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Abstract

The changes in cardiac function that occur after pericardiocentesis are unclear. An understanding of the effect of pericar-
diocentesis on right ventricular (RV) and left ventricular (LV) function is clinically important. This study was performed
to assess RV and LV function with echocardiography before and after pericardiocentesis. In total, 19 consecutive patients
who underwent pericardiocentesis for more than moderate pericardial effusion were prospectively enrolled from August
2015 to October 2017. Comprehensive transthoracic echocardiography was performed before, immediately after (within
3 h), and 1 day after pericardiocentesis to investigate the changes in RV and LV function. The mean age of all patients was
72.6 +12.2 years. No pericardiocentesis-related complications occurred during the procedure, but one patient died of right
heart failure 8 h after pericardiocentesis. After pericardiocentesis, RV inflow and outflow diameters increased (p < 0.05 versus
values before pericardiocentesis), and the parameters of RV function (tricuspid annular plane systolic excursion, tricuspid
lateral annular systolic velocity, fractional area change, and RV free wall longitudinal strain) significantly decreased (p <0.001
versus values before pericardiocentesis). These abnormal values or RV dysfunction remained 1 day after pericardiocentesis
(p>0.05 versus values immediately after pericardiocentesis). Conversely, no parameters of LV function changed after peri-
cardiocentesis. Of 19 patients, 13 patients showed RV dysfunction immediately after pericardiocentesis and 6 patients did
not. RV free wall longitudinal strain before pericardiocentesis in patients with post-procedural RV dysfunction was reduced
compared to those without post-procedural RV dysfunction (— 18.9 + 3.6 versus — 28.4 +6.3%; p=0.005). The area under the
curve values for prediction of post-procedural RV dysfunction was 0.910 for RV free wall longitudinal strain. The occurrence
of RV dysfunction after pericardiocentesis should be given more attention, and pre-procedural RV free wall longitudinal
strain may be a predictor of post-procedural RV dysfunction.

Keywords Right ventricular function - Pericardiocentesis - Pericardial effusion - Echocardiography

Introduction

Pericardiocentesis is commonly performed to diagnose the
cause of pericardial effusion or relieve cardiac tamponade in
the clinical setting. However, the changes in cardiac function
that occur after pericardiocentesis remain unclear. Several
case reports have described cardiogenic shock with signifi-
cant right ventricular (RV) dysfunction after pericardiocen-
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LV function with echocardiography before and after relief
of pericardial effusion.

Materials and methods
Study population

In total, 19 consecutive patients who had dyspnea due to
a large amount of pleural effusion or needed to diagnose
their background disease were prospectively enrolled in this
study. All patients underwent pericardiocentesis for more
than moderate pericardial effusion from August 2015 to
October 2017. Patients who underwent emergency pericar-
diocentesis for pericardial effusion due to aortic dissection
with cardiac tamponade were excluded. The study protocol
was approved by the institutional ethics committee at Tenri
Hospital. All patients provided written informed consent to
participate in this study.

Pericardiocentesis procedure

Patients underwent echocardiography-guided primary per-
cutaneous pericardiocentesis for therapeutic or diagnostic
purposes. Percutaneous pericardiocentesis was performed
using the shortest distance to the pericardial cavity from the
subxiphoid or intercostal space. After accessing the peri-
cardial space, the needle was exchanged over a guide wire
to a dilator, followed by a multi-hole pigtail catheter. The
catheter was then sutured and affixed to the chest wall, where
it was kept in place for a few days. A 150 mL sample of
aspirated fluid was sent for pathologic, chemical, and micro-
biological testing. The catheter was removed earlier if the
fluid drainage dropped to < 10 mL per hour with no residual
effusion seen by echocardiography.

