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AUTHOR'S SUMMARY

Malignancy is an important cause of pericardial effusion. Constrictive physiology (CP) may
be a significant prognostic indicator, since it may interrupt cancer therapy. In this study,

the authors demonstrated that there are differences in the characteristics of patients who
developed CP after pericardiocentesis and those who did not. These include pericardial
enhancement on computed tomography, the presence of a malignant mass abutting the
pericardium, high serum C-reactive protein levels, and high medial mitral annular early
diastolic velocity, which could be used as predictors of CP development. The risk of all-cause
death was significantly high in the CP group.

ABSTRACT

Background and objectives: This study aimed to identify the characteristics and clinical
outcomes of cancer patients who developed constrictive physiology (CP) after percutaneous
pericardiocentesis.

Methods: One-hundred thirty-three cancer patients who underwent pericardiocentesis were
divided into 2 groups according to follow-up echocardiography (CP vs. non-CP). The clinical
history, imaging findings, and laboratory results, and overall survival were compared.
Results: CP developed in 49 (36.8%) patients after pericardiocentesis. The CP group had

a more frequent history of radiation therapy. Pericardial enhancement and malignant
masses abutting the pericardium were more frequently observed in the CP group. Fever and
ST segment elevation were more frequent in the CP group, with higher C-reactive protein
levels (6.6+4.3mg/dL vs. 3.3+2.5mg/dL, p<0.001). Pericardial fluid leukocytes counts were
significantly higher, and positive cytology was more frequent in the CP group. In baseline
echocardiography before pericardiocentesis, medial e’ velocity was significantly higher in
the CP group (8.6+2.1cm/s vs. 6.5+2.3cm/s, p<0.001), and respirophasic ventricular septal
shift, prominent expiratory hepatic venous flow reversal, pericardial adhesion, and loculated
pericardial fluid were also more frequent. The risk of all-cause death was significantly high in
the CP group (hazard ratio, 1.53; 95% confidence interval,1.10-2.13; p=0.005).
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Conclusions: CP frequently develops after pericardiocentesis, and it is associated with poor
survival in cancer patients. Several clinical signs, imaging, and laboratory findings suggestive
of pericardial inflammation and/or direct malignant pericardial invasion are frequently
observed and could be used as predictors of CP development.

Keywords: Pericardium; Echocardiography; Heart failure; Risk factors

INTRODUCTION

Malignancy is an important cause of pericardial effusion (PE), ranging about 15-40%

of significant PE." In cancer patients with PE, pericardiocentesis is frequently required
not only to relieve cardiac tamponade, but also to identify the etiology of PE. Although
pericardiocentesis is a lifesaving, less invasive, and relatively safe procedure in cardiac
tamponade, subsequent pericardial adhesions and constrictive physiology (CP) may follow,
especially in cancer patients.?

In patients with cancer and PE, about half experience PE caused by malignant invasion,”*
thus PE is regarded as a poor prognostic indicator. Control of the underlying cancer is
thought to be the only factor that influences survival.”® However, the development of CP
may be another significant prognostic indicator, since clinical symptoms such as dyspnea,
edema, or arrhythmia persist even after pericardiocentesis, and may interrupt cancer therapy.
However, there is a limited data on predicting survival and the likelihood of developing CP in
patients with cancer and PE, especially after pericardiocentesis. We hypothesized that there
would be differences in overall survival and characteristics between patients who develop

CP and those who do not. Therefore, we investigated the medical history, laboratory, and
imaging findings of cancer patients who underwent pericardiocentesis to identify risk factors
that can predict the development of CP and the patients' survival.

METHODS

Ethical statement

The study protocol was approved by the Institutional Review Board of Chonnam National
University Hospital (IRB No. CNUHH-2020-190). A waiver for informed consent was obtained
from the IRB. We have complied with the latest version of the Declaration of Helsinki (2013).

Study design and population

This is a multicenter retrospective study from 2 tertiary medical centers (Chonnam National
University Hwasun Hospital and Chonnam National University Hospital, Republic of Korea).
Pericardiocentesis was performed in 486 patients from January 2015 to January 2020. Among
these, 156 were diagnosed with cancer within 5 years and being followed up by oncologists.
After excluding 23 patients who did not have analyzable pre- or post-pericardiocentesis
echocardiograms, a total of 133 were included in the analysis. The study population was
divided into 2 groups: CP and non-CP.

