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ABSTRACT

Objective: Concomitant coronary artery bypass grafting (CABG) and pericardiec-
tomy (PC) can be a technically challenging operation. We sought to study the out-
comes of patients undergoing concomitant PC and CABG.

Methods: Between July 1983 and August 2016, 70 patients (median age, 67 years;
88%males) underwent concomitant PC and CABG (PC þ CABG group). Multivari-
able analysis was used to identify predictors of mortality. Matched patients who un-
derwent isolated PC (PC group) were identified, and postoperative outcomes and
long-term survival in the 2 groups were compared.

Results: Compared with the PC group, cardiopulmonary bypass time was signifi-
cantly longer in the PC þ CABG group (82 minutes vs 61 minutes; P< .001). In-
hospital mortality was 4% in the PC group and 7% in the PC þ CABG group
(P¼ .380). Multivariable analysis identified peripheral vascular disease (hazard ratio
[HR], 2.67; 95% CI, 1.06-6.76; P¼ .04) as a predictor of increased morbidity or mor-
tality and a borderline association with New York Heart Association functional clas-
ses III and IV (HR, 2.41; 95% CI, 0.99-5.86; P ¼ .05) with increased morbidity and
mortality in the PC þ CABG group. Kaplan–Meier estimates demonstrated similar
late mortality rates in the 2 groups at a 15-year follow-up (P ¼ .700).

Conclusions: Concomitant PC and CABG is not associated with increased
morbidity or mortality compared with isolated PC. Thus, CABG should not be de-
nied at the time of PC. (JTCVS Open 2023;13:178-83)
From the aDepartment of Cardiovascular Surgery, and bDivision of Clinical Trials and

Biostatistics, Mayo Clinic, Rochester, Minn.

Received for publication Aug 25, 2022; revisions received Oct 15, 2022; accepted for

publication Oct 26, 2022; available ahead of print Dec 10, 2022.

Address for reprints: Vishal Khullar, MBBS, Department of Cardiovascular Surgery,

Mayo Clinic, 200 First St SW, Rochester, MN 55905 (E-mail: vishalkhullar13@

gmail.com).

2666-2736

Copyright � 2022 The Author(s). Published by Elsevier Inc. on behalf of The Amer-

ican Association for Thoracic Surgery. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.xjon.2022.10.011

178 JTCVS Open c March 2023
0

0

25

50

75

100

5

P = .346

Time Since Surgery (Years)
10 15

140

S
u

rv
iv

al
 (

%
)

73 49 16
70

Pericardiectomy
Pericardiectomy +

CABG
43 25 9

Kaplan–Meier survival curves showing comparable
survival after concomitant coronary artery bypass
grafting (CABG) and pericardiectomy (PC) and af-
ter isolated PC.
CENTRAL MESSAGE

The addition of coronary artery
bypass grafting does not add in-
cremental morbidity or mortality
to pericardiectomy.
PERSPECTIVE
Our analysis shows that concomitant coronary
artery bypass grafting with pericardiectomy is a
safe procedure. Performing the 2 procedures
together does not increase morbidity or mortal-
ity. Despite a more extensive procedure, patients
with significant coronary artery disease should
not be denied coronary artery bypass grafting
concomitant with pericardiectomy.
patients with severe coronary artery
Pericardiectomy (PC) for constrictive pericarditis has been
traditionally considered a high-risk operation, with postop-
erative mortality ranging from 3.9% to 18.6%.1-4 In
addition to PC,
disease may require concomitant coronary artery bypass
grafting (CABG). We identified only a single previous
study with just 22 patients requiring concomitant PC and
CABG.4 In that study, the presence of coronary artery dis-
ease was identified as an independent predictor of late mor-
tality.4 Apart from that study and some isolated case
reports,5-7 outcomes following concomitant PC and
CABG have not been described in the literature.

