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Figure 2  ROC curves showing additive value of DHE in diagnosing ongoing episode of recurrence among all patients with 
established history of recurrent pericarditis. Red: conventional clinical criteria of pericarditis (AUC 0.69); blue: conventional 
clinical criteria of pericarditis+DHE (AUC 0.80). AUC, area under the curve; DHE, delayed hyperenhancement; ROC, receiver 
operating characteristic.

Table 3  Univariable and multivariable logistic regression model analysis for ongoing recurrence in patients with chest pain 
(n=150)

Univariable Multivariable

OR (95% CI) P value OR (95% CI) P value

Pericardial rub 1.88 (0.40 to 9.81) 0.42 – –

ECG change 3.20 (1.57 to 6.71) 0.002 – –

Increased effusion on echo 3.78 (1.42 to 11.26) 0.011 – –

us-CRP increase per 10 mg/L 1.16 (1.07 to 1.32) 0.005 1.07 (0.98 to 1.22) 0.17

WSR, mm/hour 1.03 (1.01 to 1.05) 0.020 – –

DHE increase per 10 cm3 1.32 (1.19 to 1.48) <0.001 1.28 (1.13 to 1.47) <0.001

Qualitative DHE 5.55 (2.66 to 12.09) <0.001 – –

Pericardial thickness BB, mm 1.16 (0.75 to 1.85) 0.50 0.59 (0.32 to 1.03) 0.062

At least two positive clinical markers (+1 
other than chest pain)

3.44 (1.75 to 6.93) <0.001 2.53 (1.17 to 5.51) 0.018

BB, black blood; DHE, delayed hyperenhancement; ROC, receiver operating characteristic; WSR, Westergren sedimentation rate; usCRP, 
ultrasensitive C reactive protein.

hence did not require further intensification of anti-in-
flammatory therapy. In contrast, figure 5C–F shows DHE 
images of a 61-year-old female patient with RP who also 
complained of chest pain and had intense DHE at initial 
CMRI (DHE=142 cm3) figure 5C, D. This patient had an 

ongoing recurrence of RP per the pericardial expert but 
lacked additional clinical findings of pericarditis. The 
patient demonstrated an improvement in DHE (quanti-
tative DHE at follow-up CMR=34 cm3) figure 5E, F along 
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Figure 3  ROC curves showing additive value of DHE in diagnosing ongoing episode of recurrence of recurrent pericarditis in 
patients who presented with chest pain (n=150). Red: conventional clinical criteria of pericarditis (AUC 0.65); blue: conventional 
clinical findings+DHE (AUC 0.76). AUC, area under the curve; DHE, delayed hyperenhancement; ROC, receiver operating 
characteristic.

Figure 4  Changes of DHE over time in patients with follow-up CMRI. Markers represent the average of the observed data 
obtained index CMRI date (time zero) over the intervals of 0–150 days, 151–300 days and >300 days. Error bars represent 
95%CIs. The regression line is obtained by the mixed model approach. The P values for change over time are shown. CMRI, 
cardiovascular MRI; DHE, delayed hyperenhancement.
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Figure 5  Delayed hyperenhancement (DHE) images from patients with RP. Panels A and B are DHE images from a 47-year-
old female patient with RP who had minimal pericardial DHE at presentation. Panels C and D show severe pericardial DHE in 
a 61-year-old female patient with RP diagnosed as having an ongoing recurrence at presentation, while panels E and F are 
images from the same patient showing improved DHE post-treatment. Panels A, C and E show images before contouring, and 
the pericardium is bright from intense DHE in panel C. Postcontouring (B, D and F), quantitative signal >6 SD above normal 
myocardium is shown as yellow. On these short-axis images, the pericardium has been outlined between the green and red 
tracings, and normal septal myocardium has been outlined as a reference region (blue tracing). While DHE images show very 
low quantitative DHE (quantitative DHE=2 cm3) in panel B, panel D shows high-quantitative DHE (quantitative DHE=142 cm3). In 
comparison with panel D, panel F shows improved DHE (quantitative DHE=34 cm3) after 200 days of anti-inflammatory therapy. 
RP, recurrent pericarditis.

with resolution of chest pain at follow-up after 200 days of 
appropriate medical therapy.

Discussion
The results of this study demonstrate that in patients with 
established history of RP: (1) higher quantitative peri-
cardial DHE was independently associated to ongoing 

recurrence of RP; (2) quantitative pericardial DHE added 
incremental value in identifying patients presenting with 
an ongoing episode of recurrence over conventional 
diagnostic clinical criteria for pericarditis; (3) quantita-
tive DHE retained acceptable discriminatory test charac-
teristics for diagnosing ongoing recurrence of RP among 
patients presenting with chest pain; and (4) quantitative 
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DHE values improved in a subgroup of patients with 
follow-up CMRI along with improvement in us-CRP levels 
and symptoms over time.