Examinations and pericardiocentesis

Clinical information, including medical history and clinical symptoms, was obtained from
each patient's medical record. Chest X-rays, 12-lead electrocardiograms (ECGs), serologic

https://doi.org/10.4070/kcj.2021.0217 75



ke

Constrictive Physiology in Cancer Patients Korean Circulation Journal

https://e-kcj.org

studies including complete blood counts, liver/renal function tests, and C-reactive protein
(CRP), were performed for all patients. Chest computed tomography (CT) was performed in
all patients on the day of or within 1 month of pericardiocentesis. Pericardial enhancement,
thickening, or direct pericardial invasion was assessed by trained radiologists. Significant
pericardial enhancement and thickening were defined as appearance of obviously contrast-
enhanced parietal and visceral pericardial layers which can be distinguished from pericardial
effusion. Echocardiography was performed at rest, in the left lateral decubitus position, by

2 trained sonographers using 2 digital echocardiographic equipment systems (Vivid E9 and
E95; Vingmed Ultrasound, Horten, Norway), following the guidelines and diagnostic criteria
of the American Society of Echocardiography and the European Association of Cardiovascular
Imaging. In all cases, the left ventricular ejection fraction (LVEF) was measured using the
modified biplane Simpson's method. The intraobserver and interobserver variabilities of
Simpson's method were 4+5% and 5+4%, respectively. Other conventional measurements
were performed in all cases. The size of PE was determined using a semiquantitative method
to measure the depth of the pericardial space in diastole: scanty (not measurable), small (<10
mm), moderate (<20 mm), and large (>20 mm). Cardiac tamponade was defined by several
echocardiographic criteria such as diastolic right atrial and right ventricular collapse, cardiac
swinging motion, respiratory mitral inflow variation >25%, plethora of the inferior vena cava
(IVC), and several clinical criteria such as arterial hypotension and/or tachycardia, which were
relieved by pericardial fluid drainage and pulsus paradoxus.”

Image-guided (echocardiography and fluoroscopy) pericardiocentesis was performed by
experienced cardiologists. A puncture needle was introduced into the pericardial space
through the subxiphoid or intercostal route. An 8.5F-multihole pigtail catheter was
introduced into the pericardial space for continuous drainage of pericardial fluid. The
pericardial fluid underwent routine analysis (differential cell count, chemistry, microbiology,
and pathology). After pericardiocentesis, echocardiography and chest radiography

were performed to ensure correct catheter position and to identify acute mechanical
complications (pericardial hematoma, pneumopericardium, pneumothorax, etc.). The
catheter was retained until the drainage volume decreased to <50 mL for 24 hours. Follow-
up echocardiography was then performed, and the catheter was removed if the residual PE
volume was small (deepest pocket <10 mm).

Follow-up echocardiography was performed in the same way as pre-pericardiocentesis
echocardiography. A diagnosis of CP was made when patients had features of elevated jugular
venous pressure and at least one of the following: respirophasic ventricular septal shift, increase
in early diastolic mitral inflow velocity (E velocity) >25% with expiration, medial mitral annular
early diastolic velocity (medial e’ velocity) >8 cm/s and is higher than the lateral e’ velocity,
prominent expiratory diastolic flow reversal in the hepatic veins, and IVC plethora.!”

Statistical analyses

Statistical Package for the Social Sciences (SPSS) software (version 22.0; IBM Corp., Armonk,
NY, USA) and R statistical software version 3.5.2. (R Foundation for Statistical Computing,
Vienna, Austria) were used for all statistical analyses. All numerical variables are presented as
mean value+standard deviation and were compared using an independent samples t-test or
one-way analysis of variance. All categorical variables are shown as numbers and percentages,
and they were compared using the y? or Fisher's exact test to determine significance. To
identify relation between CP and overall survival, Kaplan-Meier survival analysis was

used. Logistic regression analysis was performed to determine the significant predictive
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factors of CP. Cox proportional hazard model was used to calculate the hazard ratio (HR)
and the 95% confidence interval (CI) and to identify independent predictors of overall
survival. Variables with p<0.15 in the univariable analysis were selected for the multivariable
analysis. Interruption of cancer therapy was not considered for the logistic regression
analysis, because it could not affect development of CP: interruption was determined in the
oncologists' outpatient clinic after index hospitalization for pericardiocentesis. Significant
multicollinearity between medial and lateral e’ velocity (variance inflation factor 16.536,
14.821, respectively) was detected. We chose medial e’ velocity over lateral e’ velocity,
because medial e’ velocity is regarded as a more valuable echocardiographic parameter when
determining constrictive physiology."” For Cox proportional hazard model, continuous
variables were converted to dichotomous variables with the median value. All statistical tests
were 2-tailed, and a p value <0.05 was considered significant.