Echocardiographic examination and parameters

Comprehensive transthoracic echocardiography was per-
formed before, immediately after (within 3 h), and 1 day
after pericardiocentesis using a high-quality, commercially
available ultrasound system (Vivid E9 ultrasonic unit; GE
Healthcare, Tokyo, Japan). The follow-up echocardiogra-
phy was performed at 6 months after pericardiocentesis.
The frame rate was > 50 frames per second. Images were
analyzed using EchoPAC PC version 113 (GE Healthcare).
Measurements and recordings were obtained according to
the American Society of Echocardiography recommenda-
tions; the measured parameters were tricuspid annular plane
systolic excursion (TAPSE), tricuspid lateral annular sys-
tolic velocity (S'), and fractional area change (FAC) [4].
The ejection fraction and stroke volume were calculated
using the modified Simpson’s method. The early diastolic
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mitral annular tissue velocity (e') was measured in the api-
cal four-chamber view with the sample volume positioned
at the lateral mitral annulus. Basal and mid-cavity RV linear
dimensions in the basal one third and the middle third of
RV inflow were measured at end diastole in the RV-focused
view. Proximal RV outflow diameter was measured from
the anterior RV wall to the interventricular septal-aortic
junction at end diastole in the parasternal long-axis view.
Peak longitudinal strain measurements were obtained from
gray-scale images recorded in the apical four-chamber, two-
chamber, and long-axis views. Global longitudinal strain was
obtained by averaging all segmental peak strain values from
the apical four-chamber, two-chamber, and long-axis views.
The peak strain for the three RV free wall segments was
averaged to produce the RV free wall longitudinal strain,
with exclusion of the interventricular septum to avoid LV
interaction. To certify their accuracy, all echocardiographic
parameters were remeasured by experienced sonographers
at our institution.

Predictors of RV dysfunction immediately
after pericardiocentesis

To evaluate the predictors of RV dysfunction immediately
after pericardiocentesis, 19 patients were divided into 2
groups: patients who showed RV dysfunction immediately
after the procedure and patients without RV dysfunction.
Pre-procedural parameters were compared between the 2
groups. RV dysfunction is defined as meeting at least three
of the four criteria: a TAPSE of <17 mm, an S’ of <9.5 cm,
an FAC of <35%, and an RV free wall longitudinal
strain> —20%.

Statistical analysis

Statistical analyses were performed using SPSS Statis-
tics for Windows (ver. 22.0; IBM, Armonk, NY). All data
are expressed as mean =+ standard deviation. Categorical
variables were compared using the Chi-square test. Dif-
ferences in continuous variables between the two groups
were determined using the Mann—Whitney U test. One-way
repeated-measures analysis of variance and a post hoc test
(Turkey—Kramer test) were used to test for significance
adjustment for multiple comparisons. Receiver operating
characteristic analysis was performed to investigate the sen-
sitivity and the specificity for predicting the occurrence of
RV dysfunction after pericardiocentesis and to determine the
best cutoff value. Intra- and inter-observer variability of RV
free wall longitudinal strain were estimated using intraclass
correlation coefficient (ICC). Statistical significance was set
at a p value of 0.05.
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Results
Patients’ baseline characteristics

The demographic characteristics of all 19 patients are shown
in Table 1. Atrial fibrillation was present in three patients,
none of whom had a history of myocardial infarction or val-
vular heart disease. Pericardiocentesis was carried out for
therapeutic reasons in 14 patients and for diagnostic pur-
poses in five patients. Cardiac tamponade was present in five
(26%) patients. No pericardiocentesis-related complications
such as myocardial puncture or coronary laceration occurred
during the procedure. However, one patient in whom peri-
cardiocentesis was performed to relieve cardiac tamponade
caused by massive pericardial effusion died 8 h after the
procedure. The cause of death was right heart failure caused
by severe RV dysfunction after pericardiocentesis (Fig. 1).

Changes in both chamber size and function
before and after pericardiocentesis

The changes in vital signs, volumes, and RV and LV func-
tion before, immediately after, and 1 day after pericardio-
centesis are shown in Table 2 and Fig. 2. The mean values
of the four indices of RV function before pericardiocen-
tesis were normal. The number of patients who showed
an abnormal value was small: three (16%) patients had
a TAPSE of < 17 mm, three (16%) had an S’ of <9.5 cm,

Table 1 Clinical characteristics of the study population

Variables (N=19) Values
Age, years 72.6+12.2
Sex (male) 12 (63)
Body surface area, m? 1.58+0.19
Systolic blood pressure, mm Hg 113+12
Diastolic blood pressure, mm Hg 67+11
Heart rate, bpm 87+10
Cardiac index, L/min/m? 2.15+0.58
Fluid removed, mL 499+212
Concomitant with cardiac tamponade 5(26)
Atrial fibrillation 3(16)
Underlying diseases
Malignant tumor 10 (53)
Connective tissue disease 1(5)
Radiation 1(5)
Idiopathic 7 (37)
Hemoglobin, g/dL 11.1+1.7
Creatinine, mg/dL 1.00+0.47
Brain natriuretic peptide, pg/mL 137+111

