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ABSTRACT
Postpericardiotomy syndrome (PPS) is a well-known complication after cardiac surgery. The syn-
drome results in prolonged hospital stay, readmissions, and invasive interventions. Previous
studies have reported inconsistent results concerning the incidence and risk factors for PPS due
to the differences in the applied diagnostic criteria, study designs, patient populations, and pro-
cedure types. In recent prospective studies the reported incidences have been between 21 and
29% in adult cardiac surgery patients. However, it has been stated that most of the included
diagnoses in the aforementioned studies would be clinically irrelevant. This challenges the speci-
ficity and usability of the currently recommended diagnostic criteria for PPS. Moreover, recent
evidence suggests that PPS requiring invasive intervention such as the evacuation of pleural
and/or pericardial effusion is associated with increased mortality. In the present review, we sum-
marise the existing literature concerning the incidence, clinical features, diagnostic criteria, risk
factors, management, and prognosis of PPS. We also propose novel approaches regarding to
the definition and diagnosis of PPS.

KEY MESSAGES:

1. Current diagnostic criteria of PPS should be reconsidered, and the analyses should be div-
ided into subgroups according to the severity of the syndrome to achieve more clinically
applicable and meaningful results in the future studies.

2. In contrast with the previous presumption, severe PPS – defined as PPS requiring invasive
interventions – was recently found to be associated with higher all-cause mortality during
the first two years after cardiac surgery. The association with an increased mortality sup-
ports the use of relatively aggressive prophylactic methods to prevent PPS.

3. The risk factors clearly increasing the occurrence of PPS are younger age, pleural incision,
and valve and ascending aortic procedures when compared to CABG.
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Introduction

Postpericardiotomy syndrome (PPS) is a common com-
plication after cardiac surgery. The syndrome is a sub-
group of post-cardiac injury syndromes (PCIS) together
with postmyocardial infarction syndrome (Dressler’s
syndrome) and posttraumatic pericarditis [1]. The typ-
ical clinical picture consists of pleuritic chest pain and
fever appearing few days to several weeks after car-
diac surgery [2]. Although the syndrome was first
described in the 1950s [3,4], the aetiology of the syn-
drome has remained obscure. Currently, PPS is pre-
sumed to be an immune-mediated process initiated
by pericardial and/or pleural damage and pericardial
bleeding but the role other possible acquired factors
is not well understood [2].

In previous studies, the incidence of PPS has mostly
varied between 10 and 30% [3–13]. In recent

prospective randomised trials the reported incidences
have been between 21 and 29% [7,8]. The large vari-
ability between the studies has evolved mostly from
the differences in diagnostic criteria, patient popula-
tions, and procedure types [2,14]. Standardised criteria
for the syndrome were first described in 2015 in the
European Society of Cardiology Guidelines with an
objective to reduce the variability between studies
[15]. The recommended criteria have, however, already
received criticism due to their weak correlation with
the clinical picture, overflowing sensitivity, and non-
specificity [14]. The prevailing practice of diagnosing
PPS with maximal sensitivity has reflected in the
recent prospective studies that have included PPS
patients with a broad spectrum resulting in a high
apparent incidence of the syndrome. However, the
clinical relevance of the diagnoses is uncertain [12].
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The current guidelines recommend the use of non-
steroidal anti-inflammatory drugs (NSAIDs) combined
with colchicine in more severe cases in the treatment
of the syndrome [15]. Even though PPS occasionally
requires invasive interventions, such as the evacuation
of pleural and/or pericardial effusion, as well as longer
hospital stays and readmissions [5,12], the prognosis
of the syndrome has been previously considered to be
benign [1,2,16]. However, this perception has been
mainly based on clinical experience rather than appro-
priate epidemiological studies concentrating on the
long-term prognosis of the syndrome until the
last years.

The objective of this review is to (a) summarise the
existing literature concerning the incidence, clinical
features, diagnostic criteria, risk factors, management,
and prognosis of PPS and (b) propose new scientific
approaches regarding to the diagnosing of PPS.

Epidemiology of PPS

The first descriptions of PPS date back to 1950s,
shortly after the establishment of the first surgical car-
diac valve procedures, but before the introduction of
cardiopulmonary bypass (CPB). In the year 1952,
Janton and colleagues reported the results of their
first 100 consecutive commissurotomies for mitral
stenosis [3]. The authors observed unpredictable pleu-
ropericardial pain unresponsive to salicylates, antibiot-
ics, and ordinary doses of narcotics in about 30
percent of the patients. The symptoms occurred typic-
ally during the second postoperative week. The epi-
sodes were considered to be possible manifestations
of smouldering rheumatic activity, though only one
sixth of all patients had microscopic evidence of active
rheumatic infection in the left auricular appendage.
Soloff and colleagues investigated the syndrome fur-
ther and observed an incidence of 24% after consecu-
tive mitral commissurotomies [4]. Because of the
misunderstood causality, the syndrome was named
“postcommissurotomy syndrome” until 1958, when an
identical state was detected following cardiac surgery
in patients without rheumatic heart disease [17]. The
syndrome was only observed when the pericardial
cavity was entered, and consequently it was renamed
“postpericardiotomy syndrome”.

The reported incidences of the syndrome have var-
ied largely. During the first years after the discovery of
the syndrome the incidence varied from 4% to 63%
after mitral commissurotomy with an average of 17%
[3,4,18–27]. Besides the differences in diagnostic crite-
ria, which were not reported in most of the studies,

this exceptionally large variety illustrates the lack of
effective differential diagnostic equipment, especially
the echocardiography. After the inclusion of different
procedure types, the syndrome was detected in
27–31% of patients [11,28]. Studies requiring good
response to steroid therapy for the diagnosis reported
incidences of 6–7% [29,30].

Engle concluded that the incidence of PPS, accord-
ing to their quite comprehensive prospective studies,
was 27% in children and 18% in adults aged 21 years
or older [31]. After the age of 70 years the incidence
decreased to 10%. Furthermore, patients aged under
2 years presented very few cases of PPS (3.5%) and
infants under the age of six months did not seem to
present with the syndrome at all. Later, consistent
with the aforementioned study, a large prospective
epidemiological study by Miller et al. observed an inci-
dence of 24% in patients under 54 years, 18% in
patients 55–64 years, and 11% in patients over
65 years after careful differential diagnostic proce-
dures [9].

In the major PPS studies during the last decades,
the reported incidences have been the following:
10–28% in children [32–36] and 9–21% in adults
[8,12,13,37,38] with a median of 16% in adult patients
[14]. In the recent Colchicine for Prevention of
Postpericardiotomy Syndrome and Postoperative Atrial
Fibrillation (COPPS-2) trial [7], the incidence in adult
patients was as high as 29% in elderly patients,
although the time limit of fever was abandoned result-
ing in a markedly higher occurrence during the first
postoperative days compared to the Colchicine for the
Prevention of the Post-pericardiotomy Syndrome
(COPPS) trial [8]. Lehto and colleagues reported an
incidence of 8.9% after coronary artery bypass grafting
(CABG) in a retrospective analysis only including PPS
cases requiring medical attention, referring to hospital
stay prolongation, readmission, or medical therapy for
its treatment [12]. This finding suggests that majority
of the PPS diagnoses included in the previous pro-
spective studies are clinically irrelevant. The result has
been recently replicated also in an isolated aortic
valve replacement (AVR) population [13]. The reported
incidences of PPS and details of major PPS studies are
presented in Figure 1.

After pacemaker implantation, the incidence of PPS
has been reported to be 1.8%, with a higher risk after
the insertion of epicardial leads (2.5%) compared to
transvenous leads (1.0%) [39], although markedly
lower incidences (<0.2%) have also been reported
[40]. It appears that the incidence is roughly 2–5%
after the implantation of active-fixation leads and
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notably lower after passive-fixation leads [41]. After
radiofrequency ablation complicated by cardiac perfor-
ation, the incidence is 28.6%, in other words similar to
that after cardiac procedures [42].