RESULTS

Clinical characteristics

Pericardiocentesis was successful in all patients without significant acute mechanical
complications. Of 133 patients 49 (36.8%) patients developed CP on follow-up
echocardiography after pericardiocentesis. Table 1 shows the clinical characteristics of all
included patients. There were no significant differences in the mean age, sex distribution, or
prevalence of other general cardiovascular risk factors between the non-CP and CP groups,
but a history of chest radiation therapy (RTx) was more frequent in the CP group. Fever
(238.0°C) was observed more frequently in the CP group. ST segment elevation was observed
only in the CP group, although this was uncommon. Of 133 patients 72 (54.1%) patients

had overt cardiac tamponade, without significant differences between the 2 groups. After
pericardiocentesis, cancer therapy was interrupted more frequently in the CP group.

The underlying primary cancers of these patients are summarized in Table 2. Ninety (67.7%)
patients had thoracic cancers. The most common underlying malignancy was lung cancer

in both groups. The second most common malignancy was breast cancer, followed by
lymphoma, esophageal cancer, colon cancer, leukemia, and thymic cancer. The prevalence of
any primary cancer was not significantly different between the 2 groups.

Table 1. Clinical characteristics

Variables Non-CP (n=84) CP (n=49) p value
Age (years) 62.6+13.4 65.1+12.9 0.289
Male 51 (60.7) 29 (59.2) 0.862
Hypertension 37 (44.0) 29 (59.2) 0.092
Diabetes mellitus 24 (28.6) 12 (24.5) 0.609
Dyslipidemia 29 (34.5) 22 (44.9) 0.235
Smoking 46 (54.8) 392 (65.3) 0.234
History of chest RTx 33(39.3) 29 (59.2) 0.026
Fever 12 (14.3) 14 (28.6) 0.045
Cardiac tamponade 46 (54.8) 26 (53.1) 0.849
ST segment elevation in ECG 0 (0) 5(10.2) 0.006
Time interval from pericardiocentesis to follow up 70.5+£28.6 63.7+29.2 0.196
echocardiography (hours)

Interruption of cancer therapy after pericardiocentesis 44 (52.4) 36 (73.5) 0.017

Values are presented as meansstandard deviation or number (%).
CP = constrictive physiology; ECG = electrocardiogram; RTx = radiation therapy.
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Table 2. Primary cancer

Variables Non-CP (n=84) CP (n=49) p value
Primary cancer 0.064
Thoracic cancer
Lung 35 (41.7) 29 (59.2)
Breast 8(9.5) 6(12.2)
Thymus 1(1.2) 4(8.2)
Esophagus 2(2.4) 5(10.2)
Non-thoracic cancer
Colon 6(7.1) 1(2.0)
Leukemia 6(7.1) 0(0)
Lymphoma 5(6.0) 3(6.1)
Stomach 3(3.6) 0(0)
Cholangiocarcinoma 3(3.6) 0(0)
Hepatocellular carcinoma 3(3.6) 0 (0)
CuPS 3(3.6) 0(0)
Ovary 2(2.4) 0(0)
Kidney 2(2.4) 0 (0)
Head and neck 1(1.2) 1(2.0)
Bladder 1(1.2) 0 (0)
Melanoma 1(1.2) 0 (0)
Cervix 1(1.2) 0(0)
Ampulla of Vater 1(1.2) 0(0)

Values are presented as number (%o).
CP = constrictive physiology; CUPS = cancer of unknown primary site.

