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Abstract
Background: In pericardiectomy for constrictive pericarditis, postoperative worsening of tricuspid
regurgitation (TR) is a problem to be considered. It is a focus of attention and there are several case reports
and studies concerning this phenomenon.
Aim: The aim of this review was to examine available literature with regard to worsening of TR after
pericardiectomy in order to clarify its incidence, mechanism, long-term outcome, and preventive measures.
Results: About one-third to half of patients experience an increase in TR postoperatively without tricuspid
valve intervention. Postoperative right ventricular (RV) dilatation, tricuspid annular dilatation, together
with perioperative RV dysfunction play the major role. The preoperative existence of TR increased
mortality in large studies, and worsened TR postoperatively had a trend toward reduced survival. Whether
tricuspid valve intervention improves outcome or not is still to be determined. At least, this intervention
appears protective against long-term mortality. Radical pericardiectomy seems to have the possibility to
improve the outcome related to TR than conventional pericardiectomy.
Conclusions: The findings of this review can be summarized as: 1. In pericardiectomy for constrictive
pericarditis, preoperative TR and its postoperative worsening cannot be ignored. 2. Concomitant tricuspid
valve intervention has a tendency toward improved long-term survival and should be considered especially
in cases with preoperative TR. 3. Regarding TR, radical pericardiectomy seems to have more benefit than
conventional pericardiectomy.
Keywords: Pericardiectomy, constrictive pericarditis, tricuspid regurgitation, tricuspid valve intervention,
radical pericardiectomy

Introduction

tional pericardiectomy.
In 2013, the author (Taguchi S) published a case of conventional
As indicated by Busch C, et al. in 2015, there are two napericardiectomy for constrictive pericarditis [1]. In this case, tionwide presentations of pericardiectomy both in 2013 from
preoperative mild-moderate tricuspid regurgitation (TR) wors- Japan (346 cases) and USA (13,593 cases) [6-8]. The former had
ened as severe postoperatively. The patient received tricuspid an operative mortality of 10.0% and the latter an in-hospital
annuloplasty 18 months later. The pathogenesis of worsening mortality of 7.5%, although the latter was not limited to periTR was assumed to be right ventricular (RV) and tricuspid an- cardiectomy for constrictive pericarditis. We are able to see
nular dilatation caused by the relief of pericardial constriction. from these studies that this operation still is highly risky, but
Some studies have recently focused on this worsening by neither of them clarified the role of TR for the risk.
referencing the author’s report [2-5]. This review aims to warn
surgeons planning to cope with constrictive pericarditis by Materials and methods
simply trying to treat the pericardium especially by conven- This review was conducted by literature search and data extraction.
© 2022 Taguchi; licensee Herbert Publications Ltd. This is an Open Access article distributed under the terms of Creative Commons Attribution License
(http://creativecommons.org/licenses/by/3.0). This permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Literature search

A literature search for relevant articles was conducted using
PubMed as the following free words: Pericardiectomy, Tricuspid regurgitation. The search was performed on October 22,
2021, and records identified were 24 publications. Studies
that meet the following inclusion criteria were included:
clinical retrospective cohort study about pericardiectomy
and tricuspid regurgitation. Studies mentioned as references
in each article were also included.
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Preoperative TR

