 to 0.011, P . 0.05), and in patients under-
going OPCAB (delta AUC = 0.006, SE = 0.015, 95% CI 20.023 to
0.0354, P . 0.05).

Meta-analysis of EuroSCORE
performance in CABG and off-pump
coronary artery bypass grafting
Due to the degree of uncertainty shown by the relatively wide
confidence intervals displayed in the analysis just described,
caused by the relatively low number of events in our experience,
a meta-analysis of previously published data was performed. The
search of the term EuroSCORE yielded 374, 315, and 409 hits in
Pubmed, Medline, and EMBASE, respectively. The search of the
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Table 1 Prevalence of predictors in the study population

CABG OPCAB P-value (CABG vs. OPCAB)

n 3440 1140

Age

Mean+SD 65+9 67+9 ,0.001*

,60 years 28.1 22.2

60–64 years 18.2 17.5

65–69 years 23.2 19.2 ,0.001*

70–74 years 18.5 19.2

75+ years 12.0 21.9

Female 18.2 18.2 0.976

Chronic pulmonary disease 8.1 11.0 0.003*

Extra-cardiac arteriopathy 4.6 9.4 ,0.001*

Neurological dysfunction 1.3 2.6 0.002*

Previous cardiac surgery 0.9 7.3 ,0.001*

Creatinine (mg/dL)

Mean+SD 1.09+0.46 1.16+0.63 0.003*

Serum creatinine .200 mmol/L 0.9 7.3 ,0.001*

Critical pre-operative state 2.1 1.9 0.736

Unstable angina 10.6 10.5 0.958

LVEF

Mean+SD 57+10.7 57+10.6 0.830

LVEF 30–50% 21.6 21.3

LVEF ,30% 1.5 1.2 0.800

Recent myocardial infarct 19.9 18.9 0.477

Pulmonary hypertension 1.2 1.2 0.941

Emergency 3.2 1.8 0.020

Additive EuroSCORE 3.26+2.45 3.94+2.57 ,0.001*

Logistic EuroSCORE 3.26+4.12 4.08+4.39 ,0.001*

In-hospital mortality 0.84 0.79 0.863

*Statistically significant after the Holm–Sidak multiple testing correction.
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term EuroSCORE in the full text of the four major cardiothoracic
surgery journals yielded 573 hits. This led to a total of 842 papers
available for analysis. The analysis of the abstracts and of the papers
produced 15 studies,1,19– 32 of whom seven fulfilled the selection
criteria19– 21,23,26,31,32 and eight did not;1,22,24,25,27–30 in addition,
data from our study were included in the meta-analysis. The
reasons for exclusion from the meta-analysis were: (i) the dis-
persion parameters (SE or CIs) were not reported;1,22,24,27,29 (ii)
the type of surgical strategy (on- or off-pump) was not reported,
or data were not analysed based on surgical strategy;22,24,25,29,30

(iii) the dispersion parameters were very different from the
values one would expect for a sample of that magnitude.28 The
features of the studies included in the meta-analyses are reported
in Appendix 3, Tables B1 (additive EuroSCORE) and B2 (logistic
EuroSCORE) (see Supplementary material online).

Table 3 reports the meta-analysis results comparing EuroSCORE
AUCs in CABG and OPCAB; the AUC and SE from the logistic Euro-
SCORE was used when available, otherwise the additive one was
employed. This decision takes into account the evidence that the
two methods have nearly identical discriminatory power (all the

Figure 2 Plots of observed vs. predicted mortality rates by risk quartiles in all (A), in CABG (C), and in OPCAB (E) patients, and the ratio
between observed vs. expected deaths (B, all patients; D, patients undergoing CABG; F, patients undergoing OPCAB).
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studies that attempted a comparison found truly negligible differ-
ences). It is noteworthy mentioning that this assumption does not
imply that the two methods have the same predictive power or
clinical value, but it simply acknowledges the fact that the AUC
values do not differ. In our opinion, it would represent a bigger bias
to ignore a study because it used the additive EuroSCORE model.