Overall, the observed incidence of PPS is highly
dependent on the applied diagnostic criteria as well
as study design, patient population, and operation
type. The recent prospective studies seem to have
achieved a great sensitivity in the diagnosing of PPS.
However, most of the diagnoses are clinically irrele-
vant, reflecting the problematic nature of the currently
recommended diagnostic criteria.

Clinical features of PPS

PPS typically occurs within one month after the sur-
gery, and an initial onset after six months is rare
[5,12,13,26,43–47]. In children, the onset is slightly

earlier, typically within 1 to 2weeks [11,33,35]. The
median duration of the syndrome is 2–3weeks
[28,35,46], and possible relapses tend to occur within
2–11weeks after the initial onset [44].

The prevalence of typical symptoms and clinical
findings are detailed in Table 1. The most characteris-
tic symptom of PPS is pleuritic or pericarditic chest
pain, referring to a stabbing pain often radiating to
precordial region, neck, back, shoulders, arms, lower
chest, and abdomen, made worse by coughing, deep
breathing, swallowing, or any movement, and in
severe cases leading to a fast and shallow respiration
easily confused with the dyspnoea of congestive heart
failure [23,26,46,48–50]. The reported incidences of the
symptom have varied largely, but according to a
recent prospective study, pleuritic chest pain occurs in
over a half of the PPS episodes [5]. An intermittent,
low grade fever is another common feature of PPS,

Figure 1. Reported incidences of PPS and study specifications in major previous studies. ASD: atrial septal defect; CABG: coronary
artery bypass grafting; PPS: postpericardiotomy syndrome; SD: standard deviation; VSD: ventricular septal defect.
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and it occurs in approximately a half of the PPS cases
[5,12,43]. The fever is usually the first manifestation. It
may merge with the early postoperative temperature
elevations so that the patient has a prolonged febrile
course, but more often the fever recurs as a delayed
reaction after a distinct afebrile period [55]. Another
characteristic clinical finding is pericardial friction rub
detected in the heart auscultation. The reported inci-
dences of the friction rub have varied tremendously.
According to recent studies it is detected in 20 to 30%
of patients [5,47], although it has been suggested that
it could probably be heard at some time in all patients
but due to the transient nature a serial auscultation
strategy is necessary [55]. The start of medical treat-
ment, especially corticosteroids, offers a prompt relief
of symptoms, typically within 24 to 48 h [10].

C-reactive protein (CRP) and erythrocyte sedimenta-
tion rate (ESR) are elevated in most PPS patients
[4,12,17,22,43,46,51–53], although their specificity is
poor during the first weeks after cardiac surgery
[56,57]. Other typical laboratory findings include neu-
trophilic leukocytosis [4,17,49,50,52,53]. If pericardio-
centesis is performed, the pericardial effusion is
usually clear, straw-coloured fluid or serosanguineous
fluid and sterile on culture [17,23,52,55,58–61]. The
fluid is exudate containing high counts of lympho-
cytes and red blood cells and relatively high counts of
granulocytes [59–61]. The specifications of pleural effu-
sions are similar to the ones in pericardial fluid [23,62].

The thoracic X-ray reveals unilateral (usually left) or
bilateral pleural effusion in most of the patients with
PPS [5,12,17,43,44,46,50,51,62]. The separation of the
pleuritic effusions from the normal surgery-related
effusions is however complicated, as >80% of patients
have at least minor effusions during the postoperative
period [38]. Electrocardiogram (ECG) findings,

including low voltage of the QRS, T-wave inversion, or
ST-segment elevation or depression, can be detected
in approximately half of the patients
[12,23,46,49,51,52,54]. However, these findings as well
seem to be relatively non-specific and thus only mar-
ginally helpful [9], and ECG changes suggestive of
pericarditis appear only in <1=4 of cases [5].

The pericardial effusion can often be detected on
chest x-ray as an enlargement of the cardiac silhou-
ette. However, it is often difficult to tell whether this
enlargement is cardiac or pericardial or both
[10,46,55]. According to recent studies, pericardial effu-
sion can be detected as often as in 88–93% of the epi-
sodes [5,12,47]. The effusion is typically mild
(<10mm), and moderate (10–20mm) and large
(>20mm) effusions are detected in 13% and 4% of
the patients with detectable pericardial effusion,
respectively [5]. Most patients (>80%) have combined
pleuropericardial involvement [5,12]. The typical echo-
cardiographic finding is presented in Figure 2.

Table 1. Postpericardiotomy syndrome (PPS) findings.
Finding Percentage, %

Symptoms:
Pleuritic or pericarditic chest pain >50
Intermittent, low grade fever �50

Clinical findings:
Pericardial friction rub 20–30
Elevated C-reactive protein (CRP) 80–90
Elevated erythrocyte sedimentation rate (ESR) 80–90
Leukocytosis 80–90
Electrocardiogram (ECG): low voltage of the QRS, T-wave inversion, ST-elevation or depression �50

Imaging:
Chest X-ray: pleural effusion >90
Heart echocardiography: pericardial effusion �90
Mild (< 10mm) �75�
Moderate (10–20mm) �10�
Large (>20mm) �5�

Pleuropericardial involvement >80

Adapted from references [4,5,12,17,22,23,26,43,46–54]. � Of all PPS patients.

Figure 2. An echocardiographic image taken in the paraster-
nal long axis view demonstrates moderate pericardial effusion
in the posterior pericardium.
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Prior and current diagnostic criteria – where
should the line be drawn?

PPS is a diagnosis of exclusion. Since there are no spe-
cific tests with which to establish the diagnosis, it is
made by excluding other diseases potentially produc-
ing similar symptoms. The main diagnoses to exclude
are detailed in Table 2. The evaluation of a patient
with a suspected PPS includes a focussed physical
examination to detect pleural or pericardial rubs,
laboratory tests (blood count and markers of inflam-
mation and myocardial necrosis), ECG, chest X-ray, and
transthoracic echocardiography to detect the pres-
ence, size, and hemodynamic importance of the peri-
cardial effusion [1,15]. Although the aforementioned
diagnostic procedures usually exclude the other pos-
sible postoperative states and diseases with sufficient
accuracy, the empirical application of antibiotics,
NSAIDs, or colchicine is often required to confirm the
diagnosis of PPS.

Since the first description of PPS, numerous differ-
ent diagnostic criteria have been used in research
with a striking inconsistency between one another
[14]. Engle et al. were the first to specify the applied
diagnostic criteria for PPS [63]. Patients were diag-
nosed with PPS when there was either the persistence
or appearance of the following combination of find-
ings beyond the first postoperative week: fever not
otherwise explained, together with signs of pericardial
reaction on physical examination and serially obtained
electrocardiograms and X-rays. At that time, the one
week boundary was in general use, as it is usually safe
to assume that symptoms occurring before the sev-
enth day are part of the normal postoperative course
[64]. In fact, fever early in the first postoperative week
is virtually universal [65]. It is usually caused by com-
plement activation by CPB, early stasis atelectasis, and
sensitivity reactions to drugs, transfusions, etc. [66].

Also, benign, surgery-related pleural effusion appear in
50% of the patients without PPS during the first 3
postoperative days [10]. The effusion may result from
a variety of reasons related to the postoperative state,
including atelectasis following diaphragm dysfunction,
haemorrhagic effusion following internal mammary
artery harvesting, congestive heart failure, decreased
chest wall compliance, pulmonary embolism, and
pneumonia [67]. Furthermore, small pericardial effu-
sions during the time of discharge are also a common
finding in patients without PPS [35]. Besides fever and
the effusions, benign, surgery-related leukocytosis,
pericardial friction rub, and electrographic changes of
pericarditis also diminish after the 1st postoperative
week enabling the diagnosing of PPS [68].