Calderon-Rojas R, et al. of Mayo Clinic indicated that about
half of the patients were complicated with TR grade mild
or more preoperatively [2,9]. Their study in 2018 reviewed
records of 450 patients who underwent pericardiectomy
for constrictive pericarditis and their baseline transthoracic
echocardiography grade of TR were none/trivial in 51%, mild
in 38%, and moderate/severe in 10% of patients [9]. Their
study in 2020 reviewed the records of 518 patients [2]. Again
their preoperative TR were none/trivial in 53%, mild in 37%,
Data extraction and analysis
and moderate/severe in 10% of patients.
All data were collected from eligible studies. A single reviewer
Tabucanon RS, et al. of Cleveland Clinic indicated in 2021
performed all data extraction to ensure consistency across that about 40% of the patients were complicated with TR
the studies. Full-text reviews related to pericardiectomy, grade mild or more preoperatively [5].
tricuspid regurgitation, and method of operation were perThe study by Mantri RR, et al. in 1993 analyzed 33 surgical
formed. The studies included in this review are summarized cases [10]. In their study, 52% of patients were involved in
in a table (Table 1).
TR grade mild or more. There were no preoperative clinical
or hemodynamic predictors for the incidence or severity of
Statistical analysis
the regurgitations.
All the studies described the method of statistical analysis in
their articles. A meta-analysis was not performed to unify the Increase in TR following operation without tricuspid
studies in this review due to the possibility of counting the valve intervention
patients doubly or triply from the same institutions.
The Mayo Clinic group in 2018 concluded that about one-third
of patients experienced an increase in TR following operaResults
tion [9]. In the study by the same group in 2020, counting
Results of the analysis led the author (Taguchi S) to focus on the numbers of patients with TR at discharge compared to
seven subjects. They are preoperative TR, increase in TR fol- preoperative data, again about 35% of patients acquired a
lowing operation, mechanism of increase, mortality regarding newly or worse TR [2]. In their studies, cases of concomitant
TR, right ventricular dysfunction, simultaneous tricuspid valve tricuspid valve intervention were excluded.
intervention, and radical pericardiectomy.
The Cleveland Clinic group in 2021 published their expeTable 1. Summary of clinical studies or cases.
First author

(Year) Institution/Location Patients

Calderon-Rojas

(2020) Mayo Clinic

N=518

Preop TR Postop worsened Radical op
TR
47%
36%
67%

Reference
[2]

Calderon-Rojas

(2018) Mayo Clinic

N=450

48%

35%

NR

[9]

Tabucanon

(2020) Cleveland Clinic

N=401

NR

NR

NR

[14]

Tabucanon

(2021) Cleveland Clinic

N=381

40%

51%

82%

[5]

Calderon-Rojas

(2021) Mayo Clinic

N=310

35%

NR

70%

[16]

Gongora

(2008) Mayo Clinic

N=261

20%

NR

standard

[17]

Tariq

(2015) Cleveland Clinic

N=141

NR

NR

NR

[13]

Kumawat

(2018) Varanasi, India

N=109

NR

NR

76%(left ant-lat) [4]

Busch

(2015) Leipzig, Germany

N=97

NR

NR

55%

[6]
[3]

Choi

(2019) Seoul, Korea

N=90

5.6%

15.6%

59%

Senni

(1999) Mayo Clinic

N=58

NR

NR

90%

[18]

Mantri

(1993) Lucknow, India

N=33

52%

NR

NR

[10]

Johnson

(1993) Akron City Hospital

N=2

N=2

N=2

none

[11]

Nakamura

(2008) Osaka University

N=1

N=1

N=1

none

[21]

Taguchi

(2013) Kawasaki, Japan

N=1

N=1

N=1

none

[1]

Percentage indicates frequency.
ant-lat: anterolateral thoracotomy, N: numbers, NR: not reported, op: operative/operation, TR: tricuspid regurgitation
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riences of 381 pericardiectomy patients without tricuspid
valve surgery. Among this cohort, worsened postoperative
TR made up 193 (50.7%) patients [5].
There are several case reports of postoperative increase of
TR [1,11]. Johnson TL, et al. reported two cases of postoperative
TR increase in 1993 [11]. They demonstrated the importance
of determining tricuspid valvular function prior to pericardiectomy. In their patients, severe TR was detected each on
postoperative days 5 and 40, whereas in the case reported
by the author (Taguchi S) in 2013, postoperative severe TR
was detected on postoperative day 17 [1].

doi: 10.7243/2052-4358-10-1
the subgroup of worsened TR which showed no recovery of
TR within the first year post operatively had a significantly
(P=0.02) worse survival than the postoperatively same /
better TR group.