The samples showed no evidence of heterogeneity, which
suggests that applying a meta-analysis approach to the data can
provide reproducible estimates—see online supplementary
Appendix 1 for details. ROC meta-analysis estimates for AUC are
0.767 (SE = 0.013) for CABG and 0.766 (SE = 0.029) for OPCAB,
respectively, with an estimated difference between CABG and
OPCAB AUCs of 0.001 (95% CI 20.061 to 0.063). Therefore,
the difference in EuroSCORE discriminatory power is expected to
be at most around 0.06. Finally, results from the application of the
QUADAS 14-question quality assessment tool revealed that all
the studies scored positively on at least 50% of the questions.

Discussion
Risk prediction and stratification models play an important role in
current cardiac surgical practice, as health authorities, hospitals,
and individuals (such as medical practitioners and patients) are
paying more attention to objective risk-adjusted predictions of mor-
tality after cardiac surgery. These models allow more meaningful
comparisons of outcomes among institutions and surgeons by
adjusting for different case-mix; they are also useful in surgical
decision-making, pre-operative patient education and consent, and
quality assurance measures. They can detect and quantify differences
and changes in the risk profiles of patients undergoing cardiac
surgery. Furthermore, risk prediction allows more objective balan-
cing of potential risks and benefits for individual patients.33

Risk stratification algorithms have reduced applicability when
used in different patient populations from the ones they were for-
mulated on. Models developed in the USA, for instance, may not
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Table 3 Meta-analysis of studies reporting discriminatory performance of additive and logistic EuroSCORE in CABG
and OPCAB

Patients Events Mortality % (SE) AUC 95% CIs (SE)

CABG

Antunes et al.19 4567 44 0.96 (0.33) 0.754 0.68–0.83 (0.04)

Asimakopoulos et al.21 4654 152 3.27 (0.26) 0.76 0.72–0.80 (0.02)

Biancari et al.23 1098 5 0.46 (0.26) 0.856 0.67–1.00 (0.09)

Farrokhyar et al.26 1693 26 1.54 (0.41) 0.81 0.71–0.90 (0.05)

Parolari (current study) 3440 29 0.84 (0.42) 0.813 0.73–0.90 (0.04)

Toumpoulis et al.31 3760 103 2.74 (0.47) 0.75 0.71–0.80 (0.02)

Total 19 212 359 1.87 (0.098) 0.767 0.742–0.792 (0.13)

OPCAB

Al-Ruzzeh et al.20 1907 26 1.36 (0.27) 0.75 0.64–0.85 (0.05)

Farrokhyar et al.26 1657 30 1.81 (0.33) 0.79 0.71–0.88 (0.04)

Parolari (current study) 1140 9 0.79 (0.26) 0.773 0.63–0.91 (0.07)

Youn et al.32 757 10 1.32 (0.41) 0.71 0.55–0.87 (0.08)

Total 5461 75 1.37 (0.16) 0.766 0.709–0.823 (0.029)

Estimate for delta AUC (CABG–OPCAB)=0.001 (95% CI 20.061 to 0.063, SE 0.032).
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Table 2 Calibration and discrimination of additive and logistic EuroSCORE for different subcategories of patients

ROC Calibration Unpaired ROC comparison

AUC 95% CI SE P-value (x2 test, Hosmer–Lemeshow) P-value

Additive EuroSCORE

All patients (n = 4580) 0.802 0.730–0.873 0.037 0.96

CABG patients (n = 3440) 0.808 0.723–0.892 0.043 0.94 g 0.78
OPCAB patients (n = 1140) 0.779 0.643–0.915 0.073 0.80

Logistic EuroSCORE

All patients (n = 4580) 0.805 0.735–0.875 0.036 0.25

CABG patients (n = 3440) 0.813 0.732–0.895 0.042 0.41 g 0.75
OPCAB patients (n = 1140) 0.773 0.634–0.911 0.075 0.51
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predict satisfactorily clinical outcome in European populations.
Moreover, some of the currently used risk models do not reflect
improved surgical techniques and post-operative patient manage-
ment advances which occurred in recent times.