Values are presented as mean + standard deviation or n (%)

none (0%) had an FAC of <35%, and six (32%) had an RV
free wall longitudinal strain > —20% [4]. However, all of
these parameters significantly decreased immediately after
pericardiocentesis, showing abnormal values (p <0.001
respectively); tricuspid regurgitation peak velocity was the
only RV function parameter that remained normal. Those
abnormal values remained 1 day after pericardiocente-
sis (Fig. 3). RV inflow and outflow diameters increased
significantly immediately after pericardiocentesis. They
decreased but remained large at one day after pericardio-
centesis compared with those before pericardiocentesis. In
contrast, no parameters of LV size and function changed
immediately or one day after pericardiocentesis, although
the E/A and E/e' values were slightly high and the LV
global longitudinal strain was low during pre-procedural
echocardiography. Intra- and inter-observer ICC in our
institution were 0.971 and 0.953 for RV free wall longi-
tudinal strain.

Only 10 patients could attend the follow-up echo-
cardiography at 6 months after pericardiocentesis; six
patients died of lung cancer, two patients transferred to
different hospitals, and one patient died of right heart
failure just after the procedure. Regarding echocardio-
graphic LV parameters, LV size (LV end-diastolic diam-
eter of 40.4+7.5 mm, and LV end-systolic diameter of
25.8 £5.3 mm), ejection fraction (69.3 +6.5%), and
LV longitudinal global strain (—14.8 +1.4%) remained
unchanged. On the other hand, RV inflow and outflow
diameters (basal RV inflow of 30.8 +4.6 mm, and mid-
cavity RV inflow of 33.4 +4.8 mm, and RV outflow of
33.4+4.8 mm) became smaller and RV function further
improved (TAPSE of 17.8 £4.4%, S" of 11.1 3.2 cm/s,
FAC of 41.8 £6.0%, and RV free wall longitudinal strain
of —20.6 +6.3%) compared with RV parameters 1 day
after pericardiocentesis.

Predictors of RV dysfunction immediately
after pericardiocentesis

Of the 19 patients, 13 patients showed RV dysfunction
immediately after pericardiocentesis, and 6 patients did
not. RV free wall longitudinal strain before pericardiocen-
tesis in patients with post-procedural RV dysfunction was
reduced compared to those without post-procedural RV
dysfunction (—18.9+3.6 vs. —28.4+6.3%; p=0.005).
The other pre-procedural parameters were not different
between the 2 groups (Table 3). Receiver operating char-
acteristic analysis revealed that a RV free wall longitudi-
nal strain cutoff value of —23.0 had a sensitivity of 100%
and a specificity of 83.3% for predicting the occurrence
of RV dysfunction after pericardiocentesis (area under the
curve =0.910).
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Fig.1 A patient died of right heart failure caused by severe RV
dysfunction 8 h after pericardiocentesis. a End-diastolic and b end-
systolic phase before pericardiocentesis: RV free wall longitudinal
strain, —15.9%; TAPSE, 9.3 mm; S’, 8.0 cm/s; and FAC, 40.7%.
¢ End-diastolic (red arrow) and d end-systolic (red arrow) phase

Discussion

In the present study, we found that RV dysfunction with
enlargement of RV size occurred immediately after peri-
cardiocentesis and that in most patients, the RV dysfunc-
tion remained 1 day after the procedure. One patient
developed severe RV dysfunction immediately after peri-
cardiocentesis and eventually died of right heart failure.
Conversely, no parameters of LV size and function showed
significant changes before and after pericardiocentesis.
Moreover, the value of RV free wall longitudinal strain
before pericardiocentesis was an only predictor of post-
procedural RV dysfunction.

Two possible factors may be related to the emergence
of RV dysfunction after pericardiocentesis: (1) a rapid
increase in preload to the right ventricle due to hemody-
namic changes after pericardiocentesis and (2) pre-existing
RV myocardial damage.
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immediately after pericardiocentesis: RV free wall longitudinal
strain, — 3.0%; TAPSE, 5.2 mm; S’, 2.7 cm/s; and FAC, 22.3%. RV
right ventricular, TAPSE tricuspid annular plane systolic excursion, S’
tricuspid lateral annular systolic velocity, FAC fractional area change