Right ventricular dysfunction

Unai S, et al. of the Cleveland Clinic think that functional TR
is seen in RV dysfunction and dilatation, which will get worse
when the constriction is released and the RV and the tricuspid
annulus further dilate [11,15].
In the more recent study from the Cleveland Clinic, reduced
preoperative RV FAC was the factor strongest associated
Mechanism of increase in TR without tricuspid valve with postoperatively worsened TR, although not evident for
intervention
mortality [5].
In the author’s case presentation of 2013, it was concluded
In the studies from the Mayo Clinic, reduced baseline and
the etiology of marked increase in TR was thought to be the postoperative RV function was associated with an increased
dilatation of the right chambers with annular dilatation of the hazard of long-term mortality [16]. Patients who underwent
tricuspid valve [1]. It is the same mechanism as what others tricuspid valve operation were 11 times more likely to have
mention in their reports.
less than moderate TR vs moderate or severe, and 1.5 times
Back in 1993, Johnson TL et al. described that TR deteriora- more likely to have less than moderate RV enlargement vs
tion postoperatively was a result of RV dilatation [11].
moderate or severe. However tricuspid valve operation was
Conventionally, an anterior excision of the pericardium also associated with an increased risk of RV dysfunction grade.
between the phrenic nerves, and the inferior pericardium Therefore, restoration of tricuspid valve competence does not
is performed. This primarily relieves the surface of the right appear to translate into an immediate benefit of RV function.
chambers and some of the left chambers, which may lead to
tricuspid annular dilatation and TR increase [1].
Simultaneous tricuspid valve intervention
Yu HT, et al. reported a case of transient RV dysfunction In the studies of the Mayo Clinic group in 2008, Gongora
after pericardiectomy [12]. Although the role of TR is not E, et al. evaluated 261 cases of constrictive pericarditis [17].
mentioned clearly, RV dysfunction together with dilatation Among those with moderate/severe TR, operative mortality
may be the basal factor for an eventful clinical course.
was similar whether or not repair was undertaken, and late
Tariq MU, et al. from the Cleveland Clinic reported a series survival was not impacted. Their standard pericardial resecof pericardiectomy [13]. Worsening TR was associated with tion was radical in nature.
a significant increase in tricuspid annular size and decrease
In the studies of the Mayo Clinic group in 2018 and 2020,
in annular velocity. They concluded that the worsening was Calderon-Rojas R et al. commented that further study is wara result of RV dilatation post operatively with the removal of ranted to determine if tricuspid valve intervention improves
the rigid pericardium.
outcome [2,9]. In their very recent study of 2021, tricuspid
Tabucanon R, et al. from the Cleveland Clinic reported an- valve intervention resulted in a reduced risk of long-term
other series of pericardiectomy [14]. In multivariable analysis, mortality, but the Kaplan-Meier estimate of survival did not
the only independent predictor identified for the worsening differ between the tricuspid valve operation and no operation
TR was preoperatively reduced RV fractional area change (FAC), groups [16]. Their conclusion was to express that concomitant
highlighting the importance of right ventricular function.
tricuspid valve operation appears protective against long-term
mortality. They used radical pericardiectomy in 70% of cases.
Mortality regarding TR
Busch C, et al. studied their 97 consecutive patients [6]. They
In the studies of the Mayo Clinic group in 2018 and 2020, performed tricuspid valve repair in 39.2% of their patients.
they demonstrated that patients with preoperative mild or Comparing long-term mortality of pericardiectomy with or
moderate/severe TR had increased risk of mortality compared without the repair, the mortality without repair was 51.5%
to patients with none/trivial TR [2,9].
compared with 31% with repair (P=0.07). Although not staAlso, Choi MS, et al. demonstrated that late mortality was tistically significant, concomitant repair appeared to provide
associated with preoperative grade of TR in their cohort of 90 protective effect on the long-term survival. They used radical
patients including conventional and radical pericardiectomy [3]. pericardiectomy in 55% of cases.
Regarding postoperative worsening of TR, the Cleveland
Clinic group studied the long-term mortality [5]. Although Role of radical pericardiectomy
not significant (P=0.08), worsened TR was associated with In the studies of Choi MS, et al. based on 90 patients, RV systolic
a trend toward lower survival during follow-up. Especially pressure decreased, and pericardial thickening resolved only
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in the radical pericardiectomy group [3]. Also, TR worsened
after the operation more in the conventional group, and
it improved over time in the radical group. Conventional
pericardiectomy removed the anterior and diaphragmatic
pericardium anterior to the phrenic nerves. Radical pericardiectomy additionally removed the pericardium posterior to
the phrenic nerves to see the coronary sinus or pulmonary
veins. Their early mortality rate was 4.4% (4/90), and all belonged to the conventional group.
Kumawat M, et al. reported their results of 109 cases in which
83 cases were performed by a left anterolateral thoracotomy
enabling them to dissect the lateral and posterior walls of the
LV, and diaphragmatic aspect easier [4]. Their mortality was
in 2 patients only. They state that the initial hemodynamic
and clinical result may not always be dramatic but continued
improvement is definite because of progressive enlargement
of LV dimensions.
Similarly, Senni M, et al. state that after pericardiectomy
by radical pericardiectomy in 90% of cases, initial clinical
and hemodynamic responses are not always dramatic and
continued improvement may occur over many months [18].
This is consistent with the fact that LV dimension progressively increased, whereas systolic function remained stable.
In the studies from the Cleveland Clinic, pericardiectomy
technique was not associated with worsening TR, so they
continue to recommend the radical approach when indicated
given improved survival and functional outcomes and lower
recurrence risk than partial pericardiectomy [5].
Unai S, et al. describe the method of radical pericardiectomy in detail [15]. They describe that a unique complication
following partial pericardiectomy is that severe constriction
is released, and the RV is suddenly volume loaded prior to
the release of LV constriction. This results in severe postoperative condition.