In 2015, European Society of Cardiology (ESC) pub-
lished the first guideline of diagnostic criteria for PPS,
which are the following: 1) fever without alternative
causes, 2) pericarditic or pleuritic chest pain, 3) peri-
cardial or pleural rubs, 4) evidence of pericardial effu-
sion and/or 5) pleural effusion with elevated CRP
(Table 3). Two of the criteria should be fulfilled for the
diagnosis, and the demonstration of inflammatory
activity should be essential to establish the diagnosis
[15]. Neither the one-week or a 24-to-72-hour time
limit for fever often used in the earlier studies nor the
“new or worsening” term of pericardial or pleural effu-
sion included in the review concerning the diagnostic
criteria [69] were included in the criteria for a reason
not specified. The criteria have been recently criticised
accordingly [14], although any sort of universal recom-
mendations should reduce the variety of employed
diagnostic criteria in future PPS studies.

In prospective trials, the detection of the benign,
surgery-related findings is extremely sensitive because
the follow-ups are mostly performed by PPS research-
ers. If the aforementioned diagnostic criteria of the
ESC guideline [15] are interpreted without criticism,
this will result in an erroneously high incidence of
PPS. Although the criteria have been slightly different
compared to the ones currently recommended, it is
likely that a large part of the PPS diagnoses included
in recent prospective trials are a result of the process
ahead. This process also allows the diagnosing of

Table 2. Differential diagnosis of postpericardiotomy
syndrome.
Surgery-related:

Incisional pain
Atelectasis
Haemorrhagic pleural and pericardial effusions
Benign postoperative pleural and pericardial effusions
Chylothorax

Inflammatory:
Pneumonia
Wound infection
Mediastinitis
Sepsis
Bacterial endocarditis

Cardiovascular:
Congestive heart failure
Myocardial infarction
Pulmonary embolism
Aortic dissection

Table 3. Definition and diagnosis of postpericardiotomy syn-
drome (PPS) according to the European Society of Cardiology
Guideline [15].
1. Fever without alternative causes
2. Pericarditic or pleuritic chest pain
3. Pericardial or pleural rubs
4. Evidence of pericardial effusion
5. Pleural effusion with elevated C-reactive protein (CRP)

At least 2 of 5 criteria should be fulfilled.
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asymptomatic pericardial and pleural effusions as PPS.
This is possible even if the demonstration of inflam-
matory activity is required for the diagnosis because
of the high frequency of fever and inflammatory
marker rise during the postoperative era. It is ques-
tionable, whether a completely asymptomatic patient
fulfils the classic definition of a postpericardiotomy
“syndrome”. In the clinical practice, only the “clinically
relevant” cases are detected, and therefore, these
should be of interest also in the future prospective tri-
als. This can be achieved either by revising the recom-
mended diagnostic criteria or by separating the PPS
diagnoses into subgroups according to their severity.
The possible solutions are discussed below.

Although not included in the ESC guidelines, exclu-
sive criteria for children have been also proposed by
Heching and colleagues [35]. The proposed criteria
include the presence of a pericardial effusion in echo-
cardiography, along with two or more of the follow-
ing: 1) fever >38 �C more than 72 h postoperatively,
2) pericardial friction rub, 3) patient irritability, and/or
4) pleuritic chest pain. The authors also suggested
that the elevation of inflammatory markers could be
considered as a supplementary sign of PPS.

Can we predict who gets PPS?

Patient-dependent factors

Numerous previous studies have evaluated the risk
factors for PPS to both clarify the cause of the syn-
drome and to identify the patients with the highest
risk of developing the disease. One of the few risk fac-
tors several studies have agreed upon is female sex
[5,34,70,71]. It has been previously suggested that the
female predominance might reflect the different pre-
disposition to autoimmune pathogenesis, as it is
known that women are more susceptible to a variety
of autoimmune diseases [72] possibly due to the
effects of sex hormones on the immune system, gen-
etic factors, and sex-specific behaviours and exposures
[73]. However, it is noteworthy that the two largest
epidemiological PPS studies reported conflicting
results regarding the effect of sex [71,74]. As the stud-
ies had otherwise identical design, the exclusion of
complex combination procedures in the latter study
[74] could possibly account for the discrepancy. A pre-
vious prospective study identifying female sex as an
independent risk factor for PPS also included patients
undergoing cardiac surgery for any reason [5]. It is
therefore possible that the effect of female sex is
mediated by differences in procedure types, possibly
by complex combination procedures in female aged

40–70 years [71]. Overall, the effect of sex still remains
somewhat unclear and needs further clarification.

Another factor most certainly influencing the occur-
rence of PPS is age. The incidence of PPS decreases
above the age of thirty [28], is minimal in children
under two years, and is the highest immediately after
that, at the age of two years [11]. The absence of the
syndrome in infants has been hypothesised to be
related to the short period of experience with expos-
ure to viruses, so that these patients do not react
immunologically to the new stress by developing PPS
[31]. It needs to be taken into consideration, however,
that infants are generally unable to express them-
selves concerning chest pain and other subjective
findings. The incidence of PPS seems to decrease
steadily from early adulthood to old age [71,74], and
the incidence in patients aged 70 years falls to 10%
[31,57]. While the overall incidence of autoimmune
diseases increases with age [73], different autoimmune
diseases can affect a specific age group predominantly
[75] which could possibly explain the finding. It has
been also proposed that the elderly could be relatively
spared because of the acquired protection against
viral illnesses and the less frequent exposure to viral
infections because of the alterations in the mode of
life [31]. Furthermore, with aging, possibly comes
some immunosenescence, such as the activity reduc-
tion of T and B cells, that could reduce the capability
to mount an immune response against the intraperi-
cardial trauma and possible exposure to viruses in the
hospital [31,76]. Negative results concerning the asso-
ciation of PPS and age has also been reported
[5,13,35,50,77–81], although typically in cohorts with a
highly delineated age distribution. Moreover, a non-
significant trend towards higher PPS occurrence in
younger patients is detectable in most of the studies.

During the first decades after the description of
PPS, the research payed attention to seasonal changes
in PPS occurrence. McGuinness and colleagues found
a summer peak of incidence [44]. Drusin et al. sug-
gested that the incidence of PPS was higher during
the consecutive six-month period from February
through July [28]. These findings were later confirmed
in a large prospective epidemiological study, as sum-
mer months (May, June, and July) presented a signifi-
cant seasonal peak the lowest incidence occurring
during early fall months (August, September, and
October) [9]. This seasonal peak suggested the possi-
bility that a pre-existing virus is activated by the oper-
ation and produces the syndrome which led to a
substantial amount of research concerning the vir-
ology of PPS. These studies are not discussed in the
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present review. Nevertheless, a recent large epidemio-
logical study found no significant annual changes in
PPS occurrence [71] and the seasonal variation is
therefore questionable.

Besides the younger age, summer months, and the
operation type discussed below, a large prospective
epidemiological study performed in adult population
by Miller and colleagues also identified the following
as independent risk factors for PPS: lower preoperative
platelet count, history of prednisone treatment (past
or present), history of pericarditis, lower weight, and
halothane anaesthesia [9]. Preoperative prednisone
was given to patients for variety of reasons, but in
general, the drug was used to suppress an inflamma-
tory response. The fact that PPS patients more often
had a history of pericarditis suggests that the trauma
to the pericardium might trigger a recurrence or that
these patients are prone to pericarditis. Also, despite
the number of subjects in this group was low, blood
type B– represented notably higher PPS occurrence.
The authors suggested that even though PPS was rep-
resented in patients with all blood types, certain blood
types may predispose to developing PPS.