Hemodynamic changes
before and after pericardiocentesis

Generally, a heart that has been decompressed by a large
amount of pericardial effusion demonstrates marked hemo-
dynamic improvement by pericardiocentesis as cardiac fill-
ing and stroke volume are increased. The right ventricle
receives a large volume load caused by increasing venous
return immediately after pericardiocentesis. Moreover,
previous studies have shown larger volume changes in the
right than left ventricle [5, 6]. RV dilatation with signs
of volume overload after pericardiocentesis has also been
reported [1, 7, 8]. Therefore, rapid and massive volume
overload in the right ventricle is related to RV dysfunction
and dilatation after pericardiocentesis. On the other hand,
stroke volume and cardiac index before and after peri-
cardiocentesis were unchanged. RV size increased after
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Table 2 Changes in RV and Before Immediately after 1 day after p value
LV function before and after
pericardiocentesis Systolic blood pressure, mmHg 1128+11.6 1193+19.3 104.8+11.8 0.054
Mean blood pressure, mmHg 82.1+9.9 82.3+10.1 74.4+6.97 0.020
Heart rate, bpm 86.8+23.0 82.1+11.0 78.6+13.5 0.35
Stroke volume, mL 41.2+133 43.8+17.6 43.4+7.7 0.82
Cardiac index, L/m? 2.15+0.58 2.23+0.83 2.13+0.48 0.90
LV size and function
LV end-diastolic diameter, mm 379+7.1 399+7.7 39.6+6.6 0.66
LV end-systolic diameter, mm 233+6.5 25.0+7.4 247+7.4 0.74
Interventricular septum, mm 92+14 93+1.0 92+1.0 0.97
Posterior wall thickness, mm 97+1.2 10.1+1.1 9.7+1.2 0.69
Ejection fraction, % 66.5+9.5 63.1+13.0 67.1+10.8 0.47
LV longitudinal global strain, % —153+46 -138+54 —142+58 0.62
EJ/A ratio (N=16) 0.89+0.34  0.98+0.30 1.04+0.35 0.48
Deceleration time, ms 208 + 64 172 +41 203 +57 0.16
Ele' ratio 13.8+7.5 14.5+4.8 124+4.4 0.68
RV size and function
Basal RV linear dimension, mm 32.8+5.0 37.1+4.4 33.6+5.4 0.028
Mid-cavity RV linear dimension, mm 34.5+4.6 38.8+5.3" 37.0+5.6 0.0504
Proximal RV outflow diameter, mm 30.2+4.0 33.9+3.5 31.4+3.9 0.014
TAPSE, mm 20.0+4.2 13.6+4.3* 14.7+3.9 <0.001
TAPSE < 17 mm 3 (16) 16 (84) 12 (67)
S, cm/s 12.6+3.3 8.7+£2.4% 9.1+2.4 <0.001
S$'<9.5 cm/s 3(16) 13 (68) 10 (56)
FAC, % 48.3+59 37.8+8.0% 40.0+9.0 <0.001
FAC<35% 0 () 8 (42) 5(28)
RV free wall longitudinal strain, % -213+63 —158+6.7* —-16.9+5.2 0.036
RV free wall longitudinal strain< —20% 6 (32) 15 (79) 13 (72)
Tricuspid regurgitation velocity peak, m/s  2.41+0.29  2.43+0.25 2.34+0.32 0.37
Inferior vena cava, mm 19.4+4.7 16.8+6.2 13.9+5.1 0.017

Values are presented as mean =+ standard deviation or n (%)

LV left ventricular, RV right ventricular, £ mitral E wave, A mitral A wave, e’ early diastolic mitral annular
tissue velocity, TAPSE tricuspid annular plane systolic excursion, S’ tricuspid lateral annular systolic veloc-

ity, FAC fractional area change

*p <0.001 versus values before pericardiocentesis

Tp <0.05 versus values immediately after pericardiocentesis

pericardiocentesis, but decrease in RV function resulted
in unchanged stroke volume.

The effects of the drainage amount and speed on hemody-
namics after pericardiocentesis are unclear. Armstrong et al.
[7] reported that the amount of drainage in three patients
with RV volume overload and RV dysfunction after peri-
cardiocentesis was 200, 900, and 1400 mL. In another case,
only 430 mL of pericardial effusion was removed from a
patient with cardiogenic shock caused by improved motion
of the RV and tricuspid valves [3]. Smiseth et al. [9] reported
that the pericardial pressure significantly decreased regard-
less of the amount of pericardial fluid removed (range
120-1200 mL). No reports have described the relationship
between the speed of drainage and hemodynamic changes

after relief of pericardial effusion. Physicians’ only option
is to avoid removing a large amount of pericardial effusion
at high speed; however, prevention of RV dysfunction after
pericardiocentesis by this technique alone is doubtful.