Comment

From the descriptions mentioned above, the general concept
of TR regarding constrictive pericarditis and pericardiectomy
can be summarized. Roughly, the incidence of mild TR or more
is in about half cases preoperatively. In a large study cohort,
about one-third to half of patients experience an increase in
TR postoperatively without tricuspid valve intervention. The
mechanisms of the increase are dilatation of the right chambers and tricuspid annulus acquired by the relief of pericardial
constriction. Also, RV dysfunction plays a certain role in the
clinical course. Preoperative TR increased mortality in large
studies and postoperative worsening of TR a trend toward
lower survival. However, whether tricuspid valve intervention
improves outcome or not is still to be determined. There is a
certain role for radical pericardiectomy enabling the release
of LV constriction together with RV.
Mitral regurgitation (MR) may worsen after pericardiectomy
in the same manner [1,10]. If one is to compare the situation
with MR, there are cases in which MR after pericardiectomy
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subsided due to compensation and did not require reoperation [19,20]. On the other hand, there is a case report of severe
MR postoperatively that required surgical management after
pericardiectomy [21]. Similarly, the possibility exists that the
worsened TR might regress further in the time course or requires re-intervention [1,3]. As a matter of fact, concomitant
worsened TR together with MR was operated on in the latter
case [21].
One important factor in thinking about post operative
increase of TR is the method of pericardiectomy whether
radical or conventional. This is due to the importance of
post operative dilatation of the LV not only the RV. The post
operative merits of relieving both the LV and RV are that in
almost all cases, elasticity of the ventricles returns with total
pericardiectomy; LV and RV end-diastolic pressures normalize;
ventricular interdependence reduces [4]. All or part of these
merits can be achieved by trying to relieve the constriction
of both LV and RV.
Tricuspid annular intervention can easily be achieved by
cardiac surgeons if cardiopulmonary bypass (CPB) is used.
Radical pericardiectomy via median sternotomy performed
under CPB with concomitant tricuspid valvular intervention
is a method to be considered especially in cases with more
than moderate preoperative TR [15].

Conclusions

In pericardiectomy for constrictive pericarditis, postoperative
worsening of TR is a problem to be considered. Postoperative RV dilatation, tricuspid annular dilatation, together with
perioperative RV dysfunction play the major role. Even in
large studies, whether tricuspid valve intervention improves
outcome or not is still to be determined. Radical pericardiectomy which also relieves LV constriction seems to have
the possibility to improve the outcome related to TR than
conventional pericardiectomy.
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