Image findings

Chest CT and echocardiographic findings before pericardiocentesis are presented in Table 3.
On chest CT, both abutting of a malignant mass to the pericardium and pericardial contrast-
enhancement were more frequent in the CP group. In cases with pericardial enhancement
(n=52) positive pericardial fluid cytology was observed in 37/52 patients (71.2%), while
abutting of a malignant mass to the pericardium was observed in 31/52 (59.6%). On pre-
pericardiocentesis echocardiography, LVEF did not show significant differences. Among the
other functional parameters, inspiratory E velocity was significantly higher in the CP group,
along with higher medial e’ velocity. Medial e’ velocity was significantly lower than lateral e’
velocity in the non-CP group (6.5+2.3 vs. 7.1+2.4, p<0.001), while there were no significant
differences between medial e’ velocity and lateral e’ velocity in the CP group. Respirophasic
ventricular septal shift was infrequently observed in both groups, but the incidence was much
higher in the CP group. There were no significant differences in mitral inflow variation or IVC

Table 3. Echocardiographic and CT findings

Variables Non-CP (n=84) CP (n=49) p value
Pericardial enhancement in CT 25 (29.8) 27 (55.1) 0.004
Mass abutting the pericardium 17 (20.2) 18 (36.7) 0.037
LVEF (%) 65.2+7.0 64.5+7.7 0.606
Inspiratory E velocity (m/s) 0.67+0.13 0.72+0.15 0.037
Expiratory E velocity (m/s) 0.76+0.18 0.82+0.20 0.063
Medial e’ velocity (cm/s) 6.5+2.3 8.6+2.1 <0.001
Lateral e’ velocity (cm/s) 7.1£2.4 8.6+2.4 0.001
Respirophasic ventricular septal shift 2(2.4) 8(16.3) 0.003
Mitral inflow variation >25% 33(39.3) 22 (44.9) 0.526
Prominent expiratory hepatic venous flow reversal 12 (14.3) 14 (28.6) 0.045
IVC plethora 32(38.1) 23 (46.9) 0.318
Pericardial adhesion 20 (23.8) 21 (43.8) 0.017
Loculated pericardial effusion 10 (11.9) 13 (26.5) 0.031

Values are presented as mean+standard deviation or number (%).
CP = constrictive physiology; CT = computed tomography; E velocity = early diastolic mitral inflow velocity; e’
velocity = mitral annular early diastolic velocity; IVC = inferior vena cava; LVEF = left ventricular ejection fraction.
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plethora in either group. Pericardial adhesions (often accompanied by pericardial thickening)
and loculated PE were more commonly observed in the CP group.

Laboratory findings

Table 4 presents the serum and pericardial fluid findings. The serum CRP levels were markedly
higher in the CP group. Positive pericardial fluid cytology was observed more frequently in

the CP group. The total pericardial fluid leukocyte count was significantly higher in the CP
group, but differential leukocyte counts were not available. Other laboratory findings such

as erythrocyte count, protein, glucose, and lactate dehydrogenase (LDH) levels showed no
significant differences between the 2 groups, although the LDH levels were markedly elevated in
both groups. The adenosine deaminase (ADA) levels were somewhat increased in both groups
without significant differences between the 2, while polymerase chain reaction for tuberculosis
was negative for all patients. The pericardial fluid culture results were negative in all patients.

Predictors of constrictive physiology after pericardiocentesis

Table 5 illustrates the predictors of CP after pericardiocentesis. Using multivariable logistic
regression analysis, following variables were found to be statistically significant predictors of
CP: pericardial enhancement on CT, presence of a malignant mass abutting the pericardium,

Table 4. Laboratory findings

Variables Non-CP (n=84) CP (n=49) p value
Serum CRP (mg/dL) 3.3£2.5 6.6+4.3 <0.001
Positive pericardial fluid cytology 29 (34.5) 31(63.3) 0.001
Bloody pericardial fluid 57 (67.9) 46 (71.4) 0.667
Pericardial fluid drainage amount (mL) 670.6+278.2 741.4+269.1 0.155
Pericardial fluid leukocytes (/pL) 3,734.3+2,857.0 4,640.8+2,809.8 0.007
Pericardial fluid erythrocytes (/pL) 28,951.7+36,858.9 40,340.0+43,180.7 0.109
Pericardial fluid protein (g/dL) 4.7+1.6 4.9+1.2 0.562
Pericardial fluid glucose (mg/dL) 102.2+29.4 101.0+£29.5 0.822
Pericardial fluid LDH (U/L) 1,148.4+£628.6 1,214.5+652.5 0.565
Pericardial fluid ADA (IU/L) 40.4+10.9 43.9+11.5 0.197
Positive pericardial fluid TB-PCR 0 (0) 0 (0) N/A

Positive pericardial fluid culture results 0(0) 0(0) N/A

Values are presented as meanzstandard deviation or number (%).
ADA = adenosine deaminase; CP = constrictive physiology; CRP = C-reactive protein; LDH = lactate dehydrogenase;
N/A = not available; PCR = polymerase chain reaction; TB = tuberculosis.