In the Finland Postpericardiotomy Syndrome (FIN-
PPS) study including 688 patients undergoing isolated
CABG procedure, diabetes was identified as an inde-
pendent protective factor against PPS [12]. Metformin
appeared to be the protective factor for PPS, although
all the other medications also had a nonsignificant
trend towards lower PPS frequency. The authors dis-
cussed that the immunomodulatory effect of metfor-
min could account for the lesser PPS frequency within
diabetes patients. Other reports concerning the effect
of diabetes have been inconsistent. Contrary to the
results of Lehto et al., Imazio et al. reported a non-
significant trend towards higher diabetes rate within
PPS patients (28% vs. 23%, p¼ 0.390). However, the
data consisted of the patients of the COPPS trial that
includes cardiac surgeries for any reason. Diabetes is a
common comorbidity for numerous cardiac diseases,
especially coronary artery disease [82]. Therefore, the
evaluation of the influence of diabetes is complicated
in settings including a wide variety of different pro-
cedure types. In a study by van Osch et al., a nonsigni-
ficant trend towards lower diabetes rate in PPS
patients was noticeable (10.9% vs. 14.2%, p¼ 0.79)
[77]. The study only included patients undergoing
valve procedure with or without concomitant CABG,
resulting in a more restricted patient population com-
pared to the COPPS trial. Similar results were also
reported by Lehto et al. in a study only including iso-
lated AVR patients (10.7% vs. 15.0%, p¼ 0.42) [13].

Overall, diabetes may have a protective influence
against PPS, but this needs to be further clarified in
appropriately delimited patient populations.

Another recent retrospective study by van Osch
and colleagues including 822 patients undergoing
valve surgery found higher BMI to be an independent
protective factor for PPS [77]. Treatment for pulmonary
disease without corticosteroids was associated with a
higher risk of PPS. The authors suggested that the
protective effect of higher weight, also identified by
Miller et al. [9], could be related to the immunomodu-
latory effects of obesity, referring to the higher levels
of anti-inflammatory interleukins (IL-4 and IL-13) [83].
However, negative results concerning the association
between BMI and PPS has also been reported [12,13],
and Lehto et al. found a significant association
between higher BMI and PPS recurrences [12]. The
higher incidence of PPS in patients with pulmonary
disease without corticosteroid treatment was pre-
sumed to be related to the vulnerability of these
patients to develop systemic and pericardial
inflammation.

To conclude, the only patient-dependent factor
clearly increasing the occurrence of PPS is younger
age. The effect of female sex is possibly mediated by
different procedure types and needs further clarifica-
tion. Other possible risk factors include history of
prednisone treatment (past or present), history of peri-
carditis, treatment for pulmonary disease without cor-
ticosteroids, lower BMI, and blood type B–. In addition,
diabetes may have a protective effect against PPS,
possibly by the immunomodulatory effects
of metformin.

Operation type

The type and/or extent of the procedure influence the
incidence of PPS. Engle et al. found PPS occurring at a
higher frequency in procedures for the tetralogy of
Fallot and ventricular septal defect (VSD) accompanied
by some other anomaly compared those entailing less
damage to the cardiac muscle (atrial septal defect
(ASD), isolated VSD, transposition of the great arteries
(TGA), pulmonary stenosis) [11]. De Scheerder et al.
also found that PPS was more common after valve
replacement operation compared to CABG [84,85]. In
the study by Miller et al., AVR patients were at greater
risk for PPS and mitral valve replacement patients
appeared to have a reduced risk [9]. Other procedures
presented relatively high incidence. In a recent epi-
demiological study by Lehto et al., the occurrence of
PPS was significantly higher after AVR, MVR, and

ANNALS OF MEDICINE 249



ascending aortic surgery when compared to CABG
[74]. The occurrence was equally higher in those
undergoing AVR and MVR procedures when compared
to those undergoing CABG, but clearly the highest
occurrence appeared after aortic surgery. Urgent or
emergency procedures were also associated with
higher PPS occurrence.

More traumatic procedures seem to be related to
the higher incidence of PPS. The effect is presumably
mediated by more extensive pericardial trauma rather
than myocardial trauma, as the degree of myocardial
injury, at least assessed by circulating cardiac enzymes
and sarcomeric proteins, seems to be unrelated to the
occurrence of PPS [86]. These findings support the
previously presumed mechanism of direct pericardial
trauma acting as a trigger for the immune-mediated
process leading to PPS. That said, it needs to be kept
in mind that the syndrome can appear also after
exploratory pericardiotomies in whom no further sur-
gical procedures are attempted [17]. According to pre-
vious literature, isolated valve procedures present
lower postoperative bleeding within the first 12 h after
the operation compared to CABG procedure [205].
Therefore, pericardial bleeding alone is unlikely to be
responsible for the higher occurrence of PPS after
valve procedures, although it may still play a role in
the pathophysiological mechanism of PPS. Besides the
more extensive pericardial trauma, a more complex
procedure usually means longer time in CPB [87] and
longer pericardial exposure to air and other for-
eign materials.

Other triggers of PPS

Although PPS most commonly occurs after cardiac sur-
geries and especially frequently after the most exten-
sive procedures, numerous case reports concerning
more unusual triggers of PPS have been previously
published. A picture similar to PPS has followed pene-
trating injuries of the chest [52,88,89], gunshots of the
thoracic area [52,90,91], nonpenetrating trauma to the
chest [92–95], left ventricular puncture [96,97], pul-
monary embolism [98], pacemaker implantation with
epicardial leads [99–101], transvenous pacemaker
implantation [40,41,102–114], coronary artery perfor-
ation during balloon angioplasty [115], uncomplicated
coronary angioplasty and stenting [116–124], percu-
taneous mitral balloon valvuloplasty [125], atrial
radiofrequency ablation [126–131], diagnostic trans-
diaphragmatic pericardial window [132], thymectomy
[133–135], accidental opening of the pericardium

during lung lobectomy [136], and Nuss proced-
ure [206,207].

In the case reports of nonpenetrating traumas to
the chest, the pericardiocentesis and/or thoracocente-
sis revealed either blood in the pleural or pericardial
cavities during the initial trauma or serosanguineous
fluid during the pleuropericarditis by rule. Therefore,
according to these reports, the only required trigger
for the syndrome seems to be the presence of pericar-
dial haematoma and/or a compressing injury of the
heart during a car accident, although laceration or
contusion of the pericardium cannot be ruled out.
Atrial or ventricular wall perforation with bleeding into
the pericardial sac occurring without recognition is a
possible complication of transvenous pacemaker
implantation, and it has been discussed to be the pos-
sible aetiology of the relatively rare cases resulting to
PPS [41]. This hypothesis is strengthened by the obser-
vations that only leads placed on the lateral or antero-
lateral wall seem to provoke acute pericarditis [137]
and that active-fixation leads seem crucial for the
development of the disease [40,41]. Direct irritation of
the pericardium by slightly protruding electrodes
might be another possible trigger for the inflamma-
tory response [40,41,138]. Hemopericardium is also a
rare but possible complication of percutaneous mitral
balloon valvuloplasty [139]. An unrecognised perfor-
ation of a coronary artery causing small bleeding into
the pericardial space is a potential complication of
percutaneous coronary intervention [117,119,123],
although also prolonged endothelial trauma [118]
combined with negative remodelling due to the myo-
cardial damage [124] has been suggested to be the
inducing factors. In one of the percutaneous coronary
intervention cases, PPS required pericardiocentesis,
and erythrocytes were identified in the evacuated fluid
[119]. In the seven cases of atrial radiofrequency abla-
tion, the authors suggested either the extensive trans-
mural atrial or pericardial injury [126,131] or a possible
cardiac perforation [127,129] to be the triggering fac-
tors for the syndrome. In contrast to the typical onset
of PPS, the symptoms generally appeared either
immediately after the procedure or during the first
postoperative day. The outstandingly early onset was
also presented in a study assessing the incidence of
PCIS after radiofrequency ablation complicated by car-
diac perforation [42], supporting the perforation-based
aetiology in the aforementioned cases. A study con-
taining 303 patients undergoing Nuss procedure, peri-
carditis occurred in 7 (2.3%) patients [140]. However,
no new PPS cases were detected after the substitution
of the introducer into a new model allowing gentle
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dissection of the pericardium away from the underside
of the sternum.