The aim of the present study was to investigate outcomes
following concomitant PC and CABG and pericardiectomy,
and to compare these outcomes with those in patients under-
going isolated PC.
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
HR ¼ hazard ratio
IQR ¼ interquartile range
NYHA ¼ New York Heart Association
PC ¼ pericardiectomy
PCI ¼ percutaneous coronary intervention
PVD ¼ peripheral vascular disease
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METHODS
A total of 1245 patients who underwent PC at our institution between

July 1983 and August 2016, including 837 isolated PCs, were identified.

Among these patients, 100 who underwent concomitant CABG performed

for coronary artery stenosis were reviewed.We excluded 2 patients who did

not give appropriate research authorization and 27 patients with primary

ischemic heart disease (rather than pericarditis) who underwent prophylac-

tic PC, as well as 1 patient who underwent CABG for coronary artery

aneurysm.

Electronic medical records and operative notes were reviewed. The

Society of Thoracic Surgeons definitions were used to define patient base-

line characteristics and postoperative outcomes. Matching based on age

and sex was done on a cohort of 650 patients who underwent isolated

pericardiectomy.

Baseline preoperative characteristics, intraoperative data, and postoper-

ative outcomes were compared between the isolated PC group and concom-

itant PC and CABG (PC þ CABG) group. The primary endpoint of the

study was all-cause mortality, for which all patients were followed from

the date of surgery to either the date of death or the date of last follow-

up. The Mayo Clinic Institutional Review Board approved this study

(approval no. 19-011985; January 14, 2020).

Surgical Technique
Over a 33-year period, 14 surgeons performed concomitant PC and

CABG at the Mayo Clinic in Rochester, Minnesota. A median sternotomy

was performed in all cases. The extent of PC and the use of cardiopulmo-

nary bypass were at each surgeon’s discretion. Our PC technique has been

described in previous reports.8,9

Partial PC was defined as removal of the anterior pericardium from

phrenic nerve to phrenic nerve. Radical PC was defined as removal of

the anterior pericardium, diaphragmatic pericardium, and posterior pericar-

dium behind the left phrenic nerve back to the pulmonary veins.

Statistical Analysis
R version 3.62 (R Foundation for Statistical Computing) and SAS

version 9.4M6 (SAS Institute) were used to analyze the data. Descriptive

statistics included count (percentage) and median (interquartile range

[IQR]). The level of statistical significancewas defined as P� .05. Cox pro-

portional hazards regression models were used to calculate the hazard ra-

tios (HRs) for survival in the concomitant PC þ CABG group.

Univariable analysis was used to identify factors associated with survival,

and significant variables were entered into a model to determine any inde-

pendent predictors of survival.

Two age- and sex-matched controls from the isolated PC group were

identified for each patient in the PC þ CABG group. The groups were

compared using the c2 test and Wilcoxon rank-sum test.

Kaplan–Meier estimates were used to assess survival following surgery,

and a stratified log-rank test was used to determine survival differences

between the groups. A multivariable Cox proportional hazards regres-

sion model was introduced to analyze risk factors associated with

time to death.
RESULTS
Baseline Characteristics
Study population demographics as well as baseline char-

acteristics are summarized in Table 1. Seventy patients who
underwent concomitant PC and CABGwere included in our
study. The primary indication for cardiac surgery was
constrictive pericarditis in 61 patients (87%) and effusive/
chronic relapsing pericarditis in 9 patients (12%). The me-
dian patient age was 67 years (IQR, 60-73 years), and 62
(88%) of the patients were males. Preoperatively, 41 pa-
tients (60%) were in New York Heart Association
(NYHA) functional class III, and 15 (22%) were in
NYHA class IV. Twelve patients (17%) had a previous ster-
notomy, 11 of whom had undergone prior CABG.
In the matched isolated PC group, 54% of the patients

were in NYHA functional class III and 27% were in class
IV. Sixty-four patients (46%) had a previous sternotomy,
and 46 (33%) had a prior CABG. No significant difference
was seen between the 2 groups in terms of other comorbid-
ities, such as diabetes mellitus, hypertension, prior percuta-
neous coronary intervention, previous myocardial
infarction, or preoperative renal failure.
Operative Details
The operative details of both patient groups are summa-