Diagnostic utility of DH imaging in RP
RP is diagnosed when pericarditis recurs after a symptom 
free period of at least 4 weeks.1 However, conventional 
clinical findings for diagnosing pericarditis are often 
not observed in subsequent episodes of recurrence of 
RP leading to inadequate therapy.15 16 Not surprisingly, 
almost half of the patients adjudicated as having an 
ongoing recurrence by the pericardial expert in our study, 
did not demonstrate a minimum of two clinical findings 
of pericarditis at presentation and hence did not meet 
the conventional clinical criteria to diagnose a recur-
rence of RP. Previous reports have also documented, that 
in most recurrences, pericardial chest pain is the only 
presenting clinical finding.15 17 18 Hence, our results were 
in line with prior reports. In addition, we also demon-
strate that adding quantitative DHE to the conventional 
clinical criteria of pericarditis can improve our ability to 
diagnose an ongoing episode of recurrence and hence 
differentiate patients who necessitate intensification of 
anti-inflammatory medications. Among patients with 
pericarditis, DHE can inform the presence and severity 
of pericardial inflammation.19 Indeed, patients with RP 
who have higher DHE at presentation have more active 
pericarditis and hence demonstrate a higher subsequent 
recurrence rate.8 The results of our study show that DHE 
imaging might help in diagnosing and treating ongoing 
recurrences of pericarditis in patients with established 
history of RP. Interestingly, we found that laboratory 
markers of inflammation were not independently asso-
ciated with ongoing recurrences. Most patients in our 
study were already on anti-inflammatory medications 
for a considerable period when undergoing the initial 
CMR. us-CRP is a sensitive marker of inflammation with a 
short half time, which normalises sooner after initiation 
of anti-inflammatory medications. Therefore, among 
patients with RP, who present with recurrences despite 
being on anti-inflammatory therapy, DHE might be a 
better marker of disease activity than laboratory markers 
of inflammation such as us-CRP.8

A previous report has demonstrated that higher base-
line DHE is associated with a longer clinical course and 
hence could be used as a prognostic tool in patients with 
RP.8 In the current study, we show for the first time that 
DHE can be used to identify patients presenting with 
an ongoing episode of recurrence and titrate anti-in-
flammatory medications. Furthermore, quantitative 
assessment of pericardial DHE could be used to provide 
objective evidence of ongoing pericardial inflammation 
and add to the diagnostic value of conventional clinical 
markers of pericarditis in a large cohort of patients with 
RP presenting with chest pain. Of note, qualitative DHE 
reads and laboratory markers of inflammation (us-CRP 
and WSR) were not found to be independently associated 
to recurrence of RP in our study.

The paradigm of DHE imaging in pericarditis
Among patients with pericardial diseases, CMRI can be 
used to assess haemodynamics, measure pericardial thick-
ness and characterise pericardial oedema and inflamma-
tion.5 All PSIR DHE images are acquired during diastole 
when the heart is relatively still and hence the assess-
ment of quantitative DHE is highly reliable and has low 
observer variability.8 11 Importantly, a normal pericardium 
is relatively avascular and does not enhance.8 19 However, 
repeated inflammation of the pericardium as seen in 
patients with multiple recurrences of pericarditis leads 
to neovascularisation and uptake of gadolinium-based 
contrast agents.9 19 Such patients when presenting with 
recurrent disease show intense DHE suggests the need 
for intensification of anti-inflammatory therapy.

Conversely, RP patients without significant DHE are 
more likely to have organised fibrous pericarditis charac-
terised by pericardial fibrosis and calcification.9 Of note, 
patients with constrictive pericarditis who have increased 
DHE at presentation usually show improvement after a 
trial of anti-inflammatory therapy.13 20 However, among 
patients with RP, symptomatic improvement is often 
followed by improvement in quantitative DHE levels as 
evidenced in our study. Whether a DHE-guided approach 
will lead to overall improvement in outcomes among 
patients with RP will require further investigation.

Study limitations
Our study is limited by its retrospective nature. The gold 
standard for adjudication of ongoing reccurences in our 
study was based on the clinical judegment of an experi-
enced pericardial expert which could be subjective. The 
pericardial expert was not blinded to CMRI and echo-
cardiography at patient presentation; however, he had 
no access to quantitative DHE measurements that were 
done offline at a later time. To the best of our knowl-
edge, we report the largest cohort of patients with RP 
who underwent CMR, yet the number of patients is rela-
tively small and comes from a tertiary referral pericar-
dial centre and hence might suffer from selection bias. 
Furthermore, it is possible that only patients with more 
advanced disease underwent follow-up CMR, and hence, 
the overall improvement in symptoms and DHE might 
be more than that demonstrated in the present study. 
Indeed, as RP is associated with low mortality rates but 
has high morbidity, future studies assessing the interval 
changes of DHE in response to treatment, combined with 
quality of life matrices are required.

Conclusion
In patients with established diagnosis of RP, quantita-
tive assessment of pericardial inflammation using DHE 
imaging can help identify patients presenting with an 
ongoing episode of recurrence of RP. Quantitative DHE 
assessment was independently associated to ongoing 
recurrence and added incremental value to conven-
tional clinical criteria of pericarditis. Quantitative DHE 
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demonstrated acceptable test characteristics to diagnose 
ongoing recurrence of RP even in patients presenting 
with chest pain. Among a subgroup of RP patients with 
follow-up CMR, a DHE improvement followed improve-
ment in laboratory markers of pericardial inflammation 
and symptoms.
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