Overall, according to the previous case reports con-
cerning PPS-like states after different procedures and
injuries, penetrating pericardial incision or injury does
not seem to be necessary for the development of PPS.
Instead, PPS appears to require pericardial haemor-
rhage and/or intensive pericardial manipulation as a
minimum trigger.

Peri- and postoperative characteristics

Besides the operation type discussed above, many
other factors related to the peri- and postoperative
period have been associated with PPS. Halothane
anaesthesia is associated with a twofold increase in
the incidence of PPS [9]. The authors presumed this to
be mediated by lymphocyte stimulation which has
been described before in patients with hepatitis [141].

In a substudy of the COPPS trial assessing the risk
factors for PPS, besides female sex, pleural incision
also was found to be an independent predisposing
factor for the syndrome [5]. In cardiac surgery, pleural
incision may be either part of the surgical plan or acci-
dental. If the pleural cavity is entered, it is advised to
insert a chest tube accordingly [142] which causes
pleural irritation. The intended or unintended opening
of the pleura may also lead to the drainage of pericar-
dial fluid through pleural drains via pleural cavity pos-
sibly triggering pleuritis and/or PPS which might offer
an additional explanation for the finding.

In the FIN-PPS study, patients receiving red blood
cells during the periprocedural period were found to
be at a higher risk for PPS [12]. Only two previous
studies have investigated the frequency of blood
product transfusions in PPS patients [50,77]. In line
with the FIN-PPS study, in both studies, patients with
PPS received more blood transfusions during the peri-
procedural period, although not reaching statistical
significance in the study by van Osch et al. (transfu-
sion of � 2 units packed red cells 23.1% vs. 17.0%,
p¼ 0.09). The effect of blood products may be associ-
ated either to the immunological aspects related to
blood transfusions themselves, such as IL-8 expression
[81,143,144], or to the greater amount of perioperative
bleeding. The study by Lehto et al. found a nonsignifi-
cant trend towards more postoperative bleeding in
patients with PPS (980ml vs. 830ml, p¼ 0.099) sup-
porting the latter mechanism. However, there is also a
possibility of the two aforementioned mechanisms
having a combined influence on the development
of PPS.

Recently, Lehto et al. found the patients developing
postoperative pneumonia during the index hospital
stay to have higher risk for PPS [13]. The study com-
bined both retrospective and prospective data and
included overall 671 patients undergoing isolated AVR.
The authors suggested that either some of the pneu-
monia were actually early stages of PPS, PPS is expos-
ing patients to pneumonia via hypoventilation, or
pneumonia causes an immunological activation expos-
ing the patients to the development of PPS. Overall,
the finding needs to be confirmed and clarified in
future studies.

No laboratory test has been proven to reliably pre-
dict the onset of PPS during the perioperative period.
However, some associations have been detected.
Miller et al. found that PPS patients had significantly
lower mean platelet count preoperatively compared to
patients not developing PPS [9]. Also, higher mean %
lymphocyte cell count was associated with PPS after
adjustment for age and sex although it did not reach
statistical significance in the overall multivariable
model. A retrospective study by Sevuk et al. investi-
gated pre- and postoperative laboratory data in 72
patients with PPS and 100 control patients who had
underwent isolated CABG [78]. There were no differen-
ces in the preoperative white blood cell (WBC) count,
neutrophil count, lymphocyte count, or neutrophil-to-
lymphocyte ratio (NLR). In the postoperative values
measured in the first postoperative day, patients with
PPS had significantly higher WBC as well as neutrophil
count with no changes in the lymphocyte count lead-
ing to higher NLR. The results were also significant in
the multivariable model. The authors suggested the
higher postoperative neutrophil count to be a conse-
quence of the IL-8-mediated chemotaxis which has
been associated with PPS [81,144]. The Receiver
Operating Characteristics (ROC) analysis observed a
sensitivity of 60% and specificity of 59% for NLR when
using a cut-off value of 8.34. The studies investigating
more specific immunological markers and virology of
PPS are not discussed in the present review.

Heching and colleagues investigated the incidence
and risk factors for PPS in paediatric patients following
surgical closure of secundum ASD [35]. Overall 27
(27.8%) of the included 97 patients developed PPS. A
small pericardial effusion during the time of discharge
was identified in 17 (63.0%) PPS patients, whereas
only 19 (27.1%) of patients in the non-PPS group pre-
sented the effusions (p¼ 0.001). The median length of
hospital stay was 4 days. Therefore, although some of
the patients could have developed an active PPS
before the discharge, it seems that echocardiogram at
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the time of discharge could have predictive value for
the syndrome.

A systematic review published by van Osch and col-
leagues investigated the risk factors for PPS (14). The
review included all major studies concerning the risk
factors and representing adequate quality. A total of 7
studies met the quality requirements. The discrepancy
of identified risk factors between different studies was
striking. Authors presumed this to be due to different
definitions of PPS as well as the evolution of surgical
techniques during the past 50–60 years which make it
rather impossible to compare the findings of all the
studies available. Overall, the authors concluded that
both the inflammatory response and perioperative
bleeding and coagulation may play a role in the
development of PPS, suggesting a multifactorial aeti-
ology of the syndrome. The variability in the observed
risk factors led to the same conclusions also decades
earlier, as Kirsh et al. suggested that the syndrome
may be a symptom-complex with multiple aetiological
factors [145].

Retained blood syndrome

The concept of retained blood syndrome (RBS) was
recently described [146]. RBS covers a spectrum of
mechanical and inflammatory complications related to
drainage system failure to adequately evacuate blood
after cardiac surgery. The diagnostic criteria for the
syndrome are specified as at least one of the follow-
ing: (1) pleural effusion/hemothorax requiring drain-
age, (2) pericardial effusion requiring drainage, (3) re-
exploration for washout of blood, (4) interventions for
postoperative pericardial constriction, and (5) interven-
tions for postoperative fibrothorax [146]. Therefore,
there is an obvious overlap within the entities of PPS
and RBS. The authors went on to state that RBS is the
root cause of PPS via the acute, subacute, and chronic
inflammatory response the retained blood triggers. It
was suggested that once the retained blood clots
within the pericardium or pleural space, thrombin and
fibrin are generated. These products are powerful che-
moattractants of inflammatory cells that can stimulate
the mesothelial cells of the pericardium and pleura to
release inflammatory cytokines. As stated above, it
seems that PPS requires pericardial haemorrhage and/
or intensive pericardial manipulation as a minimum
trigger. Therefore, the hypothesis of Boyle and col-
leagues seems logical, although the inadequate blood
evacuation does not seem necessary for the onset of
PPS, as no previous studies have reported excessive
pericardial blood collections to be in association with

PPS. Instead, it seems that even minimal amount of
pericardial blood can serve as a trigger for the syn-
drome, and even though the active techniques to
enhance the surgical drainage appear to reduce the
development of postoperative new-onset AF [147], it
is unlikely that they would eliminate the entity of PPS.
Still, the pathophysiological mechanism suggested by
the authors seems conceivable. Also, according to pre-
vious studies, it seems plausible that the extended
chest tube drainage as well as posterior pericardiot-
omy could reduce late tamponade related to
PPS [148,149].

Management of PPS

Medical treatment

The investigations concerning possible methods for
the treatment and prevention of PPS started rapidly
after the first description of the syndrome. The value
of corticosteroids in the treatment of PPS was shortly
observed [4,18]. Also NSAIDs were found to be effica-
cious [51], and later they were recommended as the
first-line treatment for the milder forms of PPS
[46,49,150–152], whereas corticosteroids were recom-
mended for the most severe clinical presenta-
tions [151,152].