rized in Table 2. Owing to severe heart failure symptoms,
the procedure was urgent in 12 patients (17%) in the
PC þ CABG group. Out of 70 patients in the PC þ CABG
group, radical PC was performed in 65 (93%), and partial
PC was performed in 5 (7%). Cardiopulmonary bypass
with aortic cross-clamping was performed more frequently
in the PC þ CABG group compared with the PC group
(84% vs 3%;P<.001). Themedian cardiopulmonary bypass
time was significantly longer in the PC þ CABG group
compared with the PC group (82 minutes [IQR, 59-120 mi-
nutes] vs 61 minutes [IQR, 40-80 minutes]; P< .001). In
the PC þ CABG group, a single bypass graft was used in
38 patients (54%), 2 bypass grafts were used in 25 patients
(36%) patients, and 3 bypass grafts were used in 7 patients
(10%). The left anterior descending artery was the most
commonly used distal target (n ¼ 54; 77%), followed by
the right coronary artery (n¼ 20; 29%) and obtuse marginal
artery (n ¼ 20; 29%). The posterior left ventricular artery
(n ¼ 4; 6%) and ramus intermedius (n ¼ 2; 3%) were the
least frequently used distal targets. In addition, the inferior
mesenteric artery was used for grafting in 46 patients (66%).
Postoperative Complications and Early Mortality
No significant differences were found between the

PCþ CABG group and the PC group in terms of prolonged
ventilatory support (23% vs 19%; P¼ .46), median time in
the intensive care unit (47 hours [IQR, 25-93 hours] vs
29 hours [IQR, 23-85]; P ¼ .73), and new-onset
JTCVS Open c Volume 13, Number C 179



TABLE 1. Baseline characteristics

Characteristic N Total (N ¼ 210) PC þ CABG group (N ¼ 70) PC group (N ¼ 140) P value

Age, y, median (IQR) 210 67.4 (60.2-73.2) 67.4 (60.4-73.1) 67.4 (60.2-73.7) .890

Male sex, n (%) 210 186 (88.6) 62 (88.6) 124 (88.6) 1.000

BMI, kg/m2, median (IQR) 210 27.9 (25.6-32.2) 27.8 (25.6-30.7) 28.0 (25.6-32.5) .608

CHF within 2 wk, n (%) 209 102 (48.8) 34 (49.3) 68 (48.6) .924

Serum creatinine, median (IQR) 210 1.2 (1.1-1.5) 1.2 (1.1-1.5) 1.3 (1.1-1.5) .542

Cerebrovascular accident, n (%) 210 10 (4.8) 5 (7.1) 5 (3.6) .252

History of TIA, n (%) 208 5 (2.4) 1 (1.4) 4 (2.9) .487

Diabetes mellitus, n (%) 210 61 (29.0) 23 (32.9) 38 (27.1) .390

Dyslipidemia, n (%) 210 115 (54.8) 36 (51.4) 79 (56.4) .493

Hypertension, n (%) 210 96 (45.7) 34 (48.6) 62 (44.3) .557

NYHA functional class III or IV, n (%) 208 169 (81.2) 56 (82.4) 113 (80.7) .776

PVD, n (%) 210 19 (9.0) 8 (11.4) 11 (7.9) .395

Renal failure (creatinine>2 or dialysis), n (%) 210 22 (10.5) 9 (12.9) 13 (9.3) .426

Smoking history, n (%) 203 137 (67.5) 51 (73.9) 86 (64.2) .161

LVEF, %, median (IQR) 206 60 (53-65) 60 (55-65) 60 (53-65) .679

Previous CABG, n (%) 210 57 (27.1) 11 (15.7) 46 (32.9) .008

Previous PCI, n (%) 210 33 (15.7) 13 (18.6) 20 (14.3) .421

Urgent status, n (%) 210 31 (14.8) 12 (17.1) 19 (13.6) .492

Previous sternotomy, n (%) 210 76 (36.2) 12 (17.1) 64 (45.7) <.001

PC, Pericardiectomy; CABG, coronary artery bypass grafting; IQR, interquartile range; BMI, body mass index; CHF, congestive heart failure; TIA, transient ischemic attack;