Additive EuroSCORE was first introduced in 1999,3 but data
were collected from September 1995 to December 1995 in 128
European centres for a total of 19 030 patients available for final
analysis;34 in 2003, based on the same database, logistic Euro-
SCORE was introduced to improve the predictive performance
for high-risk and very high-risk patients;35 this new risk stratifica-
tion tool uses a more complex algorithm to derive risk from the
same pre-operative and operative risk factors.

Coronary bypass surgery without the use of cardiopulmonary
bypass has been performed sporadically since the beginning of
the bypass surgery era in the late sixties, but the use of this strategy
gained considerable popularity between 1997 and 2000, then
levelled off, e.g. accounting for 28% of all isolated CABG cases in
New York between 2001 and 2004. Therefore, a consistent clinical
use of OPCAB occurred after EuroSCORE was developed and no
validation of the predictive performance of EuroSCORE between
CABG and OPCAB was done. Also, of interest is the question
whether additive and logistic models could have similar perform-
ances in CABG and, especially, OPCAB patients.

To our knowledge, few studies have addressed the performance
of EuroSCORE in predicting outcome after off-pump coronary
bypass surgery. Al-Ruzzeh et al.20 in 2003 reported the results of
a multicentre study examining the performance of additive Euro-
SCORE on 1907 OPCAB procedures with 1.3% in-hospital mor-
tality, showing that the discriminatory power of additive
EuroSCORE was 0.75 (95% CI 0.64–0.85); in this paper, no
CABG group was available as comparison group, and for this
reason no comparison between the two surgical strategies could
be done. Berman et al.1 report similar AUCs for patients under-
going CABG and OPCAB (ROCs of 0.76 and 0.74 in CABG and
OPCAB, respectively) concerning additive EuroSCORE, but no
formal comparison was made between these two groups. More
recently, Youn et al.32 reported fair discrimination (AUC of 0.72
and 0.71 for additive and logistic EuroSCORE, respectively) for
both additive and logistic EuroSCORE in 757 consecutive patients
who underwent OPCAB between 2002 and 2006; also in this case,
no CABG data were available as a control group. Finally, Farro-
khyar et al.26 reported good discrimination for logistic EuroSCORE
in risk prediction for patients submitted either to CABG (AUC of
0.81, 95% CI 0.71–0.90) or to OPCAB (AUC of 0.79, 95% CI
0.71–0.88), but no formal comparison between CABG and
OPCAB discriminatory power was done, nor the performance of
the additive model was considered.

Our study adds to the knowledge to date reasonable evidence
that both additive and logistic EuroSCORE have similar perform-
ances, on average, in CABG and OPCAB; they are able to correctly
stratify the risk for patients undergoing coronary bypass surgery,
performed both on- and off-pump, but both risk scores sensibly
overestimate the risk in CABG and in OPCAB, even when patients
are stratified for risk. This occurs irrespective of the surgical strat-
egy adopted and the discrepancy between observed and predicted
mortality rates is particularly high in patients at low-medium risk.
For this reason, caution should be exercised when comparing

in-hospital mortality directly against both additive and logistic
EuroSCORE or in case of use of the models to compare results
between hospitals or surgeons with different case-mix.

The observation that both additive and logistic average Euro-
SCORE values were slightly higher in OPCAB compared with
CABG patients may be due to an almost double incidence of emer-
gency operations in CABG patients. Indeed, this is not surprising
given the different nature of the two techniques. It should be
noted, however, that the purpose of this meta-analysis is to deter-
mine whether the predictive power of the models is similar for the
two surgical approaches in the specific populations where they are
utilized and not whether the two patient populations are identical.
Generally speaking, we are addressing the question whether or not
surgeons who are accustomed to EuroSCORE with CABG can
confidently use the same score to OPCAB patients. In fact, given
the different nature of the two techniques, it is to be expected
that the patient-populations would be at least slightly different,
as observed here.

Data from this study confirm and extend evidence from recent
studies that have questioned the accuracy of both additive and
logistic EuroSCORE algorithms in early mortality prediction
reporting overprediction for both models,22,30,36 even when only
patients undergoing standard on-pump coronary bypass surgery
are considered.