Table 5. Predictors of constrictive physiology after pericardiocentesis

Variables Univariable analysis Multivarable-adjusted model

OR (95% CI) p value OR (95% CI) p value
History of chest RTx 2.94 (1.09-4.60) 0.026 2.46 (0.68-7.32) 0.103
Fever 1.62 (1.01-3.73) 0.044 1.37 (1.02-3.41) 0.111
ST segment elevation 2.95 (0.02-8.05) 0.005 1.27 (0.05-7.12) 0.082
Pericardial enhancement in CT 2.90 (1.39-6.02) 0.004 2.49 (1.18-6.01) 0.006
Mass abutting the pericardium 2.29 (1.04-5.03) 0.037 2.24 (1.23-6.44) 0.030
Inspiratory E velocity (per 0.1 cm/s increase) 1.54(0.31-8.71) 0.039 1.32(0.37-8.78) 0.075
Medial e’ velocity (per 1 cm/s increase) 1.53 (1.27-4.84) <0.001 1.77 (1.24-5.40) 0.010
Respirophasic ventricular septal shift 1.87 (1.10-7.80) 0.098 1.43 (0.55-8.42) 0.158
Prominent expiratory hepatic venous flow reversal 1.90 (1.01-5.73) 0.068 1.71 (0.65-5.98) 0.097
Pericardial adhesion 2.09 (1.16-5.32) 0.017 1.61(0.75-4.02) 0.102
Loculated pericardial effusion 1.87 (1.07-6.68) 0.055 1.73 (0.56-7.52) 0.217
Serum CRP (per 1 mg/dL elevation) 1.35(1.18-2.55) <0.001 1.70 (1.17-2.60) 0.001
Positive pericardial fluid cytology 1.87 (1.47-6.81) 0.011 1.20(1.01-6.83) 0.075
Pericardial fluid leukocytes (per 1,000/uL increase) 1.29 (0.87-1.56) 0.096 1.24 (0.71-1.85) 0.082

Only variables with p<0.15 in the univariable analysis are listed.
Cl = confidence interval; CRP = C-reactive protein; CT = computed tomography; E velocity = early diastolic mitral inflow velocity; e’ velocity = mitral annular early
diastolic velocity; OR = odds ratio; RTx = radiation therapy.
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high medial e’ velocity on pre-pericardiocentesis echocardiography, and high serum CRP
levels. No other echocardiographic signs of CP or other signs of pericardial inflammation,
such as fever, ST segment elevation, or pericardial fluid leukocyte counts were shown to be
significant for predicting CP. The type of primary cancer and a history of chest RTx were also
not significant predictors.

Predictors of all-cause death after pericardiocentesis

Figure 1 shows Kaplan-Meier curve for overall survival of the patients after pericardiocentesis.
Table 6 presents the results of Cox proportional hazards regression analysis for predictors

of all-cause death. In the multivariable-adjusted model, development of CP after
pericardiocentesis, interruption of cancer therapy after pericardiocentesis, lung cancer,
presence of a malignant mass abutting the pericardium, medical e’ velocity >7 cm/s were
independent predictors of all-cause death after pericardiocentesis. Serum CRP >3.58 mg/dL
was inversely associated with all-cause death.

100+ —cp
------ Non-CP
80
S
S 60-
I
>
(%]
= 40+
@ -
> B S
s | ke T e
20
Log rank, p=0.024
0 T T T T T 1
0 50 100 200 400 600 750
Time (days)
No. at risk
cp 49 30 20 16 6 3 2
Non-CP 84 70 53 39 22 13 10

Figure 1. Overall survival according to CP.

CP = constrictive physiology.