NYHA, New York Heart Association; PVD, peripheral vascular disease; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention.
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postoperative renal failure (3% vs 10%; P ¼ .10). The in-
cidences of other postoperative complications, including
stroke (P ¼ .62) and reoperation for bleeding (P ¼ 1.00)
were similar in the 2 groups. The postoperative complica-
tions are summarized in Table 3.
TABLE 2. Operative data

Parameter N Total (N ¼ 210)

Intraoperative perfusion technique 210

None (off-pump), n (%) 72 (34.3)

CPB without aortic cross-clamp, n (%) 75 (35.7)

CPB with aortic cross-clamp, n (%) 63 (30.0)

CPB time, min, median (IQR) 138 68.0 (51.0-96.0)

Cross-clamp time, min, median (IQR) 63 28.0 (21.5-38.5)

Grafts for revascularization, n (%) 70

1 38 (54.3)

2 25 (35.7)

3 7 (10.0)

Target vessels grafted, n (%)

LAD 70 54 (77.1)

Distal RCA 70 20 (28.6)

Ramus intermedius 70 2 (2.9)

OMA 70 20 (28.6)

PLV 70 4 (5.7)

PDA 70 6 (8.6)

PC, Pericardiectomy; CABG, coronary artery bypass grafting; CBP, cardiopulmonary bypa

artery; OMA, obtuse marginal artery; PLV, posterior left ventricular artery; PDA, posterio
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In-hospital mortality was comparable in the PC þ CABG
and PC groups (7% vs 4%; P ¼ .38). Among the 5 deaths
(7%) in the PC þ CABG group, 3 were due to sepsis with
multiorgan failure on postoperative days 50, 59, and 95.
Another patient had difficultyweaning from cardiopulmonary
PC þ CABG group (N ¼ 70) PC group (N ¼ 140) P value

<.001

4 (5.7%) 68 (48.6%)

7 (10.0%) 68 (48.6%)

59 (84.3%) 4 (2.9%)

81.5 (59.2-119.5) 61.0 (39.8-80.2) <.001

29.0 (22.0-39.5) 19.5 (16.0-24.5) .203

38 (54.3) -

25 (35.7) -

7 (10.0) -

54 (77.1) -

20 (28.6) -

2 (2.9) -

20 (28.6) -

4 (5.7) -

6 (8.6) -

ss; IQR, interquartile range; LAD, left anterior descending artery; RCA, right coronary

r descending artery.



TABLE 3. Postoperative characteristics

Characteristic N Total (N ¼ 210) PC þ CABG group (N ¼ 70) PC group (N ¼ 140) P value

Total ICU stay, h, median (IQR) 173 41.5 (23.5-93.0) 47.0 (25.2-93.0) 29.0 (23.0-85.0) .726

Reoperation for bleeding, n (%) 210 15 (7.1) 5 (7.1) 10 (7.1) 1.000

Stroke, n (%) 210 2 (1.0) 1 (1.4) 1 (0.7) .615

TIA, n (%) 210 2 (1.0) 1 (1.4) 1 (0.7) .615

Prolonged ventilation (>24 h), n (%) 210 42 (20.0) 16 (22.9) 26 (18.6) .464

New-onset renal failure, n (%) 188 15 (8.0) 2 (3.3) 13 (10.2) .099

Atrial fibrillation, n (%) 210 44 (21.0) 17 (24.3) 27 (19.3) .401

Cardiac arrest, n (%) 210 11 (5.2) 4 (5.7) 7 (5.0) .827

GI bleeding, n (%) 210 12 (5.7) 3 (4.3) 9 (6.4) .528

Multiorgan failure, n (%) 210 6 (2.9) 3 (4.3) 3 (2.1) .380

In-hospital mortality, n (%) 210 11 (5.2) 5 (7.1) 6 (4.3) .381

Readmission within 30 d of surgery, n (%) 200 18 (9.0) 6 (10.0) 12 (8.6) .746

Length of hospital stay, d, median (IQR) 210 7 (6-11) 7 (6-10) 7 (6-11) .788

PC, Pericardiectomy; CABG, coronary artery bypass grafting; ICU, intensive care unit; IQR, interquartile range; TIA, transient ischemic attack; GI, gastrointestinal.