Later, both NSAIDs and corticosteroids, in addition
to colchicine, have been investigated in double-blind,
placebo-controlled randomised clinical trials. In a trial
including overall 149 PPS patients, either ibuprofen or
indomethacin administered for 10 days relieved symp-
toms and shortened the duration of the illness with-
out considerable side effects [37]. Another trial
including 21 patients with PPS found that a two-week
corticosteroid treatment increased the one-week
remission rates and fastened the time to symptom
relief [32]. However, the use of corticosteroids in the
treatment of pericarditis is no longer recommended as
it has been associated with higher recurrence rate
[15,153–157]. As stated before, however, evidence
against their use in postsurgical pericardial syndromes
are scarce [158]. In most of the aforementioned stud-
ies, the number of patients using corticosteroids were
small, the drug was only administered in case of
aspirin contraindications or failure, and the durations
of the treatments were relatively short. Moreover, the
notably effective response during the treatment lead-
ing to too rapid tapering is a typical pitfall of cortico-
steroid use, and rather than abandoning the drug it
should be used with awareness and slow tapering,
and routine administration during the first episode
should be avoided [15,159]. Colchicine has been found
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to be effective in the most persistent cases of PPS
[160], and it has been also associated with a
decreased need for invasive interventions [47]. The
ICAP trial focussed on the benefits of first-line use of
colchicine in the treatment of acute pericarditis includ-
ing overall 48 (20.0%) PCIS patients found a significant
reduction in the rate of symptom persistence at 72 h
(19.2% vs. 40.0%, p¼ 0.001), the number of recur-
rences (16.7% vs. 37.5%, p< 0.001), and the hospital-
isation rate (5.0% vs. 58.3%, p< 0.001) and increased
remission rate at one week (85.0% vs. 58.3%,
p< 0.001) [157]. Multiple meta-analyses have con-
firmed the efficacy of colchicine both in the first-line
treatment of pericarditis as well as in the secondary
prevention of recurrent episodes [161–167].

According to the ESC guidelines, the treatment of
PPS is based on the use of NSAIDs and colchicine,
with the occasional addition of corticosteroids.
Although symptomatic effusions require medical treat-
ment, the management of asymptomatic effusions is
controversial. Recommended doses for uncomplicated
cases include aspirin 750–1000mg or ibuprofen
600mg every 8 h with a duration of 1–2weeks fol-
lowed by tapering. Colchicine should only be used in
the presence of systemic inflammation, and the rec-
ommended dose is 0.5mg once (<70 kg) or twice
(�70 kg) daily for 3months with an optional halving
of the dose in the last weeks of the treatment.
Corticosteroids should be considered as a second
option in patients with contraindications and the fail-
ure of NSAIDs with low to moderate doses (i.e. pred-
nisone 0.2–0.5mg/kg/day or equivalent) [15].

There are anecdotal case reports on the use of
methotrexate [168], azathioprine [169,170], as well as
high-dose intravenous immunoglobulin [171–174], in
the treatment of steroid-dependent recurrent PPS.
Moreover, in chronic recurrent pericarditis, anakinra, a
recombinant IL-1b receptor antagonist [175–178] as
well as cyclophosphamide [170] have been success-
fully used. Furthermore, intrapericardial triamcinolone
has been used in the treatment of chronic autoreac-
tive pericardial effusion [179], and it is also mentioned
in the ESC guideline as well as azathioprine, intraven-
ous immunoglobulin, and anakinra [15].

Interventions for PPS

If the patient has evidence of clinical pre-tamponade
or tamponade or if the symptoms persist regardless of
the medical treatment and an alternative diagnosis is
suspected, the evacuation of pericardial effusion is
required [15,68]. In the presence of tamponade, the

needle pericardiocentesis is preferred, whereas surgical
approach might be preferred when the pericardial
fluid is not free, it is located in a lateral or posterior
position, or the effusion is mild (<10mm) [15]. The
pericardiocentesis should be performed under guid-
ance either by fluoroscopy or echocardiography and
under local anaesthesia. The ideal entry site in the
echocardiography-guided procedure is the point
where the effusion is closest to the transducer and
the fluid collection is maximal and the liver or pleura
are not on the way, whereas in the fluoroscopy-
guided procedure the subxiphoid route is more com-
mon. If there is a need for pericardial biopsy for the
differential diagnostics, the surgical approach is the
gold standard, classically through a subxiphoid inci-
sion. In this procedure, a small drain is left in place to
evacuate any remaining effusion [15]. In the presence
of extensive pleural effusions, a pleural drainage or
thoracocentesis may be required, and they should be
preferably performed on ultrasound-guidance. The
drain should be inserted in the “triangle of safety”,
referring to the area bordered by the lateral edge of
the latissimus dorsi, the lateral border of the pectoralis
major muscle and superior to the horizontal level of
the fifth intercostal space [180].

In the most persistent cases of pericardial effusion,
pericardiectomy may be considered [15]. Fortunately,
this is needed only in extremely rare cases [68]. Other
possible interventional treatments include prolonged
pericardial drainage, the aforementioned intrapericar-
dial triamcinolone treatment, and pericardial window
[15]. The pericardial window can be performed either
by conventional heart surgery, by thoracoscopy, or by
balloon pericardiotomy by inserting a deflated single
catheter or double balloon catheters into the pericar-
dial space [181]. If the surgery is performed, pericar-
diectomy is the procedure of choice, because
pericardial window may not relieve loculated pericar-
dial fluid or may close soon after being performed
[15,59]. If the persistent PPS manifests as large, symp-
tomatic pleural effusions continuing despite several
thoracocenteses, thoracoscopy should be considered.
At thoracoscopy, any fibrous tissue coating the visceral
pleura should be removed and either the parietal
pleura should be abraded or talc should be used to
create a pleurodesis [182,183]. In addition, a single
case report has been published of the use of indwel-
ling pleural catheter for the recurrent pleural effusions
secondary to PPS [184].

A retrospective analysis by Alraies et al. assessed
the predictors of PPS leading to procedural interven-
tion due to the pericardial effusion or pericardial
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constriction [47]. Independent predictors of invasive
interventions included younger age, early onset of
PPS, and constrictive physiology when compared to
PPS patients not requiring invasive interventions.
However, the results have been challenged, as the
older patients also received a somewhat more aggres-
sive medical treatment for the disease [185]. No other
studies have assessed the risk factors for PPS leading
to procedural intervention.

Prevention

The first study concerning PPS prophylaxis was pub-
lished in 1956 [18]. A prophylactic 3–8weeks cortisone
treatment postponed the development of PPS and
resulted in a less stormy immediate postoperative
course, although the incidence of PPS was similar after
drug withdrawal (29 vs. 31%). Later, a double-blind,
placebo-controlled randomised clinical trial including
246 children found no effect of short-term prophylac-
tic intravenous methylprednisolone (1mg/kg before
CPB plus four additional doses within 24 h) on the
incidence of PPS [33]. Instead, a greater proportion of
the treatment group developed PPS leading to hos-
pital admission (6.3% vs. 0.8%). A substudy of the
Dexamethasone for Cardiac Surgery (DECS) trial inves-
tigated the effect of intraoperative dose of 1mg/kg
dexamethasone in 822 adults and found no benefits
in either the occurrence of PPS or complicated PPS
[38]. On the other hand, a retrospective study includ-
ing overall 200 adult patients reported significant PPS
reduction in patients receiving a single intraoperative
dose of 1mg/kg methylprednisolone (22.0% vs. 37.0%,
p< 0.026) [79]. It has been suggested that the positive
result conflicting with previous studies could be due
to the strict exclusion criteria used [186]. Further
large-scale studies are needed to assess the possible
value of corticosteroids in the prevention of PPS main-
taining special focus on the exact timing and route of
the drug administration [186].