Table 6. Predictors of all-cause death after pericardiocentesis

Univariable analysis Multivariable-adjusted model

Variables

HR (95% CI) p value HR (95% CI) p value
Constrictive physiology after pericardiocentesis 1.47 (1.04-2.00) 0.017 1.53 (1.10-2.13) 0.005
History of chest RTx 1.26 (1.07-2.13) 0.015 1.02 (0.81-2.17) 0.138
Interruption of cancer therapy after pericardiocentesis 1.32(1.15-1.87) 0.017 1.35(1.20-1.91) 0.010
Lung cancer 1.43(1.11-2.18) 0.026 1.38 (1.05-1.99) 0.035
Pericardial enhancement in CT 1.07 (0.87-2.18) 0.095 1.02 (0.79-2.02) 0.221
Mass abutting the pericardium 2.10 (1.32-3.17) <0.001 1.97 (1.26-2.96) <0.001
Medial e’ velocity >7 cm/s (median value) 1.39(1.02-1.82) 0.020 1.47 (1.05-2.03) 0.009
Respirophasic ventricular septal shift 1.22 (0.91-2.36) 0.085 1.10 (0.73-2.27) 0.263
Prominent expiratory hepatic venous flow reversal 1.26 (0.99-1.96) 0.073 1.06 (0.71-1.92) 0.156
Pericardial adhesion 1.31(1.16-1.88) 0.020 1.15 (0.94-1.78) 0.125
Loculated pericardial effusion 1.26(1.12-1.86) 0.034 1.04 (0.75-1.59) 0.203
Serum CRP >3.58 mg/dL (median value) 0.83 (0.56-0.97) 0.022 0.77 (0.52-0.92) 0.014
Positive pericardial fluid cytology 1.07 (0.75-2.13) 0.102 1.00 (0.62-2.06) 0.218

Only variables with p<0.15 in the univariable anal

Cl = confidence interval; CRP = C-reactive protei

radiation therapy.
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DISCUSSION

In this study, we investigated the imaging, laboratory, clinical characteristics and clinical
outcomes of cancer patients who developed CP after pericardiocentesis in 2 large tertiary
medical centers. We demonstrated the followings: First, CP commonly occurs after
pericardiocentesis in cancer patients, regardless of the type of primary cancer. Second, there
are differences in the characteristics of patients who developed CP after pericardiostomy
and those who did not. These include pericardial enhancement on CT, the presence of a
malignant mass abutting the pericardium, high serum CRP levels, and high medial e’ velocity.
Third, CP is associated with significantly poor overall survival after pericardiocentesis, along
with interruption of cancer therapy after pericardiocentesis, lung cancer, direct pericardial
invasion of a malignant mass, high medial e’ velocity. Fourth, higher serum CRP levels was
associated with better survival.

The incidence of CP after pericardiocentesis is reported to be much higher in cancer patients
than in the general population.'”™ It is even higher than the incidence of PE (approximately
1.3%) in pericarditis patients without cancer.’ The higher incidence of CP in cancer patients
can be partly attributed to recent advances in echocardiographic assessment and increased
opportunities for the echocardiographic screening in cancer patients, but they cannot fully
explain the extremely high incidence in this study (36.8%) and another recent large study
(46.0%)." There may be different etiologies of CP in cancer patients than in the general
population, such as direct malignant invasion, chest RTx, and adverse effects of some anti-
cancer drugs.” This is reflected in our study by the high prevalence of malignant masses
abutting the pericardium (35 patients, 26.3%).

In this study, pericardial enhancement on CT was frequently observed in both groups,
especially in the CP group. This is possibly due to malignant invasion, but in patients with
pericardial enhancement, evidence of malignant invasion, such as abutting of a malignant
mass or positive pericardial fluid cytology, was not universal. There may be different causes of
pericardial diseases, other than cancer itself, in cancer patients. The presence of pericardial
inflammation can be inferred with or without direct malignant invasion, due to other signs
such as high serum CRP levels, high pericardial fluid leukocyte counts, fever, and ST segment
elevation. Although pericardial trauma secondary to pericardiocentesis can cause pericardial
inflammation, the inflammatory process is thought to begin even before pericardiocentesis
because the signs described previously were detected before the procedure. Several important
echocardiographic findings of CP, such as high medial e’ velocity, respirophasic ventricular
septal shift, and prominent expiratory hepatic venous flow reversal,' were frequently
observed on pre-pericardiocentesis echocardiography. Along with pericardial adhesions and
consequent loculated PE, these are suggestive of preexisting pericardial inflammation even
before pericardiocentesis.