Khullar et al Adult: Coronary
bypass and required a left ventricular assist device; this patient
died on postoperative day 6 due to persistent ventricular
tachycardia and cardiac arrest. One patient who had a prior
CABG with a partial PC underwent completion PC with
myocardial revascularization, had extensive bleeding in the
operating room, and died on the same postoperative day.
Long-Term Survival
In the PCþCABG group, the median duration of clinical

follow-up was 17 years (IQR, 9-21 years), and 5-, 10-, and
15-year survival estimates were 66%, 48%, and 23%,
respectively. Following the operation, the median survival
in the PC þ CABG group was 9 years, and 25% of the pa-
tients survived for 14 years (Figure 1). Survival was compa-
rable in the PC þ CABG and PC groups (P ¼ .35).
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FIGURE 1. Kaplan–Meier estimated survival stratified by surgery type

(95% confidence interval). CABG, Coronary artery bypass graft.
Predictors of Mortality in the PC þ CABG Group
In the PC þ CABG group, female sex was associated

with lower mortality (HR, 0.34; 95% CI, 0.12-0.96;
P ¼ .042), whereas peripheral vascular disease (PVD;
HR, 2.74; 95% CI, 1.19-6.26; P¼ .017), NYHA functional
class III and IV (HR, 2.31; 95%CI, 1.02-5.26;P¼ .04), and
age (HR ¼ 1.04; 95% CI, 1.01-1.07; P ¼ .020) were asso-
ciated with increased mortality on univariate analysis
(Table 4). On multivariable analysis, PVD was associated
with mortality (HR, 2.67; 95% CI, 1.06-6.76; P ¼ .04),
whereas NYHA functional class III or IV was borderline
associated with mortality (HR, 2.41; 95% CI, 0.99-5.86;
P ¼ .05) (Table 5).
DISCUSSION
We reviewed the effect of concomitant CABG to PC on

morbidity and mortality in our study cohort. Our findings
show that adding concomitant CABG was associated with
a longer cardiopulmonary bypass time but not with
increased morbidity or mortality. Furthermore, we identi-
fied no difference in long-term survival in patients treated
with concomitant CABG and PC.
Removing pericardium from the epicardial surface of the

heart can be difficult in the setting of heavily calcified peri-
cardium adherent to the heart surface. Longer surgical time
and cardiopulmonary bypass time are often required to
achieve adequate resection of pericardium. Consequently,
adding CABG to complex PC has been characterized as a
high-risk procedure.4 In our study, the left anterior descend-
ing artery was the most common target vessel, followed by
the right coronary artery and the obtuse marginal artery. The
posterior descending artery and posterior left ventricular ar-
tery were grafted less often, possibly because of difficulties
in locating and exposing themwith an adhered and inflamed
JTCVS Open c Volume 13, Number C 181



TABLE 4. Univariate associations with long-term survival in the PC þ CABG group

Variable HR (95% CI) P value

Age 1.038 (1.006-1.072) .020

Female sex 0.339 (0.119-0.962) .042

BMI 1.010 (0.957-1.066) .715

CHF within 2 wk 1.623 (0.911-2.893) .100

Cerebrovascular accident 1.521 (0.598-3.865) .379

Diabetes mellitus 1.282 (0.680-2.419) .443

NYHA functional class III and IV 2.314 (1.018-5.257) .045

PVD 2.736 (1.195-6.264) .017

Renal failure (creatinine>2 or dialysis) 1.166 (0.540-2.519) .696

LVEF 0.993 (0.968-1.019) .615

Previous CABG 1.656 (0.785-3.495) .186

Previous sternotomy 1.830 (0.890-3.764) .100

HR, Hazard ratio; CI, confidence interval; BMI, body mass index; CHF, congestive heart failure; NYHA, New York Heart Association; PVD, peripheral vascular disease; LVEF,

left ventricular ejection fraction; CABG, coronary artery bypass grafting.
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pericardium. A preoperative or postoperative percutaneous
coronary intervention can be considered for such lesions.