A prospective study evaluating the effect of one
week aspirin prophylaxis (60mg/kg/day) in children
found no significant reduction in the size of postoper-
ative pericardial effusions [187]. This finding has been
supported by later studies in children and young
adults [36,188]. By contrast, a retrospective study eval-
uating the effect of diclofenac treatment for postoper-
ative analgesia during the hospital admission in 100
adult patients found a significant reduction in PPS
occurrence when compared to patients not adminis-
tered to NSAIDs (20.0% vs. 43.0%, p¼ 0.001) [80].

However, no prospective trials have yet confirmed
this finding.

The first trial reporting the possible value of colchi-
cine for the prevention of PPS was published in 2002
[6]. After that, two randomised, placebo-controlled tri-
als have been published accordingly. The COPPS trial
included overall 360 adult cardiac surgery patients,
from which 180 received placebo and 180 received
colchicine for a month postoperatively. Colchicine sig-
nificantly reduced the incidence of PPS (8.9% vs.
21.1%, p¼ 0.002, NNT ¼ 8) and the combination end-
point of PPS-related hospitalisation, cardiac tampon-
ade, constrictive pericarditis, and relapses (0.6% vs.
5.0%, p¼ 0.024). A few years later the COPPS-2 trial
included another 360 adult cardiac surgery patients,
from which 180 received colchicine starting two to
three days preoperatively and continuing until
1month after the surgery. Again, the administration of
colchicine resulted in a significant reduction of PPS
(19.4% vs. 29.4%, NNT ¼ 10). The effect was signifi-
cantly higher in patients with systemic inflammation,
specified as an elevation of C-reactive protein (CRP)
during the hospital admission. This time, no significant
reduction in the PPS-related secondary endpoints was
detected. The three aforementioned studies have
been also analysed using meta-analytic pooling that
has shown a relative risk reduction of 44–52% in PPS
incidence [164,165,167,189]. Therefore, colchicine
seems effective in the prevention of PPS, although its
use is limited by the gastrointestinal side effects.
According to previous studies, colchicine causes an
increment of 8–10 percentage points in gastrointes-
tinal side effects compared to placebo but serious side
effects have not been observed [6,8,153,157,161–167].
The effect is worsened if the drug is started preopera-
tively [7].

Currently, because of the relatively good outcome
of PPS patients and the adverse effects of colchicine,
instead of the primary prevention, clinicians are
advised to consider early recognition and treatment of
the syndrome [15,190]. However, according to the ESC
guidelines, a one-month colchicine prophylaxis should
be considered after cardiac surgery for the prevention
of PPS if there is evidence of systemic inflammation,
there are no contraindications, and the drug is toler-
ated (class IIa level A recommendation).

Prognosis after PPS

According to previous studies, PPS is associated with a
prolonged hospital stay [5,50,77,191] and readmissions
[5,33,38,71,74]. The epidemiological studies have
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reported that PPS leads to hospital admission in
1.7–2.5% of all patients after cardiac surgery [71,74].
The reported recurrence rates have varied between
4% and 38% and typical timing of the repeating epi-
sodes is from 1 to 3months after the first episode
[5,12,13,28,46]. In the FIN-PPS study, obesity and
shorter in-hospital stay after the index surgery were
found to be associated with higher recurrence rate
[12]. No other studies have assessed the risk factors
for adverse outcomes and higher recurrence rate
of PPS.

The incidence of PPS-related cardiac tamponade is
0.1–1.0% of all cardiac surgery patients after the first
postoperative week, making PPS the most common
aetiology of delayed cardiac tamponade [12,13,58,59].
The tamponade may occur anywhere between 7 and
180 days after the operation. In a recent study, PPS
was associated with an over 15-fold risk of reoperation
for tamponade [77].

Apart from the aforementioned complications, the
previous knowledge of PPS-related adverse events is
limited. A study including 100 patients undergoing
mitral valvotomy found no association between PPS
and new-onset AF [23]. Another retrospective study
including 60 patients developing postoperative atrial
fibrillation (POAF) and 142 patients without POAF after
CABG found a significant association between POAF
and PPS (incidence of PPS after POAF (61.7%) vs. no-
POAF (45.8%), OR 1.9, 95% CI 1.03–3.5, p¼ 0.04) [192].
However, there were multiple baseline differences
between the study groups, and the incidence of PPS
was strikingly high (overall incidence 51%) reflecting
either selection bias or problems with the differential
diagnostics of PPS. In the recent study by Lehto et al.,
PPS patients had a 1.7-fold risk of new-onset AF after
hospital discharge [13]. The difference appeared within
one month after the surgery. Overall, it seems that the
pericardial irritation caused by PPS may provoke AF
paroxysms during the first months after the surgery.
However, the effect is most likely transient, and there-
fore, it should not affect the overall prognosis of
the patients.

Constrictive pericarditis has been suggested to be a
complication of PPS appearing during long-term fol-
low-up [2]. An analysis including 37 patients identified
as having constrictive pericarditis patients after cardiac
surgery with adequate clinical information, PPS was
observed in 23 (62.2%) patients [193]. Similar results
have been reported in several studies [194–196].
According to the aforementioned studies, constrictive
pericarditis occurs in a broad time frame of 1month
to 17 years postoperatively, typically within 24months,

with an overall incidence of 0.2–0.3%. Assuming 60%
of constrictive pericarditis would be of PPS-related
aetiology, approximately 0.5% of the patients with PPS
would develop constrictive pericarditis during long-
term follow-up. This incidence is similar to idiopathic/
viral pericarditis in the general population [197].
However, markedly higher incidences of constrictive
pericarditis have also been reported [47], although
possibly reflecting the selection bias of the original
patient selection as stated also by the authors them-
selves. Only one prospective study has evaluated the
rate of constrictive pericarditis after PCIS [197].
However, even though PCIS was combined with con-
nective tissue diseases, the number of patients was
insufficient (n¼ 36) to draw any conclusions. Another
study including 119 PPS patients with a follow-up of
one year found no constrictive pericarditis cases [77].
Therefore, the question of whether constrictive peri-
carditis is associated with the development of PPS or
to a common pathophysiological trigger, e.g. surgery
related hemopericardium, is controversial. Either way,
the presence of PPS should serve as a warning signal
to clinicians, as a theoretical risk of constriction
exists [15].

Symptomatic treatment (analgesics) of PPS has
been associated with a higher incidence of venous
graft occlusion when compared to patients receiving
NSAIDs in combination with prednisolone for a time
period of 6weeks [53]. The patients were observed to
have diffuse adhesions between the pericardium and
epicardium, often obliterating the pericardial space.
The venous grafts had microscopical fibrinoid degen-
eration and infiltration by chronic inflammatory cells
suggesting external compression rather than intimal
hyperplasia as the cause of the stenosis or occlusion.
However, similar results have not been reported since
apart from a single case report of a patient developing
rapid coronary artery occlusion after PPS [198]. Other
reported possible complications include the extrusion
of the pulse generator from the pacemaker pocket
[100] and the thickening and scarring of autogenous
pericardial baffle [199].

Van Osch et al. were the first to publish a study
concentrating on the prognosis of PPS [77]. This retro-
spective subanalysis of the DECS trial included 822
patients undergoing valve surgery followed up to a
year postoperatively. Overall 119 (14%) patients devel-
oped PPS. Patients with PPS presented markedly more
reoperations for tamponade at one year (20.9% vs.
2.5%, OR 15.49, 95% CI 7.14–33.58, p< 0.001) with the
difference appearing within two months after the sur-
gery in addition to longer hospital stay (13 vs. 11 days,
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p¼ 0.001). However, the one-year prognosis was excel-
lent: 4/119 (4.2%) of PPS patients and 37/703 (5.5%) of
patients without PPS died during the first year after
the surgery (OR 0.63, 95% CI 0.22–1.79, p¼ 0.497).
Also, no significant associations were observed
between PPS and reoperation for surgical bleeding,
pleural puncture, or postoperative AF (preoperative AF
not excluded) within one month, or stroke, myocardial
infarction, or readmissions within one year
postoperatively.