Inflammation is thought to play a significant role in the development of effusive-
constrictive pericarditis,'”™ and it is a potential target of anti-inflammatory agents such as
corticosteroids and colchicine to relieve or reverse pericardial adhesions and/or effusive-
constrictive pericarditis in cancer patients after pericardiocentesis. Although lifesaving
procedure, pericardiocentesis does not often improve the general condition and functional
status of cancer patients. This may be due to cancer status; however, development of CP
can also debilitate patients and interrupt further cancer therapy by causing dyspnea and
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intractable edema, or by limiting intravenous fluid therapy. CP itself may not be a more
important cause of death than the cancer, but such heart failure by CP can be associated

with poor overall survival in cancer patients after pericardiocentesis, as shown in our data.
Although there are limited data on the efficacy of anti-inflammatory agents in cancer
patients who develop CP, the development of CP risk assessment tools and anti-inflammatory
treatment protocols could improve outcomes by enabling further cancer therapy and
relieving heart failure symptoms.

The present study has some limitations. First, this was a retrospective study conducted in
only 2 tertiary medical centers. Second, although the majority of included patients have
lung or breast cancer, there are still many patients with other malignancies. Furthermore
among patients with the same type of cancer, detailed histologic types, genotypes, and
cancer therapies differed widely, which might have influenced the development of PE and
CP. Third, we used comprehensive hemodynamic variables to define CP, but invasive cardiac
catheterization was not performed in any patient; therefore, the true incidence of CP after
pericardiocentesis may be different from our results. Fourth, although we performed
comprehensive analysis of the pericardial fluid and the imaging findings in every patient, we
could not fully distinguish between CP by malignancy and CP by other inflammatory causes.
Fifth, since our data lacks long term follow up echocardiography results, CP status at longer
term follow up could not be determined.

In conclusion, the present study suggests that CP frequently develops after
pericardiocentesis, and it is associated with poor survival in cancer patients. In such
patients, several clinical signs, imaging, and laboratory findings suggestive of pericardial
inflammation and/or direct malignant pericardial invasion are frequently observed and could
be used as predictors of CP development. Responsiveness to anti-inflammatory agents in
cancer patients with CP according to these findings should be evaluated in further studies.

REFERENCES

1. Sagrista-Sauleda J, Mercé J, Permanyer-Miralda G, Soler-Soler J. Clinical clues to the causes of large
pericardial effusions. Am | Med 2000;109:95-101.
PUBMED | CROSSREF

2. MaW, LiuJ, Zeng, et al. Causes of moderate to large pericardial effusion requiring pericardiocentesis in
140 Han Chinese patients. Herz 2012;37:183-7.
PUBMED | CROSSREF

3. Strobbe A, Adriaenssens T, Bennett J, et al. Etiology and long-term outcome of patients undergoing
pericardiocentesis. | Am Heart Assoc 2017;6:€007598.
PUBMED | CROSSREF

4. ChoJJ, Chang HJ, Chung H, et al. Differential impact of constrictive physiology after pericardiocentesis in
malignancy patients with pericardial effusion. PLoS One 2015;10:e0145461.
PUBMED | CROSSREF

5. Gornik HL, Gerhard-Herman M, Beckman JA. Abnormal cytology predicts poor prognosis in cancer
patients with pericardial effusion. J Clin Oncol 2005;23:5211-6.
PUBMED | CROSSREF

6. ElHaddad D, Iliescu C, Yusuf SW, et al. Outcomes of cancer patients undergoing percutaneous
pericardiocentesis for pericardial effusion. ] Am Coll Cardiol 2015;66:1119-28.
PUBMED | CROSSREF