Pre-existing RV myocardial damage
before pericardiocentesis and prolonged RV failure
after pericardiocentesis

Pre-existing RV myocardial damage, which may be masked
by reduced preload and afterload before pericardiocentesis,
may also be considered a risk factor for RV dysfunction after
pericardiocentesis.
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- === A patient who died due to right heart failure within 8 hours after pericardiocentesis

Fig.2 Changes in right ventricular and left ventricular function
before, immediately after, and 1 day after pericardiocentesis. The
right ventricular indices decreased significantly (p <0.05) and showed
abnormal values immediately after pericardiocentesis. These abnor-

First, most patients who undergo pericardiocentesis
have pericarditis due to a malignant tumor, connective tis-
sue disease, or radiation. Continued inflammation involv-
ing the epicardium results in reduced RV free wall motion
and progressive myocardial injury [10, 11]. Second, these
patients sometimes have direct myocardial involvement from
a malignant tumor or concomitant myocarditis caused by
connective tissue disease such as systemic lupus erythema-
tosus, polymyositis, or dermatomyositis [12]. In the current
study, pre-procedural RV free wall longitudinal strain was
a predictor of RV dysfunction after pericardiocentesis, but
the other conventional parameters of RV function were not.
The masked pre-existing RV dysfunction may be identified
by RV free wall longitudinal strain. Finally, Geffroy et al. [8]
reported that a rapid increase in RV wall tension immedi-
ately after pericardiocentesis impaired coronary flow despite
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mal values remained 1 day after pericardiocentesis. In contrast, left
ventricular function did not worsen immediately and 1 day after peri-
cardiocentesis

a normal coronary angiogram. This abnormal coronary flow
pattern sometimes induces RV ischemic lesions. There-
fore, in addition to a rapidly increasing preload induced by
hemodynamic changes, these potential RV myocardial dam-
ages may affect the stunned myocardium immediately after
pericardiocentesis.

The masked pre-existing RV dysfunction is actualized
by the rapid increase in venous return, pressure elevation,
and impaired coronary flow immediately after pericardio-
centesis, and severe RV dysfunction subsequently occurs.
The right ventricle is more strongly influenced by the peri-
cardium and loading condition than the left ventricle. As
a result, an interventricular mismatch is permitted follow-
ing relief of pericardial effusion [13], and RV stunning may
often occur although LV function does not worsen after
pericardiocentesis.



Heart and Vessels (2020) 35:69-77

75

Fig.3 A representative case of
transition to RV dysfunction
before and after pericardio-
centesis. a End-diastolic and

b end-systolic phase before
pericardiocentesis: RV free wall
longitudinal strain, —20.9%;
TAPSE, 20.4 mm; S, 17.1 cm/s;
and FAC, 51.2%. ¢ End-dias-
tolic and d end-systolic phase
immediately after pericardio-
centesis: RV free wall longitu-
dinal strain, — 14.3%; TAPSE,
7.2 mm; S’, 6.6 cm/s; and FAC,
39.1%. e End-diastolic and f
end-systolic phase 1 day after
pericardiocentesis: RV free wall
longitudinal strain, — 14.3%;
TAPSE, 10.0 mm; S’, 6.4 cm/s;
and FAC, 43.3%. RV right
ventricular, TAPSE tricuspid
annular plane systolic excur-
sion, S’ tricuspid lateral annular
systolic velocity, FAC fractional
area change

Changes in LV function
before and after pericardiocentesis

LV systolic failure after removal of a large volume of fluid
by pericardiocentesis has been reported even in the absence
of a history of LV dysfunction [6], but such cases are very
rare compared with RV dysfunction. Grose et al. [14]
reported that the LV pump function was well preserved in

patients with cardiac tamponade and that the ejection frac-
tion was unchanged by pericardiocentesis. Manyari et al.
[5] also reported that the LV volume did not increase after
pericardiocentesis and that the LV ejection fraction was not
significantly affected. In the present study, the LV systolic
and diastolic function, including the LV longitudinal strain
and ejection fraction, were not significantly different before
and after pericardiocentesis.
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Table 3 Predictors of RV dysfunction immediately after pericardiocentesis