In contrast, a recent epidemiological study includ-
ing overall 493 PPS patients, found a significant associ-
ation between PPS and mortality [74]. PPS was
associated with a 78% increase in the risk of death
within the first year after the surgery. Moreover, of the
PPS patients who died within the first year after the
surgery, 10.5% had the diagnosis included in the
death certificate. The typical delay between the initial
PPS admission and death was 2 to 6months (Figure
3). None of the causes of death was overrepresented
in patients with PPS who died within the first year
after the surgery. Instead, the patients had an equal
rise in all causes of death which from ischaemic heart
disease was the most common. Although the reasons
for the higher mortality remained to be elucidated,
the authors suggested that it could be related to the
underlying immunological changes caused by or
resulting in PPS. Lehto et al. investigated the reasons
further and found no associations between PPS requir-
ing medical attention and cerebrovascular events or
major bleeds during long-term follow-up [13].

However, severe PPS, referring to PPS requiring inva-
sive interventions such as pericardial or pleural drain-
age, resulted in a two-fold mortality risk. The
difference in mortality appeared within the first
24months after the surgery and the median time from
the diagnosis to death was 460 (83–1300) days. The
underlying cause of death appearing within 24months
after severe PPS was often registered as atheroscler-
otic heart disease or aortic valve stenosis. Pneumonia
was registered as the immediate cause of death in
half of the deaths. The authors suggested that the
higher mortality is caused by the incremental disease
burden of PPS and its sequelae, and especially the
required interventions. Therefore, PPS is likely to com-
plicate previously weak and vulnerable patients, thus
leading to higher mortality with a delay. The authors
stated that because of the higher mortality, the
patients with severe PPS are in the need of more
intensive follow-up and treatment.

Previously, despite the limited published data, the
prognosis of PPS has been considered to be benign
[1,15,16]. However, the aforementioned studies by
Lehto et al. challenge this point of view that has pre-
vailed for over half a century without adequate evi-
dence. Further studies are needed to evaluate the
possible treatment solutions to prevent the incremen-
tal deaths caused by severe PPS. However, the finding
supports the use of relatively aggressive prophylactic
methods to prevent PPS. Therefore, for example, the
increased risk of gastrointestinal adverse effects of col-
chicine should not be interpreted as an insuperable
obstacle for the preventive use of the drug.
Considering these results, the one-month colchicine
prophylaxis, also recommended for consideration in the
ESC Guideline (15) (class IIa level A recommendation),
should be adopted in the current clinical practice. If
necessary, the preventive treatment could be targeted
to the patients in the highest risk of developing PPS,
especially to the ones undergoing more extensive pro-
cedures and to younger patients. It needs to be taken
into consideration, however, that the evidence of
whether the preventive therapies diminish the risk of
mortality is lacking [7]. Nevertheless, no studies have
been powered to investigate the possible mortality
benefits of the treatments in either the preventive use
or the management of PPS.

Future aspects

Major challenge in prior PPS studies has undoubtedly
been the large variability between the included PPS
diagnoses due to inconsistent diagnostic criteria. This

Figure 3. PPS is associated with a 1.8-fold increase in all-
cause mortality. Severe PPS, referring to PPS requiring invasive
interventions, seems to be the subgroup where the higher
mortality of PPS patients is originated from. The incremental
deaths appear within 24months after the surgery and a typ-
ical delay between PPS admission and death is 5months.
From the original publication by Lehto et al. (74).
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has resulted in largely conflicting results and only few
of the studies have been able to confirm the results
between one another [14]. The challenge is that if one
evaluates patients critically, most patients with cardiac
trauma will meet the criteria for PPS. There is probably
a continuum of responses to post-cardiac trauma
ranging from mild fever and pericardial effusion to a
complete syndrome with intermittent fever, notable
pericardial and/or pleural effusion, and pleuritic
chest pain.

During the first decade after the discovering of
PPS, patients were considered to have the disease if
they were toxic and extremely enervated [48]. In the
recent decades, however, the inclination of research
has intentionally focussed more and more on the
sensitivity of the diagnosing of PPS [2], also reflecting
in the current guideline-recommended diagnostic cri-
teria. It would presumably be more objective and
specific to use the criteria introduced by Bunge et al.:
at least two of the following: 1) new significant
(>10mm) pericardial effusion on echocardiography,
2) new significant (above the highest level of the dia-
phragm) pleural effusion on chest x-ray, 3) unex-
plained fever >72 h postoperatively, 4) pleuritic chest

pain, and/or 5) the presence of pericardial or pleural
rubbing on physical examination [38]. This would
likely discard the early post-traumatic effusions and
enable the separation of the patients with the
“classic” immune-mediated PPS. An even more
sophisticated approach would be the one introduced
by De Scheerder et al. [84,85,200,201], including the
concepts of “complete PPS” and “incomplete PPS”.
The integration of the two aforementioned methods
in addition to careful differential diagnostic proce-
dures would allow the comparison of the most cer-
tain positive PPS patients with the most certain
negative PPS patients. This is particularly important
in the studies assessing the pathophysiological mech-
anisms of PPS, as it is uncertain whether the border-
line PPS cases, especially the ones within the first few
days after the surgery, share the same pathophysio-
logical mechanism with the delayed, more certain
cases. The proposed concept is illustrated in Figure 4.
The hypothesis of two separate mechanisms is
strengthened by the fact that although colchicine is
effective in the prevention of PPS, it does not seem
to be effective in the treatment of early postopera-
tive pericardial effusions [202,203].

Figure 4. The proposed concept for future postpericardiotomy syndrome (PPS) studies. The comparison of definite PPS (A) and
no PPS (C) groups leads to more consistent results between different studies and allows more specific exploration of the certain,
most likely immune-mediated PPS cases. Moreover, the future clinical trials should include definite PPS (A) as well as PPS requir-
ing invasive interventions as separate endpoints to better evaluate the effect of the management options and prophylactic meth-
ods on patients’ health and the adverse events of PPS.
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Conclusions

In conclusion, the previous reports of PPS have been
outstandingly inconsistent due to the problematic
nature of the definition of PPS. The incidence of the
syndrome is highly dependent on the applied diag-
nostic criteria as well as study design, patient popula-
tion, and operation type. In the recent prospective
trials, most of the PPS diagnoses have been clinically
irrelevant. Therefore, the recommended diagnostic cri-
teria should be reconsidered, and the analyses should
be divided into subgroups according to the severity of
the syndrome to achieve more clinically applicable
results in the future studies. The typical clinical fea-
tures of PPS include pleuritic or pericarditic chest pain,
intermittent, low grade fever, elevated inflammatory
markers, pleural effusion in the chest X-ray, and usu-
ally mild pericardial effusion in the heart echocardiog-
raphy. However, none of these findings are specific for
the disease during the early postoperative period, and
consequently, a careful differential diagnostic proced-
ure is required for the diagnosis. The only risk factors
clearly increasing the occurrence of PPS are younger
age, pleural incision, and valve and ascending aortic
procedures when compared to CABG. The effect of
female sex is possibly mediated by different procedure
types and needs further clarification. According to the
current guidelines, the treatment of PPS is based on
the use of NSAIDs and colchicine, with the occasional
addition of corticosteroids. Currently, because of the
relatively good outcome of PPS patients and the
adverse effects of colchicine, instead of the primary
prevention, clinicians are advised to consider early rec-
ognition and treatment of the syndrome. However,
severe PPS has been recently found to be associated
with higher overall mortality during the first two years
after cardiac surgery. Therefore, in contrast with the
previous presumption, PPS is not just a benign compli-
cation after cardiac surgery, but a state affecting the
prognosis during the patient recovery. In that case,
the increased risk of gastrointestinal adverse effects of
colchicine should not be interpreted as an insuperable
obstacle for the preventive use of the drug.
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