7. GrossJL, Younes RN, Deheinzelin D, Diniz AL, Silva RA, Haddad FJ. Surgical management of
symptomatic pericardial effusion in patients with solid malignancies. Ann Surg Oncol 2006;13:1732-8.
PUBMED | CROSSREF

https://e-kcj.org https://doi.org/10.4070/kcj.2021.0217 82


http://www.ncbi.nlm.nih.gov/pubmed/10967149
https://doi.org/10.1016/S0002-9343(00)00459-9
http://www.ncbi.nlm.nih.gov/pubmed/21301790
https://doi.org/10.1007/s00059-011-3428-5
http://www.ncbi.nlm.nih.gov/pubmed/29275375
https://doi.org/10.1161/JAHA.117.007598
http://www.ncbi.nlm.nih.gov/pubmed/26691279
https://doi.org/10.1371/journal.pone.0145461
http://www.ncbi.nlm.nih.gov/pubmed/16051963
https://doi.org/10.1200/JCO.2005.00.745
http://www.ncbi.nlm.nih.gov/pubmed/26337990
https://doi.org/10.1016/j.jacc.2015.06.1332
http://www.ncbi.nlm.nih.gov/pubmed/17028771
https://doi.org/10.1245/s10434-006-9073-1

Constrictive Physiology in Cancer Patients

C

Korean Circulation Journal

10.

11.

12.

13.

14.

15.

Dequanter D, Lothaire P, Berghmans T, Sculier JP. Severe pericardial effusion in patients with
concurrent malignancy: a retrospective analysis of prognostic factors influencing survival. Ann Surg Oncol
2008;15:3268-71.

PUBMED | CROSSREF

Cosyns B, Plein S, Nihoyanopoulos P, et al. European Association of Cardiovascular Imaging (EACVI)
position paper: multimodality imaging in pericardial disease. Eur Heart | Cardiovasc Imaging 2015;16:12-31.
PUBMED | CROSSREF

Kim KH, Miranda WR, Sinak LJ, et al. Effusive-constrictive pericarditis after pericardiocentesis:
incidence, associated findings, and natural history. JACC Cardiovasc Imaging 2018;11:534-41.

PUBMED | CROSSREF

Kim SR, Kim EK, ChoJ, et al. Effect of anti-inflammatory drugs on clinical outcomes in patients with
malignant pericardial effusion. ] Am Coll Cardiol 2020;76:1551-61.

PUBMED | CROSSREF

Sagrista-Sauleda J, Angel J, Sanchez A, Permanyer-Miralda G, Soler-Soler J. Effusive-constrictive
pericarditis. N Engl ] Med 2004;350:469-75.

PUBMED | CROSSREF

Ala CK, Klein AL, Moslehi JJ. Cancer treatment-associated pericardial disease: epidemiology, clinical
presentation, diagnosis, and management. Curr Cardiol Rep 2019;21:156.

PUBMED | CROSSREF

Welch TD, Ling LH, Espinosa RE, et al. Echocardiographic diagnosis of constrictive pericarditis: Mayo
Clinic criteria. Circ Cardiovasc Imaging 2014;7:526-34.

PUBMED | CROSSREF

Syed FF, Ntsekhe M, Mayosi BM, Oh JK. Effusive-constrictive pericarditis. Heart Fail Rev 2013;18:277-87.
PUBMED | CROSSREF

https://e-kcj.org https://doi.org/10.4070/kcj.2021.0217 83


http://www.ncbi.nlm.nih.gov/pubmed/18648881
https://doi.org/10.1245/s10434-008-0059-z
http://www.ncbi.nlm.nih.gov/pubmed/25248336
https://doi.org/10.1093/ehjci/jeu128
http://www.ncbi.nlm.nih.gov/pubmed/28917680
https://doi.org/10.1016/j.jcmg.2017.06.017
http://www.ncbi.nlm.nih.gov/pubmed/32972532
https://doi.org/10.1016/j.jacc.2020.08.003
http://www.ncbi.nlm.nih.gov/pubmed/14749455
https://doi.org/10.1056/NEJMoa035630
http://www.ncbi.nlm.nih.gov/pubmed/31768769
https://doi.org/10.1007/s11886-019-1225-6
http://www.ncbi.nlm.nih.gov/pubmed/24633783
https://doi.org/10.1161/CIRCIMAGING.113.001613
http://www.ncbi.nlm.nih.gov/pubmed/22422296
https://doi.org/10.1007/s10741-012-9308-0

	Characteristics and Clinical Outcomes of Cancer Patients who Developed Constrictive Physiology After Pericardiocentesis
	INTRODUCTION
	METHODS
	Study design and population
	Examinations and pericardiocentesis
	Statistical analyses

	RESULTS
	Image findings
	Laboratory findings
	Predictors of constrictive physiology after pericardiocentesis
	Predictors of all-cause death after pericardiocentesis

	DISCUSSION
	REFERENCES