Patients with post-procedural RV Patients without post-procedural RV~ p value
dysfunction (N=13) dysfunction (N=6)
Age, years 712+7.6 75.8+19.4 0.10
Sex (male) 10 (76) 2 (33) 0.067
Body surface area, m? 1.59+0.19 1.54+0.17 0.86
Systolic blood pressure, mm Hg 107.2+14.5 124.8+21.1 0.059
Mean blood pressure, mmHg 79.6+124 87.5+9.4 0.23
Heart rate, bpm 88.8+25.0 82.7+£21.2 0.48
Stroke volume, mL 41.1+£153 41.5+13.0 0.79
Cardiac index, L/min/m> 2.14+0.58 2.17+0.66 1.00
Fluid removed, mL 509+216 478 +234 0.66
Concomitant with cardiac tamponade 3(23) 2 (33) 0.64
Hemoglobin, g/dL 10.8+1.9 11.7+1.4 0.33
Creatinine, mg/dL 1.12+0.49 0.75+0.18 0.056
Brain natriuretic peptide, pg/mL 161.2+116.3 85.3+73.6 0.14
LV size and function
LV end-diastolic diameter, mm 38.2+6.9 373+7.1 0.96
LV end-systolic diameter, mm 242+6.3 21.5+7.4 0.51
Interventricular septum, mm 8.8+14 10+2.4 0.30
Posterior wall thickness, mm 95+1.3 10.0+1.7 0.65
Ejection fraction, % 65.2+9.1 69.3+8.2 0.33
LV longitudinal global strain, % 0.88+0.33 0.89+0.41 0.95
E/A ratio 0.88+0.33 (N=11) 0.89+0.41 (N=5) 0.95
Deceleration time, ms —15.5+5.7 —149+4.4 0.93
E/e' ratio 12.0+4.0 172+11.6 0.64
RV size and function
Basal RV linear dimension, mm 31.7+£5.5 35.1+3.8 0.24
Mid-cavity RV linear dimension, mm 34.2+5.6 35.0+2.7 0.57
Proximal RV outflow diameter, mm 30.2+4.3 30.1+3.9 0.93
TAPSE, mm 19.4+39 21.1+3.9 0.97
S, cm/s 12.6+3.9 125+1.2 0.84
FAC, % 46.7+6.1 51.8+5.8 0.12
RV free wall longitudinal strain, % —-18.9+3.6 —284+6.3 0.005
Tricuspid regurgitation velocity peak, m/s 2.34+0.30 2.53+0.26 0.29
Inferior vena cava, mm 18.9+5.0 20.5+5.2 0.79

Values are presented as mean = standard deviation or n (%)

LV left ventricular, E mitral E wave, A mitral A wave, e’ early diastolic mitral annular tissue velocity, RV right ventricular, TAPSE tricuspid annu-

lar plane systolic excursion, S’ tricuspid lateral annular systolic velocity, FAC fractional area change

However, the LV longitudinal strain before pericar-
diocentesis was low and the E/e’ was slightly high in
most patients. Therefore, pre-existing myocardial dam-
age affected not only the right ventricle but also the left,
and the longitudinal systolic function and diastolic func-
tion were impaired despite a normal ejection fraction in
patients with a large volume of pericardial effusion. How-
ever, the hemodynamic changes caused by the reduction
of external compression and rapid increase in preload after
pericardiocentesis might not significantly affect LV func-
tion compared with RV function.
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Limitations

The main limitation of this study is that it was a single-center
study with a small sample size. Additionally, the first follow-
up echocardiography was performed within 3 h after pericar-
diocentesis, and placement of a right heart catheter immedi-
ately after the procedure was not performed in all patients.
Thus, the hemodynamic changes that occurred during or
immediately after this procedure were not observed. This
may be another reason why stroke volume was unchanged
immediately after pericardiocentesis. Finally, the follow-up
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echocardiography after discharged was planned at 6 months
after, but one-third of the enrolled patients died of cancer
within 6 months. Therefore, sufficient long-term follow-up
data after discharge were not obtained.

Conclusions

RV dysfunction occurred immediately after pericardiocen-
tesis and remained 1 day after the procedure. However, LV
function was not significantly affected by the hemodynamic
changes compared with RV function. The occurrence of RV
dysfunction after pericardiocentesis should be given more
attention, and pre-procedural RV free wall longitudinal
strain may be a predictor of post-procedural RV dysfunction.
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