The reasons for the results shown in this study are unclear and
probably multi-factorial. The actual epidemiology of ischaemic
heart disease and co-morbid conditions may be different from
that of the population on which EuroSCORE was derived and
computed. This could be due to real differences in the prevalence
of disease states. It is also possible, and this is in our opinion the
most likely explanation, that this is an artefact due to the impact
of probably over time improved access to health care and to the
management of these conditions in a heavily government-
subsidised healthcare system, and to an early and aggressive inves-
tigation and management of these diseases. Furthermore, as the
EuroSCORE was developed on data from patients in 1995, Euro-
SCORE models may not reflect anymore current cardiac surgical
practice. In addition, patients undergoing coronary bypass
surgery are increasingly becoming older and somehow fitter due
to decreased prevalence of smoking, increased attention placed
on lifestyle, and more aggressive medical treatment (e.g. statins)
of cardiovascular diseases; this implies that the relative weight of
increasing age and other risk factors in the EuroSCORE models
may be actually sensibly different with respect to the estimates
done for EuroSCORE models computation.

Limitations of the study
In this study, we used in-hospital mortality—defined as death
occurring anytime during hospitalization for surgery—as indicator
of early mortality. Another important indicator of performance in
coronary bypass surgery is 30-day mortality. Although each of
these indicators has advantages and disadvantages for precise risk
assessment, previous studies have shown very similar perform-
ances of these two indicators, e.g. both similarly underestimate
the early risk of death.37

The estimation of EuroSCORE performance in particular
subsets of patients (e.g. high-risk or low ejection fraction) would
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have been of great interest to us; unfortunately, this analysis could
not be performed because of the limited information existing and
the relatively low numbers of patients available that precluded any
chance of credible and reproducible subanalyses.

Conclusions
Our study has shown that EuroSCORE performs similarly in
CABG and OPCAB patients and that the performances of the
additive and logistic models are not different in these settings; in
addition, the AUCs obtained in the ROC analysis suggest a fair
discrimination of both models for CABG and OPCAB.

On the other hand, both models overpredict mortality at all risk
levels; these findings should give cause for caution when using
additive or logistic EuroSCORE as a risk-adjustment model for
comparing outcomes between hospitals or surgeons, as it would
be easy to gain false reassurance by comparing the observed
mortality with that predicted by the algorithms. This suggests the
need of EuroSCORE recalibration or even re-engineering in
order to provide a more accurate and less variable scoring
system for risk prediction.

Supplementary material
Supplementary material is available at European Heart Journal online.
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Progression of mitral annulus calcification to caseous necrosis of the mitral
valve: complementary role of multi-modality imaging
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A 66-year-old male was found on
echocardiography to have an echo-
genic discrete mass in the region of
posterior mitral valve annulus
(Panels A–D). In order to evaluate
this area further, a cardiac MRI
(Panels E and F ) was performed and
demonstrated a 20 � 20 mm mass
in the posterior left ventricular myo-
cardium between the coronary sinus
and posterior mitral valve leaflet. No
evidence of vascular flow was seen
within the mass, and its tissue
characteristics—notably low signal
on proton density-weighted fast-spin
echo—were most consistent with
calcium, thus confirming the diagno-
sis of prolific mitral annular
calcification.

Around the same time, a non-
gated contrast-enhanced CT (Panel
G) demonstrated a homogeneous
hyperdense mass in the area of the
inferior mitral valve annulus with
300 Hounsfield unit (HU). Five
years later, a repeat CT for cancer
surveillance (Panel H) showed the
transformation of this area into a
more heterogeneous calcification
pattern notable for decreased signal
within the centre of the mass
(70 HU). This pattern is consistent
with caseous necrosis, a rare calcifi-
cation pattern which has central necrosis, and on pathology appears pale or caseous (i.e. ‘cheese like’).

This case illustrates the complementary role of different imaging modalities. Whereas echocardiography was used to initially detect
this mass and to assess its functional significance, the use of cardiac MRI was used to exclude other potential aetiologies and to confirm
the presence of calcium. Conventional CT imaging further confirmed the calcified nature of the mass and most optimally demon-
strated the transformation into caseous necrosis.
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