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Abstract
Pericardiectomy is the standard procedure used to relieve hemodynamic conditions produced by
constrictive pericarditis. Repeat surgery for constrictive pericarditis is associated with higher thirtyday mortality than that of an initial pericarpdiectomy. Constrictive epicardial thickness might lead
to the repeat surgery in some cases. The waffle procedure, performed by incising the tight fibrotic
epicardium in a crosshatched manner, releases the epicardial constriction, and it can be used to
relieve the hemodynamic status produced by the constriction.
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Pericardiectomy is the standard procedure used to relieve hemodynamic conditions produced
by constrictive pericarditis (CP), a form of severe diastolic heart failure. CP is observed in 0.2%–
0.4% of patients undergoing cardiac surgery. They generally have experienced pericardial trauma
or inflammation [1]. Despite its poor prognosis when untreated, CP is potentially curable. Surgical
pericardiectomy can be performed at low operative risk. Cardiologists should have a high index of
suspicion for CP in patients presenting with predominant right-sided heart failure (HF), particularly
when accompanied by a history of cardiac surgery, pericarditis, and/or pericardial effusion.
Transthoracic two-dimensional and Doppler echocardiography are usually the first diagnostic tools
in the evaluation of HF and can reliably identify CP in most patients by the characteristic real-time
motion of the heart and hemodynamic features. Computed tomography and magnetic resonance
imaging provide incremental data for the diagnosis and management of CP and are especially helpful
when clinical or echocardiographic findings are inconclusive. Cardiac catheterization has been the
gold standard for the diagnosis of CP but may not be necessary if non-invasive tests demonstrate the
diagnostic features of CP. Catheterization should then be reserved for selected cases or for assessing
concomitant coronary disease. Although most patients with CP require pericardiectomy, antiinflammatory therapy may be curative in patients presenting with subacute symptoms, especially
when evidence of marked ongoing inflammation is seen.

Conventional Surgery
Surgical pericardiectomy is a potentially curative intervention. Gillaspie and colleagues reported
a 20-year experience with isolated pericardiectomy performed at Mayo Clinic between January
1993 and December 2013 [2]. In that study, 355 patients had undergone pericardiectomy for CP.
Radiation-related cases were excluded. Radical resection—defined as removal of anterior, inferior,
and left lateral pericardium posterior to the left phrenic nerve—was most commonly performed,
with an overall mortality of 2.5% among the 355 patients. The authors referred to specific patients
who had constrictive pericardium and epicardium. They recommended that a tight epicardial
peel should be left on non-contiguous islands. They did not indicate how many cases required the
additional procedure. Certainly, though, some of those with thickened epicardium would have
required additional attention. Repeat surgery for constrictive pericarditis is associated with 7%
thirty-day mortality [3]. Constrictive epicardial thickness might lead to the repeat surgery.

Waffle Procedure
The waffle procedure, performed by incising the tight fibrotic epicardium in a crosshatched
manner, releases the epicardial constriction [4]. A survey of the English-language literature since
1983 for references to the waffle procedure applied to relieve constrictive pericarditis yielded 10
articles and/or abstracts. Eight of the articles/abstracts originated in Japan [5-12]. There is no clinical
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evidence, however, that Japanese people with constrictive pericarditis
tend to develop epicardial thickening. Nine of the articles/abstracts
were published as case reports [4-6,8,9,11-14].

5. Tsukui H, Ohara K, Akimoto T, Mukaida M, Abe K. The waffle procedure
(multiple incision of epicardium) with pericardiectomy for constrictive
pericarditis. Nihon Kyobu Geka Gakkai Zasshi. 1997;45(12):1981-85.
6. Suzuki K, Tsuboi H, Murakami M, Kobayashi T, Sirasawa B, Ito H, et al.
The waffle procedure for constrictive epicarditis after direct closure of
atrial septal defect; report of a case. Kyobu Geka. 2007;60(13):1189-91.

The waffle procedure is performed with electric and/or sharp
dissection. Matsuura and Kanda used an ultrasonic scalpel [11,12].
Three techniques are used in our institution and are chosen on a caseby-case basis. Yamamoto and Shiraish compared cases of isolated
pericardiectomy with cases of pericardiectomy in conjunction
with the epicardial waffle procedure [7,10]. The authors concluded
that the waffle procedure improved diastolic function in patients
with epicardial thickening and that it was effective in patients with
persistent epicardial constriction. We have chosen to apply the waffle
procedure in patients with constrictive pericarditis associated with
thickened epicardium.

7. Yamamoto N, Ohara K, Nie M, Torii S, Inoue N, Miyaji K. For what
type of constrictive pericarditis is the waffle procedure effective?. Asian
Cardiovasc Thorac Ann. 2011;19(2):115-8.
8. Yamazaki K, Marui A, Nakahara T, Saji Y, Nishina T, Ikeda T, et al.
Advanced effusive-constrictive pericarditis rescued by the aggressive
waffle procedure. Gen Thorac Cardiovasc Surg. 2012;60(5):297-301.
9. Matsuzaki Y, Naruse Y, Tanaka K, Tabata A. [IgG4-related constrictive
pericarditis treated by waffle procedure]. Kyobu Geka. 2013;66(12):1061-5.
10. Shiraishi M, Yamaguchi A, Muramatsu K, Kimura N, Yuri K, Matsumoto
H, et al. Validation of Waffle procedure for constrictive pericarditis with
epicardial thickening. Gen Thorac Cardiovasc Surg. 2015;63(1):30-7.

Conclusions
Constrictive pericarditis is sometimes associated with constrictive
epicarditis. Extensive epicardiectomy is not easy, and the waffle
procedure can be used to relieve the hemodynamic status produced
by the constriction.

11. Matsuura K, Mogi K, Takahara Y. Off-pump waffle procedure using an
ultrasonic scalpel for constrictive pericarditis. Eur J Cardiothorac Surg.
2015;47:e220-2.
12. Kanda H, Moriyama Y, Fukumoto Y, Ueno T, Iwamoto S, Yamashita M, et
al. [Pericardiectomy of effusive constrictive pericarditis with an ultrasonic
scalpel; report of a case]. Kyobu Geka. 2015;68(4):317-9.
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