We found that procedure-related morbidity and mortality
rates were comparable in patients who underwent concomi-
tant CABG and PC and thosewho underwent isolated pericar-
diectomy. In some earlier studies of PC, the use of
cardiopulmonary bypass was associated with worse postoper-
ative outcomes and greater 30-daymortality.3,10-12 This might
be attributed to a sicker patient population needing either
concomitant operations or a technically more difficult PC.
Our data do not support the idea that the use of
cardiopulmonary bypass for PC with concomitant
procedures is associated with worse postoperative outcomes.
Despite the significantly longer cardiopulmonary bypass
time in the PC þ CABG group, the postoperative outcomes
and mortality were not different from those in the PC group.

We found an association of PVD with increased mortality
and a borderline association of NYHA functional class III
and IV with mortality in the PC þ CABG group. The rela-
tionship between PVD and increasedmorbidity andmortality
in patients undergoing CABG has been well described.13,14

Thus, it is not surprising that PVD is associated with
increased long-term mortality in the PC þ CABG group.
TABLE 5. Multivariable model for long-term survival in the

PC þ CABG group

Variable HR (95% CI) P value

PVD 2.671 (1.056-6.755) .038

NYHA functional class III

and IV

2.408 (0.990-5.858) .053

Age, y 1.028 (0.993-1.064) .123

Female sex 0.733 (0.246-2.181) .577

HR, Hazard ratio; CI, confidence interval; PVD, peripheral vascular disease; NYHA,

New York Heart Association.
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The association of NYHA functional class III and IV with
adverse long-term mortality likely reflects a sicker patient
population with less physiologic reserve to cope with and
recover from complex cardiac surgery.

Few previous studies have reported the outcomes of com-
bined PC and concomitant procedures.4,12 In their study of
97 patients who underwent PC, Busch and colleagues4 re-
ported 54 patients with concomitant procedures, including
22 patients who underwent PC with concomitant CABG.
Although there was no difference in 30-day mortality be-
tween the patients with isolated PC and those with PC
and concomitant procedures, patients with concomitant
PC and CABG had worse long-term survival. The authors
concluded that concomitant PC and CABG was associated
with worse long-term outcomes. However, in that study,
45% of the patients underwent a partial PC, which could
have been related to the worse postoperative outcomes.

We believe that adequate resection is necessary to pre-
vent hemodynamic compromise and a low cardiac output
state in the postoperative period due to residual constrictive
physiology.10,15,16 Thus, we favor more extensive resection
and try to perform radical PC when feasible.17-19 This holds
true especially for patients requiring concomitant
procedures like CABG with PC, in whom severe diastolic
dysfunction and ischemic physiology may cause
hemodynamic instability with all that it entails (eg,
emergency cardiopulmonary bypass support, which may
impact the postoperative outcomes).

Limitations
This study’s single-institution and retrospective design

was associated with a lack of randomization, confounding,
and recall bias. In addition, although this study included a
modest number of patients undergoing concomitant PC
and CABG, the small total sample size increased the risk
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of type I and II statistical error. Owing to the low incidence
of disease, important preoperative considerations, such as
preoperative symptoms, severity of constriction, and degree
of coronary disease were left uncontrolled. Moreover, our
series represents our institutional experience over the past
33 years, and changes in surgical techniques over this
period may have impacted outcomes.

CONCLUSIONS
Our results demonstrate that adding CABG at the time of

concomitant PC is not associated with increased postopera-
tive complications. Furthermore, postoperative outcomes,
including early and long-term mortality, are comparable
in patients undergoing concomitant PC and CABG and
those undergoing isolated PC. When appropriate, CABG
should not be denied in patients undergoing PC.
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